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NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd 

fodkl esa  ;ksxnku ¼NRrhlx<+ ds jktukanxkWo uxj fuxe {ks= ds fo”ks’k lanHkZ esa½ 

                                 

jkfxuh “kks/kkFkhZ lgk;d izk/;kid¼okf.kT;½ “kk- fnfXot; Lo”kklh LukrdksRrj egkfo|ky; jktukanxkWo N-x- Hkkjr 

MkW- Vk.Msdj ds-,y- “kks/k funsZ”kd izkpk;Z “kk-fnfXot; Lo”kklh LukrdksRrj egkfo|ky; ftyk jktukanxkWo N-x- 

MkW HkkfV;k ,p- ,l- lg “kks/k funsZ”kd foHkkxk/;{k “kk-fnfXot; Lo”kklh egk-jktukanxkWo N-x- Hkkjr 

                                                                           

1-“kks/k lkj %&    

      jkT; ds ukxfjdksa dksa jkstxkj dh lqfo/kk iznku djus ds fy, jkT; “kklu }kjk egRokdka{kh ;kstukvksa dks iw.kZ 

djus ds fy, O;kolkf;d ifj;kstuk dh “kq:vkr dh xbZA bl ;kstuk dk fdz;koU;u jkT; Lrj ij NRrhlx<+ x`g 

fuekZ.k eaMy }kjk fd;k tk jgk gS bl ifj;kstuk ds varxZr izR;sd fgrxzkfg;ksa dks de dher ij O;kolkf;d 

ifjlj iznku fd;k tkrk gSA orZeku esa eaMy }kjk jkT; esa yxHkx 2000-00 O;kolkf;d ifjljksa dk fuekZ.k  fd;k 

tk pqdk gSA bl ;kstuk es yxHkx 200000-00 ls 9000000-00 :- rd O;kolkfld ifjlj dk ewY; fu/kkZfjr fd;k 

x;k gSA bl ;kstuk esa Hkouksa ds dz; gsrq HkkM+k dz; ;kstuk ds ek/;e ls fdLr Hkqxrku dh lqfo/kk 10@15 o’kksZ rd 

iznku dh tk jgh gS blds }kjk fuEu vk; Lrj ds  ukxfjdksa dks O;kolkf;d ifjlj dh lqfo/kk iznku dh tk jgh 

gSA bl ;kstuk ds ek/;e ls fgrxzkfg;ksa dks jkstxkj dh izkfIr gksrh gS ftlls fgrxzkfg;ksa dk vkfFkZd ,oa lkekftd 

fodkl gksrk gSA 

2-eq[; “kCn %& 

   O;kolkf;d ifjlj] jkstxkj] lkekftd ,oa vkfFkZd fodkl ] ;kstuk dk fdz;kUo;u  ]NRrhlx<+ x`g fuekZ.k 

eaMy 

 3-izLrkouk%& 

     izkphu dky esa ekuo viuh vko”;drkvksa dks iw.kZ djus ds fy, f”kdkj ,oa vk[ksV fd;k djrk Fkk rr~i”pkr~ 

/khjs /khjs le; esa ifjorZu gqvk ,oa o.kksZ a ds vk/kkj ij dk;Z dk foHkktu gksus yxk orZeku esa Hkh viuh vko”;drkvksa 

ds fy, ekuo jkstxkj dh ryk”k djrk gS ;k O;olk; djrk gSA orZeku esa izeq[k leL;k jkstxkj ,oa O;olk; dh 

leL;k gSA jkstxkj ls vk”k; gS vkthfodk vFkkZr thou ;kiu ds fy, vFkkZr Hkkstu] oL=] vkokl]fpfdRlk]f”k{kk 

vkfn ij [kpZ djus ds fy, vko”;d /ku vtZu gsrq fu;fer :i ls fd;k tkus okyk dke ,oa O;olk; ls vk”k; 

gS] ,d ,slk dk;Z ftlesa /ku ds cnys oLrqvksa vFkok lsokvks dk mRiknu] fodz; vkSj fofue; ls gSA ;g fu;fer 

:i ls fd;k tkrk gS rFkk ykHk dekus ds mns”; ls fd;k tkrk gSA [kuu] mRiknu] O;ikj] ifjogu] HkaMkj.k] cSafdx 

rFkk chek vkfn fdz;kvksa ls gSA ekuo thou esa O;olk; ,oa jkstxkj dk vR;f/kd egRo gSa] mUgsa jkstxkj ,oa 

O;olk; ls vkthfodk dh izkfIr gksrh gS ,oa ekuo dh vko”;drkvksa dh iwfrZ Hkh jkstxkj ,oa O;olk; ds ek/;e ls 

gksrh gSA  

          Hkw&laink ds {ks= esa egRoiw.kZ Hkwfedk fuHkkus ds fy, ,oa xq.korkiw.kZ fdQk;rh vkokl dh miyC/krk 

lqfuf”pr djus ds fy, Þ lcds fy, vkokl ß dFku ds lkFk NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk NRrhlx<+ 

x`g fuekZ.k eaMy vf/kfu;e 1972 ds rgr ¼no 3 of 1973½ 2000 dksa gqvk rRi”pkr~ vf/klwpuk dzekad 

177@3236@32@2003 fnukad 12-02-2004 esa iquxZBu fd;k x;kA 

   NRrhlx<+ x`g fuekZ.k eaMy fuxfer fudk; gSA tks vkokl ,oa i;kZoj.k foHkkx ds varxZr vkrk gSA eaMy esa 1 

v/;{k gksrk gS tks fo/kkulHkk dk lnL; ] 1 vk;qDr tks vkbZ-,-,l-laoxZ dk gksrk 3 vij vk;qDr gksrs gaSA tks 

vk;qDr ds v/khu dk;Z djrs gS budk eq[;ky; uok jk;iqj gSA lfdZy Lrj ij mik;qDr gksrk gS ftlds v/khu 

dk;Zikyu vfHk;ark gksrs gSa dk;Zikyu vfHk;ark ftyk Lrj  dk izeq[k gksrk gS ftuds v/khu deZpkjh dk;Zj~r gksrs gSaA 

orZeku esa izFke@f}rh;@r`rh;@prqFkZ Js.kh ds dqy 646 vf/kdkjh@deZpkjh dk;Zj~r gSA 
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NRrhlx<+ “kklu dh O;olk; gsrq ifjlj fuekZ.k djus ,oa vkokl dh uhfr;ksa ykxq djus okyh ;g izeq[k laLFkk gSaA 

NRrhlx<+ x`g fuekZ.k eaMy ,d Lok;Rr; laLFkk gSaA lhfer lk/kuksa ds lkFk bldh LFkkiuk dh xbZ FkhA ijUrq dqN 

gh le; esa eaMy izxfr ds lksikuksa dh vksj vxzlj gSA eaMy us fofHkUu ;kstukvksa ds ek/;e ls fgrxzkfg;ksa dks 

larq’V fd;k gS ,oa fdQk;rh nj ij vkokl ,oa O;olkf;d ifjlj miyC/k djk;k tkrk gSA   

       NRrhlx<+ x`g fuekZ.k eaMy }kjk E. W. S.,oa  L.I.G. oxksZa ds ukxfjdksa fdQk;rh nj ij vkokl ,oa 

O;kolkf;d ifjlj miyC/krk lqfuf”pr dkjkus dh izkFkfedrk gS rFkk eaMy }kjk vVy vkokl ;kstuk] vVy fogkj 

;kstuk ]nhun;ky vkokl ;kstuk esa fofHkUu lqfo/kkvksa ds lkFk vkokl ,oa O;olk; gsrq O;kolkf;d ifj;kstuk ds 

ek/;e ls O;kolkf;d ifjlj miyC/k djk;k tkrk gSA bu ;kstukvksa ds fy, eaMy dks jk’Vªh; Lrj ij lEekfur 

fd;k tk pqdk gSaA bl laca/k esa NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk dk izeq[k mn~ns”; gS%&  

1-csjkstxkj ifjokjksa dks vu qnku ds i”pkr~ de nj ij izkFkfedrk ds vk/kkj ij O;kolkf;d ifjlj dh lqfo/kk 

lqfuf”pr djukA 

2-jkT; ds O;olk; ,oa jkstxkj dh lqfo/kk lqjf{kr djus ds fy, izsfjr djukA 

3-jkT; esa O;kolkf;d xfrfof/k;ksa ds e/; dh vuko”;d iz”kklfud ,oa dkuwuh ck/kkvksa dks nwj djukA 

4-jkT; dh {ks=h; laLFkku ,oa ifCyd izkbosV ikVZujf”ki ]v/nZ futh laLFkkvksa Hkouksa esa fofu;ksx ds fy, lfdz; 

djuk ,oa izksRlkfgr djuk A 

 

4 “kks/k v/;;u dk mn~ns”; %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk v/;;u djukA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk  fgrxzkfg;ksa rd igwWp dh lqfuf”prrk dk v/;;u 

djukA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fofHkUu {ks= esa ;ksxnku dk v/;;u djukA 

4-fgrxzkfg;ksa ds vkfFkZd fodkl ,oa lkekftd fodkl esa NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk ds 

;ksxnku dk v/;;u djukA 

 

5-“kks/k dh ifjdYiuk %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkfld ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku 

gSaA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dh igWwap fofHkUu oxksZ rd gSA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk fdz;kUo;u ,oa eaMy dh fLFkfr lq}<+ djus esa NRrhlx<+ x`g 

fuekZ.k eaMy laHkkx jktukanxkao dk egRoiw.kZ ;ksxnku gSA 

 

6-“kks/k izfof/k%& 

    bl “kks/k i= esa izkFkfed vkdM+ksa ds fy, fgrxzkfg;ksa ls laidZ fd;k x;k ,oa f}rh;d vkdM+ksa ds :i esa 

fooj.kkRed i)fr dk mi;ksx fd;k x;k gSA NRrhlx<+ fuekZ.k eaMy dh foHkkxh; osclkbV ,oa NRrhlx<+ x`g 

v/;{k

vk;qDr

vijvk;qDr

dk;Zikyu 

vfHk;ark ftyk 

Lrj dk izeq[k 

tks mik;qDr ds 

v/khu dk;Z djrk 

gSA 

mik;qDr 
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fuekZ.k eaMy ftyk jktukanxkWo ls fofHkUu lwpuk i= ,oa if=dkvksa ds ek/;e ls f}rh;d vkdM+ksa dk ladyu fd;k 

x;k gSA 

 

7-O;kolkf;d ifj;kstuk %& 

  NRrhlx<+ jkT; “kklu }kjk izofrZr fuEu vk; oxZ ¼,y-vkbZ-th-½ Js.kh ds fgrxzkfg;ksa gsrq bl ifj;kstuk esa 

O;kolkf;d ifjlj dk fuekZ.k fd;k tkrk gSA “kklu ds }kjk fj;k;rh nj ij Hkwfe miyC/k djk;h tkrh gSA ;kstuk 

LFky dh miyC/krk rFkk vko”;drkuqlkj Lora= vFkok cgqeafty s ifjljksa dk fuekZ.k fd;k tkrk gSA ifjljksa dk 

vkcaVu ftyk dysDVj dh v/;{krk esa xfBr lfefr ds ek/;e ls fd;k tkrk gSA jktukanxkWo ftys es mDr ;kstuk 

U;w cl LVS.M ifjlj] xksy cktkj] th-bZ jksM esa fdz;kfUor dh tk pqdh gS]mDr ifj;kstuk esa fgrxzkfg;ksa dks de 

dher ij O;kolkf;d ifjlj iznku fd;k tk jgk gSA 

1-O;kolkf;d ifjlj ifj;kstuk u;k cl LVS.M ifjlj 

2-O;kolkf;d ifjlj ifj;kstuk xksy cktkj 

3-O;kolkf;d ifjlj ifj;kstuk th-bZ-jksM 

 

O;kolkf;d ifjlj ifj;kstuk varxZr fufeZr ,oa fofdzr ifjlj dh la[;k %& 

ifj;kstuk dk uke  ifjlj dk uke fufeZr ifjljksa dh 

la[;k 

fofdzr ifjljksa dh la[;k  

O;kolkf;d ifj;kstuk Uk;k cl LVSaM ifjlj 60 56 

O;kolkf;d ifj;kstuk th-bZ- jksM ifjlj 32 24 

O;kolkf;d ifj;kstuk xksy cktkj ifjlj 34 34 

      

O;kolkf;d ifjlj ifj;kstuk jktukanxkWo esa fufeZr ,oa fofdzr Hkouksa dh la[;k 

  

u;k cl LVSaM esa fufeZr ifjljksa dh la[;k 60 ,oa fofdzr ifjljksa dh la[;k 56 th-bZ- jksM esa 32 ,oa 24 xksy cktkj 

esa 34 ,oa 34 gSA 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 
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O;kolkf;d ifj;kstuk avarxZr fgrxzkfg;ksa dh la[;k 

dzekad O;kolkf;d ifjlj dk uke fgrxzkfg;ksa dh la[;k 

 1- u;k cl LVSaM ifjlj                 56 

 2-         th-bZ- jksM ifjlj 24 

 3- xksy cktkj ifjlj 34 

 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

O;kolkf;d ifj;kstuk u;k cl LVSaM esa fgrxzkfg;ksa dh la[;k 56] th-bZ- jksM esa 24] xksy cktkj esa 34 gSA 

  ¼L=ksr %& f}rh; L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

8- NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa   lkekftd fodkl esa 

;ksxnku dk fo”ys’k.kkRed v/;;u%& 

      izkFkfed vkdM+ksa ds fy, iz”ukoyh ds ek/;e ls vkdM+ksa dk ladyu fd;k x;k izkIr vkdM+ksa ds vk/kkj ij 

fo”ys’k.kkRed v/;;u fuEu gS%& 

fgrxzkfg;ksa dh la[;k %& 103 

  dz-            fooj.k  oxZ  gkW ugha rVLFk 

  01- 

 

  02- 

 

  03- 

 

O;kolkf;d ifjlj dz; djus ls foRrh; fLFkfr 

lq}<+ gqbZA 
 

O;kolkf;d ifjlj dz; djus ls jkstxkj dh izkfIr 

gqbZA 
 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk izkIr gqbZA 
 

 v 

 

 c 

 

 l 

 

  64 

 

  59 
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  04 

 

  05-- 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk ls vkidh vk; esa cpr gqbZA 
 

D;k vki N-x- x`g fuekZ.k eaMy dh dk;Ziz.kkyh ls 

larq’V gSA 

 n 

 

 b 

  54 

 

   53 

  33 

 

  37 

 16 

 

13 

 ¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

       

¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

mi;ZqDr fo”ys’k.k ls Li’V gS]fd O;kolkf;d ifjlj dz; djus ls fgrxzkfg;ksa ds vk;]jkstxkj  

thou Lrj esa o`f/n gqbZ gSA ftlls }f’Vxkspj gksrk gS fd NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk 

fgrxzkfg;ksa ds vkfFkZd ,oa  lkekftd fodkl esa ;ksxnku gSA 

 

9-NRrhlx<+ fuekZ.k eaMy dh O;olkf;d ifj;kstuk ds fdz;kUo;u dh izeq[k leL;k,%& 

9-1 ;kstukvksa dh fgrxzkfg;ksa rd igwWp ,oa izpkj izlkj dh leL;k%& 

   NRrhlx<+ fuekZ.k eaMy dh ;kstukvksa ds izpkj izlkj ds vHkko ds dkj.k t:jrean fgrxzkfg;ksa rd ;kstuk dk 

igWwp lqfuf”pr ugha gksrk gS ftlls ;kstuk ds fdz;kUo;u esa leL;k gksrh gSA 

9-2 ladqfpr ,oa nqjLFk {ks= esa ;kstuk dk fdz;kUo;u%& 

    eaMy }kjk fufeZr ;kstuk dk {ks= ladqfpr gksrk gS ,oa ftruh Hkh ;kstuk,a fufeZr dh tkrh gSA og “kgj ls 

nwjLFk {ks= esa gksrh gSA ftlls O;kolkf;d ifklj ds fodz; es leL;k gksrh gSA 

 9-3 “kklu }kjk vuqnku ,oa iWwth dh leL;k%& 

        “kklu }kjk eaMy dks fgrxzkfg;ksa dks vuqnku ,oa Hkwfe ds vfrfjDr dksbZ NqV ugha nh tkrh gS ,oa eaMy esa 

iwWth dh leL;k jgrh gS ftlls uohu ;kstuk fufeZr djus esa leL;k gksrh gSA 

9-4 vR;f/kd vkSipkfjdrk,a%& 

     eaMy dh ;kstuk ds izkjaHk esa izfdz;k iw.kZ djus esa vR;f/kd vkSipkfdrk,a gksrh gS ,oa fgrxzkfg;ksa dks uohu 

ifklj dz; djus esa Hkh vR;f/kd vkSipkfjdrk dks iw.kZ dkjuk gksrk ifj.kkeLo:i ifj;kstuk ds fdz;kUo;u esa leL;k 

gksrh gS   

 

10 lq>ko ,oa fu’d’kZ%& 

 10-1 lq>ko %& 

1-;kstuk izpkj izlkj %& 
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  ;kstukvksa dh fgrxzkfg;ksa rd igqWp lqfuf”pr djus ds fy, foKkiu ,oa vU; ek/;e ls ;kstuk dk izpkj izlkj 

fd;k tkuk pkfg,A 

 

2-foLr`r ,oa fudV {ks= esa ifjlj dk fuekZ.k%& 

    O;kolkf;d ifjlj dk fuekZ.k ladqfpr {ks= esa u djds foLr`r {ks= esa fd;k tkuk pkfg, ,oa O;kolkf;d ifjlj 

nqjLFk {ks= esa fufeZr u djds “kgj ds fudV fd;k tkuk pkfg,A 

3-“kklu }kjk vuqnku%& 

  “kklu }kjk le; le; ij vuqnku miyC/k djuk pkfg, iwWth ds vHkko esa NRrhlx<+ x`g fuekZ.k eaMy dh 

ifj;kstukvksa dk fdz;kfUor ugha gks ikrh gS ,oa vU; “kkldh; O;kolkf;d ifjljksa ds fuekZ.k dk dk;Z Hkh NRrhlx<+ 

fuekZ.k eaMy dks iznku fd;k tkuk pkfg, ftlds ifj.kkeLo:i iwWth dh leL;k ugha gksxhA 

4- fo”ks’k NqV ,oa ;kstuk dk izko/kku%& 

  NRrhlx<+ x`g fuekZ.k eaMy ds }kjk ifjlj ds fodz; gsrq fo”ks’k NqV dk izko/kku djuk pkfg, ,oa fo”ks’k oxksZ gsrq 

fo”ks’k ;kstuk,a fufeZr djuh pkfg, ftlls O;ko;lf;d ifjlj ds fodz; dh ek=k esa o`f) gksxh ,oa eaMy ds ykHk 

esa Hkh o`f) gksxhA  

5-vR;f/kd vkSipkfjdrk esa deh djuk%& 

   eaMy ds }kjk ;kstuk ds izkjaHk esa vR;f/kd vkSipkfjdrk gksus ds nsjh gksrh gS ,oa O;kolkf;d ifjlj ds fodz; esa 

Hkh leL;k gksrh gSA vr% vkSipkfjdrk esa deh djus gsrq ,dy f[kM+dh iz.kkyh ,oa vkWuykbZu Hkqxrku dh lqfo/kk 

gksuh pkfg,A 

 

10-2 fu’d’kZ%& 

  NRrhlx<+ x`g fuekZ.k eaMy }kjk ia-nhun;ky vkokl ds ek/;e ls jktukanxkWo ftyk esa yxHkx 150 ls vf/kd 

ukxfjdksa dksa NRrhlx<+ x`g fuekZ.k eaMy ds ek/;e ls O;kolkf;d ifjlj dh lqfo/kk iznku dh xbZ gS ftlds 

ek/;e ls ukxfjdksa dk vkfFkZd ,oa lkekftd fodkl gqvk gS ,oa bl {ks= esa eaMy dks 10 ls vf/kd iqjLdkj izkIr 

gks pqds gSA eaMy ds ek/;e ls  fgrxzkfg;ksa dks O;kolkf;d ifjlj dz; djus ls jkstxkj izkIr gksrk gS ,oa Lye 

{ks=ksa fodkl gksrk gS ,oa thou Lrj esa o`f) ftlls ;g ifjyf{kr gksrk gS fd] O;kolkf;d ifjlj ds fuekZ.k ,oa 

fgrxzkfg;ksa ds lkekftd ,oa vkfFkZd fodkl esas  O;kolkf;d ifj;kstuk dh egRoiw.kZ Hkwfedk gSA 

11-lanfHkZr xzaFk%& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh laxokjh eaMy fgrxzkgh ekxZnf”kdk A 

2-NRrhlx<+ x`g fuekZ.k eaMy dh foHkkxh; osclkbV http://cghb.gov.in A 

3-vU; osclkbV https://drishtiias.comA 
4-“kks/k i)fr MkW- vkyksd xqIrk ,oa fufru xqIrkA 

5-O;k- lkaf[;dh MkW- ,l- ,e- “kqDy ,oa MkW- f”koiwtu lgk;A 

6-gfjHkwfe vkokl ,oa i;kZoj.k fo”ks’k if=dkA 

7-jk;iqj laHkkx ds varxZr NRrhlx<+ x`g fuekZ.k eaMy dh dk;Ziz.kyh ,oa miyfC/k;ksa dk fo”ys’k.k nsokxau d:.kk 

,oa oekZ ,y- ,u-A 

8-“kks/k i= %&  

1-lcds fy, vkokl dh lqfo/kk ,oa fgrxzkfg;ksa ds fodkl esa NRrhlx<+ x`g fuekZ.k dh Hkwfedk ¼jktukanxkWo ftys ds 

fo”ks’k lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

2-vVy vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku    ¼jktukanxkWo ftys ds fo”ks’k 

lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

3- ia-nhun;ky vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa         ;ksxnku ¼NRrhlx<+ ds 

jktukanxkWo ftysa ds fo”ks’k lanHkZ esa½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

http://cghb.gov.in/
https://drishtiias.coma/
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9-osclkbV https://hi.m.wikipedia.orgA 
10- osclkbV https://brainly.in/question/3895396A 
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Hkkjr esa d`f’k lacaf/k leL;k ,oa lek/kku 

MkW- ds-,y- Vk.Msdj]  izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jh nhid dqekj ijxfugk jftLVªkj “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½- 

 

“kks/k lkjka”k %&  

       Hkkjr xkao dk ns”k gS] ;gka fd 70 izfr”kr ls vf/kd vkcknh xzkeh.k {ks=ks esa fuokl djrh gS] ftldk izeq[k 

O;olk; ,oa thfodk d`f’k ij vk/kkfjr gS] fcuk d`f’k ds ekuo thou dh dYiuk ugh dh tk ldrh] Hkkjr dh 

tula[;k fujarj c<+rh tk jgh gS] ,slh fLFkfr esa d`f’k dh leL;k fpark dk fo’k; gS] d`f’k dsoy thou ;kiu dk 

lk/ku u jg dj ykHkdkjh O;olk; cus] blds fy, Hkwfe ty] cht] moZjd] [kkn~; fu;a=.k ,oa d’kZ.k fof/k;ka] ekuo 

Ik”kq Je rFkk ;kaf=d ÅtkZ dk ,slk lefUor iz;kl djuk gksxk] ftlls dh vkisf{kr iztkfr dh Qlyks dh mUur 

[ksrh dks izksRlkfgr dj bls ykHkdkjh O;olk; cuk;k tk lds rkfd d`f’k {ks= dh izeq[k leL;k iyk;u dks jksdk 

tk ldsxk] d`f’k {ks= esa csgrj vkfFkZd volj iznku dj ;qokvksa dks d`f’k ds izfr tkx:d djuk ,oa m|ksx rFkk 

d`f’k {ks=ks ds larqfyr fodkl o d`f’k vk/kkfjr y?kq ,oa dqVhj m|ksxks ds fodkl ds ek/;e ls d`f’k ds fiNMs+iu dh 

leL;k ls futkr ik;k tk ldrk gSA  

izLrkouk %&  

       Hkkjr ,d d`f’k iz/kku ns”k gS ;gka dh vFkZO;oLFkk izkphu dky ls gh d`f’k vk/kkfjr gSA Hkkjr esa 70 izfr”kr 

tula[;k xzkeh.k {ks=ksa esa fuokl djrh gS] ftudk eq[; O;olk; ,oa thfodk d`f’k ij vk/kkfjr gSA vkt Hkkjr dh 

vFkZO;oLFkk fo”o dh ikapoh lcls cM+h vFkZO;oLFkk gSSA Hkkjrh; vFkZO;oLFkk ds lQy ?kjsyq mRikn esa d`f’k dk fgLlk 

17 izfr”kr gS] d`f’k dsoy thfodk iktZu dk lk/ku gh ugh gS cfYd vFkZO;oLFkk dks lqnz<+ djus okyh lh<+h gS] 

m|ksx /ka/ks O;kikj eqnzk vtZu fofHkUu ;kstuk dh lQyrk] jktfufrd LFkkf;Ro jkstxkj vkfn dh lQyrk d`f’k ij 

fuHkZj gSA vk/kqfud le; esa Hkh d`f’k dks izkFkfedrk nsus dh vko”;drk gS] ;fn d`f’k vlQy jgrh gS] rks ljdkj 

,oa jk’Vª nksukas vlQy jgsaxsA Hkkjr ,d d`f’k iz/kku ns”k gksus ds dkj.k ns”k dh vFkZO;oLFkk esa d`f’k dh ,d egRoiw.kZ 

Hkwfedk gSA ns”k dh jk’Vªh; vk;] jkstxkj] thou fuokZg] iwath fuekZ.k] fons”k O;kikj] m|ksx vkfn esa d`f’k dh l”kDr 

Hkwfedk dks udkjk ugha tk ldrkA ns”k esa d`f’k ij fuHkZjrk 70 izfr”kr tula[;k gS] ogh yxHkx 64 izfr”kr Jfedks 

ds d`f’k {ks= esa jkstxkj izkIr gS] Hkkjrh; d`f’k vf/kdka”kr; ekSle ds fLFkfr;ksa ij izeq[k rkSj ij o’kkZ o le; ij 

fuHkZj djrh gS] ifj.kke Lo:i gesa lw[ks] ck<+ o ,d lhek rd vksyks dk Hkh lkeuk djuk iM+rk gS] fiNys dqN 

n”kdks ds nkSjku vFkZO;oLFkk ds fodkl esa eSU;qQSDpfjax rFkk lsok {ks=ksa dk ;ksxnku rsth ls c<+k gS] tcfd d`f’k {ks= 

ds ;ksxnku esa fxjkoV vkbZ] Hkkjr dk [kk|ku mRiknu izR;sd o’kZ jgk gS] Hkkjr ds dqy {ks=Qy dk yxHkx 51 

izfr”kr Hkkx d`f’k] 4 izfr”kr Hkkx ij pkjkxkg] yxHkx 21 izfr”kr ij ou vkSj 24 izfr”kr ij catj rFkk fcuk 

mi;ksx ds gS] ns”k dh dqy Je “kfDr dk yxHkx 52 izfr”kr Hkkx d`f’k rFkk blls lacaf/kr m|ksx vkSj /ka/kksa ls 

viuh vkthfodk pykrk gSA  

vo/kkj.kk %&  

           Hkkjrh; vFkZO;oLFkk esa d`f’k dh egRoiw.kZ Hkwfedk gS] egkRek xka/kh us dgk Fkk ^^Hkkjr xkao esa clrk gS 

vkSj d`f’k Hkkjrh; vFkZO;oLFkk dh vkRek gS^^ vr% dgka tk ldrk gS fd d`f’k Hkkjrh; vFkZO;oLFkk dh jh< + gS] ijUrq 

Lora=rk ds dbZ o’kksZ ds Ik”pkr~ vkt Hkh d`f’k n;uh; fLFkfr esa gS] tux.kuk 2011 ds vuqlkj dqy dk;ZoRrk dk 54-

6 izfr”kr vkcknh d`f’k vkSj mlls lacaf/kr dk;Zdykiksa esa yxh gqbZ gS] fdUrq Hkkjrh; d`’kd dh ekulwu ij vR;f/kd 

fuHkZjrk] Hkwfe dk ál] izkd`frd izdksi tSls izkd`frd dkj.k d`f’k dh mRikndrk ij izfrdwy izHkko Mky jgs gSA 

vkt ds vkS|ksfxd lekt esa ,d fdlku gksus dh fofHkUu ckfjfd;ks dks le>us ls igys ;g le>uk vko”;d gS fd 

okLro esa d`f’k dks dSls ifjHkkf’kr fd;k tkrk gS] d`f’k esa ykHkdkjh ikS/kks dh fof/kor cqvkbZ “kkfey gS] ftlesa euq’; 

dh ns[kjs[k esa Ik”kqvksa dk ikyu djuk “kkfey gS] nwljs “kCnksa esa d`f’k esa Qlykssa dh [ksrh ;k thfor jgus ;k ekSfVªd 

yk[k ds fy, i”kq/ku dks fodflr dj i`Foh dh lrg ds ,d fgLls dks la”kksf/kr djus ds fy, ,d O;fDr ds lpsr 
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iz;kl “kkfey gS] bl izdkj d`f’k dh vo/kkj.k fofHkUu vFkksZa esa [ksrh djuk gS] vius [ksr ij fdlku }kjk fd, x, 

fdlh Hkh vH;kl ds lkFk fofHkUu [ksrh ds :iksa dk lapkyu “kkfey gSA  

 d`f’k ek= ,d inkFkZ mRiknu iz.kkyh ugha gS] vfirq lEiw.kZ ekuoh; vFkZO;oLFkk dk vk/kkjHkwr LraHk gS] ;g 

Lo;a esa ,d l`tu gS ,d lEiw.kZ izkd`frd foKku gS] ekuo thou ds i`Foh ij vfLrRo ls ysdj vc rd d`f’k Hkj.k 

iks’k.k dk vfHkUu vax jgh gS] Hkkjrh; d`f’k dk mn~xe dc dSls D;ksa gqvk] bldh izekf.kd iqf’V djuk tfVy gS] 

ikSjkf.kd lkfgR; bl ckr dk lkFkh jgk gS fd Hkkjr esa d`f’k dsoy thfodk dk lk/k ugh vfirq ,sfrgkfld] 

lkaLd`frd /kjksgj dh Hkkafr gS] Hkkjrh; d`f’k fofHkUu laE;rkvksa dks iksf’kr djrh gqbZ d`fed fodkl dh izfd`;k ls 

QyhHkwr gksrh vkbZ gSA  

Hkkjrh; d`f’k dh leL;k,sa %&  

Hkkjr esa vf/kdka”k d`f’k {ks= vflafpr gksus ds dkj.k d`f’k {ks= esa lexz fodkl ds fy, ekulwu egRoiw.kZ gS] 

[kjkc ekulwu ds dkj.k [ksrh ij cgqr cqjk vlj iM+rk gS vkSj fdlkuksa dks cgqr Hkkjh uqdlku mBkuk iM+rk gS] ,slh 

gh fLFkfr [kjhQ Qlyksa ds mRiknu vkSj mit esa Hkh mRiUu gksrh gS] vktknh ds le; ns”k dh yxHkx 70 izfr”kr 

tula[;k tks d`f’k dk;Z esa yxh Fkh og d`f’k ds egRo dks Lo;a c;ka djrh gSa fdUrq orZeku esa /khjs&/khjs ;g la[;k 

?kVrh tk jgh gS] ;g fLFkfr fodkl dh n`f’V ls mŸke ekuh tk ldrh gS] fdUrq etcwjh esa d`f’k {ks= iyk;u Bhd 

ugha gS] ;fn blds okLrfod dkj.kksa dks [kksts rks 1950 ds iwoZ tkuk iM+sxk D;ksafd vaxzsth “kklu ds iw.kZ d`f’k 

lkisf{kr n`f’V ls ifjiDo fLFkfr esa Fkh] d`f’k rFkk m|ksx esa larqyu Fkk] d`’kd oxZ dh fLFkfr vPNh Fkh] fdUrq vaxz sth 

“kklu dh “kks’k.kdkjh uhfr;ksa ls d`f’k dh fLFkfr [kjkc gksrh pyh xbZ] gFkdj?kk vkSj pj[kk u’V gks x;k rFkk d`f’k 

o m|ksx dk larqyu fcxM+ x;k vkSj d`f’k ,d vykedkjh O;oLFkk ds :i esa lkeus vkbZ] ftldk ifj.kke vdky] 

Hkw[kejh] xjhch] csjkstxkjh] tSlh lkekftd leL;k mRiUu gksus yxh vkSj ;g fnuksa fnu c<+rh pyh tk jgh gSA 

cgqjk’Vªh; laxBuksa dh lac/nrk ls tgka ge vuk;l fons”kh iwath ds gkFkksa fxj¶~rkj gksrs tk jgs gSA ogha d`f’k dh 

mis{kk dj iqu% mUgha ns”kks dk eqag rkduk iM+ jgk gS] vius [ksrks dk Je o iw ath nksuks dk gLrkarj.k lEHkor% d`f’k 

dh mis{kk dk gh nq’ifj.kke gSA  

 jk’Vªh; chp ifj;kstuk Hkh 1976 esa lapkfyr fo”o cSad dh egRodka”kh ifj;kstuk Fkh] fofHkUu pj.kks dh ;g 

;kstuk Hkh tu&tkxj.k ds vHkko ,oa iz”kklfud nks’kksa ds dkj.k lQy u gks ldh] blh rjg frygu ,oa nygu ds 

{ks= esa fo”o esa vxz.kh Hkkjrh; d`f’k Hkh fodkl ds lekukarj.k u py lgh “kadj Qly dzkafr ds }kjk udnh Qlyksa 

esa o`f) fu%lansg n`<+[; gS rFkk dikl ,oa xUus ds mRiknu us ljdkj }kjk U;wure leFkZu eq[;uhfr ls vius “kh’kZ’; 

mRiknu us {kerk dks vo”; izkIr fd;k] ijUrq ;FkkZFk esa lkekU; fdlku ds gkFk lwus gh jgs] ufn;ksa ,oa o’kkZ ty dks 

lafpr dj vflafpr Hkwfe ds vapy dks gfjfrek cukus esa iz;kl us ns”k esa ugjks ,oa cgqmn~ns”kh; ifj;kstuk dks tUe 

fn;k] fdUrq budk xyr mi;ksx mn~ns”; izkfIr es a ck/kd jgk gSA izk;% ugjksa esa ikuh rHkh vkrk gS] tc ;k rks Qly 

lw[kus yxrh gS ;k [ksr yck&yc Hkjs jgrs gS] fo”o cSd nok ewad lk/ku izk;ksftr uy&dwi vkt egt dj jgs gS] 

fo|qfrdj.k ij fo|qr vkiwfrZ ,oa Hkz’Vkpkj ukxfjd ,oa iz”kkalfud }kjk inkZ Mky fn;k gS] d`f’k foi.ku ds varxZr 

ouh; ckxkuh vkSj vU; d`f’k mRiknks ds HkaMkj.k izlaLdj.k o foi.ku ds lkFk&lkFk d`f’kxr e”khfujh dk forj.k 

vkSj varjkZT;h; Lrj ij d`f’k oLrqvksa dk vkokxeu Hkh “kkfey gS] buds vykok d`f’k mRiknu esa o`f) gsrq rduhdh 

lgk;rk iznku djuk vkSj Hkkjr esa lgdkjh dks izksRlkgu djuk Hkh d`f’k foi.ku xfrfof/k;ksa ds varxZr vkrk gS] d`f’k 

foi.ku esa ifjogu izlandj.k Hka.Mkj.k xzsfMax vkfn tSls xfrfof/k;ka “kkfey gS] ;s xfrfof/k;ka gj ns”k dh vFkZO;oLFkk 

esa cgqr vge Hkwfedk fuHkkrh gSA ns”k dh yxHkx nks frgkbZ tula[;k vkt Hkh izR;{k vFkok ijks{k :i ls d`f’k ij 

vkfJr gS] blds ckotwn ldy ?kjsyw mRiknu esa d`f’k dk ;ksxnku yxkrkj de gksuk fparuh; gSA blesa dksbZ lansg 

ugha gS fd d`f’k ,oa fdlku ns”k dh vFkZO;oLFkk dh jh<+ gSA lcds ckotwn Hkkjrh; d`f’k ls tqM+h vusd leL;k,a 

gekjs ;gka fo|eku gS iw.kZorhZ ljdkjksa ds le; esa fdlku ikuh dh leL;k [kk| dh leL;k o muds mRiknks dks 

mfpr ewY; u feyuk] vk;kr &fu;kZr dh nks’kiw.kZ uhfr _.k dk c<+rk cks> cSadks }kjk tcju olwyh vkfn ,sls 

dkj.k gS tks fdlkuks dh cngkyh ds fy, ftEesnkj gS] tks fdlkuks esa yxHkx 3-30 yk[k ls vf/kd fdlkuksa us 

vkRegR;k dh] ijUrq ,slk dksbZ lek/kkuijd lq>ko ugha vk ik;k ftlls bl cÌŸkj fLFkfr ls fdlkuksa dh leL;k 

dk leqfpr lek/kku gks lds] izfr ,dM+ de mRikndrk [ksrh dh ijEijkxr fof/k;ksa dk mi;ksx] ?kVrs d`f’k fuos”k 

esa deh _.k ,oa Qly chek rd igqap u gksuk ykHkdkjh eqY; dk vHkko] ekulwu dh vfu;ferrk fdlkuksa dh 

xjhch ,oa _.kxzLrrk vkfn leL;k,a vkt Hkh fo|eku gSA  
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 Hkkjr esa d`f’k vkSj fdlkuksa dh gkykr fnuksa fnu [kjkc gksrh tk jgh g S] ftlds dkj.k fdlku vkRegR;k ij 

etcwj gksrs tk jgs gS] Hkkjr esa vkt Hkh 60&70 izfr”kr yksx d`f’k ij fuHkZj gSA Hkkjr esa fdlkuksa dh [kjkc fLFkfr 

gksus ds dkj.kksa dks tkuuk cgqr t:jh gS] bu dkj.kksa ls lekt] jktusrk vkSj tuekul dks lkspuk pkfg,] Hkkjr esa 

fdlkuksa dh leL;k fnuksa fnu c<+ jgh gSA Hkkjr esa yksxks dh ;g /kkj.kk gS fd [ksrh ykHkizn ugha gSA ;g fuEu Js.kh 

dk dk;Z gS] fdlkuksa dks ;g yxrk gS fd ;g dk;Z ugha dj ik;saxs] fdlkuksa dks y?kq ,oa dqVhj m|ksx ds ckjs esa 

foLr`r tkudkjh dk vHkko Hkkjr esa vkt Hkh fdlku vkjf{kr gS] ftlds dkj.k vkxkeh lkgwdkjks }kjk budk “kks’k.k 

fujarj tkjh gS] tSlh izeq[k leL;k dk lkeuk Hkkjrh; fdlku dks djuk iM+ jgk gSA jk’Vªh; vk; esa deh tula[;k 

dk c<+rk ncko tksrks dk NksVk vkdkj feV~Vh esa nks’k mRiknu dh iqjkuh rduhd Qlyks dh lqj{kk dk vHkko vPNs 

fdLe ds chtks dk vHkko] jlk;fud [kknksa ds mfpr iz;ksx dk vHkko] d`f’k vuqla/kku dh tkudkjh dk vHkko] d`f’k 

mRiknksa dh foi.ku dh leL;k] ckfj”k ck<+ vkSj pdzokr tSlh izkd`frd vkinkvksa ds dkj.k Qlyksa dk cM+s iSekus ij 

{kfrxzLr gksus izeq[k leL;k,a gSA  

lek/kku %&  

Hkkjr fo”o esa tula[;k dh n`f’V ls nwljs LFkku ij gS] tula[;k ds ekeys esa gesa psrkouh fey pqdh gS fd 

fd 21 oh lnh ds vkrs&vkrs gekjh tula[;k rsth ls c<+sxh] ;g fpark dk fo’k; gksuk pkfg, c<+rh tula[;k ds 

fy, vukt] pkjs] ba/ku vkSj diM+s dh ekax dh pqukSfr;ksa dk lkeuk djus ds fy, lkewfgd :i lk/kuksa dh ryk”k 

djuh gksxh] mUgsa fodflr djuk gksxk] [kk|kuksa ds vykok gesa fodkl dh xfr dks fujarj cuk, j[kus ds fy, viuh 

okf.kfT;d Qlyksa] ckxokuh] Ik”kqikyu vkSj nqX/k mRiknu] eNyh ikyu rFkk laca/k {ks=ks dk fodkl djuk gksxk] 

rkfd fu;kZr ds fy, vfrfjDr mRiknu fd;k tk ldsA ckfj”k ck<+ pdzokr tSlh izkd`frd vkinkvksa ds dkj.k 

{kfrxzLr gksus okyh Qlyksa ds uqdlku dh HkjikbZ ds fy, l”kDr chek dk;Zdze ykxw djds lek/kku fd;k tk 

ldrk gSA ,dhd`r [ksrh ds rjhdks ds mi;ksx djds d`f’kxr ykxr dks de fd;k tk ldrk gS] U;wure tksrkbZ dk 

lq>ko }kjk feV~Vh ds {kj.k dks jksdus esa enn feyrh gS] d`f’k esa vuqla/kku ,oa fodkl dks Hkh c<+kok fn;k tk ldrk 

gS] lkFk gh tyok;q ifjorZu ds vuqlkj ,slh [ksrh dks c<+kok fn;k tk jgk gSa] ftlls Ik;kZoj.k esa gks jgs cnyko ds 

cqjs izHkko ls cpk;k tk lds vkSj Ik;kZoj.k dks Hkh uqdlku u gks ldsA  

 Hkkjr esa d`f’k lacaf/k leL;k dks lqy>kus ds fy, dqN izeq[k mik; fd,s tkus dh vko”;drk gS tSls mDr 

chtks dk mi;ksx vk/kqfud ;a=ks dk mi;ksx dk O;kid izpkj] flapkbZ lqfo/kkvksa dk fodkl] ck<+ fu;a=.k] _.k 

xzLrrk dh ldkfjr lk[k O;oLFkk dk foLrkj ewY;ksa esa LFkkf;Ro foi.ku O;oLFkk esa lq/kkj] ;a=hdj.k d`f’k vuqla/kku 

fefJr [ksrh oSKkfud [ksrh vU; mi;ks esa tSls Hkw&{kj.k ,oa ikS/kks dh j{kk Qly chek lgdkjh [ksrh dks c<+kok xgu 

d`f’k ,oa cgqQlyh dk;Zdzeksa dks ck<+kok fn;k tkuk izeq[k gSA blds vfrfjDr ljdkj dks Hkh d`f’k ds fiNMsiu dks 

nwj djus ds fy, vusd iz;Ru djus vko”;d gSA tSls jk’Vªh; cht fuxeu Qlyksa dh LFkkiuk jklk;fud [kkn 

bdkb;ksa dh LFkkiuk flapkbZ lqfo/kkvksa dk foLrkj Qlyksa dks dhVk.kqvksa o jksxh ls cpko pdcanh izf”k{k.k d`f’k ykxr 

,oa eqY; vk;ksx dh LFkkiuk xzkeh.k cSafdx lqfo/kk foLrkj d`f’k lgdkjh d`f’k dks c<+kok d`f’k vuqla/kku ,oa fodkl 

bls lqpk: :i ls fdz;kUo;u fd;k tkuk vko”;d gSA  

 Hkkjr esa d`f’k dh leL;k dk csgrj lek/kku gks lds blds fy, orZeku esa fdlkuksa ds dY;k.k ,oa d`f’k 

fodkl ds fy, vusd dY;k.kdkjh ;kstukvksa dk “kqHkkjaHk fd;k gS] ljdkj us d`f’k dks izkFkfedrk nsrs gq, foxr~ pkj 

o’kksZ esa d`f’k ctV esa 164415 djksM+ :i;s vkcafVr fd, x;s] tks fd iw.kZ ;w-ih-,- ljdkj ds pkj o’kksZa ¼2011 ls 

2013&14½ ds 104339 djksM+ :i;s dh rqyuk esa 52-58 izfr”kr vf/kd gSA ljdkj us d`f’k ,oa fdlkuksa ds fgr esa 

e`nk LokLF; dkMZ ;kstuk gj [ksr rd ikuh ig q apkus ds mn~ns”; ls “kq: dh xbZ] iz/kkuea=h d`f’k flapkbZ ;kstuk 

ijaEijkxr d`f’k flapkbZ ;kstuk ds varxZr tSfod [ksrh dks c<+kok nsuk] fdlkuksa dks muds mRiknks dk csgrj ewY; 

izkIr gks ] blds fy, ,sxzhVsd bUQzkLVªDpj QaM rFkk laxfBr jk’Vªh; d`f’k eaMh ls mUgsa tksMus tSlh dbZ egRoiw.kZ 

;kstukvksa dk lapkyu ,oa fdz;kUo;u fd;k tk jgk gSa] ftldk lh/kk Qk;nk d`’kdksa dks feysxk rFkk mudh vk; 

nqxuh gks ldsxh] ljdkj us fdlkuksa dks d`f’k mRiknksa ls gksus okys uqdlku ds fy, iz/kkuea=h Qly chek ;kstuk 

“kq: dh xbZ gS] fiNys dqN o’kksZ esa fdlku fgr esa ftl rsth ls dbZ ;kstuk,a vk jgh gSA mlls yxrk gS fd vkus 

okys le; esa d`f’k ?kkVs dk lkSnk u jgdj ,d O;olk; dh rjg Qysxh& Qwysxh vkSj ,slk rHkh laHko gS] tc ge 
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[ksrh ckM+h ds lkFk&lkFk i”kqikyu dks c<+kok nsrs gq, tSfod [kkn ds iz;ksx gsrq fdlkuksa dks izksRlkfgr djsa] ftlls 

fo”o cktkj esa u dsoy Hkkjrh; [kk| mRiknu dh xq.koRrk LFkkfir gksxh] cfYd fdlkuksa dh vk; Hkh c<+sxh] Hkkjrh; 

fdlkuksa dh vkfFkZd fLFkfr esa lq/kkj ds fy, vko”;d gS fd d`f’k mit dh fcdzh dk mfpr i zca/k fd;k tk,] 

gkaykfd Lora=rk izkfIr ds ckn d`f’k foi.ku izfdz;k esa dkQh izxfr gqbZ gS] Hkkjr esa d`f’k dh leL;k dk lek/kku ds 

fy, Hkkjr ljdkj }kjk leFkZu ewY; ij lHkh d`f’k Qlyksa dks [kjhnus dk nkaok fd;k tkrk gS] bl leFkZu ewY; ij 

lHkh d`f’k Qlyksa dks ysuk pkfg, rkfd fdlku vkRegR;k tSls dne mBkus ds fy, etcwj u gks lkFk gh ljdkj 

fdlkuksa dks cksul dk Hkh ykHk nsdj mUgsa leL;k ls eqDr djkus esa vge Hkwfedk fuHkk ldrh gSA  

fu’d’kZ %& 

 fu’d’kZ :i ls ge dg ldrs gS fd Hkkjrh; d`f’k iw.kZ:i ls l”kDr gS] ij arq dqO;oLFkk ds dkj.k ?kkVs dk 

lkSnk cu xbZ gS] [ksrks esa caij mRiknu gksrk gS] xksnkeksa esa vukt j[kus dh txg ugha cprh fQj fdlkuksa dks bldk 

ykHk ugha fey ikrk] bldk ,dek= dkj.k d`f’k ds fodkl ds fy, mfpr jksMeSi dk vHkko ,oa dqO;oLFkk gS] ;fn 

ns”k esa d`f’k dks lqO;ofLFkr dj fn;k tk, rks ge viuh 27 izfr”kr {kerk ls iwjh nqfu;k dk isV Hkj ldrs gSa] 

fdlku tks fd Hkkjrh; lekt dk ,d cM+k fgLlk gS] mudh vk; dk nqxuh djus vkSj [kq”kgkyh dh fn”kk esa dh tk 

jgs] ljdkjh iz;kl lcdk lkFk&lcdk fodkl ds lius dks lkdkj djus dh fn”kk esa ,d egRoiw.kZ dne gSA mEehn 

gS fd d`f’k {ks=ksa esa lq/kkj dh fujarj izfdz;k ls fudVre Hkfo’; esa d`f’k mRiknu c<+us ds lkFk&lkFk bls fdlkuksa 

dh vkfFkZd fLFkfr esa lq/kkj d`f’k lacaf/k leL;kvksa ds lek/kku dh fn”kk esa ljdkj lefUor rjhds ls dne mBk jgh 

gS] blds fy, “kklu Lrj ij vusd dY;k.kdkjh ;kstukvksa dk lapkyu o fdz;kUo;u dj Hkkjrh; d`f’k dk mRre 

,oa le`) cukus gsrq lrr~ :i ls iz;Ru“khy gSA   

lanHkZ lwph %&  

1- Hkkjr esa d`f’k lacaf/k leL;k,s ,oa lek/kku “kks/k la{ksfidk Qjojh 2020  

2- Fundamental of Agricultural Economics Sadhu & Sirg, Himalalaly Publishing House Bombay.  
3- Department of Indian Ecomonmics Houghil S.S. desal Himal Publicaiton.  
4- Indian Agriculture – A.N. Agrawal, Vani Educational Books , New Delhi.  
5- dq:{ks= flrEcj 2018]  izdk”ku foHkkx] lwpuk Hkou] ubZ fnYyh  

6- ;kstuk flrEcj & 2018] izdk”ku foHkkx lwpuk foHkkx] ubZ fnYyh]  

7- Hkkjr esa d`f’k uokpkj] MkW- jkeukjk;.k frokjh] f”kokad izdk”ku] ubZ fnYyh 

8- Hkkjrh; d`f’k ,oa lgdkfjrk & MkW- vkj-,e- f=ikBh] f”kokad izdk”ku 

9- ;kstuk 2020 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

10- dq:{ks= & 2021 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

11- ;kstuk & 2019 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

12- Hkkjrh; d`f’k dk bfrgkl & MkW- vkj-,e- f=ikBh] iz”kkar cqd fMLVªhC;wVlZ] ubZ fnYyh-  
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  
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N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 
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Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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Hkkjr esa jktuhfr dk vijk/khdj.k & dkj.k ,oa funku 

MkW-ds-,y-Vk.Msdj] izkpk;Z “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

Jh nhid dqekj ijxfugk] jftLVªkj “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

Jh v:.k dqekj pkS/kjh] dzhM+kf/kdkjh “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

 

 “kks/k lkjka”k %& 

 orZeku jktuhfr ;qx esa fo”o dk izR;sd ns”k vius ns”k dh jktuhfr esa vijk/khdj.k dks nwj djus gsrq 

iz;Ru”khy g aS] Hkkjr dh jktuhfr vius laØe.k dky ds nkSj ls xqtj jgh gSA Hkkjrh; Lora=rk vkanksyu ds nkSjku 

rkRdkyhu jktuhfrKksa us ns”k izse] R;kx ,oa lekt lsok dh ,d fe”kky dk;e dh FkhA izfl) fof/kosRrk ,oa iz[;kr 

jktuhfr fopkjd ukuk iky[khokyk us dgk fd eSa ugha lksprk fd Hkkjr o’kZ vius ikap gtkj o’kZ ds bfrgkl esa 

dHkh v/kksxfr dh ,slh fLFkfr esa igqapk gksxk ftl fLFkfr esa og vkt igqap xbZ gSA vkt Hkkjrh; jktuhfr ewY;ksa ds 

ladV vkSj uSfrdrk ds ckg~; fLFkfr ls xqtj jgh gS rFkk bl fLFkfr esa ns”k esa tks nSO;dkjh leL;k,a g aS] Hkkjrh; 

jktuhfr dk vijk/khdj.k Hkkjrh; jktuhfr esa Hkz’Vkpkj dk cksyckyk Hkkjrh; jktuhfr esa oa”kokn] tkfrokn] 

laiznk;okn] {ks=okn vkfn dk lekos”k ,slk ugha gS fd jktuhfr esa vijk/khdj.k dks jksdus ds iz;kl ugha fd, x,A 

laln ,oa fo/kku e.Myks ds }kjk izLrko Hkh ikl fd, x, gaS] fdarq laln vkSj jkT; fo/kku lHkkvksa esa loZlfEefr ls 

izLrko ikfjr dj nsus ek= ls vijk/khdj.k ds c<+rs gq, pj.kksa dks jksd ikuk laHko ugha gks ik;k gS] blds fy, Bksl 

jktuhfr bPNk “kfDr dh vko”;drk gksxhA jktuhfr [kqn ,d fnu HkqDr Hkksxh gksdj vijk/kh vkSj ekfQ;k ds paxqy 

ls eqDr gksus ds fy, NViVk,xhA  

 

izLrkouk %& 

jktuhfr vijk/khdj.k vkt ds lkoZtfud thou dh ,d egRoiw.kZ leL;k gSA jktuhfr vkSj vijk/k dk 

bruk xgjk laca/k dk;e gks x;k fd vijk/khdj.k dh fLFkfr dk iw.kZr;k var laHko ugha gS] ysfdu bls fu;af=r 

djuk Hkh t#jh gks x;k gS] rkfd ekuork dks bl nkokuy ls eqDr fd;k tk lds] gekjs ns”k us lSdM+ks o’kksZ ds 

i”pkr~ 1947 esa vaxzsth nklrk ls vktknh ikbZ FkhA vktknh ds le; ns”k ds leLr usrkvksa us xka/kh th ds jkejkT; 

ds LoIu dks lkdkj djus dk ladYi fd;k Fkk] ijarq orZeku esa Hkkjrh; jktuhfr dk vijk/khdj.k rhoz xfr ls c<+ 

jgk gS] bls ns[krs gq, dksbZ Hkh dg ldrk gS fd ge vius y{; ls HkVd pqds gaSA ns”k ds leLr ukxfjd viuk 

vkRe vkadyu djas vkSj iz;kl djsa fd ge tks uSfrd ewY; [kks pqds gSa mUgsa ge iqu% vkRe lk/k djsA ns”k esa lHkh 

vksj dkykcktkjh] fj”or[kksjh] Hkz’Vkpkj] tek[kksjh] tkrhokn o lkEiznkf;drk dk tgj QSy jgk gSA Hkkjr dh 

jktuhfr esa vijk/khd rRoksa dk izos'k ,d fnu esa ugha gqvk gS] Lora=rk ds i”pkr~ ftl rjg ls dqlhZ ds fy, 

thrksM+ la?k’kZ vkjEHk gqvk] lHkh ny viuk opZLo LFkkfir djus ds fy, lk/kuks dh ifo=rk] xka/khokn] n`f’Vdks.k dks 

udkjus yxs] mlls jktuhfr ,oa vijk/k ds xBtksM dks cukus esa vxz.kh Hkwfedk fuHkkbZA tkfrokn dks feVkus ds uke 

ij Hkh blh izfØ;k dks c<+kok feykA vko”;drk gS c<+rs gq, vkijkf/kd ds dkj.kksa dks [kkstus ,oa mlds funku 

<w<+us dhA loZizFke ge ikrs gSa fd gekjs ns”k dh pquko izfØ;k esa lq/kkj dh vko”;drk gSA gekjh Hkkjrh; jktuhfr 

esa /ku o “kfDr dk cksyckyk gSA ,d vkadyu ds vuqlkj 90 izfr”kr ls vf/kd gekjs usrkx.k ;k rks vR;kf/kd 

/kuk<+; ifjokjksa ls gksrs gSa vFkok mudk laca/k vijkf/kd rRoksa ls gksrk gSA 

vo/kkj.kk %& 

Hkkjr dks lSdM+kas o’kZ ds ckn 1947 dks vktknh fey ik;h Fkh] vktknh ds fy, leLr usrkvksa us iz;kl fd;k 

Fkk vkSj lHkh usrk ,d laxfBr jk’Vª cukuk pkgrs Fks] ftlesa Hkz’Vkpkj] dkykcktkjh] fj”or[kksjh] tkfrokn] 

lkEiznkf;drk] HkkbZ Hkrhtkokn dk tgj u QSys ,slk jk’Vª pkgrs FksA okLrfod vFkZ esa jktuhfrd lkekftd 

leL;kvksa dks gy djus dh ,d dyk vkSj foKku gSA leL;k,a ftUgas dsoy lkewfgd iz;klksa ds ek/;e ls gy fd;k 

tk ldrk gS] jktuhfr O;fDr;ks dh t#jrksa vkSj iz;klksa dks forfjr djus dh fof/k gS] fdarq blesa LokFkhZiwfrZ gsrq 

mRiUu vijk/kksa tks turk ds fy, vufgr fl) gksrs gaS] jktuhfr vijk/khdj.k dgykrs gaSA ge lHkh lkekftd izk.kh 

gaS vkSj lekt dk ,d fu;e gksrk gS] tc dksbZ izk.kh ;k O;fDr ,slk ÑR; djus yxs tks lekt ds fo#) gS ;k 

lekt ds fgr esa ugha gS] vijk/k dh Js.kh esa vkrk gS pkgs oks nq’deZ] gR;k] pksjh xyr rjhds ls /ku dekuk , slh 
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cgqr lkjs vijk/k gS vkSj ,sls yksx tks vijkf/kd i`’BHkwfe ls tqM tkrs gaS vkSj jktuhfr esa izos”k djrs gS a rks ;gh 

jktuhfr esa vijkf/kdj.k dgykrk gSA vijk/khdj.k “kCn jktuhfr esa vijkf/k;ksa dh c<+rh la[;k ekfQ;kvksa dh c<rh 

la[;k rFkk /kucy vkSj ckgqcy dk ?kksrd gSA bl izdkj ds yksxks dks jktuhfr esa ykus okyk gS dkSu] D;k jktuhfr 

ikfVZ;k ;k ge gSa tks bUgs oksV nsrs gSA ;g foMEcuk gS fd ftl ns”k esa egkRek xka/kh] pk.kD; tSls jktuhfrd gq, gS a 

ftUgksaus vafgalk] vkfLrdrk] lR; vkfn fl)karksa ij tksj fn;k] mlh ns”k esa vkt jktuhfr dk vijk/khdj.k fpark dk 

fo’k; cuk gqvk gSA  

jktuhfr dk vijk/khdj.k %& 

Hkkjr esa vijk/khdj.k dh tMs+a dkQh xgjh o iqjkuh gaSA izkphu Hkkjr esa jktra= ds vykok xqVra= ,oa 

x.kra= dk Hkh vfLrRo jgk gS] fdarq iz/kkurk jktra= dh FkhA jktra= fujadq”k u gks blfy, jktuhfr ij /keZ dk 

vadq”k FkkA izkphu Hkkjrh; jktuhfrd fparu esa jkT; dh ladYiuk lnthou ds L=ksr ,oa lk/ku ds #i esa dh xbZ 

gS] ;g rHkh laHko gS tc jktuhfr fueZy o LoPN gksA Hkkjrh; jktuhfr dks vijk/k vkSj vjktdrk ls cpkus ds 

fy, gekjs izkphu uhfr “kkL=ksa esa ;g O;oLFkk dj nh xbZ gS fd ;fn jktk vijk/kksUeq[k gks tk;s vkSj iztk ij 

vR;kpkj djus yxs rks iztk dks jkT; dk R;kx dj jktk dk o/k dj mlds vjktd vkpj.k ls Lo;a dks eqDr 

djuk pkfg,A orZeku le; esa /kwrZ] nq’V vkSj cnek”k vf/kdkf/kd la[;k esa jktuhfr esa izos”k ys jgs gS a] bldk dkj.k 

;g gS fd jktuhfr lcls “kh?kz vkSj lcls vf/kd ykHk ig aqpkus okyk O;olk; cu x;k gS vkSj ;g fopkj Hkh cy 

idM+ jgk gSa fd vkijkf/kd rkSj rjhds dks viukus esa fuiq.k O;fDr ds fy, vijk/k vkSj jktuhfr dks ,d lkFk 

viukdj lRrk esa ,d ds ckn nwljh lQyrk izkIr djuk ljy gksuk] dy tks vijk/kh Fks os vc jktuhfrK cu x;s 

gaSA jktuhfr esa vkus ds ckn Hkh muds vijkf/kd laidZ cus jgrs gSa rFkk vkijkf/kd rkSj rjhds NksM+ ugha ikrs ;k 

oLrqr% NksM+uk ugha pkgrs ifj.kker;k jktuhfr dk vijk/khdj.k gks tkrk gS blh rjg jktuhfr esa Hkz’Vkpkj gksus ds 

ifj.kke Lo#i vR;f/kd vijk/k gksus yxsA lRrk/kkjh jktuhfrd ny ds yksx HkkbZ Hkrhtkokn] tkfrokn vkSj xqVckth 

dks LokFkZo”k izksRlkgu nsrs gS a rks blls vuSfrdrk c<+rh gSA ?kwl[kksjh ,oa voS/kkfud rjhds ls buds }kjk dk;Z 

djok;k tkrk gS] ;s jktuhfr nycanh dh pje lhek esa Qaldj gR;k;s djrs vkSj djokrs gSA jktuhfr ds 

vijkf/kdj.k dk vFkZ jktuhfr esa vijkf/kd vkjksiksa dk lkeuk dj jgs yksxksa vkSj vijkf/k;ksa dh c<+rh Hkkxhnkjh ls 

gS] lkekU; vFkksZ esa ;g “kCn vkijkf/kd i`’BHkwfe okys yksxks a dk jktusrk vkSj izfrfuf/k ds #i esa pqus tkus dk ?kksrd 

gSA o’kZ 1993 esa cksgjk lfefr dh fjiksVZ vkSj o’kZ 2002 esa lafo/kku ds dkedkt dh leh{kk djus ds fy, jk’Vªh; 

vk;ksx (NCRWC) dh fjiksVZ us iqf’V dh gS] Hkkjrh; jktuhfr esa xaHkhj vijkf/kd i`’BHkwfe okys O;fDr;ksa dh 

la[;k c<+ jgh gS orZeku esa ,slh fLFkfr cu xbZ gS fd jktuhfrd nyks ds e/; bl ckr dh izfrLi)kZ gS fd fdl 

ny esa fdrus mEehnokj vkijkf/kd i`’VHkwfe ds g aS D;ksafd blls muds pquko thrus dh laHkkouk c<+ tkrh gSA 

us”kuy bysD”ku okap vkSj ,lksfl,”ku Qkj MseksØsfVd fjQkeZ esa (ADR) }kjk tkjh fjiksVZ ds vuqlkj tgka 

,d vksj o’kZ 2009 esa xaHkhj vkijkf/kd ekeyks a okys lkalnks dh la[;k 76 Fkh ogh 2019 esa c<dj 159 gks xbZ bl 

izdkj 2009 ls 2019 ds chp xaHkhj vkijkf/kd i`’BHkwfe okys lkalnks dh la[;k esa dqy 109 izfr”kr dh c<ksRrjh 

ns[kus dks feyhA fiNys yksdlHkk pqukoksa ds vkadM+ksa ij xkSj fd;k tk, rks fLFkfr ;g gS fd vkijkf/kd izo`fRr okys 

lkalnks dh la[;k esa o`f) gh gqbZ gS & mnkgj.k ds fy, 2004 esa ;g la[;k 128 Fkh tks 2009 esa 162 rFkk 2014 esa 

185 rFkk 2019 esa 233 gks xbZA 2014 ds yksdlHkk pquko ds vkadM+ksa ij xkSj djsa rks tkap ls irk pyrk gS fd 542 

fotsrkvksa esa 185 ¼34 izfr”kr½ fot;h mEehnokjksa ds fo#) vkijkf/kd ekeys ntZ Fks bu mEehnokjksa esa ls 112 

¼21%½ ij gR;k] gR;k ds izHkko] lkEiznkf;d fo}s’k] vigj.k efgykvksa ds fo#) vijk/k bR;kfn tSls xaHkhj 

vkijkf/kd ekeys ntZ FksA pquko esa ,d vkijkf/kd i`’BHkwfe okys mEehnokj ds fot;h gksus dh laHkkouk 13% Fkh] 

tcfd ,d LoPN Nfo okys mEehnokj ds thrus ds volj ek= 5 izfr”kr FksA  

tc ge 2005 ds pquko esa yM+us okys mEehnokjksa dh vijkf/kd xfrfof/k;ksa ds laca/k esa tkudkjh izkIr djrs gSa rks 

losZ{k.k ls ;g irk pyrk gS fd fofHkUu jktuhfrd nyksa ds mEehnokj rFkk muds fo:} vkijkf/kd ekeys vkSj bu 

vkijkf/kd Js.kh ds mEehnokjksa esa ls fdrus izfr'kr fot;h gksrs gSa mudk fooj.k fuEu rkfydk ls irk pyrk gS %& 

ny mEehnokj vkijkf/kd ekeys fotsrk izfr”kr~ 

jktnk 215 74 29 39.19 

turk ny ¼;w½ 138 56 24 42.86 

Hkktik 103 48 17 35.42 
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ykstik 178 60 11 18.33 

dkaxzsl 84 16 03 18.75 

lh-ih-vkbZ- 17 06 02 33.33 

,u-lh-ih- 31 10 02 20 

lh-ih-vkbZ-¼,e-,y-½ 104 48 02 4.17 

lh-ih-vkbZ-¼,e½ 12 07 01 14.29 

,Mhvkj vkSj U;w] nks xSj ljdkjh laxBuksa ds }kjk ,df=r dh xbZ tkudkjh vuqlkj yksdlHkk ds dqy 543 

lnL;ksa esa ls 162 lnL; ds fo:} vkijkf/kd ekeys ntZ gS tks dqy la[;k dk 30% gSA 14% lnL;ksa ds f[kykQ 

xaHkhj vkijkf/kd ekeys gSaA blh izdkj ns'k dh jkT; fo/kku lHkkvksa esa fo/kk;dksa dh dqy la[;k 4032 gS ftuesa 1258 

lnL; vkijkf/kd ekeyksa esa fyIr gSa tks fd ns'k ds dqy fo/kk;dksa dh la[;k dk  31% gSA mDr nksuksa NGO us 

losZ{k.k esa ;g Hkh ik;k fd 2009 dh yksdlHkk esa fot;h 543 lnL;ksa esa ls 450 ,sls lnL; gSa tks fofHkUu vkijkf/kd 

ekeyksa esa fyIr gSaA  

ns”k ds 5 jkT;ksa m-iz-] iatkc] mRrjk[k.M] xksok] ef.kiqj esa fofHkUu pj.kksa esa ernku izfØ;k vafre pj.kksa esa 

igqap pqdh gSA bu 5 jkT;ksa ds fo/kkulHkk pquko esa nkxh izR;kf”k;ksa ds laca/k esa ,lksfl,”ku Qkj MseksØsfVd fjQke Zl 

(ADR) us mu ikapksa pqukoh jkT;ksa ds dqy izR;kf”k;ksa dh ,d la;qDr fjiksVZ tkjh dh] ftlds eqrkfcd ikapksa jkT;ksa 

esa pquko yM+ jgs dqy 6874 izR;kf”k;ksa esa 1694 ,sls gSa ftu ij vijkf/kd eqdnesa ntZ gS a rFkk 1262 izR;kf”k;ksa ij 

xaHkhj vkjksi yxs gSaA losZ{k.k ls ;g Hkh Kkr gqvk fd m-iz- o xksok esa lokZf/kd 26 izfr”kr nkfx;ksa dks izR;k”kh 

cuk;k x;k gSaA ;fn ikfVZ;ksa dh ckr djsa rks f”kjkse.kh vdkyh ny us iatkc esa lcls T;knk 68 izfr”kr nkxh 

mEehnokj dks fVdV fn;kA bl ekeys esa f”kjkse.kh vdkyh ny lcls vkxs gSaA ogha lik 56 izfr”kr] vkjtsMh 51 

izfr”kr Øe”k% nwljs ,oa rhljs LFkku rFkk Hkktik 38 izfr”kr nkfx;ksa ds lkFk pkSFks uacj ij gSA blh izdkj nq’deZ 

,oa gR;k ds vkjksfi;ksa dks Hkh mRrjizns”k pquko esa fVdV nsdj izR;k”kh cuk;k x;k gSaA vdsys mRrjizns”k esa gh 37 

izR;k”kh ij gR;k dk dsl ntZ gS tcfd 159 ij gR;k ds iz;kl dk ekeyk py jgk gaSA 69 izR;kf”k;ksa ij efgykvksa 

ls tqM+s vijk/k esa “kkfey gksu dk vkjksi gSA ;g fLFkfr fuf'pr gh ns'k dh LoPN jktuhfrd ifjos'k ds fy, ?kkrd 

gSA lekt dk izR;sd rcdk ;gh pkgrk gS fd bl rjhds dh vkijkf/kd xfrfof/k;ksa ls lekt dks eqDr djus ds 

fy, Bksl dkuwu cuk;k tkuk pkfg,A 

 

jktuhfr esa vijkf/kdj.k ds dkj.k %& Hkkjr esa jktuhfr ds c<+rs vijk/khdj.k ds fy, vusd dkj.k ftEesnkj gSa] 

tSls Hkkjrh; jktuhfr esaa ckgqcy dk izHkko nh?kZdky ls jktuhfrd thou esa ,d egRoiw.kZ rF; cuk gqvk gSA vusd 

jktusrkvksa }kjk vius oksV cSad esa o`f} ds fy, vijkf/k;ksa ds ckgqcy dk mi;ksx fd;k tkrk gS ;s ckgqcy pqukoh 

xfrfof/k;ksa esa viuk izHkqRo dk;e j[kus /kucy miyC/k djkrs gS] ernkrk Hkh lkekU;r%  mEehnokj ds bfrgkl] 

mudh ;ksX;rk rFkk pfjf=d dh tkudkjh u j[krs gq, muds fo:} yafcr vkijkf/kd ekeys ds izfr Hkh tkx:d 

ugha gksrsA ns'k dh U;k; O;oLFkk dh nqcZyrk us Hkh vijk/k dks c<+kus esa egRoiw.kZ Hkwfedk fuHkkbZ gSA jktuhfrd nyksa 

dh xfrfof/k;ksa ij vadq'k yxkus] jk’Vªh; ,oa {ks=h; nyk a s ds ekeyksa esa fu/kkZfjr ekin.Mksa dk ikyu u djus ij 

mudh ekU;rk jn~n djus dk Hkh O;kid vHkko fo/kku esa gSA jktuhfrd nyksa dks feyus okys nku] lg;ksx vuqnku 

dh jkf'k dk dksbZ ys[kk tks[kk Hkh dHkh fujh{k.k ds fy, miyC/k ugha djk;k tkrkA jktuhfrd nyksa esa vkarfjd 

yksdra= fu;fer nyh; pquko] nyksa esa dk;ZdÙkkZvksa dh fu;qfDr] lekthdj.k] fodkl vkSj izf'k{k.k vuqla/kku] fparu 

,oa uhfr fu;kstu tSlh xfrfof/k;ksa dk Hkh vHkko izeq[k dkj.k ekuk tk ldrk gSA 

 Hkkjrh; jktuhfr esa c<+rs vijk/khdj.k dk dkj.k fo'o ds lcls cM+s yksdra= ftlesa vkt Hkh vijk/kh;ksa dk 

ncnck gksuk] pquko esa usrkvksa }kjk ekfQ;kvksa dk lgkjk ysuk mu yksxksa dks fVfdV nsuk ftudk vrhr tqeZ dh 

nqfu;k ls rkyqdkr j[krk gS] ,sls vusdksa mnkgj.k vkt gekjs lkeus gSaA ;fn ,slh i`’B Hkwfe ds yksx pqudj 

yksdlHkk fo/kkulHkk esa tk;saxs rks fuf'pr rkSj ij Hkz’Vkpkj ,oa vijk/khdj.k dks cy feysxkA yksdra= esas loksZPp 

lÙkk turk gS ogh jkt usrkvksa dks laln rd igqapus dh 'kfDr nsrh gS vFkkZr jktuhfr dh 'kfDr turk esa fufgr 

gSA vijk/khdj.k dk bfrgkl jgk gS fd bUgksaus Lo;a dks ftEesnkj crkus dh ctk, vkjksi dk lgkjk fy;kA jktusrk 

bldk ftEesnkj turk dks ekurs gSA turk ,sls jktusrkvksa o mudh ikfVZ;ksa dks /ku o vijk/k ds cy ij pquko 
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ftrkus okys usrkvksa dks turk gh ljdkj esa igaqpkus dk volj nsrh gSA jktuhfr esa ekfgj ;s f[kykM+h Lo;a ij vkap 

u vkus nsrs gq, lQsn iks'k dk lgkjk ysdj vius vlyh :Ik dks fNik nsrs gS a] ckgj ls turk ds lsod o budk 

nq’pfj= Hkhrj gh Hkhrj jktuhfr esa vijk/k dks tUe nsrk gSa jktuhfr esa vijkf/kdj.k dks c<+kok  

 

nsus ds fuEufyf[kr izeq[k dkj.k gS %& 

¼1-½ jk’Vªh; pfj= dk iru 

¼2-½ jk’Vªh;rk dh Hkkouk dk vHkko 

¼3-½ xjhch] vf'k{kk 

¼4-½ csjkstxkjh 

¼5-½ iqfyl jktuhfrKksa ukSdj'kkgks o vijkf/k;ksa ds e/; lkaB xkaB dk gksuk  

¼6-½ ckgjh rRoksa dk pqukoh jktuhfr ij izHkko 

¼7-½ U;kf;d iz.kkyh dk nks’kiw.kZ gksuk  

¼8-½ dkuwu dks izHkkoh rjhds ls ykxw u djuk 

¼9-½ turk }kjk vijkf/kd izo`fÙk ds usrkvksaa dks Lohdkj djuk 

¼10-½ /kucy  

¼11-½ ckgqcy 

¼12-½ HkkSfrdrkoknh izo`fÙk 

¼13-½ jktuhfrd nyksa esa lÙkk izkfIr dk ykylk 

¼14-½ nks’kiw.kZ fuoZpu iz.kkyh dk gksuk 

¼15-½ 'kklu dh {kerk ,oa xq.koÙkk esaa fxjkoV 

¼16-½ fu’i{k bZekunkj o jk’Vªfgrks ds izfr lefiZr usr`Ro dk vHkko 

Hkkjr esa jktuhfr esa vijk/khdj.k dks c<+kok nsus esaa ukxfjd lekt dk Hkh cjkcj dk ;ksxnku jgk gSA 

vDlj turk vijkf/k;ksa ds /ku vkSj ckgqcy ls izHkkfor gksdj fcuk tkap fd;s gh mUgsa oksV ns nsrk gSA  

 

jktuhfr esa vijk/khdj.k dk izHkko %& 

 ns”k dh jktuhfr vkSj dkuwu dk fuekZ.k izfØ;k esa vijkf/kd i`’BHkwfe okys yksxks a dh mifLFkfr dk yksdra= 

dh xq.koRrk ij udkjkRed izHkko iMrk gSA vijk/khdj.k ls pquko izfØ;k esa dkys/ku dk iz;ksx dkQh vf/kd c<+ 

tkrk gS] blds vfrfjDr ns”k dh U;kf;d izfØ;k ij Hkh foijhr izHkko ns[kus dks feyrk gSA vijkf/k;ks ds fo#) 

tkap ,oa dkuwuh izfØ;k dh xfr /kheh gks tkrh gS] ,sls vkijkf/kd izo`fRr ds jktuhfrd lkoZtfud thou esa 

Hkz’Vkpkj dks c<+kok nsrs gS] ftlls ukSdj”kkgh] dk;Zikfydk] fo/kkf;dk rFkk U;k; ikfydk lfgr vusd laLFkkvksa dh 

fu’i{k dk;Z iz.kkyh Hkh izHkkfor gks jgh gSA lekt esa fgalk dh laLÑfr dks izksRlkgu feyrk gS] ;g fLFkfr Hkkohtu 

izfrfuf/k;ksa ds fy, Hkh ,d xyr ijEijk izLrqr djrk gSA  

 

jktuhfr esa vijk/khdj.k jksdus ds mik; ,oa lq>ko %& 

 Hkkjrh; jktuhfr ls vijk/khdj.k dks nwj djus gsrq ;|fi ljdkj }kjk vusd dk;Z fd, tkrs jgs gSa fdarq 

blesa vk'kkrhr lQyrk ugha fey ikbZA pquko vk;ksx ,oa vU; laoS/kkfud o dkuwuh mik; gksus ds ckotwn vkt 

Hkkjrh; jktuhfr esa vijk/khdj.k c<+rs gh tk jgk gS bldk izeq[k dkj.k dqlhZ dh jktuhfr] tkfr dh jktuhfr ,oa 

vkfFkZd miktZu dh jktuhfr izeq[k gSA Hkkjrh; jktuhfr ls vijk/khdj.k dks nwj djus gsrq izeq[k lq>ko@mik; bl 

izdkj gSa %&  

1- ljdkj ds }kjk cukbZ xbZ dkuwuksa dk dBksjrk ls ikyu fd;k tk;sA 

2- Hkkjrh; jktuhfr esa ;qokvksa dk izos”khdj.k izf”k{kdh; rjhds ls fd;k tkosA 

3- jktuSfrd usr`Ro ds fy, f”k{kk dks Hkh vfuok;Z ;ksX;rk ds #i esa ykxw fd;k tk;sA 

4- pquko vk;ksx }kjk dBksjrk iwoZd pqukoh uhfr ,oa dkuwu dks ykxw fd;k tkuk vko”;d gksxkA 

5- tu tkx#drk ykbZ tk, rkfd jktuhfr ds mn~ns”; o t#jr dks lkekU;tu Hkh tku ldsA 
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6- ukSdj”kkgh dks lqizHkkoh cuk;k tk;s rkfd ljdkj ds izeq[k inks a ij ;ksX; O;fDr fu;qDr gks ldsA 

7- /kucy ds mi;ksx dks iw.kZrk izfrcaf/kr fd;k tk;s rFkk pquko izpkj iz.kkyh dks Hkh cnyk tk;sA  

Hkkjrh; jktuhfr esa c<+rs vijk/khdj.k dks jksdus dh vko”;drk gS blds fy, vijkf/kd dkuwu esa 

la”kks/ku fd;s tkus dh vko”;drk gS] ftlls dkuwu O;oLFkk dks vkSj Hkh vf/kd dBksj cukdj vijkf/kd i`’BHkwfe ds 

yksxks ds pquko yM+us ij izfrca/k yxk;k tkuk vko”;d gS] rkfd dksbZ O;fDr fdlh U;k;ky; ls ,d ckj nafMr gks 

tkus ds ckn pquko yM+us ds v;ksX; ?kksf’kr dj fn;k tk,A blds lkFk&lkFk turk dh tkx#drk Hkh t#jh gS 

ftlls vijkf/kd Nfo ds yksx u pqus] blds fy, Hkh tehuh Lrj ls vFkkZr~ fupys Lrj ls iz;kl fd;k tkuk pkfg,] 

vko”;d gS fd jktuhfr esa vijkf/k;ksa dh c<+rh la[;k ij jksd yxkus ds fy, dkuwuh <+kaps dks etcwr fd;k tk,] 

jktuhfrd nyksa dks viuk uSfrd nkf;Ro fuHkkrs gq, xaHkhj vijk/k esa nks’kh Bgjk, x, yksxka s dks ny esa “kkfey djus 

vkSj mUgas pquko yM+okus ls cpuk pkfg, rFkk tuizfrfuf/k;ksa ds f[kykQ ekeyksa esa Rofjr fujkdj.k gsrq loksZPp 

U;k;ky; }kjk fo”ks’k vnkyrksa dk xBu fd;k tk, rkfd vijkf/kd ekeyks dk fujkdj.k esa foyac u gks ldsA 

fu’d’kZ%& 

 fu’d’kZ #i esa ge dg ldrs gS a fd Hkkjr esa jktuhfr ds vijk/khdj.k ,oa Hkz’Vkpkj yksdra= dh tM+ks ij 

dqBkjk?kkr dj jgk gSA le; dh ekax dks ns[krs gq, vko';drk bl ckr dh gS fd Hkkjr esa jktuhfrd vijkf/k;ksa ls 

lacaf/kr ekeyksa ij 'kh?kzrk ls fopkj fd;k tkuk pkfg, blds fy, egRoiw.kZ laxBuksa ds rRoko/kku esa izcq) jk’VªHkDr 

jktuhfrKksa] cqf)thfo;kas] nk'kZfudksa f'k{kkfonksa] U;k;fonkas] ds U;k;'kkfL=;ksa vkSj i=dkjksa vkfn dks vkeaf=r dj bl 

ij [kqyk fopkj foe'kZ fd;k tk, rkfd ,d lqfuf'pr fu’d’kZ ij igqapk tk ldsA ;fn vHkh Hkh lHkh jktusrk viuh 

uSfrdrk vkSj dÙkZO;ksa dks le>as vkSj vey esa ykus dh dksf'k'k djsa rks bl jktuhfrd vijk/khdj.k dks ny&ny ls 

ckgj fudkyk tk ldrk gSA ;gh fLFkfr ns'k dh jktuhfr] vijk/khdj.k dh izo`fRr ls nwj lkQ&lqFkjh LoPN 

izHkkoksRiknd] fo'oluh; ,oa jk’Vªh; thou dks mUur'khy cukus okyh gksxhA 

lanHkZ lwph %& 

1- A.S. Narang Democracy Development and Distortion. 

2- Upendra Bakshi and Bhikhu Parikh – Crisis and change in contemporary India. 
3- dY;k.kh ds”kjokuh dk vkys[k jk;x<+ lans”kA 

4- e-iz- ds Lora=rk laxzke lSfud [k.M 3 Hkk’kk lapkyuky; laLÑr foHkkx] e-iz-A 

5- MkW- jke vkgwtk & vijk/k”kkL= feuk{kh izdk”ku] esjBA 

6- varjkZ’Vªh; jktuhfr ds ledkyhu eqn~ns lkfgR; Hkou ifCyds”ku] vkxjkA 

7- cktis;h MkW- lq’kek N-x- esa jktuSfrd lekthdj.k N-x- dh jktuSfrd] lkekftd] vkfFkZd O;oLFkk fo”okl 

uxj] ubZ fnYyhA 

8- jk’Vªh; 'kks/k laxks’Bh ¼la{ksfidk 2019½ & Hkkjr esa jktuhfrd vijk/khdj.k Lo:Ik ,oa funkuA 

9- if=dk 2014 

10- e-iz- lans'k 1984 

11- Dr. B.L.Phadia – Western Political Thought  
12- nSfud HkkLdj lekpkj i=] jk;iqjA 
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lks”ky ehfM;k dk lekt ds fofHkUu oxksZa ij euksoSKkfud izHkko 

MkW-ds-,y-Vk.Msdj] izkpk;Z “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

MkW-,l-ds- mds ] lgk;d izk/;kid] okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x½ 

 

 “kks/k lkjka”k %& 

 21oha lnh esa lkekftd ifjorZu dk nkSj fujarj py jgk gS ge lHkh tkurs gS fd lks”ky ehfM;k us fdl 

rjg lekt ds lHkh oxksZ rd viuh igqap cuk yh gSa] fizaV ehfM;k vkSj bysDVªkfud ehfM;k dk tks ,dkf/kdkj tu 

ekul ds chp Fkk og dqN [kkl “kSf{kd o is”kkxr oxZ rd rks lhfer Fkk gh lkFk gh lHkh oxksZa ij lks”ky ehfM;k 

dk ldkjkRed vkSj udkjkRed vHkko ns[kus dks feyrk gSA OgkV~lvi] Qslcqd] V~ohVj] bULVªkxzke ,o a “ks;j pSV ,sls 

vkSj Hkh dbZ izdkj ds lks”ky lkbM gS] ftudk mi;ksx fnu izfrfnu c<+rk tk jgk gS] fo”ks’kdj ;qok oxZ tks ns”k ds 

Hkfo’; fuekZrk gSa tks vkxs pydj ns”k dk usr`Ro djsaxs] ysfdu bu lks”ky ehfM;k ds dkj.k mudh ;ksX;rk] lerkvksa 

dk fodkl Hkh vo#) gksrk tk jgk gSA lks”ky ehfM;k lekt ds lHkh oxksZa esa egRoiw.kZ LFkku j[krk gS blfy, 

bldk iz;ksx lgh rjhds ls djuk gksxk ftlls fd ekuo leqnk; okLrfod fodkl dj ldsA  

 

izLrkouk %& 

ekuo ,d lkefktd izk.kh gS] ekuo dh laosnuk,a tc laosnughu gksrh gS rc lks”ky ehfM;k ds c<+rs pj.k 

fd ,d lh<+h uhps fxjrs gq, izrhr gksrh gS] lekt ds lHkh oxksZ ds thou dky esa ehfM;k] usVofdZax lkbVl dk 

fujarj vlhfer mi;ksx gks jgk gS] foKku dh izxfr us vke ekuo thou dks HkkSfrdrk] foykflrk ,oa vk/kqfudre 

lq[k lqfo/kkvksa ls laiUu dj fn;k gSa] lks”ky ehfM;k us lekt ds lHkh oxksZ ij udkjkRed mnkgj.k izLrqr fd;k gS] 

ogha rduhfd xq.koRrk rks c<+h gS] ijarq euksoSKkfud leL;kvksa esa c<+ksRrjh Hkh ns[kh tk jgh gSa] orZeku le; esa 

lkekftd ehfM;k ds varxZr baVjusV] Qslcqd] OgkVlvi] fp= py fp= bR;kfn orZeku esa djhc 80 izfr”kr fd”kksj 

fo|kfFkZ;ksa ij euksoSKkfud#i ls leL;k,sa Hkh ns[kus dks feyh gS] m/kj vk/kqfudrk ds bl nkSj esa lwpuk izkS|ksfxdh ds 

fodkl us ekuo thou dks ljy] lH;] vkjkenk;d ,oa euksjatukRed cukdj ekuoh; laca/kksa dk ,d u;k vk;ke 

iSnk fd;k gSa] orZeku ;qx esa lkekftd lajpuk dh leLr ekuoh; bdkbZ;ka cPps] ;qok] efgyk,a] cqtqxZ dksbZ Hkh 

lks”ky ehfM;k ls vNwrs ugha gSA 

 Hkkjrh; Lrj ij ns[kk tk;s rks ns”k dh ,d vjc 30 djksM+ tula[;k esa yxHkx 15 djksM+ yksx lks”ky 

ehfM;k ij lfØ; gS] blds ek/;e ls tgka ,d vksj mi;ksxdrkZ] fdlh izdkj ds QksVks] ohfM;ksa] lans”k ;gka rd 

vius fopkj dks Hkh dqN gh lsds.M esa ns”k vkSj nqfu;k ds fdlh Hkh LFkku ij cSBs vius nksLrks] ifjfprks ls “ks;j dj 

ldrs gS ;|fi lks”ky ehfM;k ds lwpuk ØkfUr us oSf”od HkkSxksfyd nwjh dks de fd;k gS rFkkfi ,d losZ ds 

vuqlkj 74 LekVZ Qksu ;wtlZ gky esa viuk eksckbZy fy, gh lks tkrs gS ¼ds-vkj-lh- fjlpZ½ 6 ?kaVs rd eksckby ij 

fcrk jgs gS] ns”k ds 40 LekVZQksu ;wtlZ 150 ckj fnu esa Qksu psd djrs gS 6 feuV esa ,d ckj ¼vkbZ-lh-,l-,l-vkj-

ds vuqlkj½ fjlpZ ds vk/kkj ij dgk tk ldrk gS fd O;fDr;ksa ds ifjokj ls ckgj vU; O;fDr;ksa ls ehfM;k ds 

ek/;e ls laca/k rks gS fdarq ifjokj ds vanj gh ikfjokfjd lnL; ds chp ekuoh; laca/k de gq, gSA vkt Hkkjr esa 

70 djksM+ yksxksa ds ikl Qksu gS ftlesa ls 25 djksM+ yksx LekVZQksu dk bLrseky djrs gSa] bu 25 djksM+ yksxksa esa ls 

15 djksM+ yksx lks”ky ehfM;k ij lfØ; gSaA 

vo/kkj.kk %& 

lks”ky ehfM;k dk eryc gS fd lks”ky dE; qfuds”ku ds }kjk yksxks ds lkFk vkil esa tqM+uk ;s Bhd 

fQftdy usVodZ dh rjg gh gS] cl ;s usVodZ vkWuykbZu gksrk gS] blfy, yksx vkil esa ckrphr djus ds fy, 

laidZ c<+kus ds fy, ;k vius ilanhnk phtksa vkSj bUQkjes”ku ds vknku iznku ds fy, lks”ky ehfM;k dk bLrseky 

djrs gS] cgqr ckj ;g ik;k x;k gS fd gekjs cgqr ls nksLr vkSj fjLrsnkj gekjs ikl ugha jgrs vkSj dqN fons”k esa 

jgrs gS] blfy, muds lkFk ckrphr djuk vkSj QsaMf”ki esaVsu djus ls lks”ky ehfM;k gekjk cgqr dke djrk gS 

lks”ky ehfM;k dk edln yksxks dks ,d nwljs ls tksM+us ds lkFk gh lapkj ek/;e dks etcwrh nsuk gS vkSj bl 

edln esa s lks”ky ehfM;k dks lQyrk Hkh feyh gS] ysfdu lkFk gh blus lkekftd laca/kksa dks Hkh izHkkfor fd;k gS] 



Sambodhi                                                                                                                     ISSN: 2249-6661 

(UGC Care Journal)                                                                                    Vol-45 No.-01(III) : 2022 

Copyright © 2022 Authors                                                                                                              69 

lks”ky ehfM;k us yksxks ds laca/kksa esa n[ky nsuk “kq# dj fn;k gSA tc vkidk thou lkFkh lks”ky ehfM;k ij le; 

fcrkrk gS rks vkidh Hkkoukvksa dks Bsl igqparh gS ,sls esa vki [kqn dks misf{kr eglwl djrs gSA 

lks”ky ehfM;k (Social Media) ,d ,slk ehfM;k gSa] tks ckfd lkjs ehfM;k ¼fizaV bysDVªkfud vkSj 

lekukarj ehfM;k½ ls vyx gS lks”ky ehfM;k baVjusV ds ek/;e ls ,d opZqvy oYMZ ¼Qslcqd] V~foVj] baLVkxzke½ 

vkfn dk mi;ksx dj igqap cuk ldrk gSA vkt ds nkSj esa lks”ky ehfM;k ftanxh dk ,d vge fgLlk cu pqdk gS 

ftlds cgqr lkjs Qhpj gS] tSls fd lwpuk,a iznku djuk] euksjatu djuk vkSj f”kf{kr djuk eq[; gS] lks”ky ehfM;k 

,d vijEijkxr ehfM;k gS ftls baVjusV ds ek/;e ls igqap cuk ldrs gS] ;g nzqrxfr ls lwpukvksa ds vknku iznku 

djus ftlesa gj {ks= dh [kcjsa gksrh gS dks lekfgr fd, gksrk gSA  

 

lekt ds fofHkUu oxksZa ij izHkko %& 

 vkt ds le; esa lks”ky ehfM;k ij yxHkx gj mez ds ,oa gj oxZ ds yksx lfØ; jgrs gS] [kkldj ;qok 

ih<+h vkt ds nkSj dks lks”ky ehfM;k dk ;qx dguk dksbZ vfr”;ksfDr ugha gksxk] D;ksafd lwpuk ,oa Kku dk vknku 

iznku djus dk lcls l”kDr lk/ku gS ftlds ek/;e ls f”k{kk] fpfdRlk] O;kikj ,oa euksjatu ds {ks= esa vklkuh gks 

jgh gS] ftl rjg ,d flDds ds nks igyw gksrs gS mlh izdkj lks”ky ehfM;k ds Hkh nks igyw gS] ykHknk;d ,oa 

uqdlku nk;d vkt ge ckr djrs gS lks”ky ehfM;k ds lekt ds lHkh oxksZ ij iM+us okys ldkjkRed ,oa 

udkjkRed izHkko dh] ekStwnk le; esa blds udkjkRed izHkko vf/kd ns[kus dks feyrs gS] ftlds ikl LekVZQksu] 

VscysV] ysiVkWi gS og lks”ky ehfM;k dk mi;ksx vo”; djrs gS oSls ;g euksjatu dk Hkh vPNk lk/ku cu x;k gS] 

lks”ky ehfM;k dk fofHkUu oxksZ ij iM+us okys izHkko fuEukuqlkj gS %&  

 

¼1½ ;qok ih<+h ij izHkko %& 

 vkt ds bl lwpuk izkS|ksfxdh ;qx esa lks”ky ehfM;k dk lcls vf/kd mi;ksx dk izpyu] ;qok ih<+h esa 

ns[kus dks feyrk gS] ftlds dkj.k dbZ udkjkRed izHkko lkeus vk jgs gSA lks”ky ehfM;k tgka euksjatu dk vPNk 

lk/ku gS ysfdu ;qok ih<+h vius cgqewY; le; dk mi;ksx vius dSfj;j laokjus ds fy, u dj blesa [kksrs tk jgs 

gSA blds mi;ksx ls ;qok ih<+h esa udkjkRed lksp rks c<sxh lkFk gh jkstxkj dh miyC/k ls thou Lrj esa Hkh dkQh 

ifjorZu gks ldrk gS] blds foijhr blds mi;ksx ls yksx viuksa ls nwj gksrs tk jgs gS] ;qokvksa esa mnklh] ruko] 

volkn] vkradokn] /kks[kk/kMh] vdsykiu tSls y{k.k c<+ jgs gS rFkk ;qok blds f”kdkj gksrs tk jgs gS tks vkus okys 

le; ds fy, vPNk ladsr ugha gSA 

¼2½ ekuo thou ij euksoSKkfud izHkko %& 

 lks”ky ehfM;k dk vke O;fDr vFkkZr~ ekuo ds thou ij Hkh izHkko gqvk gSA lwpuk rduhfd us lapkj txr 

esa Økafr yk nh gS] ekuo ij bldk ldkjkRed ,oa udkjkRed izHkko iM+k gS] ldkjkRed igyw ;g gS fd lks”ky 

ehfM;k ds }kjk izkIr gksus okyh f”k{kk] LokLF; vkSj jkstxkj vkfn ls l acaf/kr lwpukvksa dh tkudkjh esa o`f) vkSj 

fodkl gqvk tks larq’Vh ,oa [kq”kh dks n”kkZrk gS ogha udkjkRed izHkko us ekuo ds thou esa ruko] voln] 

udkjkRed lksp dks c<+kok fn;k gSA 

¼3½ cPpksa ij lks”ky ehfM;k dk izHkko %& 

 lks”ky ehfM;k dk cPpksa ij udkjkRed izHkko iM+ jgk gS] cPpks dh fcxMrh ekufldrk dk cgqr cM+k 

dkj.k lks”ky ehfM;k dks ekuk tkrk gS] tks cPps lks”ky ehfM;k dk mi;ksx cgqr T;knk djrs gS muds eu esa thou 

ds izfr vlarqf’V dk Hkko T;knk jgrk gS] lks”ky ehfM;k ij yksxks dks ns[k dj cPps Hkh vius vfHkHkkodksa ls 

vuko”;d oLrqvksa dh ekax djus yxrs gS] yM+dksa dh rqyuk esa yMfd;kaa ij bldk T;knk izHkko iM+rk gS] D;ksafd 

yM+fd;ka T;knk Hkkoqd gksrh gS tks cPps bldk T;knk mi;ksx djrs gS muesa lqcg gh vkSj jkr dks lksus ls igys 

baVjusV ij vkuykbZu jgus dh vknr iM+ tkrh gS] bl vknr ds dkj.k cPpksa dks vius “kkSd iwjk djus vFkok Lo;a 

dk vkRefo”ys’k.k djus dk le; gh ugha feyrk cPpksa dk rukoxzLr jguk dherh le; cckZn djuk ,oa mudk 
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lkekftd thou Hkh izHkkfor gks jgk gS] LekVZQksu ds mi;ksx ls vka[kksa ij cqjk izHkko ns[kk tk ldrk gS] cPpks ds 

,d ckj bldh vknr gks tkus ds ckn blds fcuk jguk eqf”dy gks tkrk gS cPpksa ds fnekx ij udkjkRed fopkjksa 

ls ekufld fodkl vo#) gks tkrk gS lkFk gh buds vkRelEeku dks Hkh uqdlku igqapuk laHko gS] ;gh dkj.k gS 

fd vkt 12 ls 15 lky ds rhu esa ls ,d ;k T;knk cPpksa esa uhan dh Hkh leL;k c<+ jgh gS] “kks/k ds eqrkfcd ;s 

mDr lHkh y{k.k cPpksa esa fnu izfrfnu c<+ jgs gSA  

¼4½ laLÑfr ij izHkko %& 

 ekuo ,d lkekftd izk.kh gSA ekuo fd lkekftd ,oa lkaLÑfr thou esa blds nq’ifj.kke fn[k jgs gS] vkt 

ekuo Lo;a ls Hkh feyus dk le; ugha fudky ik jgk gS vkSj viuksa ls nwfj;k Hkh LoHkkfod#i ls c<+ jgh gS] blls 

lekt dk <+kapk vlarqfyr gks jgk gSA ekuo dk lkeftd thou Hkh lekIr gks jgk gS blds foifjr lks”ky ehfM;k 

ls O;fDrxr thou dks c<+kok gh feyrk fn[kkbZ ns jgk gS fdlh ds futh thou ds lkFk muds ifjokj dks Hkh blesa 

?klhV ysuk lks”ky ehfM;k dk pyu cu x;k gSA xkyh nsuk] xyr viokg QSykuk] v”yhy vkSj Hkn~nh ckrs djuk] 

QksVks ,fMV dj dqN dk dqN fn[kk nsuk vkt vke ckr gks xbZ gS] tks fd lekt vkSj gekjh laLÑfr ds fy, cgqr 

lkspuh; gS yksx viuh HkMkl fudkyus ds fy, fdlh Hkh gn rd tkdj e;kZnk dk mYya?ku djus esa Hkh ijgst ugha 

djrs blfy, gesa lekt esa fxjrs uSfrd Lrj dks cuk, j[kus ds fy, dksbZ Bksl dne mBkus pkfg, ftlls fd ge] 

gekjs ifjokj] gekjs lekt] gekjh laLÑfr] gekjh e;kZnk dh xfjek lnSo cuh jgsA  

¼5½ efgyk l”kfDrdj.k ij izHkko %& 

 fiNys dqN o’kksZa esa efgykvksa dks l”kDr cukus vkSj muls lacaf/kr eqn~ns mBkus esa lks”ky ehfM;k us vge 

Hkwfedk fuHkkbZ gS] ns”k dh vk/kh vkcknh efgykvksa dh gS ;g lgh gS fd bl le; dksbZ {ks= ,slk ugha gS ftlesa 

efgykvksa us lQyrk ds >.Ms u xkM+s gks blds ckotwn vkt dh efgyk,a vius vf/kdkjksa ls oafpr gSA efgykvksa dh 

lkekftd fLFkfr esa lq/kkj dks ysdj yacs le; ls oSf”od Lrj ij fpark O;Dr dh tk jgh g S vkSj le;&le; ij 

blds fy, dne Hkh mBk;s x, gS] ns”k esa vktknh ds uhfr fuekZrkvksa us eq[;/kkjk ls tksM+us ehfM;k jsfM;ksa] 

Vsfyfotu vkSj lekpkj i=ksa ls efgykvksa dh lkekftd fLFkfr esa lq/kkj ykus gsrq iz;kl fd, gS] vkt fMftVy 

Økafr ds ;qx esa ehfM;k ls ,d ubZ mEehn cuh gSa fd ;g ,d ,slk IysVQkeZ g]S ftlesa efgykvksa dh fLFkfr esa lq/kkj 

dh laHkkouk,a dkQh gn rd c<+h gS] ehfM;k ds dkj.k gh vkt gksus okyh tqeZ lkeus vk jgs gS ogha mudks balkQ 

Hkh fey jgk gS] bl {ks= esa ehfM;k dh ldkjkRed Hkwfedk jgh gS] lks”ky ehfM;k us efgykvksa esa vkRefo”okl c<+k;k 

gS] jsfM;ks] Vh-oh-] lekpkj i=ksa us efgykvksa dh lksp esa cnyko Hkh yk;k gS] vkt efgykvksa dks l”kfDrdj.k cukus 

ds lkFk&lkFk jk’Vª dh rjDdh esa lks”ky ehfM;k vge Hkwfedk fuHkk jgk gSA  

¼6½ lks”ky ehfM;k dk thou izca/ku ij izHkko %& 

 lks”ky ehfM;k dk thou izca/ku ij izHkko fo’k; oLrq ij losZ{k.k ,oa fo”ys’k.k ds ifj.kke fparktud gS 

lks”ky ehfM;k ij le; ds mi;ksx dk oxZokj izfr”kr ik;k x;k] fd”kksj oxZ] fo|kFkhZ oxZ rFkk ;qok oxZ ] izfrfnu 

vkSlru vius iUnzg ?kaVks esa ls lks”ky ehfM;k ij Øe”k% 75-23 izfr”kr 73-33 izfr”kr rFkk 86-6 izfr”kr le; ij 

O;; djrs gS tcfd vU; dk;ksZ esa Øe”k% 16-66 izfr”kr] 24-66 o 35 izfr”kr le; dk gh mi;ksx djrs gS] Li’V gS 

fd lks”ky ehfM;k thou ij gkoh gks pqdk gS o thou izca/ku ds fy, vis{kkÑr cgqr de le; fn;k tk jgk gSA 

oxZokj 

lsEiy la[;k 

100 

izfrfnu vuqekfur vkSlr O;; fd;k x;k le; 15 ?k.Vksa esa ls 

Qslcqd OgkVlsi xse 

osclkbV mi;ksx 

v/;;u gsrq 

osclkbV mi;ksx 

vU; iz;kstukFkZ 

v/;;u o 

vU; dk;Z 

fd”kksj 1&2 2&4 1-30&2-30 20-&30 fe- 2&3 1&2 

fo|kFkhZ 2&3 2&3 1&2 15&20 fe- 2&30&3 1&2 

;qok 1&3 3&4 2&3 30 fe-&1 ?kaVk 2&3 2&3 

  lks”ky ehfM;k ds mi;ksx ds vkfn gksus ds vusdkusd nwjxkeh ifj.kke fd”kksj] fo|kFkhZ vkSj ;qok oxZ esa 

ifjyf{kr gks jgs gSa] ftlesa ;knnk”r esa deh] ,dkxzrk esa deh] dE;qfuds”ku fLdy esa deh a] fpark o ruko esa o`f) 
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dkYifudrk esa o`f)] ,dkdhiu esa o`f)] ekufld fodkjksa dk lekos”k] v/;;u ds izfr v#fp esa o`f)] ikfjokfjd 

nkf;Roksa dh mis{kk] “kkjhfjd LokLF; dk izHkkfor] viO;; dh izo`fRr esa o`f)] vdknfed ijQkjesal esa fxjkoV] 

dSfj;j ds izfr fu#Rlkfgr gksuk izeq[k udkjkRed izHkko gSA le; o thou izca/ku ladsrdkad fuEu Lrj dh vksj 

LFkkfir gksus yxrk gSA  

 lks”ky ehfM;k fo”o ls lrr~ tqM+s jgus dk csgrjhu o vfrmi;ksxh oSKkfud lk/ku gS fdarq bldk 

vfrmi;ksx udkjkRed izHkko ,oa ifj.kke mRiUu djrk gSA lkFkZd mi;ksx O;fDr ds fodkl vkSj ifj’dkj esa] viMsV 

j[kus ds lkFk gh thou izca/ku ds fy, vf}rh; Hkkxhnkjh fuHkk ldus esa ennxkj gks ldrk gS ogha lks”ky ehfM;k 

ij dh x;h xfrfof/k;kW vxj thou esa mrjdj thou dk fgLlk cuus yxrh gSa rks thou ladqfpr vkSj lhfer 

gksdj O;fDr] O;fDrRo vkSj euksoSKkfud fodkl dks ckf/kr djus yxrh gSA 

¼7½ lks”ky ehfM;k dk udkjkRed ,oa ldkjkRed izHkko %& 

 lks”ky ehfM;k lekt ds fodkl esa viuk ;ksxnku nsrk gS vkSj dbZ O;olk;ksa dks c<+kus esa Hkh enn djrk 

gS] ;g lks”ky ehfM;k ekdsZfVax tSls lk/ku iznku djrk gS tks yk[kksa l”kDr xzkgdksa rd igqaprk gS] ge vklkuh ls 

lks”ky ehfM;k ds ek/;e ls tkudkjh vkSj lekpkj izkIr dj ldrs gS] fdlh Hkh lkekftd dkj.k ds ckjs esa 

tkx#drk iSnk djus ds fy, lks”ky ehfM;k dk mi;ksx vPNk lk/ku gS] bPNqd ukSdjh ryk”kus okyksa dks Hkh blls 

lgk;rk feyrh gS] ;g O;fDr;ksa dks fcuk fdlh fgpfgpkgV ds nqfu;k ds lkFk lkekftd fodkl vkSj ckrphr djus 

esa enn dj ldrk gS] cgqr ls yksx mPp vf/kdkfj;ksa ds izksRlkfgr Hkk’k.k dks lquus ds fy, lks”ky ehfM;k dk 

mi;ksx djrs gSA ;g vkidks yksxks ls esy tksy c<+kus esa Hkh enn dj ldrk gS] dbZ fpfdRldksa dk ekuuk gS fd 

lks”ky ehfM;k yksxks esa fujk”kk vkSj fpark iSnk djus okyk ,d dkjd gS] ;s cPpksa esa [kjkc ekufld fodkl dk Hkh 

dkj.k curk tk jgk gS] lks”ky ehfM;k dk vR;f/kd mi;ksx fuank dks izHkkfor djrk gS] lkbcj cqfyax] Nfo [kjkc 

gksuk vkfn tSls dbZ vU; udkjkRed izHkko Hkh gSA lks”ky ehfM;k dh otg ls ;qokvksa esa xqe gks tkus dk Hk; 

vR;f/kd c<+ x;k gSA  

lq>ko %& 

 Hkkjr esa lks”ky ehfM;k dk nq#i;ksx fnu izfrfnu c<+rs tk jgk gS] bls ns[krs gq, dsUnz ljdkj us 

OgVklvi dks tokc ryc fd;k Fkk] fdarq OgkV~lvi us bls futrk dk vf/kdkj ,oa vfHkO;fDr dh vktknh crkdj 

ljdkj dh ea”kk ij ikuh Qsj fn;kA cksyus dh Lora=rk dh otg ls lks”ky ehfM;k esa vkifRrtud fVIi.kh fd;k 

tk jgk gS] [kqf”k;kWa “ks;j djus] vijkf/k;ksa dks idM+us] vlgk; dh enn djus] LoPN jktuhfr ds izfr yksxkas dks 

tkx#drk ykus esa bldk mi;ksx fd;k tkuk pkfg,] gekjh ekufldrk foÑr gks pqdh gSA Qsd U;wt dh otg ls 

vusd ekeys ntZ gks jgs gSa] gesa gekjh lksp ,oa lH;rk dks n”kkZus okyk vkpj.k Lohdkj djuk pkfg,A lks”ky lkbV 

esa c<+rs Qsd U;wt dks jksdus ds fy, gesa xzkeh.k Lrj ij tkx#drk vfHk;ku pykus dh vko”;drk gS] blesa 

ljdkj dks Hkh viuh Hkkxhnkjh fuHkkuh gksxh] fcuk Bksl xkjaVh ds dksbZ Hkh lwpuk dk vknku iznku u gks ns”k esa 

ekcfyafpu] naxs tSlh fLFkfr iSnk u gks ;g iz;kl fd;k tkuk pkfg,A ljdkj dks l[r dkuwu cuk, tkus pkfg, 

rkfd bl vijk/k ds fy, ltk ,oa vFkZn.M nsuk pkfg,A dkuwu dk Mj O;fDr;ksa esa [kkSQ iSnk djs] ykWx bu djrs 

le; ;wtjksa dks crk;k tk, fd fdlh Hkh izdkj ds lans”k ugha Hksts vU;Fkk mu ij ltk gks ldrh gSA fu;e dkuwu 

dh Li’V tkudkjh nsdj mldk ikyu lqfuf”pr gksA lHkh lks”ky ehfM;k dEifu;ksa ds fu;a=d d{k Hkkjr esa cus a] 

QthZ [kkrs dh igpku dj iathÑr eksckbZy uacj vkSj [kkrk dks vkthou jn~n fd;k tk,] vxj ,slk gqvk rks yksxks a 

ds eu esa Hk; mRiUu gksxk vkSj QthZ [kcjksa ij /khjs&/khjs yxke yxsxkA 

fu’d’kZ%& 

 fu’d’kZ #i esa dgk tk ldrk gS fd] lks”ky ehfM;k dk lekt ds lHkh oxksZ ij ldkjkRed ,oa udkjkRed 

izHkko iM+k gS fdarq fo”ks’kdj ;qok ,oa cPpksa ij bldk euksoSKkfud izHkko vf/kd ns[kk x;k g]S tks udkjkRed #i esa 

lkeus vk;k gSA O;fDr;ksa ds ifjokj ls ckgj vU; O;fDr;ksa ls ehfM;k ds ek/;e ls laca/k rks gS fdarq ifjokj ds 

vanj gh ikfjokfjd lnL; ds chp ekuoh; laca/k de gq, gSaA lks”ky ehfM;k dk ,d etcwr vk/kkj lks”ky lkbV ~l 

us iznku fd;k gS] orZeku le; esa dqN izeq[k lkbV viuh lQyrk] dke;kch dks oSf”od Lrj ij Qslcqd ds ek/;e 
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ls vius vkidks etcwrh ds lkFk LFkkfir fd;k gSA lks”ky lkbVl dh mi;ksfxrk vkt ds ifjos”k esa cgqr vf/kd 

lkFkZd fl) gks jgh gSA lks”ky ehfM;k ls tqM+s lHkh oxZ dh ftEesnkjh curh gS fd buesa fdlh Hkh izdkj dh 

foÑfr;ka u vk, vkSj viuh vPNh Nfo lekt ds lkeus j[k lds] f”k{kk dk {ks= gks ;k foKku] xf.kr ;k oSKkfud 

“kks/k jktuhfr ;k ns”k lapkyu ds fy, cuus okyh uhfr;ka] m|ksx txr ls tqM+h uhfr;ka vkSj muds O;kikj lapkyu 

ds rkSj rjhds dk gj txg lkekftd ek/;eksa dk tcjnLr mi;ksx gks jgk gSA ¼”kCn dqath] lks”ky ehfM;k] ifjokj] 

euksoSKkfud OgkVlsi] volkn l”kfDrdj.k] VohVj] xwxy] baLVkxzke] Qslcqd] fpark½ 

lanHkZ lwph %& 

1- lks”ky ehfM;k dk ;qokvksa ij izHkko&varjfo’k;d n`f’Vdks.k & “kks/k Lekfjdk 2019 

2- izfr;ksfxrk niZ.k 2015 vijkf/kd ys[kA 

3- ou bf.M;k fgUnh lekpkj 2009 

4- vijk/k “kkL= ,oa n.M iz”kklu & MkW- uk- fo- ijkat;s] lsUVªy ykW ifCyds”ku 2009 

5- vijk/k “kkL= &ujsUnz dqekj “kekZ vksesxk ifCyds”ku 2011 

6- ehfM;k & lanhi mik/;k; 

7- lwpuk lpakj & MkW- izKk JhokLro 

8- ehfM;k ys[ku vkSj i=dkfjrk & MkW-;w-lh- xqIrk 
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jktukanxkao ftys esa xks/ku U;k; ;kstuk dk fØ;kUo;u ,d leh{kk 

 

çks- ,p- lh- tSu lgk;d izk/;kid ¼okf.T;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

M‚- ds- ,y- VkaMsdj çkpk;Z 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

 

“kks/k Lkkj %& 

 jktukanxkao ftys ds 9 fodkl[kaMksa ds 346 LFkkuksa ls ykHkkfUor gq, 21535 fgrxzkfg;ksa dh vkfFkZd fLFkfr] 

thou Lrj esa lq/kkj rFkk çkIr jkstxkj dk v/;;u fd;k x;k gS] ;g v/;;u NÙkhlx<+ ljdkj }kjk lapkfyr 

xzkeh.k ,oa 'kgjh {ks=ksa ds fodkl ds fØ;kUo;u ds lanHkZ esa NÙkhlx<+ vkfnoklh cgqyrk okyk çns'k gS] ;gka dh 

vf/kdka'k tula[;k xkaoksa esa fuokl djrh gS]rFkk vkfFkZd :i ls detksj gS] izns”k ds fuokfl;ksa dks vf/kdkf/kd 

jkstxkj çkIr gks lds xkSikyd lgk;rk lewg dh efgyk,a LokoyEcu dh fn'kk esa vkxs c<+ lds] bl Hkkouk dks 

ysdj ^^xM+cks uok NÙkhlx<+** ds liuksa dks lkdkj djus ds fy, çns'k dh vkarfjd {kerkvksa xkS/ku lalk/kuksa dk iw.kZ 

lnqi;ksx djrs gq, xzkeh.k {ks=ksa dk iw.kZ fodkl djuk gS ftlls vke tu thou ds thou Lrj esa lq/kkj gks lds] 

mUgs vkRefuHkZj cuk lds rFkk izns”k [kq'kgkyh vk ldsA 

çLrkouk%& 

 Hkkjr dh vf/kdka'k turk —f"k ij fuHkZj gS NÙkhlx<+ jkT; ds yxHkx 80% tula[;k dk thou ;kiu —

f"k ij fuHkZj gS çns'k ds 40-10 yk[k —"kd ifjokjksa esa ls 82% y?kq ,oa lhekar Js.kh esa vkrs gSaA xk; dks ekrk ekuus 

ds ihNs ;gh vkLFkk jgh gqbZ gS] fd xk; esa leLr nsoh&nsork fuokl djrs gSa] o ç—fr dh —ik Hkh xk; dh lsok 

djus ls feyrh gSA tks ckrsa gesa osn iqjk.kksa ls _f"k&eqfu;ksa ls vkSj vius iqj[kksa ls fojklr esa feyh gS mldks 

/kjkry ij ykus dh ;kstuk ^^xks/ku u;k ;kstuk**gS ekuuh; eq[;ea=h Jh  Hkwis'k c?ksy us 20 tqykbZ 2020 dks 

bl ;kstuk dh 'kq#vkr dh FkhA 

 xzkeh.k {ks=ksa esa xkSikydks] efgykvksa ,oa ;qokvksa dks vkfFkZd rkSj ij etcwrh çnku djuk bl ;kstuk dk y{; 

FkkA i'kqikydksa ds }kjk xkscj dks ,df=r dj xkSBkuksa rd Hkstus dh O;oLFkk dh xbZ vkSj muds cSad [kkrs esa jkf'k 

dk Hkqxrku fd;k tkus yxk xkscj [kjhnh dsaæksa esa xkscj ls xkS dkLB ¼xkscj ls cuh ydM+h½ daMs vkSj oehZ daiksLV 

cuk;k tk jgk gS] mUgsa 'kgjksa esa cspus dh O;oLFkk Hkh bl ;kstuk ds varxZr dh xbZ gS rFkk bl ;kstuk dh jk"Vªh; 

Lrj ij ljkguk dh tk jgh gS rFkk bls iwjs ns”k esa ykxw djus ij fopkj fd;k tk jgk gSA i;kZoj.k laj{k.k vkSj 

lrr fodkl esa mRd`’V ;ksxnku ds fy, NŸkhlx<+ ljdkj dh bl ;kstuk dks 20 ekpZ 2021 dks ^^Ldkp xksYM 

vokMZ** ls lEekfur fd;k x;k gS blds i”pkr 19 viSzy 2022 dks ^^,ysVl ,uksos”ku vokMZ**(ELETS 

INOVATION AWARD)LS Hkh lEekfur fd;k x;k gS tks gekjs çns'k ds fy, vR;Ur xoZ dh ckr gSA 

xks/kuU;k; ;kstuk dh vo/kkj.kk %& 

 U;k;dh vo/kkj.kk dks vkxs c<+krs gq, NÙkhlx<+ esa ekuuh; eq[;ea=h Jh Hkwis'k c?ksy ds usr`Ro esa ^^xks/ku 

U;k; ;kstuk** dks ykxw djus dk fu.kZ; fy;k x;kA pwafd jkT; dh vf/kdka'k turk xkaoksa esa fuokl djrh gS muesa 

Hkh dbZ;ksa ds ikl Lo;a dh Hkwfe ugha gS flapkbZ ds i;kZIr lalk/ku dh deh gS ,oa izns”k ds vf/kdka”k LFkkuksa esa ,d 

Qlyh [ksrh gksrh gSA tks ekulwu ij fuHkZj gS] ,slh fLFkfr esa xzkeh.k turk ds ikl vk; ds d`f’k ds vykok fodYi 

rS;kj gks lds] Lo lgk;rk lewg ,oa ;qokvksa dks jkstxkj çkIr gks lds Hkwfeghuks dks dk;Z fey ldsA blh vo/kkj.kk 

ds vk/kkj ij bl egRokdka{kh ;kstuk dh 'kq#vkr dh xbZA 

xks/kuU;k; ;kstuk dk mís'; %& 

1. i'kqikydksa dh vk; esa o`f)A 



Shodhasamhita : Journal of Fundamental & Comparative Research   
Vol. VIII, No. 1(XXXIII) : 2022   
ISSN: 2277-7067     

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek                                             Page | 57 

2. i'kq/ku fopj.k ,oa [kqyh pjkbZ ij jksdA 

3. tSfod [kkn ds mi;ksx dks c<+kok ,oa jklk;fud [kkn ds mi;ksx esa deh ykukA 

4. LFkkuh; Lo lgk;rk lewg dh efgyk,s ,oa ;qokvksa] xkSikydks dks jkstxkj ds volj miyC/k djkukA 

5. fo"k jfgr [kk| inkFkksaZ dh miyC/krk ,oa lqiks"k.k lqfuf”pr djukA 

6. xkSBkuksa ds lehi rkykc dk fuekZ.k dj eNyh ikyu dks fodflr djukA 

7. xzkeh.k {ks= ds fuokfl;ksa dks vkRefuHkZj cukdj thou Lrj esa o`f) djukA 

 

'kks/k ds çeq[k mís'; %& 

1. jktukanxkao ds 9 fodkl[kaMksa ds i'kqikydksa dh vkfFkZd fLFkfr esa lq/kkj dk v/;;uA 

2. i'kq/ku dh [kqyh pjkbZ ij jksd dk v/;;uA 

3. LFkkuh; ,oa Lo lgk;rk lewg dks jkstxkj ds volj dk v/;;uA 

4. tSfod [kkn ds mi;ksx dks c<+kok nsus dk v/;;uA 

  

'kks/k ifjdYiuk %& 

 izLrqr;kstuk dh 'kks/k ifjdYiuk fuEukuqlkj gS 

1. bl ;kstuk dk lqpk: :i ls lapkyu gks jgk gSA 

2. jkT; ljdkj dh bl ;kstuk ls xzkeh.k {ks=ksa dh vkfFkZd fLFkfr esa lq/kkj gqvk gSA 

3. bl ;kstuk ls xzkeh.k {ks= ds xkSikydksa] ;qokvksa ,oa efgykvksa esa jkstxkj ds voljksa esa o`f) gqbZ gSA 

 

'kks/k çfof/k %& 

 jkT; ljdkj }kjk lapkfyr dks xks/ku U;k; ;kstuk ds fgrxzkfg;ksa ds vkfFkZd fodkl ,oa jkstxkj esa o`f) 

dh laHkkouk ls lacaf/kr bl “kks/k lkjka”k esa rRoksa ds laxzg.k fo'ys"k.k ,oa fu"d"kZ gsrq f}rh;d leadks dk mi;ksx 

fd;k x;k gSA çR;{k ,oa vçR;{k] çdkf'kr ,oa vçdkf'kr lzksrks dk vk/kkj fy;k x;k gSA 

'kks/k v/;;u dk {ks= %& 

 'kks/k v/;;u gsrq fo"k; dk p;u ,oa 'kks/k ds mís';ksa  dks fu/kkZfjr djrs gq, “kks/k {ks= gsrq jktukanxkao ls 9 

fodkl[kaMksa dks fy;k x;k gS] rFkk bu 9 fodkl[kaMksa esa i'kqikyu ls lacaf/kr {ks=ksa dks bl v/;;u esa 'kkfey fd;k 

x;k gSA 

ftys esa ;kstuk dk fØ;kUo;u ,oa Ø; foØ; rFkk ykHk dk fo'ys"k.k %& 

jkT; ljdkj dh egRoiw.kZ ;kstuk xks/ku U;k; ;kstuk dh çkjaHk 20 tqykbZ 2020 dks gqbZA xkao esa fufeZr 

2408 xkSBkuksa ls 2 :-fdyks dh nj ls xkscj dh [kjhnh dh tk jgh gS ftuesa efgyk Lo lgk;rk lewg dh efgyk,a 

xkscj ls oehZ daiksLV] lqij dEiksLV rFkk vU; mRikn rS;kj dj jgh gSA çns'k esa xks/ku U;k; ;kstuk ds rgr 41 

Qhlnh Hkwfeghuksa dks ykHk igqapk gS jkT; esa vc rd 145000 Hkwfeghuks esa ls 59412 fdlkuks ls xkscj dh [kjhnh dh 

tk jgh gSA ljdkj ds tfj, bUgs vc rd 71 djksM+  72 yk[k :i;s dk Hkqxrku fd;k x;k gSA cgqr ls 

csjkstxkj ;qok Hkh bl ;kstuk ds tfj, xkscj ,oa xkscj ls fufeZr vU; mRikn cspdj viuh vk; c<+kus yxs gSaA  

Hkwfeghuksa dks bl ;kstuk ls tksM+us dh ljdkj dh ;g igy dkjxj lkfcr gks jgh gSA xzkeh.k {ks=ksa esa xkSikydksa] 

efgykvksa o ;qok'kfä dks vkfFkZd rkSj ij lq–<+ djukA bl ;kstuk dk çeq[k y{; Fkk xkscj [kjhnh dsaæksa esa xkscj ls 

xkS dkLB¼xkscj ls cuh ydM+h½ daMs vkSj oehZ daiksLV cuk;k tk jgk gS bldk mi;ksx [ksrksa ls ysdj xkMZuksard esa 

fd;k tk jgk gS ;g [kkn xkSBkuksa esa cuh Vafd;ksa esa rS;kj dh tk jgh gSA blds vfrfjä xkSBku ifjlj esa gh rkykc 
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dk fuekZ.k fd;k tk jgk gS] ftlesa eNyh ikyu dk dk;Z fd;k tk jgk gS] ftlls lewg dh efgyk,a vkRefuHkZj gksus 

yxh gSA 

fØ;kUo;u ds pj.k fuEukuqlkj gS %& 

1. xkscj dk Ø; ,oa Hkqxrku dh çfØ;kA 

2. oehZ daiksLV rS;kj djus gsrq çf'k{k.kA 

3. oehZ daiksLV Vadh dk fuekZ.kA 

4. xkSBku esa xkscj çlaLdj.kA 

5. oehZ daiksLV dh iSdsftaxA 

6. oehZ daiksLV dk foi.kuA 

7. foÙkh; O;oLFkk ,oa foÙk çokgA 

31 ekpZ 2022 rd Ø; ,oa foØ; fd, x, [kkn dk forj.k ,oa ykHk dk çfr'kr 

Ø- 
fodkl[k.Mksa dk 

uke 

Ø; fd;s x;s 

xkscj dh ek=k 

¼fDaoVy esa½ 

ykxr 2 :- 

izfr fd-xzk- 

foØ; 

foØ; fd;s 

x;s xkscj dh 

ek=k fDaoVy 

esa 

foØ; dh 8 :- 

izfr fd-xzk- 
ykHk 

ykHk  

%esa 

1 jktukanxkao 68117.35 134234.7 23853.05 190824.40 57589.7 42.17% 

2 Mksaxjx<+ 63421.33 126842.66 19645.33 157162.64 30319.98 23.90% 

3 Nqfj;k 60085.36 120170.72 21621.27 172970.16 527.99.44 43.94% 

4 Mksaxjxkao 39519.56 79039.12 13493.96 107951.68 28912.56 36.60% 

5 [kSjkx<+ 40120.19 80240.38 15312.19 122497.52 42257.14 52.67% 

6 NqbZ[knku 39462.49 78924.18 13466.07 107728.56 28803.58 36.56% 

7 vEckx<+ pkSdh 67042.08 134084.16 24844.65 198757.20 64673.04 48.23% 

8 eksgyk 78173.53 156347.1 30583.98 244671.84 88324.74 56.49% 

9 ekuiqj 46352.09 92704.18 16225.04 129800.32 37096.14 40.02% 
 

 ;ksx 
502294.00 1004588 179025.54 1432204.32 427616.32 

 

L=ksr %&lkaf[;dh; vkadM+ksa ls izkIr tkudkjh 
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 mijksä lkj.kh dk fo'ys"k.k djus ij ;g çrhr gksrk gS] fd jktukanxkao ftys ds 9 fodkl[kaMksa esa ykHk dk 

çfr'kr jktukanxkao esa 42-17%, Nqfj;k esa 40-94%, [kSjkx<+ esa 52-67%,vEckx<+ pkSdh esa 48-23% gS] tks fd xzkeh.k 

{ks=ksa esa fodkl ds –f"Vdks.k ls lq–<+ vk/kkj ds :i esa xzkeh.kksa dks ykHk igqapk jgk gS] ,oa mudh vkfFkZd fLFkfr dks 

lqn`<+ dj thou Lrj dks c<+k jgk gSA  

leL;k %& 

1- Hkqxrku dh leL;k&pwafd ;g ;kstuk jkT; ljdkj }kjk lapkfyr gS ftlds foÙkh; lzksr dh O;oLFkk 'kklu }kjk 

dh tkrh gS D;ksafd xkscj ds foØ; ds i'pkr 15 fnu ckn Hkqxrku fd;k tkrk gS xzkeh.kksa rFkk Lo lgk;rk lewg 

dks tc jkf”k dh rRdky vko';drk gksrh gS] rc og mls rqjar çkIr ugha gks ikrh gSA 

2- ifjogu dh leL;k&  çR;sd xzkeh.kksa ds ikl xksBkuks rd xkscj dks foØ; gsrq igqapkus ds fy, ifjogu dh 

leqfpr O;oLFkk ugha gks ikrh gS ftlls laxzg.k dsaæ rd igqapkus ij ml ij vfrfjä foÙkh; Hkkj iM+rk gSA 

3-çpkj çlkj dh leL;k & ;kstuk dk leqfpr çlkj çR;sd xzkeh.k {ks= esa ugha gks ik;k gSA 

4- jklk;fud [kkn ds ç;ksx dh cgqyrk & vf/kdrj xzkeh.k {ks= —f"k djus gsrq jklk;fud [kkn dk mi;ksx djrs 

gSa ftlls tSfod [kkn ds ç;ksx dks i;kZIr LFkku ugha fey ik;k gSA 

5 xzkeh.k {ks=ksa esa Ø; dh j¶rkj <heh & xzkeh.k {ks=ksa esa xkscj [kjhnh dh j¶rkj lfefr;ksa ds lfØ;rk dh deh ls 

vR;ar de gSA 

mRiknksa ds foØ; dh leL;k %& 

 xks/ku U;k; ;kstuk ds tfj, efgyk dkedkth lewg ds l”kfDrdj.k dk ç;kl vHkh “khfFky gS mRiknksa dh 

Hkh ekax tkx:drk ds vHkko esa iwfrZ dh rqyuk esa cgqr de gSA mRiknksa dh vkiwfrZ u gksus dh dh otg ls buds 

dkedkt fQygky BIi ls gks x, gSaA 

 



Shodhasamhita : Journal of Fundamental & Comparative Research   
Vol. VIII, No. 1(XXXIII) : 2022   
ISSN: 2277-7067     

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek                                             Page | 60 

lq>ko %& 

1. 'kklu }kjk xzkeh.kksa dks foÙk O;oLFkk 'kh?kz miyC/k djkbZ tk, rkfd mUgs fdlh Hkh izdkj dh vkfFkZd 

leL;k dk lkeuk u djuk iM+sA 

2. ifjogu ds lalk/kuksa dks Hkh leqfpr :i ls fodflr fd;k tk,A 

3. ;kstuk dk mfpr çpkj çlkj dj xzkeh.kksa esa QSyh Hkzkafr;ksa dk fujkdj.k fd;k tk, ,oa tSfod [ksrh gsrq 

çksRlkfgr fd;k tk,A 

4. Lo lgk;rk lewg }kjk mRikfnr mRiknksa ds foi.ku gsrq leqfpr çca/k fd, tk, ekax dks c<+kus gsrq i;kZIr 

foKkiu dh Hkh vko';drk gSA 

5. Ø; lfefr;ksa dks xzkeh.k {ks=ksa esa T;knk lfØ; cuk;k tk, rkfd xzkeh.kksa dks bl ;kstuk dk okLrfod ykHk 

fey ldsA 

fu"d"kZ %& 

 fu"d"kZ :i ls ;g dgk tk ldrk gS fd jktukanxkao ftys esa xks/ku U;k; ;kstuk ,oa mlesa yxs xkSikydks] 

xzkeh.kksa ;qokvksa efgykvksa ,oa Hkwfeghuksa ds vkfFkZd vk; dks c<+kdj ,oa jkstxkj ds u, volj miyC/k djkdj 

csjkstxkjh ,oa xjhch tSlh leL;k dks nwj djus esa ehy dk iRFkj lkfcr gksxhA ;kstuk ds iwoZ tgka igys xkscj dk 

mi;ksx ugha ds cjkcj gks ikrk Fkk] rFkk 'kklu dh bl ;kstuk us xzkeh.kksa dks çf'kf{kr dj xkscj ds fofo/k mi;ksx] 

[kkn] nokb;ka] daMs dkLB vkfn cukus dh fof/k ls u dsoy xzkeh.kksa dk vkfFkZd fodkl gksxk] oju jkT; Lrj ij Hkh 

rhoz xzkeh.k fodkl dks xfr feyh gSA xkSBkuksa dk mi;ksx Lo lgk;rk lewg dh efgyk,a oehZ daiksLV fuekZ.k dh 

fof/k lh[kus esa djsxh rFkk xkscj ls vU; mRiknks dks Hkh fufeZr dj viuh vk; esa o`f) djsxh] rkRi;Z ;g gS fd 

xkSBkuks ds ek/;e ls xkeh.kksa us mRiknu dks rks c<+k;k gh gS] xkao esa jkstxkj ds u, volj dk Hkh fuekZ.k fd;k gSA 

lanHkZlwph 

 tuer 

dk;kZy; ftyk iapk;r jktuanxkao 

fodhihfM;k 

lekpkj if=dk 

baVjusV 
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eq[;ea=h 'kgjh Lye LokLF; ;kstuk dk fØ;kUo;u ,d leh{kk 

¼NŸkhlx<+ jkT; ds uxjh; fudk;ksa ds fo”ks’k lanHkZ esa½ 

 

izks- ,p- lh- tSu lgk;d izk/;kid ¼okf.kT; ladk;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao 

¼N-x-½  

MkW ,p-,l- HkfV;k foHkkxk/;{k ¼okf.kT; ladk;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-

x-½ 

MkW ds- ,y- Vk.Msdj izkpk;Z 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

 

'kks/k lkjka'k %& 

  NÙkhlx<+ jkT; ds 'kgjh Lye {ks= esa fuokljr ukxfjdksa dks fu'kqYd LokLF; ijh{k.k dh lqfo/kk çnku 

djus gsrq çns'k dh ljdkj }kjk yksxksa ds LokLF; dk Lrj c<+kus gsrq bl eq[;ea=h 'kgjh Lye LokLF; ;kstuk dks 

çkjaHk fd;k x;k bl ;kstuk dh lQy lapkyu jkT; ds 14 uxjh; fudk;ksa ds ek/;e ls LokLF; foHkkx }kjk fd;k 

tk jgk gSA bl ;kstuk ds varxZr fofHkUu dSaiksa ds ek/;e ls fgrxzkfg;ksa dks fofHkUu çdkj ls LokLF; ykHk igqapk;k 

tkrk gSA ;kstuk ds çkjaHk ls vc rd yxHkx 20 yk[k Lye {ks=ksa esa jgus okys fgrxzkfg;ksa dks ykHkkfUor fd;k tk 

pqdk gS ykHkkafor fgrxzkfg;ksa esa efgyk,a cPps Jfed rFkk lkekU; oxZ ds fuoklh 'kkfey gS] bl ;kstuk ds ek/;e ls 

Lye {ks= esa jgus okys ukxfjdksa dks LokLF; lqfo/kk,a çnku dj çns'k ds lokaZxh.k fodkl esa mudh egrh Hkwfedk dk 

mi;ksx fd;k tkrk gSA bl ;kstuk ls izns”k ds Lye {ks=ksa esa jgus okys ukxfjdks ds LokLF; ij gq, izHkko dk 

v/;;u fd;k x;k gSA 

 

çLrkouk %& 

  LokLF; lqfo/kkvksa dh –f"V ls NÙkhlx<+ jkT; tgka ,d vkSj Hkkjr ds vU; jkT;ksa dh rqyuk esa dkQh 

fiNM+k gqvk gS ogha nwljh vksj larks"ktud vkS|ksfxd fodkl u gks ikus ds dkj.k jkT; dh vf/kdka'k tula[;k 

vkfFkZd –f"V ls dkQh detksj gSA jkT;ksa esa i;kZoj.k çnw"k.k] ok;q çnw"k.k] ty çnw"k.k] [kkuiku esa ikSf"Vd vkgkj dh 

deh] fuEu Lrjh; thou 'kSyh] [kkuiku esa xq.koÙkk esa dkQh deh jklk;fud [kkn ds vR;kf/kd mi;ksx ls gksus okys 

'kkjhfjd çHkko —f"k Qlyksa ds mRiknu dks c<+kus ,oa laj{k.k gsrq vR;kf/kd dhVuk'kd nokb;ksa ds ç;ksx ls jkT; 

dh turk ds LokLF; ij çfrdwy çHkko iM+k gS ,d vksj tgka jkT; esa vPNh ,oa mUur LokLF; lqfo/kkvksa dk vHkko 

gS ogha nwljh vksj jkT; ds futh fpfdRlky;ksa esa bykt djokus gsrq vR;kf/kd vkfFkZd Hkkj iM+rk gS tks fparktud 

gS 'kkldh; fpfdRlky; esa Hkh yach&yach drkjsa gksus ds dkj.k jkT; dh turk fo'ks"kdj Jfed oxZ ds bykt esa 

dkQh foyac gksus ds dkj.k ijs'kkuh mBkuh iM+ jgh gS rFkk 'kkldh; fpfdRlky; esa dqN pqfuank chekfj;ksa dk gh 

nokb;ka miyC/k gks ikrh gS 'ks"k vko';d nokbZ;ksa dks futh esfMdy LVksj ls Ø; djus ds dkj.k vke turk ij 

LokLF; laca/kh vkfFkZd O;;ksa dk vR;kf/kd Hkkj iM+ jgk jgk FkkA dksjksuk egkekjh ds Hkh"k.k çdksi ls Hkh jkT; ds 

fuokfl;ksa dh vk; çHkkfor gqbZ Fkh] bu lc ds dkj.kksa ls og “kkjhfjd gh ugha oju~ ekufld ruko ls Hkh xqtj jgk 

gS] ,slh fo"ke ifjfLFkfr;ksa esa tks vLirky esa ugha igqap ikrs mu Lye {ks=ksa esa jgus okys O;fä;ksa dks xq.koÙkk iwoZd 

fu%'kqYd LokLF; ijke'kZ tkap] mipkj ,oa nokb;ka miyC/k djkus gsrq jkT; esa fnukad 1 uoacj 2020 dks ^^eq[;ea=h 

'kgjh Lye LokLF; ;kstuk** dk 'kqHkkjaHk jkT; ds 14 uxjh; fudk;ksa jk;iqj] fcjxkao] /kerjh] nqxZ] fHkykbZ] fjlkyh] 

fHkykbZ pjksnk] jktukanxkao] fcykliqj] dksjck] jk;x<+] vafcdkiqj] fpjfejh rFkk txnyiqj esa fd;k x;kA Lye {ks=ksa 

esa jgus okys yksxksa dks O;fäxr ppkZ ,oa vU; ek/;e ls ifjokj fu;kstu ds mik;ksa dks le>kuk ,oa ifjokj 

fu;kstu ds lalk/kuksa dks miyC/k djkuk gS 'kgjh Lye {ks=ksa esa ewyHkwr lqfo/kk,a vis{kk—r de gksrh gS ftlds dkj.k 

mu {ks=ksa esa fuokljr O;fä;ksa ds LokLF; ij bldk çR;{k vlj ifjyf{kr gksrk gS muds LokLF; Lrj esa lq/kkj ds 

fy, eq[;ea=h 'kgjh Je LokLF; ;kstuk varxZr pfyr fpfdRlky; ny dk xBu dj Lye {ks=ksa esa LokLF; lqfo/kk,a 

miyC/k igqapkus dk fu.kZ; jkT; ljdkj }kjk tufgr esa fy;k x;k gSA 

 

vo/kkj.kk %& 

  NÙkhlx<+ jkT; dh bl egRodka{kh ;kstuk bl vo/kkj.kk dks ysdj çkjaHk dh xbZ fd Lye ?kuh vkcknh 

okys os 'kgjh {ks= tks fo'ks"kdj vkfFkZd :i ls dkQh detksj ,oa fiNM+s gq, gS rFkk Lye {ks= ;kus fuEu oxksaZ ds 

vkokl O;oLFkk okys {ks= >qXxh >ksifM+;ksa dh cgqyrk ,oa efyu ¼xanh½ cfLr;ksa okyk 'kgjh {ks=A bu {ks=ksa esa jgus 

okys fuEu vk; oxZ ds O;fä;ksa dks le; dh cpr fpfdRlky; esa yxus okyh yach yach drkjksa ls cpkuk ,oa 

fpfdRlky;ksa esa igqapus esa yxus okys vkfFkZd Hkkj dks de dj mls LokLF; ykHk igqapkus ds mís'; ls ysdj fnukad 

01@11@2020 dks ekuuh; eq[;ea=h }kjk bl ;kstuk dh 'kq#vkr dh xbZ rkfd Lye {ks= esa jgus okys çR;sd 
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ukxfjd dk LokLF; dk Lrj Åapk mB lds og çns'k ls vius rFkk vius ifjokj dk thou Lrj Åapk mBk lds ,oa 

çns'k dh çxfr esa viuk egRoiw.kZ ;ksxnku ns lds dksjksuk egkekjh ds çdksi ls Hkh tgka turk dh dkedkt 

çHkkfor gqvk Fkk ogh mldk LokLF; Hkh csgrj ugha gks ik jgk Fkk bl lc dkj.kksa ls bl ;kstuk dks çkjaHk fd;k 

x;kA 

 

;kstuk ds mís'; %& 

1. jkT; ds 'kgjh {ks=ksa esa fuokljr turk dks LokLF; lqfo/kkvksa dk v/;;u djukA 

2. 'kkldh; fpfdRlky;ksa esa jksxksipkj gsrq igqapus okys jksfx;ksa dh la[;k dks de djuk ,oa ykHkkfUor dk 

v/;;u djukA 

3. jkT; esa fuokfl;ksa dks Rofjr ,oa ?kj igqap fu%'kqYd LokLF; ijh{k.k fu%'kqYd fofHkUu çdkj ds VsLV rFkk 

fu%'kqYd vkS"kf/k forj.k djukA 

4. LokLF; f'k{kk ds ek/;e ls LokLF; laca/kh tkudkjh çnku djukA 

  

'kks/k ifjdYiuk %& 

1. Lye efyu cfLr;ksa esa ;kstuk dk fØ;kUo;u lqpk: :i ls gks jgk gSA 

2. Lye {ks=ksa esa iw.kZ :i ls fu%'kqYd LokLF; ijh{k.k fofHkUu çdkj ds ySc VsLV rFkk tsusfjd nokb;ksa dk 

forj.k fd;k tk jgk gSA 

3. >qXxh >ksifM+;ksa ,oa xanh cfLr;ksa esa jgus okys vkfFkZd –f"V ls detksj fgrxzkgh blls ykHkkfUor gks jgs gSaA 

 

'kks/k çfof/k %& 

jkT; ljdkj }kjk lapkfyr eq[;ea=h 'kgjh Lye LokLF; ;kstuk ds fgrxzkfg;ksa ds LokLF; ijh{k.k ,oa 

mlesa gksus okys lq/kkj dh laHkkouk ls lacaf/kr bl 'kks/k lkjka'k esa rF;ksa ds laxzg.k] fo'ys"k.k fuoZpu ,oa fu"d"kZ gsrq 

çkFkfed ,oa f}rh;d leadks dk mi;ksx fd;k x;k gS çdkf'kr ,oa vçdkf'kr lzksrksa dk Hkh vk/kkj fy;k x;k gSA 

 

'kks/k v/;;u dk {ks= ,oa lhek,a %& 

Hkkjrh; la?k jkT; e/; çns'k ds foHkktu ds i'pkr NÙkhlx<+ jkT; fnukad 1 uoacj 2000 dks ewy :i ls vfLrRo 

esa vk;k jkT; esa orZeku esa dqy 33 ftysa gSa 2011 dh tux.kuk ds vuqlkj NÙkhlx<+ dh dqy tula[;k 25540196 

¼ nks djksM+ ipiu yk[k pkfyl gtkj ,d lkS fN;kuCcs½ gS] blesa ls 12827915 ¼,d djksM+ vV~bl yk[k lRrkbZl 

gtkj ukS lkS iUnzg½ iq#"k rFkk 12712281 ¼,d djksM+ lRrkbl yk[k ckjg gtkj nks lkS bD;klh½ efgyk,a gSaA çns'k 

dh 'kgjh vkcknh 5936538 ¼mulB yk[k NŸkhl gtkj ikap lkS vM+rhl½ rFkk xzkeh.k vkcknh yxHkx 1963658 ¼,d 

djksM+ fN;kuCcs yk[k rhu gtkj Ng lkS vV~Bkou½ gSA jkT; esa tula[;k ?kuRo 189 O;fä çfr oxZ fdyksehVj gS 

'kks/k ds v/;;u gsrq fo"k; dk p;u ,oa 'kks/k ds mís'; dks fu/kkZfjr djrs gq, çns'k ds 14 uxjh; fudk;ksa esa jk;iqj] 

chjxkao] /kerjh] nqxZ] fHkykbZ] fjlkyh] fHkykbZ pjksnk] jktuanxkao] fcykliqj] dksjck] jk;x<] vafcdkiqj] fpjfejh] rFkk 

txnyiqj dks 'kkfey fd;k x;k gSA 

 

Lye LokLF; ;kstuk dk fØ;kUo;u ,oa çxfr dk fo'ys"k.k %& 

NÙkhlx<+ ljdkj dh egRoiw.kZ LokLF; ;kstuk eq[;ea=h 'kgjh Lye LokLF; ;kstuk fnukad 1 uoacj 2020 

dks izkjEHk dh xbZA bl ;kstuk ds rgr 'kgj esa eksckby esfMdy ;wfuV dh xkfM+;ka lapkfyr gks jgh gS ftlesa 

M‚DVjksa dh Vhe ?kj ds pkS[kV ij igqapdj ejhtksa dk fu'kqYd bykt djrh gS blesa ySc dh Hkh lqfo/kk çnku dh 

tk jgh gS ftlesa ejhtksa dks [kwu is'kkc ls ysdj 41 rjg dh tkap dh lqfo/kk,a ,oa bl ;kstukarxZr nh tk jgh gSA 

jkT; ds 'kgjh {ks=ksa ds xjhc cfLr;ksa esa fuokljr xjhc djhc 16 yk[k fuokfl;ksa ds LokLF; esa lq/kkj djuk gS 

rkfd mudk thou Lrj Åapk mB lds vkSj og LoLFk gksdj lq[k iwoZd viuk thou cxSj fdlh fdlh vfrfjä 

vkfFkZd Hkkj ds lkFk O;rhr dj ldsa bl LokLF; ;kstuk ds ek/;e ls Lye bykdksa esa jgus okys ukxfjdksa ds LokLF; 

tkap VsLV rFkk tsusfjd vkS"kf/k;ksa dk fu%'kqYd forj.k eksckby esfMdy ;wfuV ds ek/;e ls fd;k tk jgk gSA 

;kstuk dh 'kq#vkr 'kq#vkr nks pj.kksa esa dh xbZ igys pj.k esa 14 uxjh; fudk;ksa esa 60 eksckby 

esfMdy ;wfuV ds ek/;e ls yksxksa dks Rofjr ,oa ?kj igqap fu'kqYd lqfo/kk miyC/k djkbZ xbZ rFkk nwljs pj.k esa 169 

uxj fuxe] uxj ikfydk ,oa uxj iapk;rksa esa 60 eksckby ;wfuV esfMdy ds ek/;e ls LokLF; lqfo/kkvksa dk 

lapkyu jkT; ds fuokfl;ksa dks 'kkjhfjd o ekufld :i ls LoLFk cukus ds fy, fd;k tk jgk gS fuxe ds 

lw=ksa }kjk crk;k x;k gS fd iwjs çns'k esa vc rd yxHkx 2000000 yksxksa dks fu%'kqYd LokLF; ijh{k.k] 41 izdkj dh 

VsLV rFkk 200 ls vf/kd izdkj dh tsusfjd nokbZ;ksa dk forj.k dj LokLF; ds {ks= esa vk/kkjHkwr dk;ZØe lapkfyr 
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fd, tk jgs gSaA eksckby ;wfuV esa ,d M‚DVj ,d ulZ ,d QkekZflLV ,d ySc VsDuhf'k;u ,o a ,d pkyd lfgr 5 

LVkWQ dk;Zjr jgrs gSaA 'kgjh {ks= ds >qXxh >ksifM+;ksa esa fuokljr mu xjhc O;fä;ksa dks ftUgsa nSfud dk;Z ij 

çfrfnu dekvks çfrfnu [kkvks tkdj vius ,oa vius ifjokj dk ikyu iks"k.k djuk iM+rk gS dks 'kkldh; 

fpfdRlky; esa tkus ls ,d rks tkus dk vkfFkZd [kpkZ ogha nwljh vksj yach&yach drkjsa gksus ls çrh{kk djus ls 

mldk le; u"V gksrk gS ftlds dkj.k og ml fnu dh vk; ls oafpr gks tkrk gS blls mls vkfFkZd gkfu mBkuh 

iM+rh Fkh] bUgha dkj.kksa dks –f"Vxr j[krs gq, jkT; 'kklu }kjk bl ;kstuk dh 'kq#vkr dj bldk lQy 

fØ;kUo;u fd;k tk jgk gSA 

  egkekjh ds chp tc yksx lkekU; ,oa NksVh&eksVh chekfj;ksa ds fy, vLirky tkus ls Mjus yxs 

rc ;g ;kstuk bykt ds fy, lokZf/kd ennxkj lkfcr gqbZ ykWdMkmu gksus ij Hkh ?kj dh pkS[kV ij lqcg ls 

nksigj rd bykt ds fy, eksckby ;wfuV ds pkSiky yxkdj chekj ejht dk u dsoy bykt fd;k oju dksjksuk dk 

VsLV Hkh fd;k rFkk oSDlhus'ku gsrq Vhdkdj.k esa Hkh viuh egRoiw.kZ Hkwfedk dk fuoZgu fd;k x;kA fu%'kqYd ySc 

VsLV gksus ls yksxksa dk iSlk Hkh cp jgk gS vkSj bykt gsrq b/kj&m/kj HkVdus dh t:jr Hkh ugha iM+ jgh gSA 

 

 'kgjh Lye LokLF; ;kstuk esa gksus okyh ijh{k.kksa dh lwph 

 fuEu çdkj dh tkap dh lqfo/kk,a 

 [kwu VsLV] is'kkc VsLV] Vh ch] Fkk;jkbM] ey VsLV] Fkwd] eysfj;k] VkbQkbM] CyM 'kqxj] foVkfeu dh deh] 

dksysLVª‚y] fgeksXyksfcuA 

 fuEu çdkj dh nokb;ka fu%'kqYd miyC/k  

 isjkflVkeky] cqzQsu esVQkfeZu] dSVsuksa yksy] ch dkaiysDl] vk;ju dh xksfy;ka] Qksfyd ,flM] lhiksy ,ailu] vks 

vkj ,l] fyElh] fVVusl batsD'ku ,oa vU; tsusfjd nokbZ;kaA 

 

NŸkhlx<+ jkT; ds uxjh; fudk;ksa esa lapkfyr ;kstuk ds ykHkkfUorksa dk fooj.k fuUe rkfydk }kjk iznf”kZr fd;k 

x;k gS ykHkkfUorksa dh la[;k rkfydk 

Ø- 
uxjh; fudk; 

VLB  

MMV ds dqy 

dSEi la[;k 

dqy ejhtksa 

dh ySc VsLV 

dqy ejhtksa 

dks nok 

forj.k 

dSEi esa dqy 

ejhtksa dh 

la[;k 

izfr 

MMV 

vkSlr 

ejht 

la[;k 

ySc VsLV 

dk %  

nok forj.k 

dk % 

1 jk;iqj 6906 111713 401827 463936 67 24.08% 86.60% 

2 chjxkao 888 13418 44482 55756 63 24.10% 79.78% 

3 /kerjh 879 19169 62356 76582 87 25.03% 81.42% 

4 nqxZ 1849 22811 111618 12939342 70 17.64% 86.30% 

5 fHkykbZ 1384 19817 95853 106587 77 18.59% 89.93% 

6 fjlkyh 927 12988 53484 72739 78 17.86% 76.28% 

7 fHkykbZ pjksnk 919 12749 52360 63192 69 20.17% 82.86% 

8 jktukanxkao 1845 31069 138636 153942 83 20.18% 90.06% 

9 fcykliqj 1835 15260 147507 152292 83 10.02% 96.92% 

10 dksjck 3409 38845 170844 275716 81 14.09% 61.98% 

11 jk;x<+ 1751 24502 109136 117150 67 20.90% 93.16% 

12 vfEcdkiqj 1725 26682 82406 124482 72 21.43% 66.20% 

13 fpjfejh 824 11780 29077 41273 50 28.54% 70.61% 

14 txnyiqj 1785 18450 85029 101648 57 18.15% 83.72% 

      379253 1586845         
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L=ksr %& uxjh; fudk; ,oa fodkl ea=ky;] NŸkhlx<+ “kklu 

 

fo”ys’k.k %& 

mijksä lkj.kh ls fo'ys"k.k djus ij ;g çrhr gksrk gS fd jkT; esa dqy 14 uxjh; fudk;ksa esa lapkfyr 

eq[;ea=h 'kgjh Lye LokLF; ;kstuk ds rgr dqy 60 eksckby esa fVdV ;wfuV ds rgr dqy 1934637 ejhtksa dk 

26926 dSaiks ds ek/;e ls bykt fd;k x;k çR;sd ,e,e;w vkSlr ejhtksa dh la[;k 72 gS rFkk ySc VsLV okys ejhtksa 

dh la[;k jk;iqj esa 24-08%, chjxkao esa 24-10%, /kerjh esa 25-03%, nqxZ esa 17-64%, fHkykbZ esa 18-59%, fjlkyh esa 

17-86%, fHkykbZ pjksnk esa 20-17%, jktukanxkao esa 20-18%, fcykliqj esa 10-02%, dksjck esa 14-09%, jk;x<+ esa 20-

90%, vfEcdkiqj esa 21-43%, fpjfejh esa 28-54%, txnyiqj esa 18-15%   esa ,oa nokbZ forj.k dk fo'ys"k.k djus 

ij ;g ik;k x;k fd vkSlr :i ls 82% ejhtksa dk ijh{k.k mijkar nok dk forj.k fu%'kqYd fd;k x;k tks 

bl ;kstuk dh lQyrk dks çnf'kZr djrk gSA 

 

 Lye LokLF; ;kstuk dh leL;k %& 

1. bl ;kstuk esa ijh{k.k dk le; çkr% 8%00 ls 3%00 cts rd gS 'kgjh {ks= esa jgus okys dkedkth O;fä;ksa 

dks 'kke dks gh dke ls ykSVrs le; rFkk lqcg tYnh ls gh pys tkrs gSa mUgsa mUgsa ds fy, bl ;kstuk dk 

ykHk ugha fey ik jgk gSA 

2. dsoy NksVh&NksVh fpfdRlk dk gh mipkj gks ikrk gS xaHkhj chekfj;ksa gsrq bl ;kstuk esa mipkj laHko ugha 

gSA 

 

lq>ko %& 

1. eksckby ;wfuV esa lsok dk le; c<+k;k tkuk pkfg, rkfd vkSj vf/kd yksx bl ;kstuk dk ykHk ysdj 

LoLFk gks ldsA 

2. eksckby ;wfuV dh la[;k esa o`f) dh tkuh pkfg,A 

3. eksckby ;wfuV dk foLrkj ds okys uxjh fudk; dks gh ugha oju xzkeh.k {ks= dh turk ds fy, Hkh fd;k 

tkuk pkfg,A 

4. VsLV dh la[;k c<+kbZ tkuh pkfg, rkfd yksxksa dks çkbosV ySc esa u tkuk iM+sA 
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fu"d"kZ %& 

fdlh Hkh ;kstuk dh lQyrk dk iSekuk ml ;kstuk dk ykHk vkSj ykHk mBkus okys vkSj muls feyh 

çfrfØ;k gksrh gS bl ;kstuk dk /kjkry ij fØ;kUo;u vkSj ejhtksa dks fey jgs ykhK dh gdhdr tkuus tc uxjh; 

fudk; ç'kklu foHkkx }kjk QhMcSd iksy djk;k x;k rks 3%00 93% yksxksa us bls ,DlhysaV cgqr cf<+;k 4-18% 

yksxksa us cf<+;k xqM dgdj bldh lQyrk ij eqgj yxkbZ gS vc rd yxHkx 2000000 chekj O;fä bl ;kstuk ls 

ykHkkfUor gq, gSa ftlls iq#"k efgyk,a cPps 30% Jfed ,oa Jfed ifjokjksa us bl ;kstuk dk ykHk fy;k gS bl 

lsok dks csgrj cukus foHkkx }kjk lrr e‚fuVfjax vkSj LVkQ dh mifLFkfr lqfuf'pr djus ds ds fy, jsfVax fj;y 

Vkbe thih,l lhlhVhoh dSejk vkfn dh Hkh O;oLFkk dh xbZ gSA eq¶r nok vkSj ySc VsLV ls jkT; ds chekj O;fä 

ij vkfFkZd cks> esa Hkh dkQh deh vkbZ gSaA vr% ;g dgk tk ldrk gS fd ek= 1 o"kZ esa gh lcds fy, ojnku cuh 

bl ;kstuk us dksjksukdky esa dksfoM tk¡p lfgr oSDlhus'ku esa Hkh egRoiw.kZ Hkwfedk fuHkkbZ gSA 

 

 lanHkZ %& 

 tuer 

 uxj fuxe jktukanxkao 

 m|ferk 

1. ;kstuk] vkfFkZd ,oa lkaf[;dh lapkyuky; N-x- “kklu jk;iqj 

2. Lapkyuky; uxjh; iz”kklu foHkkx N-x- “kklu 
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NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd 

fodkl esa  ;ksxnku ¼NRrhlx<+ ds jktukanxkWo uxj fuxe {ks= ds fo”ks’k lanHkZ esa½ 

                                 

jkfxuh “kks/kkFkhZ lgk;d izk/;kid¼okf.kT;½ “kk- fnfXot; Lo”kklh LukrdksRrj egkfo|ky; jktukanxkWo N-x- Hkkjr 

MkW- Vk.Msdj ds-,y- “kks/k funsZ”kd izkpk;Z “kk-fnfXot; Lo”kklh LukrdksRrj egkfo|ky; ftyk jktukanxkWo N-x- 

MkW HkkfV;k ,p- ,l- lg “kks/k funsZ”kd foHkkxk/;{k “kk-fnfXot; Lo”kklh egk-jktukanxkWo N-x- Hkkjr 

                                                                           

1-“kks/k lkj %&    

      jkT; ds ukxfjdksa dksa jkstxkj dh lqfo/kk iznku djus ds fy, jkT; “kklu }kjk egRokdka{kh ;kstukvksa dks iw.kZ 

djus ds fy, O;kolkf;d ifj;kstuk dh “kq:vkr dh xbZA bl ;kstuk dk fdz;koU;u jkT; Lrj ij NRrhlx<+ x`g 

fuekZ.k eaMy }kjk fd;k tk jgk gS bl ifj;kstuk ds varxZr izR;sd fgrxzkfg;ksa dks de dher ij O;kolkf;d 

ifjlj iznku fd;k tkrk gSA orZeku esa eaMy }kjk jkT; esa yxHkx 2000-00 O;kolkf;d ifjljksa dk fuekZ.k  fd;k 

tk pqdk gSA bl ;kstuk es yxHkx 200000-00 ls 9000000-00 :- rd O;kolkfld ifjlj dk ewY; fu/kkZfjr fd;k 

x;k gSA bl ;kstuk esa Hkouksa ds dz; gsrq HkkM+k dz; ;kstuk ds ek/;e ls fdLr Hkqxrku dh lqfo/kk 10@15 o’kksZ rd 

iznku dh tk jgh gS blds }kjk fuEu vk; Lrj ds  ukxfjdksa dks O;kolkf;d ifjlj dh lqfo/kk iznku dh tk jgh 

gSA bl ;kstuk ds ek/;e ls fgrxzkfg;ksa dks jkstxkj dh izkfIr gksrh gS ftlls fgrxzkfg;ksa dk vkfFkZd ,oa lkekftd 

fodkl gksrk gSA 

2-eq[; “kCn %& 

   O;kolkf;d ifjlj] jkstxkj] lkekftd ,oa vkfFkZd fodkl ] ;kstuk dk fdz;kUo;u  ]NRrhlx<+ x`g fuekZ.k 

eaMy 

 3-izLrkouk%& 

     izkphu dky esa ekuo viuh vko”;drkvksa dks iw.kZ djus ds fy, f”kdkj ,oa vk[ksV fd;k djrk Fkk rr~i”pkr~ 

/khjs /khjs le; esa ifjorZu gqvk ,oa o.kksZ a ds vk/kkj ij dk;Z dk foHkktu gksus yxk orZeku esa Hkh viuh vko”;drkvksa 

ds fy, ekuo jkstxkj dh ryk”k djrk gS ;k O;olk; djrk gSA orZeku esa izeq[k leL;k jkstxkj ,oa O;olk; dh 

leL;k gSA jkstxkj ls vk”k; gS vkthfodk vFkkZr thou ;kiu ds fy, vFkkZr Hkkstu] oL=] vkokl]fpfdRlk]f”k{kk 

vkfn ij [kpZ djus ds fy, vko”;d /ku vtZu gsrq fu;fer :i ls fd;k tkus okyk dke ,oa O;olk; ls vk”k; 

gS] ,d ,slk dk;Z ftlesa /ku ds cnys oLrqvksa vFkok lsokvks dk mRiknu] fodz; vkSj fofue; ls gSA ;g fu;fer 

:i ls fd;k tkrk gS rFkk ykHk dekus ds mns”; ls fd;k tkrk gSA [kuu] mRiknu] O;ikj] ifjogu] HkaMkj.k] cSafdx 

rFkk chek vkfn fdz;kvksa ls gSA ekuo thou esa O;olk; ,oa jkstxkj dk vR;f/kd egRo gSa] mUgsa jkstxkj ,oa 

O;olk; ls vkthfodk dh izkfIr gksrh gS ,oa ekuo dh vko”;drkvksa dh iwfrZ Hkh jkstxkj ,oa O;olk; ds ek/;e ls 

gksrh gSA  

          Hkw&laink ds {ks= esa egRoiw.kZ Hkwfedk fuHkkus ds fy, ,oa xq.korkiw.kZ fdQk;rh vkokl dh miyC/krk 

lqfuf”pr djus ds fy, Þ lcds fy, vkokl ß dFku ds lkFk NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk NRrhlx<+ 

x`g fuekZ.k eaMy vf/kfu;e 1972 ds rgr ¼no 3 of 1973½ 2000 dksa gqvk rRi”pkr~ vf/klwpuk dzekad 

177@3236@32@2003 fnukad 12-02-2004 esa iquxZBu fd;k x;kA 

   NRrhlx<+ x`g fuekZ.k eaMy fuxfer fudk; gSA tks vkokl ,oa i;kZoj.k foHkkx ds varxZr vkrk gSA eaMy esa 1 

v/;{k gksrk gS tks fo/kkulHkk dk lnL; ] 1 vk;qDr tks vkbZ-,-,l-laoxZ dk gksrk 3 vij vk;qDr gksrs gaSA tks 

vk;qDr ds v/khu dk;Z djrs gS budk eq[;ky; uok jk;iqj gSA lfdZy Lrj ij mik;qDr gksrk gS ftlds v/khu 

dk;Zikyu vfHk;ark gksrs gSa dk;Zikyu vfHk;ark ftyk Lrj  dk izeq[k gksrk gS ftuds v/khu deZpkjh dk;Zj~r gksrs gSaA 

orZeku esa izFke@f}rh;@r`rh;@prqFkZ Js.kh ds dqy 646 vf/kdkjh@deZpkjh dk;Zj~r gSA 
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NRrhlx<+ “kklu dh O;olk; gsrq ifjlj fuekZ.k djus ,oa vkokl dh uhfr;ksa ykxq djus okyh ;g izeq[k laLFkk gSaA 

NRrhlx<+ x`g fuekZ.k eaMy ,d Lok;Rr; laLFkk gSaA lhfer lk/kuksa ds lkFk bldh LFkkiuk dh xbZ FkhA ijUrq dqN 

gh le; esa eaMy izxfr ds lksikuksa dh vksj vxzlj gSA eaMy us fofHkUu ;kstukvksa ds ek/;e ls fgrxzkfg;ksa dks 

larq’V fd;k gS ,oa fdQk;rh nj ij vkokl ,oa O;olkf;d ifjlj miyC/k djk;k tkrk gSA   

       NRrhlx<+ x`g fuekZ.k eaMy }kjk E. W. S.,oa  L.I.G. oxksZa ds ukxfjdksa fdQk;rh nj ij vkokl ,oa 

O;kolkf;d ifjlj miyC/krk lqfuf”pr dkjkus dh izkFkfedrk gS rFkk eaMy }kjk vVy vkokl ;kstuk] vVy fogkj 

;kstuk ]nhun;ky vkokl ;kstuk esa fofHkUu lqfo/kkvksa ds lkFk vkokl ,oa O;olk; gsrq O;kolkf;d ifj;kstuk ds 

ek/;e ls O;kolkf;d ifjlj miyC/k djk;k tkrk gSA bu ;kstukvksa ds fy, eaMy dks jk’Vªh; Lrj ij lEekfur 

fd;k tk pqdk gSaA bl laca/k esa NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk dk izeq[k mn~ns”; gS%&  

1-csjkstxkj ifjokjksa dks vu qnku ds i”pkr~ de nj ij izkFkfedrk ds vk/kkj ij O;kolkf;d ifjlj dh lqfo/kk 

lqfuf”pr djukA 

2-jkT; ds O;olk; ,oa jkstxkj dh lqfo/kk lqjf{kr djus ds fy, izsfjr djukA 

3-jkT; esa O;kolkf;d xfrfof/k;ksa ds e/; dh vuko”;d iz”kklfud ,oa dkuwuh ck/kkvksa dks nwj djukA 

4-jkT; dh {ks=h; laLFkku ,oa ifCyd izkbosV ikVZujf”ki ]v/nZ futh laLFkkvksa Hkouksa esa fofu;ksx ds fy, lfdz; 

djuk ,oa izksRlkfgr djuk A 

 

4 “kks/k v/;;u dk mn~ns”; %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk v/;;u djukA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk  fgrxzkfg;ksa rd igwWp dh lqfuf”prrk dk v/;;u 

djukA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fofHkUu {ks= esa ;ksxnku dk v/;;u djukA 

4-fgrxzkfg;ksa ds vkfFkZd fodkl ,oa lkekftd fodkl esa NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk ds 

;ksxnku dk v/;;u djukA 

 

5-“kks/k dh ifjdYiuk %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkfld ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku 

gSaA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dh igWwap fofHkUu oxksZ rd gSA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk fdz;kUo;u ,oa eaMy dh fLFkfr lq}<+ djus esa NRrhlx<+ x`g 

fuekZ.k eaMy laHkkx jktukanxkao dk egRoiw.kZ ;ksxnku gSA 

 

6-“kks/k izfof/k%& 

    bl “kks/k i= esa izkFkfed vkdM+ksa ds fy, fgrxzkfg;ksa ls laidZ fd;k x;k ,oa f}rh;d vkdM+ksa ds :i esa 

fooj.kkRed i)fr dk mi;ksx fd;k x;k gSA NRrhlx<+ fuekZ.k eaMy dh foHkkxh; osclkbV ,oa NRrhlx<+ x`g 

v/;{k

vk;qDr

vijvk;qDr

dk;Zikyu 

vfHk;ark ftyk 

Lrj dk izeq[k 

tks mik;qDr ds 

v/khu dk;Z djrk 

gSA 

mik;qDr 
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fuekZ.k eaMy ftyk jktukanxkWo ls fofHkUu lwpuk i= ,oa if=dkvksa ds ek/;e ls f}rh;d vkdM+ksa dk ladyu fd;k 

x;k gSA 

 

7-O;kolkf;d ifj;kstuk %& 

  NRrhlx<+ jkT; “kklu }kjk izofrZr fuEu vk; oxZ ¼,y-vkbZ-th-½ Js.kh ds fgrxzkfg;ksa gsrq bl ifj;kstuk esa 

O;kolkf;d ifjlj dk fuekZ.k fd;k tkrk gSA “kklu ds }kjk fj;k;rh nj ij Hkwfe miyC/k djk;h tkrh gSA ;kstuk 

LFky dh miyC/krk rFkk vko”;drkuqlkj Lora= vFkok cgqeafty s ifjljksa dk fuekZ.k fd;k tkrk gSA ifjljksa dk 

vkcaVu ftyk dysDVj dh v/;{krk esa xfBr lfefr ds ek/;e ls fd;k tkrk gSA jktukanxkWo ftys es mDr ;kstuk 

U;w cl LVS.M ifjlj] xksy cktkj] th-bZ jksM esa fdz;kfUor dh tk pqdh gS]mDr ifj;kstuk esa fgrxzkfg;ksa dks de 

dher ij O;kolkf;d ifjlj iznku fd;k tk jgk gSA 

1-O;kolkf;d ifjlj ifj;kstuk u;k cl LVS.M ifjlj 

2-O;kolkf;d ifjlj ifj;kstuk xksy cktkj 

3-O;kolkf;d ifjlj ifj;kstuk th-bZ-jksM 

 

O;kolkf;d ifjlj ifj;kstuk varxZr fufeZr ,oa fofdzr ifjlj dh la[;k %& 

ifj;kstuk dk uke  ifjlj dk uke fufeZr ifjljksa dh 

la[;k 

fofdzr ifjljksa dh la[;k  

O;kolkf;d ifj;kstuk Uk;k cl LVSaM ifjlj 60 56 

O;kolkf;d ifj;kstuk th-bZ- jksM ifjlj 32 24 

O;kolkf;d ifj;kstuk xksy cktkj ifjlj 34 34 

      

O;kolkf;d ifjlj ifj;kstuk jktukanxkWo esa fufeZr ,oa fofdzr Hkouksa dh la[;k 

  

u;k cl LVSaM esa fufeZr ifjljksa dh la[;k 60 ,oa fofdzr ifjljksa dh la[;k 56 th-bZ- jksM esa 32 ,oa 24 xksy cktkj 

esa 34 ,oa 34 gSA 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

0

20

40

60

80

100

120

140

O;kolkf;d

ifj;kstuk u;k cl

LVSaM

O;kolkf;d

ifj;kstuk th-bZ-

jksM

O;kolkf;d

ifj;kstuk xksy

cktkj

fufeZr ifjljksa dh

la[;k

fofdzr ifjljksa dh

la[;k



Juni Khyat                                                                                                                               ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                  Vol-12 Issue-02 No.01 February 2022 

Page | 91                                                                                                    Copyright @ 2022 Author 

O;kolkf;d ifj;kstuk avarxZr fgrxzkfg;ksa dh la[;k 

dzekad O;kolkf;d ifjlj dk uke fgrxzkfg;ksa dh la[;k 

 1- u;k cl LVSaM ifjlj                 56 

 2-         th-bZ- jksM ifjlj 24 

 3- xksy cktkj ifjlj 34 

 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

O;kolkf;d ifj;kstuk u;k cl LVSaM esa fgrxzkfg;ksa dh la[;k 56] th-bZ- jksM esa 24] xksy cktkj esa 34 gSA 

  ¼L=ksr %& f}rh; L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

8- NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa   lkekftd fodkl esa 

;ksxnku dk fo”ys’k.kkRed v/;;u%& 

      izkFkfed vkdM+ksa ds fy, iz”ukoyh ds ek/;e ls vkdM+ksa dk ladyu fd;k x;k izkIr vkdM+ksa ds vk/kkj ij 

fo”ys’k.kkRed v/;;u fuEu gS%& 

fgrxzkfg;ksa dh la[;k %& 103 

  dz-            fooj.k  oxZ  gkW ugha rVLFk 

  01- 

 

  02- 

 

  03- 

 

O;kolkf;d ifjlj dz; djus ls foRrh; fLFkfr 

lq}<+ gqbZA 
 

O;kolkf;d ifjlj dz; djus ls jkstxkj dh izkfIr 

gqbZA 
 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk izkIr gqbZA 
 

 v 

 

 c 

 

 l 

 

  64 

 

  59 

 

  57 

 

 13 
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  04 

 

  05-- 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk ls vkidh vk; esa cpr gqbZA 
 

D;k vki N-x- x`g fuekZ.k eaMy dh dk;Ziz.kkyh ls 

larq’V gSA 

 n 

 

 b 

  54 

 

   53 

  33 

 

  37 

 16 

 

13 

 ¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

       

¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

mi;ZqDr fo”ys’k.k ls Li’V gS]fd O;kolkf;d ifjlj dz; djus ls fgrxzkfg;ksa ds vk;]jkstxkj  

thou Lrj esa o`f/n gqbZ gSA ftlls }f’Vxkspj gksrk gS fd NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk 

fgrxzkfg;ksa ds vkfFkZd ,oa  lkekftd fodkl esa ;ksxnku gSA 

 

9-NRrhlx<+ fuekZ.k eaMy dh O;olkf;d ifj;kstuk ds fdz;kUo;u dh izeq[k leL;k,%& 

9-1 ;kstukvksa dh fgrxzkfg;ksa rd igwWp ,oa izpkj izlkj dh leL;k%& 

   NRrhlx<+ fuekZ.k eaMy dh ;kstukvksa ds izpkj izlkj ds vHkko ds dkj.k t:jrean fgrxzkfg;ksa rd ;kstuk dk 

igWwp lqfuf”pr ugha gksrk gS ftlls ;kstuk ds fdz;kUo;u esa leL;k gksrh gSA 

9-2 ladqfpr ,oa nqjLFk {ks= esa ;kstuk dk fdz;kUo;u%& 

    eaMy }kjk fufeZr ;kstuk dk {ks= ladqfpr gksrk gS ,oa ftruh Hkh ;kstuk,a fufeZr dh tkrh gSA og “kgj ls 

nwjLFk {ks= esa gksrh gSA ftlls O;kolkf;d ifklj ds fodz; es leL;k gksrh gSA 

 9-3 “kklu }kjk vuqnku ,oa iWwth dh leL;k%& 

        “kklu }kjk eaMy dks fgrxzkfg;ksa dks vuqnku ,oa Hkwfe ds vfrfjDr dksbZ NqV ugha nh tkrh gS ,oa eaMy esa 

iwWth dh leL;k jgrh gS ftlls uohu ;kstuk fufeZr djus esa leL;k gksrh gSA 

9-4 vR;f/kd vkSipkfjdrk,a%& 

     eaMy dh ;kstuk ds izkjaHk esa izfdz;k iw.kZ djus esa vR;f/kd vkSipkfdrk,a gksrh gS ,oa fgrxzkfg;ksa dks uohu 

ifklj dz; djus esa Hkh vR;f/kd vkSipkfjdrk dks iw.kZ dkjuk gksrk ifj.kkeLo:i ifj;kstuk ds fdz;kUo;u esa leL;k 

gksrh gS   

 

10 lq>ko ,oa fu’d’kZ%& 

 10-1 lq>ko %& 

1-;kstuk izpkj izlkj %& 
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  ;kstukvksa dh fgrxzkfg;ksa rd igqWp lqfuf”pr djus ds fy, foKkiu ,oa vU; ek/;e ls ;kstuk dk izpkj izlkj 

fd;k tkuk pkfg,A 

 

2-foLr`r ,oa fudV {ks= esa ifjlj dk fuekZ.k%& 

    O;kolkf;d ifjlj dk fuekZ.k ladqfpr {ks= esa u djds foLr`r {ks= esa fd;k tkuk pkfg, ,oa O;kolkf;d ifjlj 

nqjLFk {ks= esa fufeZr u djds “kgj ds fudV fd;k tkuk pkfg,A 

3-“kklu }kjk vuqnku%& 

  “kklu }kjk le; le; ij vuqnku miyC/k djuk pkfg, iwWth ds vHkko esa NRrhlx<+ x`g fuekZ.k eaMy dh 

ifj;kstukvksa dk fdz;kfUor ugha gks ikrh gS ,oa vU; “kkldh; O;kolkf;d ifjljksa ds fuekZ.k dk dk;Z Hkh NRrhlx<+ 

fuekZ.k eaMy dks iznku fd;k tkuk pkfg, ftlds ifj.kkeLo:i iwWth dh leL;k ugha gksxhA 

4- fo”ks’k NqV ,oa ;kstuk dk izko/kku%& 

  NRrhlx<+ x`g fuekZ.k eaMy ds }kjk ifjlj ds fodz; gsrq fo”ks’k NqV dk izko/kku djuk pkfg, ,oa fo”ks’k oxksZ gsrq 

fo”ks’k ;kstuk,a fufeZr djuh pkfg, ftlls O;ko;lf;d ifjlj ds fodz; dh ek=k esa o`f) gksxh ,oa eaMy ds ykHk 

esa Hkh o`f) gksxhA  

5-vR;f/kd vkSipkfjdrk esa deh djuk%& 

   eaMy ds }kjk ;kstuk ds izkjaHk esa vR;f/kd vkSipkfjdrk gksus ds nsjh gksrh gS ,oa O;kolkf;d ifjlj ds fodz; esa 

Hkh leL;k gksrh gSA vr% vkSipkfjdrk esa deh djus gsrq ,dy f[kM+dh iz.kkyh ,oa vkWuykbZu Hkqxrku dh lqfo/kk 

gksuh pkfg,A 

 

10-2 fu’d’kZ%& 

  NRrhlx<+ x`g fuekZ.k eaMy }kjk ia-nhun;ky vkokl ds ek/;e ls jktukanxkWo ftyk esa yxHkx 150 ls vf/kd 

ukxfjdksa dksa NRrhlx<+ x`g fuekZ.k eaMy ds ek/;e ls O;kolkf;d ifjlj dh lqfo/kk iznku dh xbZ gS ftlds 

ek/;e ls ukxfjdksa dk vkfFkZd ,oa lkekftd fodkl gqvk gS ,oa bl {ks= esa eaMy dks 10 ls vf/kd iqjLdkj izkIr 

gks pqds gSA eaMy ds ek/;e ls  fgrxzkfg;ksa dks O;kolkf;d ifjlj dz; djus ls jkstxkj izkIr gksrk gS ,oa Lye 

{ks=ksa fodkl gksrk gS ,oa thou Lrj esa o`f) ftlls ;g ifjyf{kr gksrk gS fd] O;kolkf;d ifjlj ds fuekZ.k ,oa 

fgrxzkfg;ksa ds lkekftd ,oa vkfFkZd fodkl esas  O;kolkf;d ifj;kstuk dh egRoiw.kZ Hkwfedk gSA 

11-lanfHkZr xzaFk%& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh laxokjh eaMy fgrxzkgh ekxZnf”kdk A 

2-NRrhlx<+ x`g fuekZ.k eaMy dh foHkkxh; osclkbV http://cghb.gov.in A 

3-vU; osclkbV https://drishtiias.comA 
4-“kks/k i)fr MkW- vkyksd xqIrk ,oa fufru xqIrkA 

5-O;k- lkaf[;dh MkW- ,l- ,e- “kqDy ,oa MkW- f”koiwtu lgk;A 

6-gfjHkwfe vkokl ,oa i;kZoj.k fo”ks’k if=dkA 

7-jk;iqj laHkkx ds varxZr NRrhlx<+ x`g fuekZ.k eaMy dh dk;Ziz.kyh ,oa miyfC/k;ksa dk fo”ys’k.k nsokxau d:.kk 

,oa oekZ ,y- ,u-A 

8-“kks/k i= %&  

1-lcds fy, vkokl dh lqfo/kk ,oa fgrxzkfg;ksa ds fodkl esa NRrhlx<+ x`g fuekZ.k dh Hkwfedk ¼jktukanxkWo ftys ds 

fo”ks’k lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

2-vVy vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku    ¼jktukanxkWo ftys ds fo”ks’k 

lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

3- ia-nhun;ky vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa         ;ksxnku ¼NRrhlx<+ ds 

jktukanxkWo ftysa ds fo”ks’k lanHkZ esa½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

http://cghb.gov.in/
https://drishtiias.coma/
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9-osclkbV https://hi.m.wikipedia.orgA 
10- osclkbV https://brainly.in/question/3895396A 
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  
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N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 
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Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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bUVjusV cuke lkbcj Økbe & ,d oSf”od leL;k rFkk bldk lekt ij izHkko & ,d 

v/;;u 

 

MkW-ds-,y-Vk.Msdj] izkpk;Z “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

MkW-vfuy dqekj eaMkoh] lgk;d izk/;kid lekt'kkL=b “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

 

'kks/k lkjka'k & Hkkjr esa fiNys dkQh le; ls lwpuk izkS|ksfxdh dk mi;ksx c<+k gS rks lkbcj Økbe ds ekeys Hkh 

izdk”k esa vkus yxs gSA lkbcj Økbe dk c<+rk gqvk dkj.k lwpuk izkS|ksfxdh vkSj baVjusV dh c<+rh gqbZ izo`fRr gS] 

ftlds dkj.k Økbe iSnk gksrs gS] dEI;wVj] baVjusV] eksckbZy Qksu] dEI;wVjhÑr cSfdax] ØsfMV o MsfcV dkMZ vkfn 

dk iz;ksx vkt dkQh izpyu esa gS] baVjusV ds ek/;e ls dqN futh LokFkhZ flQZ dkSrqgy ds fy, Økbe dks vatke 

nsus ds iz;kl yxkrkj dj jgs gS] bldk lekt ij Hkh vkfFkZd] lkekftd] euksoSKkfud izHkko iM+ jgk gS] lwpuk 

lekt dh izxfr dk vk/kkj gS lwpuk ra= dk rsth ls fo”o Lrj ij QSyko gekjh fpark esa c<+ksRrjh dj jgk gS] ;g 

,d oSf”od leL;k dk #i ys jgk gSA vr% blds funku ds fy, lkbcj Økbe dkuwu Hkh cuk, x, gS] ftlls bls 

tM+ ls lewy u’V fd;k tk ldrk gS] vkt oSf”od tkx#drk rFkk ckSf)d lkaLÑfrd jpukRed ,dtqVrk ls blesa 

cnyko fd;k tk ldrk gS] tks ,d fe”kky gksxhA 

 

izLrkouk &  fo”o esa Hkkjr gh ugha oju phu] #l] vesfjdk] czkthy] iwohZ ;wjksi lfgr dbZ ns”kks a esa lkbcj Økbe 

mHkjdj lkeus vk jgk gS] fdarq orZeku esa dkWy lsaVj ds ek/;e ls ;g gSfdax ,oa /kks[kk/kM+h dk oSf”od m|ksx curk 

tk jgk gS tks fd fpark dk fo’k; gSA vkt vkradoknh xfrfof/k;ksa esa Hkh baVjusV vk/kkfjr geyksa ls dEI;wVj ok;jl 

tSls lk/kuksa ds ek/;e ls dEI;wVj usVodZ esa tkucw> dj O;o/kku mRiUu djuk gSA dEI;wVj iz.kkfy;ksa esa gSfdax] 

detksj usVodZ esa ok;jl Mkyuk] osclkbV fo#i.k lsok ls badkj geyk ;k bysDVªkfud ek/;eksa ls /kefd;k vkfn 

lkbcj Økbe dks gh c<+k jgk gSA ;g Hkh loZfofnr gS fd baVjusV ds foLrkj gksus ls lkbcj Økbe dk Hkh foLrkj 

gks jgk gS] dqN “kjkjrh rRo euksjatu@dkSrqgy ds fy, lkbcj Økbe dks vatke nsus ls Hkh ckt ugha vkrs gS ,d 

v/;;u ls Kkr gqvk gS fd vesfjdk esa nqfu;k Hkj dh ,aVh ok;jl cukus okyh dEifu;ka gh lkbcj Økbe dks jksd 

ikus esa vleFkZ gks jgh gSA ge vkt Hkys gh vupkgs dky fjflo djss gkbZ VsDuksykWth okys flDw;fjVh lk¶Vos;j ls 

doj dj ns] ysfdu ,Sls vuokaVsM esy dks jksd ikuk vlaHko gSA vkt ns”k esa baVjusV ;wtj dh la[;k yxHkx 45 

fefy;u ;kuh lk<s pkj djksM gS] ;wtlZ dh la[;k esa btkQk gks jgk gS] ftlls vkWuykbZu lkbcj Økbe dh ?kVuk,a 

c<+us yxh gS] ,lkspSe ds egklfpo Jh Mh-,l- jkor dh fpark dk lcls cM+k dkj.k gS fd lkbcj Økbe esa “kkfey 

yksxks esa 18&30 o’kZ vk;q ds yksx vf/kd gS mudk dguk gS fd fdlh Hkh ns”k dh vkfFkZd o`f) rFkk vkarfjd o 

ckg~; lqj{kk rFkk izfrLi)kZ {kerk bl ckr ij fuHkZj djrh gS fd lkbcj Lisl fdruk lqjf{kr o vHksn gSA 

 tsEl LdSosVtj ds vuqlkj ,d vijk/k dEI;wVj vFkok mlds la?kVd fgLlksa ¼usVodZ] fizaVj vkfn½ rd 

igqap dk iz;ksx ,d vko”;d rRo gS vFkkZr~ dEI;wVj ds iz;ksx ds fcuk lkbcj Økbe ikfjr ugha fd;k tk ldrk 

lkbcj Økbe ds c<+rs ,oa cnyrs vk;keksa baVjusV ds mi;ksx ij jksd yxkus ds laHkkfor mik;ksa ij foe”kZ gh bl 

“kks/k vkys[k dk mn~ns”; gSA  

 

vo/kkj.kk %& lkbcj “kCn fofy;u fXkXlu dh nsu gS] mudh 1948 esa izdkf”kr iqLrd U;wjks esUlj esa of.kZr lkbcj 

Lisl “kCn ls gqvk] bldk vfHkizk; dEI;wVj ds }kjk mRiUu f=vk;keh js[kkfp= gS] ckn esa lkbcj Lis”k dk vFkZ 

cnydj baVjusV ds #i esa varZlacaf/kr oSf”od dEI;wVj ra= baVjusV cuk gSA vkt oYMZ okbZYM osc (www) baVjusV 
dk egRoiw.kZ L=ksr gS ftl ij lHkh usV lapkfyr gksrs gSA lkbcj yk ls rkRi;Z lalwpuk fof/k ls gSA vkt ge iyd 

>idrs gh dYiuk ls fdlh Hkh LFkku ls fdlh Hkh LFkku ij laidZ ,oa laokn LFkkfir dj ldrs gSA fdlh Hkh 

O;fDr] LFkku] oLrq ls lacaf/kr tkudkjh ,oa lwpuk,a vknku&iznku dj ldrs gS] ftldk Js; baVjusV i)fr dks 

tkrk gSA blh ds dkj.k vkt iwjh nqfu;k fleVdj ,d oSf”od xkao esa ifjofrZr gks xbZ gS] ;g Hkh dgk tk ldrk 

gS fd iwjk fo”o ,d dEI;wVj esa lek x;k gS] lkbcj vijk/k dk {ks= cgqr O;kid gS ok;jl ds ek/;e ls O;oLFkk 

dks ckf/kr djuk ik.kksZxzkQh Nne bZ&esy vkWuykbZu [kkrksa dks gSd dj ysuk vkradoknh xfrfof/k;ksa dk lapkyu 

MkVkcsl fd pksjh baVjusV ds tfj, Bxh rFkk vkarfjd lqj{kk ls tqM+h lwpukvksa fd pksjh vkfnÑr lkbcj Økbe dh 

Js.kh esa vkrs gSA vr% ge dg ldrs gS fd lkbcj Økbe dk rkRi;Z ;g gS fd lax.kd ls lacaf/kr /kks[kk/kM+h vkSj 

tkylkth rFkk vkadM+ks rd izos”k rFkk vkadM+ks ds lkFk NsMNkM djuk ,oa ØsfMV dkMZ C;kSjk dk irk dj pwuk 

yxkuk vkSj vge lwpukvksa dh pksjh djuk “kkfey gS] 21oha “krkCnh esa lkbcj Økbe fo”oO;kih leL;k ds #i esa 

lkeus vk;k gSA 

mn~n s”; %& 

1- lkbcj Økbe ds c<+rs vk;keksa ds dkj.k ,oa mu ij jksd yxkus ds laHkkfor mik; dk v/;;u djukA 
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2- lkbcj Økbe ds fo”o O;kih izHkko dk v/;;u djukA 

3- baVjusV ,oa lkbcj Økbe ds fujkdj.k gsrq fd, tk jgs “kkldh; iz;kl dk v/;;u djukA  

 

lkbcj Økbe ,d oSf”od leL;k &  

lwpuk lekt dh izxfr dk ewy vk/kkj gS] lwpuk izkS|ksfxdh ds ;qx esa lwpuk ra= dk vlj iwjs fo”o esa 

rhozrk ds lkFk QSy jgk gS] ;gh O;kid QSyko fo”o Lrj ij fpark esa c< +ksrjh dj jgk gS] lwpukvksa ls lacaf/kr laiw.kZ 

tkudkjh baVjusV] dEI;wVj ds ek/;e ls iyd >idrs gh gekjs lkeus gksrk gS] buls gekjk dk;Z vklku gks tkrk gS 

ogha nwljk igyw Hkh gS tks fodkl ds jkLrs ij lcls vf/kd ck/kk mRiUu djrk gS] ;gh vojks/k dh izeq[k ctg 

lkbcj Økbe dks tUe nsrk gSA dsoy Hkkjr esa gh lkbcj Økbe mHkj dj lkeus vk;k gS ,slh ckr ugha gS cfYd 

phu] #l] vesfjdk] czkthy] iwohZ ;wjksi vkfn ns”k esa lkbcj vijk/k ifjyf{kr gqvk gS] bldk dkj.k cM+h la[;k esa 

dky lsaVjks Lisu gSfdax vkSj /kks[kk/kM+h oSf”od m|ksx gS] #l] Hkkjr vkSj czkthy esa lkbcj Økbe dh c<+ksRrjh fo”ks’k 

fpark dk fo’k; gSA 

lkbcj Økbe vkradokn geyksa ls cpus ds fy, Hkkjr esa dsih,eth dh laxBu rFkk la;qDr jk’Vª vesfjdk 

rFkk vU; ns”kksa us viuh egRoiw.kZ lwpuk iz.kkfy;ksa dh j{kk ds fy, vko”;d dne mBk, gS] tSls vesfjdk fiNys 

iakp o’kksZ esa viuh egRoiw.kZ bysDVªkfud lqj{kk esa mPp vuqla/kku] xzhl vkSj btjkby tSls ns”kksa esa tkjh fd, gS] 

rkfd xaHkhj vkSj [krjukd geyksa ls j{kk gks ldsA 

orZeku le; esa fo”o Lrj ij baVjusV@lks”ky ehfM;k ds izfr c<+rk #>ku rsth ls ikjEifjd lkekftd 

,oa lkaLÑfrd ewY;ksa dks cny jgk gS] vkt fodflr vkSj fodkl”khy ns”k lkbcj Økbe ds ekeys esa fQØean gSA 

fofHkUu ns”kksa esa lkbcj Økbe vijk/k dh ?kqliSB ls lHkh tkudkfj;ka xk;c gksus dk [krjk gS] 21oha “krkCnh esa lwpuk 

izkS|ksfxdh lekt esa lkbcj Økbe rFkk lk¶Vos;j pksjh gSfdax] /kks[kk/kM+h tSlh cqjkb;ka ubZ pqukSrh ds #i esa gekjs 

lkeus gSA blds funku ds fy, lkbcj Økbe dkuwu Hkh cuk;s x;s gS] vko”;drk bl ckr dh gS fd lkbcj Økbe 

dks tM+ ls lekIr djus ds fy, oSf”od Lrj ij ,dtqVrk dh t#jr gS rHkh ;g oSf”od lekt ckSf)d lkaLÑfrd 

jpukRed] LoLF;] [kq”k] etcwr vkSj le`) fo”o leqnk; dh “kDy esa oSf”od iVy ij ,d l”kDr cnyko ehy dk 

iRFkj lkfcr gksxkA 

 

lkbcj Økbe dk lekt ij izHkko &  

ge ;g Hkyh Hkkarh tkurs gS fd lks”ky lkbV dk mi;ksx dj lkekftd nk;jk c<+kus ds fy, fd;k tk 

ldrk gS] ysfdu O;ogkfjd #i esa ;g ns[kk tk jgk gS] fd fofHkUu lks”ky lkbVl ds vf/kdrj iz;ksxdrkZ mudk 

nq#i;ksx gh vf/kd djrs gS] ;gh ctg gS fd vktdy yksxks ds fy, lks”ky lkbVl ekSr dk dkj.k curk tk jgk 

gS] ge fnu izfrfnu bl rjg dh ?kVuk,a ns[k vkSj lqu jgs gS fd oSf”od Lrj ij lkbcj Økbe ,oa baVjusV dk 

nq’izHkko lekt ij iM+ jgk gS] bldk lkekftd thou ij Hkh izHkko ns[kus dks feyrk gS] blds tfj;s ;kSu “kks’k.k 

tSlh ?kVuk,a Hkh rsth ls c<+ jgh gSA vkt lkekftd Lrj ij fe=rk] laca/k dk nk;jk Hkh ladqfpr gksrk tk jgk gS] 

lks”ky lkbV lekt ds lkekftd fodkl esa viuk ;ksxnku nsrk gS vkSj dbZ O;olk;ksa dks c<+kus esa Hkh enn djrk 

gS] ;g lks”ky ehfM;k] ekdsZfVax tSls lk/ku iznku djrk gS] tks yk[kksa xzkgdksa rd ig q aprk gS] ge vklkuh ls blds 

ek/;e ls tkudkjh vkSj lekpkj izkIr dj ldrs gS] fdlh Hkh lkekftd dkj.k ds ckjs esa tkx#drk iSnk djus ds 

fy, lks”ky lkbV dk mi;ksx cgqr vPNk gS rFkk blds ldkjkRed izHkko Hkh ns[ks tk jgs gSA lekt esa tkx#drk 

iSnk djuk cgqr vklku gS] ukSdjh ryklus esa Hkh enn feyrh gS] fo”o Lrj ij fcuk fdlh #dkoV ds lkekftd 

fodkl ,oa ,d&nwljs ls ckrphr esa Hkh lks”ky lkbV cgqr vPNk lk/ku gS blds foifjr lkbcj Økbe c<+us ls 

yksxks esa fujk”kk rFkk fpark iSnk c<+ jgha gS] cPpksa esa Hkh fodkl fodkj ds y{k.k c<+ jg s gSA ;g lHkh n”kk ckSf)d 

Lrj ij udkjkRedrk dks c<+kok nsus esa lgk;d gks jgh gSA lkbcj Økbe us vkfFkZd #i ls iSls ds ysu nsu rFkk 

cSfdax lsokvksa ds ifjpkyu ls fofØ; vijk/k Hkh c<+ jgs gSA 

lkbcj Økbe ls lkekftd uSfrd ewY;ksa esa Hkh fxjkoV vkbZ gS] vuSfrd nqjkpkj esa o`f) ls bldk lekt ij 

cqjk izHkko iM+rk gS] vkjdwV] ekbLisl] Qslcqd tSls lSdM+ksa ns”kh&fons”kh osclkbV tks lks”ky usVofdZax IysV QkeZ 

eqgS;k djrs gS] bu osclkbVks ds iz;ksxdrkZ cPpksa vkSj ;qodks ds lkFk&lkFk cqtqxZ Hkh “kkfey gS] lkekftd lkbVl 

vFkkZr~ lks”ky lkbVl vkt ds ;qodks ds lcls vf/kd fiz; “kxy gS] tgka ij viuk O;fDrxr fooj.k vkfn Mkydj 

yksxks ls fe=rk dj esy tksy djrs gSA blfy, ;g vko”;d gS fd ;fn vki lkekftd usVofdZax lkbVl ij 

lfØ; jgrs gS] rks vius izksQkby dks tjk lEgky dj j[ks FkksM+h lh rduhd dk bLrseky djrs gq, vki vius 

ikloMZ dks gSd gksus ls cpk ldrs gSA vktdy bl izdkj dh lkbVksa dk iz;ksx vf/kdrj yksxks }kjk fd;k tk jgk 

gS] ftllsa lkekftd laca/kksa fj”rs ukrksa esa nwfj;k vk;h gS vkSj bldk LFkku vkSipkfjdrkvksa us fy;k gSA FkksM+h lh 

lko/kkuh cjrdj ge bl izdkj ds [krjukd izHkko ls cp ldrs gSA lekt esa lkbcj Økbe ,d tfVy vkSj xEHkhj 

leL;k cu x;k gS] tks lkekftd vkSj vkfFkZd nksuks izdkj ds vijk/k gS] bl rjg ;g Økbe jk’Vªh; rFkk 

vUrjkZ’Vªh; nksuks Lrj ij lkekftd vkfFkZd ,oa U;k; izfØ;kvksa dks izHkkfor dj jgk gS] lkbcj Økbe dk {ks= fo”o 
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O;kih gS] blds nq’ifj.kke ls fuiVus ds fy, flQZ Hkkjr gh ugha cju fo”o Lrj ij ,d etcwr dkuwu cukus dh 

vko”;drk gS] ftl rjg ls baVjusV vkradokn ds izpkj&izlkj ,oa vkardh ?kVukvksa dks vatke nsus esa ennxkj gks 

jgk gSA mlls ;gh yxrk gS fd vkus okys fnuksa esa bldk lekt ij cgqr gh izfrdwy izHkko ns[kus dks feysxk] 

blfy, lewps fo”o dks lpsr jgus dh vko”;drk gSA 

blesa dksbZ vfrf”;ksfDr ugha gS fd dEI;wVj vkSj baVjusV foKku ,oa izkS|ksfxdh dh cgqr gh cgqewY; lkSxkr 

gS] blus thou dks cgqr gh vklku cuk fn;k gS rFkk iwjh nqfu;k dks tksM+us esa egRoiw.kZ Hkwfedk fuHkkbZ gS] ;fn bl 

rduhd dks udkjkRed ,oa vkijkf/kd Li”kZ nsus okyksa dh gjdrksa dks fu;af=r dj fy;k tk, rks bldk leqfpr 

iz;ksx lekt ds fy, vR;ar dY;k.kdkjh fl) gksxkA vr% t#jh gks tkrk gS fd laiw.kZ fo”o blds nq’ifj.kke ij 

fu;a=.k djus esa ltxrk fn[kk,a lekt vkS|ksfxd Økafr ds QyLo#i fodkl dh vksj vxzlj gks jgk gS ysfdu ge 

vkt Hkh vkS|ksfxd Økafr dk ykHk mBkus esa lQy ugha gks ik, gS] blds foifjr vkt dh ;qok ih<+h fo”o esa py jgs 

fMftVy Økafr dk ykHk mBkus esa dgh Hkh ihNs ugha gSA vkS|ksfxd Økafr o fMftVy Økafr baVjusV ds bl ;qx esa 

,d uohu lkbcj vijk/k ds mn; gksus ls lekt dk izR;sd oxZ izHkkfor gks jgk gSA  

 

pqukSfr;ka &  

lkbcj Økbe vijk/kksa esa fdlh O;fDr dh futh tkudkjh dk irk yxkdj /kks[kk/kM+h djuk] ØsfMV dkMZ dk 

C;kSjk irkdj ywVuk rFkk vR;f/kd egRoiw.kZ tkudkjh dh pksjh djuk “kkfey gS] blds vfrfjDr NsM+NkM ds izdj.k 

Hkh c<+ jgs gS] buls dSls fuiVk tk, vkt ;g oSf”od eap ds le{k cMh pqukSrh gS] fo”ks’kKksa dh ekus rks bl rjg 

ds vf/kdka”k Økbe fdlh ,d O;fDr dh gjdrs ugha cfYd blds ihNs iwjk laxfBr fxjksg dke dj jgk gSA 

vkfndky ls gh Økbe fdlh u fdlh #i esa ekuo lekt esa viuk nq’izHkko NksM+rs jgs gS] fcMEcuk rks ;g gS fd 

bu vijk/kksa ij fu;a=.k ikus ds fy, tSls&tSls u, izko/kkuksa dkuwuh fu;eksa dks viukrs gS oSls oSls lkbcj Økbe 

de gksus ds ctk, u, u, Lo#iksa esa c<+dj gekjs lkeus iznf”kZr gksrs jgrs gS] bu fofHkUu izdkj ds Økbe ij 

fu;a=.k LFkkfir djuk ekuo lekt ds le{k ,d cgqr cM+h pqukSrh gSA ljdkj }kjk mBk;s x, dneksa ds ckotwn 

vHkh Hkh tu lk/kkj.k bZ&O;kikj djus ls Mjrk gS rkfd mls fdlh izdkj dk uqdlku u gks] ljdkj tulk/kkj.k esa 

vHkh rd blds fy, t#jh fo”okl iSnk ugha dj ikbZ gS] lkFk gh ljdkjh iz;kl Hkh vi;kZIr ,oa fujFkZd lkfcr gks 

jgs gS] ljdkj dks pkfg, fd lwpuk izkS|ksfxd vf/kfu;eksa ds laiw.kZ izko/kkuksa] fu;eksa] funsZ”kksa dk “kfDr ls ykxw djs 

rFkk bldh dfe;ksa dks nwj dj vko”;d la”kks/ku djs rHkh lkbcj Økbe dh pqukSfr;ksa dk lkeuk fd;k tk ldrk 

gSA 

 

fu’d’kZ %&  

mijksDr v/;;u ls fu’d’kZ #i esa ;gh dgk tk ldrk gS fd vR;k/kqfud rduhd ,oa lwpuk izkS|ksfxdh ds c<+rs 

mi;ksx ls ekuo thou dks lgt vkSj ljy cukus esa egRoiw.kZ ;ksxnku fn;k gS] ogha nwljh vksj blls tqM+s dbZ 

xEHkhj lkbcj Økbe Hkh mHkj dj lkeus vk jgs gSA vkt oSf”od Lrj ij lHkh ns”kksa dh lekftd ] vkfFkZd] 

jktuhfrd] lkaLÑfrd rFkk lkefjd lqj{kk ds laca/k esa ,d xgjh fpark iSnk dj nh gS] fo”o ds lHkh ns”k blls 

fpafrr gS rFkk viuh iwjh {kerk ,oa mik;ks ls bl ij fu;a=.k yxkus iz;kljr gSA lkbcj Økbe dk izHkko 

lekt ds izR;sd oxksZ] cPps] ;qok] efgyk] iq#’k] O;olk;] m|ksx] cSfdax fofRr; laLFkkvksa ij Hkh iM+k gSA lkbcj 

Økbe dks tM+ ls lewg u’V djus ds fy, oSf”od ,dtqVrk dh vko”;drk gS] tks le`} fo”o leqnk; dh “kDy 

dks oSf”od iVy ij l”kDr cnyko dh felky cu ldsxh] vktdy bl izdkj dh lkbVksa dk iz;ksx vf/kdka”k 

yksx dj jgs gS] ftlls lkekftd ikfjokfjd laca/k esa nwfj;k Hkh c<+h gSA vr% FkksM+h lh lko/kkuh cjrdj ge bl 

izdkj ds lkbcj Økbe ds [krjukd izHkko ls cp ldrs gSA blds fy, lkekftd tkx#drk dEI;wVj lk{kjrk 

tSls mik;ks ij /;ku nsuk vko”;d ekuk x;k gSA 
 

“kCn daqth %&baVjusV] lwpuk izkS|ksfxdh] lkbcj Økbe] gSfdax] foRrh; laLFkku] lekt vf/kfu;eA 

 

lanHkZ lwph %& 

1- lwpuk lapkj & MkW- izKk JhokLroA 

2- izfr;ksfxrk niZ.k & 2015 vijkf/kd ys[kA 

3- ehfM;k ys[ku vkSj i=dkfjrk & MkW- ;w-lh- xqIrkA 

4- lkbcj vijk/k & dkj.k ,oa pqukSfr;k jk’Vªh; laxks’Bh] Qjojh 2015 la{ksfidkA 

5- lwpuk izkS|ksfxdh vf/kfu;e 2000 

6- Information Technology Rules 2003 

7- World Economics forum Global Risk 2011 reports 
8- tkxj.kA 

9- ou bafM;k fganh lekpkj 2009 

10- vfues’k “kekZ & lkbcj lqj{kk eqn~ns orZeku Hkkjrh; lkbcj dkuwu vkSj mBk,a tkus okys dne & uoHkkjr jkbEl 

2022 
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Hkkjr esa jktuhfr dk vijk/khdj.k & dkj.k ,oa funku 

MkW-ds-,y-Vk.Msdj] izkpk;Z “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

Jh nhid dqekj ijxfugk] jftLVªkj “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

Jh v:.k dqekj pkS/kjh] dzhM+kf/kdkjh “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

 

 “kks/k lkjka”k %& 

 orZeku jktuhfr ;qx esa fo”o dk izR;sd ns”k vius ns”k dh jktuhfr esa vijk/khdj.k dks nwj djus gsrq 

iz;Ru”khy g aS] Hkkjr dh jktuhfr vius laØe.k dky ds nkSj ls xqtj jgh gSA Hkkjrh; Lora=rk vkanksyu ds nkSjku 

rkRdkyhu jktuhfrKksa us ns”k izse] R;kx ,oa lekt lsok dh ,d fe”kky dk;e dh FkhA izfl) fof/kosRrk ,oa iz[;kr 

jktuhfr fopkjd ukuk iky[khokyk us dgk fd eSa ugha lksprk fd Hkkjr o’kZ vius ikap gtkj o’kZ ds bfrgkl esa 

dHkh v/kksxfr dh ,slh fLFkfr esa igqapk gksxk ftl fLFkfr esa og vkt igqap xbZ gSA vkt Hkkjrh; jktuhfr ewY;ksa ds 

ladV vkSj uSfrdrk ds ckg~; fLFkfr ls xqtj jgh gS rFkk bl fLFkfr esa ns”k esa tks nSO;dkjh leL;k,a g aS] Hkkjrh; 

jktuhfr dk vijk/khdj.k Hkkjrh; jktuhfr esa Hkz’Vkpkj dk cksyckyk Hkkjrh; jktuhfr esa oa”kokn] tkfrokn] 

laiznk;okn] {ks=okn vkfn dk lekos”k ,slk ugha gS fd jktuhfr esa vijk/khdj.k dks jksdus ds iz;kl ugha fd, x,A 

laln ,oa fo/kku e.Myks ds }kjk izLrko Hkh ikl fd, x, gaS] fdarq laln vkSj jkT; fo/kku lHkkvksa esa loZlfEefr ls 

izLrko ikfjr dj nsus ek= ls vijk/khdj.k ds c<+rs gq, pj.kksa dks jksd ikuk laHko ugha gks ik;k gS] blds fy, Bksl 

jktuhfr bPNk “kfDr dh vko”;drk gksxhA jktuhfr [kqn ,d fnu HkqDr Hkksxh gksdj vijk/kh vkSj ekfQ;k ds paxqy 

ls eqDr gksus ds fy, NViVk,xhA  

 

izLrkouk %& 

jktuhfr vijk/khdj.k vkt ds lkoZtfud thou dh ,d egRoiw.kZ leL;k gSA jktuhfr vkSj vijk/k dk 

bruk xgjk laca/k dk;e gks x;k fd vijk/khdj.k dh fLFkfr dk iw.kZr;k var laHko ugha gS] ysfdu bls fu;af=r 

djuk Hkh t#jh gks x;k gS] rkfd ekuork dks bl nkokuy ls eqDr fd;k tk lds] gekjs ns”k us lSdM+ks o’kksZ ds 

i”pkr~ 1947 esa vaxzsth nklrk ls vktknh ikbZ FkhA vktknh ds le; ns”k ds leLr usrkvksa us xka/kh th ds jkejkT; 

ds LoIu dks lkdkj djus dk ladYi fd;k Fkk] ijarq orZeku esa Hkkjrh; jktuhfr dk vijk/khdj.k rhoz xfr ls c<+ 

jgk gS] bls ns[krs gq, dksbZ Hkh dg ldrk gS fd ge vius y{; ls HkVd pqds gaSA ns”k ds leLr ukxfjd viuk 

vkRe vkadyu djas vkSj iz;kl djsa fd ge tks uSfrd ewY; [kks pqds gSa mUgsa ge iqu% vkRe lk/k djsA ns”k esa lHkh 

vksj dkykcktkjh] fj”or[kksjh] Hkz’Vkpkj] tek[kksjh] tkrhokn o lkEiznkf;drk dk tgj QSy jgk gSA Hkkjr dh 

jktuhfr esa vijk/khd rRoksa dk izos'k ,d fnu esa ugha gqvk gS] Lora=rk ds i”pkr~ ftl rjg ls dqlhZ ds fy, 

thrksM+ la?k’kZ vkjEHk gqvk] lHkh ny viuk opZLo LFkkfir djus ds fy, lk/kuks dh ifo=rk] xka/khokn] n`f’Vdks.k dks 

udkjus yxs] mlls jktuhfr ,oa vijk/k ds xBtksM dks cukus esa vxz.kh Hkwfedk fuHkkbZA tkfrokn dks feVkus ds uke 

ij Hkh blh izfØ;k dks c<+kok feykA vko”;drk gS c<+rs gq, vkijkf/kd ds dkj.kksa dks [kkstus ,oa mlds funku 

<w<+us dhA loZizFke ge ikrs gSa fd gekjs ns”k dh pquko izfØ;k esa lq/kkj dh vko”;drk gSA gekjh Hkkjrh; jktuhfr 

esa /ku o “kfDr dk cksyckyk gSA ,d vkadyu ds vuqlkj 90 izfr”kr ls vf/kd gekjs usrkx.k ;k rks vR;kf/kd 

/kuk<+; ifjokjksa ls gksrs gSa vFkok mudk laca/k vijkf/kd rRoksa ls gksrk gSA 

vo/kkj.kk %& 

Hkkjr dks lSdM+kas o’kZ ds ckn 1947 dks vktknh fey ik;h Fkh] vktknh ds fy, leLr usrkvksa us iz;kl fd;k 

Fkk vkSj lHkh usrk ,d laxfBr jk’Vª cukuk pkgrs Fks] ftlesa Hkz’Vkpkj] dkykcktkjh] fj”or[kksjh] tkfrokn] 

lkEiznkf;drk] HkkbZ Hkrhtkokn dk tgj u QSys ,slk jk’Vª pkgrs FksA okLrfod vFkZ esa jktuhfrd lkekftd 

leL;kvksa dks gy djus dh ,d dyk vkSj foKku gSA leL;k,a ftUgas dsoy lkewfgd iz;klksa ds ek/;e ls gy fd;k 

tk ldrk gS] jktuhfr O;fDr;ks dh t#jrksa vkSj iz;klksa dks forfjr djus dh fof/k gS] fdarq blesa LokFkhZiwfrZ gsrq 

mRiUu vijk/kksa tks turk ds fy, vufgr fl) gksrs gaS] jktuhfr vijk/khdj.k dgykrs gaSA ge lHkh lkekftd izk.kh 

gaS vkSj lekt dk ,d fu;e gksrk gS] tc dksbZ izk.kh ;k O;fDr ,slk ÑR; djus yxs tks lekt ds fo#) gS ;k 

lekt ds fgr esa ugha gS] vijk/k dh Js.kh esa vkrk gS pkgs oks nq’deZ] gR;k] pksjh xyr rjhds ls /ku dekuk , slh 
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cgqr lkjs vijk/k gS vkSj ,sls yksx tks vijkf/kd i`’BHkwfe ls tqM tkrs gaS vkSj jktuhfr esa izos”k djrs gS a rks ;gh 

jktuhfr esa vijkf/kdj.k dgykrk gSA vijk/khdj.k “kCn jktuhfr esa vijkf/k;ksa dh c<+rh la[;k ekfQ;kvksa dh c<rh 

la[;k rFkk /kucy vkSj ckgqcy dk ?kksrd gSA bl izdkj ds yksxks dks jktuhfr esa ykus okyk gS dkSu] D;k jktuhfr 

ikfVZ;k ;k ge gSa tks bUgs oksV nsrs gSA ;g foMEcuk gS fd ftl ns”k esa egkRek xka/kh] pk.kD; tSls jktuhfrd gq, gS a 

ftUgksaus vafgalk] vkfLrdrk] lR; vkfn fl)karksa ij tksj fn;k] mlh ns”k esa vkt jktuhfr dk vijk/khdj.k fpark dk 

fo’k; cuk gqvk gSA  

jktuhfr dk vijk/khdj.k %& 

Hkkjr esa vijk/khdj.k dh tMs+a dkQh xgjh o iqjkuh gaSA izkphu Hkkjr esa jktra= ds vykok xqVra= ,oa 

x.kra= dk Hkh vfLrRo jgk gS] fdarq iz/kkurk jktra= dh FkhA jktra= fujadq”k u gks blfy, jktuhfr ij /keZ dk 

vadq”k FkkA izkphu Hkkjrh; jktuhfrd fparu esa jkT; dh ladYiuk lnthou ds L=ksr ,oa lk/ku ds #i esa dh xbZ 

gS] ;g rHkh laHko gS tc jktuhfr fueZy o LoPN gksA Hkkjrh; jktuhfr dks vijk/k vkSj vjktdrk ls cpkus ds 

fy, gekjs izkphu uhfr “kkL=ksa esa ;g O;oLFkk dj nh xbZ gS fd ;fn jktk vijk/kksUeq[k gks tk;s vkSj iztk ij 

vR;kpkj djus yxs rks iztk dks jkT; dk R;kx dj jktk dk o/k dj mlds vjktd vkpj.k ls Lo;a dks eqDr 

djuk pkfg,A orZeku le; esa /kwrZ] nq’V vkSj cnek”k vf/kdkf/kd la[;k esa jktuhfr esa izos”k ys jgs gS a] bldk dkj.k 

;g gS fd jktuhfr lcls “kh?kz vkSj lcls vf/kd ykHk ig aqpkus okyk O;olk; cu x;k gS vkSj ;g fopkj Hkh cy 

idM+ jgk gSa fd vkijkf/kd rkSj rjhds dks viukus esa fuiq.k O;fDr ds fy, vijk/k vkSj jktuhfr dks ,d lkFk 

viukdj lRrk esa ,d ds ckn nwljh lQyrk izkIr djuk ljy gksuk] dy tks vijk/kh Fks os vc jktuhfrK cu x;s 

gaSA jktuhfr esa vkus ds ckn Hkh muds vijkf/kd laidZ cus jgrs gSa rFkk vkijkf/kd rkSj rjhds NksM+ ugha ikrs ;k 

oLrqr% NksM+uk ugha pkgrs ifj.kker;k jktuhfr dk vijk/khdj.k gks tkrk gS blh rjg jktuhfr esa Hkz’Vkpkj gksus ds 

ifj.kke Lo#i vR;f/kd vijk/k gksus yxsA lRrk/kkjh jktuhfrd ny ds yksx HkkbZ Hkrhtkokn] tkfrokn vkSj xqVckth 

dks LokFkZo”k izksRlkgu nsrs gS a rks blls vuSfrdrk c<+rh gSA ?kwl[kksjh ,oa voS/kkfud rjhds ls buds }kjk dk;Z 

djok;k tkrk gS] ;s jktuhfr nycanh dh pje lhek esa Qaldj gR;k;s djrs vkSj djokrs gSA jktuhfr ds 

vijkf/kdj.k dk vFkZ jktuhfr esa vijkf/kd vkjksiksa dk lkeuk dj jgs yksxksa vkSj vijkf/k;ksa dh c<+rh Hkkxhnkjh ls 

gS] lkekU; vFkksZ esa ;g “kCn vkijkf/kd i`’BHkwfe okys yksxks a dk jktusrk vkSj izfrfuf/k ds #i esa pqus tkus dk ?kksrd 

gSA o’kZ 1993 esa cksgjk lfefr dh fjiksVZ vkSj o’kZ 2002 esa lafo/kku ds dkedkt dh leh{kk djus ds fy, jk’Vªh; 

vk;ksx (NCRWC) dh fjiksVZ us iqf’V dh gS] Hkkjrh; jktuhfr esa xaHkhj vijkf/kd i`’BHkwfe okys O;fDr;ksa dh 

la[;k c<+ jgh gS orZeku esa ,slh fLFkfr cu xbZ gS fd jktuhfrd nyks ds e/; bl ckr dh izfrLi)kZ gS fd fdl 

ny esa fdrus mEehnokj vkijkf/kd i`’VHkwfe ds g aS D;ksafd blls muds pquko thrus dh laHkkouk c<+ tkrh gSA 

us”kuy bysD”ku okap vkSj ,lksfl,”ku Qkj MseksØsfVd fjQkeZ esa (ADR) }kjk tkjh fjiksVZ ds vuqlkj tgka 

,d vksj o’kZ 2009 esa xaHkhj vkijkf/kd ekeyks a okys lkalnks dh la[;k 76 Fkh ogh 2019 esa c<dj 159 gks xbZ bl 

izdkj 2009 ls 2019 ds chp xaHkhj vkijkf/kd i`’BHkwfe okys lkalnks dh la[;k esa dqy 109 izfr”kr dh c<ksRrjh 

ns[kus dks feyhA fiNys yksdlHkk pqukoksa ds vkadM+ksa ij xkSj fd;k tk, rks fLFkfr ;g gS fd vkijkf/kd izo`fRr okys 

lkalnks dh la[;k esa o`f) gh gqbZ gS & mnkgj.k ds fy, 2004 esa ;g la[;k 128 Fkh tks 2009 esa 162 rFkk 2014 esa 

185 rFkk 2019 esa 233 gks xbZA 2014 ds yksdlHkk pquko ds vkadM+ksa ij xkSj djsa rks tkap ls irk pyrk gS fd 542 

fotsrkvksa esa 185 ¼34 izfr”kr½ fot;h mEehnokjksa ds fo#) vkijkf/kd ekeys ntZ Fks bu mEehnokjksa esa ls 112 

¼21%½ ij gR;k] gR;k ds izHkko] lkEiznkf;d fo}s’k] vigj.k efgykvksa ds fo#) vijk/k bR;kfn tSls xaHkhj 

vkijkf/kd ekeys ntZ FksA pquko esa ,d vkijkf/kd i`’BHkwfe okys mEehnokj ds fot;h gksus dh laHkkouk 13% Fkh] 

tcfd ,d LoPN Nfo okys mEehnokj ds thrus ds volj ek= 5 izfr”kr FksA  

tc ge 2005 ds pquko esa yM+us okys mEehnokjksa dh vijkf/kd xfrfof/k;ksa ds laca/k esa tkudkjh izkIr djrs gSa rks 

losZ{k.k ls ;g irk pyrk gS fd fofHkUu jktuhfrd nyksa ds mEehnokj rFkk muds fo:} vkijkf/kd ekeys vkSj bu 

vkijkf/kd Js.kh ds mEehnokjksa esa ls fdrus izfr'kr fot;h gksrs gSa mudk fooj.k fuEu rkfydk ls irk pyrk gS %& 

ny mEehnokj vkijkf/kd ekeys fotsrk izfr”kr~ 

jktnk 215 74 29 39.19 

turk ny ¼;w½ 138 56 24 42.86 

Hkktik 103 48 17 35.42 
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ykstik 178 60 11 18.33 

dkaxzsl 84 16 03 18.75 

lh-ih-vkbZ- 17 06 02 33.33 

,u-lh-ih- 31 10 02 20 

lh-ih-vkbZ-¼,e-,y-½ 104 48 02 4.17 

lh-ih-vkbZ-¼,e½ 12 07 01 14.29 

,Mhvkj vkSj U;w] nks xSj ljdkjh laxBuksa ds }kjk ,df=r dh xbZ tkudkjh vuqlkj yksdlHkk ds dqy 543 

lnL;ksa esa ls 162 lnL; ds fo:} vkijkf/kd ekeys ntZ gS tks dqy la[;k dk 30% gSA 14% lnL;ksa ds f[kykQ 

xaHkhj vkijkf/kd ekeys gSaA blh izdkj ns'k dh jkT; fo/kku lHkkvksa esa fo/kk;dksa dh dqy la[;k 4032 gS ftuesa 1258 

lnL; vkijkf/kd ekeyksa esa fyIr gSa tks fd ns'k ds dqy fo/kk;dksa dh la[;k dk  31% gSA mDr nksuksa NGO us 

losZ{k.k esa ;g Hkh ik;k fd 2009 dh yksdlHkk esa fot;h 543 lnL;ksa esa ls 450 ,sls lnL; gSa tks fofHkUu vkijkf/kd 

ekeyksa esa fyIr gSaA  

ns”k ds 5 jkT;ksa m-iz-] iatkc] mRrjk[k.M] xksok] ef.kiqj esa fofHkUu pj.kksa esa ernku izfØ;k vafre pj.kksa esa 

igqap pqdh gSA bu 5 jkT;ksa ds fo/kkulHkk pquko esa nkxh izR;kf”k;ksa ds laca/k esa ,lksfl,”ku Qkj MseksØsfVd fjQke Zl 

(ADR) us mu ikapksa pqukoh jkT;ksa ds dqy izR;kf”k;ksa dh ,d la;qDr fjiksVZ tkjh dh] ftlds eqrkfcd ikapksa jkT;ksa 

esa pquko yM+ jgs dqy 6874 izR;kf”k;ksa esa 1694 ,sls gSa ftu ij vijkf/kd eqdnesa ntZ gS a rFkk 1262 izR;kf”k;ksa ij 

xaHkhj vkjksi yxs gSaA losZ{k.k ls ;g Hkh Kkr gqvk fd m-iz- o xksok esa lokZf/kd 26 izfr”kr nkfx;ksa dks izR;k”kh 

cuk;k x;k gSaA ;fn ikfVZ;ksa dh ckr djsa rks f”kjkse.kh vdkyh ny us iatkc esa lcls T;knk 68 izfr”kr nkxh 

mEehnokj dks fVdV fn;kA bl ekeys esa f”kjkse.kh vdkyh ny lcls vkxs gSaA ogha lik 56 izfr”kr] vkjtsMh 51 

izfr”kr Øe”k% nwljs ,oa rhljs LFkku rFkk Hkktik 38 izfr”kr nkfx;ksa ds lkFk pkSFks uacj ij gSA blh izdkj nq’deZ 

,oa gR;k ds vkjksfi;ksa dks Hkh mRrjizns”k pquko esa fVdV nsdj izR;k”kh cuk;k x;k gSaA vdsys mRrjizns”k esa gh 37 

izR;k”kh ij gR;k dk dsl ntZ gS tcfd 159 ij gR;k ds iz;kl dk ekeyk py jgk gaSA 69 izR;kf”k;ksa ij efgykvksa 

ls tqM+s vijk/k esa “kkfey gksu dk vkjksi gSA ;g fLFkfr fuf'pr gh ns'k dh LoPN jktuhfrd ifjos'k ds fy, ?kkrd 

gSA lekt dk izR;sd rcdk ;gh pkgrk gS fd bl rjhds dh vkijkf/kd xfrfof/k;ksa ls lekt dks eqDr djus ds 

fy, Bksl dkuwu cuk;k tkuk pkfg,A 

 

jktuhfr esa vijkf/kdj.k ds dkj.k %& Hkkjr esa jktuhfr ds c<+rs vijk/khdj.k ds fy, vusd dkj.k ftEesnkj gSa] 

tSls Hkkjrh; jktuhfr esaa ckgqcy dk izHkko nh?kZdky ls jktuhfrd thou esa ,d egRoiw.kZ rF; cuk gqvk gSA vusd 

jktusrkvksa }kjk vius oksV cSad esa o`f} ds fy, vijkf/k;ksa ds ckgqcy dk mi;ksx fd;k tkrk gS ;s ckgqcy pqukoh 

xfrfof/k;ksa esa viuk izHkqRo dk;e j[kus /kucy miyC/k djkrs gS] ernkrk Hkh lkekU;r%  mEehnokj ds bfrgkl] 

mudh ;ksX;rk rFkk pfjf=d dh tkudkjh u j[krs gq, muds fo:} yafcr vkijkf/kd ekeys ds izfr Hkh tkx:d 

ugha gksrsA ns'k dh U;k; O;oLFkk dh nqcZyrk us Hkh vijk/k dks c<+kus esa egRoiw.kZ Hkwfedk fuHkkbZ gSA jktuhfrd nyksa 

dh xfrfof/k;ksa ij vadq'k yxkus] jk’Vªh; ,oa {ks=h; nyk a s ds ekeyksa esa fu/kkZfjr ekin.Mksa dk ikyu u djus ij 

mudh ekU;rk jn~n djus dk Hkh O;kid vHkko fo/kku esa gSA jktuhfrd nyksa dks feyus okys nku] lg;ksx vuqnku 

dh jkf'k dk dksbZ ys[kk tks[kk Hkh dHkh fujh{k.k ds fy, miyC/k ugha djk;k tkrkA jktuhfrd nyksa esa vkarfjd 

yksdra= fu;fer nyh; pquko] nyksa esa dk;ZdÙkkZvksa dh fu;qfDr] lekthdj.k] fodkl vkSj izf'k{k.k vuqla/kku] fparu 

,oa uhfr fu;kstu tSlh xfrfof/k;ksa dk Hkh vHkko izeq[k dkj.k ekuk tk ldrk gSA 

 Hkkjrh; jktuhfr esa c<+rs vijk/khdj.k dk dkj.k fo'o ds lcls cM+s yksdra= ftlesa vkt Hkh vijk/kh;ksa dk 

ncnck gksuk] pquko esa usrkvksa }kjk ekfQ;kvksa dk lgkjk ysuk mu yksxksa dks fVfdV nsuk ftudk vrhr tqeZ dh 

nqfu;k ls rkyqdkr j[krk gS] ,sls vusdksa mnkgj.k vkt gekjs lkeus gSaA ;fn ,slh i`’B Hkwfe ds yksx pqudj 

yksdlHkk fo/kkulHkk esa tk;saxs rks fuf'pr rkSj ij Hkz’Vkpkj ,oa vijk/khdj.k dks cy feysxkA yksdra= esas loksZPp 

lÙkk turk gS ogh jkt usrkvksa dks laln rd igqapus dh 'kfDr nsrh gS vFkkZr jktuhfr dh 'kfDr turk esa fufgr 

gSA vijk/khdj.k dk bfrgkl jgk gS fd bUgksaus Lo;a dks ftEesnkj crkus dh ctk, vkjksi dk lgkjk fy;kA jktusrk 

bldk ftEesnkj turk dks ekurs gSA turk ,sls jktusrkvksa o mudh ikfVZ;ksa dks /ku o vijk/k ds cy ij pquko 
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ftrkus okys usrkvksa dks turk gh ljdkj esa igaqpkus dk volj nsrh gSA jktuhfr esa ekfgj ;s f[kykM+h Lo;a ij vkap 

u vkus nsrs gq, lQsn iks'k dk lgkjk ysdj vius vlyh :Ik dks fNik nsrs gS a] ckgj ls turk ds lsod o budk 

nq’pfj= Hkhrj gh Hkhrj jktuhfr esa vijk/k dks tUe nsrk gSa jktuhfr esa vijkf/kdj.k dks c<+kok  

 

nsus ds fuEufyf[kr izeq[k dkj.k gS %& 

¼1-½ jk’Vªh; pfj= dk iru 

¼2-½ jk’Vªh;rk dh Hkkouk dk vHkko 

¼3-½ xjhch] vf'k{kk 

¼4-½ csjkstxkjh 

¼5-½ iqfyl jktuhfrKksa ukSdj'kkgks o vijkf/k;ksa ds e/; lkaB xkaB dk gksuk  

¼6-½ ckgjh rRoksa dk pqukoh jktuhfr ij izHkko 

¼7-½ U;kf;d iz.kkyh dk nks’kiw.kZ gksuk  

¼8-½ dkuwu dks izHkkoh rjhds ls ykxw u djuk 

¼9-½ turk }kjk vijkf/kd izo`fÙk ds usrkvksaa dks Lohdkj djuk 

¼10-½ /kucy  

¼11-½ ckgqcy 

¼12-½ HkkSfrdrkoknh izo`fÙk 

¼13-½ jktuhfrd nyksa esa lÙkk izkfIr dk ykylk 

¼14-½ nks’kiw.kZ fuoZpu iz.kkyh dk gksuk 

¼15-½ 'kklu dh {kerk ,oa xq.koÙkk esaa fxjkoV 

¼16-½ fu’i{k bZekunkj o jk’Vªfgrks ds izfr lefiZr usr`Ro dk vHkko 

Hkkjr esa jktuhfr esa vijk/khdj.k dks c<+kok nsus esaa ukxfjd lekt dk Hkh cjkcj dk ;ksxnku jgk gSA 

vDlj turk vijkf/k;ksa ds /ku vkSj ckgqcy ls izHkkfor gksdj fcuk tkap fd;s gh mUgsa oksV ns nsrk gSA  

 

jktuhfr esa vijk/khdj.k dk izHkko %& 

 ns”k dh jktuhfr vkSj dkuwu dk fuekZ.k izfØ;k esa vijkf/kd i`’BHkwfe okys yksxks a dh mifLFkfr dk yksdra= 

dh xq.koRrk ij udkjkRed izHkko iMrk gSA vijk/khdj.k ls pquko izfØ;k esa dkys/ku dk iz;ksx dkQh vf/kd c<+ 

tkrk gS] blds vfrfjDr ns”k dh U;kf;d izfØ;k ij Hkh foijhr izHkko ns[kus dks feyrk gSA vijkf/k;ks ds fo#) 

tkap ,oa dkuwuh izfØ;k dh xfr /kheh gks tkrh gS] ,sls vkijkf/kd izo`fRr ds jktuhfrd lkoZtfud thou esa 

Hkz’Vkpkj dks c<+kok nsrs gS] ftlls ukSdj”kkgh] dk;Zikfydk] fo/kkf;dk rFkk U;k; ikfydk lfgr vusd laLFkkvksa dh 

fu’i{k dk;Z iz.kkyh Hkh izHkkfor gks jgh gSA lekt esa fgalk dh laLÑfr dks izksRlkgu feyrk gS] ;g fLFkfr Hkkohtu 

izfrfuf/k;ksa ds fy, Hkh ,d xyr ijEijk izLrqr djrk gSA  

 

jktuhfr esa vijk/khdj.k jksdus ds mik; ,oa lq>ko %& 

 Hkkjrh; jktuhfr ls vijk/khdj.k dks nwj djus gsrq ;|fi ljdkj }kjk vusd dk;Z fd, tkrs jgs gSa fdarq 

blesa vk'kkrhr lQyrk ugha fey ikbZA pquko vk;ksx ,oa vU; laoS/kkfud o dkuwuh mik; gksus ds ckotwn vkt 

Hkkjrh; jktuhfr esa vijk/khdj.k c<+rs gh tk jgk gS bldk izeq[k dkj.k dqlhZ dh jktuhfr] tkfr dh jktuhfr ,oa 

vkfFkZd miktZu dh jktuhfr izeq[k gSA Hkkjrh; jktuhfr ls vijk/khdj.k dks nwj djus gsrq izeq[k lq>ko@mik; bl 

izdkj gSa %&  

1- ljdkj ds }kjk cukbZ xbZ dkuwuksa dk dBksjrk ls ikyu fd;k tk;sA 

2- Hkkjrh; jktuhfr esa ;qokvksa dk izos”khdj.k izf”k{kdh; rjhds ls fd;k tkosA 

3- jktuSfrd usr`Ro ds fy, f”k{kk dks Hkh vfuok;Z ;ksX;rk ds #i esa ykxw fd;k tk;sA 

4- pquko vk;ksx }kjk dBksjrk iwoZd pqukoh uhfr ,oa dkuwu dks ykxw fd;k tkuk vko”;d gksxkA 

5- tu tkx#drk ykbZ tk, rkfd jktuhfr ds mn~ns”; o t#jr dks lkekU;tu Hkh tku ldsA 
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6- ukSdj”kkgh dks lqizHkkoh cuk;k tk;s rkfd ljdkj ds izeq[k inks a ij ;ksX; O;fDr fu;qDr gks ldsA 

7- /kucy ds mi;ksx dks iw.kZrk izfrcaf/kr fd;k tk;s rFkk pquko izpkj iz.kkyh dks Hkh cnyk tk;sA  

Hkkjrh; jktuhfr esa c<+rs vijk/khdj.k dks jksdus dh vko”;drk gS blds fy, vijkf/kd dkuwu esa 

la”kks/ku fd;s tkus dh vko”;drk gS] ftlls dkuwu O;oLFkk dks vkSj Hkh vf/kd dBksj cukdj vijkf/kd i`’BHkwfe ds 

yksxks ds pquko yM+us ij izfrca/k yxk;k tkuk vko”;d gS] rkfd dksbZ O;fDr fdlh U;k;ky; ls ,d ckj nafMr gks 

tkus ds ckn pquko yM+us ds v;ksX; ?kksf’kr dj fn;k tk,A blds lkFk&lkFk turk dh tkx#drk Hkh t#jh gS 

ftlls vijkf/kd Nfo ds yksx u pqus] blds fy, Hkh tehuh Lrj ls vFkkZr~ fupys Lrj ls iz;kl fd;k tkuk pkfg,] 

vko”;d gS fd jktuhfr esa vijkf/k;ksa dh c<+rh la[;k ij jksd yxkus ds fy, dkuwuh <+kaps dks etcwr fd;k tk,] 

jktuhfrd nyksa dks viuk uSfrd nkf;Ro fuHkkrs gq, xaHkhj vijk/k esa nks’kh Bgjk, x, yksxka s dks ny esa “kkfey djus 

vkSj mUgas pquko yM+okus ls cpuk pkfg, rFkk tuizfrfuf/k;ksa ds f[kykQ ekeyksa esa Rofjr fujkdj.k gsrq loksZPp 

U;k;ky; }kjk fo”ks’k vnkyrksa dk xBu fd;k tk, rkfd vijkf/kd ekeyks dk fujkdj.k esa foyac u gks ldsA 

fu’d’kZ%& 

 fu’d’kZ #i esa ge dg ldrs gS a fd Hkkjr esa jktuhfr ds vijk/khdj.k ,oa Hkz’Vkpkj yksdra= dh tM+ks ij 

dqBkjk?kkr dj jgk gSA le; dh ekax dks ns[krs gq, vko';drk bl ckr dh gS fd Hkkjr esa jktuhfrd vijkf/k;ksa ls 

lacaf/kr ekeyksa ij 'kh?kzrk ls fopkj fd;k tkuk pkfg, blds fy, egRoiw.kZ laxBuksa ds rRoko/kku esa izcq) jk’VªHkDr 

jktuhfrKksa] cqf)thfo;kas] nk'kZfudksa f'k{kkfonksa] U;k;fonkas] ds U;k;'kkfL=;ksa vkSj i=dkjksa vkfn dks vkeaf=r dj bl 

ij [kqyk fopkj foe'kZ fd;k tk, rkfd ,d lqfuf'pr fu’d’kZ ij igqapk tk ldsA ;fn vHkh Hkh lHkh jktusrk viuh 

uSfrdrk vkSj dÙkZO;ksa dks le>as vkSj vey esa ykus dh dksf'k'k djsa rks bl jktuhfrd vijk/khdj.k dks ny&ny ls 

ckgj fudkyk tk ldrk gSA ;gh fLFkfr ns'k dh jktuhfr] vijk/khdj.k dh izo`fRr ls nwj lkQ&lqFkjh LoPN 

izHkkoksRiknd] fo'oluh; ,oa jk’Vªh; thou dks mUur'khy cukus okyh gksxhA 

lanHkZ lwph %& 

1- A.S. Narang Democracy Development and Distortion. 

2- Upendra Bakshi and Bhikhu Parikh – Crisis and change in contemporary India. 
3- dY;k.kh ds”kjokuh dk vkys[k jk;x<+ lans”kA 

4- e-iz- ds Lora=rk laxzke lSfud [k.M 3 Hkk’kk lapkyuky; laLÑr foHkkx] e-iz-A 

5- MkW- jke vkgwtk & vijk/k”kkL= feuk{kh izdk”ku] esjBA 

6- varjkZ’Vªh; jktuhfr ds ledkyhu eqn~ns lkfgR; Hkou ifCyds”ku] vkxjkA 

7- cktis;h MkW- lq’kek N-x- esa jktuSfrd lekthdj.k N-x- dh jktuSfrd] lkekftd] vkfFkZd O;oLFkk fo”okl 

uxj] ubZ fnYyhA 

8- jk’Vªh; 'kks/k laxks’Bh ¼la{ksfidk 2019½ & Hkkjr esa jktuhfrd vijk/khdj.k Lo:Ik ,oa funkuA 

9- if=dk 2014 

10- e-iz- lans'k 1984 

11- Dr. B.L.Phadia – Western Political Thought  
12- nSfud HkkLdj lekpkj i=] jk;iqjA 
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ßefgyk l”kfDrdj.k esa NRrhlx<+ Hkou ,oa vU; lfUuekZ.k deZdkj dY;k.k eaMy jk;iqj }kjk 

lapkfyr eq[;ea=h lk;dy lgk;rk ;kstuk& ,d v/;;u  

 

“kks/k funsZ’kd MkW- ds ,y- Vk.Msdj izkpk;Z ’kkldh; fnfXot; Lo’kklh; LukrdksRrj egkfo|ky; jktuaknxako 

ftyk&jktukanxkao ¼N-x-½ 

“kks/kkFkhZ Jhefr vafdrk “kekZ ¼okf.kT; ladk;½ ’kkldh; fnfXot; Lo’kklh; LukrdksRrj egkfo|ky; jktuaknxako 

     ftyk&jktukanxkao ¼N-x-½ 

 “kks/k dsUnz “kkldh; fnfXot; Lo”kklh; LukrdksRrj egkfo|ky; ftyk&jktuaknxako 

@@”kks/k&lkajk”k@@ 

izLrqr “kks/k i= esa NRrhlx<+ jkT; ds jktuaknxako ftys ds fo”ks’k lanHkZ esa efgyk l”kfDrdj.k esa NRrhxl<+ Hkou 

,oa vU; lfUuekZ.k deZdkj dY;k.k eaMy }kjk lapkfyr ;kstukvksa esa ls lcls egRoiw.kZ ;kstuk NRrhlx<+ eq[;ea=h 

lk;dy lgk;rk ;kstuk dk v/;;u fd;k x;k gS A orZeku esa NRrhlx<+ jkT; esa cgqr ls ,sls Jfed ifjokj 

fuokljr~ gS ftuds ikl dksbZ lk/ku miyC/k gksus ds dkj.k os vius dk;Z ls oafpr jg tkrs gS A Jfed ifjokj dh 

vkfFkZd fLFkfr lkekU; u gksus fd otg ls Jfed lk/ku ugh tqVk ikrs vkSj fu;r le; ij vius dk;ZLFky igqapus 

esa vleFkZ jgrs gSA blh leL;k dks /;ku esa j[krs gq, jkT; ljdkj }kjk bl ;kstuk dk “kqHkkajHk fd;k x;k gS 

ftlls dh Jfed oxZ dks lk;dy feyus ls Jfedks dks lk/ku ls dk;Z LFky tkus esa gksus okys [kpZ ls eqDrh feysxh 

Jfed lekt esa lq/kkj vk,xk rks lekt o xzke ds lkFk ftys dk Hkh fodkl gksxk  

 izLrqr “kks/k i= esa ;g Hkh Li’V fd;k x;k gS fd mDr ;kstuk ls jktukanxako ftys  esa ykHkkaofr fgrxzkfg;ks 

dks fdl nj ls ykHk izkIr gks jgk gSSA  

 

@@izLrkouk @@ 

Je foHkkx dk eq[; nkf;Ro fofHkUu Je vf/kfu;eksa ds ek/;e ls Jfedks ds vkfFkZd]”kkfjfjd ,oa lkekftd fgrks dk 

lja{k.k djuk gS A Jek;qDr laxBu }kjk Jfedks ,oa izca/ku ds e/; laketL; LFkkfir djrs gq, Jfed fgr ,oa 

vkS|ksfxd fodkl esa ;ksxnku fn;k tkrk gS A  

laxfBr Jfedks ,oa muds ifjokj ds fy, dY;k.kdkjh ;kstukvksa ds lapkyu gsrq Je dY;k.k eaMy Hkou ,oa vU; 

lfUuekZ.k esa yxs Jfedks ,oa muds ifjokj ds dY;k.k ds fy, Hkou ,oa vU; lfUuekZ.k deZdkj dY;k.k eaMy }kjk 

lkekftd lqj{kk eaMy dk xBu fd;k x;k gS bu eaMyks ds ek/;e ls Jfedks dh lkekftd] vkfFkZd ]”kkfjfjd 

lqj{kk gsrq ;kstuka, lapkfyr fd tkrh gS A 

Jfedks dh lkekftd lqj{kk ;kstukvksa esa ls eq[; ;kstuk eq[;ea=h lk;dy lgk;rk ;kstuk Hkh jkT; ljdkj }kjk 

lapkfyr dh xbZ gS ftlds rgr~ Jfedks ds vkfFkZd fgr dks /;ku esa j[krs gq, ,oa Jfedks dk dk;Z LFky rd 

igqapus gsrq lk;dy dh lqfo/kk iznk; djus dk fu.kZ; fy;k x;k gS ftlls dh Jfed oxZ fu;r le; ij vius 

dk;ZLFky ij igqap lds vkSj Jfed lekt esa lq/kkj gks ldsa A  

 

@@“kks/k v/;u ds mn~ns”;@@ 

fdlh Hkh “kks/k dk;Z esa lQyrk ds lkFkZd ifj.kke dks Kkr djus ds fy, ;g vR;ar vfuok;Z ,oa vko”;d gS fd 

izLrqr “kks/k dk;Z ds v/;;u esa mlds mn~ns”; fu/kkZfjr gks lds ftlds vk/kkj ij “kks/k dk;Z dks ,d ubZ fn”kk 

iznku dh tk lds  

1- eq[;ea=h lk;dy lgk;rk ;kstuk ls lacaf/kr leL;kvksa dk v/;;u djuk A  

2- jktukanxako ftys esa Jfedks ds fy, lapkfyr dh xbZ ;kstuk eq[;ea=h lk;dy lgk;rk ;kstuk ls {ks= fo”ks’k ds 

fodkl ij iMs ;ksxnku dk v/;;u djuk A  

3- Jfedks ds fy, lapkfyr dh xbZ ;kstukvksa esa lcls egRoiw.kZ ;kstuk dh egRrk ,oa dk;Z”khyrk ij izdk”k Mkyuk A  

4- Jfedks dks eq[;ea=h lk;dy lgk;rk ;kstuk dk ykHk izkIr djus gsrw izksRlkfgr djuk A  
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5- NRrhlx<+ jkT; ds jktuaknxkao ftys ds ,sls ifjokj ds ,sls Jfedks ftudh vkfFkZd fLFkfr Bhd ugh gksus ds dkj.k 

,oa dk;Z LFky dh nqjh vf/kd gksus dkj.k vius dk;Z ls oafpr jg tkrs gS ,sls Jfedks dkss eq[;ea=h lk;dy 

lgk;rk ;kstuk dh egRrk ,oa dk;Z”khyrk ls voxr djkuk A  

   @@{ks= dh “kks/k ifjdYiuk@@ 

fdlh Hkh “kks/k dk;Z dh ifjdYiuk vuqla/kku dk egRoiw.kZ pj.k ekuh tkrh gS “kks/k ifjdYiuk dks midYiuk] 

izkdYiuk ,oa iwoZ dYiuk vkfn ukeks ls lacksf/kr fd;k tkrk gS A fdlh Hkh vkfFkZd ,oa lkekftd iz?kVuk ds 

oSKkfud v/;;u esa vuqla/kkudrkZ ,d dne Hkh vkxs ugh c< ldrk tc rd dh og vius vuqla/kku dk;Z 

midYiuk ls izkjaHk u djsa A  

1- Jfedks ds fy, NRrhlx<+ Hkou ,ao vU; lfUuekZ.k deZdkj dY;k.k eaMy jk;iqj }kjk lapkfyr ;kstuk eq[;ea=h 

lk;dy lgk;rk ;kstuk xjhch js[kk ds uhps thou ;kiu djus okys ifjokj dh ,oa vkfFkZd fLFkfr ls detksj 

ifjokj dk lgk;rk iznku djus esa dkexkj fl) gksxhA  

2-  NRrhlx<+ jkT; }kjk Jfedks ds fy, lapkfyr eq[;ea=h lk;dy lgk;rk ;kstuk ls NRrhlx<+ jkT; ds Jfedks oxZ 

dh vkfFkZd fLFkfr dks izcy cukus esa fdl nj ls izHkkfor gks jgh gSA  

3- “kks/kkFkhZ dh rhljh ifjdYiuk ;g gS NRrhlx<+ ljdkj }kjk lapkfyr ;kstuk ls vuwlwfpr tutkfr] vuwlwfpr 

tkfr ] vU; fiNMk oxZ ,oa xjhch js[kk ds uhps thou ;kiu djus okys ifjokj dh Jfedks ds fy, eq[;ea=h 

lk;dy lgk;rk ;kstuk ds ek/;e ls fgxzkfg;ks dh la[;k dk vkadyu ,oa fo”ys’k.k djuk A  

@@“kks/k izfof/k@@ 

izLrqr “kks/k i= esa ;kstuk ij vk/kkfjr eq[; ;kstuk  eq[;ea=h lk;dy lgk;rk ;kstuk ij vk/kkfjr vkadMks dk 

ladyu jktuaknxkao ftys ds Je foHkkx ds eq[; dk;kZy; ls f}rh; lead }kjk fd;k x;k gS mu vkWdMks dk 

laxzg.k dj rkfydk ,oa xzkQ pkVZ ds ek/;e ls fo”ys’k.k djrs gq, “kks/k dk;Z fd;k x;k gSA 

@@“kks/k dk;Z dh lhekW,@@ 

1- dsoy NRrhlx<+ ds LFkk;h fuoklh gh eq[;ea=h lk;dy lgk;rk ;kstuk dk ykHk izkIr dj ldrs gSA 

2- NRrhlx<+ eq[;ea=h lk;dy lgk;rk ;kstuk ds varxZr efgyk Jfed dh vk;q 18 ls 35 o’kZ rFkk iq:’k Jfed dh 

vk;q 18 ls 50 o’kZ rd gksuh pkfg, A  

3- eq[;ea=h lk;dy lgk;rk ;kstuk dk ykHk dsoy mUgh Jfed ifjokj dks ns; gksxk ftUgksus NRrhlx<+ deZdkj 

dY;k.k eaMy ess 90 fnol iw.kZ dj fy;k gks A  

4- NRrhlx<+ ljdkj }kjk lapkfyr ;kstuk dk ykHk dsoy mUgh Jfed ifjokj dks fn;k tkosxk ftUgksus eq[;ea=h 

flykbZ e”khu lgk;rk ;kstuk dk ykHk u fy;k gks A  

 

@@ eq[;ea=h lk;dy lgk;rk ;kstuk dk ifjp;@@ 

 

NRrhlx<+ jkT; ,d fodkl”khy jkT; gS vDlj ;g ns[kk x;k gS fd NRrhlx<+ jkT; esa vusd ,sls Jfed ifjokj 

fuokljr~ gS ftudh vkfFkZd fLFkfr lgh u gksus ds dkj.k ifjokj dks vkfFkZd raxh dk lkeuk djuk iMrk gS Jfed 

ifjokj ds Jfedks dh vkfFkZd ,oa lkekftd fLFkfr detksj gksus dh otg ls Jfed vius vokxeu dk lk/ku tqVk 

ikus esa vleFkZ gks tkrs gS ,oa fu;r le; ij vius dk;Z LFky ij ugh igqap ikrs gS ftlds dkj.k mUgs vusd 

ijs”kkfu;ks dk lkeuk djuk iMrk gS blh leL;k ds funku ds fy, jkT; ljdkj }kjk o’kZ 2005 esa eq[;ea=h 

lk;dy lgk;rk ;kstuk dh “kq:vkr dh xbZ gS A bl ;kstuk ds rgr~ Jfed ifjokj dks izR;sd ifjokj esa ,d 

lk;dy iznku djus dk fu.kZ; fy;k x;k gS ftlls dh Jfed le; ij vius dk;Z LFky ij igqap dj vius dk;Z 

dks fu;fer :i ls dj lds ,oa mUgs vkokxe esa gksus okyh ijs”kkfu;ksa dk lkeuk djuk u iMs A  

 

eq[;ea=h lk;dy lgk;rk ;kstuk ,d utj esa %& 

foHkkx dk uke  Je foHkkx  

;kstuk dk uke  eq[;ea=h lk;dy lgk;rk ;kstuk  
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fdz;kUo;udrkZ Je foHkkx  

dk;Z {ks=  lEiw.kZ NRrhlx<+  

;kstuk dk mn~ns'; NRrhlx<+ ds Jfed oxZ dks lk;dy forj.k djuk ftlls dh fcuk 

fdlh ijs”kkuh dk lkeuk fd, fcuk vius dk;Z LFky ij ig q ap lds 

A  

ik=rk dh “krsZ  izR;sd ,sls iathd`r Jfed ifjokj ftUgksus Je foHkkx esa viuk de 

ls de 90 fnol dk dk;Zdky iw.kZ dj fy;k gks ,oa eq[;ea=h 

flykbZ e”khu ;kstuk dk ykHk izkIr u fd;k gks A 

 

eq[;ea=h lk;dy lgk;rk ;kstuk dk fo”ys’k.k rkfydk %& izFke 

o’kZ jktuaknxako ftys ds fodkl [k.M  

va-

pkSdh 

[kSjkx< xaMbZ  Mksxjx<+ Mksxjxako jktukanxako Nqfj;k eksgyk  

ekuiqj 

NqbZ[knku 

2017 0 0 0 0 0 1 0 0 0 

2018 19 3 2 147 52 1358 8 0 2 

2019 0 0 0 0 0 0 0 0 0 

2020 0 0 0 0 0 0 0 0 0 

2021 0 0 0 0 0 0 0 0 0 

dqy 19 3 2 147 52 1358 8 0 2 

rkfydk %& f}rh; %& 

dza- o’kZ ;kstuk dk uke ykHkkfUor fgrxzkfg;ksa dh la[;k 

1 2017 eq[;ea=h lk;dy lgk;rk ;kstuk 1 

2 2018 eq[;ea=h lk;dy lgk;rk ;kstuk 15]91 

3 2019 eq[;ea=h lk;dy lgk;rk ;kstuk 0 

4 2020 eq[;ea=h lk;dy lgk;rk ;kstuk 0 

5 2021 eq[;ea=h lk;dy lgk;rk ;kstuk 0 

;ksx 1]592 

jktuaknxako ftys esa NRrhlx<+ Hkou ,oa vU; lfUuekZ.k deZdkj dY;k.k eaMy jk;iqj }kjk lapkfyr ;kstukvksa esa ls 

izeq[k ;kstuk eq[;ea=h lk;dy lgk;rk ;kstuk esa ykHkkafor fgrxzkfg;ksa dh dqy la[;k fiNys 5 o’kZ 2017 

]2018]2019-2020] 2021 ds vkadMks ds ladyu ,oa fo”ys’k.k ds vk/kkj ij ik= fgxzkfg;ksa dh la[;k 1592 ik;h xbZ 

gSA  

ykHkkfUor fgrxzkfg;ksa dh la[;k esa deh ds dkj.k %& 

1- efgyk Jfedks dk eq[;ea=h flykbZ e”khu lgk;rk ;kstuk dk ykHk izkIr djus gsrq vR;kf/kd >qdko gksuk A 

2- djksuk dh otg ls yxkrkj etnwjks dk iyk;u gksrk jgk ftlls os vius fgrxzkgh iath;u dkMksZ dk uouhdj.k 

ugh djk ik;s ftl dkj.k mUgs bl ;kstuk dk ykHk ugh fey ik;k  A  

3- pquko ds le; esa eq[;ea=h lk;dy lgk;rk ;kstuk ds rgr lk;dy forj.k vR;kf/kd ek=k esa gksuk A  

 

 

 

 



Shodhasamhita : Journal of Fundamental & Comparative Research   
Vol. VIII, Issue-II, No.6 July – December: 2022  

ISSN: 2277-7067      

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek                                             Page | 144 

@@leL;k,Wa@@ 

1- xjhch js[kk ds uhps thou ;kiu djus okys Jfed ifjokj dh vkfFkZd fLFkfr dk detksj gksukA  

2- Jfed ifjokj dh vkfFkZd fLFkfr detksj gksus ds dkj.k dk;ZLFky ij igqapus gsrq vokxeu dk lk/ku u tqVk ikuk 

A  

3- Jfed ifjokj dk NRrhlx<+ jkT; ljdkj }kjk lapkfyr ;kstuvkssa dk ykHk izkIr djus gsrq tkx:d  u gksuk A  

 

 

 

@@lq>ko@@ 

1- vkfFkZd lkekftd Lrj ls detksj Jfed ifjokj ds vkfFkZd ,oa lkekftd fodkl gsrq jkT; ljdkj }kjk lapkfyr 

;kstuvksa dk ykHk izkIr djus gsrq Jfedks dks tkx:d fd;k tkuk pkfg,  

2- eq[;ea=h lk;dy lgk;rk ;kstuk vR;ar ykHkdkjh ;kstuk gS bl  ;kstuk dk ykHk izkIr dj Jfedks dks vius 

thou ds vkfFkZd] lkekftd ] ,oa “kkfjfjd Lrj ij lq/kkj fd;k tkuk pkfg,  

 

@@fu’d’kZ@@ 

  efgyk l”kfDrj.k esa NRrhlx<+ Hkou ,ao vU; lfUuekZ.k deZdkj dY;k.k eaMy jk;iqj }kjk lapkfyr ;kstukvkssa es 

ls lcls egRoiw.kZ ;kstuk eq[;ea=h lk;dy lgk;rk ;kstuk dk f}rh;d lead }kjk vkadMks dk ladyu dj mu 

vkWdMksa dk rqyukRed v/;;u ,oa fo”ys’k.k jktukanxako ftysa esa djus ds i”pkr~ ;g fu’d’kZ fudyrk gS fd 

eq[;ea=h lk;dy lgk;rk ;kstuk dk ykHk izkIr djus okys fgrxzkfg;kssa dh la[;k o’kZ 2018 esa vf/kdr~e jgh o’kZ 

2017 esa 01 jgh ,oa o’kZ 2019 ] 2020] 2021 esa izR;sd fodkl [k.M esa lk;dy lgk;rk ;kstuk dk YkkHk izkIr djus 

okys Jfedks dh la[;k “kqU; ikbZ xbZ A  

@@lanHkZ xzaFk lwph@@ 

1  ch-vkj-iksrnkj ,ao fxjh”k iVo/kZu Hkou vkSj vU; lfUuekZ.k deZdkj ¼fu;kstu rFkk lsok “krhZ dk fofu;e½ vf/kfu;e 

1996&2018  

2  MkW- vkj-,u f=osnh ,ao MkW-Mh-ih- “kqDyk fjlpZ eSFMksykWth&2001 A  

3  iz”kkldh; izfrosnu o’kZ 2020&21 Je foHkkx A 

4 iz”kkldh; izfrosnu o’kZ 2019&20 Je foHkkx A  

5 fxfj”k iVo/kZu& Hkou vkSj vU; lfUuekZ.k deZdkj ¼fu;kstu rFkk lsok “krksZ dk fofu;e½ vf/kfu;e] 1996 galjkt 

ck/kok ,.M dEiuh 2018     A 

6 iz”kkldh; izfrosnu NRrhlx<+ “kklu 2018&19 ¼;kstuk vkfFkZd ,oa lkaf[;dh; foHkkx½ 

7 NRrhlx<+ “kklu ,oa Je foHkkx A 

8 dq:{ks= ekfld if=dk jkstxkj fLFkfr tuojh 2021    A 

9 MkW nsosUnz iky flag rksej fjlpZ eSF;ksykWth rduhd rFkk midj.k&2015 
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^^iz/kkuea=h eqnzk ;kstuk varxZr f'kq'kyksu ds izn'kZu dk v/;;u** 

¼jktukanxkao ftys ds fo'ks"k lUnHkZ esa½ 

 

NUuh lkgw 'kks/kkFkhZ okf.kT; foHkkx 'kk-fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x-  

MkW- Vk.Msdj ds-,y-] 'kks/k funsZ'kd & izkpk;Z 'kk- fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x- Hkkjr 

MkW-HkkfV;k ,p-,l- lg&'kks/k funZs'kd & foHkkxk/;{k] 'kk- fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x- Hkkjr 

 

lkj%&  
  izLrqr 'kks/k&i= esa iz/kkuea=h eqnzk ;kstuk dk izn'kZu f'k'kq yksu ds fo'ks"k lUnHkZ esa fd;k x;k gSA 

iz/kkuea=h eqnzk ;kstuk m|fe;ksa ds fodkl ds fy, ,d cgqr gh egRoiw.kZ ;kstuk gSA ftl izdkj ljdkj us 

tu&/ku ;kstuk ds ek/;e ls fcuk cSad okyks dks cSad okyk cuk jgh gS] mlh izdkj ;g ;kstuk fcuk foRr okyks dks 

foRr okyk cukus dk dk;Z dj jgh gSA bl 'kks/k&i= dk mnns'; iz/kkuea=h eqnzk ;kstuk dh Hkwfedk] ykHk ,oa mlds 

izn'kZu dks mtkxj djuk gSA 
 

izLrkouk%& 
  Hkkjr ,d fodkl'khy ns'k gSA ;gkW dh vf/kdka'k tula[;k vius thfodk&miktZu ds fy, [ksrh ij 

fuHkZj jgrh gSA ijUrq gekjs ns'k esa ,sls Hkh yksx gS ftuds ikl vius thfodk&miktZu ds fy, [ksr Hkh ugha gSA ns'k 

ds ldy ?kjsyq mRikn dk vf/kdka'k Hkkx m|fe;ksa ds ek/;e ls gh vkrk gSA gekjs ns'k esa ,sls yk[kks m|e gS tks 

viathd`r gSA ,sls viathd`r m|eksa dks tc O;olk; esa o`f) djus ds fy, foRr dh vko';drk gksrh gS rc os cSadks 

ds ikl tkrs gS vkSj m|e viathd`r gksus ds dkj.k cSad mUgs _.k nsus esa vleFkZ gksrk fn[kkbZ nsrk gSA gekjs ns'k 

esa ,sls djksM+ks yksx gS] tks NksVs&eksVs O;olk; yxkdj viuk thou pyk jgs gSA ijUrq muds ikl lcls cM+h leL;k 

foRr dh gh gksrh gSA mUgs foRr dh vko';drk ds fy, LFkkuh; lkgwdkjksa ij fuHkZj jguk iM+rk gS A ;s lkgwdkj maph 

C;kt nj ij _.k nsrs gS] ftls pqdkuk fdlh O;olk;h ds fy, vklku ugha gksrk gS] ;fn O;olk; pyk rks Bhd ]ugh 

rksa ;fn O;olk; esa ?kkVs gksus yxs rks lkgwdkj ds _.kpdz esa Qal tkrs gS vkSj ;g _.k ih<+h&nj&ih<+h pyrk jgrk 

gSA bUgh lHkh mnns';ksa dh iwfrZ iz/kkuea=h eqnzk  ;kstuk djrk gSA ;g ;kstuk m|fe;ksa ds fy, ,d egRokdka{kh ;kstuk 

gSA ;g ;kstuk Loa; dk O;olk; [kksyus okys m|fe;ksa dks 50]000@&rd dk _.k miyC/k djk jgh gS rFkk tks 

O;olk;h vius LFkkfir O;olk; esa o`f) djuk pkgrh gS mUgs 50]000 ls 10]0000@& :i;s rd dk _.k miyC/k djk 

jgh gSA bl ;kstuk dh lcls egRoiw.kZ ckr ;g gS fd blds varxZr tks _.k iznku fd;k tkrk gS og fcuk fdlh 

izkslsflax 'kqYd o xkajVh ds iznku fd;k tkrk gSA 
 

eq[; 'kCn%& iz/kkuea=h eqnzk _.k ;kstuk] vkfFkZd fodkl] lkekftd fodk'k] jkstxkj]     m|eh] 

f'k'kq yksu] fd'kksj yksu] r:.k yksuA 
 

'kks/k v/;;u dk mn~ns';& 
  1- jktukanxkao ftys essa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu ysus    

 okys fgrxzkfg;ks dk izn'kZu  

  2- Hkkjr esa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu dk izn'kZu djukA 

  3- iz/kkuea=h eqnzk ;kstuk ds volj ,oa ykHk dks mtkxj djukA 

 

'kks/k ifjdYiuk%& 
 1- iz/kkuea=h eqnzk ;kstuk esa f'k'kq yksu ds fgrxzkfg;ksa dh la[;k vf/kd    

 gSA 
 2- jktuaknxkao ftys es iz/kkuea=h eqnzk _.k ;kstuk ds fdz;kUo;u ls     uhpys 

rcds ds yksxks ds vk; ,oa jkstxkj es o`f) gqbZ gSA 

 3- f'k'kq yksu uhpys rcds ds yksxks ds fy, lgk;d fl) gqbZ gSA 

 
'kks/k v/;;u dh izfof/k%& 
bl 'kks/k v/;;u esa jktukanxkao ftys ds yhM cSad ls iz/kkuea=h eqnzk ;kstuk ls lacaf)r vkdM+ks dks f}rh;d lead 

ds :i esa fy;k x;k gS rFkk vU; vkdM+s lacaf/kr laLFkk esa miyC/k vfHkys[kksa ls] okf"kZd izfrosnuksa ls] ctV fjiksVksZ 

ls]iz/kkuea=h eqnzk _.k ;kstuk dh iksVZy lkbZV ls] vf/kdkfjd osclkbZV ls izkIr fd;s x;s gSA 
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  mDr L=ksr ls izkIr tkudkfj;ksa dks ladfyr djus ds i'pkr mi;qZDr lkf[;dh izfof/k;ksa dk 

vko';drkuqlkj mi;ksax dj fo'ys"k.k fd;k x;k gSA  
 

iz/kkuea=h eqnzk ;kstuk dk ifjp;%& 

  iz/kkuea=h eqnzk ;kstuk dh 'kq:okr gekjs ns'k ds iz/kkuea=h Jh ujsUnz eksnh th ds }kjk 8 vizSy 2015 

dks dh x;h FkhA jk"Vªh; uewuk loZs{k.k laxBu ds losZ{k.k ¼2013½ ds vuqlkj ns'k esa yxHkx 5-77 djksM+ y?kq@lw{e 

bdkb;kW gSa] ftuesa yxHkx 12 djksM+ yksx dk;Zjr gSaA buesa ls T;knkrj LokfeRo&vk/kkfjr@ys[kk m|e gSA 60 izfr'kr 

ls vf/kd bdkb;ksa ds ekfyd vuqlwfpr tkfr] vuqlwfpr tutkfr vFkok fiNM+s oxZ ds yksx gSA bues ls vf/kdrj 

bdkb;kW vkSipkfjd cSafdax iz.kkyh ds nk;js ds ckgj gSA blfy, mUgs ;k rks vukSipkfjd L=ksrksa ls yksu ysus ds fy, 

ck/; gksuk iM+rk gS ;k vius lhfer /ku dk bLrseky djus ds fy,A eqnzk _.k ;kstuk bl vUrjky dks ikVus ds fy, 

cukbZ x;h gSA eqnzk _.k ;kstuk dk mn~ns'; igyh ih<+h dk m|eh cuus ds fy, bPNqd ;qokvksa rFkk viuh xfrfof/k;ksa 

dk foLrkj djus ds fy, ekStwnk y?kq O;olkf;;ksa ds eukscy esa o`f) djuk gSA bl ;kstuk dks rhu Hkkxksa f'k'kq yksu 

50000@&:i;s rd] fd'kksj yksu 50001@& ls 5]00000@& rd] r:.k yksu 500001@&  ls 10]00000@&rd esa 

oxhZd`r fd;k x;k gSA 

 gekjs ns'k eas bl ;kstuk dh 'kq:okr ls igys viuk [kqn dk O;olk; 'kq: djus ds fy, m|fe;ksa dks yksu 

ikus ds fy, cSadksa ds pDdj yxkus iM+rs Fks rFkk cgqr lh dfBukb;ksaa dk lkeuk djuk iM+rk Fkk] eqnzk ;kstuk ls igys 

rd NksVs  m|e ds fy, cSad ls yksu ysus esa dkQh vkSipkfjdrk,a iwjh djuh iM+rh Fkh] yksu ysus ds fy, xkajVh Hkh 

nsuh iM+rh Fkh] bl otg ls dbZ yksx m|e rks 'kq: djuk pkgrs Fks] ysfdu cSad ls yksu ysus ls drjkrs Fks] ysfdu 

iz/kkuea=h eqnzk _.k ;kstuk ds varxZr lHkh m|fe;ksa dks vklkuh ls 10 yk[k dk _.k fcuk fdlh xkajVh ds rFkk fcuk 

fdlh izkslsflax Qhl ds cSad }kjk feyrk gSA eqnzk _.k okf.kfT;d cSad] RBFS ] y?kq foRRk cSad] lgdkjh cSad MFI }kjk 

iznku fd;s tkrs gSA eqnzk _.k ds rgr dksbZ fuf'pr C;kt nj ugh gSA fofHkUUk cSad eqnzk _.k ds fy, vyx&vyx 

C;kt nj ysrh gSA eq[;r% C;kt nj 10 ls 12 izfr'kr gSA 

  ;kstuk ds varxZr ljdkj }kjk ekpZ 2021 rd 28-81 djksM+ ykHkkfFkZ;ksa dks 'kkfey fd;k gS rFkk vHkh 

rd 15-10 yk[k djksM+ :i;s ;kstuk ds varxZr vkacfVr fd;k x;k gS] ftlds ek/;e ls eq[;r% lekt ds fucZy oxksZ 

ds m/kkjdrkZ ykHkkfUor gq, gSA eqnzk ¼MUDRA½ ,d iqufoZRr laLFkku gSA eqnzk lh/ks lw{e m|fe;ksa@O;fDr;ksa dks m/kkj 

ugha nsrk gSA 

 eqnzk ¼MUDRA½;kfu ekbdzks ;wfuV~l MsoyiesaV ,aM fjQkbusal ,tsalh fyfeVsM lw{e bZdkbZ;ksa ds fodkl rFkk 

iqufoZRriks"k.k ls lacaf/kr xfrfof/k;ksa gsrq Hkkjr ljdkj }kjk xfBr ,d u;h laLFkk gSA bldh ?kks"k.kk ekuuh; foRrea=h 

th us foRrh; o"kZ 2016 dk ctV is'k djrs gq, dh FkhA eqnzk dk mn~ns'; xSj fuxfer y?kq O;olk; {ks= ¼NCSBS½ 

dks fuf/k@foRriks"k.k iznku djkuk gSA   

 

eqnzk yksu ds izdkj%& 

  iz/kkuea=h eqnzk ;kstuk ds rRoko/kku esa] eqnzk us mRikn@;kstuk,W cukbZ gSA ykHkkFkhZ dh lw{e bZdkbZ] 

m|eh ds fodkl] fodkl vkSj foRr iks"k.k dh t:jrksa ds pj.k dks n'kkZus ds fy, bls f'k'kq] fd'kksj ,oa r:.k uke 

fn;s gSA 

I - f'k'kq yksu&blds rgr mu yksxks dks yksu fn;k tkrk gS tks flQZ viuk O;olk; 'kq: dj jgs gS vkSj 

vkfFkZd enn dh ryk'k dj jgs gSA blds varxZr vf/kdre~ 50]000@&:i;s dk yksu fn;k tkrk gSA 5 o"kZ dh 

iquHkZqxrku vof/k ds lkFk bldh C;kt nj 10 ls 12 izfr'kr lykuk gSA 

II - fd'kksj yksu&;s yksu muds fy, gS ftudk O;olk; igys gh 'kq: gks pqdk gS] ysfdu vHkh rd LFkkfir ugh 

gqvk gSA blds rgr nh tkus okyh yksu dh jkf'k 50]000@& ls 5 yk[k :i;s ds chp gksrh gSA C;kt dh nj yksu 

nsus okyh laLFkk ds vk/kkj ij vyx&vyx gksrh gSA O;olk; dh ;kstuk ds lkFk&lkFk vkosnd dk dszfMV fjdkMZ 

C;kt nj r; djus esa egRoiw.kZ Hkwfedk vnk djrk gSA yksu Hkqxrku dh vof/k cSad }kjk r; dh tkrh gSA 
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III - r:.k yksu&;s mu yksxksa ds fy, gS] ftudk O;kikj LFkkfir gks pqdk gks vkSj mls c<+kus vkSj lEifRRk dh 

[kjhnh ds fy, /ku dh vko';drk gksrh gSA blesa yksu dh jkf'k 5 yk[k ls 10 yk[k ds chp gksrh gSA C;kt nj vkSj 

Hkqxrku dh vof/k ;kstuk vkosnd ds dzsfMV fjdkMZ ij vk/kkfjr gksrh gSA 

 

 bu lHkh eqnzk yksu dh C;kt njsa ,d cSad ls nwljs cSad es vyx&vyx gks ldrh gSA 

  ftl Hkh vkosnd dks eqnzk _.k ysuk gksrk gS og cSadks ls vFkok cSad dh fdlh Hkh 'kk[kk ls liadZ 

dj tkudkjh ysdj vkosnu Hkj ldrk gS vkSj fu;ekuqlkj cSadks dh lEiw.kZ dk;Zokgh mijkar vkosnu dk yksu ikl 

gksus ij muds [kkrs es yksu dh jkf'k forfjr dj nh tkrh gSA vkosnd fdlh Hkh izdkj ds 'kadk lek/kku ds fy, eqnzk 

ds uksMy ,atslh ls laidZ dj ldrk gSA 

 

 iz/kkuea=h eqnzk _.k ;kstuk ds varxZr fgrxzkfg;ksa dks foRr@fuf/k@ cSadks ds ek/;e ls fn;k tkrk gSA 

  fHkUUk&fHkUUk cSadks }kjk fgrxzkfg;ksa ds [kkrs [kksys x;s rFkk muds [kkrksa es yksu dk forj.k fd;k x;k 

ftUgs lkj.kh ds ek/;e ls crk;k x;k gSSA foRRkh; o"kZ 2016&2017 ls 2019&2020 rd dh f'k'kq yksu dh fLFkfr dks 

lkj.kh ds ek/;e ls crk;k x;k gSA bues f'k'kq yksu ds [kkrksa dh la[;k rFkk forj.k dh jkf'k gSA [kkrksa dh la[;k ds 

vk/kkj ij vuqeku yxk;k tk ldrk gS fd brus vf/kd la[;k esa f'k'kq yksu ds fgrxzkfg;ksa dks jkstxkj feyk gSA 

 

Hkkjr esa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu ds fgrxzkfg;ksa dk cSdokj izn'kZu 

TABLE-1 (Amount Rs. in Crore) 

FINANCIAL 

YEAR 

2016-2017 2017-2018 2018-2019 2019-2020 

    

BANKS 
No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Disburse-

ment 

Amt 

 

SBI and Associ-

ates 860165 1251.53 798577 1873.21 2114366 6113.25 3072304 9322.83 

 

Public Sector 

Commercial 

Banks 1934990 4385.45 1710815 4951.76 2083695 4254.94 2546364 4458.93 

 

Private Sector 

Commercial 

Banks 8420195 

24728.7

5 9402971 

27658.6

1 

1123413

8 34281.22 

1878071

2 57797.66 

 

Foreign Bank 0 0 0 0 0 0 0 0  

State Co-opera-

tive Banks 0 0 0 0 197 1 58 0.29 

 

Regional Rural 

Bank 926498 2762.59 808234 2792.66 765050 2651.32 721610 2336.07 

 

MFI 1129709 2105 1800974 1815.62 1879391 2357.41 2059118 3000.93  

NBFC-MFI 
2018249

6 

41606.2

6 

1949746

7 

44441.5

1 

2255554

2 56733.62 

1683231

2 49981.32 

 

NBFC 195092 440.24 1850286 5245.06 4463729 13281.26 4628174 17070.34  

Small Finance 

Banks 2848668 6612.05 6800471 

15449.6

1 6411330 19977.52 5849965 18844.85 

 

Total 
3649781

3 

83891.8

7 

4266979

5 

104228.

04 

5150743

8 

139651.5

4 

5449061

7 

162813.2

2 

 

Source: (http://www.mudra.org.in/) 
  bUgs xzkQ ds ek/;e ls vklkuh ls le>k tk ldrk gS fd dkSu lh cSad iz/kkuea=h eqnzk _.k ;kstuk 

vUrxZr lcls vf/kd yksu fgrxzkfg;ksa dks fn;s gS] ftlls vf/kd jkstxkj ,oa vk; dk l`tu gqvk gSA 
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 bl xzkQ dks ns[kus ls irk pyrk gS fd eqnzk _.k ;kstuk ds vUrxZr lcls vf/kd _.k xSj cSafdax foRRkh; 

daiuh&lw{e foRrh; laLFkku }kjk fgrxzkfg;ksa dks fn;k x;k gS] mlds i'pkr izkbZosV lsaDVj okf.kfT;d cSadksa us _.k 

fn;k gSA mlds i'pkr Leky Qk;usal casSd] rRi'pkr ifCyd lsDVj okf.kfT;d cSadksa us fgrxzkfg;ksa dks _.k fn;k gSA 

mlds i'pkr vU; cSads vkrh gSA 

TABLE-2 
f'k'kq yksu dk Hkkjr esa izn'kZu 

 (Amount Rs. in Crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 36497813 

 

42669795 51507438 54490617 

Disbursement 

Amt 

83891.87 104228.04 139651.54 162813.22 

Source: (http://www.mudra.org.in/) 

 
        vxj ge eqnzk yksu dk Hkkjr esa izn'kZu ns[ksaxs rks blls lkQ irk pyrk gS fd izR;sd foRrh; o"kZ esa 

dze'k% fgrxzkfg;ksa@m|fe;ksa ds [kkrksa dh la[;k esa o`f) gh gqbZ gS tks eqnzk ;kstuk dh lQyrk dks n'kkZrk gSA 
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     xzkQ ds ek/;e ls f'k'kq yksu dks uhys jax ls iznf'kZr fd;k x;k gSA xzkQ dks ns[kus ls Li"V irk pyrk gS fd 

Hkkjr esa esa f'k'kq yksu ds Lrj ij tks eq[;r% O;olk; izkjaHk djus ds fy, fy;k tkrk gS izR;sd foRrh; o"kZ esa dze'k% 

c<+rs dze esa gSA o"kZ 2019 esa dksjksuk dky gksus ds ckotwn bl o"kZ f'k'kq yksu esa dksbZ deh ugha vk;h gSA 

      blls lkQ irk pyrk gS fd eqnzk ;kstuk vius mnns';ksa dks iwjk djus esa lQy gqbZ gS D;ksfd [kkrks dh la[;k 

mu m|fe;ksa dh la[;k gS ftUgksus viuk u;k O;olk; izkjaHk fd;k gSA bl izdkj jkstxkj ds voljksa dh o`f) gqbZ gS] 

ftlls vk; dk l`tu gqvk gSA ftlls mudk vkfFkZd ,oa lkekftd fodkl gqvk gSA 

 

4-2   NRRkhlx<+ jkT; esaa iz/kkuea=h eqnzk ;kstuk vUrxZr f'k'kq yksu dh fLFkfr%& 

TABLE-5  

(Amount Rs. in crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 840480 871455 1078662 1115562 

Disbursement 

Amt 
1749.77 1938.4 

2670.54 3148.1 

Source: (http://www.mudra.org.in/) 

 
     NRRkhlx<+ esa iz/kkuea=h eqnzk ;kstuk Hkh lQy lkfcr gqbZ gSA bl lkj.kh esa foRrh; o"kZ 2016&2017 ls 2019&2020 

rd dk v/;;u djus ij irk pyrk gS fd ;gkW izR;sd foRRkh; o"kZ esa f'k'kq yksu esa m|fe;ksa ds [kkrks dh la[;k esa 

dze'k% c<+ksRrjh gh gqbZ gSA bl c<+ksRrjh dks xzkQ ds ek/;e ls vklkuh ls ns[k ldrs gSA 

Performance of PMMY in Chhattisgarh 

 
 blizdkj vxj NRrhlx<+ jkT; esa iz/kkuea=h eqnzk ;kstuk ds leadks dk fo'ys"k.k fd;k tk;s rks irk pyrk 

gS fd foRrh; o"kZ 2016&2017 ls 2019&2020 ds e/; iz/kkuea=h eqnzk _.k ;kstuk vUrxZr f'k'kq yksu ds [kkrks dh 

la[;k esa dze'k% o`f) gh gqbZ gSA 
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4-3   jktukanxkao ftys esaa iz/kkuea=h eqnzk ;kstuk dh fLFkfr%& 

TABLE-6 (Amount Rs. in crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 22072 29342 29955 32701 

Disbursement 

Amt 
9796 73.23 

81.5 101.96 

Source: (Lead Bank Rajnandgaon) 

 
 jktukanxkao esa vxj ge iz/kkuea=h eqnzk _.k ;kstuk vUrxZr f'k'kq yksu dh ckr djsa rks mijksDr lkj.kh esa 

ns[ksaxsa dh izR;sd foRrh; o"kZ 2016&2017 ls 2019&2020 rd dze'k% eqnzk yksu esa o`f) gh gqbZ gSA bls xzkQ ds ek/;e 

ls vkSj vf/kd ljyrk ls le>k tk ldrk gSA 

 
 xzkQ esa ge ns[k ldrs gS fd jktukanxako ftys esa Hkh f'k'kq yksu ds fgrxzkfg;ksa dh la[;k esa izR;sd o"kZ  dze'k% 

mPkakbZ Nw jgh gSA izR;sd o"kZ buesa o`f) gh gqbZ gSA ;s yksu uohu O;olk; [kksyus ds fy, fn;k tkrk gSA rkfd m|fe;ksa 

ds }kjk vius Lo;a dk m|ksax LFkkfir dj lds] ftlls muesa vkRefuHkZjrk dh Hkkouk dk fodkl gksrk gS blds lkFk 

gh jkstxkj dk l`tu gksrk gSA  fdlh Hkh ns'k esa jkstxkj dk l`tu gksus ls ogkW dh turk dh vk; Lor% l`ftr gks 

tkrh gSA muds jgu&lgu Lrj esa o`f) gksrh gSA os ,d vPNk thou thus yxrs gS] ftlls muds eu esa ,d vPNh 

Hkkouk dk tUe gksrk gSA 

 

leL;k,%a& 

1- vf'k{kk ,oa tkudkjh ds vkHkko esa cgqr ls yksx vHkh Hkh bl ;kstuk ds ykHk ls oafpr gSA 

2- iz/kkuea=h eqnzk ;kstuk ds varxZr ftu fgrxzkfg;ksa dks yksu fn;k tkrk gS og fcuk xkajVh ds gksrk gS] blfy, 

_.k jkf'k okil izkIr djus dh laHkkouk cgqr gh de gks tkrh gS] ftlds dkj.k cSad dk ,u-ih-,- cgqr c<+ jgh gSA 

3- xzkeh.k {ks=ks ds yksxks esa tkx:drk dk vHkko gSA 

 

fu"d"kZ%%&  

   Hkkjr tSls fodkl'khy ns'k esa tgkW csjkstxkjh ,oa xjhch ,d egRoiw.kZ leL;k gSa ogkW 

iz/kkuea=h eqnzk ;kstuk ,d xse psatj ;kstuk lkfcr gks ldrh gSA ;fn bl ;kstuk dks Bhd izdkj ls ykxw fd;k tk;s 
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rks ;g ;kstuk gekjs ns'k ds fodkl ds fy, ,oa fgrxzkfg;ksa ds lkekftd] vkfFkZd thou Lrj dks lq/kkjus esa lQy 

lkfcr gks ldrk gSA ;g ;kstuk [kkl dj uhpys rcds ds yksxks ds fy, egRokdka{kh ;kstuk gSA 

 

lq>ko%& 

1- bl ;kstuk dh tkudkjh vf/kd ls vf/kd yksxks dks gks lds bl gsrq izpkj&izlkj fd;k tkuk pkfg,A 

2- xzkeh.k {ks=ks esa fdlh dk;Zdze ds tjh;s bl ;kstuk ds ykHk ds ckjs esa crk;k tkuk pkfg,A 

3- pwafd bl ;kstuk varxZr tks yksu fn;k tkrk gS og fcuk fdlh xkajVh ds fn;k tkrk gS] bl dkj.k vf/kdka'k 

yksu ;g lkspdj yksu ugha pqdkrs dh ]muds yksu uk pqdkus ls ljdkj mudh yksu jkf'k dks ekQ dj nsaxk] ijUrq ;g 

lgh ugha gS ,slk djus ls fgrxzkfg;ksa dks gh gkfu gksrh gS bl gsrq Hkh mUgs tkx:d fd;k tkuk pkfg,A 

 

lUnHkZ xzUFk lwph& 

1- https://www.mudra.org.in dh iksVZy lkbZV 

2- https://rajnandgaon.nic.in/ 

3- ;kstuk if=dk o"kZ 2015 ls 2021 rd dk 

4- dq:{ks= if=dk o"kZ 2015 ls 2021 rd dk 

5- https://www.cg.gov.in dh lkbZV 

6- MkW0Mh0,u-JhokLro vuqla/kku fof/k;kW lkfgR; izdk'ku] vkxjk 

7 eqnzk ;kstuk dh okf"kZd izfrosnu 2015 ls 2021 rd 

8- ftyk lkf[;dh iqfLrdk 2018 

9- eksgEen 'kkfgn ,oa eksgEen bj'kkn A Descriptive Study on Pradhan Manthri Mudra  

 Yojana (PMMY) ( International Journal of Latest Trends   in Engineering and 

 Technology Special Issue SACAIM 2016) 
10-   MkW-;ksxs'k Mh-egktu (International journal of Advance and Innovation Volume 6, Issue 2(XVII) April-

June,2019 

11 rksju yky oekZ (April 2019 JETIR Volume 6 Issue 4) 

12- HkkLdj fc'okl(Parikalpana-KIIT Journal of Management Vol.15, Dec.  2019) 

13- foRrh; o"kZ 2015&2016 ls 2018&2019 rd dk ctV Hkk"k.k uksMy ea=ky;  foRrh; lsok,a foHkkx 
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  



Juni Khyat                                                                                                                               ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                  Vol-12 Issue-02 No.01 February 2022 

Page | 105                                                                                                    Copyright @ 2022 Author 

 
 

 

N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 
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Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd 

fodkl esa  ;ksxnku ¼NRrhlx<+ ds jktukanxkWo uxj fuxe {ks= ds fo”ks’k lanHkZ esa½ 

                                 

jkfxuh “kks/kkFkhZ lgk;d izk/;kid¼okf.kT;½ “kk- fnfXot; Lo”kklh LukrdksRrj egkfo|ky; jktukanxkWo N-x- Hkkjr 

MkW- Vk.Msdj ds-,y- “kks/k funsZ”kd izkpk;Z “kk-fnfXot; Lo”kklh LukrdksRrj egkfo|ky; ftyk jktukanxkWo N-x- 

MkW HkkfV;k ,p- ,l- lg “kks/k funsZ”kd foHkkxk/;{k “kk-fnfXot; Lo”kklh egk-jktukanxkWo N-x- Hkkjr 

                                                                           

1-“kks/k lkj %&    

      jkT; ds ukxfjdksa dksa jkstxkj dh lqfo/kk iznku djus ds fy, jkT; “kklu }kjk egRokdka{kh ;kstukvksa dks iw.kZ 

djus ds fy, O;kolkf;d ifj;kstuk dh “kq:vkr dh xbZA bl ;kstuk dk fdz;koU;u jkT; Lrj ij NRrhlx<+ x`g 

fuekZ.k eaMy }kjk fd;k tk jgk gS bl ifj;kstuk ds varxZr izR;sd fgrxzkfg;ksa dks de dher ij O;kolkf;d 

ifjlj iznku fd;k tkrk gSA orZeku esa eaMy }kjk jkT; esa yxHkx 2000-00 O;kolkf;d ifjljksa dk fuekZ.k  fd;k 

tk pqdk gSA bl ;kstuk es yxHkx 200000-00 ls 9000000-00 :- rd O;kolkfld ifjlj dk ewY; fu/kkZfjr fd;k 

x;k gSA bl ;kstuk esa Hkouksa ds dz; gsrq HkkM+k dz; ;kstuk ds ek/;e ls fdLr Hkqxrku dh lqfo/kk 10@15 o’kksZ rd 

iznku dh tk jgh gS blds }kjk fuEu vk; Lrj ds  ukxfjdksa dks O;kolkf;d ifjlj dh lqfo/kk iznku dh tk jgh 

gSA bl ;kstuk ds ek/;e ls fgrxzkfg;ksa dks jkstxkj dh izkfIr gksrh gS ftlls fgrxzkfg;ksa dk vkfFkZd ,oa lkekftd 

fodkl gksrk gSA 

2-eq[; “kCn %& 

   O;kolkf;d ifjlj] jkstxkj] lkekftd ,oa vkfFkZd fodkl ] ;kstuk dk fdz;kUo;u  ]NRrhlx<+ x`g fuekZ.k 

eaMy 

 3-izLrkouk%& 

     izkphu dky esa ekuo viuh vko”;drkvksa dks iw.kZ djus ds fy, f”kdkj ,oa vk[ksV fd;k djrk Fkk rr~i”pkr~ 

/khjs /khjs le; esa ifjorZu gqvk ,oa o.kksZ a ds vk/kkj ij dk;Z dk foHkktu gksus yxk orZeku esa Hkh viuh vko”;drkvksa 

ds fy, ekuo jkstxkj dh ryk”k djrk gS ;k O;olk; djrk gSA orZeku esa izeq[k leL;k jkstxkj ,oa O;olk; dh 

leL;k gSA jkstxkj ls vk”k; gS vkthfodk vFkkZr thou ;kiu ds fy, vFkkZr Hkkstu] oL=] vkokl]fpfdRlk]f”k{kk 

vkfn ij [kpZ djus ds fy, vko”;d /ku vtZu gsrq fu;fer :i ls fd;k tkus okyk dke ,oa O;olk; ls vk”k; 

gS] ,d ,slk dk;Z ftlesa /ku ds cnys oLrqvksa vFkok lsokvks dk mRiknu] fodz; vkSj fofue; ls gSA ;g fu;fer 

:i ls fd;k tkrk gS rFkk ykHk dekus ds mns”; ls fd;k tkrk gSA [kuu] mRiknu] O;ikj] ifjogu] HkaMkj.k] cSafdx 

rFkk chek vkfn fdz;kvksa ls gSA ekuo thou esa O;olk; ,oa jkstxkj dk vR;f/kd egRo gSa] mUgsa jkstxkj ,oa 

O;olk; ls vkthfodk dh izkfIr gksrh gS ,oa ekuo dh vko”;drkvksa dh iwfrZ Hkh jkstxkj ,oa O;olk; ds ek/;e ls 

gksrh gSA  

          Hkw&laink ds {ks= esa egRoiw.kZ Hkwfedk fuHkkus ds fy, ,oa xq.korkiw.kZ fdQk;rh vkokl dh miyC/krk 

lqfuf”pr djus ds fy, Þ lcds fy, vkokl ß dFku ds lkFk NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk NRrhlx<+ 

x`g fuekZ.k eaMy vf/kfu;e 1972 ds rgr ¼no 3 of 1973½ 2000 dksa gqvk rRi”pkr~ vf/klwpuk dzekad 

177@3236@32@2003 fnukad 12-02-2004 esa iquxZBu fd;k x;kA 

   NRrhlx<+ x`g fuekZ.k eaMy fuxfer fudk; gSA tks vkokl ,oa i;kZoj.k foHkkx ds varxZr vkrk gSA eaMy esa 1 

v/;{k gksrk gS tks fo/kkulHkk dk lnL; ] 1 vk;qDr tks vkbZ-,-,l-laoxZ dk gksrk 3 vij vk;qDr gksrs gaSA tks 

vk;qDr ds v/khu dk;Z djrs gS budk eq[;ky; uok jk;iqj gSA lfdZy Lrj ij mik;qDr gksrk gS ftlds v/khu 

dk;Zikyu vfHk;ark gksrs gSa dk;Zikyu vfHk;ark ftyk Lrj  dk izeq[k gksrk gS ftuds v/khu deZpkjh dk;Zj~r gksrs gSaA 

orZeku esa izFke@f}rh;@r`rh;@prqFkZ Js.kh ds dqy 646 vf/kdkjh@deZpkjh dk;Zj~r gSA 
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NRrhlx<+ “kklu dh O;olk; gsrq ifjlj fuekZ.k djus ,oa vkokl dh uhfr;ksa ykxq djus okyh ;g izeq[k laLFkk gSaA 

NRrhlx<+ x`g fuekZ.k eaMy ,d Lok;Rr; laLFkk gSaA lhfer lk/kuksa ds lkFk bldh LFkkiuk dh xbZ FkhA ijUrq dqN 

gh le; esa eaMy izxfr ds lksikuksa dh vksj vxzlj gSA eaMy us fofHkUu ;kstukvksa ds ek/;e ls fgrxzkfg;ksa dks 

larq’V fd;k gS ,oa fdQk;rh nj ij vkokl ,oa O;olkf;d ifjlj miyC/k djk;k tkrk gSA   

       NRrhlx<+ x`g fuekZ.k eaMy }kjk E. W. S.,oa  L.I.G. oxksZa ds ukxfjdksa fdQk;rh nj ij vkokl ,oa 

O;kolkf;d ifjlj miyC/krk lqfuf”pr dkjkus dh izkFkfedrk gS rFkk eaMy }kjk vVy vkokl ;kstuk] vVy fogkj 

;kstuk ]nhun;ky vkokl ;kstuk esa fofHkUu lqfo/kkvksa ds lkFk vkokl ,oa O;olk; gsrq O;kolkf;d ifj;kstuk ds 

ek/;e ls O;kolkf;d ifjlj miyC/k djk;k tkrk gSA bu ;kstukvksa ds fy, eaMy dks jk’Vªh; Lrj ij lEekfur 

fd;k tk pqdk gSaA bl laca/k esa NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk dk izeq[k mn~ns”; gS%&  

1-csjkstxkj ifjokjksa dks vu qnku ds i”pkr~ de nj ij izkFkfedrk ds vk/kkj ij O;kolkf;d ifjlj dh lqfo/kk 

lqfuf”pr djukA 

2-jkT; ds O;olk; ,oa jkstxkj dh lqfo/kk lqjf{kr djus ds fy, izsfjr djukA 

3-jkT; esa O;kolkf;d xfrfof/k;ksa ds e/; dh vuko”;d iz”kklfud ,oa dkuwuh ck/kkvksa dks nwj djukA 

4-jkT; dh {ks=h; laLFkku ,oa ifCyd izkbosV ikVZujf”ki ]v/nZ futh laLFkkvksa Hkouksa esa fofu;ksx ds fy, lfdz; 

djuk ,oa izksRlkfgr djuk A 

 

4 “kks/k v/;;u dk mn~ns”; %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk v/;;u djukA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk  fgrxzkfg;ksa rd igwWp dh lqfuf”prrk dk v/;;u 

djukA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fofHkUu {ks= esa ;ksxnku dk v/;;u djukA 

4-fgrxzkfg;ksa ds vkfFkZd fodkl ,oa lkekftd fodkl esa NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk ds 

;ksxnku dk v/;;u djukA 

 

5-“kks/k dh ifjdYiuk %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkfld ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku 

gSaA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dh igWwap fofHkUu oxksZ rd gSA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk fdz;kUo;u ,oa eaMy dh fLFkfr lq}<+ djus esa NRrhlx<+ x`g 

fuekZ.k eaMy laHkkx jktukanxkao dk egRoiw.kZ ;ksxnku gSA 

 

6-“kks/k izfof/k%& 

    bl “kks/k i= esa izkFkfed vkdM+ksa ds fy, fgrxzkfg;ksa ls laidZ fd;k x;k ,oa f}rh;d vkdM+ksa ds :i esa 

fooj.kkRed i)fr dk mi;ksx fd;k x;k gSA NRrhlx<+ fuekZ.k eaMy dh foHkkxh; osclkbV ,oa NRrhlx<+ x`g 

v/;{k

vk;qDr

vijvk;qDr

dk;Zikyu 

vfHk;ark ftyk 

Lrj dk izeq[k 

tks mik;qDr ds 

v/khu dk;Z djrk 

gSA 

mik;qDr 



Juni Khyat                                                                                                                               ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                  Vol-12 Issue-02 No.01 February 2022 

Page | 90                                                                                                    Copyright @ 2022 Author 

fuekZ.k eaMy ftyk jktukanxkWo ls fofHkUu lwpuk i= ,oa if=dkvksa ds ek/;e ls f}rh;d vkdM+ksa dk ladyu fd;k 

x;k gSA 

 

7-O;kolkf;d ifj;kstuk %& 

  NRrhlx<+ jkT; “kklu }kjk izofrZr fuEu vk; oxZ ¼,y-vkbZ-th-½ Js.kh ds fgrxzkfg;ksa gsrq bl ifj;kstuk esa 

O;kolkf;d ifjlj dk fuekZ.k fd;k tkrk gSA “kklu ds }kjk fj;k;rh nj ij Hkwfe miyC/k djk;h tkrh gSA ;kstuk 

LFky dh miyC/krk rFkk vko”;drkuqlkj Lora= vFkok cgqeafty s ifjljksa dk fuekZ.k fd;k tkrk gSA ifjljksa dk 

vkcaVu ftyk dysDVj dh v/;{krk esa xfBr lfefr ds ek/;e ls fd;k tkrk gSA jktukanxkWo ftys es mDr ;kstuk 

U;w cl LVS.M ifjlj] xksy cktkj] th-bZ jksM esa fdz;kfUor dh tk pqdh gS]mDr ifj;kstuk esa fgrxzkfg;ksa dks de 

dher ij O;kolkf;d ifjlj iznku fd;k tk jgk gSA 

1-O;kolkf;d ifjlj ifj;kstuk u;k cl LVS.M ifjlj 

2-O;kolkf;d ifjlj ifj;kstuk xksy cktkj 

3-O;kolkf;d ifjlj ifj;kstuk th-bZ-jksM 

 

O;kolkf;d ifjlj ifj;kstuk varxZr fufeZr ,oa fofdzr ifjlj dh la[;k %& 

ifj;kstuk dk uke  ifjlj dk uke fufeZr ifjljksa dh 

la[;k 

fofdzr ifjljksa dh la[;k  

O;kolkf;d ifj;kstuk Uk;k cl LVSaM ifjlj 60 56 

O;kolkf;d ifj;kstuk th-bZ- jksM ifjlj 32 24 

O;kolkf;d ifj;kstuk xksy cktkj ifjlj 34 34 

      

O;kolkf;d ifjlj ifj;kstuk jktukanxkWo esa fufeZr ,oa fofdzr Hkouksa dh la[;k 

  

u;k cl LVSaM esa fufeZr ifjljksa dh la[;k 60 ,oa fofdzr ifjljksa dh la[;k 56 th-bZ- jksM esa 32 ,oa 24 xksy cktkj 

esa 34 ,oa 34 gSA 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 
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O;kolkf;d ifj;kstuk avarxZr fgrxzkfg;ksa dh la[;k 

dzekad O;kolkf;d ifjlj dk uke fgrxzkfg;ksa dh la[;k 

 1- u;k cl LVSaM ifjlj                 56 

 2-         th-bZ- jksM ifjlj 24 

 3- xksy cktkj ifjlj 34 

 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

O;kolkf;d ifj;kstuk u;k cl LVSaM esa fgrxzkfg;ksa dh la[;k 56] th-bZ- jksM esa 24] xksy cktkj esa 34 gSA 

  ¼L=ksr %& f}rh; L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

8- NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa   lkekftd fodkl esa 

;ksxnku dk fo”ys’k.kkRed v/;;u%& 

      izkFkfed vkdM+ksa ds fy, iz”ukoyh ds ek/;e ls vkdM+ksa dk ladyu fd;k x;k izkIr vkdM+ksa ds vk/kkj ij 

fo”ys’k.kkRed v/;;u fuEu gS%& 

fgrxzkfg;ksa dh la[;k %& 103 

  dz-            fooj.k  oxZ  gkW ugha rVLFk 

  01- 

 

  02- 

 

  03- 

 

O;kolkf;d ifjlj dz; djus ls foRrh; fLFkfr 

lq}<+ gqbZA 
 

O;kolkf;d ifjlj dz; djus ls jkstxkj dh izkfIr 

gqbZA 
 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk izkIr gqbZA 
 

 v 

 

 c 

 

 l 

 

  64 
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  04 

 

  05-- 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk ls vkidh vk; esa cpr gqbZA 
 

D;k vki N-x- x`g fuekZ.k eaMy dh dk;Ziz.kkyh ls 

larq’V gSA 

 n 

 

 b 

  54 

 

   53 

  33 

 

  37 

 16 

 

13 

 ¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

       

¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

mi;ZqDr fo”ys’k.k ls Li’V gS]fd O;kolkf;d ifjlj dz; djus ls fgrxzkfg;ksa ds vk;]jkstxkj  

thou Lrj esa o`f/n gqbZ gSA ftlls }f’Vxkspj gksrk gS fd NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk 

fgrxzkfg;ksa ds vkfFkZd ,oa  lkekftd fodkl esa ;ksxnku gSA 

 

9-NRrhlx<+ fuekZ.k eaMy dh O;olkf;d ifj;kstuk ds fdz;kUo;u dh izeq[k leL;k,%& 

9-1 ;kstukvksa dh fgrxzkfg;ksa rd igwWp ,oa izpkj izlkj dh leL;k%& 

   NRrhlx<+ fuekZ.k eaMy dh ;kstukvksa ds izpkj izlkj ds vHkko ds dkj.k t:jrean fgrxzkfg;ksa rd ;kstuk dk 

igWwp lqfuf”pr ugha gksrk gS ftlls ;kstuk ds fdz;kUo;u esa leL;k gksrh gSA 

9-2 ladqfpr ,oa nqjLFk {ks= esa ;kstuk dk fdz;kUo;u%& 

    eaMy }kjk fufeZr ;kstuk dk {ks= ladqfpr gksrk gS ,oa ftruh Hkh ;kstuk,a fufeZr dh tkrh gSA og “kgj ls 

nwjLFk {ks= esa gksrh gSA ftlls O;kolkf;d ifklj ds fodz; es leL;k gksrh gSA 

 9-3 “kklu }kjk vuqnku ,oa iWwth dh leL;k%& 

        “kklu }kjk eaMy dks fgrxzkfg;ksa dks vuqnku ,oa Hkwfe ds vfrfjDr dksbZ NqV ugha nh tkrh gS ,oa eaMy esa 

iwWth dh leL;k jgrh gS ftlls uohu ;kstuk fufeZr djus esa leL;k gksrh gSA 

9-4 vR;f/kd vkSipkfjdrk,a%& 

     eaMy dh ;kstuk ds izkjaHk esa izfdz;k iw.kZ djus esa vR;f/kd vkSipkfdrk,a gksrh gS ,oa fgrxzkfg;ksa dks uohu 

ifklj dz; djus esa Hkh vR;f/kd vkSipkfjdrk dks iw.kZ dkjuk gksrk ifj.kkeLo:i ifj;kstuk ds fdz;kUo;u esa leL;k 

gksrh gS   

 

10 lq>ko ,oa fu’d’kZ%& 

 10-1 lq>ko %& 

1-;kstuk izpkj izlkj %& 
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  ;kstukvksa dh fgrxzkfg;ksa rd igqWp lqfuf”pr djus ds fy, foKkiu ,oa vU; ek/;e ls ;kstuk dk izpkj izlkj 

fd;k tkuk pkfg,A 

 

2-foLr`r ,oa fudV {ks= esa ifjlj dk fuekZ.k%& 

    O;kolkf;d ifjlj dk fuekZ.k ladqfpr {ks= esa u djds foLr`r {ks= esa fd;k tkuk pkfg, ,oa O;kolkf;d ifjlj 

nqjLFk {ks= esa fufeZr u djds “kgj ds fudV fd;k tkuk pkfg,A 

3-“kklu }kjk vuqnku%& 

  “kklu }kjk le; le; ij vuqnku miyC/k djuk pkfg, iwWth ds vHkko esa NRrhlx<+ x`g fuekZ.k eaMy dh 

ifj;kstukvksa dk fdz;kfUor ugha gks ikrh gS ,oa vU; “kkldh; O;kolkf;d ifjljksa ds fuekZ.k dk dk;Z Hkh NRrhlx<+ 

fuekZ.k eaMy dks iznku fd;k tkuk pkfg, ftlds ifj.kkeLo:i iwWth dh leL;k ugha gksxhA 

4- fo”ks’k NqV ,oa ;kstuk dk izko/kku%& 

  NRrhlx<+ x`g fuekZ.k eaMy ds }kjk ifjlj ds fodz; gsrq fo”ks’k NqV dk izko/kku djuk pkfg, ,oa fo”ks’k oxksZ gsrq 

fo”ks’k ;kstuk,a fufeZr djuh pkfg, ftlls O;ko;lf;d ifjlj ds fodz; dh ek=k esa o`f) gksxh ,oa eaMy ds ykHk 

esa Hkh o`f) gksxhA  

5-vR;f/kd vkSipkfjdrk esa deh djuk%& 

   eaMy ds }kjk ;kstuk ds izkjaHk esa vR;f/kd vkSipkfjdrk gksus ds nsjh gksrh gS ,oa O;kolkf;d ifjlj ds fodz; esa 

Hkh leL;k gksrh gSA vr% vkSipkfjdrk esa deh djus gsrq ,dy f[kM+dh iz.kkyh ,oa vkWuykbZu Hkqxrku dh lqfo/kk 

gksuh pkfg,A 

 

10-2 fu’d’kZ%& 

  NRrhlx<+ x`g fuekZ.k eaMy }kjk ia-nhun;ky vkokl ds ek/;e ls jktukanxkWo ftyk esa yxHkx 150 ls vf/kd 

ukxfjdksa dksa NRrhlx<+ x`g fuekZ.k eaMy ds ek/;e ls O;kolkf;d ifjlj dh lqfo/kk iznku dh xbZ gS ftlds 

ek/;e ls ukxfjdksa dk vkfFkZd ,oa lkekftd fodkl gqvk gS ,oa bl {ks= esa eaMy dks 10 ls vf/kd iqjLdkj izkIr 

gks pqds gSA eaMy ds ek/;e ls  fgrxzkfg;ksa dks O;kolkf;d ifjlj dz; djus ls jkstxkj izkIr gksrk gS ,oa Lye 

{ks=ksa fodkl gksrk gS ,oa thou Lrj esa o`f) ftlls ;g ifjyf{kr gksrk gS fd] O;kolkf;d ifjlj ds fuekZ.k ,oa 

fgrxzkfg;ksa ds lkekftd ,oa vkfFkZd fodkl esas  O;kolkf;d ifj;kstuk dh egRoiw.kZ Hkwfedk gSA 

11-lanfHkZr xzaFk%& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh laxokjh eaMy fgrxzkgh ekxZnf”kdk A 

2-NRrhlx<+ x`g fuekZ.k eaMy dh foHkkxh; osclkbV http://cghb.gov.in A 

3-vU; osclkbV https://drishtiias.comA 
4-“kks/k i)fr MkW- vkyksd xqIrk ,oa fufru xqIrkA 

5-O;k- lkaf[;dh MkW- ,l- ,e- “kqDy ,oa MkW- f”koiwtu lgk;A 

6-gfjHkwfe vkokl ,oa i;kZoj.k fo”ks’k if=dkA 

7-jk;iqj laHkkx ds varxZr NRrhlx<+ x`g fuekZ.k eaMy dh dk;Ziz.kyh ,oa miyfC/k;ksa dk fo”ys’k.k nsokxau d:.kk 

,oa oekZ ,y- ,u-A 

8-“kks/k i= %&  

1-lcds fy, vkokl dh lqfo/kk ,oa fgrxzkfg;ksa ds fodkl esa NRrhlx<+ x`g fuekZ.k dh Hkwfedk ¼jktukanxkWo ftys ds 

fo”ks’k lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

2-vVy vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku    ¼jktukanxkWo ftys ds fo”ks’k 

lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

3- ia-nhun;ky vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa         ;ksxnku ¼NRrhlx<+ ds 

jktukanxkWo ftysa ds fo”ks’k lanHkZ esa½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

http://cghb.gov.in/
https://drishtiias.coma/
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9-osclkbV https://hi.m.wikipedia.orgA 
10- osclkbV https://brainly.in/question/3895396A 
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^^iz/kkuea=h eqnzk ;kstuk varxZr f'kq'kyksu ds izn'kZu dk v/;;u** 

¼jktukanxkao ftys ds fo'ks"k lUnHkZ esa½ 

 

NUuh lkgw 'kks/kkFkhZ okf.kT; foHkkx 'kk-fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x-  

MkW- Vk.Msdj ds-,y-] 'kks/k funsZ'kd & izkpk;Z 'kk- fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x- Hkkjr 

MkW-HkkfV;k ,p-,l- lg&'kks/k funZs'kd & foHkkxk/;{k] 'kk- fnfXot; Lo'kklh egkfo|ky; jktukanxkao N-x- Hkkjr 

 

lkj%&  
  izLrqr 'kks/k&i= esa iz/kkuea=h eqnzk ;kstuk dk izn'kZu f'k'kq yksu ds fo'ks"k lUnHkZ esa fd;k x;k gSA 

iz/kkuea=h eqnzk ;kstuk m|fe;ksa ds fodkl ds fy, ,d cgqr gh egRoiw.kZ ;kstuk gSA ftl izdkj ljdkj us 

tu&/ku ;kstuk ds ek/;e ls fcuk cSad okyks dks cSad okyk cuk jgh gS] mlh izdkj ;g ;kstuk fcuk foRr okyks dks 

foRr okyk cukus dk dk;Z dj jgh gSA bl 'kks/k&i= dk mnns'; iz/kkuea=h eqnzk ;kstuk dh Hkwfedk] ykHk ,oa mlds 

izn'kZu dks mtkxj djuk gSA 
 

izLrkouk%& 
  Hkkjr ,d fodkl'khy ns'k gSA ;gkW dh vf/kdka'k tula[;k vius thfodk&miktZu ds fy, [ksrh ij 

fuHkZj jgrh gSA ijUrq gekjs ns'k esa ,sls Hkh yksx gS ftuds ikl vius thfodk&miktZu ds fy, [ksr Hkh ugha gSA ns'k 

ds ldy ?kjsyq mRikn dk vf/kdka'k Hkkx m|fe;ksa ds ek/;e ls gh vkrk gSA gekjs ns'k esa ,sls yk[kks m|e gS tks 

viathd`r gSA ,sls viathd`r m|eksa dks tc O;olk; esa o`f) djus ds fy, foRr dh vko';drk gksrh gS rc os cSadks 

ds ikl tkrs gS vkSj m|e viathd`r gksus ds dkj.k cSad mUgs _.k nsus esa vleFkZ gksrk fn[kkbZ nsrk gSA gekjs ns'k 

esa ,sls djksM+ks yksx gS] tks NksVs&eksVs O;olk; yxkdj viuk thou pyk jgs gSA ijUrq muds ikl lcls cM+h leL;k 

foRr dh gh gksrh gSA mUgs foRr dh vko';drk ds fy, LFkkuh; lkgwdkjksa ij fuHkZj jguk iM+rk gS A ;s lkgwdkj maph 

C;kt nj ij _.k nsrs gS] ftls pqdkuk fdlh O;olk;h ds fy, vklku ugha gksrk gS] ;fn O;olk; pyk rks Bhd ]ugh 

rksa ;fn O;olk; esa ?kkVs gksus yxs rks lkgwdkj ds _.kpdz esa Qal tkrs gS vkSj ;g _.k ih<+h&nj&ih<+h pyrk jgrk 

gSA bUgh lHkh mnns';ksa dh iwfrZ iz/kkuea=h eqnzk  ;kstuk djrk gSA ;g ;kstuk m|fe;ksa ds fy, ,d egRokdka{kh ;kstuk 

gSA ;g ;kstuk Loa; dk O;olk; [kksyus okys m|fe;ksa dks 50]000@&rd dk _.k miyC/k djk jgh gS rFkk tks 

O;olk;h vius LFkkfir O;olk; esa o`f) djuk pkgrh gS mUgs 50]000 ls 10]0000@& :i;s rd dk _.k miyC/k djk 

jgh gSA bl ;kstuk dh lcls egRoiw.kZ ckr ;g gS fd blds varxZr tks _.k iznku fd;k tkrk gS og fcuk fdlh 

izkslsflax 'kqYd o xkajVh ds iznku fd;k tkrk gSA 
 

eq[; 'kCn%& iz/kkuea=h eqnzk _.k ;kstuk] vkfFkZd fodkl] lkekftd fodk'k] jkstxkj]     m|eh] 

f'k'kq yksu] fd'kksj yksu] r:.k yksuA 
 

'kks/k v/;;u dk mn~ns';& 
  1- jktukanxkao ftys essa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu ysus    

 okys fgrxzkfg;ks dk izn'kZu  

  2- Hkkjr esa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu dk izn'kZu djukA 

  3- iz/kkuea=h eqnzk ;kstuk ds volj ,oa ykHk dks mtkxj djukA 

 

'kks/k ifjdYiuk%& 
 1- iz/kkuea=h eqnzk ;kstuk esa f'k'kq yksu ds fgrxzkfg;ksa dh la[;k vf/kd    

 gSA 
 2- jktuaknxkao ftys es iz/kkuea=h eqnzk _.k ;kstuk ds fdz;kUo;u ls     uhpys 

rcds ds yksxks ds vk; ,oa jkstxkj es o`f) gqbZ gSA 

 3- f'k'kq yksu uhpys rcds ds yksxks ds fy, lgk;d fl) gqbZ gSA 

 
'kks/k v/;;u dh izfof/k%& 
bl 'kks/k v/;;u esa jktukanxkao ftys ds yhM cSad ls iz/kkuea=h eqnzk ;kstuk ls lacaf)r vkdM+ks dks f}rh;d lead 

ds :i esa fy;k x;k gS rFkk vU; vkdM+s lacaf/kr laLFkk esa miyC/k vfHkys[kksa ls] okf"kZd izfrosnuksa ls] ctV fjiksVksZ 

ls]iz/kkuea=h eqnzk _.k ;kstuk dh iksVZy lkbZV ls] vf/kdkfjd osclkbZV ls izkIr fd;s x;s gSA 
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  mDr L=ksr ls izkIr tkudkfj;ksa dks ladfyr djus ds i'pkr mi;qZDr lkf[;dh izfof/k;ksa dk 

vko';drkuqlkj mi;ksax dj fo'ys"k.k fd;k x;k gSA  
 

iz/kkuea=h eqnzk ;kstuk dk ifjp;%& 

  iz/kkuea=h eqnzk ;kstuk dh 'kq:okr gekjs ns'k ds iz/kkuea=h Jh ujsUnz eksnh th ds }kjk 8 vizSy 2015 

dks dh x;h FkhA jk"Vªh; uewuk loZs{k.k laxBu ds losZ{k.k ¼2013½ ds vuqlkj ns'k esa yxHkx 5-77 djksM+ y?kq@lw{e 

bdkb;kW gSa] ftuesa yxHkx 12 djksM+ yksx dk;Zjr gSaA buesa ls T;knkrj LokfeRo&vk/kkfjr@ys[kk m|e gSA 60 izfr'kr 

ls vf/kd bdkb;ksa ds ekfyd vuqlwfpr tkfr] vuqlwfpr tutkfr vFkok fiNM+s oxZ ds yksx gSA bues ls vf/kdrj 

bdkb;kW vkSipkfjd cSafdax iz.kkyh ds nk;js ds ckgj gSA blfy, mUgs ;k rks vukSipkfjd L=ksrksa ls yksu ysus ds fy, 

ck/; gksuk iM+rk gS ;k vius lhfer /ku dk bLrseky djus ds fy,A eqnzk _.k ;kstuk bl vUrjky dks ikVus ds fy, 

cukbZ x;h gSA eqnzk _.k ;kstuk dk mn~ns'; igyh ih<+h dk m|eh cuus ds fy, bPNqd ;qokvksa rFkk viuh xfrfof/k;ksa 

dk foLrkj djus ds fy, ekStwnk y?kq O;olkf;;ksa ds eukscy esa o`f) djuk gSA bl ;kstuk dks rhu Hkkxksa f'k'kq yksu 

50000@&:i;s rd] fd'kksj yksu 50001@& ls 5]00000@& rd] r:.k yksu 500001@&  ls 10]00000@&rd esa 

oxhZd`r fd;k x;k gSA 

 gekjs ns'k eas bl ;kstuk dh 'kq:okr ls igys viuk [kqn dk O;olk; 'kq: djus ds fy, m|fe;ksa dks yksu 

ikus ds fy, cSadksa ds pDdj yxkus iM+rs Fks rFkk cgqr lh dfBukb;ksaa dk lkeuk djuk iM+rk Fkk] eqnzk ;kstuk ls igys 

rd NksVs  m|e ds fy, cSad ls yksu ysus esa dkQh vkSipkfjdrk,a iwjh djuh iM+rh Fkh] yksu ysus ds fy, xkajVh Hkh 

nsuh iM+rh Fkh] bl otg ls dbZ yksx m|e rks 'kq: djuk pkgrs Fks] ysfdu cSad ls yksu ysus ls drjkrs Fks] ysfdu 

iz/kkuea=h eqnzk _.k ;kstuk ds varxZr lHkh m|fe;ksa dks vklkuh ls 10 yk[k dk _.k fcuk fdlh xkajVh ds rFkk fcuk 

fdlh izkslsflax Qhl ds cSad }kjk feyrk gSA eqnzk _.k okf.kfT;d cSad] RBFS ] y?kq foRRk cSad] lgdkjh cSad MFI }kjk 

iznku fd;s tkrs gSA eqnzk _.k ds rgr dksbZ fuf'pr C;kt nj ugh gSA fofHkUUk cSad eqnzk _.k ds fy, vyx&vyx 

C;kt nj ysrh gSA eq[;r% C;kt nj 10 ls 12 izfr'kr gSA 

  ;kstuk ds varxZr ljdkj }kjk ekpZ 2021 rd 28-81 djksM+ ykHkkfFkZ;ksa dks 'kkfey fd;k gS rFkk vHkh 

rd 15-10 yk[k djksM+ :i;s ;kstuk ds varxZr vkacfVr fd;k x;k gS] ftlds ek/;e ls eq[;r% lekt ds fucZy oxksZ 

ds m/kkjdrkZ ykHkkfUor gq, gSA eqnzk ¼MUDRA½ ,d iqufoZRr laLFkku gSA eqnzk lh/ks lw{e m|fe;ksa@O;fDr;ksa dks m/kkj 

ugha nsrk gSA 

 eqnzk ¼MUDRA½;kfu ekbdzks ;wfuV~l MsoyiesaV ,aM fjQkbusal ,tsalh fyfeVsM lw{e bZdkbZ;ksa ds fodkl rFkk 

iqufoZRriks"k.k ls lacaf/kr xfrfof/k;ksa gsrq Hkkjr ljdkj }kjk xfBr ,d u;h laLFkk gSA bldh ?kks"k.kk ekuuh; foRrea=h 

th us foRrh; o"kZ 2016 dk ctV is'k djrs gq, dh FkhA eqnzk dk mn~ns'; xSj fuxfer y?kq O;olk; {ks= ¼NCSBS½ 

dks fuf/k@foRriks"k.k iznku djkuk gSA   

 

eqnzk yksu ds izdkj%& 

  iz/kkuea=h eqnzk ;kstuk ds rRoko/kku esa] eqnzk us mRikn@;kstuk,W cukbZ gSA ykHkkFkhZ dh lw{e bZdkbZ] 

m|eh ds fodkl] fodkl vkSj foRr iks"k.k dh t:jrksa ds pj.k dks n'kkZus ds fy, bls f'k'kq] fd'kksj ,oa r:.k uke 

fn;s gSA 

I - f'k'kq yksu&blds rgr mu yksxks dks yksu fn;k tkrk gS tks flQZ viuk O;olk; 'kq: dj jgs gS vkSj 

vkfFkZd enn dh ryk'k dj jgs gSA blds varxZr vf/kdre~ 50]000@&:i;s dk yksu fn;k tkrk gSA 5 o"kZ dh 

iquHkZqxrku vof/k ds lkFk bldh C;kt nj 10 ls 12 izfr'kr lykuk gSA 

II - fd'kksj yksu&;s yksu muds fy, gS ftudk O;olk; igys gh 'kq: gks pqdk gS] ysfdu vHkh rd LFkkfir ugh 

gqvk gSA blds rgr nh tkus okyh yksu dh jkf'k 50]000@& ls 5 yk[k :i;s ds chp gksrh gSA C;kt dh nj yksu 

nsus okyh laLFkk ds vk/kkj ij vyx&vyx gksrh gSA O;olk; dh ;kstuk ds lkFk&lkFk vkosnd dk dszfMV fjdkMZ 

C;kt nj r; djus esa egRoiw.kZ Hkwfedk vnk djrk gSA yksu Hkqxrku dh vof/k cSad }kjk r; dh tkrh gSA 
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III - r:.k yksu&;s mu yksxksa ds fy, gS] ftudk O;kikj LFkkfir gks pqdk gks vkSj mls c<+kus vkSj lEifRRk dh 

[kjhnh ds fy, /ku dh vko';drk gksrh gSA blesa yksu dh jkf'k 5 yk[k ls 10 yk[k ds chp gksrh gSA C;kt nj vkSj 

Hkqxrku dh vof/k ;kstuk vkosnd ds dzsfMV fjdkMZ ij vk/kkfjr gksrh gSA 

 

 bu lHkh eqnzk yksu dh C;kt njsa ,d cSad ls nwljs cSad es vyx&vyx gks ldrh gSA 

  ftl Hkh vkosnd dks eqnzk _.k ysuk gksrk gS og cSadks ls vFkok cSad dh fdlh Hkh 'kk[kk ls liadZ 

dj tkudkjh ysdj vkosnu Hkj ldrk gS vkSj fu;ekuqlkj cSadks dh lEiw.kZ dk;Zokgh mijkar vkosnu dk yksu ikl 

gksus ij muds [kkrs es yksu dh jkf'k forfjr dj nh tkrh gSA vkosnd fdlh Hkh izdkj ds 'kadk lek/kku ds fy, eqnzk 

ds uksMy ,atslh ls laidZ dj ldrk gSA 

 

 iz/kkuea=h eqnzk _.k ;kstuk ds varxZr fgrxzkfg;ksa dks foRr@fuf/k@ cSadks ds ek/;e ls fn;k tkrk gSA 

  fHkUUk&fHkUUk cSadks }kjk fgrxzkfg;ksa ds [kkrs [kksys x;s rFkk muds [kkrksa es yksu dk forj.k fd;k x;k 

ftUgs lkj.kh ds ek/;e ls crk;k x;k gSSA foRRkh; o"kZ 2016&2017 ls 2019&2020 rd dh f'k'kq yksu dh fLFkfr dks 

lkj.kh ds ek/;e ls crk;k x;k gSA bues f'k'kq yksu ds [kkrksa dh la[;k rFkk forj.k dh jkf'k gSA [kkrksa dh la[;k ds 

vk/kkj ij vuqeku yxk;k tk ldrk gS fd brus vf/kd la[;k esa f'k'kq yksu ds fgrxzkfg;ksa dks jkstxkj feyk gSA 

 

Hkkjr esa iz/kkuea=h eqnzk ;kstuk varxZr f'k'kq yksu ds fgrxzkfg;ksa dk cSdokj izn'kZu 

TABLE-1 (Amount Rs. in Crore) 

FINANCIAL 

YEAR 

2016-2017 2017-2018 2018-2019 2019-2020 

    

BANKS 
No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Dis-

burse-

ment 

Amt 

No. of 

A/cs 

Disburse-

ment 

Amt 

 

SBI and Associ-

ates 860165 1251.53 798577 1873.21 2114366 6113.25 3072304 9322.83 

 

Public Sector 

Commercial 

Banks 1934990 4385.45 1710815 4951.76 2083695 4254.94 2546364 4458.93 

 

Private Sector 

Commercial 

Banks 8420195 

24728.7

5 9402971 

27658.6

1 

1123413

8 34281.22 

1878071

2 57797.66 

 

Foreign Bank 0 0 0 0 0 0 0 0  

State Co-opera-

tive Banks 0 0 0 0 197 1 58 0.29 

 

Regional Rural 

Bank 926498 2762.59 808234 2792.66 765050 2651.32 721610 2336.07 

 

MFI 1129709 2105 1800974 1815.62 1879391 2357.41 2059118 3000.93  

NBFC-MFI 
2018249

6 

41606.2

6 

1949746

7 

44441.5

1 

2255554

2 56733.62 

1683231

2 49981.32 

 

NBFC 195092 440.24 1850286 5245.06 4463729 13281.26 4628174 17070.34  

Small Finance 

Banks 2848668 6612.05 6800471 

15449.6

1 6411330 19977.52 5849965 18844.85 

 

Total 
3649781

3 

83891.8

7 

4266979

5 

104228.

04 

5150743

8 

139651.5

4 

5449061

7 

162813.2

2 

 

Source: (http://www.mudra.org.in/) 
  bUgs xzkQ ds ek/;e ls vklkuh ls le>k tk ldrk gS fd dkSu lh cSad iz/kkuea=h eqnzk _.k ;kstuk 

vUrxZr lcls vf/kd yksu fgrxzkfg;ksa dks fn;s gS] ftlls vf/kd jkstxkj ,oa vk; dk l`tu gqvk gSA 
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 bl xzkQ dks ns[kus ls irk pyrk gS fd eqnzk _.k ;kstuk ds vUrxZr lcls vf/kd _.k xSj cSafdax foRRkh; 

daiuh&lw{e foRrh; laLFkku }kjk fgrxzkfg;ksa dks fn;k x;k gS] mlds i'pkr izkbZosV lsaDVj okf.kfT;d cSadksa us _.k 

fn;k gSA mlds i'pkr Leky Qk;usal casSd] rRi'pkr ifCyd lsDVj okf.kfT;d cSadksa us fgrxzkfg;ksa dks _.k fn;k gSA 

mlds i'pkr vU; cSads vkrh gSA 

TABLE-2 
f'k'kq yksu dk Hkkjr esa izn'kZu 

 (Amount Rs. in Crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 36497813 

 

42669795 51507438 54490617 

Disbursement 

Amt 

83891.87 104228.04 139651.54 162813.22 

Source: (http://www.mudra.org.in/) 

 
        vxj ge eqnzk yksu dk Hkkjr esa izn'kZu ns[ksaxs rks blls lkQ irk pyrk gS fd izR;sd foRrh; o"kZ esa 

dze'k% fgrxzkfg;ksa@m|fe;ksa ds [kkrksa dh la[;k esa o`f) gh gqbZ gS tks eqnzk ;kstuk dh lQyrk dks n'kkZrk gSA 
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     xzkQ ds ek/;e ls f'k'kq yksu dks uhys jax ls iznf'kZr fd;k x;k gSA xzkQ dks ns[kus ls Li"V irk pyrk gS fd 

Hkkjr esa esa f'k'kq yksu ds Lrj ij tks eq[;r% O;olk; izkjaHk djus ds fy, fy;k tkrk gS izR;sd foRrh; o"kZ esa dze'k% 

c<+rs dze esa gSA o"kZ 2019 esa dksjksuk dky gksus ds ckotwn bl o"kZ f'k'kq yksu esa dksbZ deh ugha vk;h gSA 

      blls lkQ irk pyrk gS fd eqnzk ;kstuk vius mnns';ksa dks iwjk djus esa lQy gqbZ gS D;ksfd [kkrks dh la[;k 

mu m|fe;ksa dh la[;k gS ftUgksus viuk u;k O;olk; izkjaHk fd;k gSA bl izdkj jkstxkj ds voljksa dh o`f) gqbZ gS] 

ftlls vk; dk l`tu gqvk gSA ftlls mudk vkfFkZd ,oa lkekftd fodkl gqvk gSA 

 

4-2   NRRkhlx<+ jkT; esaa iz/kkuea=h eqnzk ;kstuk vUrxZr f'k'kq yksu dh fLFkfr%& 

TABLE-5  

(Amount Rs. in crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 840480 871455 1078662 1115562 

Disbursement 

Amt 
1749.77 1938.4 

2670.54 3148.1 

Source: (http://www.mudra.org.in/) 

 
     NRRkhlx<+ esa iz/kkuea=h eqnzk ;kstuk Hkh lQy lkfcr gqbZ gSA bl lkj.kh esa foRrh; o"kZ 2016&2017 ls 2019&2020 

rd dk v/;;u djus ij irk pyrk gS fd ;gkW izR;sd foRRkh; o"kZ esa f'k'kq yksu esa m|fe;ksa ds [kkrks dh la[;k esa 

dze'k% c<+ksRrjh gh gqbZ gSA bl c<+ksRrjh dks xzkQ ds ek/;e ls vklkuh ls ns[k ldrs gSA 

Performance of PMMY in Chhattisgarh 

 
 blizdkj vxj NRrhlx<+ jkT; esa iz/kkuea=h eqnzk ;kstuk ds leadks dk fo'ys"k.k fd;k tk;s rks irk pyrk 

gS fd foRrh; o"kZ 2016&2017 ls 2019&2020 ds e/; iz/kkuea=h eqnzk _.k ;kstuk vUrxZr f'k'kq yksu ds [kkrks dh 

la[;k esa dze'k% o`f) gh gqbZ gSA 
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4-3   jktukanxkao ftys esaa iz/kkuea=h eqnzk ;kstuk dh fLFkfr%& 

TABLE-6 (Amount Rs. in crore) 

FINANCIAL 

YEAR 

2016&2017 2017&2018 2018&2019 2019&2020 

No. of A/Cs 22072 29342 29955 32701 

Disbursement 

Amt 
9796 73.23 

81.5 101.96 

Source: (Lead Bank Rajnandgaon) 

 
 jktukanxkao esa vxj ge iz/kkuea=h eqnzk _.k ;kstuk vUrxZr f'k'kq yksu dh ckr djsa rks mijksDr lkj.kh esa 

ns[ksaxsa dh izR;sd foRrh; o"kZ 2016&2017 ls 2019&2020 rd dze'k% eqnzk yksu esa o`f) gh gqbZ gSA bls xzkQ ds ek/;e 

ls vkSj vf/kd ljyrk ls le>k tk ldrk gSA 

 
 xzkQ esa ge ns[k ldrs gS fd jktukanxako ftys esa Hkh f'k'kq yksu ds fgrxzkfg;ksa dh la[;k esa izR;sd o"kZ  dze'k% 

mPkakbZ Nw jgh gSA izR;sd o"kZ buesa o`f) gh gqbZ gSA ;s yksu uohu O;olk; [kksyus ds fy, fn;k tkrk gSA rkfd m|fe;ksa 

ds }kjk vius Lo;a dk m|ksax LFkkfir dj lds] ftlls muesa vkRefuHkZjrk dh Hkkouk dk fodkl gksrk gS blds lkFk 

gh jkstxkj dk l`tu gksrk gSA  fdlh Hkh ns'k esa jkstxkj dk l`tu gksus ls ogkW dh turk dh vk; Lor% l`ftr gks 

tkrh gSA muds jgu&lgu Lrj esa o`f) gksrh gSA os ,d vPNk thou thus yxrs gS] ftlls muds eu esa ,d vPNh 

Hkkouk dk tUe gksrk gSA 

 

leL;k,%a& 

1- vf'k{kk ,oa tkudkjh ds vkHkko esa cgqr ls yksx vHkh Hkh bl ;kstuk ds ykHk ls oafpr gSA 

2- iz/kkuea=h eqnzk ;kstuk ds varxZr ftu fgrxzkfg;ksa dks yksu fn;k tkrk gS og fcuk xkajVh ds gksrk gS] blfy, 

_.k jkf'k okil izkIr djus dh laHkkouk cgqr gh de gks tkrh gS] ftlds dkj.k cSad dk ,u-ih-,- cgqr c<+ jgh gSA 

3- xzkeh.k {ks=ks ds yksxks esa tkx:drk dk vHkko gSA 

 

fu"d"kZ%%&  

   Hkkjr tSls fodkl'khy ns'k esa tgkW csjkstxkjh ,oa xjhch ,d egRoiw.kZ leL;k gSa ogkW 

iz/kkuea=h eqnzk ;kstuk ,d xse psatj ;kstuk lkfcr gks ldrh gSA ;fn bl ;kstuk dks Bhd izdkj ls ykxw fd;k tk;s 
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rks ;g ;kstuk gekjs ns'k ds fodkl ds fy, ,oa fgrxzkfg;ksa ds lkekftd] vkfFkZd thou Lrj dks lq/kkjus esa lQy 

lkfcr gks ldrk gSA ;g ;kstuk [kkl dj uhpys rcds ds yksxks ds fy, egRokdka{kh ;kstuk gSA 

 

lq>ko%& 

1- bl ;kstuk dh tkudkjh vf/kd ls vf/kd yksxks dks gks lds bl gsrq izpkj&izlkj fd;k tkuk pkfg,A 

2- xzkeh.k {ks=ks esa fdlh dk;Zdze ds tjh;s bl ;kstuk ds ykHk ds ckjs esa crk;k tkuk pkfg,A 

3- pwafd bl ;kstuk varxZr tks yksu fn;k tkrk gS og fcuk fdlh xkajVh ds fn;k tkrk gS] bl dkj.k vf/kdka'k 

yksu ;g lkspdj yksu ugha pqdkrs dh ]muds yksu uk pqdkus ls ljdkj mudh yksu jkf'k dks ekQ dj nsaxk] ijUrq ;g 

lgh ugha gS ,slk djus ls fgrxzkfg;ksa dks gh gkfu gksrh gS bl gsrq Hkh mUgs tkx:d fd;k tkuk pkfg,A 

 

lUnHkZ xzUFk lwph& 

1- https://www.mudra.org.in dh iksVZy lkbZV 

2- https://rajnandgaon.nic.in/ 

3- ;kstuk if=dk o"kZ 2015 ls 2021 rd dk 

4- dq:{ks= if=dk o"kZ 2015 ls 2021 rd dk 

5- https://www.cg.gov.in dh lkbZV 

6- MkW0Mh0,u-JhokLro vuqla/kku fof/k;kW lkfgR; izdk'ku] vkxjk 

7 eqnzk ;kstuk dh okf"kZd izfrosnu 2015 ls 2021 rd 

8- ftyk lkf[;dh iqfLrdk 2018 

9- eksgEen 'kkfgn ,oa eksgEen bj'kkn A Descriptive Study on Pradhan Manthri Mudra  

 Yojana (PMMY) ( International Journal of Latest Trends   in Engineering and 

 Technology Special Issue SACAIM 2016) 
10-   MkW-;ksxs'k Mh-egktu (International journal of Advance and Innovation Volume 6, Issue 2(XVII) April-

June,2019 

11 rksju yky oekZ (April 2019 JETIR Volume 6 Issue 4) 

12- HkkLdj fc'okl(Parikalpana-KIIT Journal of Management Vol.15, Dec.  2019) 

13- foRrh; o"kZ 2015&2016 ls 2018&2019 rd dk ctV Hkk"k.k uksMy ea=ky;  foRrh; lsok,a foHkkx 
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Hkkjr esa d`f’k lacaf/k leL;k ,oa lek/kku 

MkW- ds-,y- Vk.Msdj]  izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jh nhid dqekj ijxfugk jftLVªkj “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½- 

 

“kks/k lkjka”k %&  

       Hkkjr xkao dk ns”k gS] ;gka fd 70 izfr”kr ls vf/kd vkcknh xzkeh.k {ks=ks esa fuokl djrh gS] ftldk izeq[k 

O;olk; ,oa thfodk d`f’k ij vk/kkfjr gS] fcuk d`f’k ds ekuo thou dh dYiuk ugh dh tk ldrh] Hkkjr dh 

tula[;k fujarj c<+rh tk jgh gS] ,slh fLFkfr esa d`f’k dh leL;k fpark dk fo’k; gS] d`f’k dsoy thou ;kiu dk 

lk/ku u jg dj ykHkdkjh O;olk; cus] blds fy, Hkwfe ty] cht] moZjd] [kkn~; fu;a=.k ,oa d’kZ.k fof/k;ka] ekuo 

Ik”kq Je rFkk ;kaf=d ÅtkZ dk ,slk lefUor iz;kl djuk gksxk] ftlls dh vkisf{kr iztkfr dh Qlyks dh mUur 

[ksrh dks izksRlkfgr dj bls ykHkdkjh O;olk; cuk;k tk lds rkfd d`f’k {ks= dh izeq[k leL;k iyk;u dks jksdk 

tk ldsxk] d`f’k {ks= esa csgrj vkfFkZd volj iznku dj ;qokvksa dks d`f’k ds izfr tkx:d djuk ,oa m|ksx rFkk 

d`f’k {ks=ks ds larqfyr fodkl o d`f’k vk/kkfjr y?kq ,oa dqVhj m|ksxks ds fodkl ds ek/;e ls d`f’k ds fiNMs+iu dh 

leL;k ls futkr ik;k tk ldrk gSA  

izLrkouk %&  

       Hkkjr ,d d`f’k iz/kku ns”k gS ;gka dh vFkZO;oLFkk izkphu dky ls gh d`f’k vk/kkfjr gSA Hkkjr esa 70 izfr”kr 

tula[;k xzkeh.k {ks=ksa esa fuokl djrh gS] ftudk eq[; O;olk; ,oa thfodk d`f’k ij vk/kkfjr gSA vkt Hkkjr dh 

vFkZO;oLFkk fo”o dh ikapoh lcls cM+h vFkZO;oLFkk gSSA Hkkjrh; vFkZO;oLFkk ds lQy ?kjsyq mRikn esa d`f’k dk fgLlk 

17 izfr”kr gS] d`f’k dsoy thfodk iktZu dk lk/ku gh ugh gS cfYd vFkZO;oLFkk dks lqnz<+ djus okyh lh<+h gS] 

m|ksx /ka/ks O;kikj eqnzk vtZu fofHkUu ;kstuk dh lQyrk] jktfufrd LFkkf;Ro jkstxkj vkfn dh lQyrk d`f’k ij 

fuHkZj gSA vk/kqfud le; esa Hkh d`f’k dks izkFkfedrk nsus dh vko”;drk gS] ;fn d`f’k vlQy jgrh gS] rks ljdkj 

,oa jk’Vª nksukas vlQy jgsaxsA Hkkjr ,d d`f’k iz/kku ns”k gksus ds dkj.k ns”k dh vFkZO;oLFkk esa d`f’k dh ,d egRoiw.kZ 

Hkwfedk gSA ns”k dh jk’Vªh; vk;] jkstxkj] thou fuokZg] iwath fuekZ.k] fons”k O;kikj] m|ksx vkfn esa d`f’k dh l”kDr 

Hkwfedk dks udkjk ugha tk ldrkA ns”k esa d`f’k ij fuHkZjrk 70 izfr”kr tula[;k gS] ogh yxHkx 64 izfr”kr Jfedks 

ds d`f’k {ks= esa jkstxkj izkIr gS] Hkkjrh; d`f’k vf/kdka”kr; ekSle ds fLFkfr;ksa ij izeq[k rkSj ij o’kkZ o le; ij 

fuHkZj djrh gS] ifj.kke Lo:i gesa lw[ks] ck<+ o ,d lhek rd vksyks dk Hkh lkeuk djuk iM+rk gS] fiNys dqN 

n”kdks ds nkSjku vFkZO;oLFkk ds fodkl esa eSU;qQSDpfjax rFkk lsok {ks=ksa dk ;ksxnku rsth ls c<+k gS] tcfd d`f’k {ks= 

ds ;ksxnku esa fxjkoV vkbZ] Hkkjr dk [kk|ku mRiknu izR;sd o’kZ jgk gS] Hkkjr ds dqy {ks=Qy dk yxHkx 51 

izfr”kr Hkkx d`f’k] 4 izfr”kr Hkkx ij pkjkxkg] yxHkx 21 izfr”kr ij ou vkSj 24 izfr”kr ij catj rFkk fcuk 

mi;ksx ds gS] ns”k dh dqy Je “kfDr dk yxHkx 52 izfr”kr Hkkx d`f’k rFkk blls lacaf/kr m|ksx vkSj /ka/kksa ls 

viuh vkthfodk pykrk gSA  

vo/kkj.kk %&  

           Hkkjrh; vFkZO;oLFkk esa d`f’k dh egRoiw.kZ Hkwfedk gS] egkRek xka/kh us dgk Fkk ^^Hkkjr xkao esa clrk gS 

vkSj d`f’k Hkkjrh; vFkZO;oLFkk dh vkRek gS^^ vr% dgka tk ldrk gS fd d`f’k Hkkjrh; vFkZO;oLFkk dh jh< + gS] ijUrq 

Lora=rk ds dbZ o’kksZ ds Ik”pkr~ vkt Hkh d`f’k n;uh; fLFkfr esa gS] tux.kuk 2011 ds vuqlkj dqy dk;ZoRrk dk 54-

6 izfr”kr vkcknh d`f’k vkSj mlls lacaf/kr dk;Zdykiksa esa yxh gqbZ gS] fdUrq Hkkjrh; d`’kd dh ekulwu ij vR;f/kd 

fuHkZjrk] Hkwfe dk ál] izkd`frd izdksi tSls izkd`frd dkj.k d`f’k dh mRikndrk ij izfrdwy izHkko Mky jgs gSA 

vkt ds vkS|ksfxd lekt esa ,d fdlku gksus dh fofHkUu ckfjfd;ks dks le>us ls igys ;g le>uk vko”;d gS fd 

okLro esa d`f’k dks dSls ifjHkkf’kr fd;k tkrk gS] d`f’k esa ykHkdkjh ikS/kks dh fof/kor cqvkbZ “kkfey gS] ftlesa euq’; 

dh ns[kjs[k esa Ik”kqvksa dk ikyu djuk “kkfey gS] nwljs “kCnksa esa d`f’k esa Qlykssa dh [ksrh ;k thfor jgus ;k ekSfVªd 

yk[k ds fy, i”kq/ku dks fodflr dj i`Foh dh lrg ds ,d fgLls dks la”kksf/kr djus ds fy, ,d O;fDr ds lpsr 
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iz;kl “kkfey gS] bl izdkj d`f’k dh vo/kkj.k fofHkUu vFkksZa esa [ksrh djuk gS] vius [ksr ij fdlku }kjk fd, x, 

fdlh Hkh vH;kl ds lkFk fofHkUu [ksrh ds :iksa dk lapkyu “kkfey gSA  

 d`f’k ek= ,d inkFkZ mRiknu iz.kkyh ugha gS] vfirq lEiw.kZ ekuoh; vFkZO;oLFkk dk vk/kkjHkwr LraHk gS] ;g 

Lo;a esa ,d l`tu gS ,d lEiw.kZ izkd`frd foKku gS] ekuo thou ds i`Foh ij vfLrRo ls ysdj vc rd d`f’k Hkj.k 

iks’k.k dk vfHkUu vax jgh gS] Hkkjrh; d`f’k dk mn~xe dc dSls D;ksa gqvk] bldh izekf.kd iqf’V djuk tfVy gS] 

ikSjkf.kd lkfgR; bl ckr dk lkFkh jgk gS fd Hkkjr esa d`f’k dsoy thfodk dk lk/k ugh vfirq ,sfrgkfld] 

lkaLd`frd /kjksgj dh Hkkafr gS] Hkkjrh; d`f’k fofHkUu laE;rkvksa dks iksf’kr djrh gqbZ d`fed fodkl dh izfd`;k ls 

QyhHkwr gksrh vkbZ gSA  

Hkkjrh; d`f’k dh leL;k,sa %&  

Hkkjr esa vf/kdka”k d`f’k {ks= vflafpr gksus ds dkj.k d`f’k {ks= esa lexz fodkl ds fy, ekulwu egRoiw.kZ gS] 

[kjkc ekulwu ds dkj.k [ksrh ij cgqr cqjk vlj iM+rk gS vkSj fdlkuksa dks cgqr Hkkjh uqdlku mBkuk iM+rk gS] ,slh 

gh fLFkfr [kjhQ Qlyksa ds mRiknu vkSj mit esa Hkh mRiUu gksrh gS] vktknh ds le; ns”k dh yxHkx 70 izfr”kr 

tula[;k tks d`f’k dk;Z esa yxh Fkh og d`f’k ds egRo dks Lo;a c;ka djrh gSa fdUrq orZeku esa /khjs&/khjs ;g la[;k 

?kVrh tk jgh gS] ;g fLFkfr fodkl dh n`f’V ls mŸke ekuh tk ldrh gS] fdUrq etcwjh esa d`f’k {ks= iyk;u Bhd 

ugha gS] ;fn blds okLrfod dkj.kksa dks [kksts rks 1950 ds iwoZ tkuk iM+sxk D;ksafd vaxzsth “kklu ds iw.kZ d`f’k 

lkisf{kr n`f’V ls ifjiDo fLFkfr esa Fkh] d`f’k rFkk m|ksx esa larqyu Fkk] d`’kd oxZ dh fLFkfr vPNh Fkh] fdUrq vaxz sth 

“kklu dh “kks’k.kdkjh uhfr;ksa ls d`f’k dh fLFkfr [kjkc gksrh pyh xbZ] gFkdj?kk vkSj pj[kk u’V gks x;k rFkk d`f’k 

o m|ksx dk larqyu fcxM+ x;k vkSj d`f’k ,d vykedkjh O;oLFkk ds :i esa lkeus vkbZ] ftldk ifj.kke vdky] 

Hkw[kejh] xjhch] csjkstxkjh] tSlh lkekftd leL;k mRiUu gksus yxh vkSj ;g fnuksa fnu c<+rh pyh tk jgh gSA 

cgqjk’Vªh; laxBuksa dh lac/nrk ls tgka ge vuk;l fons”kh iwath ds gkFkksa fxj¶~rkj gksrs tk jgs gSA ogha d`f’k dh 

mis{kk dj iqu% mUgha ns”kks dk eqag rkduk iM+ jgk gS] vius [ksrks dk Je o iw ath nksuks dk gLrkarj.k lEHkor% d`f’k 

dh mis{kk dk gh nq’ifj.kke gSA  

 jk’Vªh; chp ifj;kstuk Hkh 1976 esa lapkfyr fo”o cSad dh egRodka”kh ifj;kstuk Fkh] fofHkUu pj.kks dh ;g 

;kstuk Hkh tu&tkxj.k ds vHkko ,oa iz”kklfud nks’kksa ds dkj.k lQy u gks ldh] blh rjg frygu ,oa nygu ds 

{ks= esa fo”o esa vxz.kh Hkkjrh; d`f’k Hkh fodkl ds lekukarj.k u py lgh “kadj Qly dzkafr ds }kjk udnh Qlyksa 

esa o`f) fu%lansg n`<+[; gS rFkk dikl ,oa xUus ds mRiknu us ljdkj }kjk U;wure leFkZu eq[;uhfr ls vius “kh’kZ’; 

mRiknu us {kerk dks vo”; izkIr fd;k] ijUrq ;FkkZFk esa lkekU; fdlku ds gkFk lwus gh jgs] ufn;ksa ,oa o’kkZ ty dks 

lafpr dj vflafpr Hkwfe ds vapy dks gfjfrek cukus esa iz;kl us ns”k esa ugjks ,oa cgqmn~ns”kh; ifj;kstuk dks tUe 

fn;k] fdUrq budk xyr mi;ksx mn~ns”; izkfIr es a ck/kd jgk gSA izk;% ugjksa esa ikuh rHkh vkrk gS] tc ;k rks Qly 

lw[kus yxrh gS ;k [ksr yck&yc Hkjs jgrs gS] fo”o cSd nok ewad lk/ku izk;ksftr uy&dwi vkt egt dj jgs gS] 

fo|qfrdj.k ij fo|qr vkiwfrZ ,oa Hkz’Vkpkj ukxfjd ,oa iz”kkalfud }kjk inkZ Mky fn;k gS] d`f’k foi.ku ds varxZr 

ouh; ckxkuh vkSj vU; d`f’k mRiknks ds HkaMkj.k izlaLdj.k o foi.ku ds lkFk&lkFk d`f’kxr e”khfujh dk forj.k 

vkSj varjkZT;h; Lrj ij d`f’k oLrqvksa dk vkokxeu Hkh “kkfey gS] buds vykok d`f’k mRiknu esa o`f) gsrq rduhdh 

lgk;rk iznku djuk vkSj Hkkjr esa lgdkjh dks izksRlkgu djuk Hkh d`f’k foi.ku xfrfof/k;ksa ds varxZr vkrk gS] d`f’k 

foi.ku esa ifjogu izlandj.k Hka.Mkj.k xzsfMax vkfn tSls xfrfof/k;ka “kkfey gS] ;s xfrfof/k;ka gj ns”k dh vFkZO;oLFkk 

esa cgqr vge Hkwfedk fuHkkrh gSA ns”k dh yxHkx nks frgkbZ tula[;k vkt Hkh izR;{k vFkok ijks{k :i ls d`f’k ij 

vkfJr gS] blds ckotwn ldy ?kjsyw mRiknu esa d`f’k dk ;ksxnku yxkrkj de gksuk fparuh; gSA blesa dksbZ lansg 

ugha gS fd d`f’k ,oa fdlku ns”k dh vFkZO;oLFkk dh jh<+ gSA lcds ckotwn Hkkjrh; d`f’k ls tqM+h vusd leL;k,a 

gekjs ;gka fo|eku gS iw.kZorhZ ljdkjksa ds le; esa fdlku ikuh dh leL;k [kk| dh leL;k o muds mRiknks dks 

mfpr ewY; u feyuk] vk;kr &fu;kZr dh nks’kiw.kZ uhfr _.k dk c<+rk cks> cSadks }kjk tcju olwyh vkfn ,sls 

dkj.k gS tks fdlkuks dh cngkyh ds fy, ftEesnkj gS] tks fdlkuks esa yxHkx 3-30 yk[k ls vf/kd fdlkuksa us 

vkRegR;k dh] ijUrq ,slk dksbZ lek/kkuijd lq>ko ugha vk ik;k ftlls bl cÌŸkj fLFkfr ls fdlkuksa dh leL;k 

dk leqfpr lek/kku gks lds] izfr ,dM+ de mRikndrk [ksrh dh ijEijkxr fof/k;ksa dk mi;ksx] ?kVrs d`f’k fuos”k 

esa deh _.k ,oa Qly chek rd igqap u gksuk ykHkdkjh eqY; dk vHkko] ekulwu dh vfu;ferrk fdlkuksa dh 

xjhch ,oa _.kxzLrrk vkfn leL;k,a vkt Hkh fo|eku gSA  
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 Hkkjr esa d`f’k vkSj fdlkuksa dh gkykr fnuksa fnu [kjkc gksrh tk jgh g S] ftlds dkj.k fdlku vkRegR;k ij 

etcwj gksrs tk jgs gS] Hkkjr esa vkt Hkh 60&70 izfr”kr yksx d`f’k ij fuHkZj gSA Hkkjr esa fdlkuksa dh [kjkc fLFkfr 

gksus ds dkj.kksa dks tkuuk cgqr t:jh gS] bu dkj.kksa ls lekt] jktusrk vkSj tuekul dks lkspuk pkfg,] Hkkjr esa 

fdlkuksa dh leL;k fnuksa fnu c<+ jgh gSA Hkkjr esa yksxks dh ;g /kkj.kk gS fd [ksrh ykHkizn ugha gSA ;g fuEu Js.kh 

dk dk;Z gS] fdlkuksa dks ;g yxrk gS fd ;g dk;Z ugha dj ik;saxs] fdlkuksa dks y?kq ,oa dqVhj m|ksx ds ckjs esa 

foLr`r tkudkjh dk vHkko Hkkjr esa vkt Hkh fdlku vkjf{kr gS] ftlds dkj.k vkxkeh lkgwdkjks }kjk budk “kks’k.k 

fujarj tkjh gS] tSlh izeq[k leL;k dk lkeuk Hkkjrh; fdlku dks djuk iM+ jgk gSA jk’Vªh; vk; esa deh tula[;k 

dk c<+rk ncko tksrks dk NksVk vkdkj feV~Vh esa nks’k mRiknu dh iqjkuh rduhd Qlyks dh lqj{kk dk vHkko vPNs 

fdLe ds chtks dk vHkko] jlk;fud [kknksa ds mfpr iz;ksx dk vHkko] d`f’k vuqla/kku dh tkudkjh dk vHkko] d`f’k 

mRiknksa dh foi.ku dh leL;k] ckfj”k ck<+ vkSj pdzokr tSlh izkd`frd vkinkvksa ds dkj.k Qlyksa dk cM+s iSekus ij 

{kfrxzLr gksus izeq[k leL;k,a gSA  

lek/kku %&  

Hkkjr fo”o esa tula[;k dh n`f’V ls nwljs LFkku ij gS] tula[;k ds ekeys esa gesa psrkouh fey pqdh gS fd 

fd 21 oh lnh ds vkrs&vkrs gekjh tula[;k rsth ls c<+sxh] ;g fpark dk fo’k; gksuk pkfg, c<+rh tula[;k ds 

fy, vukt] pkjs] ba/ku vkSj diM+s dh ekax dh pqukSfr;ksa dk lkeuk djus ds fy, lkewfgd :i lk/kuksa dh ryk”k 

djuh gksxh] mUgsa fodflr djuk gksxk] [kk|kuksa ds vykok gesa fodkl dh xfr dks fujarj cuk, j[kus ds fy, viuh 

okf.kfT;d Qlyksa] ckxokuh] Ik”kqikyu vkSj nqX/k mRiknu] eNyh ikyu rFkk laca/k {ks=ks dk fodkl djuk gksxk] 

rkfd fu;kZr ds fy, vfrfjDr mRiknu fd;k tk ldsA ckfj”k ck<+ pdzokr tSlh izkd`frd vkinkvksa ds dkj.k 

{kfrxzLr gksus okyh Qlyksa ds uqdlku dh HkjikbZ ds fy, l”kDr chek dk;Zdze ykxw djds lek/kku fd;k tk 

ldrk gSA ,dhd`r [ksrh ds rjhdks ds mi;ksx djds d`f’kxr ykxr dks de fd;k tk ldrk gS] U;wure tksrkbZ dk 

lq>ko }kjk feV~Vh ds {kj.k dks jksdus esa enn feyrh gS] d`f’k esa vuqla/kku ,oa fodkl dks Hkh c<+kok fn;k tk ldrk 

gS] lkFk gh tyok;q ifjorZu ds vuqlkj ,slh [ksrh dks c<+kok fn;k tk jgk gSa] ftlls Ik;kZoj.k esa gks jgs cnyko ds 

cqjs izHkko ls cpk;k tk lds vkSj Ik;kZoj.k dks Hkh uqdlku u gks ldsA  

 Hkkjr esa d`f’k lacaf/k leL;k dks lqy>kus ds fy, dqN izeq[k mik; fd,s tkus dh vko”;drk gS tSls mDr 

chtks dk mi;ksx vk/kqfud ;a=ks dk mi;ksx dk O;kid izpkj] flapkbZ lqfo/kkvksa dk fodkl] ck<+ fu;a=.k] _.k 

xzLrrk dh ldkfjr lk[k O;oLFkk dk foLrkj ewY;ksa esa LFkkf;Ro foi.ku O;oLFkk esa lq/kkj] ;a=hdj.k d`f’k vuqla/kku 

fefJr [ksrh oSKkfud [ksrh vU; mi;ks esa tSls Hkw&{kj.k ,oa ikS/kks dh j{kk Qly chek lgdkjh [ksrh dks c<+kok xgu 

d`f’k ,oa cgqQlyh dk;Zdzeksa dks ck<+kok fn;k tkuk izeq[k gSA blds vfrfjDr ljdkj dks Hkh d`f’k ds fiNMsiu dks 

nwj djus ds fy, vusd iz;Ru djus vko”;d gSA tSls jk’Vªh; cht fuxeu Qlyksa dh LFkkiuk jklk;fud [kkn 

bdkb;ksa dh LFkkiuk flapkbZ lqfo/kkvksa dk foLrkj Qlyksa dks dhVk.kqvksa o jksxh ls cpko pdcanh izf”k{k.k d`f’k ykxr 

,oa eqY; vk;ksx dh LFkkiuk xzkeh.k cSafdx lqfo/kk foLrkj d`f’k lgdkjh d`f’k dks c<+kok d`f’k vuqla/kku ,oa fodkl 

bls lqpk: :i ls fdz;kUo;u fd;k tkuk vko”;d gSA  

 Hkkjr esa d`f’k dh leL;k dk csgrj lek/kku gks lds blds fy, orZeku esa fdlkuksa ds dY;k.k ,oa d`f’k 

fodkl ds fy, vusd dY;k.kdkjh ;kstukvksa dk “kqHkkjaHk fd;k gS] ljdkj us d`f’k dks izkFkfedrk nsrs gq, foxr~ pkj 

o’kksZ esa d`f’k ctV esa 164415 djksM+ :i;s vkcafVr fd, x;s] tks fd iw.kZ ;w-ih-,- ljdkj ds pkj o’kksZa ¼2011 ls 

2013&14½ ds 104339 djksM+ :i;s dh rqyuk esa 52-58 izfr”kr vf/kd gSA ljdkj us d`f’k ,oa fdlkuksa ds fgr esa 

e`nk LokLF; dkMZ ;kstuk gj [ksr rd ikuh ig q apkus ds mn~ns”; ls “kq: dh xbZ] iz/kkuea=h d`f’k flapkbZ ;kstuk 

ijaEijkxr d`f’k flapkbZ ;kstuk ds varxZr tSfod [ksrh dks c<+kok nsuk] fdlkuksa dks muds mRiknks dk csgrj ewY; 

izkIr gks ] blds fy, ,sxzhVsd bUQzkLVªDpj QaM rFkk laxfBr jk’Vªh; d`f’k eaMh ls mUgsa tksMus tSlh dbZ egRoiw.kZ 

;kstukvksa dk lapkyu ,oa fdz;kUo;u fd;k tk jgk gSa] ftldk lh/kk Qk;nk d`’kdksa dks feysxk rFkk mudh vk; 

nqxuh gks ldsxh] ljdkj us fdlkuksa dks d`f’k mRiknksa ls gksus okys uqdlku ds fy, iz/kkuea=h Qly chek ;kstuk 

“kq: dh xbZ gS] fiNys dqN o’kksZ esa fdlku fgr esa ftl rsth ls dbZ ;kstuk,a vk jgh gSA mlls yxrk gS fd vkus 

okys le; esa d`f’k ?kkVs dk lkSnk u jgdj ,d O;olk; dh rjg Qysxh& Qwysxh vkSj ,slk rHkh laHko gS] tc ge 
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[ksrh ckM+h ds lkFk&lkFk i”kqikyu dks c<+kok nsrs gq, tSfod [kkn ds iz;ksx gsrq fdlkuksa dks izksRlkfgr djsa] ftlls 

fo”o cktkj esa u dsoy Hkkjrh; [kk| mRiknu dh xq.koRrk LFkkfir gksxh] cfYd fdlkuksa dh vk; Hkh c<+sxh] Hkkjrh; 

fdlkuksa dh vkfFkZd fLFkfr esa lq/kkj ds fy, vko”;d gS fd d`f’k mit dh fcdzh dk mfpr i zca/k fd;k tk,] 

gkaykfd Lora=rk izkfIr ds ckn d`f’k foi.ku izfdz;k esa dkQh izxfr gqbZ gS] Hkkjr esa d`f’k dh leL;k dk lek/kku ds 

fy, Hkkjr ljdkj }kjk leFkZu ewY; ij lHkh d`f’k Qlyksa dks [kjhnus dk nkaok fd;k tkrk gS] bl leFkZu ewY; ij 

lHkh d`f’k Qlyksa dks ysuk pkfg, rkfd fdlku vkRegR;k tSls dne mBkus ds fy, etcwj u gks lkFk gh ljdkj 

fdlkuksa dks cksul dk Hkh ykHk nsdj mUgsa leL;k ls eqDr djkus esa vge Hkwfedk fuHkk ldrh gSA  

fu’d’kZ %& 

 fu’d’kZ :i ls ge dg ldrs gS fd Hkkjrh; d`f’k iw.kZ:i ls l”kDr gS] ij arq dqO;oLFkk ds dkj.k ?kkVs dk 

lkSnk cu xbZ gS] [ksrks esa caij mRiknu gksrk gS] xksnkeksa esa vukt j[kus dh txg ugha cprh fQj fdlkuksa dks bldk 

ykHk ugha fey ikrk] bldk ,dek= dkj.k d`f’k ds fodkl ds fy, mfpr jksMeSi dk vHkko ,oa dqO;oLFkk gS] ;fn 

ns”k esa d`f’k dks lqO;ofLFkr dj fn;k tk, rks ge viuh 27 izfr”kr {kerk ls iwjh nqfu;k dk isV Hkj ldrs gSa] 

fdlku tks fd Hkkjrh; lekt dk ,d cM+k fgLlk gS] mudh vk; dk nqxuh djus vkSj [kq”kgkyh dh fn”kk esa dh tk 

jgs] ljdkjh iz;kl lcdk lkFk&lcdk fodkl ds lius dks lkdkj djus dh fn”kk esa ,d egRoiw.kZ dne gSA mEehn 

gS fd d`f’k {ks=ksa esa lq/kkj dh fujarj izfdz;k ls fudVre Hkfo’; esa d`f’k mRiknu c<+us ds lkFk&lkFk bls fdlkuksa 

dh vkfFkZd fLFkfr esa lq/kkj d`f’k lacaf/k leL;kvksa ds lek/kku dh fn”kk esa ljdkj lefUor rjhds ls dne mBk jgh 

gS] blds fy, “kklu Lrj ij vusd dY;k.kdkjh ;kstukvksa dk lapkyu o fdz;kUo;u dj Hkkjrh; d`f’k dk mRre 

,oa le`) cukus gsrq lrr~ :i ls iz;Ru“khy gSA   

lanHkZ lwph %&  

1- Hkkjr esa d`f’k lacaf/k leL;k,s ,oa lek/kku “kks/k la{ksfidk Qjojh 2020  

2- Fundamental of Agricultural Economics Sadhu & Sirg, Himalalaly Publishing House Bombay.  
3- Department of Indian Ecomonmics Houghil S.S. desal Himal Publicaiton.  
4- Indian Agriculture – A.N. Agrawal, Vani Educational Books , New Delhi.  
5- dq:{ks= flrEcj 2018]  izdk”ku foHkkx] lwpuk Hkou] ubZ fnYyh  

6- ;kstuk flrEcj & 2018] izdk”ku foHkkx lwpuk foHkkx] ubZ fnYyh]  

7- Hkkjr esa d`f’k uokpkj] MkW- jkeukjk;.k frokjh] f”kokad izdk”ku] ubZ fnYyh 

8- Hkkjrh; d`f’k ,oa lgdkfjrk & MkW- vkj-,e- f=ikBh] f”kokad izdk”ku 

9- ;kstuk 2020 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

10- dq:{ks= & 2021 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

11- ;kstuk & 2019 & lwpuk ,oa izlkj.k ea=ky; ubZ fnYyh 

12- Hkkjrh; d`f’k dk bfrgkl & MkW- vkj-,e- f=ikBh] iz”kkar cqd fMLVªhC;wVlZ] ubZ fnYyh-  
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  
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N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 
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Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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lks”ky ehfM;k dk lekt ds fofHkUu oxksZa ij euksoSKkfud izHkko 

MkW-ds-,y-Vk.Msdj] izkpk;Z “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x-½ 

MkW-,l-ds- mds ] lgk;d izk/;kid] okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao ¼N-x½ 

 

 “kks/k lkjka”k %& 

 21oha lnh esa lkekftd ifjorZu dk nkSj fujarj py jgk gS ge lHkh tkurs gS fd lks”ky ehfM;k us fdl 

rjg lekt ds lHkh oxksZ rd viuh igqap cuk yh gSa] fizaV ehfM;k vkSj bysDVªkfud ehfM;k dk tks ,dkf/kdkj tu 

ekul ds chp Fkk og dqN [kkl “kSf{kd o is”kkxr oxZ rd rks lhfer Fkk gh lkFk gh lHkh oxksZa ij lks”ky ehfM;k 

dk ldkjkRed vkSj udkjkRed vHkko ns[kus dks feyrk gSA OgkV~lvi] Qslcqd] V~ohVj] bULVªkxzke ,o a “ks;j pSV ,sls 

vkSj Hkh dbZ izdkj ds lks”ky lkbM gS] ftudk mi;ksx fnu izfrfnu c<+rk tk jgk gS] fo”ks’kdj ;qok oxZ tks ns”k ds 

Hkfo’; fuekZrk gSa tks vkxs pydj ns”k dk usr`Ro djsaxs] ysfdu bu lks”ky ehfM;k ds dkj.k mudh ;ksX;rk] lerkvksa 

dk fodkl Hkh vo#) gksrk tk jgk gSA lks”ky ehfM;k lekt ds lHkh oxksZa esa egRoiw.kZ LFkku j[krk gS blfy, 

bldk iz;ksx lgh rjhds ls djuk gksxk ftlls fd ekuo leqnk; okLrfod fodkl dj ldsA  

 

izLrkouk %& 

ekuo ,d lkefktd izk.kh gS] ekuo dh laosnuk,a tc laosnughu gksrh gS rc lks”ky ehfM;k ds c<+rs pj.k 

fd ,d lh<+h uhps fxjrs gq, izrhr gksrh gS] lekt ds lHkh oxksZ ds thou dky esa ehfM;k] usVofdZax lkbVl dk 

fujarj vlhfer mi;ksx gks jgk gS] foKku dh izxfr us vke ekuo thou dks HkkSfrdrk] foykflrk ,oa vk/kqfudre 

lq[k lqfo/kkvksa ls laiUu dj fn;k gSa] lks”ky ehfM;k us lekt ds lHkh oxksZ ij udkjkRed mnkgj.k izLrqr fd;k gS] 

ogha rduhfd xq.koRrk rks c<+h gS] ijarq euksoSKkfud leL;kvksa esa c<+ksRrjh Hkh ns[kh tk jgh gSa] orZeku le; esa 

lkekftd ehfM;k ds varxZr baVjusV] Qslcqd] OgkVlvi] fp= py fp= bR;kfn orZeku esa djhc 80 izfr”kr fd”kksj 

fo|kfFkZ;ksa ij euksoSKkfud#i ls leL;k,sa Hkh ns[kus dks feyh gS] m/kj vk/kqfudrk ds bl nkSj esa lwpuk izkS|ksfxdh ds 

fodkl us ekuo thou dks ljy] lH;] vkjkenk;d ,oa euksjatukRed cukdj ekuoh; laca/kksa dk ,d u;k vk;ke 

iSnk fd;k gSa] orZeku ;qx esa lkekftd lajpuk dh leLr ekuoh; bdkbZ;ka cPps] ;qok] efgyk,a] cqtqxZ dksbZ Hkh 

lks”ky ehfM;k ls vNwrs ugha gSA 

 Hkkjrh; Lrj ij ns[kk tk;s rks ns”k dh ,d vjc 30 djksM+ tula[;k esa yxHkx 15 djksM+ yksx lks”ky 

ehfM;k ij lfØ; gS] blds ek/;e ls tgka ,d vksj mi;ksxdrkZ] fdlh izdkj ds QksVks] ohfM;ksa] lans”k ;gka rd 

vius fopkj dks Hkh dqN gh lsds.M esa ns”k vkSj nqfu;k ds fdlh Hkh LFkku ij cSBs vius nksLrks] ifjfprks ls “ks;j dj 

ldrs gS ;|fi lks”ky ehfM;k ds lwpuk ØkfUr us oSf”od HkkSxksfyd nwjh dks de fd;k gS rFkkfi ,d losZ ds 

vuqlkj 74 LekVZ Qksu ;wtlZ gky esa viuk eksckbZy fy, gh lks tkrs gS ¼ds-vkj-lh- fjlpZ½ 6 ?kaVs rd eksckby ij 

fcrk jgs gS] ns”k ds 40 LekVZQksu ;wtlZ 150 ckj fnu esa Qksu psd djrs gS 6 feuV esa ,d ckj ¼vkbZ-lh-,l-,l-vkj-

ds vuqlkj½ fjlpZ ds vk/kkj ij dgk tk ldrk gS fd O;fDr;ksa ds ifjokj ls ckgj vU; O;fDr;ksa ls ehfM;k ds 

ek/;e ls laca/k rks gS fdarq ifjokj ds vanj gh ikfjokfjd lnL; ds chp ekuoh; laca/k de gq, gSA vkt Hkkjr esa 

70 djksM+ yksxksa ds ikl Qksu gS ftlesa ls 25 djksM+ yksx LekVZQksu dk bLrseky djrs gSa] bu 25 djksM+ yksxksa esa ls 

15 djksM+ yksx lks”ky ehfM;k ij lfØ; gSaA 

vo/kkj.kk %& 

lks”ky ehfM;k dk eryc gS fd lks”ky dE; qfuds”ku ds }kjk yksxks ds lkFk vkil esa tqM+uk ;s Bhd 

fQftdy usVodZ dh rjg gh gS] cl ;s usVodZ vkWuykbZu gksrk gS] blfy, yksx vkil esa ckrphr djus ds fy, 

laidZ c<+kus ds fy, ;k vius ilanhnk phtksa vkSj bUQkjes”ku ds vknku iznku ds fy, lks”ky ehfM;k dk bLrseky 

djrs gS] cgqr ckj ;g ik;k x;k gS fd gekjs cgqr ls nksLr vkSj fjLrsnkj gekjs ikl ugha jgrs vkSj dqN fons”k esa 

jgrs gS] blfy, muds lkFk ckrphr djuk vkSj QsaMf”ki esaVsu djus ls lks”ky ehfM;k gekjk cgqr dke djrk gS 

lks”ky ehfM;k dk edln yksxks dks ,d nwljs ls tksM+us ds lkFk gh lapkj ek/;e dks etcwrh nsuk gS vkSj bl 

edln esa s lks”ky ehfM;k dks lQyrk Hkh feyh gS] ysfdu lkFk gh blus lkekftd laca/kksa dks Hkh izHkkfor fd;k gS] 
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lks”ky ehfM;k us yksxks ds laca/kksa esa n[ky nsuk “kq# dj fn;k gSA tc vkidk thou lkFkh lks”ky ehfM;k ij le; 

fcrkrk gS rks vkidh Hkkoukvksa dks Bsl igqparh gS ,sls esa vki [kqn dks misf{kr eglwl djrs gSA 

lks”ky ehfM;k (Social Media) ,d ,slk ehfM;k gSa] tks ckfd lkjs ehfM;k ¼fizaV bysDVªkfud vkSj 

lekukarj ehfM;k½ ls vyx gS lks”ky ehfM;k baVjusV ds ek/;e ls ,d opZqvy oYMZ ¼Qslcqd] V~foVj] baLVkxzke½ 

vkfn dk mi;ksx dj igqap cuk ldrk gSA vkt ds nkSj esa lks”ky ehfM;k ftanxh dk ,d vge fgLlk cu pqdk gS 

ftlds cgqr lkjs Qhpj gS] tSls fd lwpuk,a iznku djuk] euksjatu djuk vkSj f”kf{kr djuk eq[; gS] lks”ky ehfM;k 

,d vijEijkxr ehfM;k gS ftls baVjusV ds ek/;e ls igqap cuk ldrs gS] ;g nzqrxfr ls lwpukvksa ds vknku iznku 

djus ftlesa gj {ks= dh [kcjsa gksrh gS dks lekfgr fd, gksrk gSA  

 

lekt ds fofHkUu oxksZa ij izHkko %& 

 vkt ds le; esa lks”ky ehfM;k ij yxHkx gj mez ds ,oa gj oxZ ds yksx lfØ; jgrs gS] [kkldj ;qok 

ih<+h vkt ds nkSj dks lks”ky ehfM;k dk ;qx dguk dksbZ vfr”;ksfDr ugha gksxk] D;ksafd lwpuk ,oa Kku dk vknku 

iznku djus dk lcls l”kDr lk/ku gS ftlds ek/;e ls f”k{kk] fpfdRlk] O;kikj ,oa euksjatu ds {ks= esa vklkuh gks 

jgh gS] ftl rjg ,d flDds ds nks igyw gksrs gS mlh izdkj lks”ky ehfM;k ds Hkh nks igyw gS] ykHknk;d ,oa 

uqdlku nk;d vkt ge ckr djrs gS lks”ky ehfM;k ds lekt ds lHkh oxksZ ij iM+us okys ldkjkRed ,oa 

udkjkRed izHkko dh] ekStwnk le; esa blds udkjkRed izHkko vf/kd ns[kus dks feyrs gS] ftlds ikl LekVZQksu] 

VscysV] ysiVkWi gS og lks”ky ehfM;k dk mi;ksx vo”; djrs gS oSls ;g euksjatu dk Hkh vPNk lk/ku cu x;k gS] 

lks”ky ehfM;k dk fofHkUu oxksZ ij iM+us okys izHkko fuEukuqlkj gS %&  

 

¼1½ ;qok ih<+h ij izHkko %& 

 vkt ds bl lwpuk izkS|ksfxdh ;qx esa lks”ky ehfM;k dk lcls vf/kd mi;ksx dk izpyu] ;qok ih<+h esa 

ns[kus dks feyrk gS] ftlds dkj.k dbZ udkjkRed izHkko lkeus vk jgs gSA lks”ky ehfM;k tgka euksjatu dk vPNk 

lk/ku gS ysfdu ;qok ih<+h vius cgqewY; le; dk mi;ksx vius dSfj;j laokjus ds fy, u dj blesa [kksrs tk jgs 

gSA blds mi;ksx ls ;qok ih<+h esa udkjkRed lksp rks c<sxh lkFk gh jkstxkj dh miyC/k ls thou Lrj esa Hkh dkQh 

ifjorZu gks ldrk gS] blds foijhr blds mi;ksx ls yksx viuksa ls nwj gksrs tk jgs gS] ;qokvksa esa mnklh] ruko] 

volkn] vkradokn] /kks[kk/kMh] vdsykiu tSls y{k.k c<+ jgs gS rFkk ;qok blds f”kdkj gksrs tk jgs gS tks vkus okys 

le; ds fy, vPNk ladsr ugha gSA 

¼2½ ekuo thou ij euksoSKkfud izHkko %& 

 lks”ky ehfM;k dk vke O;fDr vFkkZr~ ekuo ds thou ij Hkh izHkko gqvk gSA lwpuk rduhfd us lapkj txr 

esa Økafr yk nh gS] ekuo ij bldk ldkjkRed ,oa udkjkRed izHkko iM+k gS] ldkjkRed igyw ;g gS fd lks”ky 

ehfM;k ds }kjk izkIr gksus okyh f”k{kk] LokLF; vkSj jkstxkj vkfn ls l acaf/kr lwpukvksa dh tkudkjh esa o`f) vkSj 

fodkl gqvk tks larq’Vh ,oa [kq”kh dks n”kkZrk gS ogha udkjkRed izHkko us ekuo ds thou esa ruko] voln] 

udkjkRed lksp dks c<+kok fn;k gSA 

¼3½ cPpksa ij lks”ky ehfM;k dk izHkko %& 

 lks”ky ehfM;k dk cPpksa ij udkjkRed izHkko iM+ jgk gS] cPpks dh fcxMrh ekufldrk dk cgqr cM+k 

dkj.k lks”ky ehfM;k dks ekuk tkrk gS] tks cPps lks”ky ehfM;k dk mi;ksx cgqr T;knk djrs gS muds eu esa thou 

ds izfr vlarqf’V dk Hkko T;knk jgrk gS] lks”ky ehfM;k ij yksxks dks ns[k dj cPps Hkh vius vfHkHkkodksa ls 

vuko”;d oLrqvksa dh ekax djus yxrs gS] yM+dksa dh rqyuk esa yMfd;kaa ij bldk T;knk izHkko iM+rk gS] D;ksafd 

yM+fd;ka T;knk Hkkoqd gksrh gS tks cPps bldk T;knk mi;ksx djrs gS muesa lqcg gh vkSj jkr dks lksus ls igys 

baVjusV ij vkuykbZu jgus dh vknr iM+ tkrh gS] bl vknr ds dkj.k cPpksa dks vius “kkSd iwjk djus vFkok Lo;a 

dk vkRefo”ys’k.k djus dk le; gh ugha feyrk cPpksa dk rukoxzLr jguk dherh le; cckZn djuk ,oa mudk 
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lkekftd thou Hkh izHkkfor gks jgk gS] LekVZQksu ds mi;ksx ls vka[kksa ij cqjk izHkko ns[kk tk ldrk gS] cPpks ds 

,d ckj bldh vknr gks tkus ds ckn blds fcuk jguk eqf”dy gks tkrk gS cPpksa ds fnekx ij udkjkRed fopkjksa 

ls ekufld fodkl vo#) gks tkrk gS lkFk gh buds vkRelEeku dks Hkh uqdlku igqapuk laHko gS] ;gh dkj.k gS 

fd vkt 12 ls 15 lky ds rhu esa ls ,d ;k T;knk cPpksa esa uhan dh Hkh leL;k c<+ jgh gS] “kks/k ds eqrkfcd ;s 

mDr lHkh y{k.k cPpksa esa fnu izfrfnu c<+ jgs gSA  

¼4½ laLÑfr ij izHkko %& 

 ekuo ,d lkekftd izk.kh gSA ekuo fd lkekftd ,oa lkaLÑfr thou esa blds nq’ifj.kke fn[k jgs gS] vkt 

ekuo Lo;a ls Hkh feyus dk le; ugha fudky ik jgk gS vkSj viuksa ls nwfj;k Hkh LoHkkfod#i ls c<+ jgh gS] blls 

lekt dk <+kapk vlarqfyr gks jgk gSA ekuo dk lkeftd thou Hkh lekIr gks jgk gS blds foifjr lks”ky ehfM;k 

ls O;fDrxr thou dks c<+kok gh feyrk fn[kkbZ ns jgk gS fdlh ds futh thou ds lkFk muds ifjokj dks Hkh blesa 

?klhV ysuk lks”ky ehfM;k dk pyu cu x;k gSA xkyh nsuk] xyr viokg QSykuk] v”yhy vkSj Hkn~nh ckrs djuk] 

QksVks ,fMV dj dqN dk dqN fn[kk nsuk vkt vke ckr gks xbZ gS] tks fd lekt vkSj gekjh laLÑfr ds fy, cgqr 

lkspuh; gS yksx viuh HkMkl fudkyus ds fy, fdlh Hkh gn rd tkdj e;kZnk dk mYya?ku djus esa Hkh ijgst ugha 

djrs blfy, gesa lekt esa fxjrs uSfrd Lrj dks cuk, j[kus ds fy, dksbZ Bksl dne mBkus pkfg, ftlls fd ge] 

gekjs ifjokj] gekjs lekt] gekjh laLÑfr] gekjh e;kZnk dh xfjek lnSo cuh jgsA  

¼5½ efgyk l”kfDrdj.k ij izHkko %& 

 fiNys dqN o’kksZa esa efgykvksa dks l”kDr cukus vkSj muls lacaf/kr eqn~ns mBkus esa lks”ky ehfM;k us vge 

Hkwfedk fuHkkbZ gS] ns”k dh vk/kh vkcknh efgykvksa dh gS ;g lgh gS fd bl le; dksbZ {ks= ,slk ugha gS ftlesa 

efgykvksa us lQyrk ds >.Ms u xkM+s gks blds ckotwn vkt dh efgyk,a vius vf/kdkjksa ls oafpr gSA efgykvksa dh 

lkekftd fLFkfr esa lq/kkj dks ysdj yacs le; ls oSf”od Lrj ij fpark O;Dr dh tk jgh g S vkSj le;&le; ij 

blds fy, dne Hkh mBk;s x, gS] ns”k esa vktknh ds uhfr fuekZrkvksa us eq[;/kkjk ls tksM+us ehfM;k jsfM;ksa] 

Vsfyfotu vkSj lekpkj i=ksa ls efgykvksa dh lkekftd fLFkfr esa lq/kkj ykus gsrq iz;kl fd, gS] vkt fMftVy 

Økafr ds ;qx esa ehfM;k ls ,d ubZ mEehn cuh gSa fd ;g ,d ,slk IysVQkeZ g]S ftlesa efgykvksa dh fLFkfr esa lq/kkj 

dh laHkkouk,a dkQh gn rd c<+h gS] ehfM;k ds dkj.k gh vkt gksus okyh tqeZ lkeus vk jgs gS ogha mudks balkQ 

Hkh fey jgk gS] bl {ks= esa ehfM;k dh ldkjkRed Hkwfedk jgh gS] lks”ky ehfM;k us efgykvksa esa vkRefo”okl c<+k;k 

gS] jsfM;ks] Vh-oh-] lekpkj i=ksa us efgykvksa dh lksp esa cnyko Hkh yk;k gS] vkt efgykvksa dks l”kfDrdj.k cukus 

ds lkFk&lkFk jk’Vª dh rjDdh esa lks”ky ehfM;k vge Hkwfedk fuHkk jgk gSA  

¼6½ lks”ky ehfM;k dk thou izca/ku ij izHkko %& 

 lks”ky ehfM;k dk thou izca/ku ij izHkko fo’k; oLrq ij losZ{k.k ,oa fo”ys’k.k ds ifj.kke fparktud gS 

lks”ky ehfM;k ij le; ds mi;ksx dk oxZokj izfr”kr ik;k x;k] fd”kksj oxZ] fo|kFkhZ oxZ rFkk ;qok oxZ ] izfrfnu 

vkSlru vius iUnzg ?kaVks esa ls lks”ky ehfM;k ij Øe”k% 75-23 izfr”kr 73-33 izfr”kr rFkk 86-6 izfr”kr le; ij 

O;; djrs gS tcfd vU; dk;ksZ esa Øe”k% 16-66 izfr”kr] 24-66 o 35 izfr”kr le; dk gh mi;ksx djrs gS] Li’V gS 

fd lks”ky ehfM;k thou ij gkoh gks pqdk gS o thou izca/ku ds fy, vis{kkÑr cgqr de le; fn;k tk jgk gSA 

oxZokj 

lsEiy la[;k 

100 

izfrfnu vuqekfur vkSlr O;; fd;k x;k le; 15 ?k.Vksa esa ls 

Qslcqd OgkVlsi xse 

osclkbV mi;ksx 

v/;;u gsrq 

osclkbV mi;ksx 

vU; iz;kstukFkZ 

v/;;u o 

vU; dk;Z 

fd”kksj 1&2 2&4 1-30&2-30 20-&30 fe- 2&3 1&2 

fo|kFkhZ 2&3 2&3 1&2 15&20 fe- 2&30&3 1&2 

;qok 1&3 3&4 2&3 30 fe-&1 ?kaVk 2&3 2&3 

  lks”ky ehfM;k ds mi;ksx ds vkfn gksus ds vusdkusd nwjxkeh ifj.kke fd”kksj] fo|kFkhZ vkSj ;qok oxZ esa 

ifjyf{kr gks jgs gSa] ftlesa ;knnk”r esa deh] ,dkxzrk esa deh] dE;qfuds”ku fLdy esa deh a] fpark o ruko esa o`f) 
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dkYifudrk esa o`f)] ,dkdhiu esa o`f)] ekufld fodkjksa dk lekos”k] v/;;u ds izfr v#fp esa o`f)] ikfjokfjd 

nkf;Roksa dh mis{kk] “kkjhfjd LokLF; dk izHkkfor] viO;; dh izo`fRr esa o`f)] vdknfed ijQkjesal esa fxjkoV] 

dSfj;j ds izfr fu#Rlkfgr gksuk izeq[k udkjkRed izHkko gSA le; o thou izca/ku ladsrdkad fuEu Lrj dh vksj 

LFkkfir gksus yxrk gSA  

 lks”ky ehfM;k fo”o ls lrr~ tqM+s jgus dk csgrjhu o vfrmi;ksxh oSKkfud lk/ku gS fdarq bldk 

vfrmi;ksx udkjkRed izHkko ,oa ifj.kke mRiUu djrk gSA lkFkZd mi;ksx O;fDr ds fodkl vkSj ifj’dkj esa] viMsV 

j[kus ds lkFk gh thou izca/ku ds fy, vf}rh; Hkkxhnkjh fuHkk ldus esa ennxkj gks ldrk gS ogha lks”ky ehfM;k 

ij dh x;h xfrfof/k;kW vxj thou esa mrjdj thou dk fgLlk cuus yxrh gSa rks thou ladqfpr vkSj lhfer 

gksdj O;fDr] O;fDrRo vkSj euksoSKkfud fodkl dks ckf/kr djus yxrh gSA 

¼7½ lks”ky ehfM;k dk udkjkRed ,oa ldkjkRed izHkko %& 

 lks”ky ehfM;k lekt ds fodkl esa viuk ;ksxnku nsrk gS vkSj dbZ O;olk;ksa dks c<+kus esa Hkh enn djrk 

gS] ;g lks”ky ehfM;k ekdsZfVax tSls lk/ku iznku djrk gS tks yk[kksa l”kDr xzkgdksa rd igqaprk gS] ge vklkuh ls 

lks”ky ehfM;k ds ek/;e ls tkudkjh vkSj lekpkj izkIr dj ldrs gS] fdlh Hkh lkekftd dkj.k ds ckjs esa 

tkx#drk iSnk djus ds fy, lks”ky ehfM;k dk mi;ksx vPNk lk/ku gS] bPNqd ukSdjh ryk”kus okyksa dks Hkh blls 

lgk;rk feyrh gS] ;g O;fDr;ksa dks fcuk fdlh fgpfgpkgV ds nqfu;k ds lkFk lkekftd fodkl vkSj ckrphr djus 

esa enn dj ldrk gS] cgqr ls yksx mPp vf/kdkfj;ksa ds izksRlkfgr Hkk’k.k dks lquus ds fy, lks”ky ehfM;k dk 

mi;ksx djrs gSA ;g vkidks yksxks ls esy tksy c<+kus esa Hkh enn dj ldrk gS] dbZ fpfdRldksa dk ekuuk gS fd 

lks”ky ehfM;k yksxks esa fujk”kk vkSj fpark iSnk djus okyk ,d dkjd gS] ;s cPpksa esa [kjkc ekufld fodkl dk Hkh 

dkj.k curk tk jgk gS] lks”ky ehfM;k dk vR;f/kd mi;ksx fuank dks izHkkfor djrk gS] lkbcj cqfyax] Nfo [kjkc 

gksuk vkfn tSls dbZ vU; udkjkRed izHkko Hkh gSA lks”ky ehfM;k dh otg ls ;qokvksa esa xqe gks tkus dk Hk; 

vR;f/kd c<+ x;k gSA  

lq>ko %& 

 Hkkjr esa lks”ky ehfM;k dk nq#i;ksx fnu izfrfnu c<+rs tk jgk gS] bls ns[krs gq, dsUnz ljdkj us 

OgVklvi dks tokc ryc fd;k Fkk] fdarq OgkV~lvi us bls futrk dk vf/kdkj ,oa vfHkO;fDr dh vktknh crkdj 

ljdkj dh ea”kk ij ikuh Qsj fn;kA cksyus dh Lora=rk dh otg ls lks”ky ehfM;k esa vkifRrtud fVIi.kh fd;k 

tk jgk gS] [kqf”k;kWa “ks;j djus] vijkf/k;ksa dks idM+us] vlgk; dh enn djus] LoPN jktuhfr ds izfr yksxkas dks 

tkx#drk ykus esa bldk mi;ksx fd;k tkuk pkfg,] gekjh ekufldrk foÑr gks pqdh gSA Qsd U;wt dh otg ls 

vusd ekeys ntZ gks jgs gSa] gesa gekjh lksp ,oa lH;rk dks n”kkZus okyk vkpj.k Lohdkj djuk pkfg,A lks”ky lkbV 

esa c<+rs Qsd U;wt dks jksdus ds fy, gesa xzkeh.k Lrj ij tkx#drk vfHk;ku pykus dh vko”;drk gS] blesa 

ljdkj dks Hkh viuh Hkkxhnkjh fuHkkuh gksxh] fcuk Bksl xkjaVh ds dksbZ Hkh lwpuk dk vknku iznku u gks ns”k esa 

ekcfyafpu] naxs tSlh fLFkfr iSnk u gks ;g iz;kl fd;k tkuk pkfg,A ljdkj dks l[r dkuwu cuk, tkus pkfg, 

rkfd bl vijk/k ds fy, ltk ,oa vFkZn.M nsuk pkfg,A dkuwu dk Mj O;fDr;ksa esa [kkSQ iSnk djs] ykWx bu djrs 

le; ;wtjksa dks crk;k tk, fd fdlh Hkh izdkj ds lans”k ugha Hksts vU;Fkk mu ij ltk gks ldrh gSA fu;e dkuwu 

dh Li’V tkudkjh nsdj mldk ikyu lqfuf”pr gksA lHkh lks”ky ehfM;k dEifu;ksa ds fu;a=d d{k Hkkjr esa cus a] 

QthZ [kkrs dh igpku dj iathÑr eksckbZy uacj vkSj [kkrk dks vkthou jn~n fd;k tk,] vxj ,slk gqvk rks yksxks a 

ds eu esa Hk; mRiUu gksxk vkSj QthZ [kcjksa ij /khjs&/khjs yxke yxsxkA 

fu’d’kZ%& 

 fu’d’kZ #i esa dgk tk ldrk gS fd] lks”ky ehfM;k dk lekt ds lHkh oxksZ ij ldkjkRed ,oa udkjkRed 

izHkko iM+k gS fdarq fo”ks’kdj ;qok ,oa cPpksa ij bldk euksoSKkfud izHkko vf/kd ns[kk x;k g]S tks udkjkRed #i esa 

lkeus vk;k gSA O;fDr;ksa ds ifjokj ls ckgj vU; O;fDr;ksa ls ehfM;k ds ek/;e ls laca/k rks gS fdarq ifjokj ds 

vanj gh ikfjokfjd lnL; ds chp ekuoh; laca/k de gq, gSaA lks”ky ehfM;k dk ,d etcwr vk/kkj lks”ky lkbV ~l 

us iznku fd;k gS] orZeku le; esa dqN izeq[k lkbV viuh lQyrk] dke;kch dks oSf”od Lrj ij Qslcqd ds ek/;e 
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ls vius vkidks etcwrh ds lkFk LFkkfir fd;k gSA lks”ky lkbVl dh mi;ksfxrk vkt ds ifjos”k esa cgqr vf/kd 

lkFkZd fl) gks jgh gSA lks”ky ehfM;k ls tqM+s lHkh oxZ dh ftEesnkjh curh gS fd buesa fdlh Hkh izdkj dh 

foÑfr;ka u vk, vkSj viuh vPNh Nfo lekt ds lkeus j[k lds] f”k{kk dk {ks= gks ;k foKku] xf.kr ;k oSKkfud 

“kks/k jktuhfr ;k ns”k lapkyu ds fy, cuus okyh uhfr;ka] m|ksx txr ls tqM+h uhfr;ka vkSj muds O;kikj lapkyu 

ds rkSj rjhds dk gj txg lkekftd ek/;eksa dk tcjnLr mi;ksx gks jgk gSA ¼”kCn dqath] lks”ky ehfM;k] ifjokj] 

euksoSKkfud OgkVlsi] volkn l”kfDrdj.k] VohVj] xwxy] baLVkxzke] Qslcqd] fpark½ 

lanHkZ lwph %& 

1- lks”ky ehfM;k dk ;qokvksa ij izHkko&varjfo’k;d n`f’Vdks.k & “kks/k Lekfjdk 2019 

2- izfr;ksfxrk niZ.k 2015 vijkf/kd ys[kA 

3- ou bf.M;k fgUnh lekpkj 2009 

4- vijk/k “kkL= ,oa n.M iz”kklu & MkW- uk- fo- ijkat;s] lsUVªy ykW ifCyds”ku 2009 

5- vijk/k “kkL= &ujsUnz dqekj “kekZ vksesxk ifCyds”ku 2011 

6- ehfM;k & lanhi mik/;k; 

7- lwpuk lpakj & MkW- izKk JhokLro 

8- ehfM;k ys[ku vkSj i=dkfjrk & MkW-;w-lh- xqIrk 
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  
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N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 



Juni Khyat                                                                                                                               ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                  Vol-12 Issue-02 No.01 February 2022 

Page | 106                                                                                                    Copyright @ 2022 Author 

 
 

Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd 

fodkl esa  ;ksxnku ¼NRrhlx<+ ds jktukanxkWo uxj fuxe {ks= ds fo”ks’k lanHkZ esa½ 

                                 

jkfxuh “kks/kkFkhZ lgk;d izk/;kid¼okf.kT;½ “kk- fnfXot; Lo”kklh LukrdksRrj egkfo|ky; jktukanxkWo N-x- Hkkjr 

MkW- Vk.Msdj ds-,y- “kks/k funsZ”kd izkpk;Z “kk-fnfXot; Lo”kklh LukrdksRrj egkfo|ky; ftyk jktukanxkWo N-x- 

MkW HkkfV;k ,p- ,l- lg “kks/k funsZ”kd foHkkxk/;{k “kk-fnfXot; Lo”kklh egk-jktukanxkWo N-x- Hkkjr 

                                                                           

1-“kks/k lkj %&    

      jkT; ds ukxfjdksa dksa jkstxkj dh lqfo/kk iznku djus ds fy, jkT; “kklu }kjk egRokdka{kh ;kstukvksa dks iw.kZ 

djus ds fy, O;kolkf;d ifj;kstuk dh “kq:vkr dh xbZA bl ;kstuk dk fdz;koU;u jkT; Lrj ij NRrhlx<+ x`g 

fuekZ.k eaMy }kjk fd;k tk jgk gS bl ifj;kstuk ds varxZr izR;sd fgrxzkfg;ksa dks de dher ij O;kolkf;d 

ifjlj iznku fd;k tkrk gSA orZeku esa eaMy }kjk jkT; esa yxHkx 2000-00 O;kolkf;d ifjljksa dk fuekZ.k  fd;k 

tk pqdk gSA bl ;kstuk es yxHkx 200000-00 ls 9000000-00 :- rd O;kolkfld ifjlj dk ewY; fu/kkZfjr fd;k 

x;k gSA bl ;kstuk esa Hkouksa ds dz; gsrq HkkM+k dz; ;kstuk ds ek/;e ls fdLr Hkqxrku dh lqfo/kk 10@15 o’kksZ rd 

iznku dh tk jgh gS blds }kjk fuEu vk; Lrj ds  ukxfjdksa dks O;kolkf;d ifjlj dh lqfo/kk iznku dh tk jgh 

gSA bl ;kstuk ds ek/;e ls fgrxzkfg;ksa dks jkstxkj dh izkfIr gksrh gS ftlls fgrxzkfg;ksa dk vkfFkZd ,oa lkekftd 

fodkl gksrk gSA 

2-eq[; “kCn %& 

   O;kolkf;d ifjlj] jkstxkj] lkekftd ,oa vkfFkZd fodkl ] ;kstuk dk fdz;kUo;u  ]NRrhlx<+ x`g fuekZ.k 

eaMy 

 3-izLrkouk%& 

     izkphu dky esa ekuo viuh vko”;drkvksa dks iw.kZ djus ds fy, f”kdkj ,oa vk[ksV fd;k djrk Fkk rr~i”pkr~ 

/khjs /khjs le; esa ifjorZu gqvk ,oa o.kksZ a ds vk/kkj ij dk;Z dk foHkktu gksus yxk orZeku esa Hkh viuh vko”;drkvksa 

ds fy, ekuo jkstxkj dh ryk”k djrk gS ;k O;olk; djrk gSA orZeku esa izeq[k leL;k jkstxkj ,oa O;olk; dh 

leL;k gSA jkstxkj ls vk”k; gS vkthfodk vFkkZr thou ;kiu ds fy, vFkkZr Hkkstu] oL=] vkokl]fpfdRlk]f”k{kk 

vkfn ij [kpZ djus ds fy, vko”;d /ku vtZu gsrq fu;fer :i ls fd;k tkus okyk dke ,oa O;olk; ls vk”k; 

gS] ,d ,slk dk;Z ftlesa /ku ds cnys oLrqvksa vFkok lsokvks dk mRiknu] fodz; vkSj fofue; ls gSA ;g fu;fer 

:i ls fd;k tkrk gS rFkk ykHk dekus ds mns”; ls fd;k tkrk gSA [kuu] mRiknu] O;ikj] ifjogu] HkaMkj.k] cSafdx 

rFkk chek vkfn fdz;kvksa ls gSA ekuo thou esa O;olk; ,oa jkstxkj dk vR;f/kd egRo gSa] mUgsa jkstxkj ,oa 

O;olk; ls vkthfodk dh izkfIr gksrh gS ,oa ekuo dh vko”;drkvksa dh iwfrZ Hkh jkstxkj ,oa O;olk; ds ek/;e ls 

gksrh gSA  

          Hkw&laink ds {ks= esa egRoiw.kZ Hkwfedk fuHkkus ds fy, ,oa xq.korkiw.kZ fdQk;rh vkokl dh miyC/krk 

lqfuf”pr djus ds fy, Þ lcds fy, vkokl ß dFku ds lkFk NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk NRrhlx<+ 

x`g fuekZ.k eaMy vf/kfu;e 1972 ds rgr ¼no 3 of 1973½ 2000 dksa gqvk rRi”pkr~ vf/klwpuk dzekad 

177@3236@32@2003 fnukad 12-02-2004 esa iquxZBu fd;k x;kA 

   NRrhlx<+ x`g fuekZ.k eaMy fuxfer fudk; gSA tks vkokl ,oa i;kZoj.k foHkkx ds varxZr vkrk gSA eaMy esa 1 

v/;{k gksrk gS tks fo/kkulHkk dk lnL; ] 1 vk;qDr tks vkbZ-,-,l-laoxZ dk gksrk 3 vij vk;qDr gksrs gaSA tks 

vk;qDr ds v/khu dk;Z djrs gS budk eq[;ky; uok jk;iqj gSA lfdZy Lrj ij mik;qDr gksrk gS ftlds v/khu 

dk;Zikyu vfHk;ark gksrs gSa dk;Zikyu vfHk;ark ftyk Lrj  dk izeq[k gksrk gS ftuds v/khu deZpkjh dk;Zj~r gksrs gSaA 

orZeku esa izFke@f}rh;@r`rh;@prqFkZ Js.kh ds dqy 646 vf/kdkjh@deZpkjh dk;Zj~r gSA 
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NRrhlx<+ “kklu dh O;olk; gsrq ifjlj fuekZ.k djus ,oa vkokl dh uhfr;ksa ykxq djus okyh ;g izeq[k laLFkk gSaA 

NRrhlx<+ x`g fuekZ.k eaMy ,d Lok;Rr; laLFkk gSaA lhfer lk/kuksa ds lkFk bldh LFkkiuk dh xbZ FkhA ijUrq dqN 

gh le; esa eaMy izxfr ds lksikuksa dh vksj vxzlj gSA eaMy us fofHkUu ;kstukvksa ds ek/;e ls fgrxzkfg;ksa dks 

larq’V fd;k gS ,oa fdQk;rh nj ij vkokl ,oa O;olkf;d ifjlj miyC/k djk;k tkrk gSA   

       NRrhlx<+ x`g fuekZ.k eaMy }kjk E. W. S.,oa  L.I.G. oxksZa ds ukxfjdksa fdQk;rh nj ij vkokl ,oa 

O;kolkf;d ifjlj miyC/krk lqfuf”pr dkjkus dh izkFkfedrk gS rFkk eaMy }kjk vVy vkokl ;kstuk] vVy fogkj 

;kstuk ]nhun;ky vkokl ;kstuk esa fofHkUu lqfo/kkvksa ds lkFk vkokl ,oa O;olk; gsrq O;kolkf;d ifj;kstuk ds 

ek/;e ls O;kolkf;d ifjlj miyC/k djk;k tkrk gSA bu ;kstukvksa ds fy, eaMy dks jk’Vªh; Lrj ij lEekfur 

fd;k tk pqdk gSaA bl laca/k esa NRrhlx<+ x`g fuekZ.k eaMy dh LFkkiuk dk izeq[k mn~ns”; gS%&  

1-csjkstxkj ifjokjksa dks vu qnku ds i”pkr~ de nj ij izkFkfedrk ds vk/kkj ij O;kolkf;d ifjlj dh lqfo/kk 

lqfuf”pr djukA 

2-jkT; ds O;olk; ,oa jkstxkj dh lqfo/kk lqjf{kr djus ds fy, izsfjr djukA 

3-jkT; esa O;kolkf;d xfrfof/k;ksa ds e/; dh vuko”;d iz”kklfud ,oa dkuwuh ck/kkvksa dks nwj djukA 

4-jkT; dh {ks=h; laLFkku ,oa ifCyd izkbosV ikVZujf”ki ]v/nZ futh laLFkkvksa Hkouksa esa fofu;ksx ds fy, lfdz; 

djuk ,oa izksRlkfgr djuk A 

 

4 “kks/k v/;;u dk mn~ns”; %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk v/;;u djukA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk  fgrxzkfg;ksa rd igwWp dh lqfuf”prrk dk v/;;u 

djukA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fofHkUu {ks= esa ;ksxnku dk v/;;u djukA 

4-fgrxzkfg;ksa ds vkfFkZd fodkl ,oa lkekftd fodkl esa NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk ds 

;ksxnku dk v/;;u djukA 

 

5-“kks/k dh ifjdYiuk %& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkfld ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku 

gSaA 

2-NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dh igWwap fofHkUu oxksZ rd gSA 

3-NRrhlx<+ x`g fuekZ.k eaMy dh ifj;kstukvksa dk fdz;kUo;u ,oa eaMy dh fLFkfr lq}<+ djus esa NRrhlx<+ x`g 

fuekZ.k eaMy laHkkx jktukanxkao dk egRoiw.kZ ;ksxnku gSA 

 

6-“kks/k izfof/k%& 

    bl “kks/k i= esa izkFkfed vkdM+ksa ds fy, fgrxzkfg;ksa ls laidZ fd;k x;k ,oa f}rh;d vkdM+ksa ds :i esa 

fooj.kkRed i)fr dk mi;ksx fd;k x;k gSA NRrhlx<+ fuekZ.k eaMy dh foHkkxh; osclkbV ,oa NRrhlx<+ x`g 

v/;{k

vk;qDr

vijvk;qDr

dk;Zikyu 

vfHk;ark ftyk 

Lrj dk izeq[k 

tks mik;qDr ds 

v/khu dk;Z djrk 

gSA 

mik;qDr 
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fuekZ.k eaMy ftyk jktukanxkWo ls fofHkUu lwpuk i= ,oa if=dkvksa ds ek/;e ls f}rh;d vkdM+ksa dk ladyu fd;k 

x;k gSA 

 

7-O;kolkf;d ifj;kstuk %& 

  NRrhlx<+ jkT; “kklu }kjk izofrZr fuEu vk; oxZ ¼,y-vkbZ-th-½ Js.kh ds fgrxzkfg;ksa gsrq bl ifj;kstuk esa 

O;kolkf;d ifjlj dk fuekZ.k fd;k tkrk gSA “kklu ds }kjk fj;k;rh nj ij Hkwfe miyC/k djk;h tkrh gSA ;kstuk 

LFky dh miyC/krk rFkk vko”;drkuqlkj Lora= vFkok cgqeafty s ifjljksa dk fuekZ.k fd;k tkrk gSA ifjljksa dk 

vkcaVu ftyk dysDVj dh v/;{krk esa xfBr lfefr ds ek/;e ls fd;k tkrk gSA jktukanxkWo ftys es mDr ;kstuk 

U;w cl LVS.M ifjlj] xksy cktkj] th-bZ jksM esa fdz;kfUor dh tk pqdh gS]mDr ifj;kstuk esa fgrxzkfg;ksa dks de 

dher ij O;kolkf;d ifjlj iznku fd;k tk jgk gSA 

1-O;kolkf;d ifjlj ifj;kstuk u;k cl LVS.M ifjlj 

2-O;kolkf;d ifjlj ifj;kstuk xksy cktkj 

3-O;kolkf;d ifjlj ifj;kstuk th-bZ-jksM 

 

O;kolkf;d ifjlj ifj;kstuk varxZr fufeZr ,oa fofdzr ifjlj dh la[;k %& 

ifj;kstuk dk uke  ifjlj dk uke fufeZr ifjljksa dh 

la[;k 

fofdzr ifjljksa dh la[;k  

O;kolkf;d ifj;kstuk Uk;k cl LVSaM ifjlj 60 56 

O;kolkf;d ifj;kstuk th-bZ- jksM ifjlj 32 24 

O;kolkf;d ifj;kstuk xksy cktkj ifjlj 34 34 

      

O;kolkf;d ifjlj ifj;kstuk jktukanxkWo esa fufeZr ,oa fofdzr Hkouksa dh la[;k 

  

u;k cl LVSaM esa fufeZr ifjljksa dh la[;k 60 ,oa fofdzr ifjljksa dh la[;k 56 th-bZ- jksM esa 32 ,oa 24 xksy cktkj 

esa 34 ,oa 34 gSA 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 
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O;kolkf;d ifj;kstuk avarxZr fgrxzkfg;ksa dh la[;k 

dzekad O;kolkf;d ifjlj dk uke fgrxzkfg;ksa dh la[;k 

 1- u;k cl LVSaM ifjlj                 56 

 2-         th-bZ- jksM ifjlj 24 

 3- xksy cktkj ifjlj 34 

 

¼L=ksr %& f}rh;d L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

O;kolkf;d ifj;kstuk u;k cl LVSaM esa fgrxzkfg;ksa dh la[;k 56] th-bZ- jksM esa 24] xksy cktkj esa 34 gSA 

  ¼L=ksr %& f}rh; L=ksr NRrhlx<+ x`g fuekZ.k eaMy ftyk jktukanxkWo N-x-½ 

 

8- NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa   lkekftd fodkl esa 

;ksxnku dk fo”ys’k.kkRed v/;;u%& 

      izkFkfed vkdM+ksa ds fy, iz”ukoyh ds ek/;e ls vkdM+ksa dk ladyu fd;k x;k izkIr vkdM+ksa ds vk/kkj ij 

fo”ys’k.kkRed v/;;u fuEu gS%& 

fgrxzkfg;ksa dh la[;k %& 103 

  dz-            fooj.k  oxZ  gkW ugha rVLFk 

  01- 

 

  02- 

 

  03- 

 

O;kolkf;d ifjlj dz; djus ls foRrh; fLFkfr 

lq}<+ gqbZA 
 

O;kolkf;d ifjlj dz; djus ls jkstxkj dh izkfIr 

gqbZA 
 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk izkIr gqbZA 
 

 v 

 

 c 

 

 l 

 

  64 

 

  59 

 

  57 
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  26 
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 33 
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  04 

 

  05-- 

O;kolkf;d ifjlj dz; djus ls HkkM+k dz; dh 

lqfo/kk ls vkidh vk; esa cpr gqbZA 
 

D;k vki N-x- x`g fuekZ.k eaMy dh dk;Ziz.kkyh ls 

larq’V gSA 

 n 
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 ¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

       

¼L=ksr %& izkFkfed L=ksr iz”ukoyh ds ek/;e ls layXu½ 

mi;ZqDr fo”ys’k.k ls Li’V gS]fd O;kolkf;d ifjlj dz; djus ls fgrxzkfg;ksa ds vk;]jkstxkj  

thou Lrj esa o`f/n gqbZ gSA ftlls }f’Vxkspj gksrk gS fd NRrhlx<+ x`g fuekZ.k eaMy dh O;kolkf;d ifj;kstuk dk 

fgrxzkfg;ksa ds vkfFkZd ,oa  lkekftd fodkl esa ;ksxnku gSA 

 

9-NRrhlx<+ fuekZ.k eaMy dh O;olkf;d ifj;kstuk ds fdz;kUo;u dh izeq[k leL;k,%& 

9-1 ;kstukvksa dh fgrxzkfg;ksa rd igwWp ,oa izpkj izlkj dh leL;k%& 

   NRrhlx<+ fuekZ.k eaMy dh ;kstukvksa ds izpkj izlkj ds vHkko ds dkj.k t:jrean fgrxzkfg;ksa rd ;kstuk dk 

igWwp lqfuf”pr ugha gksrk gS ftlls ;kstuk ds fdz;kUo;u esa leL;k gksrh gSA 

9-2 ladqfpr ,oa nqjLFk {ks= esa ;kstuk dk fdz;kUo;u%& 

    eaMy }kjk fufeZr ;kstuk dk {ks= ladqfpr gksrk gS ,oa ftruh Hkh ;kstuk,a fufeZr dh tkrh gSA og “kgj ls 

nwjLFk {ks= esa gksrh gSA ftlls O;kolkf;d ifklj ds fodz; es leL;k gksrh gSA 

 9-3 “kklu }kjk vuqnku ,oa iWwth dh leL;k%& 

        “kklu }kjk eaMy dks fgrxzkfg;ksa dks vuqnku ,oa Hkwfe ds vfrfjDr dksbZ NqV ugha nh tkrh gS ,oa eaMy esa 

iwWth dh leL;k jgrh gS ftlls uohu ;kstuk fufeZr djus esa leL;k gksrh gSA 

9-4 vR;f/kd vkSipkfjdrk,a%& 

     eaMy dh ;kstuk ds izkjaHk esa izfdz;k iw.kZ djus esa vR;f/kd vkSipkfdrk,a gksrh gS ,oa fgrxzkfg;ksa dks uohu 

ifklj dz; djus esa Hkh vR;f/kd vkSipkfjdrk dks iw.kZ dkjuk gksrk ifj.kkeLo:i ifj;kstuk ds fdz;kUo;u esa leL;k 

gksrh gS   

 

10 lq>ko ,oa fu’d’kZ%& 

 10-1 lq>ko %& 

1-;kstuk izpkj izlkj %& 
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  ;kstukvksa dh fgrxzkfg;ksa rd igqWp lqfuf”pr djus ds fy, foKkiu ,oa vU; ek/;e ls ;kstuk dk izpkj izlkj 

fd;k tkuk pkfg,A 

 

2-foLr`r ,oa fudV {ks= esa ifjlj dk fuekZ.k%& 

    O;kolkf;d ifjlj dk fuekZ.k ladqfpr {ks= esa u djds foLr`r {ks= esa fd;k tkuk pkfg, ,oa O;kolkf;d ifjlj 

nqjLFk {ks= esa fufeZr u djds “kgj ds fudV fd;k tkuk pkfg,A 

3-“kklu }kjk vuqnku%& 

  “kklu }kjk le; le; ij vuqnku miyC/k djuk pkfg, iwWth ds vHkko esa NRrhlx<+ x`g fuekZ.k eaMy dh 

ifj;kstukvksa dk fdz;kfUor ugha gks ikrh gS ,oa vU; “kkldh; O;kolkf;d ifjljksa ds fuekZ.k dk dk;Z Hkh NRrhlx<+ 

fuekZ.k eaMy dks iznku fd;k tkuk pkfg, ftlds ifj.kkeLo:i iwWth dh leL;k ugha gksxhA 

4- fo”ks’k NqV ,oa ;kstuk dk izko/kku%& 

  NRrhlx<+ x`g fuekZ.k eaMy ds }kjk ifjlj ds fodz; gsrq fo”ks’k NqV dk izko/kku djuk pkfg, ,oa fo”ks’k oxksZ gsrq 

fo”ks’k ;kstuk,a fufeZr djuh pkfg, ftlls O;ko;lf;d ifjlj ds fodz; dh ek=k esa o`f) gksxh ,oa eaMy ds ykHk 

esa Hkh o`f) gksxhA  

5-vR;f/kd vkSipkfjdrk esa deh djuk%& 

   eaMy ds }kjk ;kstuk ds izkjaHk esa vR;f/kd vkSipkfjdrk gksus ds nsjh gksrh gS ,oa O;kolkf;d ifjlj ds fodz; esa 

Hkh leL;k gksrh gSA vr% vkSipkfjdrk esa deh djus gsrq ,dy f[kM+dh iz.kkyh ,oa vkWuykbZu Hkqxrku dh lqfo/kk 

gksuh pkfg,A 

 

10-2 fu’d’kZ%& 

  NRrhlx<+ x`g fuekZ.k eaMy }kjk ia-nhun;ky vkokl ds ek/;e ls jktukanxkWo ftyk esa yxHkx 150 ls vf/kd 

ukxfjdksa dksa NRrhlx<+ x`g fuekZ.k eaMy ds ek/;e ls O;kolkf;d ifjlj dh lqfo/kk iznku dh xbZ gS ftlds 

ek/;e ls ukxfjdksa dk vkfFkZd ,oa lkekftd fodkl gqvk gS ,oa bl {ks= esa eaMy dks 10 ls vf/kd iqjLdkj izkIr 

gks pqds gSA eaMy ds ek/;e ls  fgrxzkfg;ksa dks O;kolkf;d ifjlj dz; djus ls jkstxkj izkIr gksrk gS ,oa Lye 

{ks=ksa fodkl gksrk gS ,oa thou Lrj esa o`f) ftlls ;g ifjyf{kr gksrk gS fd] O;kolkf;d ifjlj ds fuekZ.k ,oa 

fgrxzkfg;ksa ds lkekftd ,oa vkfFkZd fodkl esas  O;kolkf;d ifj;kstuk dh egRoiw.kZ Hkwfedk gSA 

11-lanfHkZr xzaFk%& 

1-NRrhlx<+ x`g fuekZ.k eaMy dh laxokjh eaMy fgrxzkgh ekxZnf”kdk A 

2-NRrhlx<+ x`g fuekZ.k eaMy dh foHkkxh; osclkbV http://cghb.gov.in A 

3-vU; osclkbV https://drishtiias.comA 
4-“kks/k i)fr MkW- vkyksd xqIrk ,oa fufru xqIrkA 

5-O;k- lkaf[;dh MkW- ,l- ,e- “kqDy ,oa MkW- f”koiwtu lgk;A 

6-gfjHkwfe vkokl ,oa i;kZoj.k fo”ks’k if=dkA 

7-jk;iqj laHkkx ds varxZr NRrhlx<+ x`g fuekZ.k eaMy dh dk;Ziz.kyh ,oa miyfC/k;ksa dk fo”ys’k.k nsokxau d:.kk 

,oa oekZ ,y- ,u-A 

8-“kks/k i= %&  

1-lcds fy, vkokl dh lqfo/kk ,oa fgrxzkfg;ksa ds fodkl esa NRrhlx<+ x`g fuekZ.k dh Hkwfedk ¼jktukanxkWo ftys ds 

fo”ks’k lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

2-vVy vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa ;ksxnku    ¼jktukanxkWo ftys ds fo”ks’k 

lanHkZ½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

3- ia-nhun;ky vkokl ;kstuk dk fgrxzkfg;ksa ds vkfFkZd ,oa lkekftd fodkl esa         ;ksxnku ¼NRrhlx<+ ds 

jktukanxkWo ftysa ds fo”ks’k lanHkZ esa½ MkW- Vk.Msdj ds- ,y- MkW- HkkfV;k ,p- ,l- jkfxuhA 

http://cghb.gov.in/
https://drishtiias.coma/
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9-osclkbV https://hi.m.wikipedia.orgA 
10- osclkbV https://brainly.in/question/3895396A 
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yf{kr oxksZ ds vkfFkZd fodkl esa NRrhlx<+ jkT; vaR;kolk;h foŸk ,oa fodkl fuxe dh 

fofHkUu ;kstukvkas dk ewY;kadRed v/;;u ¼jktukanxkao ftys ds fo”ks’k lanHkZ esa½ 

 

MkW- ds-,y- Vk.Msdj] izkpk;Z “kkldh; usg: LukrdksRrj egkfo|ky;] Mksaxjx<+] ftyk & jktukanxkao] N-x- 

MkW- larks’k dqekj mds] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] 

jktuaknxkao ¼N-x-½ 

Jherh lqeu cksFkjk] lgk;d izk/;kid & okf.kT; “kkldh; fnfXot; Lo”kklh LukrdksRrj egkfo|ky;] jktuaknxkao 

¼N-x-½- 

  

“kks/k lkj %& 

izLrqr “kks/k i= esa yf{kr oxksZ ¼vuqlwfpr tkfr] vuq-tutkfr] fiNMk ox] vYila[;d ,oa lQkbZ dkexkj ½ 

ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe dh fofHkUu ;kstukvksa dk ewY;kadkRed v/;;u fd; x;k gS 

A izns”k ,oa ftys esa vkfFkZd fodkl dh n`f’V ls bu oxksZ ds fodkl gsrq fuxe }kjk lapkfyr fofHkUu ;kstukvksa ls 

lacaf/kr vkdM+ks dks n”kkZ;k x;k gSA fo”ks’k :Ik ls bu oxksZ }kjk viuh bPNkuqlkj p;fur O;olk; m|ksx ds fy, 

izf”k{k.k  ,oa foRrh; lgk;rk miyC/k djkdj mUgs vkfFkZd :Ik ls vkRefuHkZj cukdj lekt dh eq[;/kkjk ls tksM+uk 

,oa buds Lojkstxkj ds izfr vkdf’kZr dj budh ekufldrk dks fodflr djuk gS] blds fy, fuxe ds ek/;e l s 

_.k lqfo/kk] _.k forj.k] _.k olwyh] olwyh ds izfr”kr dks Hkh Lkkj.kh }kjk iznf”kZr dj fo”ys’k.k fd;k x;k gS 

rFkk yf{kr oxksZ ds vkfFkZd fodkl esa vaR;kolk;h foRr ,oa fodkl fuxe fdruk lQy jgk] bldk fo”ys’k.kkRed 

v/;;u fd;k x;kA  

 

izLrkouk %& 

Hkkjrh; lekt dk bfrgkl vR;ar izkphu gS] Hkkjrh; lekt Hkh fo”o ds vU; ns”kks dh lajpukvksa] laLd`fr;ksa 

ls ekSfyd :Ik ls vk/;kfRed mÌs”;ksa ds dkj.k i`Fkd gSA Hkkjrh; lkekftd lajpuk dk ,d izeq[k y{k.k ;gk¡ O;kIr 

tkfr O;oLFkk gS] fuEu ,oa detksj oxZ }kjk ijEijkxr :Ik ls fd;s tkus okys dk;Z pkgs og fdrus gh mi;ksxh D;ksa 

u gks] mudks ?k`.kk dh n`f’V ls gh ns[kk tkrk gSAZ detksj oxZ ds yksx izfrHkkoku vkSj vU; dk;ksZ esa n{k gksus ds 

ckotwn Hkh vius ialn dk dk;Z ugh dj ikrs Fks] O;olkf;d Lora=rk ds vHkko esa ;k sX;] dq”ky vkSj prqj gksus ds 

ckn Hkh ;g leqnk; viuk vkfFkZd fodkl ugh dj ikrs Fks] vktknh ds ckn nfyrksa ¼yf{kr oxksZ½ ds mRFkku ,oa 

vkfFkZd fodkl dks y{; ekudj vusd ;kstuk,a o dkuwu cuk;s x,] ftlls dh nfyrks dks lEeku ,oa U;k; fey 

ldsaA  

yf{kr oxksZ ds lEiw.kZ fodkl ds fy, Hkkjr ljdkj rFkk jkT; ljdkj }kjk fofHkUu miØeksa dh LFkkiuk dh 

xbZ] muesa ls ,d N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnr dh LFkkiuk 30 vDVwcj 2000 dks 

dh xbZA bl fuxe ds }kjk izns”k esa fuokljr vuqlwfpr tkfr] vuqlwfpr tutkfr] vU; fiNM+k oxZ] vYi la[;d 

oxZ rFkk lQkbZ dkexkj oxZ dks Þyf{kr oxZÞ ekudj mudks vkfFkZd ,oa lkekftd :Ik ls Åij mBkdj fodkl dh 

eq[; /kkjk ls tksM+dj l”kDr cukus dk y{; j[kk x;k gS] vkfFkZd fodkl ds fy, bu oxksZ ds fgrxzkfg;ksa dks muds 

}kjk p;fur O;olk; gsrq _.k miyC/k djk;k tkrk gS] ftudh lgk;rk ls bl oxZ ds fgrxzkgh viuk Lo;a dk 

jkstxkj izkjaHk dj viuk vkfFkZd ,oa lkekftd fodkl dj vius thou Lrj esa lq/kkj dj ldrs gSA  

yf{kr oxkZs dh vk;] thou Lrj ,oa jkstxkj dh vlekurk dks de djus ds fy, ljdkj us j.kuhfr ds 

:Ik esa fu;ksftr fodkl dks viuk;k gS] bu oxksZ dh fofHkUu leL;kvksa dks ns[krs gq, ,oa buds lkekftd vkfFkZd 

mRFkku ds fy, jktukanxkao ftys esa dk;Z dj jgs ÞN-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe e;kZfnrÞ 

iwjh ltxrk iwoZd dk;Z dj jgk gS] fuxe }kjk lapkfyr ;kstukvksa us bu oxksZ dks dSls ,oa dgk rd fofŸk; 

lgk;rk iznku dj vkfFkZd :Ik ls l”kDr o LokoyEch cuk;k rkfd buds vkfFkZd fodkl ds fy, D;k &D;k dk;Z 

fd, gS] bu lHkh dk;ksZ dk muds vkfFkZd fodkl esa D;k izHkko iM+k] vkfn dk ewY;kadu djus ds fy, “kks/k fo’k; dk 

p;u fd;k x;k gSA  

 

“kCn lwph %& 

yf{kr oxZ] vkfFkZd fodkl] mRFkku] LokoyachA  
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mÌs”; %& 

1- fuxe dh ;kstuk,a yf{kr oxZ ds vkfFkZd] lkekftd] “kS{kf.kd fodkl esa fdruh lgk;d jgh] bldk fo”ys’k.k 

djukA  

2- NRrhlx<+ jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh ;kstukvksa dk yf{kr oxkZs dss thou Lrj ij D;k 

izHkko jgkA  

3- yf{kr oxksZ rd fuxe dh ;kstukvkas dh tkudkjh dSls igqaph rFkk buesa fdruh tkx:drk vk;h] bldk v/;;u 

djukA  

4- fuxe dh ;kstukvksa dk bu oxksZ ds jkstxkj ij iM+us okys izHkko dk v/;;u djukA  

5- fuxe dh ;kstukvksa ,oa dk;ZØeksa dh leh{kk djuk rFkk tkx:drk ykus esa dgk rd fuxe lQy jgk gSA  

6- ;kstukvksa ds ek/;e ls yf{kr oxksZ ds l”kfDrdj.k dh fLFkfr dk ewY;kadu djukA  

 

ifjdYiuk %& 

  izLrkfor “kks/k dk;Z ds laca/k eas fuEu ifjdYiuk dh xbZ &  

1- N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxkZs dh lkekftd] 

vkfFkZd fLFkfr lqn`<+ gqbZ gSA  

2- ;kstukvkas@dk;ZØeksa dk yf{kr oxksZ ds vkfFkZd fodkl ij ldkjkRed izHkko jgk gSA  

3- fuxe dh fofHkUu ;kstukvksa dk lqpk: :Ik ls fdz;kUo;u gks jgk gSA  

 

“kks/k izfof/k %& 

izLrqr “kks/k v/;;u N-x- jkT; ds jktukanxkao ftys ds yf{kr oxZ ¼vuq- tkfr] vuq-tu- tkfr] vU; fiNM+k 

oxZ] vYila[;d lQkbZ dkexkj½ ds vkfFkZd fodkl esa N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dh 

;kstukvksa dk ewY;kadkRed v/;;u fd;k x;k gS] blds fy, izkFkfed rFkk f}rh;d leadks dk iz;ksx fd;k x;k gS] 

izkFkfed leadks ds ladyu dsa fy, izR;{k laidZ dj vuql wph ,oa iz”ukoyh Hkjok;h xbZ gS] blds vykok fuxe ls 

izkIr okf’kZd izfrosnu tux.kuk ] izdk”ku ftyk lkaf[;dh iqfLrdk lakf[;dh izdk”kuks] jkstkxkj leadks ls izkIr 

vkdMks dks f}rh;d leadks ds :Ik eas iz;ksx dj muds lkj.kh;u ,oa fo”ys’k.k ] lkaf[;dh fof/k;ksa ds vk/kkj ij 

izfr”kr] fodklnj] izo`freku dk mi;ksx rF;ksa dh lkFkZdrk dk izzLrqrhdj.k fd;k x;k gSA  

 

v/;;u {ks= ,oa lhek,a %& 

izLrqr v/;;u gsrq jktuaknxkao ftyk dk p;u fd;k x;k gS] ftleas fuxe }kjk lapkfyr vkfFkZd fodkl 

;kstukvksa dks fy;k x;k gSA jktukanxkao ftys ds varxZr 9 fodkl[kaM gS & jktukanxkao] Mksaxjxkao] pkSdh] Nqfj;k] 

eksgyk] ekuiqj] [kSjkx<+] NqbZ[knku] Mksaxjx<+ vkrs gSA jktukanxkao ftyk N-x- jkT; ds if”pe Hkkx easa fLFkr jkT; 

dk lcls cM+k ftyk gSA orZeku v/;;u dk;Z{ks= jktukanxkao ftyk esa lapkfyr fuxe ¼foHkkx½ ls izkIr lwph ds 

vk/kkj ij yxHkx 10 izfr”kr fgrxzkfg;ksa dk p;u dj bUgs v/;;u dh bZdkbZ ds :Ik esa lfEefyr fd;k x;k gS] 

ftlesa vuq- tkfr] vuq-tu tkfr] fiNM+k oxZ] vYila[;d] lQkbZ dkexkj oxZ ds fgrxzkfg;ksa dks “kkfey fd;k x;k 

gSA “kks/k izca/k ds v/;;u dh vof/k dk fu/kkZj.k Hkh djuk ,d O;ogkfjd leL;k gSA vr% miyC/k ;kstukvksa dk 

v/;;u mud vkdM+ks dh miyC/krk ds vk/kkj ij vyx&vyx le;kof/k ij fd;k x;k gSA  

 

jktukanxkao ftys dk ifjp; ,oa HkkSxksfyd fLFkfr %& 

e/;izns”k ds rRdkfyd eq[;ea=h Jh izdk”kpan lsBh us vfoHkkftr nqxZ ftys ls jktukanxkao dks ftyk cukus 

dh ?kks’k.kk 26 tuojh 1973 dks fd;k] rc ls ;g ftyk vfLrRo esa vk;k gS] jktukanxkao ftyk NRrhlx<+ ds vapy 

esa fLFkr if”pe Hkkx esa fLFkr N-x- jkT; dk lcls cM+k ftyk tks orZeku esa nqxZ laHkkx ds varxZr vkrk gSA 1973 

esa dqy HkkSxksfyd {ks=Qy 11127 oxZ fdeh FkkA orZeku esa dqy HkkSxksfyd {ks=Qy 8022-5 oxZ fdeh gSA ftys dk 

foLrkj 200700 ls 220290 mRrjh v{kka”k rFkk 80023 ls 81029 iwohZ ns”kkarj ds e/; gS] leqnzry ls vkSlr ÅWpkbZ 

330078 ehVj bldh mRrj ls nf{k.k yEckbZ 148-4 fd-eh- rFkk iwoZ if”pe yEckbZ 89 fd-eh- gSA ftys dh dqy 

tula[;k 2001 ds vuqlkj 1283224 Fkh] tks c<dj 2011 esa 1537133 gks xbZ] blh izdkj ftys ds vf/kdka”k 

rglhyks esa tula[;k o`f) gqbZ gS] o’kZ 2011 dh tux.kuk ds vuqlkj lokZf/kd tula[;k jktukanxkao rglhy esa 

rFkk lcls de eksgyk rglhy esa ntZ dh xbZ gSA  
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N-x- vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk ifjp; dk;Z ,oa mÌs”; %& 

Hkkjr ljdkj }kjk lafo/kku esa mYysf[kr vuqPNsnks ds rgr~ ?kksf’kr vuq-tkfr] vuq-tu-tkfr] fiNMk oxZ] 

vYila[;d ,oa lQkbZ dkexkjks ¼yf{kr oxZ½ ds yksxks dks Lojkstxkj ,oa foŸkh; lgk;rk iznku djus ds mn~ns”; ls 

N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe dk xBu e-iz- lgdkjh lkslk;Vh ¼iquxZBu ,oa fuekZ.k½ 

v/;kns”k Øekad 04 lu~ 2000 ds varxZr fnukad 30-10-2000 dks fd;k x;k N-x- esa dqy vkcknh 32% vuqlwfpr 

tutkfr ,oa 13% vuqlwfpr tkfr oxZ dk gS] bu nksuks dks fo”ks’k /;ku esa j[krs gq, buds vkfFkZd fodkl ,oa 

xjhch js[kk ls uhps ds vafre Nksj ds O;fDr dks foŸkh; lgk;rk fnykdj LokyEch cukus ds mn~ns”; ij fuxe N-x- 

izns”k ,oa jktukanxkao ftys esa fofHkUu ;kstukvksaa dk fØ;kUo;u dj jgk gSA blds vfrfjDr fiNMk oxZ] vYila[;d 

oxZ] lQkbZ dkexkjks dh eqfDr ,oa iquZckl ds fy, vkfFkZd ewyd ;kstukvksa ds nkf;Ro dk fuoZgu fuxe dj jgk gSA 

csjkstxkj ;qodks esa O;olkf;d ekufldrk fodflr djus ds mn~ns”; ls O;olk; iwoZ izf”k{k.k nsus ds fy, m|eh 

fodkl laLFkku ,oa izf”k{k.k lg&mRikn dsUnz dk foy; N-x- jkT; vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe 

e;kZfnr esa fd;k x;k gSA 

 

yf{kr oxZ lewg & N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe }kjk yf{kr oxZ lewg oxZ lewg ds varxZr vuq-

tkfr]vuqlwfpr tutkfr] fiNMk oxZ] vYila[;d oxZ ,oa lQkbZ dkexkj oxZ dks “kkfey fd;k x;k gS] bu oxksZ ds 

vkfFkZd ,oa lkekftd fodkl gsrw fofHkUu ;kstukvksa dk fØ;kUo;u fuxe dj jgk gSA 

 

vaR;kolk;h foŸk ,oa fodkl fuxe dh yf{kr oxksZ ds fy, ftys esa lapkfyr fofHkUu ;kstukvksa ,oa mudk fØ;kUo;u 

ckcn& jktukanxkao ftys esa yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl dks /;ku esa j[krs gq, N-x- vaR;kolk;h 

foŸk ,oa fodkl fuxe e;kZfnr jk’Vªh; foŸk iks’kd fuxeksa ds lg;ksx ls vyx&vyx oxksZ ds fgrkFkZ lapkfyr 

fofHkUUk ;kstukvksa dk fØ;kUo;u lQyrkiwoZd dj jgk gS] jk’Vªh; foŸk iks’kd fuxeksa esa izeq[k ¼1½ jk’Vªh; vuqlwfpr 

tkfr foŸk ,oa fodkl fuxe ¼2½ jk’Vªh; vuqlwfpr tutkfr foŸk ,oa fodkl fuxe ¼3½ jk’Vªh; fiNMk oxZ foŸk ,oa 

fodkl fuxe ¼4½ jk’Vªh; vYi la[;d foŸk ,oa fodkl fuxe ¼5½ jk’Vªh; lQkbZ dkexkj foŸk ,oa fodkl fuxe gS] 

bu yf{kr oxksZ ds fy, lapkfyr ;kstuk,W fuEukuqlkj gS& 

 

1- vuqlwfpr tkfr & vuqlwfpr tkfr oxZ ds fgrxzkfg;ksa dks vkfFkZd #i ls l”kDr djus gsrw lapkfyr ;kstuk,W 

¼1½ efgyk le`f) ;kstuk ¼2½ ekbØks ØsfMV ;kstuk ¼3½ VªsDVj Vªkyh ;kstuk ¼4½ Leky fctusl ;kstuk ¼5½ xqM~l 

dSfj;j ;kstuk ¼6½ islsUtj Oghdy ;kstuk ¼7½ f”k{kk _.k ;kstuk ¼8½ y?kq O;olk; ;kstuk 

 

2- vuqlwfpr tutkfr &  vuqlwfpr tutkfr oxZ ds fy;s lapkfyr ;kstuk,W ¼1½ VªsDVj Vªkyh ;kstuk ¼2½ xqM~l 

dSfj;j ;kstuk ¼3½ islsUtj Oghdy ;kstuk ¼4½ vkfnoklh efgyk l”kfDrdj.k ;kstuk ¼5½ Leky fctusl ;kstuk ¼6½ 

f”k{kk _.k ;kstuk 

 

3- jk’Vªh; fiNMk oxZ&  jk’Vªh; fiNM +k oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ ekbØks ØsfMV 

;kstuk ¼3½ tujy yksu ;kstuk ¼4½ ubZ Lof.kZe ;kstuk ¼5½ vkdka”kk “kSf{kd _.k ;kstuk ¼6½ efgyk le`f) ;kstuk 

 

4- vYila[;d oxZ& vYila[;d oxZ ds fy, lapkfyr ;kstuk,W ¼1½ VeZ yksu ;kstuk ¼2½ “kSf{kd _.k ;kstuk ¼3½ y?kq 

foŸk ¼ekbØks Qk;usUl½ ;kstuk ¼4½ efgyk le`f) ;kstuk ¼5½ O;fDr ewyd cMh _.k ;kstuk 

 

5- lQkbZ dkexkj oxZ&  lQkbZ dkexkj oxZ ds fy, ;kstuk,W ¼1½ O;fDr ewyd ;kstuk ¼2½ vkVks f”k{kk ;kstuk    

¼3½ LoPNrk ls lacaf/kr okgu ;kstuk ¼4½ lsusVjh ekVZ ;kstuk ¼5½ efgyk le`f) ;kstuk ¼6½ ekbØks ØsfMV ;kstuk   

¼7½ efgyk vf/kdkfjdrk ;kstuk vkfn dk fØ;kUo;u fuxe }kjk fd;k tk jgk gS A ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe e;kZfnr jktukanxkao }kjk o’kZ 2000 ls 2016 rd oxZokj ;kstukvksa esa forfjr jkf”k ds vkadMs 

fuEu rkfydk vuqlkj gS& 

oxZokj ;kstukvksa ds vkadMs ¼o’kZ 2000 ls twu 2016 rd½ jkf”k yk[k #i;s esa 
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Øekad fooj.k forfjr jkf”k olwy dh xbZ jkf”k cdk;k jkf”k 
olwyh dk 

izfr”kr 

01 vuqlwfpr tkfr oxZ 32767840 18598430 14169410 56-75% 

02 vuqlwfpr tutkfr oxZ 50337405 25650839 24686566 50-95% 

03 fiNMk oxZ 7304968 3823932 3481036 52-35% 

04 vYila[;d oxZ 5003145 1515493 3487653 30-29% 

05 lQkbZ dkexkj oxZ 12851766 2256663 10596103 17-55% 

;ksx & 108265124 51844357 5642767 47-88% 

L=ksr & vaR;kolk;h lgdkjh foŸk ,oa fodkl fuxe jktukanxkao ¼N-x-½ 

mijksDr rkfydk ls Li’V gS fd ftyk vaR;kolk;h foŸk fodkl fuxe jktukanxkao }kjk ftys esa yf{kr oxksZ 

dks vkfFkZd ,oa lkekftd fodkl dh n`f’V ls fofHkUu ;kstukvksa ds ek/;e ls vkfFkZd lgk;rk miyC/k djkbZ xbZ 

ftlls vuqlwfpr tkfr] vuqlwfpr tutkfr] fiNMk oxZ dk olwyh izfr”kr Øe”k% 56-75%, 50-95%, 52-35%, gS tks 

vU; oxksZ dh rqyuk esa lokZf/kd gS] bldk dkj.k bu oxksZ dk f”kf{kr ,oa tkx#d gksuk n”kkZrk gS ogh vYila[;d 

rFkk lQkbZ dkexkjks Øe”k% 30-29 ,oa 17-55 % jgk gSA _.k dk izfr”kr de gksus ls ftys esa fuxe dh jkf”k 

fofHkUu jk’Vªh; fuxeks dks Lke; ij okil djus esa dfBukbZ gksrh gS] ftys es dqy olwyh dk izfr”kr 47-88% gS tks 

fd fuxe }kjk lapkfyr ;kstuk ds lQy fØ;kUo;u ls lHkh oxksZ dk vkfFkZd ,oa lkekftd fodkl laHko gks ldk 

gSA 

 

leL;k ,oa lq>ko &  

yf{kr oxksZ ds vkfFkZd ,oa lkekftd fodkl esa ;kstukvksa ds fØ;kUo;u esa ftyk vaR;kolk;h lgdkjh foŸk 

,oa fodkl fuxe dh egRoiw.kZ Hkwfedk jgh gS] fo’k; ds v/;;u fo”ys’k.k ds le; ge sa dbZ pqukSfr;ksa ,oa dfBukb;ksa 

dk lkeuk djuk iM+k gS] ;kstukvksa ds fØ;kUo;u esa fgrxzkfg;ksa dh vf”k{kk] fu’Bk] izfrc)rk] deZBrk] bPNk “kfDr 

rFkk ;kstukvksa dh lgh tkudkjh dk fgrxzkfg;ks rd lgh le; ,oa lgh ifjfLFkfr;ksa esa ugh igqWp ikuk rFkk bldk 

Kku u gksuk fu/kkZfjr le; ij y{; dh iwfrZ u gksuk olwyh dk “kr~&izfr”kr ugh gksuk] olwyh esa foyEc tSlh 

izeq[k leL;k ik;h xbZ gS] fuxe ds deZpkjh] vf/kdkjh dk Hkh lg;ksx ,oa leUo; dk vkHkko jgk gS] fuxe dh 

;kstuk,W vkfFkZd fodkl vFkkZr _.k forj.k ls lacaf/kr gksus ds dkj.k forj.k izfØ;k esa tfVyrk ls Hkh fgrxzkgh 

;kstuk dk lgh ykHk mBkus esa vleFkZ jgs gS] fuxe dh fofHkUu ;kstukvksa ds fØ;kUo;u dk yf{kr oxksZ ds vkfFkZd 

lkekftd fodkl ij ldkjkRed izHkko iM+k ,oa mudh fLFkfr lq<`<+ olwyh gks blds fy, fuEufyf[kr lq>ko izLrqr 

gS & 

 

lq>ko & 

1- fgrxzkfg;ks dks ljyrk ls _.k miyC/k gks lds blds fy, _.k ysus dh vkSipkfjdrk dks de djus dh 

vko”;drk gSA 

2- fuxe }kjk _.k forj.k] _.k olwyh dh izfØ;k dks ljy cukuk pkfg,A 

3- ;kstukvksa dk O;kid izpkj&izlkj fd;k tkuk pkfg, ftlls fd fgrxzkfg;ksa }kjk ;kstukvksa dks vf/kd ykHk 

mBk;k tk ldsA 

4- _.k ij C;kt nj esa deh djuk vko”;d gS rkfd fgrxzkfg;ksa dks vf/kd Hkkj mBkuk uk iMsA 

5- fgrxzkfg;ks dks izksRlkgu Lo#i dqN vfrfjDr lqfo/kk,W iznku djuh pkfg,A 

6- vkosndks ds p;u izfØ;k iw.kZ #i ls ikjn”khZ gksuh pkfg,] ftlls ;ksX;] bZekunkj] ifjJeh] yxu”khy n`<+ 

bZPNk“kfDr ,oa deZB O;fDr dk p;u gks rkfd _.k dh jkf”k dk lgh mi;ksx gks ldsA 

7- fuxe }kjk ;kstukvksa ds fØ;kUo;u dh tokcns;rk r; gksuh pkfg,A 

8- fuxe dh dqN ;kstukvksa ij C;kt eqDr _.k fn;k tk, rkfd vf/kd ls vf/kd fgrxzkgh vkdf’kZr gks ldsA 

 

fu’d’kZ &  
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orZeku le; esa csjkstxkjh iwj s fo”o esa I;kIr gSA vuq-tkfr] tutkfr ] fiNMk oxZ ,oa vYi la[;d ,oa 

lQkbZ dkexkjks us csjkstxkjh dh leL;k dks lekIr djus rFkk bl oxZ ds fgrxzkfg;ksa dks Lojkstxkj iznku djus ds 

Ìs”; ls N-x- vaR;kolk;h lgdkjh foRr ,oa fodkl fuxe fofHkUu ;kstukvks dk fdz;kUo;u dj jgh gSA fuxe 

fofHkUu ;kstukvksa ds ek/;e ls yf{kr oxksZ dks foRrh; lgk;rk iznku dj jgh gSA bu ;kstukvksa dk yf{kr oxZ ij 

ldkjkRed izHkko iM+k gS] lkFk gh ftys ds yf{kr oxksZ dh lkekftd] vkfFkZd] “kS{kf.kd fLFkfr lqn`< gqbZ lkFk gh 

jkstxkj] Lojkstxkj ds volj miyC/k gq,A bu ;kstukvksa ds fdz;kUo;u ls yf{kr oxksZ ds thou Lrj esa lq/kkj vk;k 

gS vkSj os fodkl dh eq[;/kkjk ls tqM+dj vkfFkZd :i ls l{ke cu jgs gSA bu oxksZ ds vkfFkZd :i ls fodflr gksus 

ls lekt dk] xkao dk] ftys dk] jkT; dk ,oa jk’Vª dk Hkh fodkl gks jgk gSA  

 

lanHkZ lwph & 

1- ftyk vaR;kolk;h foŸk ,oa fodkl fuxe jktukanxkao }kjk izdkf”kr iqfLrdkA 

2- feuh ekrk LokyEcu ;kstuk lQyrk dh dgkuh 2012A 

3- jk’Vªh; vuqlwfpr tkfr] tutkfr foŸk ,oa fodkl fuxe ubZ fnYyhA 

4- lQkbZ dkexkj leqnk; [kqn”kkg latho jked`’.k izdk”ku ubZ fnYyhA 

5- N-x- jkT; vaR;kolk;h foŸk ,oa fodkl fuxe jk;iqj ekxZnf”kZdkA 

6- vkfnoklh Lojkstxkj ;kstuk ekxZnf”kZdkA 

7- ftyk lkaf[;dh iqfLrdk 2014A 

8- fjlpZ fyad ekpZ&2018A 

9- MkW- “kkark “kqDyk] NRrhlx<+ lkekftd vkfFkZd bfrgklA  

10- vkfnoky panzeksgu vkfnoklh gfjtu vkfFkZd fodkl ] ukjnu cqd lsaVj] bykgkcknA  

11- ftyk jktukanxkao dh fodkl >yd & 2014 
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1.Abstract: 

            To ensure the transparency in PDS, the work of computerization of the PDS started in the 

year 2007. All the activities of the PDS have been computerized. All the district food offices have 

been connected to the state headquarter through the internet for computerization of PDS. For the 

allocation of ration materials, a database of all 12,451 FPS of the state has been prepared and on the 

basis of the ration cards attached to them, the allocation of shop wise ration material is being issued 

by food directorate through January 2008. In the financial year 2020-21 total 12,072 FPS has been 

computerized through android based tablet. Information about distribution of ration materials is 

available online to ration card holder by computerization up to FPS level. PDS has become more 

robust and transparent with this system. 

Key words: PDS: - Public Distribution System, FPS: - Fair Price Shop, 

 

2.Introduction: 
The implementation of PDS has ensured food security in the state. Under the PDS food grain 

and other essential commodities are provided to the economically weaker section of the society at 

the subsidized rate. In the state, the essential commodities like food grain, sugar, kerosene,  salt and 

gram are made available through the PDS by the department of ‘Food civil supplies and consumer 

protection’ at the subsidized rate  through FPS. PDS is being implemented in the state through 130 

PDS supply centers and 12,451 FPS of civil supplies corporation. Under the PDS about 67.11 lakh 

ration card holders are being distributed ration material according to the type of criteria of their 

ration card. 

 

3.Research Methodology: 

3.1 Objective of the Study 

1. To know the PDS in brief. 

2. To study about transparency under PDS. 

3. To know the facilities available to people in PDS 

 

3.2 Hypothesis of the Study 

Ho: - There is significantly no any problem face by people in online payment under PDS. 

H1:- There is significantly many problems faced by people in online payment under PDS. 

Ho: - There is significantly no need to improvement in PDS regarding management. 

H1:- There is significantly need to some improvement in PDS regarding management.  

 

3.3 Nature of the study: 
            This study is descriptive in nature, which describes about certain facilities provide under PDS 

in Chhattisgarh state. 

3.4 Sources of data collection: 

               In this study, all the data/numerical contents are collected from secondary source of data 

collection i.e. News Paper and from Economic Survey 2020-21. 

3.5 Limitation of the study 

In this study, data is collected from secondary source only and this study covers Chhattisgarh State 

only. 
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4. Steps taken by state government for transparency of PDS in Chhattisgarh state 

4.1 Paddy procurement computerization by food department 

             In the kharif year 2007-08, the entire system of paddy procurement has been computerized 

and every year, regular improvements are being made to the experience of paddy procurement and to 

solve the problem faced. In the current kharif year, the work of paddy procurement is being done in 

2310 paddy procurement centers of the state through computerized arrangement from farmers of the 

state. 

            In this kharif year 21.48 lac formers have been registered to sell paddy at the support price. 

The information of the paddy acreage estimated production etc of the registered formers has been 

recorded in the software for purchasing paddy from the farmers on the support price is being paid 

directly to their bank account. Due to this, farmers are getting immediate payment for their produce. 

4.2 Call center 

         In order to increase transparency and public participation in the PDS, The food department is 

running a call centre since January 2008. Whose contact numbers are 1967 and 1800-233-3663 (toll 

free). Through this, any citizen can get information about the PDS and other schemes operated by 

the food department and can file their complaint. 

4.3 Public participation website 

            Public participation website (http://khadya.cg.nic.in/citizen.citizenhomeaspx) is a new 

experiment of state government. Any citizen can register for free on this website. After registration, 

the facility of sending complains and suggestions related to the food department will be available to 

citizens through email. After this registration by citizens SMS, registration can be done through 

ration shop for information.  

 

5. Problems faced by consumers and shopkeeper regarding online PDS 

            There is no any facility of online payment in ration shops. People are not getting online 

facility from the ration shop of the state. There is many ration shops in each district of the state 

which have not online payment facility are given below:- 

 

Source :- Dainik Bhaskar 13/5/22  

           There are more than 13000 ration shops in the state, out of which 9500 do not have the 

facility to deposit the amount online after taking ration, whereas the government has given 

instructions to download ‘DigiDhan’ software for this in all ration shops. Despite this, people are not 

getting its facility even in half of the ration shops of the state. At the same time, the condition of the 

state capital is not very good. In this case, out of 586 shops in the capital, 341 do not have this 

facility, due to which the beneficiaries either have to pay more amount or the ration shop operators 

are not returning the amount to the people even after taking the amount. In such a situation, it is 

necessary to install ‘DigiDhan’ software in all ration shops but still the installation is not being done. 

SN. District Total shop No facility SN. District Total shop No facility 

1. Bemetara   456 123 15. Baloda Bazar          668  442 

2. Durg                       635 405 16. Mahasamund 590 114 

3. kawardha              497 497 17. Raipur 586 341 

4. Rajnandgaon         886 793 18. Dhamtari 409 230 

5. Balod                      446 219 19. Gariyaband 351 255 

6. Koria 408 236 20. Kondagaon 389 384 

7. Surajpur 509 429 21. Narayanpur 112 108 

8. Balrampur 474 380 22. Sukma 166 166 

9. Sarguja 506 373 23. Bilaspur 651 607 

10. Jashpur 476 299 24. GPM 197 197 

11. Bastar 477 387 25. Janjgir champa 701 571 

12. Bijapur 188 188 26. Korba 477 314 

13. Dantewada 152 132 27. Mungeli 397 288 

14. Kanker 485 442 28. Raigarh 674 573 

http://khadya.cg.nic.in/citizen.citizenhomeaspx
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On other way, in this study, we also find that the ration shop operators, the beneficiaries are also 

getting upset due to the problem of the server because the new system is not working properly till 

now. At the same time, there is a claim of improvement in it, but still the improvement is not being 

done, due to which, people are facing problems. 

 
Source: Dainik Bhaskar  15/3/22  

Suggestion and Conclusion            
           There is need to do more focus on PDS online system for their transparency. Because of the 

many practices, people are facing many problems in online payment and due to server problem. 

There is need to improve the connectivity and server. And strictly order the shop operators to make 

online payment.  

But, in this study, we can also see that, Government of Chhattisgarh state, continuous trying to make 

a transparent PDS, for this purpose, Food department starts computerization in paddy procurement 

and arranges call centers, Public participation website, launched ‘DigiDhan’ software But, due to 

involvement of large number of people, and lack of technological knowledge some major problems 

are always happen in system. But according to this study, we can say that, Chhattisgarh state is 

performing not purely transperent system. but, government is continuous trying to do their best. but 

there is need to more focus on supervision for this system. because there is absence of proper 

supervision many schemes are not executed properly. 
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            To ensure the transparency in PDS, the work of computerization of the PDS started in the 

year 2007. All the activities of the PDS have been computerized. All the district food offices have 

been connected to the state headquarter through the internet for computerization of PDS. For the 

allocation of ration materials, a database of all 12,451 FPS of the state has been prepared and on the 

basis of the ration cards attached to them, the allocation of shop wise ration material is being issued 

by food directorate through January 2008. In the financial year 2020-21 total 12,072 FPS has been 
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available online to ration card holder by computerization up to FPS level. PDS has become more 
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2.Introduction: 
The implementation of PDS has ensured food security in the state. Under the PDS food grain 

and other essential commodities are provided to the economically weaker section of the society at 

the subsidized rate. In the state, the essential commodities like food grain, sugar, kerosene,  salt and 

gram are made available through the PDS by the department of ‘Food civil supplies and consumer 

protection’ at the subsidized rate  through FPS. PDS is being implemented in the state through 130 

PDS supply centers and 12,451 FPS of civil supplies corporation. Under the PDS about 67.11 lakh 

ration card holders are being distributed ration material according to the type of criteria of their 

ration card. 

 

3.Research Methodology: 

3.1 Objective of the Study 

1. To know the PDS in brief. 

2. To study about transparency under PDS. 

3. To know the facilities available to people in PDS 

 

3.2 Hypothesis of the Study 

Ho: - There is significantly no any problem face by people in online payment under PDS. 

H1:- There is significantly many problems faced by people in online payment under PDS. 

Ho: - There is significantly no need to improvement in PDS regarding management. 

H1:- There is significantly need to some improvement in PDS regarding management.  

 

3.3 Nature of the study: 
            This study is descriptive in nature, which describes about certain facilities provide under PDS 

in Chhattisgarh state. 

3.4 Sources of data collection: 

               In this study, all the data/numerical contents are collected from secondary source of data 

collection i.e. News Paper and from Economic Survey 2020-21. 

3.5 Limitation of the study 

In this study, data is collected from secondary source only and this study covers Chhattisgarh State 

only. 
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4. Steps taken by state government for transparency of PDS in Chhattisgarh state 

4.1 Paddy procurement computerization by food department 

             In the kharif year 2007-08, the entire system of paddy procurement has been computerized 

and every year, regular improvements are being made to the experience of paddy procurement and to 

solve the problem faced. In the current kharif year, the work of paddy procurement is being done in 

2310 paddy procurement centers of the state through computerized arrangement from farmers of the 

state. 

            In this kharif year 21.48 lac formers have been registered to sell paddy at the support price. 

The information of the paddy acreage estimated production etc of the registered formers has been 

recorded in the software for purchasing paddy from the farmers on the support price is being paid 

directly to their bank account. Due to this, farmers are getting immediate payment for their produce. 

4.2 Call center 

         In order to increase transparency and public participation in the PDS, The food department is 

running a call centre since January 2008. Whose contact numbers are 1967 and 1800-233-3663 (toll 

free). Through this, any citizen can get information about the PDS and other schemes operated by 

the food department and can file their complaint. 

4.3 Public participation website 

            Public participation website (http://khadya.cg.nic.in/citizen.citizenhomeaspx) is a new 

experiment of state government. Any citizen can register for free on this website. After registration, 

the facility of sending complains and suggestions related to the food department will be available to 

citizens through email. After this registration by citizens SMS, registration can be done through 

ration shop for information.  

 

5. Problems faced by consumers and shopkeeper regarding online PDS 

            There is no any facility of online payment in ration shops. People are not getting online 

facility from the ration shop of the state. There is many ration shops in each district of the state 

which have not online payment facility are given below:- 

 

Source :- Dainik Bhaskar 13/5/22  

           There are more than 13000 ration shops in the state, out of which 9500 do not have the 

facility to deposit the amount online after taking ration, whereas the government has given 

instructions to download ‘DigiDhan’ software for this in all ration shops. Despite this, people are not 

getting its facility even in half of the ration shops of the state. At the same time, the condition of the 

state capital is not very good. In this case, out of 586 shops in the capital, 341 do not have this 

facility, due to which the beneficiaries either have to pay more amount or the ration shop operators 

are not returning the amount to the people even after taking the amount. In such a situation, it is 

necessary to install ‘DigiDhan’ software in all ration shops but still the installation is not being done. 

SN. District Total shop No facility SN. District Total shop No facility 

1. Bemetara   456 123 15. Baloda Bazar          668  442 

2. Durg                       635 405 16. Mahasamund 590 114 

3. kawardha              497 497 17. Raipur 586 341 

4. Rajnandgaon         886 793 18. Dhamtari 409 230 

5. Balod                      446 219 19. Gariyaband 351 255 

6. Koria 408 236 20. Kondagaon 389 384 

7. Surajpur 509 429 21. Narayanpur 112 108 

8. Balrampur 474 380 22. Sukma 166 166 

9. Sarguja 506 373 23. Bilaspur 651 607 

10. Jashpur 476 299 24. GPM 197 197 

11. Bastar 477 387 25. Janjgir champa 701 571 

12. Bijapur 188 188 26. Korba 477 314 

13. Dantewada 152 132 27. Mungeli 397 288 

14. Kanker 485 442 28. Raigarh 674 573 

http://khadya.cg.nic.in/citizen.citizenhomeaspx
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On other way, in this study, we also find that the ration shop operators, the beneficiaries are also 

getting upset due to the problem of the server because the new system is not working properly till 

now. At the same time, there is a claim of improvement in it, but still the improvement is not being 

done, due to which, people are facing problems. 

 
Source: Dainik Bhaskar  15/3/22  

Suggestion and Conclusion            
           There is need to do more focus on PDS online system for their transparency. Because of the 

many practices, people are facing many problems in online payment and due to server problem. 

There is need to improve the connectivity and server. And strictly order the shop operators to make 

online payment.  

But, in this study, we can also see that, Government of Chhattisgarh state, continuous trying to make 

a transparent PDS, for this purpose, Food department starts computerization in paddy procurement 

and arranges call centers, Public participation website, launched ‘DigiDhan’ software But, due to 

involvement of large number of people, and lack of technological knowledge some major problems 

are always happen in system. But according to this study, we can say that, Chhattisgarh state is 

performing not purely transperent system. but, government is continuous trying to do their best. but 

there is need to more focus on supervision for this system. because there is absence of proper 

supervision many schemes are not executed properly. 
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Introduction   

 Finance is one of the most important things to fight against poverty and provide opportunities to grow a 

business. Financial inclusion is one of the most treasured strategies in India. Our monetary arrangements 

have dependably been driven by a basic plan of a practical and comprehensive development. The 

concept of financial was first introduced by the governor of RBI Shri Y.V Reddy in year 2005. Financial 

inclusion means process of ensuring access to appropriate financial service to all the section at an 

affordable rate. Government of India has been introduced a number of financial initiatives such as 

Pradhan mantri mudra yojana (PMMY), Pradhan mantri jeewan Jyoti bema yojana (PMJJBY), Pradhan 

mantra jan dhan yojana (PMJDY), Atal pension yojana (APY), and Pradhan mantri surakhsha bema 

yojana (PMSBY) etc..This loan facility has been provided for the low income group and small business 

enterprises and weaker section of the society which help to grow a firm and even also help a new start 

up. 

         Loan Categories under Prime Minister Mudra yojana  

Sl 

No. 

                            Categories                Loan Amount 

1                            Shishu                  Upto 50,000 

2                            Kishore                50,001 to 5 lakh 

3                            Tarun               5,00,001 to 10 lakh 

 Shishu – This is for starter or small entrepreneur under this scheme the leading amount will be Rs 

50,000/- . That means if anyone want to start a new business then he/she will get a loan cover up to Rs 

50,000. 

Kishore Loan Scheme- This scheme is ment for the mid-level business organization .If you have set 

your business then you may receive a term loan from Rs. 50,000/- to Rs. 5 lakh from MUDRA for 

further expansion and growth. 

Tarun loan scheme- This is the next level scheme and it for those business /manufacturing organization 

who wish to have a large and better business setup. The loan provided in this scheme will cover a sum of 

rupees from Rs.5 lakh to Rs. 10 lakh.  

 

Hypothesis of the study 

1) H01 – There is no role of MUDRA loan scheme on uplifting the Micro, small, medium 

Enterprises. 

           HA1  – There is  role of MUDRA loan scheme on uplifting the Micro, small, medium             

Enterprises.. 

2) H01 -MUDRA loan is not financing more capital to enterprises (New/Existing) other then any 

loan scheme. 

HA1  - MUDRA loan financing more capital to enterprises (New/Existing) other then any loan 

scheme. 

 

Area of the study  

 My research area is Rajnandgaon district. The present study attempts to study   ‘Analytical 

study of pradhan mantra mudra yojana’ at rajnandgaon district with having a 9 block. 
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Limitation of the study 

1) Time constrain while collecting the secondary data. 

2) All the data cannot be generalized.  

 

Eligibility ceritiory  

MUDRA LOAN     ELIGIBILITY 

MUDRA LOAN     ELIGIBILITY last Update 11th June  2021 

Minimum Age 18 year 

Maximum Age 65 year 

Who all can avail loan Loans can be availed by new and existing units 

Collateral No collateral or third party security is required 

Lending institutions eligible Public sector banks , private sector bank, regional 

Rural banks micro finance institutions. 

Document Identity proof, residence proof application form and 

passport size photos. 

 

Progress made under Pradhan mantri mudra yojana 

Data collected from all PSBs shows that disbursement of Rs. 33,000 crore (approx.) was made during 

2014-15. With the intervention of MUDRA, amount of disbursement to same category of loans was Rs. 

56126 crore in 2015-16. Total disbursement of Rs. 132954 Crore was made against the target of 

Rs.122188 crore by the Banks and MFIs together. The share of the disbursement by different MLIs in 

terms of no of accounts and amount disbursed is being depicted by the pie graph in figure 3(a) and 3(b). 

loans. For the rest time MFIs were directly involved for implementing government scheme and these 

group of institutions have performed well. 38 NBFC-MFIs and 10 MFIs are partnering with MUDRA. 

With the launch of MUDRA, cost of fund of NBFC-MFIs has come down and within a year. The top 10 

NBFC-MFIs have a weighted average interest rate of 23.13%, far below the 26% max cap prescribed by 

RBI. Over 36 NBFC-MFIs have reduced rates significantly in the last financial year itself. SKS 

Microfinance, one of the biggest NBFC-MFIs has reduced its rate of interest charged from borrowers to 

19.76%. Interest rate of 19.76 percent is the lowest rate charged by any private sector MFI in the world. 

A Renance facility of MUDRA is being availed by NBFC-MFIs and has helped in reduction of cost of 

fund of NBFC-MFIs. Government of India has set a target of Rs.1, 80,000 crore for FY 2016-17. Out of 

which, NBFC-MFIs have been given a target of Rs.64, 240 crore.  

 

PMMY during 2019-20 

Agency-wise AchievementThe target set by the Government of India under PMMY for the 

year 2019-20 was ̀  3.25 lakh crore which was distributed across various lending institutions, 

banks, MFIs and NBFCs based on their outreach and presence in various parts of the 

country. The category-wise performance against their overall targets for the year 2019-20 is 

as under: 

 

Agency-wise performance 

 

Category 

Target 

(2019-20) 

Sanction 

Amt. (2019-

20) 

Sanction 

Amt.(2018-

19) 

 

Growth 

Public Sector Banks (incl. Regional 

Rural Banks) 

1,28,000 1,17,729 

(92%) 

1,17,282 7% 
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Private Sector Banks (incl. Foreign 

Banks) 

70,025 91,780 

(132%) 

64,037 43% 

Small Finance Banks 29,350 29,501 

(101%) 

29,794 -1% 

Micro Finance Institutions 57,425 57,967 

(101%) 

63,471      -9% 

Non-Banking Finance Companies 40,200 40,518 

(101%) 

47,137 -14% 

 

Total 

 

3,25,000 

3,37,495 

(104%) 

 

3,21,721 

 

5% 

 

Target vs Achievement in ` crore 

 

 

 

 

 

 

 

 

 

 

 

 

 

The achievement data indicates 5% growth over the previous year in the overall performance 

of the programme implemented by all the lending institutions. While the growth in respect of 

Public Sector Banks was moderate at 7%, the same increased significantly by 43% for Private 

Sector Banks. Among the Public Sector Banks, State Bank of India (SBI), with sanction of ` 

35,125 crore to 36.76 lakh accounts topped the table. SBI was followed by Bank of Baroda 

and Canara Bank with sanction figures of ` 10,282 crore and` 9,489 crore respectively. The 

Private Sector Banks recorded considerable improvement in performance with a sanction of ` 

91,780 crore during the year, registering 43% growth over the previous year. This was mainly 

on account of merger of SKS Microfinance (Bharat Finance Ltd.) with IndusInd Bank, who 

topped the list with sanction of ` 38,199.43 crore grabbing over 41% of the aggregate 

sanctions by Private Sector Banks. The other major contributors in the private sector banks 

category were Bandhan Bank and IDFC Bank. Merger of SKS Microfinance (Bharat Finance 

Ltd.) with IndusInd Bank resulted in lower performance of MFI category during FY 2019-

20, registering a decline by 9% to the previous FY. MFIs sanctioned a total Loan amount of ` 

57,967 crore to 1.96 crore Borrowers. Credit Access Grameen Limited was the leading MFI 

with a sanction amount of ` 7,598 crore in more than 23 lakh loan accounts. NBFCs have also 

emerged as a major contributor to the PMMY with a total sanction of ` 40,518 crore (12% of 

the total sanction amount). In this category, Fullerton India Credit Company Limited has been 

the highest contributor with a total sanction amount of ` 11,666 crore. Small Finance Banks 

achieved 101% of their target. During the year, the 10 SFBs sanctioned a total amount of ` 

29,501 crore to 71.60 lakh loan accounts. 

 

Target Achievement 
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Findings & Analysis  

Agency wise performance of MUDRA loans  
MUDRA has enrolled institutions such as commercial banks both public sector as well as private sector 

banks, regional rural banks (RRBs), state/urban cooperative banks, micro-finance institutions (MFIs) 

and non-banking financial companies (NBFCs) as partners for refinancing against their lending to micro 

entrepreneurs. Since the inception of the scheme each institution that is a part of the scheme has 

participated actively however, the rate of growth in terms of opening of new accounts, loan sanction as 

well as loan disbursement varies amongst the institutions. In the present study, we have considered the 

amount of loan sanctioned by each institution under the scheme in order to assess their performance 

since the inception of the scheme. It has been observed that the highest share of the amount of loans 

sanctioned to  

micro enterprises is of the public sector banks each year since 2015. That is, amongst all the agencies 

public sector banks have sanctioned the highest amount of loans under the scheme. Also, it is found that 

the largest growth in terms of loan sanctioned since 2015 till 2018 has been by the private sector banks. 

Even though they might have lesser share in the total amount of loan sanctioned but the rate of growth 

of the loans sanctioned by these banks has been the highest.The following table indicates the amount of 

loan sanctioned by different agencies for three different financial years. Table: Amount of loan 

sanctioned during three financial years by different lending institutions (Amount in Rs Crores) 

Type of 

Agencies 

Sanction 

(2017-18) 

Sanction 

(2016-17) 

Sanction 

(2015-16) 

Growth since 

Inception (%) 

Public Sector 

Banks 

92,492.68 

(36%) 

71.953.67 

(40%) 

59,674.28 

(43%) 
 

55% 

Private Sector 

Banks 

49,545.11 

(20%) 

39,042.60 

(21%) 

20.445.74 

(15%) 
 

142.32% 

RRBs 15,454.51 

(6%) 

12,009.52 

(7%) 

11,324.47 

(8%) 
 

36% 

MFIs/SFBs^ 69.166.64 

(27%) 

55,657.01 

(31%) 

46,004.78 

(34%) 
 

50% 

NBFCs 27,018.16 

(11%) 

1,865.74 

(1%) 

*  

134.81% 

Total 2,53,677.10 

(100%) 

1,80,528.54 

(100%) 

1,37,449.27 

(100%) 

 

84.56% 

Source: www.mudra.org 

The figures in the above table shows that there has been a rise in the amount sanctioned by public 

sector banks from Rs 59,674 crores in the FY 2015-16 to Rs 92,493 crores in the FY 2017-18 

showing a 55% growth for them. MFIs and SFBs including the non-NBFC-MFIs have witnessed an 

 

Bank Type 

New Entrepreneurs 

 No. of A/c Disbursement Amt in  Cr 

Public Sector Bank 3822226 35463.13 

Private Sector Bank and Foreign Bank 1777400 8000.88 

Regional Rural Bank 720430 5088.39 

NBFC –MFI 6049094 10213.16 

Non NBFC-MFI 105518 142.52 

Total 12474668 58908.08 

http://www.mudra.org/
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increase in the amount of loan sanctioned by Rs 23,162 crores over a period of 3 years. The amount 

sanctioned by private sector banks have increased drastically from Rs 20,445.74 crores in FY 2015-

16 to Rs 39,042 crores in FY 2016-17 indicating a growth of 91% and an amount of Rs 49,545 

crores in FY 2017-18 indicating a growth of 27%since 2016-17. SFBs witnessed a growth of 183% 

in between FY 2016-17 and FY 2017-18.Below given chart is a graphical presentation of the 

amount of loan sanctioned by different institutions for three consecutive financial years starting 

from 2015-16. 

 
Year wise analysis of the amount of loan sanctioned by different lending institutions reveals that 

there has been a gradual rise in the amount of loan sanctioned by each of the institutions over a 

period of three years however, the rate of growth and the total share of each of these institutions in 

the amount sanctioned under the scheme varies. The share of each of the institutions for the FY 

2017-18 has been depicted through the following pie chart. 

 
The percentage share of the amount of loan sanctioned by different lending institutions is highest for 

public sector banks in each of the three financial years. During FY 2015-16, the share in the total 

amount sanctioned by public sector banks including SBI and its associates is 43% whereas, in FY 

2017 -18, the share reduced to 36% but was still higher than any other institution. The next highest 

share of the amount of loan sanctioned was that of micro finance institutions (MFIs) which play a 
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very crucial role in granting credit to micro enterprises under this scheme. During FY 2017-18 the 

share of MFIs was 27% followed by private banks sharing 20% of the total amount sanctioned 

during the year. 

                            
The achievement data indicates 85% growth since the inception of the scheme in the overall 

performance of the programme by all the agencies. The growth in private sector banks has increased 

significantly by 142% since the FY 2015-16. Also the growth of NBFCs has been very well with 

135% in terms of the amount sanctioned in a period of one year that is since FY 2016-17. On the 

other hand, other institutions have also witnessed a decent growth in the amount sanctioned by them 

over a period of three years. 
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Introduction   

 Finance is one of the most important things to fight against poverty and provide opportunities to grow a 

business. Financial inclusion is one of the most treasured strategies in India. Our monetary arrangements 

have dependably been driven by a basic plan of a practical and comprehensive development. The 

concept of financial was first introduced by the governor of RBI Shri Y.V Reddy in year 2005. Financial 

inclusion means process of ensuring access to appropriate financial service to all the section at an 

affordable rate. Government of India has been introduced a number of financial initiatives such as 

Pradhan mantri mudra yojana (PMMY), Pradhan mantri jeewan Jyoti bema yojana (PMJJBY), Pradhan 

mantra jan dhan yojana (PMJDY), Atal pension yojana (APY), and Pradhan mantri surakhsha bema 

yojana (PMSBY) etc..This loan facility has been provided for the low income group and small business 

enterprises and weaker section of the society which help to grow a firm and even also help a new start 

up. 

         Loan Categories under Prime Minister Mudra yojana  

Sl 

No. 

                            Categories                Loan Amount 

1                            Shishu                  Upto 50,000 

2                            Kishore                50,001 to 5 lakh 

3                            Tarun               5,00,001 to 10 lakh 

 Shishu – This is for starter or small entrepreneur under this scheme the leading amount will be Rs 

50,000/- . That means if anyone want to start a new business then he/she will get a loan cover up to Rs 

50,000. 

Kishore Loan Scheme- This scheme is ment for the mid-level business organization .If you have set 

your business then you may receive a term loan from Rs. 50,000/- to Rs. 5 lakh from MUDRA for 

further expansion and growth. 

Tarun loan scheme- This is the next level scheme and it for those business /manufacturing organization 

who wish to have a large and better business setup. The loan provided in this scheme will cover a sum of 

rupees from Rs.5 lakh to Rs. 10 lakh.  

 

Hypothesis of the study 

1) H01 – There is no role of MUDRA loan scheme on uplifting the Micro, small, medium 

Enterprises. 

           HA1  – There is  role of MUDRA loan scheme on uplifting the Micro, small, medium             

Enterprises.. 

2) H01 -MUDRA loan is not financing more capital to enterprises (New/Existing) other then any 

loan scheme. 

HA1  - MUDRA loan financing more capital to enterprises (New/Existing) other then any loan 

scheme. 

 

Area of the study  

 My research area is Rajnandgaon district. The present study attempts to study   ‘Analytical 

study of pradhan mantra mudra yojana’ at rajnandgaon district with having a 9 block. 
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Limitation of the study 

1) Time constrain while collecting the secondary data. 

2) All the data cannot be generalized.  

 

Eligibility ceritiory  

MUDRA LOAN     ELIGIBILITY 

MUDRA LOAN     ELIGIBILITY last Update 11th June  2021 

Minimum Age 18 year 

Maximum Age 65 year 

Who all can avail loan Loans can be availed by new and existing units 

Collateral No collateral or third party security is required 

Lending institutions eligible Public sector banks , private sector bank, regional 

Rural banks micro finance institutions. 

Document Identity proof, residence proof application form and 

passport size photos. 

 

Progress made under Pradhan mantri mudra yojana 

Data collected from all PSBs shows that disbursement of Rs. 33,000 crore (approx.) was made during 

2014-15. With the intervention of MUDRA, amount of disbursement to same category of loans was Rs. 

56126 crore in 2015-16. Total disbursement of Rs. 132954 Crore was made against the target of 

Rs.122188 crore by the Banks and MFIs together. The share of the disbursement by different MLIs in 

terms of no of accounts and amount disbursed is being depicted by the pie graph in figure 3(a) and 3(b). 

loans. For the rest time MFIs were directly involved for implementing government scheme and these 

group of institutions have performed well. 38 NBFC-MFIs and 10 MFIs are partnering with MUDRA. 

With the launch of MUDRA, cost of fund of NBFC-MFIs has come down and within a year. The top 10 

NBFC-MFIs have a weighted average interest rate of 23.13%, far below the 26% max cap prescribed by 

RBI. Over 36 NBFC-MFIs have reduced rates significantly in the last financial year itself. SKS 

Microfinance, one of the biggest NBFC-MFIs has reduced its rate of interest charged from borrowers to 

19.76%. Interest rate of 19.76 percent is the lowest rate charged by any private sector MFI in the world. 

A Renance facility of MUDRA is being availed by NBFC-MFIs and has helped in reduction of cost of 

fund of NBFC-MFIs. Government of India has set a target of Rs.1, 80,000 crore for FY 2016-17. Out of 

which, NBFC-MFIs have been given a target of Rs.64, 240 crore.  

 

PMMY during 2019-20 

Agency-wise AchievementThe target set by the Government of India under PMMY for the 

year 2019-20 was ̀  3.25 lakh crore which was distributed across various lending institutions, 

banks, MFIs and NBFCs based on their outreach and presence in various parts of the 

country. The category-wise performance against their overall targets for the year 2019-20 is 

as under: 

 

Agency-wise performance 

 

Category 

Target 

(2019-20) 

Sanction 

Amt. (2019-

20) 

Sanction 

Amt.(2018-

19) 

 

Growth 

Public Sector Banks (incl. Regional 

Rural Banks) 

1,28,000 1,17,729 

(92%) 

1,17,282 7% 
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Private Sector Banks (incl. Foreign 

Banks) 

70,025 91,780 

(132%) 

64,037 43% 

Small Finance Banks 29,350 29,501 

(101%) 

29,794 -1% 

Micro Finance Institutions 57,425 57,967 

(101%) 

63,471      -9% 

Non-Banking Finance Companies 40,200 40,518 

(101%) 

47,137 -14% 

 

Total 

 

3,25,000 

3,37,495 

(104%) 

 

3,21,721 

 

5% 

 

Target vs Achievement in ` crore 

 

 

 

 

 

 

 

 

 

 

 

 

 

The achievement data indicates 5% growth over the previous year in the overall performance 

of the programme implemented by all the lending institutions. While the growth in respect of 

Public Sector Banks was moderate at 7%, the same increased significantly by 43% for Private 

Sector Banks. Among the Public Sector Banks, State Bank of India (SBI), with sanction of ` 

35,125 crore to 36.76 lakh accounts topped the table. SBI was followed by Bank of Baroda 

and Canara Bank with sanction figures of ` 10,282 crore and` 9,489 crore respectively. The 

Private Sector Banks recorded considerable improvement in performance with a sanction of ` 

91,780 crore during the year, registering 43% growth over the previous year. This was mainly 

on account of merger of SKS Microfinance (Bharat Finance Ltd.) with IndusInd Bank, who 

topped the list with sanction of ` 38,199.43 crore grabbing over 41% of the aggregate 

sanctions by Private Sector Banks. The other major contributors in the private sector banks 

category were Bandhan Bank and IDFC Bank. Merger of SKS Microfinance (Bharat Finance 

Ltd.) with IndusInd Bank resulted in lower performance of MFI category during FY 2019-

20, registering a decline by 9% to the previous FY. MFIs sanctioned a total Loan amount of ` 

57,967 crore to 1.96 crore Borrowers. Credit Access Grameen Limited was the leading MFI 

with a sanction amount of ` 7,598 crore in more than 23 lakh loan accounts. NBFCs have also 

emerged as a major contributor to the PMMY with a total sanction of ` 40,518 crore (12% of 

the total sanction amount). In this category, Fullerton India Credit Company Limited has been 

the highest contributor with a total sanction amount of ` 11,666 crore. Small Finance Banks 

achieved 101% of their target. During the year, the 10 SFBs sanctioned a total amount of ` 

29,501 crore to 71.60 lakh loan accounts. 

 

Target Achievement 
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Findings & Analysis  

Agency wise performance of MUDRA loans  
MUDRA has enrolled institutions such as commercial banks both public sector as well as private sector 

banks, regional rural banks (RRBs), state/urban cooperative banks, micro-finance institutions (MFIs) 

and non-banking financial companies (NBFCs) as partners for refinancing against their lending to micro 

entrepreneurs. Since the inception of the scheme each institution that is a part of the scheme has 

participated actively however, the rate of growth in terms of opening of new accounts, loan sanction as 

well as loan disbursement varies amongst the institutions. In the present study, we have considered the 

amount of loan sanctioned by each institution under the scheme in order to assess their performance 

since the inception of the scheme. It has been observed that the highest share of the amount of loans 

sanctioned to  

micro enterprises is of the public sector banks each year since 2015. That is, amongst all the agencies 

public sector banks have sanctioned the highest amount of loans under the scheme. Also, it is found that 

the largest growth in terms of loan sanctioned since 2015 till 2018 has been by the private sector banks. 

Even though they might have lesser share in the total amount of loan sanctioned but the rate of growth 

of the loans sanctioned by these banks has been the highest.The following table indicates the amount of 

loan sanctioned by different agencies for three different financial years. Table: Amount of loan 

sanctioned during three financial years by different lending institutions (Amount in Rs Crores) 

Type of 

Agencies 

Sanction 

(2017-18) 

Sanction 

(2016-17) 

Sanction 

(2015-16) 

Growth since 

Inception (%) 

Public Sector 

Banks 

92,492.68 

(36%) 

71.953.67 

(40%) 

59,674.28 

(43%) 
 

55% 

Private Sector 

Banks 

49,545.11 

(20%) 

39,042.60 

(21%) 

20.445.74 

(15%) 
 

142.32% 

RRBs 15,454.51 

(6%) 

12,009.52 

(7%) 

11,324.47 

(8%) 
 

36% 

MFIs/SFBs^ 69.166.64 

(27%) 

55,657.01 

(31%) 

46,004.78 

(34%) 
 

50% 

NBFCs 27,018.16 

(11%) 

1,865.74 

(1%) 

*  

134.81% 

Total 2,53,677.10 

(100%) 

1,80,528.54 

(100%) 

1,37,449.27 

(100%) 

 

84.56% 

Source: www.mudra.org 

The figures in the above table shows that there has been a rise in the amount sanctioned by public 

sector banks from Rs 59,674 crores in the FY 2015-16 to Rs 92,493 crores in the FY 2017-18 

showing a 55% growth for them. MFIs and SFBs including the non-NBFC-MFIs have witnessed an 

 

Bank Type 

New Entrepreneurs 

 No. of A/c Disbursement Amt in  Cr 

Public Sector Bank 3822226 35463.13 

Private Sector Bank and Foreign Bank 1777400 8000.88 

Regional Rural Bank 720430 5088.39 

NBFC –MFI 6049094 10213.16 

Non NBFC-MFI 105518 142.52 

Total 12474668 58908.08 

http://www.mudra.org/
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increase in the amount of loan sanctioned by Rs 23,162 crores over a period of 3 years. The amount 

sanctioned by private sector banks have increased drastically from Rs 20,445.74 crores in FY 2015-

16 to Rs 39,042 crores in FY 2016-17 indicating a growth of 91% and an amount of Rs 49,545 

crores in FY 2017-18 indicating a growth of 27%since 2016-17. SFBs witnessed a growth of 183% 

in between FY 2016-17 and FY 2017-18.Below given chart is a graphical presentation of the 

amount of loan sanctioned by different institutions for three consecutive financial years starting 

from 2015-16. 

 
Year wise analysis of the amount of loan sanctioned by different lending institutions reveals that 

there has been a gradual rise in the amount of loan sanctioned by each of the institutions over a 

period of three years however, the rate of growth and the total share of each of these institutions in 

the amount sanctioned under the scheme varies. The share of each of the institutions for the FY 

2017-18 has been depicted through the following pie chart. 

 
The percentage share of the amount of loan sanctioned by different lending institutions is highest for 

public sector banks in each of the three financial years. During FY 2015-16, the share in the total 

amount sanctioned by public sector banks including SBI and its associates is 43% whereas, in FY 

2017 -18, the share reduced to 36% but was still higher than any other institution. The next highest 

share of the amount of loan sanctioned was that of micro finance institutions (MFIs) which play a 
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very crucial role in granting credit to micro enterprises under this scheme. During FY 2017-18 the 

share of MFIs was 27% followed by private banks sharing 20% of the total amount sanctioned 

during the year. 

                            
The achievement data indicates 85% growth since the inception of the scheme in the overall 

performance of the programme by all the agencies. The growth in private sector banks has increased 

significantly by 142% since the FY 2015-16. Also the growth of NBFCs has been very well with 

135% in terms of the amount sanctioned in a period of one year that is since FY 2016-17. On the 

other hand, other institutions have also witnessed a decent growth in the amount sanctioned by them 

over a period of three years. 
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jktho xka/kh xzkeh.k Hkwfeghu —f"k etnwj U;k; ;kstuk ,d leh{kk 

¼jktukanxkao ftys ds fo'ks"k lanHkZ esa½ 

izks- ,p- lh- tSu lgk;d izk/;kid ¼okf.kT; ladk;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao 

¼N-x-½ 

MkW ds- ,y- Vk.Msdj izkpk;Z 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

 

'kks/k lkjka'k %& 

 NÙkhlx<+ ds izos”k }kj jktukanxkao ftys ds xzkeh.k {ks=ksa esa fuokljr~ Hkwfeghuksa dks vkfFkZd lgk;rk çnku djus gsrq 

jkT; 'kklu }kjk bl egRokdka{kh ;kstuk dk fØ;kUo;u fd;k tk jgk gSA ;kstuk dk fØ;kUo;u ,oa fu;a=.k 

varjfoHkkxh; jkT; Lrjh; leUo;d lfefr }kjk fd;k tkrk gSA iathd`r fgrxzfg;ksa dks “kklu }kjk vuqnku iznku 

dj muds thou&Lrj o`f) rFkk mUgs vkfFkZd :i ls le`) cuk;s tkus ds iz;kl yxkrkj fd;s tk jgs gSaA xzkeh.k 

Hkwfeghu d`’kd etnwj bl U;k; ;kstuk dk ykHk mBkdj vkfFkZd :i ls lqn`<+ gks jgs gS] fo”ks’k :i ls ;g ;kstuk 

csjkstxkjh nwj djus esa izHkkoh :i ls lgk;d fl) gqbZ gSA xkaoksa esa fuokljr~ Hkwfeghu ftlds ikl Lo;a dh d`f’k 

Hkwfe ugh gS] mUgs iznŸk lgk;rk jkf”k ls ikfjokfjd vkSj vkfFkZd lq/kkj gks jgk gS ,oa fgrxzkgh bl ;kstuk ls 

ykHkkfUor gks jgs gSaA bl U;k; ;kstuk ls Hkwfeghu etnwjksa ij ldkjkRed izHkko iM+k gSA ;gh bl “kks/k v/;;u dh 

fo’k; oLrq gSA 

çLrkouk %& 

 NÙkhlx<+ jkT; esa xzkeh.k vkcknh dk ,d cM+k fgLlk —f"k dk;ksaZ ,oa d`f"k dk;Z gsrq dh tkus okyh etnwjh 

ij fuHkZj gS] jkT; esa tc [kjhQ Qlyksa gsrq [ksrh dh tkrh gS] mlh le; —f"k dk;Z gsrq etnwjh djus gsrq etnwjksa 

dh vko';drk gksrh gS] jch Qlyksa dh [ksrh ds le; Qly {ks=kPNknu de gksrk gS] blh dkj.k —f"k dk;Z gsrq 

etnwjh ds volj Hkh de gks tkrs gSa] Hkkjr pwafd —f"k ç/kku ns'k gS] mlesa Hkh dbZ ,sls xzkeh.k gS ftuds ikl Lo;a 

dh —f"k Hkwfe ugha gSA —f"k etnwjh dk;Z esa layXu xzkeh.kksa esa vf/kdrj y?kq lhekar vFkok Hkwfeghu —"kd gSA blesa 

ls Hkwfeghu d`f"k etnwj dks vU; dh vis{kk jkstxkj ds volj xzke Lrj ij vR;Ur de miyC/k gks ikrs gSaA 

NÙkhlx<+ jkT; ds xkaoks esa jgus okyk og ifjokj ftlds ikl viuh Lo;a dh —f"k Hkwfe ugha g]S og Hkwfeghu 

dgykrk gS] dk;Zghu fnolksa esa muds ifjokj dh vkfFkZd fLFkfr vR;ar n;uh; ,oa detksj gks tkrh gS] vkSj og 

csjkstxkj gks tkrs gSa] eq[;ea=h ekuuh; Jh Hkwis'k c?ksy us mUgha Hkwfeghu ,oa vkfFkZd :i ls detksj —f"k etnwjksa dh 

leL;k dks le>k ,oa U;k; iFk ij pyrs gq, jkT; ds Hkwfeghuksa dks vkfFkZd lEcy çnku djus ds fy, U;k; lcds 

fy, vkSj lcds }kj ds /;s; dks ysdj jkT; ds Hkwfeghu etnwjksa dh lgk;rk ds fy, jkT; dh egRokdka{kh ;kstuk 

^^jktho xka/kh xzkeh.k Hkwfeghu —f"k etnwj U;k; ;kstuk** dh 'kq#vkr 1 flracj 2021 dks dh xbZ rFkk bl ;kstuk 

ds varxZr yxHkx 10 yk[k ls vf/kd Hkwfeghu —f"k etnwjksa dks ykHk çnku djus dk fu.kZ; fy;k x;kA bl ;kstuk 

ds ek/;e ls Hkwfeghu etnwjksa dks fpfUgr dj mUgs vkfFkZd lgk;rk iznku dh tkrh gSA  

vo/kkj.kk %& 

NÙkhlx<+ jkT; —f"k ç/kku jkT; gS] [ksrh fdlkuh ds dk;ksaZ esa dkQh la[;k esa —f"k etnwj tqM+s gq, gSa] muesa 

ls dbZ ,sls —f"k etnwj gSa] ftuds ikl Lo;a dh viuh —f"k Hkwfe ugha gS] vkSj os 'kgj ,oa xzkeh.k {ks= esa jgus okys 

nwljs d`’kdksa dh —f"k Hkwfe esa Jfed ds rkSj ij 'kkjhfjd Je djrs gq, vius ifjokj dk ikyu iks"k.k djrs gSaA ;gka 

Hkwfeghu fdlh etnwj ls vk'k; ,slk O;fä tks dksbZ d`f"k Hkwfe /kkj.k ugha djrk vkSj ftldh vkthfodk dk eq[; 

lk/ku 'kkjhfjd Je djuk gS] ,oa mlds ifjokj dk ftldk og lnL; gS] dksbZ Hkh lnL; —f"k Hkwfe dks /kkj.k ugha 

djrk gS] og ,d fuf'pr vk; dSls çkIr djsa rkfd mldk ,oa mlds ifjokj dk Hkj.k iks"k.k gks ldsA bl ;kstuk 
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ds ykHkkFkhZ xzkeh.k d`f’k etnwj] pjokgk] c<+bZ] yksgkj] eksph] ukbZ] /kksch vkSj iqjksfgr vkfn dks ftuds ikl 1 

fMlehy Hkh d`f’k Hkwfe ugh gS mUgs bl ;kstuk dk ykHk iznku fd;k tk;sxk ^vkoklh; iz;kstu ds fy, /kkfjr Hkwfe 

d`f’k Hkwfe ugh ekuh tk;sxh ;kstukarxZr vkfFkZd lgk;rk vuqnku ds :i esa d`f’k etnwj ifjokjksa dh igpku djds 

iznku dh tk;sxh ;g lgk;rk jkf”k ifjokj ds eqf[k;k dks iznku dh tk;sxh ftldk iath;u mls Lo;a vf/kdkfjd 

osclkbV ij djokuk gksxkA* 

;kstuk ds mís'; %& 

1. xzkeh.k {ks= esa Hkwfeghu d`f’k etnwjksa dk iath;u dj mUgs fpfUgr djukA 

2. izns”k ds Hkwfeghu d`f’k dk;Z djus okys ukxfjdks dks vkfFkZd lgk;rk iznku djukA 

3. mUgs iznŸk vkfFkZd lgk;rk ls muds thou Lrj ,oa vkRefo”okl esa o`f) djukA 

“kks/k ds mís'; %& 

1- xzkeh.k {ks=ksa esa iath—r Hkwfeghu —f"k etnwj ifjokjksa dk v/;;u djukA 

2- iath—r Hkwfeghu —f"k etnwj ifjokjksa dks okf"kZd vk/kkj ij vkfFkZd vuqnku dk v/;;u djukA 

3- vkfFkZd vuqnku ds ek/;e ls —f"k etnwj ifjokjksa dh 'kq) vk; esa o`f) dk v/;;u djukA 

4- jkT; ds etnwjksa dks vkRefuHkZj ,oa l'kfädj.k dk v/;;u djukA 

“kks/k ifjdYiuk %& 

1- xzkeh.k {ks=ksa esa Hkwfeghu Hkwfeghuksa dh igpku ;kstukc) rjhds ls dh tk jgh gSA 

2- mUgsa fdLrksa esa vkfFkZd vuqnku çkIr gks jgk gS] ftlls mudh vk; esa o`f) gks jgh gSA 

3- Hkwfeghuksa ds thou Lrj esa lq/kkj gks jgk gSA 

”kks/k {ks= ,oa lhek,a %& 

NÙkhlx<+ jkT; dh vf/kdka'k turk xzkeh.k {ks=ksa esa fuokl djrh gS] mlesa ls Hkh vf/kdka'k xzkeh.k fuokfl;ksa 

ds ikl Lo;a dh —f"k Hkwfe u gksus ds dkj.k os etnwjh ls viuk thou;kiu djrs gSa] vr% “kks/k ds v/;;u gsrq 

jktukanxkao ftys ds 9 fodkl[kaMksa esa [kSjkx<+] vEckx<+ pkSdh] Nqfj;k] NqbZ[knku] Mksaxjx<+] ekuiqj] eksgyk rFkk 

jktukanxkao esa fuokljr Hkwfeghu —f"k etnwjksa dh fLFkfr dk v/;;u fd;k x;k gSA 

'kks/k çfof/k %& 

jkT; ljdkj }kjk lapkfyr ^^jktho xka/kh Hkwfeghu —f"k etnwj jkT; ;kstuk** ds fgrxzkfg;ksa dks feyus okyh 

vkfFkZd vuqnku ,oa blls gksus okys çHkkoksa dk v/;;u djus gsrq jktuanxkao ftys ds 9 rglhyksa esa ls bl “kks/k 

lkjka'k esa rF;ksa dk laxzg.k] fo'ys"k.k] fuoZpu ,oa fu"d"kZ gsrq f}rh;d leadks dk mi;ksx fd;k x;k gS rkfd 

Hkwfeghuksa dks feyus okys ykHk dh oLrq&fLFkfr dk okLrfod v/;;u dj fu"d"kZ Kkr fd;k tk ldsA 

jktho xka/kh xzkeh.k Hkwfeghu —f"k etnwj U;k; ;kstuk dk fØ;kUo;u ,oa ykHk dk fo'ys"k.k 

;kstuk dh ik=rk 

;kstuk ds varxZr ik=rk dsoy NÙkhlx<+ ds ewy fuokfl;ksa dh gksxhA xzkeh.k Hkwfeghu —f"k etnwj ifjokjksa 

ds varxZr pjokgk] +c<+bZ] yksgkj] eksph] ukbZ] /kksch vkSj iqjksfgr tSls ikSuh&ilkjh O;oLFkk ls tqM+s ifjokj] ouksit 

laxzkgd rFkk le;&le; ij fu;r vU; oxZ Hkh ik= gksaxsA bl ;kstuk ds fgrxzkfg;ksa ds fy, vko';d 'krZ ;g gS 

fd fgrxzkgh ifjokj ds ikl —f"k Hkwfe ugha gksuh pkfg,A vkoklh; ç;kstu ds fy, /kkfjr Hkwfe —f"k Hkwfe ugha ekuh 

tk,xh] iês ij çkIr 'kkldh; Hkwfe dks —f"k Hkwfe ekuk tk,xkA 
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xzkeh.k Hkwfeghu —f"k etnwj ifjokjksa ds eqf[k;k ds vuqnku lgk;rk jkf'k çkIr djus gsrq vkosnu i= ds 

lkFk ^^jktho xka/kh xzkeh.k Hkwfeghu —f"k etnwj U;k; ;kstuk** iksVZy ij iath;u djkuk vfuok;Z gksxkA viathd`r 

ifjokjksa dks ;kstuk varxZr vuqnku dh ik=rk ugha gksxhA iath—r fgrxzkgh ifjokj ds eqf[k;k dh e`R;q gks tkus ij 

mä ifjokj ds }kjk ik=rk vuqlkj uohu vkosnu çLrqr djuk gksxkA 

jkT; dh ljdkj xzkeh.k {ks= ds xjhc rcdksa dks lh/ks lgk;rk igqapkuk pkgrh gS] NÙkhlx<+ ns'k dk 

igyk ,slk jkT; gS] ftlus Hkwfeghu —f"k etnwjksa ds fy, ,slh ;kstuk dk;Z :i esa ifjf.kr dh gS] ftl rjg ls 

fdlkuksa dks ugha feyh vkfFkZd enn us cktkj dks ,d u;k vkfFkZd vk/kkj çnku fd;k gS] mlh rjg ls Hkwfeghu —f"k 

etnwjksa dks feyh vkfFkZd enn Hkh xzkeh.k vapy esa vFkZO;oLFkk dks xfr nsus dk dk;Z dj jgh gS] jkT; ds 

bl ;kstuk ls 3 yk[k 55 gtkj etnwj HkkbZ cguksa dks lh/ks rkSj ij vkfFkZd vuqnku ds :i esa Qk;nk izkIr gksxk] 

bl ;kstuk ds tfj, xzkeh.k Hkwfeghu etnwjksa dks lh/ks vkfFkZd enn izkIr gks jgh gS] 3 Qjojh dks bl ;kstuk ds ikj 

3 yk[k 55 gtkj Hkwfeghu d`’kd etnwjksa dks ^^Mk;jsDV cSad VªkalQj** ds ek/;e ls muds cSad [kkrksa esa jkf”k dk 

varj.k fd;k x;kA bl ;kstuk ls Hkwfeghu etnwjksa dh fpark dks [kRe dj fn;k gS] gj oxZ ds yksxks dks ;g yxus 

yxk gS fd ljdkj muds fgr esa dk;Z dj jgh gS] NŸkhlx<+ ds izR;sd Hkwfeghuksa dks muds [kkrs esa 6000@& 

Mk;jsDV VªkUlQj fd, x, gS] blls mUgs vk; dk ,d u;k lacy feyk gS] ftlls os çksRlkfgr gks jgs gSa] 

bl ;kstuk ls tgka Hkwfeghuksa ds tsc esa yxkrkj çfro"kZ vkfFkZd vuqnku ds :i esa iSlk tk jgk gS] blh dkj.k 

dksjksuk laØe.k dky esa Hkh ,sls Hkwfeghuksa tcfd iwjs ns'k esa eanh eanh dk nkSj Fkk] mlls gksus okys çHkko ls vNwrs jgs] 

bl ;kstuk ds fØ;kUo;u gksus ls Hkwfeghuksa dks vius rFkk vius ifjokj ds Hkj.k&iks"k.k ds fy, b/kj&m/kj HkVduk 

ugha iM+k] iyk;u Hkh jkT; ls #d lk x;k] Hkwfeghuksa dks jkf'k feyus ls og thou ;kiu dh ijs'kkuh ls dkQh lhek 

rd cp x;s gSaA 

  bl ;kstuk ds varxZr fpUgkafdr ds fgrxzkgh ifjokj ds eqf[k;k dks 6000@& vuqnku lgk;rk jkf'k çfro"kZ 

nh tk jgh gSA bl gsrq fgrxzkgh ifjokjksa dk iath;u fu;ekuqlkj fd;k tk jgk gS] vik= O;fä;ksa dks ;kstuk ls 

i`Fkd fd;k x;k gS rkfd lgh O;fä rd ;kstuk dk ykHk çkIr gks lds] iksVZy ds ek/;e ls iath—r fgrxzkgh 

ifjokjksa dh xzke iapk;rokj] xzkeokj lwph eq[; dk;Zikyu vf/kdkjh] tuin iapk;r }kjk rS;kj dh tk jgh gSA 

ftldh vafre lR;kfir lwph rS;kj djus dh tokcnkjh ftyk dysDVj dks nh xbZ gSA 

vuqnku lgk;rk jkf'k ,d ;k nks fd”rkas es nh tk jgh gS] ftls uxn u nsdj lh/ks ifjokj ds eqf[k;k ds 

cSad [kkrs esa MsfcV ^^çR;{k ykHk gLrkarj.k** [kkrk esa dh tk jgh gSA NwVs gq, ik= fgrxzkgh ifjokj dks ftyk 

vuqJo.k lfefr dh vuq'kalk ij vkfFkZd vuqnku lgk;rk jkf'k nh tk jgh gSA ftlls Hkwfeghuksa dks vkfFkZd vuqnku 

çkIr gksus ls mudks laHky fey jgk gS] ftlls mudk eukscy c<+rk tk jgk gS] ,oa thou Lrj esa Hkh i;kZIr lq/kkj 

vk jgk gSA 

jktukanxkao dh dqy 25533 iath—r fgrxzkfg;ksa esa ls 19805 ik= fgrxzkfg;ksa dks fpfUgr dj fd”rksa esa 

jkf'k dk forj.k fd;k x;k gSA 

^^jktho xka/kh xzkeh.k Hkwfeghu d`f"k etnwj U;k; ;kstuk** varxZr rglhyokj ykHkkFkhZ lwph ¼fnukad 31-05-2022 dh 

fLFkfr esa½ 

Ø- 
rglhy dk 

uke 

tuin iapk;r xzke 

iapk;rksa dh la[;k 

dqy 

iath;u 

la[;k 

dqy 

ik= 

la[;k 

o"kZ 2021&22 izkIr 

fd'r 
foŸkh; o"kZ 

2022&23 esa 

izkIr izFke 

fd'r 

fjekdZ 

izFke 

fd'r 

f}rh; 

fd'r 

1 2 3 4 5 6 7   8 
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1 [kSjkx<+ 114 3380 2947 2940 2944 2947 87.19% 

2 NqbZ[knku 107 2998 2826 2811 2807 2819 94.02% 

3 pkSadh 69 1389 728 729 728 724 52.42% 

4 Nqfj;k 118 1629 1141 1141 1141 1141 70.04% 

5 Mksaxjx<+ 101 3800 2575 2568 2565 2575 67.76% 

6 Mksaxjxkao 76 2966 2267 2245 2243 2265 75.62% 

7 ekuiqj 59 723 660 661 661 660 91.29% 

8 eksgyk 57 1064 851 842 841 849 79.79% 

9 jktuknxkao 112 7584 5810 5786 5779 5806 76.50% 

  dqy la[;k 813 25533 19805 19723 19709 19786   

mijksDr lkj.kh dk fo'ys"k.k djus ij ;g çrhr gksrk gS fd dqy 9 fodkl[kaMksa ds esa vf/kdka'kr% Hkwfeghuksa dks 

bl ;kstuk dk ykHk l= 2021&22 esa izFke ,oa f}rh; fd”r ds :i esa rFkk 2022&23 esa çFke fd”r ds :i esa 

fey pqdk gS ,oa fgrxzkfg;ksa dks feys vuqnku dk çfr'kr [kSjkx<+ esa 80-19%, NqbZ[knku esa 94-02%, pkSdh esa 52-

42%, Nqfj;k esa 70-4%, Mksaxjx<+ esa 67-76%, Mksaxjxkao esa 75-62%, ekuiqj esa 91-29%, eksgyk esa 79-79%, 

jktukanxkao esa 70-5% gS tks ekuiqj esa 91-29% lokZf/kd gS uDlyh çHkkfor {ks=ksa esa vuqnku ykHk dh jkf”k ljdkj 

dh izxfr ewyd lksp dks çnf'kZr djrh gSA 

 

  

leL;k %& 

1- ;kstuk ds O;kid çpkj&çlkj dh dehA 

2- okf"kZd vuqnku jkf'k vR;kf/kd de gSA 

L=ksr & dk;kZy; Hkw vfHkys[k jktukanxkao 
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3- bruh jkf'k ls Hkwfeghuksa dk thou Lrj eSa o`f) gksuk eqf'dy gSA 

lq>ko %& 

1- ;kstuk ds O;kid çpkj&çlkj gsrq foKkiu ,tsafl;ksa dks vuqcaf/kr fd;k tkuk pkfg,A 

2- okf"kZd vuqnku dh jkf'k 6000@& orZeku egaxkbZ dh rqyuk esa dkQh de gS] bls c<+k;k tkuk pkfg,A 

3- jkf'k c<+kus ds lkFk&lkFk mUgsa vU; dk;Z gsrq Hkh çksRlkfgr fd;k tkuk pkfg, rkfd muds thou Lrj esa o`f) 

gks ldsA 

fu"d"kZ %& 

fu"d"kZ :i esa dgk tk ldrk gS fd ^^jktho xka/kh xzkeh.k Hkwfeghu —f"k etnwj u;k ;kstuk** jkT; dh ,d 

egRoiw.kZ ;kstuk gS ftlds tfj, xzkeh.k Hkwfeghu etnwjksa dks lh/ks vkfFkZd ykHk cSad [kkrs ds ek/;e ls çkIr gks jgk 

gS] NÙkhlx<+ ns'k dk igyk ,slk jkT; gS ftlus Hkwfeghu —f"k etnwjksa ds fy, ,slh ;kstuk dk çkjaHk fd;k gS] ftl 

rjg ls ljdkj us Hkwfeghuksa dh leL;k dk le>dj mUgsa ykHk igqapkus dh l”kDr igy dh gS mlls Hkwfeghu d`f"k 

etnwjksa dks feyh vkfFkZd enn xzkeh.k vapyksa esa vFkZO;oLFkk dks xfr nsus dk egRoiw.kZ ek/;e cusxh ogh nwljh vksj 

xzkeh.k {ks=ksa esa jgus okys xjhc Hkwfeghu etnwjksa ds thou Lrj esa Hkh o`f) djsxhA 

 

lanHkZ %& 

1- tueuA 

2- ;kstuk] vkfFkZd ,oa lkaf[;dh lapkyuky; N-x- “kklu jk;iqjA 

3- m|ferkA 

4- dk;kZy; Hkw vfHkys[k] jktukanxkaoA  
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eq[;ea=h 'kgjh Lye LokLF; ;kstuk dk fØ;kUo;u ,d leh{kk 

¼NŸkhlx<+ jkT; ds uxjh; fudk;ksa ds fo”ks’k lanHkZ esa½ 

 

izks- ,p- lh- tSu lgk;d izk/;kid ¼okf.kT; ladk;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao 

¼N-x-½  

MkW ,p-,l- HkfV;k foHkkxk/;{k ¼okf.kT; ladk;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-

x-½ 

MkW ds- ,y- Vk.Msdj izkpk;Z 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

 

'kks/k lkjka'k %& 

  NÙkhlx<+ jkT; ds 'kgjh Lye {ks= esa fuokljr ukxfjdksa dks fu'kqYd LokLF; ijh{k.k dh lqfo/kk çnku 

djus gsrq çns'k dh ljdkj }kjk yksxksa ds LokLF; dk Lrj c<+kus gsrq bl eq[;ea=h 'kgjh Lye LokLF; ;kstuk dks 

çkjaHk fd;k x;k bl ;kstuk dh lQy lapkyu jkT; ds 14 uxjh; fudk;ksa ds ek/;e ls LokLF; foHkkx }kjk fd;k 

tk jgk gSA bl ;kstuk ds varxZr fofHkUu dSaiksa ds ek/;e ls fgrxzkfg;ksa dks fofHkUu çdkj ls LokLF; ykHk igqapk;k 

tkrk gSA ;kstuk ds çkjaHk ls vc rd yxHkx 20 yk[k Lye {ks=ksa esa jgus okys fgrxzkfg;ksa dks ykHkkfUor fd;k tk 

pqdk gS ykHkkafor fgrxzkfg;ksa esa efgyk,a cPps Jfed rFkk lkekU; oxZ ds fuoklh 'kkfey gS] bl ;kstuk ds ek/;e ls 

Lye {ks= esa jgus okys ukxfjdksa dks LokLF; lqfo/kk,a çnku dj çns'k ds lokaZxh.k fodkl esa mudh egrh Hkwfedk dk 

mi;ksx fd;k tkrk gSA bl ;kstuk ls izns”k ds Lye {ks=ksa esa jgus okys ukxfjdks ds LokLF; ij gq, izHkko dk 

v/;;u fd;k x;k gSA 

 

çLrkouk %& 

  LokLF; lqfo/kkvksa dh –f"V ls NÙkhlx<+ jkT; tgka ,d vkSj Hkkjr ds vU; jkT;ksa dh rqyuk esa dkQh 

fiNM+k gqvk gS ogha nwljh vksj larks"ktud vkS|ksfxd fodkl u gks ikus ds dkj.k jkT; dh vf/kdka'k tula[;k 

vkfFkZd –f"V ls dkQh detksj gSA jkT;ksa esa i;kZoj.k çnw"k.k] ok;q çnw"k.k] ty çnw"k.k] [kkuiku esa ikSf"Vd vkgkj dh 

deh] fuEu Lrjh; thou 'kSyh] [kkuiku esa xq.koÙkk esa dkQh deh jklk;fud [kkn ds vR;kf/kd mi;ksx ls gksus okys 

'kkjhfjd çHkko —f"k Qlyksa ds mRiknu dks c<+kus ,oa laj{k.k gsrq vR;kf/kd dhVuk'kd nokb;ksa ds ç;ksx ls jkT; 

dh turk ds LokLF; ij çfrdwy çHkko iM+k gS ,d vksj tgka jkT; esa vPNh ,oa mUur LokLF; lqfo/kkvksa dk vHkko 

gS ogha nwljh vksj jkT; ds futh fpfdRlky;ksa esa bykt djokus gsrq vR;kf/kd vkfFkZd Hkkj iM+rk gS tks fparktud 

gS 'kkldh; fpfdRlky; esa Hkh yach&yach drkjsa gksus ds dkj.k jkT; dh turk fo'ks"kdj Jfed oxZ ds bykt esa 

dkQh foyac gksus ds dkj.k ijs'kkuh mBkuh iM+ jgh gS rFkk 'kkldh; fpfdRlky; esa dqN pqfuank chekfj;ksa dk gh 

nokb;ka miyC/k gks ikrh gS 'ks"k vko';d nokbZ;ksa dks futh esfMdy LVksj ls Ø; djus ds dkj.k vke turk ij 

LokLF; laca/kh vkfFkZd O;;ksa dk vR;kf/kd Hkkj iM+ jgk jgk FkkA dksjksuk egkekjh ds Hkh"k.k çdksi ls Hkh jkT; ds 

fuokfl;ksa dh vk; çHkkfor gqbZ Fkh] bu lc ds dkj.kksa ls og “kkjhfjd gh ugha oju~ ekufld ruko ls Hkh xqtj jgk 

gS] ,slh fo"ke ifjfLFkfr;ksa esa tks vLirky esa ugha igqap ikrs mu Lye {ks=ksa esa jgus okys O;fä;ksa dks xq.koÙkk iwoZd 

fu%'kqYd LokLF; ijke'kZ tkap] mipkj ,oa nokb;ka miyC/k djkus gsrq jkT; esa fnukad 1 uoacj 2020 dks ^^eq[;ea=h 

'kgjh Lye LokLF; ;kstuk** dk 'kqHkkjaHk jkT; ds 14 uxjh; fudk;ksa jk;iqj] fcjxkao] /kerjh] nqxZ] fHkykbZ] fjlkyh] 

fHkykbZ pjksnk] jktukanxkao] fcykliqj] dksjck] jk;x<+] vafcdkiqj] fpjfejh rFkk txnyiqj esa fd;k x;kA Lye {ks=ksa 

esa jgus okys yksxksa dks O;fäxr ppkZ ,oa vU; ek/;e ls ifjokj fu;kstu ds mik;ksa dks le>kuk ,oa ifjokj 

fu;kstu ds lalk/kuksa dks miyC/k djkuk gS 'kgjh Lye {ks=ksa esa ewyHkwr lqfo/kk,a vis{kk—r de gksrh gS ftlds dkj.k 

mu {ks=ksa esa fuokljr O;fä;ksa ds LokLF; ij bldk çR;{k vlj ifjyf{kr gksrk gS muds LokLF; Lrj esa lq/kkj ds 

fy, eq[;ea=h 'kgjh Je LokLF; ;kstuk varxZr pfyr fpfdRlky; ny dk xBu dj Lye {ks=ksa esa LokLF; lqfo/kk,a 

miyC/k igqapkus dk fu.kZ; jkT; ljdkj }kjk tufgr esa fy;k x;k gSA 

 

vo/kkj.kk %& 

  NÙkhlx<+ jkT; dh bl egRodka{kh ;kstuk bl vo/kkj.kk dks ysdj çkjaHk dh xbZ fd Lye ?kuh vkcknh 

okys os 'kgjh {ks= tks fo'ks"kdj vkfFkZd :i ls dkQh detksj ,oa fiNM+s gq, gS rFkk Lye {ks= ;kus fuEu oxksaZ ds 

vkokl O;oLFkk okys {ks= >qXxh >ksifM+;ksa dh cgqyrk ,oa efyu ¼xanh½ cfLr;ksa okyk 'kgjh {ks=A bu {ks=ksa esa jgus 

okys fuEu vk; oxZ ds O;fä;ksa dks le; dh cpr fpfdRlky; esa yxus okyh yach yach drkjksa ls cpkuk ,oa 

fpfdRlky;ksa esa igqapus esa yxus okys vkfFkZd Hkkj dks de dj mls LokLF; ykHk igqapkus ds mís'; ls ysdj fnukad 

01@11@2020 dks ekuuh; eq[;ea=h }kjk bl ;kstuk dh 'kq#vkr dh xbZ rkfd Lye {ks= esa jgus okys çR;sd 
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ukxfjd dk LokLF; dk Lrj Åapk mB lds og çns'k ls vius rFkk vius ifjokj dk thou Lrj Åapk mBk lds ,oa 

çns'k dh çxfr esa viuk egRoiw.kZ ;ksxnku ns lds dksjksuk egkekjh ds çdksi ls Hkh tgka turk dh dkedkt 

çHkkfor gqvk Fkk ogh mldk LokLF; Hkh csgrj ugha gks ik jgk Fkk bl lc dkj.kksa ls bl ;kstuk dks çkjaHk fd;k 

x;kA 

 

;kstuk ds mís'; %& 

1. jkT; ds 'kgjh {ks=ksa esa fuokljr turk dks LokLF; lqfo/kkvksa dk v/;;u djukA 

2. 'kkldh; fpfdRlky;ksa esa jksxksipkj gsrq igqapus okys jksfx;ksa dh la[;k dks de djuk ,oa ykHkkfUor dk 

v/;;u djukA 

3. jkT; esa fuokfl;ksa dks Rofjr ,oa ?kj igqap fu%'kqYd LokLF; ijh{k.k fu%'kqYd fofHkUu çdkj ds VsLV rFkk 

fu%'kqYd vkS"kf/k forj.k djukA 

4. LokLF; f'k{kk ds ek/;e ls LokLF; laca/kh tkudkjh çnku djukA 

  

'kks/k ifjdYiuk %& 

1. Lye efyu cfLr;ksa esa ;kstuk dk fØ;kUo;u lqpk: :i ls gks jgk gSA 

2. Lye {ks=ksa esa iw.kZ :i ls fu%'kqYd LokLF; ijh{k.k fofHkUu çdkj ds ySc VsLV rFkk tsusfjd nokb;ksa dk 

forj.k fd;k tk jgk gSA 

3. >qXxh >ksifM+;ksa ,oa xanh cfLr;ksa esa jgus okys vkfFkZd –f"V ls detksj fgrxzkgh blls ykHkkfUor gks jgs gSaA 

 

'kks/k çfof/k %& 

jkT; ljdkj }kjk lapkfyr eq[;ea=h 'kgjh Lye LokLF; ;kstuk ds fgrxzkfg;ksa ds LokLF; ijh{k.k ,oa 

mlesa gksus okys lq/kkj dh laHkkouk ls lacaf/kr bl 'kks/k lkjka'k esa rF;ksa ds laxzg.k] fo'ys"k.k fuoZpu ,oa fu"d"kZ gsrq 

çkFkfed ,oa f}rh;d leadks dk mi;ksx fd;k x;k gS çdkf'kr ,oa vçdkf'kr lzksrksa dk Hkh vk/kkj fy;k x;k gSA 

 

'kks/k v/;;u dk {ks= ,oa lhek,a %& 

Hkkjrh; la?k jkT; e/; çns'k ds foHkktu ds i'pkr NÙkhlx<+ jkT; fnukad 1 uoacj 2000 dks ewy :i ls vfLrRo 

esa vk;k jkT; esa orZeku esa dqy 33 ftysa gSa 2011 dh tux.kuk ds vuqlkj NÙkhlx<+ dh dqy tula[;k 25540196 

¼ nks djksM+ ipiu yk[k pkfyl gtkj ,d lkS fN;kuCcs½ gS] blesa ls 12827915 ¼,d djksM+ vV~bl yk[k lRrkbZl 

gtkj ukS lkS iUnzg½ iq#"k rFkk 12712281 ¼,d djksM+ lRrkbl yk[k ckjg gtkj nks lkS bD;klh½ efgyk,a gSaA çns'k 

dh 'kgjh vkcknh 5936538 ¼mulB yk[k NŸkhl gtkj ikap lkS vM+rhl½ rFkk xzkeh.k vkcknh yxHkx 1963658 ¼,d 

djksM+ fN;kuCcs yk[k rhu gtkj Ng lkS vV~Bkou½ gSA jkT; esa tula[;k ?kuRo 189 O;fä çfr oxZ fdyksehVj gS 

'kks/k ds v/;;u gsrq fo"k; dk p;u ,oa 'kks/k ds mís'; dks fu/kkZfjr djrs gq, çns'k ds 14 uxjh; fudk;ksa esa jk;iqj] 

chjxkao] /kerjh] nqxZ] fHkykbZ] fjlkyh] fHkykbZ pjksnk] jktuanxkao] fcykliqj] dksjck] jk;x<] vafcdkiqj] fpjfejh] rFkk 

txnyiqj dks 'kkfey fd;k x;k gSA 

 

Lye LokLF; ;kstuk dk fØ;kUo;u ,oa çxfr dk fo'ys"k.k %& 

NÙkhlx<+ ljdkj dh egRoiw.kZ LokLF; ;kstuk eq[;ea=h 'kgjh Lye LokLF; ;kstuk fnukad 1 uoacj 2020 

dks izkjEHk dh xbZA bl ;kstuk ds rgr 'kgj esa eksckby esfMdy ;wfuV dh xkfM+;ka lapkfyr gks jgh gS ftlesa 

M‚DVjksa dh Vhe ?kj ds pkS[kV ij igqapdj ejhtksa dk fu'kqYd bykt djrh gS blesa ySc dh Hkh lqfo/kk çnku dh 

tk jgh gS ftlesa ejhtksa dks [kwu is'kkc ls ysdj 41 rjg dh tkap dh lqfo/kk,a ,oa bl ;kstukarxZr nh tk jgh gSA 

jkT; ds 'kgjh {ks=ksa ds xjhc cfLr;ksa esa fuokljr xjhc djhc 16 yk[k fuokfl;ksa ds LokLF; esa lq/kkj djuk gS 

rkfd mudk thou Lrj Åapk mB lds vkSj og LoLFk gksdj lq[k iwoZd viuk thou cxSj fdlh fdlh vfrfjä 

vkfFkZd Hkkj ds lkFk O;rhr dj ldsa bl LokLF; ;kstuk ds ek/;e ls Lye bykdksa esa jgus okys ukxfjdksa ds LokLF; 

tkap VsLV rFkk tsusfjd vkS"kf/k;ksa dk fu%'kqYd forj.k eksckby esfMdy ;wfuV ds ek/;e ls fd;k tk jgk gSA 

;kstuk dh 'kq#vkr 'kq#vkr nks pj.kksa esa dh xbZ igys pj.k esa 14 uxjh; fudk;ksa esa 60 eksckby 

esfMdy ;wfuV ds ek/;e ls yksxksa dks Rofjr ,oa ?kj igqap fu'kqYd lqfo/kk miyC/k djkbZ xbZ rFkk nwljs pj.k esa 169 

uxj fuxe] uxj ikfydk ,oa uxj iapk;rksa esa 60 eksckby ;wfuV esfMdy ds ek/;e ls LokLF; lqfo/kkvksa dk 

lapkyu jkT; ds fuokfl;ksa dks 'kkjhfjd o ekufld :i ls LoLFk cukus ds fy, fd;k tk jgk gS fuxe ds 

lw=ksa }kjk crk;k x;k gS fd iwjs çns'k esa vc rd yxHkx 2000000 yksxksa dks fu%'kqYd LokLF; ijh{k.k] 41 izdkj dh 

VsLV rFkk 200 ls vf/kd izdkj dh tsusfjd nokbZ;ksa dk forj.k dj LokLF; ds {ks= esa vk/kkjHkwr dk;ZØe lapkfyr 



Shodhasamhita : Journal of Fundamental & Comparative Research   
Vol. VIII, No. 1(XXXIII) : 2022   

ISSN: 2277-7067     

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek                                 Page | 3 

fd, tk jgs gSaA eksckby ;wfuV esa ,d M‚DVj ,d ulZ ,d QkekZflLV ,d ySc VsDuhf'k;u ,o a ,d pkyd lfgr 5 

LVkWQ dk;Zjr jgrs gSaA 'kgjh {ks= ds >qXxh >ksifM+;ksa esa fuokljr mu xjhc O;fä;ksa dks ftUgsa nSfud dk;Z ij 

çfrfnu dekvks çfrfnu [kkvks tkdj vius ,oa vius ifjokj dk ikyu iks"k.k djuk iM+rk gS dks 'kkldh; 

fpfdRlky; esa tkus ls ,d rks tkus dk vkfFkZd [kpkZ ogha nwljh vksj yach&yach drkjsa gksus ls çrh{kk djus ls 

mldk le; u"V gksrk gS ftlds dkj.k og ml fnu dh vk; ls oafpr gks tkrk gS blls mls vkfFkZd gkfu mBkuh 

iM+rh Fkh] bUgha dkj.kksa dks –f"Vxr j[krs gq, jkT; 'kklu }kjk bl ;kstuk dh 'kq#vkr dj bldk lQy 

fØ;kUo;u fd;k tk jgk gSA 

  egkekjh ds chp tc yksx lkekU; ,oa NksVh&eksVh chekfj;ksa ds fy, vLirky tkus ls Mjus yxs 

rc ;g ;kstuk bykt ds fy, lokZf/kd ennxkj lkfcr gqbZ ykWdMkmu gksus ij Hkh ?kj dh pkS[kV ij lqcg ls 

nksigj rd bykt ds fy, eksckby ;wfuV ds pkSiky yxkdj chekj ejht dk u dsoy bykt fd;k oju dksjksuk dk 

VsLV Hkh fd;k rFkk oSDlhus'ku gsrq Vhdkdj.k esa Hkh viuh egRoiw.kZ Hkwfedk dk fuoZgu fd;k x;kA fu%'kqYd ySc 

VsLV gksus ls yksxksa dk iSlk Hkh cp jgk gS vkSj bykt gsrq b/kj&m/kj HkVdus dh t:jr Hkh ugha iM+ jgh gSA 

 

 'kgjh Lye LokLF; ;kstuk esa gksus okyh ijh{k.kksa dh lwph 

 fuEu çdkj dh tkap dh lqfo/kk,a 

 [kwu VsLV] is'kkc VsLV] Vh ch] Fkk;jkbM] ey VsLV] Fkwd] eysfj;k] VkbQkbM] CyM 'kqxj] foVkfeu dh deh] 

dksysLVª‚y] fgeksXyksfcuA 

 fuEu çdkj dh nokb;ka fu%'kqYd miyC/k  

 isjkflVkeky] cqzQsu esVQkfeZu] dSVsuksa yksy] ch dkaiysDl] vk;ju dh xksfy;ka] Qksfyd ,flM] lhiksy ,ailu] vks 

vkj ,l] fyElh] fVVusl batsD'ku ,oa vU; tsusfjd nokbZ;kaA 

 

NŸkhlx<+ jkT; ds uxjh; fudk;ksa esa lapkfyr ;kstuk ds ykHkkfUorksa dk fooj.k fuUe rkfydk }kjk iznf”kZr fd;k 

x;k gS ykHkkfUorksa dh la[;k rkfydk 

Ø- 
uxjh; fudk; 

VLB  

MMV ds dqy 

dSEi la[;k 

dqy ejhtksa 

dh ySc VsLV 

dqy ejhtksa 

dks nok 

forj.k 

dSEi esa dqy 

ejhtksa dh 

la[;k 

izfr 

MMV 

vkSlr 

ejht 

la[;k 

ySc VsLV 

dk %  

nok forj.k 

dk % 

1 jk;iqj 6906 111713 401827 463936 67 24.08% 86.60% 

2 chjxkao 888 13418 44482 55756 63 24.10% 79.78% 

3 /kerjh 879 19169 62356 76582 87 25.03% 81.42% 

4 nqxZ 1849 22811 111618 12939342 70 17.64% 86.30% 

5 fHkykbZ 1384 19817 95853 106587 77 18.59% 89.93% 

6 fjlkyh 927 12988 53484 72739 78 17.86% 76.28% 

7 fHkykbZ pjksnk 919 12749 52360 63192 69 20.17% 82.86% 

8 jktukanxkao 1845 31069 138636 153942 83 20.18% 90.06% 

9 fcykliqj 1835 15260 147507 152292 83 10.02% 96.92% 

10 dksjck 3409 38845 170844 275716 81 14.09% 61.98% 

11 jk;x<+ 1751 24502 109136 117150 67 20.90% 93.16% 

12 vfEcdkiqj 1725 26682 82406 124482 72 21.43% 66.20% 

13 fpjfejh 824 11780 29077 41273 50 28.54% 70.61% 

14 txnyiqj 1785 18450 85029 101648 57 18.15% 83.72% 

      379253 1586845         
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L=ksr %& uxjh; fudk; ,oa fodkl ea=ky;] NŸkhlx<+ “kklu 

 

fo”ys’k.k %& 

mijksä lkj.kh ls fo'ys"k.k djus ij ;g çrhr gksrk gS fd jkT; esa dqy 14 uxjh; fudk;ksa esa lapkfyr 

eq[;ea=h 'kgjh Lye LokLF; ;kstuk ds rgr dqy 60 eksckby esa fVdV ;wfuV ds rgr dqy 1934637 ejhtksa dk 

26926 dSaiks ds ek/;e ls bykt fd;k x;k çR;sd ,e,e;w vkSlr ejhtksa dh la[;k 72 gS rFkk ySc VsLV okys ejhtksa 

dh la[;k jk;iqj esa 24-08%, chjxkao esa 24-10%, /kerjh esa 25-03%, nqxZ esa 17-64%, fHkykbZ esa 18-59%, fjlkyh esa 

17-86%, fHkykbZ pjksnk esa 20-17%, jktukanxkao esa 20-18%, fcykliqj esa 10-02%, dksjck esa 14-09%, jk;x<+ esa 20-

90%, vfEcdkiqj esa 21-43%, fpjfejh esa 28-54%, txnyiqj esa 18-15%   esa ,oa nokbZ forj.k dk fo'ys"k.k djus 

ij ;g ik;k x;k fd vkSlr :i ls 82% ejhtksa dk ijh{k.k mijkar nok dk forj.k fu%'kqYd fd;k x;k tks 

bl ;kstuk dh lQyrk dks çnf'kZr djrk gSA 

 

 Lye LokLF; ;kstuk dh leL;k %& 

1. bl ;kstuk esa ijh{k.k dk le; çkr% 8%00 ls 3%00 cts rd gS 'kgjh {ks= esa jgus okys dkedkth O;fä;ksa 

dks 'kke dks gh dke ls ykSVrs le; rFkk lqcg tYnh ls gh pys tkrs gSa mUgsa mUgsa ds fy, bl ;kstuk dk 

ykHk ugha fey ik jgk gSA 

2. dsoy NksVh&NksVh fpfdRlk dk gh mipkj gks ikrk gS xaHkhj chekfj;ksa gsrq bl ;kstuk esa mipkj laHko ugha 

gSA 

 

lq>ko %& 

1. eksckby ;wfuV esa lsok dk le; c<+k;k tkuk pkfg, rkfd vkSj vf/kd yksx bl ;kstuk dk ykHk ysdj 

LoLFk gks ldsA 

2. eksckby ;wfuV dh la[;k esa o`f) dh tkuh pkfg,A 

3. eksckby ;wfuV dk foLrkj ds okys uxjh fudk; dks gh ugha oju xzkeh.k {ks= dh turk ds fy, Hkh fd;k 

tkuk pkfg,A 

4. VsLV dh la[;k c<+kbZ tkuh pkfg, rkfd yksxksa dks çkbosV ySc esa u tkuk iM+sA 
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fu"d"kZ %& 

fdlh Hkh ;kstuk dh lQyrk dk iSekuk ml ;kstuk dk ykHk vkSj ykHk mBkus okys vkSj muls feyh 

çfrfØ;k gksrh gS bl ;kstuk dk /kjkry ij fØ;kUo;u vkSj ejhtksa dks fey jgs ykhK dh gdhdr tkuus tc uxjh; 

fudk; ç'kklu foHkkx }kjk QhMcSd iksy djk;k x;k rks 3%00 93% yksxksa us bls ,DlhysaV cgqr cf<+;k 4-18% 

yksxksa us cf<+;k xqM dgdj bldh lQyrk ij eqgj yxkbZ gS vc rd yxHkx 2000000 chekj O;fä bl ;kstuk ls 

ykHkkfUor gq, gSa ftlls iq#"k efgyk,a cPps 30% Jfed ,oa Jfed ifjokjksa us bl ;kstuk dk ykHk fy;k gS bl 

lsok dks csgrj cukus foHkkx }kjk lrr e‚fuVfjax vkSj LVkQ dh mifLFkfr lqfuf'pr djus ds ds fy, jsfVax fj;y 

Vkbe thih,l lhlhVhoh dSejk vkfn dh Hkh O;oLFkk dh xbZ gSA eq¶r nok vkSj ySc VsLV ls jkT; ds chekj O;fä 

ij vkfFkZd cks> esa Hkh dkQh deh vkbZ gSaA vr% ;g dgk tk ldrk gS fd ek= 1 o"kZ esa gh lcds fy, ojnku cuh 

bl ;kstuk us dksjksukdky esa dksfoM tk¡p lfgr oSDlhus'ku esa Hkh egRoiw.kZ Hkwfedk fuHkkbZ gSA 

 

 lanHkZ %& 

 tuer 

 uxj fuxe jktukanxkao 

 m|ferk 

1. ;kstuk] vkfFkZd ,oa lkaf[;dh lapkyuky; N-x- “kklu jk;iqj 

2. Lapkyuky; uxjh; iz”kklu foHkkx N-x- “kklu 
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jktukanxkao ftys esa xks/ku U;k; ;kstuk dk fØ;kUo;u ,d leh{kk 

 

çks- ,p- lh- tSu lgk;d izk/;kid ¼okf.T;½ 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

M‚- ds- ,y- VkaMsdj çkpk;Z 'kkldh; fnfXot; Lo'kklh LukrdksŸkj egkfo|ky;]jktukanxkao ¼N-x-½ 

 

“kks/k Lkkj %& 

 jktukanxkao ftys ds 9 fodkl[kaMksa ds 346 LFkkuksa ls ykHkkfUor gq, 21535 fgrxzkfg;ksa dh vkfFkZd fLFkfr] 

thou Lrj esa lq/kkj rFkk çkIr jkstxkj dk v/;;u fd;k x;k gS] ;g v/;;u NÙkhlx<+ ljdkj }kjk lapkfyr 

xzkeh.k ,oa 'kgjh {ks=ksa ds fodkl ds fØ;kUo;u ds lanHkZ esa NÙkhlx<+ vkfnoklh cgqyrk okyk çns'k gS] ;gka dh 

vf/kdka'k tula[;k xkaoksa esa fuokl djrh gS]rFkk vkfFkZd :i ls detksj gS] izns”k ds fuokfl;ksa dks vf/kdkf/kd 

jkstxkj çkIr gks lds xkSikyd lgk;rk lewg dh efgyk,a LokoyEcu dh fn'kk esa vkxs c<+ lds] bl Hkkouk dks 

ysdj ^^xM+cks uok NÙkhlx<+** ds liuksa dks lkdkj djus ds fy, çns'k dh vkarfjd {kerkvksa xkS/ku lalk/kuksa dk iw.kZ 

lnqi;ksx djrs gq, xzkeh.k {ks=ksa dk iw.kZ fodkl djuk gS ftlls vke tu thou ds thou Lrj esa lq/kkj gks lds] 

mUgs vkRefuHkZj cuk lds rFkk izns”k [kq'kgkyh vk ldsA 

çLrkouk%& 

 Hkkjr dh vf/kdka'k turk —f"k ij fuHkZj gS NÙkhlx<+ jkT; ds yxHkx 80% tula[;k dk thou ;kiu —

f"k ij fuHkZj gS çns'k ds 40-10 yk[k —"kd ifjokjksa esa ls 82% y?kq ,oa lhekar Js.kh esa vkrs gSaA xk; dks ekrk ekuus 

ds ihNs ;gh vkLFkk jgh gqbZ gS] fd xk; esa leLr nsoh&nsork fuokl djrs gSa] o ç—fr dh —ik Hkh xk; dh lsok 

djus ls feyrh gSA tks ckrsa gesa osn iqjk.kksa ls _f"k&eqfu;ksa ls vkSj vius iqj[kksa ls fojklr esa feyh gS mldks 

/kjkry ij ykus dh ;kstuk ^^xks/ku u;k ;kstuk**gS ekuuh; eq[;ea=h Jh  Hkwis'k c?ksy us 20 tqykbZ 2020 dks 

bl ;kstuk dh 'kq#vkr dh FkhA 

 xzkeh.k {ks=ksa esa xkSikydks] efgykvksa ,oa ;qokvksa dks vkfFkZd rkSj ij etcwrh çnku djuk bl ;kstuk dk y{; 

FkkA i'kqikydksa ds }kjk xkscj dks ,df=r dj xkSBkuksa rd Hkstus dh O;oLFkk dh xbZ vkSj muds cSad [kkrs esa jkf'k 

dk Hkqxrku fd;k tkus yxk xkscj [kjhnh dsaæksa esa xkscj ls xkS dkLB ¼xkscj ls cuh ydM+h½ daMs vkSj oehZ daiksLV 

cuk;k tk jgk gS] mUgsa 'kgjksa esa cspus dh O;oLFkk Hkh bl ;kstuk ds varxZr dh xbZ gS rFkk bl ;kstuk dh jk"Vªh; 

Lrj ij ljkguk dh tk jgh gS rFkk bls iwjs ns”k esa ykxw djus ij fopkj fd;k tk jgk gSA i;kZoj.k laj{k.k vkSj 

lrr fodkl esa mRd`’V ;ksxnku ds fy, NŸkhlx<+ ljdkj dh bl ;kstuk dks 20 ekpZ 2021 dks ^^Ldkp xksYM 

vokMZ** ls lEekfur fd;k x;k gS blds i”pkr 19 viSzy 2022 dks ^^,ysVl ,uksos”ku vokMZ**(ELETS 

INOVATION AWARD)LS Hkh lEekfur fd;k x;k gS tks gekjs çns'k ds fy, vR;Ur xoZ dh ckr gSA 

xks/kuU;k; ;kstuk dh vo/kkj.kk %& 

 U;k;dh vo/kkj.kk dks vkxs c<+krs gq, NÙkhlx<+ esa ekuuh; eq[;ea=h Jh Hkwis'k c?ksy ds usr`Ro esa ^^xks/ku 

U;k; ;kstuk** dks ykxw djus dk fu.kZ; fy;k x;kA pwafd jkT; dh vf/kdka'k turk xkaoksa esa fuokl djrh gS muesa 

Hkh dbZ;ksa ds ikl Lo;a dh Hkwfe ugha gS flapkbZ ds i;kZIr lalk/ku dh deh gS ,oa izns”k ds vf/kdka”k LFkkuksa esa ,d 

Qlyh [ksrh gksrh gSA tks ekulwu ij fuHkZj gS] ,slh fLFkfr esa xzkeh.k turk ds ikl vk; ds d`f’k ds vykok fodYi 

rS;kj gks lds] Lo lgk;rk lewg ,oa ;qokvksa dks jkstxkj çkIr gks lds Hkwfeghuks dks dk;Z fey ldsA blh vo/kkj.kk 

ds vk/kkj ij bl egRokdka{kh ;kstuk dh 'kq#vkr dh xbZA 

xks/kuU;k; ;kstuk dk mís'; %& 

1. i'kqikydksa dh vk; esa o`f)A 
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2. i'kq/ku fopj.k ,oa [kqyh pjkbZ ij jksdA 

3. tSfod [kkn ds mi;ksx dks c<+kok ,oa jklk;fud [kkn ds mi;ksx esa deh ykukA 

4. LFkkuh; Lo lgk;rk lewg dh efgyk,s ,oa ;qokvksa] xkSikydks dks jkstxkj ds volj miyC/k djkukA 

5. fo"k jfgr [kk| inkFkksaZ dh miyC/krk ,oa lqiks"k.k lqfuf”pr djukA 

6. xkSBkuksa ds lehi rkykc dk fuekZ.k dj eNyh ikyu dks fodflr djukA 

7. xzkeh.k {ks= ds fuokfl;ksa dks vkRefuHkZj cukdj thou Lrj esa o`f) djukA 

 

'kks/k ds çeq[k mís'; %& 

1. jktukanxkao ds 9 fodkl[kaMksa ds i'kqikydksa dh vkfFkZd fLFkfr esa lq/kkj dk v/;;uA 

2. i'kq/ku dh [kqyh pjkbZ ij jksd dk v/;;uA 

3. LFkkuh; ,oa Lo lgk;rk lewg dks jkstxkj ds volj dk v/;;uA 

4. tSfod [kkn ds mi;ksx dks c<+kok nsus dk v/;;uA 

  

'kks/k ifjdYiuk %& 

 izLrqr;kstuk dh 'kks/k ifjdYiuk fuEukuqlkj gS 

1. bl ;kstuk dk lqpk: :i ls lapkyu gks jgk gSA 

2. jkT; ljdkj dh bl ;kstuk ls xzkeh.k {ks=ksa dh vkfFkZd fLFkfr esa lq/kkj gqvk gSA 

3. bl ;kstuk ls xzkeh.k {ks= ds xkSikydksa] ;qokvksa ,oa efgykvksa esa jkstxkj ds voljksa esa o`f) gqbZ gSA 

 

'kks/k çfof/k %& 

 jkT; ljdkj }kjk lapkfyr dks xks/ku U;k; ;kstuk ds fgrxzkfg;ksa ds vkfFkZd fodkl ,oa jkstxkj esa o`f) 

dh laHkkouk ls lacaf/kr bl “kks/k lkjka”k esa rRoksa ds laxzg.k fo'ys"k.k ,oa fu"d"kZ gsrq f}rh;d leadks dk mi;ksx 

fd;k x;k gSA çR;{k ,oa vçR;{k] çdkf'kr ,oa vçdkf'kr lzksrks dk vk/kkj fy;k x;k gSA 

'kks/k v/;;u dk {ks= %& 

 'kks/k v/;;u gsrq fo"k; dk p;u ,oa 'kks/k ds mís';ksa  dks fu/kkZfjr djrs gq, “kks/k {ks= gsrq jktukanxkao ls 9 

fodkl[kaMksa dks fy;k x;k gS] rFkk bu 9 fodkl[kaMksa esa i'kqikyu ls lacaf/kr {ks=ksa dks bl v/;;u esa 'kkfey fd;k 

x;k gSA 

ftys esa ;kstuk dk fØ;kUo;u ,oa Ø; foØ; rFkk ykHk dk fo'ys"k.k %& 

jkT; ljdkj dh egRoiw.kZ ;kstuk xks/ku U;k; ;kstuk dh çkjaHk 20 tqykbZ 2020 dks gqbZA xkao esa fufeZr 

2408 xkSBkuksa ls 2 :-fdyks dh nj ls xkscj dh [kjhnh dh tk jgh gS ftuesa efgyk Lo lgk;rk lewg dh efgyk,a 

xkscj ls oehZ daiksLV] lqij dEiksLV rFkk vU; mRikn rS;kj dj jgh gSA çns'k esa xks/ku U;k; ;kstuk ds rgr 41 

Qhlnh Hkwfeghuksa dks ykHk igqapk gS jkT; esa vc rd 145000 Hkwfeghuks esa ls 59412 fdlkuks ls xkscj dh [kjhnh dh 

tk jgh gSA ljdkj ds tfj, bUgs vc rd 71 djksM+  72 yk[k :i;s dk Hkqxrku fd;k x;k gSA cgqr ls 

csjkstxkj ;qok Hkh bl ;kstuk ds tfj, xkscj ,oa xkscj ls fufeZr vU; mRikn cspdj viuh vk; c<+kus yxs gSaA  

Hkwfeghuksa dks bl ;kstuk ls tksM+us dh ljdkj dh ;g igy dkjxj lkfcr gks jgh gSA xzkeh.k {ks=ksa esa xkSikydksa] 

efgykvksa o ;qok'kfä dks vkfFkZd rkSj ij lq–<+ djukA bl ;kstuk dk çeq[k y{; Fkk xkscj [kjhnh dsaæksa esa xkscj ls 

xkS dkLB¼xkscj ls cuh ydM+h½ daMs vkSj oehZ daiksLV cuk;k tk jgk gS bldk mi;ksx [ksrksa ls ysdj xkMZuksard esa 

fd;k tk jgk gS ;g [kkn xkSBkuksa esa cuh Vafd;ksa esa rS;kj dh tk jgh gSA blds vfrfjä xkSBku ifjlj esa gh rkykc 



Shodhasamhita : Journal of Fundamental & Comparative Research   
Vol. VIII, No. 1(XXXIII) : 2022   
ISSN: 2277-7067     

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek                                             Page | 58 

dk fuekZ.k fd;k tk jgk gS] ftlesa eNyh ikyu dk dk;Z fd;k tk jgk gS] ftlls lewg dh efgyk,a vkRefuHkZj gksus 

yxh gSA 

fØ;kUo;u ds pj.k fuEukuqlkj gS %& 

1. xkscj dk Ø; ,oa Hkqxrku dh çfØ;kA 

2. oehZ daiksLV rS;kj djus gsrq çf'k{k.kA 

3. oehZ daiksLV Vadh dk fuekZ.kA 

4. xkSBku esa xkscj çlaLdj.kA 

5. oehZ daiksLV dh iSdsftaxA 

6. oehZ daiksLV dk foi.kuA 

7. foÙkh; O;oLFkk ,oa foÙk çokgA 

31 ekpZ 2022 rd Ø; ,oa foØ; fd, x, [kkn dk forj.k ,oa ykHk dk çfr'kr 

Ø- 
fodkl[k.Mksa dk 

uke 

Ø; fd;s x;s 

xkscj dh ek=k 

¼fDaoVy esa½ 

ykxr 2 :- 

izfr fd-xzk- 

foØ; 

foØ; fd;s 

x;s xkscj dh 

ek=k fDaoVy 

esa 

foØ; dh 8 :- 

izfr fd-xzk- 
ykHk 

ykHk  

%esa 

1 jktukanxkao 68117.35 134234.7 23853.05 190824.40 57589.7 42.17% 

2 Mksaxjx<+ 63421.33 126842.66 19645.33 157162.64 30319.98 23.90% 

3 Nqfj;k 60085.36 120170.72 21621.27 172970.16 527.99.44 43.94% 

4 Mksaxjxkao 39519.56 79039.12 13493.96 107951.68 28912.56 36.60% 

5 [kSjkx<+ 40120.19 80240.38 15312.19 122497.52 42257.14 52.67% 

6 NqbZ[knku 39462.49 78924.18 13466.07 107728.56 28803.58 36.56% 

7 vEckx<+ pkSdh 67042.08 134084.16 24844.65 198757.20 64673.04 48.23% 

8 eksgyk 78173.53 156347.1 30583.98 244671.84 88324.74 56.49% 

9 ekuiqj 46352.09 92704.18 16225.04 129800.32 37096.14 40.02% 
 

 ;ksx 
502294.00 1004588 179025.54 1432204.32 427616.32 

 

L=ksr %&lkaf[;dh; vkadM+ksa ls izkIr tkudkjh 
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 mijksä lkj.kh dk fo'ys"k.k djus ij ;g çrhr gksrk gS] fd jktukanxkao ftys ds 9 fodkl[kaMksa esa ykHk dk 

çfr'kr jktukanxkao esa 42-17%, Nqfj;k esa 40-94%, [kSjkx<+ esa 52-67%,vEckx<+ pkSdh esa 48-23% gS] tks fd xzkeh.k 

{ks=ksa esa fodkl ds –f"Vdks.k ls lq–<+ vk/kkj ds :i esa xzkeh.kksa dks ykHk igqapk jgk gS] ,oa mudh vkfFkZd fLFkfr dks 

lqn`<+ dj thou Lrj dks c<+k jgk gSA  

leL;k %& 

1- Hkqxrku dh leL;k&pwafd ;g ;kstuk jkT; ljdkj }kjk lapkfyr gS ftlds foÙkh; lzksr dh O;oLFkk 'kklu }kjk 

dh tkrh gS D;ksafd xkscj ds foØ; ds i'pkr 15 fnu ckn Hkqxrku fd;k tkrk gS xzkeh.kksa rFkk Lo lgk;rk lewg 

dks tc jkf”k dh rRdky vko';drk gksrh gS] rc og mls rqjar çkIr ugha gks ikrh gSA 

2- ifjogu dh leL;k&  çR;sd xzkeh.kksa ds ikl xksBkuks rd xkscj dks foØ; gsrq igqapkus ds fy, ifjogu dh 

leqfpr O;oLFkk ugha gks ikrh gS ftlls laxzg.k dsaæ rd igqapkus ij ml ij vfrfjä foÙkh; Hkkj iM+rk gSA 

3-çpkj çlkj dh leL;k & ;kstuk dk leqfpr çlkj çR;sd xzkeh.k {ks= esa ugha gks ik;k gSA 

4- jklk;fud [kkn ds ç;ksx dh cgqyrk & vf/kdrj xzkeh.k {ks= —f"k djus gsrq jklk;fud [kkn dk mi;ksx djrs 

gSa ftlls tSfod [kkn ds ç;ksx dks i;kZIr LFkku ugha fey ik;k gSA 

5 xzkeh.k {ks=ksa esa Ø; dh j¶rkj <heh & xzkeh.k {ks=ksa esa xkscj [kjhnh dh j¶rkj lfefr;ksa ds lfØ;rk dh deh ls 

vR;ar de gSA 

mRiknksa ds foØ; dh leL;k %& 

 xks/ku U;k; ;kstuk ds tfj, efgyk dkedkth lewg ds l”kfDrdj.k dk ç;kl vHkh “khfFky gS mRiknksa dh 

Hkh ekax tkx:drk ds vHkko esa iwfrZ dh rqyuk esa cgqr de gSA mRiknksa dh vkiwfrZ u gksus dh dh otg ls buds 

dkedkt fQygky BIi ls gks x, gSaA 
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lq>ko %& 

1. 'kklu }kjk xzkeh.kksa dks foÙk O;oLFkk 'kh?kz miyC/k djkbZ tk, rkfd mUgs fdlh Hkh izdkj dh vkfFkZd 

leL;k dk lkeuk u djuk iM+sA 

2. ifjogu ds lalk/kuksa dks Hkh leqfpr :i ls fodflr fd;k tk,A 

3. ;kstuk dk mfpr çpkj çlkj dj xzkeh.kksa esa QSyh Hkzkafr;ksa dk fujkdj.k fd;k tk, ,oa tSfod [ksrh gsrq 

çksRlkfgr fd;k tk,A 

4. Lo lgk;rk lewg }kjk mRikfnr mRiknksa ds foi.ku gsrq leqfpr çca/k fd, tk, ekax dks c<+kus gsrq i;kZIr 

foKkiu dh Hkh vko';drk gSA 

5. Ø; lfefr;ksa dks xzkeh.k {ks=ksa esa T;knk lfØ; cuk;k tk, rkfd xzkeh.kksa dks bl ;kstuk dk okLrfod ykHk 

fey ldsA 

fu"d"kZ %& 

 fu"d"kZ :i ls ;g dgk tk ldrk gS fd jktukanxkao ftys esa xks/ku U;k; ;kstuk ,oa mlesa yxs xkSikydks] 

xzkeh.kksa ;qokvksa efgykvksa ,oa Hkwfeghuksa ds vkfFkZd vk; dks c<+kdj ,oa jkstxkj ds u, volj miyC/k djkdj 

csjkstxkjh ,oa xjhch tSlh leL;k dks nwj djus esa ehy dk iRFkj lkfcr gksxhA ;kstuk ds iwoZ tgka igys xkscj dk 

mi;ksx ugha ds cjkcj gks ikrk Fkk] rFkk 'kklu dh bl ;kstuk us xzkeh.kksa dks çf'kf{kr dj xkscj ds fofo/k mi;ksx] 

[kkn] nokb;ka] daMs dkLB vkfn cukus dh fof/k ls u dsoy xzkeh.kksa dk vkfFkZd fodkl gksxk] oju jkT; Lrj ij Hkh 

rhoz xzkeh.k fodkl dks xfr feyh gSA xkSBkuksa dk mi;ksx Lo lgk;rk lewg dh efgyk,a oehZ daiksLV fuekZ.k dh 

fof/k lh[kus esa djsxh rFkk xkscj ls vU; mRiknks dks Hkh fufeZr dj viuh vk; esa o`f) djsxh] rkRi;Z ;g gS fd 

xkSBkuks ds ek/;e ls xkeh.kksa us mRiknu dks rks c<+k;k gh gS] xkao esa jkstxkj ds u, volj dk Hkh fuekZ.k fd;k gSA 

lanHkZlwph 

 tuer 

dk;kZy; ftyk iapk;r jktuanxkao 

fodhihfM;k 

lekpkj if=dk 

baVjusV 

  



ISSN 0974-1100 

PURVADEV Science Rescarch Journa 
Peer Reviewed Bilingual International Research Journal 

The Journal indexed in the UGC-CARE list. 

ad 28 Gt6 112 * taa-AIA, 2023 



UGC Care Listed Joumal 
ISSN 0974-1100 

a 28, 4T, 112, -4T, 2023 61-67 

. ya. ETR 

HIIRINT 

66 

51 



ISSN 0974-1100 

PURVADEV Science Rescarch Journa 
Peer Reviewed Bilingual International Research Journal 

The Journal indexed in the UGC-CARE list. 

ad 28 Gt6 112 * taa-AIA, 2023 



UGC Care Listed Jounal 
T 28, 37, 112 -T, 2023 67-93 ISS 0974 -1100 

VETY5 TZTT5, afPm, MTATU fefrqua TITd HETREITA7, IETG . 

T 

37 



ISSN 0974-1100 

PURVADEV Science Rescarch Journa 
Peer Reviewed Bilingual International Research Journal 

The Journal indexed in the UGC-CARE list. 

ad 28 Gt6 112 * taa-AIA, 2023 



UGC Care Listed Jounal 
T 28, 37, 112 -T, 2023 67-93 ISS 0974 -1100 

VETY5 TZTT5, afPm, MTATU fefrqua TITd HETREITA7, IETG . 

T 

37 













































Colloids and Surfaces A: Physicochemical and Engineering Aspects 633 (2022) 127837

Available online 2 November 2021
0927-7757/© 2021 Elsevier B.V. All rights reserved.

Novel cucurbit[6]uril-based [3]rotaxane supramolecular ionic liquid as a 
green and excellent corrosion inhibitor for the chemical industry 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• A novel cucurbit[6]uril-based [3]rotax
ane (CU6R) was introduced for the first 
as a green and efficient corrosion in
hibitor for the chemical industry. 

• Carbon steel inhibition in an aggressive 
alkaline-saline solution was studied 
with a CU6R for the first time. 

• The inhibition characteristics of CU6R 
in 1 M OH– 

+ 1 M Cl– solution were fully 
studied. 

• The MD simulation findings that CU6R 
interacts well with the Fe(101) surface.  

A R T I C L E  I N F O   

Keywords: 
Corrosion inhibitor 
Ionic liquids 
Alkaline-saline solution 
Cucurbit[6]uril 
Rotaxane 

A B S T R A C T   

The corrosion of steel materials in alkaline-saline media is the largest problem in industry. Economical and 
environmentally friendly corrosion inhibitors are crucial for corrosion protection. The present work is the first to 
introduce a novel cucurbit[6]uril-based [3]rotaxane supramolecular ionic liquid (CB6-based [3]rotaxane) as a 
green and efficient corrosion inhibitor for the chemical industry. The correlation between the supramolecular 
ionic liquid system and inhibition behavior was studied first. The inhibition characteristics of CB6-based [3] 
rotaxane in 1 M OH– + 1 M Cl– solution were first fully investigated by thermodynamic, gravimetric, electro
chemical impedance spectroscopy (EIS), potentiodynamic polarization (PDP), electrochemical noise (EN), cyclic 
voltammetry (CV), density functional theory (DFT), molecular dynamics (MD) simulation, scanning electron 
microscopy (SEM) and energy dispersive X-ray spectrometry (EDX) methods. The experimental results confirmed 
that CB6-based [3]rotaxane exhibited excellent corrosion resistance, and its inhibition efficiency was 97.97% at 
100 mg/L and 0.032 mM. The electrochemical results suggested that (i) CB6-based [3]rotaxane was a mixed-type 
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corrosion inhibitor with anodic dominance; (ii) the supramolecular part of selected ionic liquid is responsible for 
notably blocks the charge transfer process on the metal surface. The theoretical findings correlated well with the 
experimental results and revealed that the protonated form of this supramolecular structure exhibited better 
performance than its neutral form. MD simulations results suggested that the bond length of the Fe(surface)- 
inhibitor (3.127 Å) is less than 3.5 Å, which indicates that chemisorption is dominant in the investigated 
adsorption system. Molecular electrostatic potential analysis confirmed that the studied ionic liquid- 
supramolecular system contained most favorable nucleophilic centers, which are responsible for excellent in
hibition performance.   

1. Introduction 

Carbon steel materials are dominant in the chemical industry 
because they are easy to manipulate and cost effective. The corrosion of 
steel materials in aggressive alkaline-saline media is the greatest eco
nomic and environmental problem [1–4]. The loss of mechanical 
properties in metallic materials causes several problems in production 
processes. Therefore, protecting steel materials from destructive corro
sion in alkaline-saline media is an important task in the chemical in
dustry. Approximately 3–4 billion US dollars have been expended to 
protect metallic materials from corrosion [5,6]. Corrosive solutions 
contain more oxygen, chloride, and hydroxyl ions. For example, un
derground and marine environments are aggressive alkaline-saline 
media. Carbon steel is highly reactive in oxygen-, chloride- and 
hydroxyl-rich environments; as a result, it can easily react with these 
corrosive ions to form corrosive deposits on metallic surfaces [7–10]. 

Currently, several methods for corrosion protection are being used in 
the chemical industry. Among them, corrosion inhibitors are efficient, 
cost-effective, and environmentally friendly methods for providing 
corrosion protection [11–14]. Corrosion inhibitors are organic com
pounds that adsorb on metal surfaces; as a result, the metal surface is 
protected from destructive corrosion. The contact sites of the metal 
surface with the corrosive solution decreases with the addition of an 
inhibitor [15,16]. The adsorption of corrosive inhibitors on metal sur
faces depends on several factors, such as the temperature, nature of the 
corrosive solution, concentration, metal type, molecular structure, and 
inhibitor size. Additionally, the number of heteroatoms, aromatic rings, 
and active functional groups in the structure of the inhibitor molecule 
contribute to better adsorption [17]. This is due to the π-electrons of 
aromatic rings and p-electrons of heteroatoms or functional groups 
supporting better chemical and physical interactions between the in
hibitor and metal surface [18]. 

Currently, environmentally friendly and cost-effective corrosion in
hibitors such as ionic liquids are very important for protecting steel from 
corrosion in the chemical industry. Ionic liquids have some good prop
erties, such as their extremely high stability during thermal and chem
ical treatments, good water solubility, high polarity, environmental 
friendliness, low vapor pressure, low melting point and good adsorption 
ability [34]. Therefore, ionic liquids are widely used to protect steel 
surfaces from various corrosion media. At present, there are few studies 
related to the corrosion protection of steel in alkaline-saline solutions by 
ionic liquids [19,20]. Chong et al. investigated the inhibitory properties 
of protic imidazolinium cation and 4-hydroxycinnamate anion ionic 
liquids for mild steel in 0.01 M NaCl alkaline solution. It was found that 
the inhibition efficiency of these ionic liquids was 72%, and they 
exhibited anodic-type inhibition [21]. Deyab introduced antimicrobial 
quaternary ammonium ionic liquids, which can protect carbon steel 
from microbial corrosion in oilfield saline water. The obtained results 
confirmed that the degree of protection of this inhibitor reached 93.7% 
at 1.3 × 10–3 M [22]. Dermani et al. modified a 1-butyl-3-methylimida
zolium chloride ionic liquid with graphene oxide nanosheets as a good 
corrosion inhibitor in a 5 wt% NaCl solution [23]. It is clear from the 
obtained results that this inhibitor effectively improved the surface 
morphology of steel. A 1-butyl-1-methylpyrrolidinium tri
fluoromethylsulfonate ionic liquid was introduced as a good corrosion 

inhibitor and antibacterial agent for mild steel in a 3.5% NaCl solution; 
their inhibition efficiency was 80% at 100 ppm [24]. Barakat et al. 
studied the inhibitory properties of new imidazole-based ionic liquids 
for steel in cement pore solution. Their adsorption behaviors followed 
the Langmuir isotherm. The obtained Gibbs free energies confirmed the 
chemi-physisorption of these ionic liquids on the steel surface, and the 
polarization results suggested that these ionic liquids were mixed-type 
inhibitors [25]. 

Ye [42,43] synthesized new N-doped citric acid-based carbon dots 
and investigated their anti-corrosion activities for mild steel in hydro
chloric acid environment. It was found that the carbon dots is new and 
environmental anti-corrosion agents for metallic materials. Their inhi
bition protection degree was over 90% in the aggressive corrosive me
dium. Luo [44] studied the inhibition effectiveness of carbon dots in 
180 ◦C, resulting that the carbon dots are more effective with over 98% 
at the high temperature. 

The novelty of the present work is as follows: (i) a novel cucurbit[6] 
uril-based [3]rotaxane supramolecular ionic liquid (CB6-based [3] 
rotaxane) was introduced for the first as a green and efficient corrosion 
inhibitor for the chemical industry; (ii) the impact of the supramolecular 
system on inhibition behavior was researched for the first time; (iii) an 
ionic liquid-based supramolecular system was introduced for the first 
time; (iv) carbon steel inhibition in an aggressive alkaline-saline solu
tion was studied with a supramolecular system for the first time; (v) the 
inhibition characteristics of CB6-based [3]rotaxane in 1 M OH– + 1 M 
Cl– solution were fully studied for the first time by thermodynamic, 
gravimetric, electrochemical impedance spectroscopy (EIS), potentio
dynamic polarization (PDP), electrochemical noise (EN), cyclic vol
tammetric (CV), density functional theory (DFT), molecular dynamics 
(MD) simulation, scanning electron microscopy (SEM) and energy 
dispersive X-ray spectrometry (EDX) methods. The cucurbit[6]uril was 
easily synthesized from the low cost urea and glyoxal by the low cost and 
easily synthesis methodology. This made selected inhibitor become low 
cost. CB6-based [3]rotaxane was selected according to its following 
properties: (i) it is an antibacterial, anti-inflammatory, anticonvulsant, 
antimicrobial, antitumour, and analgesic agent [26], (ii) it is green and 
environmentally friendly; (iii) it is a molecule with a large planar 
structure that contains a large number of electron-rich heteroatoms; (iv) 
it is an ionic liquid and supramolecular system; and (v) it is large and 
more water soluble than other ionic liquids. These properties allow 
CB6-based [3]rotaxane to become an excellent inhibitor. 

2. Experimental section 

2.1. Metal samples and research solutions 

In this research work, carbon steel (St2) was selected for all experi
ments. The selected metal samples were composited as follows: ~98% 
Fe, 0.15–0.15% Si, 0.25–0.5% Mn, 0.09–0.15% С, 0.3% Ni, 0.3% Сu, 
0.3% Сr, 0.04% Р, 0.05% S, 0.08% As, and 0.008% N [5,7]. A 1 M OH– +

1 M Cl– solution was chosen as the corrosive solution. It was prepared 
from 1 M NaOH and 1 M NaCl solutions. Some steel pipes and other 
metallic constructions of chemical industry were located underground. 
The underground water is more saline and alkaline solution, so the 
corrosion of steel based metallic materials in the aggressive saline and 
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alkaline solution is seriously problem. The OH– and Cl– ions are mainly 
compound in the underground water, therefore, they are mainly 
responsible for the metallic corrosion. In this research work, the simu
lated more saline and alkaline solution was used with 1 M OH– + 1 M Cl– 

solution. It was prepared from the from 1 M NaOH and 1 M NaCl 
solutions. 

2.2. Corrosion inhibitor 

The cucurbit[6]uril-based [3]rotaxane supramolecular ionic liquid 
(CB6-based [3]rotaxane) was used in the present work as a corrosion 
inhibitor. The molecular structure and chemical properties were fully 
characterized in the previous research work [26]. CB6-based [3]rotax
ane contained two parts: the supramolecular ionic liquid part and the 
tail part (Fig. 1). The first part is responsible for adsorption and chemical 
interactions on the metal surface. The second part is hydrophobic and 
can effectively insulate the metal surface from a polar electrolyte. 
CB6-based [3]rotaxane inhibitor is more water soluble. This is due to 
four nitrogen atoms of inhibitor structure (Fig. 1) are protonated. This 
make corrosion inhibitor become more water soluble. Additionally, the 
supramolecular part of ionic liquids are also attributed to rise the 

solubility of inhibitor. 

2.3. Thermodynamic and gravimetric analyses 

Thermodynamic and gravimetric analyses were carried out with 
carbon steel samples (dimensions of 3 cm × 3 cm × 0.1 cm) in 1 M 
NaOH + 1 M NaCl solution without and with various concentrations of 
the CB6-based [3]rotaxane inhibitor at different temperatures. Emery 
papers with grades ranging from 800 to 1200 were used to clean and 
polish the metal surface. Next, the mass of the polished metal sample 
(W0) was calculated and immersed in 1 M NaOH + 1 M NaCl solution 
without and with various concentrations of the CB6-based [3]rotaxane 
inhibitor at different temperatures for 76 h [15]. After immersion, the 
metal coupon was removed from the solution and then washed with 
distilled water, ethanol and acetone. Finally, the washed metal sample 
was dried at room temperature, and its mass (Winh) was calculated again. 
The corrosion rate (CRGrav.atmg/cm2h), degree of surface coverage 
(θGrav.) and inhibition performance (ηGrav.at%) were obtained based on 
Eqs. (1–3) [5,7], respectively: 

Fig. 1. Molecular structure of CB6-based [3]rotaxane.  
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CRGrav. =
WinhorW0

At
(1)  

θGrav. = 1 −
Winh

W0
(2)  

ηGrav. % =

(

1 −
Winh

W0

)

× 100 (3)  

2.4. Electrochemical analysis 

A Gamry PC5 galvanostat/IFC1000-06177 potentiostat (USA) was 
employed to characterize the electrochemical behavior of the corrosive 
and inhibited processes; thus, EIS, PDP, CV and EN electrochemical in
vestigations were performed [35,36]. A three-electrode cell assembly, 
which contained a reference electrode (saturated calomel), counter 
electrode (platinum) and working electrode (carbon steel), was used in 
all electrochemical experiments. Gamry Echem Analyst 6.22 software 
was applied to estimate the electrochemical data. The working electrode 
was abraded with wet SiC paper (grades 380–800) and polished with 
emery paper. Then, the polished metal sample was washed three times 
with distilled water, degreased with acetone, and dried. The next step 
was to dip and immerse the dried working electrode in 1 M NaOH + 1 M 
NaCl solution without and with various concentrations of the CB6-based 
[3]rotaxane inhibitor for 76 h. The observed electrode potential became 
more stable after immersion. 

EIS was performed from 100 kHz and 0.01 Hz at an AC voltage 
amplitude of 10 mVrms at different CB6-based [3]rotaxane concentra
tions in the selected solution. The inhibition performance (ηEISat%) was 
estimated with Eq. (4) [37]: 

ηEIS,% =
Ri

ct − Ro
ct

Ri
ct

× 100% (4)  

where Ri
ct and Ro

ct are the charge transfer resistances in the corrosion 
solutions with and without inhibitor, respectively. 

The PDP study was conducted in the potential range from –0.250 to 
0.250 V with a 2 s sample period and a 1 mV/s scan rate. The open- 
circuit potential (OCP) was forecast before the PDP analysis. The inhi
bition efficiency (ηPDPat%) was estimated according to Eq. (5): 

ηPDP,% =
io
PDP − ii

PDP

io
PDP

× 100% (5)  

where ioPDP and iiPDP are the corrosion current densities in 1 M 
NaOH + 1 M NaCl without and with inhibitor, respectively [38]. 

Cyclic voltammetry (CV) investigations were carried out in the po
tential range of –1.2 to 1.2 V at a scan rate of 1 mV/s. 

EN investigations were performed in the ZRA control mode. The 
inhibition efficiency (IEENat%) of the inhibitor was derived from Eq. (6): 

IEEN ,% =
Rinh

rms − R0
rms

Rinh
rms

× 100 (6)  

where R0
rms and Rinh

rms are the average noise resistances in the corrosive 
and inhibited 1 M NaOH + 1 M NaCl solutions, respectively [39]. 

2.5. Surface analysis 

SEM and EDX analyses were carried out on a HITACHI TM3000 in
strument (Hitachi Company, Tokyo, Japan). SEM can characterize the 
surface morphology of metal samples after immersion in the corrosive 
and inhibited solutions [40]. In SEM analysis, the 15 kV accelerating 
voltage was used to emphasized the surface details. EDX can identify the 
elemental composition of the metal surface in the uninhibited and 
inhibited corrosion solutions. Before surface analysis, the metal surface 

was dipped and immersed for 74 h. After immersion, the surface of the 
metal sample was first abraded using SiC emery paper and finally pol
ished to a mirror-like finish [41]. Finally, the metal samples were rinsed 
with deionized water and air dried before surface analysis. Both surface 
analyses are very important for the details surface analysis in the inhi
bition investigation. 

2.6. DFT analysis 

The inhibition performance of CB6-based [3]rotaxane was theoreti
cally analyzed by density functional theory (DFT) with the B3LYP 
(three–parameter Lee-Yang-Parr correlation function by Becke) 
exchange–corrected functional [27,28], 6-311G** basis sets [29] and +
D3 Grimme’s dispersion corrections [30] in GAMESS-US [31] software 
(the molecular charge is +2). DFT analysis of CB6-based [3]rotaxane 
was performed in aqueous phases with the polarizable continuum model 
employing the integral equation formalism variant (IEFPCM) and a 
water solvent. The CB6-based [3]rotaxane molecule was optimized 
before the quantum chemical calculations. Visualization of the opti
mized structure of the CB6-based [3]rotaxane inhibitor was performed 
with ChemCraft [32] and Macmolplt [33] software. The geometric 
optimization, hyperpolarizability and polarizability results (dipole 
moment in Debye; electric field in Hartree/e*bohr) were also obtained 
[30]. 

2.7. Molecular dynamics simulation 

The molecular dynamics (MD) simulation was performed in Mate
rials Studio software employing the Forcite module. MD simulations 
were carried out in a simulation box (27.3 × 27.3 × 33.1 Å3) with pe
riodic boundary conditions, which contained a solvent layer (1000 H2O 
+ 1 CB6-based [3]rotaxane molecule) and an Fe(110) substrate. The 
OH– and Cl– ions were not considered in the MD simulations. This is due 
to the CB6-based [3]rotaxane molecule rigid chemically linked with the 
metal surface by the formation chemical bonds. The CB6-based [3] 
rotaxane molecule is excellent corrosion inhibitor for steel surface. The 
OH– and Cl– ions can not influenced the adsorption effectiveness of 
studied corrosion inhibitor. The adsorption of CB6-based [3]rotaxane on 
the Fe(110) surface without chloride and hydroxyl ions was theoreti
cally investigated by MD simulation analysis. Additionally, CB6-based 
[3]rotaxane molecule is supramolecular system, so using above ions in 
MD simulation is very difficult and time consuming. There are not 
simulation packed with these ions. The Fe(110) surface was a packed 
structure and highly stable; the full details of the Fe(110) surface are 
described in Ref. [35]. The Fe(110) surface was designed as a five-layer 
slab model with each layer representing an (11 × 11) unit cell. The NVT 
ensemble and Andersen thermostat with a simulation time of 1000 ps 
and a time step of 1.0 fs were selected in this simulated system. The 
simulated temperature was 303 K, and it was controlled by an Andersen 
thermostat; additionally, a COMPASS II force field was adopted. 

3. Results and discussion 

3.1. Gravimetric analysis 

3.1.1. Effect of the CB6-based [3]rotaxane concentration 
The corrosion rate (CRGrav.) for carbon steel, inhibition protection 

(ηGrav.) and degree of surface coverage (θGrav.) for the CB6-based [3] 
rotaxane inhibitor in 1 M NaOH + 1 M NaCl solution are presented in  
Table 1. It is obvious that an increase in concentration impacts CRGrav., 
ηGrav. and θGrav.. For example, CRGrav. decreases and ηGrav. and θGrav. in
crease with increasing inhibitor concentration. This is because an in
crease in the inhibitor concentration is responsible for a large amount of 
the metal surface being covered with a protective thin film. It was also 
demonstrated that the ηGrav. is 97.97% at 100 mg/L/0.032 mM and 
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92.61% at 75 mg/L/0.024 mM for carbon steel at 303 K, confirming 
that the CB6-based [3]rotaxane inhibitor is an excellent corrosion in
hibitor at low concentrations for carbon steel in 1 M NaOH + 1 M NaCl. 
The molecular size of CB6-based [3]rotaxane inhibitor is large, the in
hibition efficiency depends on the molecular size of inhibitor. Because, 
the large size of inhibitor cover large part of metal surface at low con
centration. The experimental results show that the selected inhibitor is 
more effective at the low concentrations. This is due to the CB6-based 
[3]rotaxane inhibitor adsorbed by the parallel adsorption position. As 
a result, it cover large part of metal surface. The rise of concentration 
depends on the change adsorption position (parallel to perpendicular). 
Additionally, the CB6-based [3]rotaxane contained two parts: the su
pramolecular ionic liquid part and the tail part (Fig. 1). The first part is 
responsible for adsorption and chemical interactions on the metal sur
face. The second part is hydrophobic and can effectively insulate the 
metal surface from a polar electrolyte. Therefore, two supramolecular 
part promote inhibitor become more efficient at low concentrations. In 
contrast to the 313–333 K temperature range, ηGrav. is 93.02% at 313 K 
and 82.62% at 333 K at 100 mg/L/0.032 mM. Therefore, this 
supramolecular-based organic molecule is a good corrosion inhibitor at 
high temperatures. Thus, the CB6-based [3]rotaxane inhibitor effec
tively forms a protective thin film on the carbon steel surface, and this 
film effectively insulates the carbon steel coupons from aggressive 
OH− and Cl− -ion attacks. 

3.1.2. Influence of temperature 
The influence of temperature was analyzed in 1 M NaOH + 1 M NaCl 

solution with various concentrations of the CB6-based [3]rotaxane in
hibitor. The observed data in Table 1 demonstrate that the corrosion rate 
increases with increasing temperature. This means that carbon steel has 
a low corrosion resistance at high temperatures. The inhibition effi
ciency decreases from 97.97% at 303 K to 82.62% at 333 K. This con
firms that the CB6-based [3]rotaxane inhibitor perfectly protects the 
carbon steel surface from aggressive alkaline solutions with chloride 
ions from 303 to 333 K. Notably, the corrosion protection is lower at 
high temperatures because the increase in kinetic energy causes 
desorption of the inhibitor from the metal surface, which influences its 
inhibition performance. Solution agitation is increased by the higher 
rates of H2 evolution and transfer processes of corrosive ions between 
the cathode and anode at high temperatures. Furthermore, the electro
static interaction between the inhibitor and metal surface is destroyed at 
high temperatures. These factors also influence the decrease in the in
hibition performance at high temperatures. The electrostatic interaction 
between the inhibitor and metal surface depends on the rise of 

temperature. The CB6-based [3]rotaxane adsorbed on the metal surface 
by the chemical and physical adsorption mechanisms. The physical 
adsorption was carried out by the electrostatic interaction between the 
inhibitor and metal surface. The positively charged nitrogen atoms of 
corrosion inhibitor electrostatically interacted with the negatively 
charged metal surface. The chloride and hydroxyl corrosive ions 
adsorbed on the metal surface, as a results, the metal surface was 
negatively charged. The corrosion inhibitor neutralized metal surface by 
the electrostatically interaction. When the temperature increase, the 
chloride and hydroxyl corrosive ions are activated, consequently, the 
strength of electrostatic interaction was reduced slowly. 

3.2. Thermodynamics of activation 

The Arrhenius equation (Eq. 7) describes the correlation between the 
temperature and corrosion rate for both the corrosive and inhibited 
media. This correlation is employed to estimate the values of the ther
modynamic parameters. 

CRGrav. = Aexp
(
− Ea

RT

)

(7)  

In the above equation, Ea is the activation energy in kJ/mol, R is the 
universal gas constant (8.314 J/mol × K), T is the temperature in K, and 
A is the Arrhenius pre-exponential factor [15,18]. 

Fig. 2a shows Arrhenius plots of logCRGrav. against 1000/T for carbon 
steel in 1 M NaOH + 1 M NaCl solution in the absence and presence of 
the CB6-based [3]rotaxane inhibitor at various concentrations. These 
plots give slopes (slope = ( − Ea/2.303R)), which are utilized to esti
mate the activation energy values. The values of R2 in Fig. 2a confirm 
that the Arrhenius plots are the best fit for estimating the activation 
energy values. As observed in Table 2, the Ea is 16.5 kJ/mol for the 
uninhibited aggressive alkaline solution with chloride ions. On the other 
hand, the Ea is 41.74 kJ/mol at 25 mg/L/0.008 mM, 43.41 kJ/mol at 
50 mg/L/0.016 mM, 50.5 kJ/mol at 75 mg/L/0.024 mM and 57.77 kJ/ 
mol at 100 mg/L/0.032 mM in 1 M NaOH + 1 M NaCl. Thus, the acti
vation energy in the corrosive medium is higher than that in the 
inhibited medium. This is because the inhibitor forms energetic blocks 
for the corrosion processes due to chemical adsorption on the metal 
surface. Additionally, the high activation energy in the inhibited me
dium confirms that the selected inhibitor simultaneously replaces the 
pre-adsorbed water molecules on the metal surface, and this action re
quires additional energy. 

The values of the change in enthalpy (∆Ha) and entropy (∆Sa) for the 
blank sample and samples with the CB6-based [3]rotaxane inhibitor at 
various concentrations in 1 M NaOH + 1 M NaCl were derived by per
forming transition-state calculations (Eq. 8) and the plots (log CRGrav./T 
vs. 1000/T) in Fig. 2b. These plots give slopes (slope = − ∆Ha/2.303R) 

and intercepts (intercept =
[

log R
Nh +

(
∆Sa

2.303R

)]

), which allow the values 

of ∆Ha and ∆Sa to be estimated for both the blank sample and samples 
with the inhibitor at different concentrations. The values of the corre
lation coefficients (R2) in Fig. 2b are close to 1, which means that these 
transition-state plots are excellent fits for estimating the thermodynamic 
parameters. 

CRGrav. =
RT
Nh

exp
(

∆Sa

R

)

exp
(

−
∆Ha

RT

)

(8) 

In the above equation h is the Planck constant (6.626 × 10–34 m2kg/ 
s) and N is the Avogadro number (6.12 × 1023) [24,26]. 

The value of ∆Ha in the blank sample is 19.19 kJ/mol (Table 2). In 
contrast, the ∆Ha values are 39.04 kJ/mol at 25 mg/L/0.008 mM, 
46.12 kJ/mol at 50 mg/L/0.016 mM, 53.2 kJ/mol at 75 mg/L/ 
0.024 mM and 60.47 kJ/mol at 100 mg/L/0.032 mM in the inhibited 
1 M NaOH + 1 M NaCl solutions (Table 2). These results confirm that 
the corrosion and inhibition processes are endothermic, but the 

Table 1 
Gravimetric parameters of CB6-based [3]rotaxane.  

Cinh, mg/L/mM  Temperature, K CRGrav., mg/cm2h  ηGrav. , %  θGrav.

Blank  303  1.53 – – 
25/0.008  0.246 83.92 0.8392 
50/0.016  0.185 87.91 0.8791 
75/0.024  0.113 92.61 0.9261 
100/0.032  0.031 97.97 0.9797 
Blank  313  1.69 – – 
25/0.008  0.304 82.01 0.8201 
50/0.016  0.252 85.08 0.8508 
75/0.024  0.189 88.82 0.8882 
100/0.032  0.118 93.02 0.9302 
Blank  323  1.85 – – 
25/0.008  0.369 80.05 0.8005 
50/0.016  0.327 82.32 0.8232 
75/0.024  0.276 85.08 0.8508 
100/0.032  0.215 88.38 0.8838 
Blank  333  2.02 – – 
25/0.008  0.477 76.38 0.7638 
50/0.016  0.446 77.92 0.7792 
75/0.024  0.403 80.05 0.8005 
100/0.032  0.351 82.62 0.8262  
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inhibition process requires more energy than the corrosion process. 
On the other hand, the value of ∆Sa is positive (114.41 kJ/mol T) for 

the blank sample and negative (–53.42 kJ/mol T at 50 mg/L/0.016 mM) 
for the inhibitor in 1 M NaOH + 1 M NaCl solution (Table 2). This is due 
to the disorder taken to move from the reactant to the inhibitor-iron 
complex. The values of ∆Sa depend on the increase in concentration. 
The reason is that an increase in the concentration of inhibitor increases 
the disorder of the system. Thus, the values of ∆Sa confirm that the 
activated inhibitor-metal complex is more stable, and its association is 
greater than that of its disassociation. 

The average energy difference between the activation energy and 
enthalpy is approximately 2.7 kJ/mol for the blank sample and samples 
with inhibitor at various concentrations (Table 2), confirming that 
during the dissolution of carbon steel, the inhibition process and 
adsorption rate of CB6-based [3]rotaxane in 1 M alkaline solution with 
chloride ions are unimolecular in nature according to previous research 
[7–11]. 

3.3. Adsorption isotherms and thermodynamics 

The adsorption performance of CB6-based [3]rotaxane on the carbon 
steel surface in 1 M NaOH + 1 M NaCl solution was elucidated by 
thermodynamic isotherms. The adsorption of inhibitor depends on 
several factors: the electrostatic interaction between the inhibitor and 
metal surface, the nature of the metal surface, the studied temperatures 
and the structural properties. In the present research, the Langmuir, 
Frumkin and Temkin isotherms were employed to identify the adsorp
tion behavior of the inhibitor. These isotherms are illustrated in Eqs. 
(9–11) and are presented in Fig. 3(a–c). The values of the regressive 
coefficients (R2) in these isotherms indicate that the Langmuir isotherm 
shows the most suitable fit for estimating the thermodynamic adsorption 

parameters. The R2 and slope in Fig. 3a approach unity, which identifies 
good fitting of the observed data. The equilibrium constants of the 
adsorption-desorption processes (Kads) were estimated from the in
tercepts of the Langmuir plots. 

Langmuir:
Cinh

θGrav.
=

1
Kads

+ Cinh (9)  

Frumkin:
θGrav.

1 − θGrav.
exp( − 2f θGrav.) = KadsCinh (10)  

Temkin: exp(f θGrav.) = KadsCinh (11) 

As listed in Table 3, the Kads is 434.78 M–1 at 303 K, 510.2 M–1 at 
313 K, 621.12 M–1 at 323 K and 724.64 M–1 at 333 K. These high values 
of Kads confirm that the CB6-based [3]rotaxane inhibitor has a high 
adsorption rate on the carbon steel surface in 1 M NaOH + 1 M NaCl 
solution. 

Next, the obtained Kads values were used to estimate the values of the 
change in the standard Gibbs energy of adsorption (∆Go

ads), which is 
shown in Eq. (12): 

∆Go
ads = − 2.303RTlog

(
55.55Kads

)
(12)  

where 55.55 is the water concentration in mol/L [35,37]. 
It is clearly evident in Table 3 that the lower values of ∆Go

ads confirm 
that the CB6-based [3]rotaxane inhibitor easily adsorbs on the carbon 
steel surface and effectively protects the metal surface from aggressive 
OH− and Cl− -ion attacks. According to Refs. [6–9], when ∆Go

ads ≤ −

20kJ/mol, it indicates chemisorption, and when ∆Go
ads ≥ − 40kJ/mol, it 

indicates physisorption. In the present research work, the values of ∆ 
Go

ads vary between –20 and − 40 kJ/mol, confirming that the adsorption 
of the CB6-based [3]rotaxane inhibitor on the carbon steel surface is 
mixed. This means that the inhibitor adsorbs on the metal surface by 
both chemisorption and physisorption mechanisms. The heteroatoms in 
the inhibitor molecule support chemisorption by sharing p-electron 
pairs with the vacant d-orbitals of iron on the metal surface. The posi
tively charged regions in the inhibitor molecule interact with the 
negatively charged sites on the metal surface, and this process is named 
physisorption. Additionally, the negative values of ∆Go

ads in Table 4 
confirm that the adsorption of CB6-based [3]rotaxane on the metal 
surface occurs spontaneously in 1 M NaOH + 1 M NaCl solution. 

The change in the standard enthalpy (∆Ho
ads) and standard entropy 

(∆So
ads) of adsorption were calculated from the correlation between ∆ 

Go
ads and temperature (Fig. 3d), which gives the intercept = ∆Ho

ads and 

Fig. 2. (a) Arrhenius and (b) transition-state plots of CB6-based [3]rotaxane.  

Table 2 
Activation parameters of CB6-based [3]rotaxane.  

Parameters Blank 25 mg/L/ 
0.008 mM 

50 mg/L/ 
0.016 mM 

75 mg/L/ 
0.024 mM 

100 mg/L/ 
0.032 mM 

Ea, kJ/mol  16.5 41.74 43.41 50.5 57.77 
∆Ha, kJ/ 

mol  
19.19 39.04 46.12 53.2 60.47 

∆Sa, kJ/ 
mol T  

114.41 –53.42 –34.28 –15.34 –3.8 

Ea − ∆Ha  2.69 2.7 2.71 2.7 2.7  
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slope = − ∆So
ads, as described in Eq. (13) [39]. 

∆Go
ads = ∆Ho

ads − T∆So
ads (13) 

Table 3 clearly shows that the value of ∆Ho
ads is positive (14.51 kJ/ 

mol), confirming that the adsorption of CB6-based [3]rotaxane on the 
carbon steel in the 1 M NaOH + 1 M NaCl is exothermic. It also indicates 
that the value of ∆So

ads is positive (131.7 J/mol K), indicating that the 
adsorption film is more stable in 1 M NaOH + 1 M NaCl solution. This 
stable adsorption film is formed by the inhibitor replacing the pre- 
adsorbed water molecules on the metal surface. 

3.4. Cyclic voltammetry (CV) measurements 

The inhibition and adsorption behavior of carbon steel in 1 M 
NaOH + 1 M NaCl solution in the absence and presence of the CB6- 
based [3]rotaxane inhibitor at various concentrations were researched 
by CV analysis, which can identify the electrochemical oxidation and 
reduction characteristics of the metal electrode in the corrosive and 
inhibited solutions. Fig. 2 shows the cyclic voltammograms of carbon 
steel in the corrosive and inhibited 1 M NaOH + 1 M NaCl solutions. 
The obtained cyclic voltammograms confirm that the presence of the 
CB6-based [3]rotaxane inhibitor improves the corrosion mitigation ki
netics of the metal electrode. A sharp oxidation wave can be observed 
before − 0.3 V in the inhibitor-free solution. It was the reduction peak. 

Fig. 3. (a) Langmuir, (b) Frumkin, and (c) Temkin isotherm plots and (d) ∆Go
ads versus temperature for CB6-based [3]rotaxane.  

Table 3 
Thermodynamic adsorption parameters of CB6-based [3]rotaxane.  

Temperature, K Kads, M–1  ∆Go
ads, kJ/mol  ∆Ho

ads, kJ/mol  ∆So
ads, J/mol K  

303  434.78  –25.41  14.51  131.7 
313  510.2  –26.67 
323  621.12  –28.05 
333  724.64  –29.34  

Table 4 
EN data for carbon steel in 1 M NaOH + 1 M NaCl solution in the absence and 
presence of the CB6-based [3]rotaxane inhibitor.  

Cinh, mg/L  Erms, V  Irms, A  Rrms, Ω  IEEN, % q, C 

Blank 2.14E–03 1.57E–05 136.3 – 4.786× 10–2  

25 1.42E–04 1.18E–07 1203.4 88.67 2.314× 10–5  

50 3.09E–04 1.47E–07 2102 93.51 8.652× 10–5  

75 5.61E–04 1.78E–07 3151.7 95.67 25.324× 10–5  

100 9.61E–04 1.88E–07 5111.7 97.33 33.664× 10–5   
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This trend is linked with the high rate of oxidation and destructive 
corrosion on the metal surface. In comparison, the oxidation wave is 
increased to lower corrosive current density areas in the cyclic vol
tammograms in the presence of the inhibitor. The decrease in the 
oxidation wave depends on the increase in inhibitor concentration. For 
example, the oxidation wave decreases from 1 mA/cm2 to 0.7 mA/cm2 

at 25 mg/L, to 0.55 mA/cm2 at 50 mg/L, to 0.06 mA/cm2 at 75 mg/L 
and to 0.02 mA/cm2 at 100 mg/L. These results confirm that the CB6- 
based [3]rotaxane inhibitor maximally decreases the oxidation and 
destructive corrosion of carbon steel in aggressive alkaline solutions 
with chloride ions. On the other hand, the reduction processes on the 
carbon steel electrode surface occur before 0.3 V in the inhibitor-free 
solution. In comparison, the presence of an inhibitor decreases the 
reduction processes (hydrogen gas evolution) on the metal surface 
(Fig. 4). 

3.5. Electrochemical noise (EN) measurements 

EN analyses were employed to identify the change in the electro
chemical noise of carbon steel in 1 M NaOH + 1 M NaCl in the absence 
and presence of the CB6-based [3]rotaxane inhibitor at various con
centrations after immersion. Fig. 5 reveals the correlation between time 
and electrochemical noise for the blank and inhibitor at four (25, 50, 75 
and 100 mg/L) concentrations. Overall, it is clearly noted that the 
fluctuation in potential and current noise is in more positive potential 
and current regions (Fig. 5) in the inhibitor-free 1 M NaOH + 1 M NaCl 
solution than in the inhibitor-containing 1 M NaOH + 1 M NaCl solu
tion. For instance, the potential and current noise stabilized at approx
imately 2.14E–03 V and 1.57E–05 A for the blank sample. This is 
responsible for the OH− and Cl− ions increases the values of potential 
and current noise on the metal surface; these ions are low-noise-resistant 
ions. They can corrode the metal surface, and hydrogen gas is observed 
on the metal surface during the EN experiments. The EN test time was 
900 min, and the working electrode was seriously corroded during this 
period because steel is a metal with low noise resistance. Thus, steel 
easily corroded from the corrosive attacks. 

In contrast, the electrochemical noise fluctuation shifts to more 
negative regions in Fig. 5 with the addition of the CB6-based [3]rotax
ane inhibitor to the corrosive medium. This means that the presence of 
the inhibitor notably decreases the corrosion current and potential. The 
obtained EN confirms that the CB6-based [3]rotaxane inhibitor is an 
excellent noise-resistant surfactant for steel in 1 M NaOH + 1 M NaCl 
solution. The flow in the EN signals between the anode and cathode 
regions on the metal surface is very high; in contrast, the presence of the 

inhibitor significantly decreases the flow in the EN signals. This change 
in electrochemical noise depends on the increase in concentration. For 
instance, the potential noise stabilizes at approximately 1.42 × E–04 V 
at 25 mg/L, 3.09E–04 V at 50 mg/L, 5.61E–04 V at 75 mg/L and 
9.61E–04 V at 100 mg/L. It is also estimated that the current noise 
fluctuates at approximately 1.18E–07 A at 25 mg/L, 1.47E–07 A at 
50 mg/L, 1.78E–07 A at 75 mg/L and 1.88E–07 A at 100 mg/L. These 
obtained data confirm that the CB6-based [3]rotaxane inhibitor is the 
best corrosion inhibitor for carbon steel in aggressive alkaline solutions 
containing low concentrations of chloride ions. 

In the following part of the EN test, the average value of the elec
trochemical noise resistance (Rrms) was estimated based on Eq. (14). The 
average values of potential (Erms) and current (Irms) noise were estimated 
from Fig. 5 with Gamry Echem software [16]. 

Rrms =
Erms

Irms
(14) 

In EN experiment, the Rrms is important factor and its value indicate 
the degree of inhibition efficiency. What stands out from Table 4 is that 
the Rrms is 136.3 Ω in the inhibitor-free solution, indicating a high rate of 
corrosion; the selected metal has a low resistance in the corrosive so
lution, and the aggressive hydroxyl and chloride ions can easily corrode 
the metal surface. In contrast, after the addition of the CB6-based [3] 
rotaxane inhibitor to the corrosive solution containing 1 M NaOH + 1 M 
NaCl, the electrochemical resistance increases dramatically. This result 
shows that the CB6-based [3]rotaxane inhibitor is an excellent electro
chemical noise agent for carbon steel in the aggressive alkaline solution 
with chloride ions. The noise resistance performance depends on the 
increase in inhibitor concentration. For instance, the values of electro
chemical noise resistance are 1203.4 Ω at 25 mg/L, 2102 at 50 mg/L, 
3151.7 Ω at 75 mg/L and 5111.7 Ω at 100 mg/L (Table 4). EN analysis 
confirms that the degree of inhibition efficiency (IEEN) is 88.67% at 
25 mg/L, 93.51% at 50 mg/L, 95.67% at 75 mg/L and 97.33% at 
100 mg/L (Table 4). Therefore, the EN tests suggest that the protection 
efficiency of the CB6-based [3]rotaxane inhibitor for steel in 1 M 
NaOH + 1 M NaCl solution is excellent at low concentrations. 

Table 4 lists the estimated values of the total charge value (q) for the 
blank sample and samples with the CB6-based [3]rotaxane inhibitor at 
various concentrations in 1 M NaOH + 1 M NaCl solution. The total 
charge value is equal to the amount of charge transferred from the anode 
to the cathode on the metal surface. Notably, the observed data shows 
that the value of q is high in the corrosive medium, indicating that a 
considerable amount of charge is transferred from the anode to the 
cathode on the metal surface; as a result, the metal surface is rapidly 
corroded. In contrast, the value of q is very low in the inhibited medium, 
confirming that the inhibitor notably blocks the charge transfer process 
on the metal surface; as a consequence, the destructive corrosion of the 
metal surface significantly decreases. 

3.6. Open-circuit potential (OCP) measurements 

Fig. 6a demonstrates the relationship between EOCP and time in 1 M 
NaOH + 1 M NaCl solution with the absence and presence of the CB6- 
based [3]rotaxane inhibitor at various concentrations. the EOCP slowly 
decreases in the corrosive medium, confirming that the salt deposition 
layer on the metal surface is unstable and is a good sorbent for the 
corrosive ions in the corresponding medium. As a result, the adsorbed 
corrosive ions in the salt layer on the metal surface are responsible for 
the high rate of metal dissolution. In contrast, the EOCP remains steady in 
the inhibited medium, confirming that the inhibitor forms a protective 
film on the metal surface that is more stable and not soluble in the 
aggressive alkaline solution with chloride ions. The protective perfor
mance of the inhibitor increases with increasing concentration. 

Fig. 4. Cyclic voltammograms of carbon steel in 1 M NaOH + 1 M NaCl solu
tion with various concentrations of CB6-based [3]rotaxane. 
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3.7. Potentiodynamic polarization (PDP) measurements 

The cathodic and anodic PDP curves of carbon steel in 1 M 
NaOH + 1 M NaCl without and with the CB6-based [3]rotaxane inhib
itor at different concentrations are represented in Fig. 6b. The different 
PDP parameters, including the corrosion potential (Ecorr), corrosion 
current density (icorr), Tafel anodic (βa) and cathodic (βc) slopes, and 
inhibition efficiency (ηPDP), were estimated from the PDP curves 
(Fig. 6b) using Echem analyst software; the obtained data are listed in  
Table 5. As shown in Fig. 6b, the cathodic and anodic PDP curves shift to 
lower corrosion current density regions in the presence of the inhibitor. 
This change depends on the increase in inhibitor concentration. For 
example, a higher inhibitor concentration is responsible for a lower 
corrosion current density. These facts confirm that the inhibitor dem
onstrates a remarkable anticorrosion effect on the metal surface in 1 M 
NaOH + 1 M NaCl solution for the cathodic and anodic electrochemical 
reactions. An increase in inhibitor concentration increases the 

anticorrosion performance of the inhibitor. 
Table 5 clearly shows that the icorr is lower in the inhibited medium 

than in the corrosive medium. The value of icorr decreases slowly with 
increasing concentration. These results suggest that the CB6-based [3] 
rotaxane inhibitor effectively adsorbs on the metal surface through its 
electron-rich centers; consequently, the number of more active corro
sion regions decreases. The obtained data in Table 5 also indicate that 
the Ecorr is not seriously changed in the presence of the inhibitor; the 
potential difference between the inhibitor-free and inhibitor-containing 
solutions is lower than 80 eV. These results suggest that the CB6-based 
[3]rotaxane inhibitor is mixed-type inhibitor. Next, from the observed 
data, the Tafel βa and βc slopes are significantly changed because the 
inhibitor notably influences both anodic and cathodic corrosion. The 
CB6-based [3]rotaxane inhibitor can decrease the electron density of 
both the anodic and cathodic sites on the metal surface due to being a 
mixed-type inhibitor. The maximum protection due to the selected in
hibitor is 96.53% at 100 mg/L; this value is confirmed by gravimetric 

Fig. 5. EN of carbon steel in 1 M NaOH + 1 M NaCl solution in the absence and presence of the CB6-based [3]rotaxane inhibitor.  
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analysis. It is also confirmed that the CB6-based [3]rotaxane inhibitor 
was mixed-type inhibitor at 100 mg/L. This is due to the rise of con
centration changed the adsorption orientation. Then, the inhibitor type 
was changed. 

3.8. Electrochemical impedance spectroscopy (EIS) measurements 

EIS analysis provides important electrochemical details about the 

surface properties and kinetics of the electrode. Fig. 7 shows the Nyquist 
plots for carbon steel in 1 M NaOH + 1 M NaCl solution without and 
with the CB6-based [3]rotaxane inhibitor at various concentrations. As 
observed, all the impedance spectra are single-depressed capacitance 
loops and have similar shapes with centers below the real X-axis. These 
results demonstrate that the corrosion processes are controlled without a 
change in the corrosion mechanism and that metal dissolution is 
decreased by the decreased charge transfer. The results also indicate that 
the size of the Nyquist semi-circles increase with increasing inhibitor 
concentration, confirming that the charge transfer resistance increases 
with increasing inhibitor concentration. The depressed Nyquist plots 
indicate the frequency dispersion because of the surface roughness and 
inhomogeneity of the electrode surface. Furthermore, the impedance 
plots are displayed at low frequency in the corrosive medium and at high 
frequency in the inhibited medium, confirming that the mass transfer 
between the cathode and anode are notably blocked [39]. 

Fig. 8a and b shows the Bode and phase angle plots for carbon steel in 
the inhibitor-free and inhibitor-containing 1 M NaOH + 1 M NaCl so
lutions. Fig. 8a shows that the Bode plots have only one time constant 
with a single maximum at the intermediate frequency, indicating that 
only relaxation processes occur in the charge transfer processes. The size 
of the Bode plots expand with increasing concentration. This result oc
curs because the adsorption capacitance of the CB6-based [3]rotaxane 
inhibitor increases with increasing inhibitor concentration. The Bode 
plots are not equal to –1 because of the frequency dispersion of inter
facial impedance. Fig. 8b shows that the values of the phase angle are 
higher in the inhibited medium than in the corrosive medium. The 
values of the phase angle increase with increasing concentration. These 
findings suggest that the maximum phase angle is –79◦ at 100 mg/L; as a 
result, the surface of the electrode becomes smoother in the presence of 
the inhibitor, which is due to the good adsorption capacitance of the 
CB6-based [3]rotaxane inhibitor on the metal surface. 

The EIS parameters were measured by the equivalent circuit model 
in the absence of inhibitor (Fig. 9a) and presence of inhibitor (Fig. 9b). 
The equivalent circuit contains the charge transfer resistance (Rct), so
lution resistance (Rs), resistance of micropores in the surface film (Rpore), 
polarization resistance (Rp = Rct + Rpore) and constant phase element 
(CPE), which can describe surface inhomogeneity. The CPE increases 
because of the surface roughness, distribution of active sites, fractality of 
grain boundaries, impurities and dislocations. There are two types of 
CPEs: CPE1 and CPE2. The capacitance of the film formed on the metal 
surface is described with CPE1, and the double layer capacitance at the 
interface between the metal surface and solution electrolyte in the film 

Fig. 6. (a) OCP and (b) PDP curves for the blank sample and samples with the CB6-based [3]rotaxane inhibitor at various concentrations in 1 M NaOH + 1 M 
NaCl solution. 

Table 5 
PDP properties of the blank sample and samples with the CB6-based [3]rotaxane 
inhibitor at various concentrations in 1 M NaOH + 1 M NaCl solution.  

Parameters Cinh, mg/L  

Blank 25 50 75 100 

icorr, mA/cm2  248.65 25.13 17.65 12.54 4.52 
Ecorr, mV  –593 –611 –651 –634 –512 
βa, mV/decade  454 741 385 654 716 
− βc, mV/decade  718 512 175 278 376 
ηPDP, %  – 89.83 92.9 94.96 98.18  

Fig. 7. Nyquist plots for carbon steel in 1 M NaOH + 1 M NaCl solution 
without and with the CB6-based [3]rotaxane inhibitor at various 
concentrations. 
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pores is indicated with CPE2. The impedance of the CPE (ZCPE) is ob
tained with Eq. (15): 

ZCPE = Y − 1
0 (iω)− n (15)  

where i signifies the imaginary number and is equal to the square root of 
–1 (i2 = − 1 is regarded as the imaginary axis); n is the phase shift, 
which is equal to 1, 0, –1 and ½ and indicate the pure capacitive, 
resistance, and inductive and Warburg impedances, respectively; ω =
2πf (ω is the angular frequency in Rads–1 and f is the AC frequency); and 
Y0 is the constant of the CPE. 

The maximum frequency is used to estimate the values of the double- 
layer capacitance (Cdl) with Eq. (16) [38]: 

Cdl = (ωmax)
1/n (16)  

where ωmax indicates the frequency at which the imaginary part of the 
impedance is maximized (Rads–1). 

The values of χ2 (chi–square) were obtained to identify the quality of 
the EIS fitting results as shown in Eq. (17). The estimated amounts of the 
χ2 data are listed in Table 6. 

χ2 =
∑n

i=1

⎡

⎢
⎣

(
Z ′

i

(
ωi, P→

)
− ai

)2

a2
i + b2

i
+

(
Z ′ ′

i

(
ωi, P→

)
− bi

)2

a2
i + b2

i

⎤

⎥
⎦ (17)  

where ai, bi,ωi are the experimental data points, P→ is a factor linked 
with the proposed model, and Z′

i and Z′ ′
i are the measured data points. 

Thus, the values of χ2 can identify the degree of accuracy of the EIS data 
[41]. 

From Table 6, it is clearly noted that the values of Rs, Rpore and Rct are 
higher in the inhibitor-containing solution than in the inhibitor-free 
solution. These results indicate that the solution conductivity de
creases and the resistance to charge transfer increases in the presence of 
the inhibitor; as a result, the active sites are effectively blocked, and 
metal dissolution decreases. As indicated, the values of Cdl increase with 
the presence of inhibitor, showing that the dielectric constant (ε) de
creases and the thickness of the double layer (d) increases by the pres
ence of inhibitor according to Eq. (18). This is because organic 
compounds have a minimal dielectric effect compared to inorganic 
compounds. 

Cdl =
εε0

d
A (18)  

In the above equation, ε0 is the dielectric constant in vacuum and A is 
the diameter of the surface area. 

From Table 6, the value of Y0 decreases with the addition of inhib
itor, confirming that the inhibitor molecule easily substitutes the pre- 
adsorbed water molecules on the metal surface. The resulting n values 

Fig. 8. (a) Bode and (b) phase angle plots for carbon steel in 1 M NaOH + 1 M NaCl solution in the absence and presence of the CB6-based [3]rotaxane inhibitor at 
various concentrations. 

Fig. 9. Equivalent circuit model in the (a) inhibitor-free solution and (b) inhibitor-containing solution.  
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indicate that the studied metal surface has a non-ideal capacitive nature 
because of the surface micro-district and the unevenness of the elec
trode. Furthermore, the observed data show that the values of χ2 are 
very low (< 1× 10− 3) in all cases, signifying the high validity of the 
perfect equivalent circuit model. Therefore, the maximum degree of 
protection of the CB6-based [3]rotaxane inhibitor is 97.88% at 100 mg/ 
L for carbon steel in the aggressive alkaline solution with chloride ions. 

3.9. Surface morphology measurements 

Surface morphological research on carbon steel coupons was carried 
out after 76 h of immersion in 1 M NaOH + 1 M NaCl solution without 
and with 100 mg/L CB6-based [3]rotaxane inhibitor. Fig. 10a presents 
SEM micrographs of the corroded metal coupon. These results indicate 
that there are many regions of destructive corrosion on the metal sur
face. Corrosion deposits and salts cover the metal surface in the corre
sponding environment because this corrosive environment is very 
aggressive and easily corrodes carbon steel. In comparison, the surface 
of the metal is improved in the presence of the CB6-based [3]rotaxane 
inhibitor in 1 M NaOH + 1 M NaCl solution (Fig. 10b) because the metal 
surface was protected by the adsorption of the inhibitor. 

EDX analysis was performed to identify the surface morphology of 
carbon steel in 1 M NaOH + 1 M NaCl solution without and with 
100 mg/L CB6-based [3]rotaxane inhibitor. The EDX analysis shows the 
elemental compositions of the metal surface. Fig. 10c shows that the Fe 
spectra are lower because the metal surface is corroded and the Fe values 
decrease. The next pattern in Fig. 10c is that O signals appear because 
hydroxyl ions link with the metal surface to form metal oxides or hy
droxides on the metal surface. The spectra of the Cl atoms also appear in 
Fig. 10c because chloride ions adsorb on the metal surface and are 
responsible for metal corrosion. In contrast, the presence of the CB6- 
based [3]rotaxane inhibitor changes the elementary composition of 
the carbon steel surface, as shown in Fig. 10d. For example, the spectra 
of the Fe and Cl atoms increase and decrease, respectively, and N and C 
signals appear. This is because the CB6-based [3]rotaxane inhibitor is 
notably adsorbed on the metal surface to form a protective film. Metal 
oxidation decreases in the presence of this protective film; as a result, the 
spectra of Fe, Cl and O decrease, and N and C signals are observed. 
Therefore, the SEM-EDX results confirm that the CB6-based [3]rotaxane 
inhibitor forms an excellent protective film on the metal surface in the 
aggressive alkaline solution with chloride ions. Thus, this film is a good 
insulator for metals from corrosive attacks. 

3.10. Theoretical calculations 

3.10.1. Optimized structure of CB6-based [3]rotaxane 
CB6-based [3]rotaxane was optimized by the DFT method, and the 

resulting optimized structure of CB6-based [3]rotaxane is represented in  
Fig. 11. The gray, gray-white, blue and balls represent carbon, hydrogen 
and nitrogen, respectively. The arrow shows the molecular dipole 
moment. CB6-based [3]rotaxane had a large planar structure. The 
reason for this is that the − N+

2 groups make the CB6-based [3]rotaxane 
more polar. Additionally, the cucurbit[6]uril rings increase the polarity. 
Polar molecules are very water soluble in polar aqueous media. This 
polar structure also influenced the increase in the length and angles of 
the chemical bonds. Therefore, the optimized structure of CB6-based [3] 
rotaxane suggests that the selected supramolecular system is a more 
effective corrosion inhibitor. 

3.10.2. Frontier molecular orbital analysis 
The electron distribution in the LUMO and HOMO of CB6-based [3] 

rotaxane was described by frontier molecular orbital analysis (Fig. 12). 
At first sign, it can be clearly seen that the HOMO is observed around the 
hetero-rings and the − N+

2 groups, showing that these regions are mainly 
responsible for the chemical adsorption centers of the selected Ta
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inhibitors. This is because the HOMO regions have more electrons, 
which are shared with the metal surface to form chemical bonds be
tween the inhibitor and metal surface. In addition, CB6-based [3] 
rotaxane is protonated through the HOMO regions. The results of elec
trochemical experiments suggest that CB6-based [3]rotaxane can adsorb 
on a metal surface by physical and chemical adsorption mechanisms. It 
is also noted from the results of the frontier molecular orbital analysis of 
CB6-based [3]rotaxane that the HOMO regions are responsible for being 
the physical and chemical adsorption centers. In comparison, the LUMO 
regions are observed around the alkaline chain. The LUMO positions are 
responsible for the electroacceptor performance of the inhibitor. Some 
d-electrons are re-transferred from the iron d-orbitals to the LUMO re
gions; this action also supports the adsorption of CB6-based [3]rotaxane 
on the metal surface. 

3.10.3. Molecular electrostatic potential analysis 
The most favorable electrophilic and nucleophilic centers in the 

optimized CB6-based [3]rotaxane were found by molecular electrostatic 
potential (MEP) analysis. The resulting MEP of CB6-based [3]rotaxane is 
shown in Fig. 13. The nucleophilic and electrophilic reactivity regions in 
the obtained MEP of CB6-based [3]rotaxane are described in red and 
light red, respectively. From the obtained results, it is clear that the 

selected inhibitor is a more nucleophilic molecule. The inhibition per
formance is enhanced with the presence of more nucleophilic centers 
and are mainly responsible for the better electrostatic interactions. 

3.10.4. Reactivity indicators of CB6-based [3]rotaxane 
The energy difference between the HOMO (EDFT

HOMO(Inh)) and LUMO 
(EDFT

LUMO(Inh)) of the optimized CB6-based [3]rotaxane structure was 
determined to estimate the values of the reactivity indicators, such as 
the electrodonating power (ω(+)

DFT
Inh ), electroaccepting power (ω(− )

DFT
Inh ), 

a − polarizability (aDFT
Inh ), electronic chemical potential (μDFT

Inh ), electron 
affinity (ADFT

Inh ), chemical hardness (ηDFT
Inh ), chemical softness (σDFT

Inh ), mo
lecular ionization potential (IDFT

Inh ), electrophilicity index (ωDFT
Inh ), nucle

ophilicity (εDFT
Inh ), electronic negativity (χDFT

Inh ), β − polarizability (βDFT
Inh ), 

γ − polarizability (γDFT
Inh ), fraction of electrons transferred from the in

hibitor molecule to the metal surface (∆NDFT
Inh ) (related to Koopmans’s 

theory) and metal-inhibitor interaction energy (∆ψDFT
Inh ) using Eqs. 

(19–33) [4–6,8,11]. The computed values of the above reactive in
dicators are shown in Table 7. 

∆EDFT
Inh = EDFT

LUMO(Inh) − EDFT
HOMO(Inh) (19) 

Fig. 10. SEM micrographs of the carbon steel coupon after a 76 h immersion period: (a) 1 M NaOH + 1 M NaCl, (b) CB6-based [3]rotaxane, EDX spectra for (c) 1 M 
NaOH + 1 M NaCl and (d) CB6-based [3]rotaxane. 
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IDFT
Inh = − EDFT

HOMO(Inh) (20)  

ADFT
Inh = − EDFT

LUMO(Inh) (21)  

ω( + )
DFT
Inh =

(
IDFT

Inh × 3ADFT
Inh

)2
+
(

16
(
IDFT

Inh − ADFT
Inh

))
(22)  

ω( − )
DFT
Inh =

(
3IDFT

Inh × 3ADFT
Inh

)2
+
(

16
(
IDFT

Inh − ADFT
Inh

))
(23)  

< aDFT
Inh >= 1

/
3
[
axx + ayy + azz

]
(24)  

< βDFT
Inh >= 1

/
3
[
βxxx + βyyy + βzzz

]
(25)  

< γDFT
Inh >= 1

/
3
[
γxxxx + γyyyy + γzzzz

]
(26)  

ωDFT
Inh =

(χDFT
Inh

)2

2ηDFT
Inh

(27)  

σDFT
Inh =

1
η (28)  

χDFT
Inh = − μDFT

Inh =
1
2

(

IDFT
Inh +ADFT

Inh

)

(29)  

εDFT
Inh =

1
ωDFT

Inh
(30)  

ηDFT
Inh =

1
2

(

IDFT
Inh − ADFT

Inh

)

(31)  

∆NDFT
Inh =

(
χFe − χDFT

Inh

)

2(ηFe + ηDFT
Inh )

(32)  

∆ψDFT
Inh =

(
χFe − χDFT

Inh

)

4(ηFe + ηDFT
Inh )

(33)  

where ηFe is 0 eV/mol and χFe is 7 eV/mol [18,21]. 
The ∆EDFT

Inh is 0.30 eV; this amount is very low, indicating that CB6- 
based [3]rotaxane is a more polar and reactive molecule. Therefore, 
the studied inhibitor easily reacts with iron ions to form an active 
complex, which is rigidly adsorbed on the metal surface. It should be 
stressed that the obtained values of the electrodonating power, elec
troaccepting power, a − polarizability, electronic chemical potential, 
electron affinity, chemical hardness, chemical softness, molecular ioni
zation potential, electrophilicity index, nucleophilicity, electronic 
negativity, β − polarizability and γ − polarizability recommended that 
(i) CB6-based [3]rotaxane is a better corrosion inhibitor; (ii) its inhibi
tion efficiency depends on the molecular structure; (iii) the theoretical 
results confirm the experimental data; and (iv) the reactive indicators 
are important features for identifying the inhibition performance. It is 
also interesting to note in Table 1 that the resulting amounts of ∆NDFT

Inh 
and ∆ψDFT

Inh confirm that (i) the metal-inhibitor interaction energy is 
high, revealing that the CB6-based [3]rotaxane inhibitor effectively in
teracts electrostatically with the metal surface, and (ii) the fraction of 
electrons transferred from the inhibitor molecule to the metal surface is 
large, demonstrating that the CB6-based [3]rotaxane inhibitor rapidly 
interacts chemically with the metal surface to form a protective 
adsorption film. These reactive parameters also enhance the inhibition 
performance of CB6-based [3]rotaxane for steel metallic materials. 

Fig. 11. Atomistic model of the CB6-based [3]rotaxane structure. The gray, gray-white, blue and balls represent carbon, hydrogen and nitrogen, respectively. (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 12. Frontier orbitals of the CB6-based [3]rotaxane molecule: HOMO (bottom) and LUMO (top).  
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3.10.5. Fukui indices of CB6-based [3]rotaxane 
The most favorable local molecular reactive atoms of the inhibitor 

molecule are described by the Fukui indices. In the present work, the 

values of the Fukui indices of CB6-based [3]rotaxane were computed, 
and the obtained data are given in Table 1S. The most nucleophilic 
(f −k high), electrophilic (f+k high) and neutral (f0

k high) attack sites 
in the CB6-based [3]rotaxane molecule are also described in Table 1S. 
The values of f+k , f

−
k and f0

k calculated by Mulliken population analysis 
(MPA) and Fukui function as f+k = D (neutral molecule) – D (cation) and 
f −k = D (anion) – D (neutral molecule); f0

k = (D (anion) – D (cation))/2, 
where D (a.u.) was the total electron density of each nucleus using Eqs. 
(34–36): 

f +k = Pk(N + 1) − Pk(N) (34)  

f −k = Pk(N) − Pk
(
N − 1

)
(35)  

f 0
k = Pk(N + 1) − Pk

(
N − 1

)
(36)  

where Pk(N+1), Pk(N) and Pk(N − 1) are anionic, neutral and cationic 
molecules, respectively. 

As can be observed, the 1C and 2O atoms are more nucleophilic than 
other atoms, indicating that these atoms are adsorption centers and 
attributed to an increase in the chemical interaction between the 
corrosion inhibitor and metal surface. On the other hand, the values of 
f −k are higher for 5C and 6O atoms than for other atoms, demonstrating 
that these atoms are more electrophilic centers in the selected structure 
and support the inhibition performance of CB6-based [3]rotaxane. 
Finally, more neutral atoms importantly insulate the metal surface from 
the electrolyte solution. 

Fig. 13. MEP of the molecule. Visualized with wxmacmolplt software [33]. (For interpretation of the references to color in this figure legend, the reader is referred to 
the web version of this article.) 

Table 7 
Values of the reactive indicators of the CB6-based [3]rotaxane inhibitor.  

Parameter Parameter values in eV 

EDFT
HOMO(Inh) -8.31 

EDFT
LUMO(Inh) -5.37 

∆EDFT
Inh  2.94 

IDFT
Inh  8.31 

ADFT
Inh  5.37 

μDFT
Inh  -6.84 

χDFT
Inh  6.84 

ηDFT
Inh  1.47 

σDFT
Inh  0.68 

ωDFT
Inh  31.83 

ω(+)
DFT
Inh  

17,969.31 

ω(− )
DFT
Inh  

161,347.51 

aDFT
Inh  375.23 

βDFT
Inh  -451 

γDFT
Inh  5.7*105 

εDFT
Inh  0.031 

∆NDFT
Inh  0.05 

∆ψDFT
Inh  0.027 

Dipole moment, Debye 10.02  

E. Berdimurodov et al.                                                                                                                                                                                                                         



Colloids and Surfaces A: Physicochemical and Engineering Aspects 633 (2022) 127837

17

3.11. MD simulation 

The adsorption of CB6-based [3]rotaxane on the Fe(110) surface was 
theoretically investigated by MD simulation analysis. The studied 
simulation system achieves equilibrium when both the temperature and 
energy are balanced. The most favorable adsorption centers (top and 
side views) of CB6-based [3]rotaxane on the Fe(110) surface are 
described in Fig. 14a. In general, it is clear that the parallel adsorption 
model of CB6-based [3]rotaxane on the metal surface is most favored. 
Fig. 14b demonstrates the density field distribution of CB6-based [3] 
rotaxane on the Fe(110) substrate, indicating that a dense barrier layer 
can be formed in three-dimensional space to resist the erosion of cor
rosive particles. Fig. 14c illustrates the three-dimensional relative con
centration distributions of CB6-based [3]rotaxane during the MD 
process. It should be emphasized that the C(001) direction (i.e., z-axis) 
exhibits the highest relative concentration value, which reconfirms the 
parallel adsorption configuration. It is important to note that the radial 
distribution function (RDF), g(r), shows the length of the link. It is 
defined as the probability of finding particle B within the range around 
particle A based on Eq. (17): 

gAB(r) =
1

〈ρB〉local
×

1
NA

∑NA

i∈A

∑NB

j∈B

δ
(
rij − r

)

4πr2 (37)  

where ρB represents the particle density of B averaged over all shells 
around particle A. The peak between 1 and 3.5 Å is attributed to 
chemisorption, while physisorption is connected with peaks larger than 
3.5 Å. The radial distribution function of the centroid of the CB6-based 
[3]rotaxane inhibitor is shown in Fig. 12d, and clearly, the bond length 
of the Fe(surface)-inhibitor (3.127 Å) is less than 3.5 Å, which indicates 
that chemisorption is dominant in the investigated adsorption system. 

The strength of the inhibitor adsorbed on the metal surface can be 
evaluated by the adsorption energy (Eads), which was measured ac
cording to Eq. (19): 

Eads = Etotal −
(
Esurf+solu +Einh+solu

)
+Esolu (19)  

where Etotal is the energy of the entire system, Esolu is the potential en
ergy of the solvent molecules, Esurf+solu represents the total energy of the 
Fe(110) surface and solution without the inhibitor, and Einh+solu stands 
for the total energy of the inhibitor and solution. Overall, what stands 
out from the obtained data is that a more negative value of Eads confirms 
a stronger adsorption strength between an inhibitor molecule and a 

metal surface. The resulting Eads value of the CB6-based [3]rotaxane 
inhibitor is − 895.7 kJ/mol. A negative value indicates the stability of 
the adsorptive system, and spontaneous adsorption can be expected. In 
conclusion, the obtained theoretical results confirm the experimental 
results. 

3.12. Corrosion and inhibition mechanisms 

The corrosion processes on the low-carbon steel in 1 M NaOH + 1 M 
NaCl are complex phenomena. The studied corrosive medium is 
aggressive alkaline (pH = 13.8). NaOH and NaCl formed OH−

(aq) and 
Cl−(aq) ions, which were mainly responsible for alkaline corrosion. Fig. 15 
describes the pictorial representation of the CB6-based [3]rotaxane in
hibition mechanism on the low-carbon steel in 1 M NaOH + 1 M NaCl. It 
is clear that the CB6-based [3]rotaxane interacts with the metal surface 
in chemical and physical ways. The chloride ions are neutralized by 
protonated nitrogen atoms, while the hydrogen cations are neutralized 
by hydroxyl functional groups. These processes are referred to as 
physical interactions. On the other hand, the p-electron pairs of the 
hydroxyl functional groups are transferred to vacant d orbitals or iron, 
while the delocalized π-electrons of benzoyl rings are transferred to 
vacant d orbitals of iron on the metal surface. Additionally, some d- 
electrons of iron are re-shared with benzoyl rings. These actions are 
chemical interactions. 

4. Conclusions 

In conclusion, this novel CB6-based [3]rotaxane was introduced for 
the first time as a green and efficient corrosion inhibitor in the chemical 
industry. The inhibition behavior of CB6-based [3]rotaxane for carbon 
steel in 1 M OH– + 1 M Cl– at various concentrations and temperatures 
was fully investigated. It is found that the CB6-based [3]rotaxane is an 
excellent and green corrosion inhibitor in alkaline-saline solutions for 
the chemical industry. The maximum protection degree achieved is 
97.97% with 100 mg/L/0.032 mM. The adsorption of CB6-based [3] 
rotaxane on the carbon steel surface is endothermic according to the 
Langmuir isotherm. The PDP findings suggest that CB6-based [3] 
rotaxane is a mixed-type inhibitor with anodic dominance. The EDX- 
DFT results show that the surface morphology is seriously improved in 
the presence of CB6-based [3]rotaxane. The inhibitor-formed protective 
film is thermodynamically stable and soluble in 1 M OH– + 1 M Cl–so
lution. The polarization resistance notably increases with the addition of 

Fig. 14. (a) Equilibrium adsorption configuration, (b) density field distribution, (c) inhibitor element segregator, and (d) concentration distribution of water 
molecules for the CB6-based [3]rotaxane /Fe(110) system under aqueous condition (water molecules of the solution are presented in line style). 
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CB6-based [3]rotaxane. The DFT results confirm that the inhibition 
behavior depends on the molecular structure of the supramolecular 
system, and it is clear from the MD simulation findings that CB6-based 
[3]rotaxane interacts well with the Fe(101) surface. 
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A B S T R A C T

Metal corrosion is the largest problem in the oil and gas industry. Therefore, providing metallic materials with
corrosion protection is an urgent task in modern research. The use of green corrosion inhibitors for corrosion
protection is very important both ecologically and economically. This work is the first to introduce a novel bro-
mide–cucurbit[7]uril (BrCU) supramolecular ionic liquid as an excellent corrosion inhibitor for the oil and gas
industry. Its inhibition behaviour for carbon steel in 1 M NaCl saturated with CO2 and H2S was first fully iden-
tified through the use of thermodynamic and gravimetric analysis, electrochemical noise (EN), potentiody-
namic polarization (PDP), electrochemical impedance spectroscopy (EIS), electrochemical frequency
modulation (EFM), density functional theory (DFT), scanning electron microscopy (SEM) and energy dispersive
X–ray spectroscopy (EDX) methods. The experimental results confirmed that BrCU is an excellent environmen-
tally friendly corrosion inhibitor for the gas and oil industry. Its inhibition efficiency was 97.54% at 100 mg/
L/0.06 mM, and it was more stable at high temperature (333 K). A Langmuir isotherm was applied to identify
the adsorption character of BrCU on the metal surface. The obtained PDP data suggested that BrCU was a pre-
dominantly anodic mixed–type corrosion inhibitor. Theoretical calculations showed good correlation with the
experimental results, indicating that the halogen modification in the supramolecular ionic liquid system
improved the inhibition performance.

1. Introduction

Carbon steel materials are mainly utilized in the oil and gas indus-
try [1]. Currently, these materials are broadly used for metallic pipes
in the chemical industry [2]. This is due to its cost effectiveness and
easy mechanical operability [3]. Carbon steel is widely used as a trans-
portation pipe, in which crude oil is transferred from one location to
another. During transport, the inside of carbon steel pipes becomes
seriously corroded. Consequently, metallic pipes lose their inherent
mechanical properties [4]. Metallic destruction is a serious problem
for the chemical industry both economically and environmentally.

The aqueous phase of crude oil is responsible for metallic corrosion
[5]. Chloride ions, CO2, and H2S gases are more concentrated in the
aqueous phase; thus, metal surfaces easily react with this phase. The
enriched chloride ions, CO2, and H2S gases form a more acidic med-
ium, which is attributed to corrosion inside metallic pipes [6]. As a
result of corrosion processes, corrosion deposits cover the metal sur-
face, making the transport of crude oil inside metallic pipes more dif-
ficult [7]. Therefore, the corrosion of steel materials during crude oil
transport is the largest problem, and the protection of metallic materi-
als is of crucial importance in the chemical industry both ecologically
and economically [8].
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Currently, metallic corrosion of a metal surface in the aqueous
phase is inhibited using corrosion-resistant organic molecules, which
are named corrosion inhibitors [9]. The addition of corrosion inhibi-
tors to a corrosive solution dramatically blocks destructive corrosion
on a metal surface [10]. Corrosion inhibitors are water soluble and
thermally stable in more aggressive acidic solutions [11]. They can
react with metallic ions to form a metal–inhibitor complex [12], which
is thermodynamically, chemically, and thermally stable in acidic solu-
tions [13]. Next, the formed complex is effectively adsorbed on a metal
surface to form a more stable thin film, which can effectively insulate
the metal surface from the corrosion medium [14]. Consequently, the
metallic surface is considerably protected from corrosion processes by
the protective film. The heteroatoms (phosphorus, nitrogen, oxygen
and nitrogen), aromatic rings [15] and polar functional groups
(–C@N–, –NH2, –OH, –OCH3, –SH) in corrosion inhibitors are respon-
sible for their performance. During adsorption and inhibition pro-
cesses, the p–electrons of the heteroatoms and π–electrons of
aromatic rings are transferred to vacant d–orbitals of iron to form rigid
covalent bonds [16].

Currently, amino compounds, macrocyclic compounds, expired
drugs, polymers, ionic liquids, and heterocyclic compounds are
broadly applied to defend metals from destructive corrosion [17].
Among these modern corrosion inhibitors, ionic liquids are more effec-
tive and environmentally friendly [18]. Ionic liquids have a high polar-
ity, low vapour pressure, low melting point, good adsorption,
extremely high stability to thermal and chemical treatments, good
water solubility [19] and environmental friendliness [20]. The inhibi-
tion properties of ionic liquids have been investigated in saline and
acid media. For instance, M. M. Barakat et al. introduced new imida-
zole–based ionic liquids as good corrosion inhibitors for steel in
cement pore solution. These ionic liquids were mixed-type inhibitors,
and the π–electrons in the benzoyl rings were attributed to the good
inhibition performance. Additionally, Langmuir isotherms were
applied to characterize the adsorption behaviour of those inhibitors
[21]. Alison L. Chong et al. researched protic imidazolinium cation
and 4–hydroxycinnamate anion ionic liquids as corrosion inhibitors
for mild steel in 0.01 M NaCl alkaline solution. It was found that these
inhibitors were anodic inhibitors and adsorbed on the steel surface by
physical and chemical methods [22]. 1–Butyl–1–methylpyrrolidinium
trifluoromethylsulfonate [23], 1–butyl–3–methylimidazolium chloride
[24] and quaternary ammonium ionic liquids [25] were investigated
as corrosion inhibitors for steel in a 3.5% NaCl solution. The obtained
results confirmed that the ionic liquids were mainly mixed-type inhibi-
tors following the Langmuir isotherm. Some research works were car-
ried out in acidic media. For example, 3–butyl–1–vinylimidazolium
bromide [25], indolium–based ionic liquids [26], amino acid ester
salt-based ionic liquids [27], N–ethyl–N,N,N–trihexylammonium adi-
pate [28], N–ethyl–N,N,N–trioctylammonium ethyl sulfate [28] and
protic ionic liquids [29] were introduced as effective corrosion inhibi-
tors for steel in acidic solutions. However, the corrosion inhibition of
steel in 1 M NaCl saturated with CO2 and H2S was not investigated
with ionic liquids. In this work, a novel ionic liquid was introduced
for carbon steel in 1 M NaCl saturated with CO2 and H2S.

The novelties in this investigation work are as follows: (i) the novel
bromide–cucurbit[7]uril (BrCU) supramolecular ionic liquid is intro-
duced as a green and excellent corrosion inhibitor for the oil and gas
industry; (ii) the inhibition performance of BrCU for carbon steel in
1 M NaCl saturated with CO2 and H2S is studied; and (iii) the impact
of the supramolecular system on the inhibition behaviour is theoreti-
cally and experimentally investigated. The inhibition character of
BrCU for carbon steel in 1 M NaCl saturated with CO2 and H2S is first
fully researched by thermodynamic and gravimetric analysis, electro-
chemical noise (EN), potentiodynamic polarization (PDP), electro-
chemical impedance spectroscopy (EIS), electrochemical frequency
modulation (EFM), density functional theory (DFT), scanning electron
microscopy (SEM) and energy dispersive X–ray spectroscopy (EDX)

methods. BrCU was chosen based on the following properties: (a) it
is large and highly water soluble; (b) it is an ionic liquid and a
supramolecular system; (c) it has a large planar structure and contains
many electron-rich heteroatoms; (d) it is green and environmentally
friendly; and (f) it is an antibacterial, anti–inflammatory, anticonvul-
sant, antimicrobial, antitumour, and analgesic agent. These good prop-
erties suggest that it is an excellent corrosion inhibitor. BrCU is green
corrosion inhibitor based on the following reasons: (i) it is an antibac-
terial, anti–inflammatory, anticonvulsant, antimicrobial, antitumour,
and analgesic agent [30]; (ii) the electron-rich heteroatoms and func-
tional groups chemical linked with the metal ions, consequently, the
more reactive sites are neutralised and BrCU become green; (iii) the
BrCU effectively adsorbed on the metal surface, as a result, it cannot
effect the environment.

2. Experimental

2.1. Materials and methods

Steel pipes are mainly based on carbon steel and are used for crude
oil transport. St2 steel was chosen in the present investigation. It is a
type of carbon steel. St2 steel and consists of the following: ∼98%
Fe, 0.15–0.15% Si, 0.25–0.5% Mn, 0.09–0.15% C, to 0.3% Ni, to
0.3% Cu, to 0.3% Cr, to 0.04% P, to 0.05% S, to 0.08% As, to
0.008% N [4,8].

The selected steel sample was abraded with varying grades (#800
grit size) of emery paper before corrosion testing. As a result, the metal
surface was smoothed and cleaned. Next, the metal samples were
washed three times with double-distilled water and alcohol. Then, they
were degreased with acetone. Finally, the samples were dried in air.

The selected corrosion solution was 1 M NaCl saturated with CO2

and H2S. This was due to the aqueous phase of crude oil containing
chloride ions and CO2 and H2S gases. NaCl solids were used to prepare
the 1 M NaCl solution. Next, CO2 and H2S gases were added to the pre-
pared NaCl solution at a pressure of 1 atmosphere. During the experi-
ment, the CO2 and H2S gases were bubbled in the electrochemical cell
(pH = 4.2, the time of deaeration of the corrosion cell was 30 min).
The experiments were carried out at 303, 313, 323 and 333 K.

2.2. Corrosion inhibitor

The novel bromide–cucurbit[7]uril (BrCU) supramolecular ionic
liquid was selected as a corrosion inhibitor. Its molecular structure
was characterized in previous research work [30]. This corrosion inhi-
bitor has three parts: (i) the supramolecular part is more stable and
water soluble; (ii) the ionic liquid part is responsible for better physical
interaction between the inhibitor and metallic surface; and (iii) the ali-
phatic tail part supports its adsorption on a metal surface. In addition,
the excellent inhibition of BrCU is attributed to its benzoyl rings, nitro-
gen heteroatoms, bromide anions and carboxyl functional groups.

2.3. Thermodynamic and gravimetric analysis

Carbon steel with dimensions of 3 cm × 3 cm × 0.1 cm was
selected for thermodynamic and gravimetric examination. These anal-
yses were carried out on carbon steel in inhibitor-free and inhibitor-
containing 1 M NaCl saturated with CO2 and H2S at different temper-
atures and concentrations. Before performing the experiment, the car-
bon steel coupon was immersed in 1 M NaCl saturated with CO2 and
H2S without inhibitor for 76 h. After immersion, the metal sample
was removed from the solution and dried. The following step was to
calculate the mass of the dried metal sample three times to estimate
the average mass (W0). Next, the carbon steel coupon was immersed
in 1 M NaCl saturated with CO2 and H2S solutions with BrCU at vari-
ous concentrations for 76 h. Then, the immersed metal sample was
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washed and dried to measure the average mass of the metal coupon
(Winh). Finally, the obtained W0 and Winh values were applied to esti-
mate the degree of protection (ηGrav:; at%), corrosion rate
(CRGrav:atmg=cm2h) and degree of surface coverage (θGrav:) of BrCU
according to Eqs. (1)–(3), respectively [12,18]:

ηGrav:;¼ ð1�Winh

W0
Þ � 100 ð1Þ

CRGrav: ¼ WinhorW0

At
ð2Þ

θGrav: ¼ 1�Winh

W0
ð3Þ

2.4. Electrochemical analysis

A Gamry PC5 galvanostat/IFC1000–06177 potentiostat (USA) was
used to perform the electrochemical EFM, EN, PDP and EIS analyses.
Gamry Echem Analyst 6.22 software was used to fit and estimate the
electrochemical data. In these experiments, a three–electrode cell
assembly, including a working electrode (carbon steel), counter elec-
trode (platinum) and reference electrode (saturated calomel), was
used. All electrodes were dipped and then immersed in 1 M NaCl sat-
urated with CO2 and H2S in the absence and presence of the BrCU inhi-
bitor for 76 h. During immersion, the potential on the electrode
surface achieved a stable condition.

The EIS was carried out between frequencies of 100 kHz and
0.01 Hz at an AC voltage amplitude of 10 mVrms. The obtained charge
transfer resistance (Ri

ct) values in the inhibited medium and (Ro
ct) in the

corrosive medium were used to estimate the inhibition efficiency
(ηEISat%) (Eq. (4)) [16]:

ηEIS;% ¼ Ri
ct � Ro

ct

Ri
ct

� 100% ð4Þ

PDP investigations were carried out between potentials of –0.250
and 0.250 V with a 2 s sample period and a 1 mV/s scan rate. The
open–circuit potential (OCP) was measured before the PDP analysis.
The corrosion current density (ioPDP) in the corrosive medium and
(iiPDP) in the inhibited medium were calculated to calculate the inhibi-
tion efficiency (ηPDPat%) (Eq. (5)):

ηPDP;% ¼ ioPDP � iiPDP
ioPDP

� 100% ð5Þ

EFM was carried out with a 10 mV amplitude and 2 Hz and 5 Hz
sine wave potential perturbation signals. The corrosion current (I0corr)
for the inhibitor-free solution and (Iinhcorr) for the inhibitor-containing
solution were applied to estimate the inhibition efficiency
(IEEFMat%) (Eq. (6)):

IEEFM;% ¼ I0corr�I
inh
corr

I0corr
� 100 ð6Þ

The EN analysis was performed with a zero resistance amperometry

(ZRA) control mode. The average noise resistances without (R0
rms) and

with (R
inh
rms) inhibitor were used to measure the inhibition efficiency

(IEEN) (Eq. (7)):

IEEN ;% ¼ R
� inh

rms � R
�
rms

R
� inh

rms

� 100 ð7Þ

2.5. Surface analysis

The surface morphology was investigated by SEM and EDX tests
(HITACHI TM3000, Hitachi Company, Tokyo, Japan). Before the

experiment, the metal sample was immersed in the studied solutions
for 72 h. Then, the immersed metal coupon was washed and dried with
acetone solution [19].

2.6. Quantum chemical analysis

The inhibition performance of BrCU was theoretically investigated
and compared with the experimental results. In this research work,
quantum chemical calculations were carried out on density functional
theory (DFT) with the B3LYP (three − parameter Lee–Yang–Parr cor-
relation function by Becke) exchange − corrected functional
[31,32]/6-311G** basis sets [33] + D3 Grimme’s dispersion correc-
tions [34] in GAMESS-US [35] software (molecular charge
was + 2). The quantum chemical calculation of the optimized struc-
ture of BrCU was performed in the aqueous phases with the polarizable
continuum model employing the integral equation formalism variant
(IEFPCM) and a water solvent. The visualization was carried out in
ChemCraft [36] and Macmolplt [37] software. Geometry optimization,
hyperpolarizability and polarizability (the dipole moment in Debye
and the electric field in Hartree/e*Bohr) were measured with
GAMESS–US software [34,35,38].

3. Results and discussion

3.1. Gravimetric analysis

3.1.1. Concentration effect of the BrCU inhibitor
In this research paper, the concentration effect of the BrCU inhibi-

tor on the corrosive and inhibition processes in 1 M NaCl saturated
with CO2 and H2S was studied with various concentrations of BrCU
by the gravimetric method. Table 1 illustrates the results of the con-
centration influence on the corrosion and inhibition of St2 steel. In
general, it was clearly evident that the inhibition efficiency (ηGrav:)
and degree of coverage (θGrav:) of the BrCU inhibitor for St2 steel in
1 M NaCl saturated with CO2 and H2S slowly increased; additionally,
the corrosion rate decreased when the concentration increased. The
maximum ηGrav: with 100 mg/L/0.06 mM was 97.54% at 303 K,
93.22% at 313 K, 87.64% at 323 K and 83.06% at 333 K, confirming
that 100 mg/L/0.06 mM is an optimum concentration for the BrCU
inhibitor and is an excellent inhibitor for St2 steel in the studied solu-
tion. There were no major changes in Table 1 with increasing concen-
tration. Thus, this inhibitor is more efficient at low concentrations,
indicating that this inhibitor is an excellent insulator for St2 steel, pro-
tecting it from the aggressive Cl�, HCO�

3 , CO
�2
3 , HS�and S�2 ions in the

selected solution. Because these ions corrode metal, corrosion deposits
form on the metal surface. However, the BrCU inhibitor has many elec-
tron-rich nitrogen atoms, which promote the superior performance of
the BrCU inhibitor. Additionally, an increase in the concentration of
BrCU is also responsible for forming a protective film on the metal sur-
face by adsorption. Many inhibitor molecules adsorb at vacant sites on
the metal surface [17], resulting in a large part of the metal surface
being covered with a protective thin film.

3.1.2. Temperature effect
To analyse the temperature influence, gravimetric tests for St2 steel

in 1 M NaCl saturated with CO2 and H2S in the absence and presence
of the BrCU inhibitor were carried out at various temperatures
(303–333 K). Table 1 demonstrates that the corrosion rate increased
with increasing temperature. In comparison, the inhibition efficiency
and degree of coverage diminished with increasing temperature. These
indicators confirmed that the desorption of inhibitor on the metal sur-
face increased slowly with increasing temperature. The high tempera-
ture destroyed the electrostatic interaction between the inhibitor and
metal surface. In addition, aggressive Cl�, HCO�

3 , CO
�2
3 , HS�and S�2
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ions were activated at a high temperature; thus, more activated ions
corroded the metal surface. Fig. 1

3.2. Thermodynamics of activation

The correlation between the corrosion rate and temperature is
expressed by the Arrhenius equation (Eq. (8)), which is employed to
estimate the electrochemical kinetic parameters related to the corro-
sion and inhibition processes. Fig. 2a illustrates the plots of logCRGrav:

against 1000=T for St2 steel in 1 M NaCl saturated with CO2 and
H2S without and with the BrCU inhibitor.

CRGrav: ¼ Aexp
�Ea

RT

� �
ð8Þ

In the above equation, Ea is the activation energy (kJ/mol), R is the
universal gas constant (8.314 J/mol × K), T is the temperature (K),
and A is the Arrhenius pre-exponential factor [16,18].

The values of the activation energy (Ea) were estimated according
to slope = (�Ea/2.303R) from the Arrhenius plots (Fig. 2a). The cor-
relation coefficients (R2) in Fig. 2a indicated that the Arrhenius plots
showed the best fit for estimating the values of activation energy.
The obtained values of Ea in Table 2 demonstrated that a double layer
was formed on the St2 steel-solution interface, which increased the Ea

in the corrosion and inhibition processes. As shown in Table 2, the val-
ues of Ea were higher with the addition of inhibitor than with the addi-
tion of corrosive solution. This behaviour is due to the BrCU inhibitor
forming an energetic barrier against corrosion by forming a protective
thin film on the metal surface. Table 2 also shows that Ea increases
with increasing concentration.

Table 1
Gravimetric parameters of BrCU.

Cinh, mg/L/mM Temperature, K CRGrav:, mg/cm2h ηGrav: ; % θGrav:

Blank 303 1.71 – –

25/0.015 0.257 84.97 0.8497
50/0.03 0.195 88.6 0.886
75/0.045 0.124 92.75 0.9275
100/0.06 0.042 97.54 0.9754
Blank 313 1.83 – –

25/0.015 0.309 83.11 0.8311
50/0.03 0.258 85.9 0.859
75/0.045 0.196 89.29 0.8929
100/0.06 0.124 93.22 0.9322
Blank 323 2.03 – –

25/0.015 0.405 80.05 0.8005
50/0.03 0.363 82.11 0.8211
75/0.045 0.312 84.63 0.8463
100/0.06 0.251 87.64 0.8764
Blank 333 2.22 – –

25/0.015 0.5 77.48 0.7748
50/0.03 0.469 78.87 0.7887
75/0.045 0.427 80.76 0.8076
100/0.06 0.376 83.06 0.8306

Fig. 1. Molecular structure of bromide-cucurbit[7]uril (BrCU) supramolecular ionic liquid [30].
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The dependence of the corrosion rate on the change in the activa-
tion enthalpy (ΔHa) and entropy (ΔSa) for St2 steel in 1 M NaCl satu-
rated with CO2 and H2S in the absence and presence of the BrCU
inhibitor was investigated, and this dependence was described accord-
ing to the transition state equation (Eq. (9)). Fig. 2b shows the plots of
log CRGrav:/T against 1000/T for the blank and inhibitor at various con-
centrations. These plots were employed to measure the values of ΔHa

from slope = �ΔHa=2:303R and the values of ΔSa from inter-
cept = ½log R

Nh þ ΔSa
2:303R

� �� in Fig. 2b. The correlation coefficients (R2)
in Fig. 2a were close to 1, confirming that the obtained plots were per-
fect fits for estimating the values of ΔHa and ΔSa.

CRGrav: ¼ RT
Nh

exp
ΔSa
R

� �
exp �ΔHa

RT

� �
ð9Þ

In the above equation, h is the Planck constant (6.626 × 10-34

m2kg/s) and N is the Avogadro number (6.12 × 1023) [7].
As shown in Table 2, the positive values of ΔHa confirmed that the

corrosion and inhibition processes on the St2 steel surface in 1 M NaCl
saturated with CO2 and H2S were endothermic. The values of ΔHa

increased slowly with increasing concentration. In contrast, the values
of ΔSa were positive for the blank and negative for the BrCU inhibitor,
confirming that association with the activated complex of the inhibitor
was higher than that of disassociation; thus, the formed complex was
stable. Furthermore, the negative values of ΔSa showed that the degree
of disorder shifted from the reactants to the activated complex. The
following aspect can be observed in Table 2 in which the energetic dif-
ference between the enthalpy and activation energy was approxi-
mately 2.7 kJ/mol in both the absence and presence of inhibitor in
solution; this result indicated that the dissolution of St2 steel, inhibi-
tion process and adsorption rate of BrCU in 1 M NaCl saturated with
CO2 and H2S were unimolecular in nature.

3.3. Adsorption isotherm and thermodynamics

The inhibition performance of organic molecules depends on their
adsorption characteristics on the metal surface. Studying the relation-

ship between inhibition performance and the adsorption process plays
a significant role in corrosion investigations. This relationship can be
explained by an adsorption isotherm. In the present research work,
the Langmuir [Fig. 3a], Frumkin [Fig. 3b] and Temkin [Fig. 3c] iso-
therms were utilized, and these isotherms are defined in Eqs. (10)–
(12). The values of the regressive coefficients (R2) in Fig. 3 show that
the Langmuir isotherms are the best fit.

Langmuir :
Cinh

θGrav:
¼ 1

Kads
þ Cinh ð10Þ

Frumkin :
θGrav:

1� θGrav:
expð�2fθGrav:Þ ¼ KadsCinh ð11Þ

Temkin : expðfθGrav:Þ ¼ KadsCinh ð12Þ
In the above equations, Kads is the equilibrium constant of the

adsorption–desorption processes of inhibition [3].
The values of Kads were estimated from the slope in Fig. 3a. The

BrCU inhibitor adsorbed on the St2 surface was related to the Lang-
muir isotherm. The measured Kads was 505.05 M−1 at 303 K,
578.03 M−1 at 313 K, 694.44 M−1 at 323 K and 854.7 M−1 at
333 K (Table 3). The higher Kads values were a sign for the effective
adsorption of the BrCU inhibitor, and adsorption was better than des-
orption on the St2 steel in the 1 M NaCl saturated with CO2 and H2S.
The calculated Kads was utilized to measure the standard free energy of
adsorption (ΔGo

ads) according to Eq. (13):

ΔGo
ads ¼ �2:303RTlogð55:55KadsÞ ð13Þ

where 55.55 is the water concentration at mg/L.
As observed, the values of ΔGo

ads in Table 3 show the strong interac-
tion between the inhibitor and metal surface. The negative values of
ΔGo

ads illustrated that the adsorption of the BrCU inhibitor on the metal
surface was spontaneous. It is clear in Table 3 that the values of ΔGo

ads

for the inhibitor are −25.8 kJ/mol at 303 K, −27 kJ/mol at 313 K,
−28.35 kJ/mol at 323 K and −29.8 kJ/mol at 333 K. These values
confirmed that the adsorption of the BrCU inhibitor on St2 steel was

Fig. 2. (a) Arrhenius and (b) transition state plots of the blank and BrCU.

Table 2
Activation parameters for the blank and BrCU.

Parameters Blank 25 mg/L/0.015 mM 50 mg/L/0.03 mM 75 mg/L/0.045 mM 100 mg/L/0.06 mM

Ea, kJ/mol 33.3 40.18 47.3 58 61.81
ΔHa, kJ/mol 36.01 42.87 50 55.3 64.5
ΔSa, kJ/mol T 132.02 −40.41 −20.9 −2.13 15.66
Ea � ΔHa 2.71 2.69 2.7 2.7 2.69
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mixed-type adsorption. This means that the inhibitor adsorbed on the
metal surface by physisorption and chemisorption.

The relationship of the free energy with the changes in the standard
enthalpy (ΔHo

ads) and standard entropy (ΔSoads) of adsorption is
explained in Eq. (14). The plots of ΔGo

ads against T give the following:
intercept = ΔHo

adsand slope=�ΔSoads [5].

ΔGo
ads ¼ ΔHo

ads � TΔSoads ð14Þ
Next, the obvious fact in the obtained data is that the ΔHo

ads was
14.72 kJ/mol, confirming that the adsorption of the BrCU inhibitor
on St2 steel was exothermic. In contrast, the value of ΔSoads was
133.5 J/mol K, suggesting that the adsorption film on the metal sur-
face was more stable in the studied solution. This stable adsorption
film was formed on the metal surface by the replacement of the pre-
adsorbed water molecules on the metal surface with the inhibitor.

3.4. Electrochemical noise measurements

Fig. 4 demonstrates the plots of electrochemical noise (EN) against
time for St2 steel in 1 M NaCl saturated with CO2 and H2S without and
with various concentrations of the BrCU inhibitor. The main objective
of Fig. 4 is to highlight the information that the corrosive system has
high electrochemical noise, and the current and potential noises stabi-
lize at approximately 1.53E-05 A and 2.36E-03 A, respectively. This
result confirms that the corrosion between the anode and cathode
occurs at a high rate, and St2 steel is easily corroded when in the pres-
ence of aggressive ions, such as Cl�, HCO�

3 , CO
�2
3 , HS�and S�2. These

ions have high electrochemical noise performance and are attributed
to an increase in the EN on the metal surface. Therefore, the St2 steel
was seriously corroded in the 1 M NaCl saturated with CO2 and H2S
medium because St2 is a metal with low noise resistance and the cor-

Fig. 3. (a) Langmuir, (b) Frumkin, and (c) Temkin isotherm plots and (d) ΔGo
ads versus temperature for BrCU.

Table 3
Adsorption thermodynamic parameters of BrCU.

Temperature, K Kads, M−1 ΔGo
ads , kJ/mol ΔHo

ads , kJ/mol ΔSoads , J/mol K

303 505.05 −25.8 14.72 133.5
313 578.03 −27
323 694.44 −28.35
333 854.7 −29.8
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rosion medium is very aggressive. The CO2 and H2S gases also pro-
moted the acidic corrosion of metal in the corrosion solution.

Compared to the inhibition medium, the EN flow was dramatically
decreased in the presence of the BrCU inhibitor. Fig. 4 also shows that
the decrease in EN flow depends on the increase in concentration. For
example, the current noise oscillated at approximately 1.15E-07 A at
25 mg/L, 1.38E-07 A at 50 mg/L, 1.65E-07 A at 75 mg/L and 1.81E-
07 A at 100 mg/L, respectively; the potential noise stabilized at
approximately 1.52E-04 V at 25 mg/L, 3.06E-04 V at 50 mg/L,
5.37E-04 V at 75 mg/L and 9.63E-04 V at 100 mg/L, respectively.
Cucurbit[6]uril and rotaxane effectively increased the electrochemical
noise resistance for corrosive Cl�, HCO�

3 , CO
�2
3 , HS�and S�2 ions on the

St2 steel surface. The BrCU inhibitor importantly blocked the electro-
chemical noise flow between the anode and cathode at the metal/elec-

trolyte interface. The abundant electron-donating nitrogen atoms in
cucurbit[6]uril and rotaxane were responsible for the high electro-
chemical noise resistance performance of the BrCU inhibitor for St2
steel in 1 M NaCl saturated with CO2 and H2S. Additionally, the
supramolecular rings in the inhibitor can support the inhibition perfor-
mance of the inhibitor. Therefore, the EN observation confirmed that
the selected supramolecular compound is an excellent electrochemical
noise resistance agent for St2 steel in 1 M NaCl saturated with CO2 and
H2S.

The average values of potential (ErmsÞ and current (Irms) noise were
calculated from Fig. 4 and were used to estimate the average value of
EN resistance (Rrms) from Eq. (15).

Rrms ¼ Erms

Irms
ð15Þ

Fig. 4. EN for St2 steel in 1 M NaCl saturated with CO2 and H2S in the absence and presence of the BrCU inhibitor.
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Overall, Table 4 shows that the average EN resistance was low in
the inhibitor-free medium, demonstrating that corrosion processes
rapidly occurred on the metal surface. Because the corrosion medium
was very aggressive, the corrosive Cl�, HCO�

3 , CO
�2
3 , HS�and S�2 ions

significantly influenced the metal surface. These corrosive ions were
highly reactive and easily reacted with iron on the metal surface; as
a result, corrosive salts were produced and deposited on the metal sur-
face. Thus, more hydrogen gas was produced, and iron salts were
formed.

In marked contrast, the estimated amount of Rrms for St2 steel was
high in the inhibited 1 M NaCl saturated with CO2 and H2S. The pres-
ence of inhibitor dramatically increased the corrosion resistance of St2
steel in the selected solution. The reason is that the BrCU inhibitor
strongly adsorbed on the metal surface and maximally neutralized
the corrosive Cl�, HCO�

3 , CO
�2
3 , HS�and S�2 ions on the metal surface.

Additionally, the inhibitor easily replaced the pre-adsorbed water
molecules, effectively insulating the metal surface from the corrosive
environment. The value of Rrms increased with increasing concentra-
tion. This is because additional inhibitor molecules adsorbed on the
free regions of the metal surface; as a consequence, a large part of
the metal was protected by the additional inhibitor molecules. As

shown in Table 4, the EN analysis confirmed that the inhibition effi-
ciency (IEEN) was 88.67% at 25 mg/L, 93.51% at 50 mg/L, 95.67%
at 75 mg/L and 97.33% at 100 mg/L. Therefore, the EN tests con-
firmed that the inhibition efficiency of the BrCU inhibitor for St2 steel
was excellent at low concentrations in 1 M NaCl saturated with CO2

and H2S.
The total charge (q) value is equal to the amount of charge trans-

ferred from the anode to the cathode on the metal surface. The values
of q were estimated from Fig. 4 with Gamry Echem software, and the
estimated values are provided in Table 4. It is interesting to note that
the value of q was nearly 1000 times higher in the corrosive medium
than in the inhibited medium. This result confirmed that considerable
amount of charge was transferred from the anode to the cathode on the
metal surface; as a consequence, the metal surface was rapidly cor-
roded in the corrosive medium. In contrast, the inhibitor prominently
blocked the charge-transfer action on the metal surface in the inhibited
medium; as a result, the destructive corrosion on the metal surface was
lessened considerably.

3.5. Potentiodynamic polarization (PDP) measurements

The polarization curves of St2 steel in 1 M NaCl saturated with CO2

and H2S without and with BrCU inhibitor at various concentrations are
shown in Fig. 5, and the obtained electrochemical parameters, includ-
ing the corrosion potential (Ecorr), corrosion current density (icorr),
cathodic and anodic Tafel slopes (βc and βa, respectively), and inhibi-
tion protection degree (ηPDP), are listed in Table 5. Fig. 5 shows that the
cathodic and anodic PDP curves are at a more negative potential and
lower corrosion current density in the inhibitor-containing 1 M NaCl
saturated with CO2 and H2S than in the inhibitor-free medium. Addi-
tionally, compared with the cathodic PDP curves, the anodic PDP
curves predominantly shifted to a more negative potential. Table 5
shows that the potential difference between the corrosive and inhib-
ited medium was less than 85 eV. These results confirmed that BrCU
was a mixed-type inhibitor with predominantly anodic behaviour.
From Table 5, it is noted that the icorr was 13.21 mA/cm2 for the blank,
and the addition of inhibitor to the corrosive medium notably
decreased icorr . When the concentration increased, icorr decreased and
ηPDP increased. For example, icorr and ηPDP were 1.47 mA/cm2 and
88.87% at 25 mg/L, respectively. When the concentration was
increased from 25 mg/L to 100 mg/L, icorr reached its minimum value
(0.26 mA/cm2), and ηPDP achieved its maximum value (98.03%). This
is due to the adsorption of rigid BrCU, which formed a barrier film on
the metal surface that could effectively inhibit corrosion and protect

Table 4
EN data for St2 steel in 1 M NaCl saturated with CO2 and H2S in the absence and presence of the BrCU inhibitor.

Cinh, mg/L Erms, V Irms, A Rrms, Ω IEEN, % q, C

Blank 2.36E-03 1.53E-05 154.25 – 5.241�10-2

25 1.52E-04 1.15E-07 1321.74 88.33 1.321�10-5

50 3.06E-04 1.38E-07 2217.4 93.04 9.654�10-5

75 5.37E-04 1.65E-07 3254.55 95.26 28.764�10-5

100 9.63E-04 1.81E-07 5320.44 97.1 36.517�10-5

Fig. 5. PDP curves for the blank and BrCU at various concentrations in 1 M
NaCl saturated with CO2 and H2S.

Table 5
PDP parameters of the blank and BrCU at various concentrations in 1 M NaCl saturated with CO2 and H2S.

Parameters Cinh, mg/L

Blank 25 50 75 100

icorr , mA/cm2 13.21 1.47 1.12 0.81 0.26
Ecorr , mV −416 −439 −455 −462 −467
βa, mV/decade 290.3 287.2 219.2 206.5 270.6
�βc , mV/decade 243.5 185.6 175.4 108.6 105.3
ηPDP, % – 88.87 91.52 93.87 98.03
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the metal surface from acidic polarization [15]. Table 5 highlights that
the values of the βc and βa Tafel slopes were significantly changed in
the presence of inhibitor. Nevertheless, the values of βa more than
βc, confirming that the inhibitor favourably influenced the anodic half
of the electrochemical reaction. In this case, the electron-rich nitrogen
atoms neutralised the iron ions and formed rigid chemical bonds with
the steel surface. Simply looking to the curves, the cathodic reaction
seems much more inhibited than the anodic one. For a certain poten-
tial the cathodic current in a uninhibited solution is always higher
(drifted to the right) than the ones for the inhibited solutions, whereas
in the anodic curves for the blank solution currents are lower than the
ones for inhibited solution, at not very high potentials (but sufficiently
distant from corrosion potential so as to minimize the influence of
cathodic reactions). Only for much higher potentials do the inhibited
solutions reduce their anodic currents to values lower than those of
the blank solution. Therefore, the inhibitor should be classified as
mainly cathodic. It was found that the corrosion rate is high in the
electrochemical research than that in the gravimetric experiments.
This is due to the polarization was high in the electrochemical tests,
consequently, the electrode was highly polarized and corrosion rate
was increased. In the fact, both experiments confirmed that the corro-
sion rate was importantly decreased with the presence of studied
inhibitor.

3.6. Electrochemical impedance spectroscopy (EIS) measurements

The kinetics of the electrochemical processes of corrosion and inhi-
bition on the metal surface were investigated by EIS. The Nyquist plots
for St2 steel in 1 M NaCl saturated with CO2 and H2S in the absence
and presence of the BrCU inhibitor at various concentrations are
shown in Fig. 6. The Nyquist plots were single-depressed capacitance
loops, and all impedance spectra were similar in shape to the centre
below the real X-axis. These observations confirmed that the corrosion
and inhibition processes required the charge transfer mechanism and
that the inhibitor provided protection without changing the corrosion
mechanism. This means that the inhibitor did not influence the corro-
sion mechanism, but the inhibitor effectively reduced the occurrence
of destructive corrosion. It should be emphasized that the radius of
the impedance spectra increased with increasing concentration
because the presence of many inhibitor molecules was responsible
for the large charge transfer resistance. The depressed impedance plots
represented frequency dispersion because of the surface roughness and
inhomogeneity of the electrode surface. It is important to note that the
impedance plots were displayed at low frequency in the inhibitor-free
medium and at high frequency in the inhibitor-containing medium,
indicating that mass transfer and electron exchange on the metal sur-
face were blocked by the presence of inhibitor [39].

Bode and phase angle plots for St2 steel in 1 M NaCl saturated with
CO2 and H2S in the absence and presence of the BrCU inhibitor at var-
ious concentrations were found by EIS, and the obtained plots are dis-
played in Fig. 7a and 7b, respectively. Notably, the observed Bode
plots (Fig. 7a) had one time constant with the single maximum at
the intermediate frequency. This was attributed to the relaxation pro-
cesses that appeared only during charge transfer on the metal surface.
It has also been reported that the Bode plots were not equal to −1,
which is due to the frequency dispersion of the interfacial impedance.
The diameters of the Bode plots increased when the inhibitor was
added to the corresponding corrosion medium, confirming that the
inhibitor significantly impacted the charge exchange between the
anode and cathode. Fig. 7b shows that the minimum phase angle
was−65° in the inhibitor-free medium. When the inhibitor was added
to the corresponding medium, the phase angle increased. For example,
the minimum phase angle was 77° at 25 mg/L, 78° at 50 mg/L, 82° at
75 mg/L and 86° at 100 mg/L. These findings revealed that the
smoother degree of the working electrode was enhanced in the pres-
ence of inhibitor.

Fig. 8a and Fig. 8b show the equivalent circuit models for the cor-
rosive and inhibited medium, which were made to fit the EIS data.
These models consists of the solution resistance (Rs), the charge trans-

Fig. 6. Nyquist plots for the blank and BrCU inhibitor in 1 M NaCl saturated
with CO2 and H2S.

Fig. 7. (a) Bode and (b) phase angle plots for the blank and BrCU inhibitor in 1 M NaCl saturated with CO2 and H2S.
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fer resistance (Rct), the resistance of micropores in the surface film
(Rpore), the constant phase element (CPE) and the polarization resis-
tance (Rp ¼ Rct þ Rpore). The CPE shows surface endogeneity; the CPE
value was high because of the surface roughness, fractality of grain
boundaries, distribution of active sites, impurities and dislocations.
There were two CPE types, namely, CPE1 and CPE2. The capacitance
of the film formed on the metal surface was described with CPE1,
and the double layer capacitance at the interface between the metal
surface and solution electrolyte in the film pores was indicated with
CPE2. Eq. (16) shows the CPE impedance (ZCPE).

ZCPE ¼ Y�1
0 ðiωÞ�n ð16Þ

In the above equation, Y0 is the CPE constant; i signifies the imag-
inary number and is equal to the square root of −1 (i2 ¼ �1 is
regarded as the imaginary axis); ω ¼ 2πf (ω is the angular frequency
in rad−1, and f is the AC frequency); andn is the phase shift, which
is equal to 1, 0, −1 and ½ and represents the pure capacitive, resis-
tance, inductive and Warburg impedance, respectively [40,41].

Eq. (17) was employed to measure the values of double layer capac-
itance (Cdl) using the maximum frequency (ωmax), which shows the fre-
quency at which the imaginary part of the impedance is at its
maximum (rad−1). The values of χ2 (chi-square) were calculated
according to Eq. (18), and its values show an accurate degree of EIS
fitting. The measured values of χ2 are listed in Table 6.

Cdl ¼ ωmaxð Þ1=n ð17Þ

χ2 ¼ ∑
n

i¼1

ðZ0
i ωi; P

!� �
� aiÞ

2

a2i þ b2i
þ
ðZ00

i ωi; P
!� �

� biÞ
2

a2i þ b2i

2
64

3
75 ð18Þ

In the above equation, P
!

is a factor linked with the proposed
model, Z

0
i and Z

0 0
i are measured data points, and ai; bi;ωi are experimen-

tal data points [42].
As shown in Table 6, the Rs and Rct values were 0.484 Ω/cm2 and

268.47 Ω/cm2 in the corrosive medium, respectively. These values of
Rs and Rct increased in the presence of inhibitor. Additionally, the val-
ues of Rs, Rpore and Rct increased with increasing inhibitor concentra-
tion. These results confirmed that the resistance for charge transfer
was increased and the solution conductivity of the environment was
reduced in the presence of inhibitor molecules. This was due to the
inhibitor-formed protective film on the metal surface effectively insu-
lating the metal from corrosive ions. It is remarkable that the value of
Cdl was 1421.81 µF/cm2 in the inhibitor-free medium, while the value
of Cdl decreased in the presence of inhibitor. The minimum Cdl was
78.24 µF/cm2 at 100 mg/L, indicating that the dielectric constant (ɛ)
decreased and the thickness of the double layer (d) increased due to
the presence of inhibitor, as shown in Eq. (19).

Cdl ¼ ɛɛ0

d
A ð19Þ

In the above equation, A is the diameter of the surface area and ɛ0

is the dielectric constant in vacuum [43].
According to the data shown in Table 6, the values of Y0 decreased

in the presence of inhibitor, confirming that the inhibitor molecule
easily replaced the pre-adsorbed water molecules on the metal surface;
as a result, the contact regions between the metal surface and solution
decreased and the metal surface was effectively insulated in the pres-
ence of inhibitor. The obtained n values showed that the studied metal
surface had a non-ideal capacitive nature because of the micro-districts
on the surface and the unevenness of the electrode. Another distin-
guishable feature in Table 6 is that the values of χ2 were very low
(< 1� 10�3) in all cases, suggesting the high validity of the equivalent
circuit model in this study. Finally, the maximum inhibition effective-
ness of the BrCU inhibitor was 98.16% at 100 mg/L for St2 steel in 1 M
NaCl saturated with CO2 and H2S.

3.7. Electrochemical frequency modulation measurement

The electrochemical frequency modulation (EFM) method is non-
destructive, making it a sensible test. Small signals of 2 sine waves
(at different frequencies) were produced and simultaneously applied
to the electrochemical cell. EFM data were applied to estimate the val-
ues of the cathodic and anodic electrochemical kinetics parameters.
Fig. 9 shows the EFM intermodulation spectra for St2 steel in 1 M NaCl
saturated with CO2 and H2S in the absence and presence of the BrCU
inhibitor at various concentrations (25, 50, 75 and 100 mg/L). The
obtained intermodulation spectra demonstrated the relationship
between the current flow and a change in frequency. Investigating this
relationship is a main aspect of the EFM method to examine the elec-
trochemical kinetics of anodic and cathodic corrosion or inhibition
processes. As shown in Fig. 9, the EFM intermodulation spectra fluctu-
ated at approximately 1E-6.6 log A in the inhibitor-free medium, con-
firming that the current flow between the cathode and anode was
high. The presence of Cl�, HCO�

3 , CO
�2
3 , HS� and S�2 ions in the corro-

sion medium was attributed to the increase in destructive corrosion of
the metal working electrode. These ions became more active on the
metal surface and promoted corrosion as current flowed from the
anode to the cathode. In contrast to the inhibited medium, the EFM
intermodulation spectra stabilized at approximately 1E-7.9 log A at
25 mg/L, 1E-8.2 log A at 50 mg/L, 1E-8.5 log A at 75 mg/L and 1E-
9.1 log A at 100 mg/L. These EFM data confirmed that the presence
of inhibitor notably diminished the current flow on the metal surface.
The BrCU inhibitor has many electron-rich nitrogen atoms and host
tails. The nitrogen atoms neutralized the metal surface, and the host
tails supported the insulation of metal from the corrosion solution.
The inhibitor formed a double-layer protective film on the metal sur-

Fig. 8. Equivalent circuit model (a) without inhibitor and (b) with inhibitor.
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face. The first layer was the inhibitor-formed complex with iron ions
on the metal surface, and the second layer was the supramolecular
tails of the inhibitor, which could effectively insulate the metal sur-
face from the corrosion environment. The supramolecular tails also
supported the adsorption performance of the inhibitor. This tail was
a cucurbit[n]uril cycle, which contains many nitrogen atoms. There-
fore, the achieved EFM data demonstrated that the corrosion of St2
steel in 1 M NaCl saturated with CO2 and H2S significantly decreased
with the addition of the BrCU inhibitor; the impact of this
supramolecular inhibitor on the corrosion of St2 steel was high and
increased the inhibition efficiency.

Table 7 shows the corrosion current (Icorr), corrosion rate (CREFM),
βC, βA, inhibition efficiency (IEEFM), CF-2 and CF-3 values for St2 steel
in M NaCl saturated with CO2 and H2S in the absence and presence of
the BrCU inhibitor. In the next part of the EFM tests, the intermodu-
lation peak currents in Fig. 9 were used to measure the kinetic param-
eters for the inhibitor-free and inhibitor-containing 1 M NaCl
saturated with CO2 and H2S. Causality factors (CF-2) and (CF-3) were
predicted to identify the accuracy of the resulting EFM data.

As can be observed in Table 7, the Icorr and CREFM for St2 steel were
898.62 µA and 432.71 mpy in the uninhibited medium, respectively,
and these amounts confirmed a high level of corrosion. In compar-
ison, Icorr and CREFM were low in the inhibited medium, indicating that
the selected supramolecular inhibitor importantly blocked the corro-
sion processes on the metal surface. The values of the corrosion cur-
rent and rate decreased with increasing concentration. For example,
Icorr and CREFM were 112.61 µA and 132.84 mpy at 25 mg/L, respec-
tively, and 16.52 µA and 53.21 mpy at 100 mg/L, respectively. Table 7
shows that the values of βC and βA are lower in the inhibitor-contain-
ing solution than in the inhibitor-free solution. This result shows that
the BrCU inhibitor considerably blocked the anodic and cathodic
destruction of metal coupons in1 M NaCl saturated with CO2 and
H2S, namely, the BrCU inhibitor formed an electrochemical obstacle
for the anodic and cathodic electrochemical half reactions on the
metal surface by forming a protective thin film. Additionally, the pro-
tective layer on the metal surface was an obstacle for anodic and
cathodic corrosion because it can effectively insulate the metal sur-
face from corrosive ions (Cl�, HCO�

3 , CO
�2
3 , HS� and S�2). Therefore,

this supramolecular compound is an excellent insulator for St2 steel
in 1 M NaCl saturated with CO2 and H2S. The following aspect from
the observed EFM data is that the IEEFM for the BrCU inhibitor was
87.47% at 25 mg/L, 91.58% at 50 mg/L, 94.28% at 75 mg/L and
98.16% at 100 mg/L. These values are attributed to the formation
of an excellent protective layer on the metal surface. Therefore, the
inhibition performance of BrCU was excellent for St2 steel in 1 M
NaCl saturated with CO2 and H2S. Finally, the values of CF-2 and
CF-3 were close to their theoretical values of 2 and 3, establishing
that the accuracy of the achieved EFM data was excellent. Table 7
shows that the values of CF-2 and CF-3 are near 2 and 3, respectively,
indicating that the reliability of the EFM experiment is excellent.

3.8. SEM-EDX analysis

The surface morphology of St2 steel in 1 M NaCl saturated with
CO2 and H2S in the absence and presence of the BrCU inhibitor after
immersion is described in Fig. 10a, b. As shown in Fig. 10a, the steel
surface was seriously cracked, destroyed and breached. Corrosive
products were deposited on the metal surface, confirming that 1 M
NaCl saturated with CO2 and H2S was an aggressive environment
for St2 steel. These corrosion deposits included oxides, salts and
hydroxides. In contrast, the surface morphology of the metal was sig-
nificantly improved, as shown in Fig. 10b. This is due to the BrCU
inhibitor effectively forming a protective thin film on the metal sur-
face. Consequently, the destructive corrosion of the metal surface
was notably reduced.Ta
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Fig. 9. EFM intermodulation spectra for the blank and BrCU inhibitor in 1 M NaCl saturated with CO2 and H2S.

Table 7
EFM data for the blank and BrCU inhibitor at various concentrations in 1 M NaCl saturated with CO2 and H2S.

Cinh, mg/L Icorr, µA CREFM , mpy βA, mV/decade − βC , mV/decade IEEFM, % CF-2 CF-3

Blank 898.62 432.71 261.32 376.34 – 1.98 2.98
25 112.61 132.84 185.62 254.32 87.47 1.99 2.99
50 75.64 116.87 162.23 231.64 91.58 2.03 3.01
75 51.32 78.64 112.71 207.61 94.28 2.01 3.02
100 16.52 53.21 74.61 176.84 98.16 1.98 2.97
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Next, the EDX spectra were obtained to investigate the elementary
composition of the corrosion product; the obtained data are shown in
Fig. 10c, d. It is clearly evident that there were mainly Fe, Cl, O, S and
Na signals on the metal surface. The O, Cl and S signals were higher in
the inhibitor-free medium, confirming that the metal surface was seri-
ously damaged (Fig. 10c) in 1 M NaCl saturated with CO2 and H2S. The
Fe signal was lower for the blank (without inhibitor), which makes
sense because this decrease indicated metal dissolution. In compar-
ison, the of O, Cl and S signals were reduced (Fig. 10d) in the inhibi-
tor-containing solution, indicating that the inhibitor blocked the
adsorption of NaCl, CO2 and H2S, as well as metal oxidation.
Fig. 10d also shows the appearance of N and C signals, suggesting that
the nitrogen atoms linked with the metal surface formed N-Fe bonds.

3.9. Quantum chemical analysis

3.9.1. Optimization of BrCU
BrCU was optimized before performing quantum chemical calcula-

tions. Fig. 11 shows the atomistic model of the BrCU structure. The
purple, blue, orange and red balls represent carbon, hydrogen, nitro-
gen and oxygen atoms, respectively. The arrow shows the dipole
moment of the molecules. The –COOH, Br–, N+ and benzoyl rings
make BrCU a more planar structure. The large planar structure of BrCU
is responsible for its enhanced inhibition efficiency. Furthermore, the
large planar structure makes BrCU soluble. Because the corrosion med-
ium was more polar, BrCU was effectively polarized due to the more
polar molecules in solution. The lengths and angles of the chemical

bonds of the polarized structure increased with an increasing polariza-
tion effect on the structure of BrCU. The p– and π–electron pairs of the
polarized structure were easily exchanged between the corrosion inhi-
bitor and metal surface.

Fig. 10. SEM micrographs for the (a) blank and (b) BrCU inhibitor. EDX spectra for the (c) blank and (d) BrCU inhibitor in 1 M NaCl saturated with CO2 and H2S.

Fig. 11. Atomistic model of the BrCU structure. The grey, grey-white, blue,
red and dark-red balls represent carbon, hydrogen, nitrogen, oxygen and
bromide, respectively. The arrow shows the dipole moment of the molecules.
(For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)
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3.9.2. Frontier molecular orbitals of BrCU
The electrons of BrCU were distributed around the LUMO and

HOMO orbitals. This distribution was described with the frontier
molecular orbital method. The electron distributions in the LUMO
and HOMO orbitals of optimized BrCU are shown in Fig. 12. The
HOMO regions of BrCU were observed around the bromide atoms,
and these regions were responsible for enhancing the inhibition per-
formance. The HOMO regions were more electron-rich regions and
were responsible for the electron-donor behaviour of BrCU, meaning
that the free electrons were shared with the vacant d-orbitals of iron;
as a result, covalent bonds were formed between the inhibitor and
metal surface [48]. In addition, BrCU was protonated through the
HOMO region; as a consequence, BrCU was positively charged and
neutralized the negatively charged metal surface. As indicated, the
LUMO regions were positioned around the two benzoyl rings and
two nitrogen atoms. The d-electrons in the full d-orbitals of iron were
re-transferred to the LUMO regions of the BrCU corrosion inhibitor.
Therefore, the LUMO regions also supported the adsorption behaviour
of BrCU.

3.9.3. Molecular electrostatic potentials of BrCU
The molecular electrostatic potential (MEP) of BrCU was found,

and the obtained MEP is shown in Fig. 13. The MEP describes the most
electrophilic and nucleophilic attack positions in the optimized struc-
ture. The positions of nucleophilic and electrophilic reactivity of BrCU
are shown in red and light red, respectively. The MEP analysis results

confirmed that BrCU was a more nucleophilic molecule. The inhibition
performance of BrCU was enhanced at the nucleophilic attack
positions.

3.9.4. Reactivity properties of BrCU
The values of the reactive parameters for BrCU were calculated,

and the obtained results are summarized in Table 8. The energy gap
between the HOMO (EDFT

HOMOðInhÞ) [12] and LUMO (EDFT
LUMOðInhÞ) [14] of

BrCU was calculated to calculate the reactivity properties of BrCU.
Eqs. (20)–(34) were used to calculate the amounts of reactive charac-
teristics such as the nucleophilicity (ɛDFTInh ) [16], electrophilicity index
(ωDFT

Inh ), electronic chemical potential (μDFTInh ) [20], electron affinity
(ADFT

Inh ) [27], molecular ionization potential (IDFTInh ) [28], chemical hard-
ness (ηDFTInh ) [29], chemical softness (σDFT

Inh ) [30], electronic negativity
(χDFTInh ) [33], electrodonating power (ωðþÞDFTInh ), electroaccepting power
(ωð�ÞDFTInh ), a�polarizability (aDFTInh ), β�polarizability (βDFTInh ), γ�polariz-
ability (γDFTInh ), fraction of electron transfer from the inhibitor molecule

Fig. 12. Frontier orbitals of the molecule: HOMO (bottom) and LUMO (top).

Fig. 13. MEP of the molecule, visualized with wxmacmolplt software [37].

Table 8
Theoretical parameter values of the BrCU
inhibitor.

Parameter Parameter value in eV

EDFT
HOMOðInhÞ −7.64

EDFT
LUMOðInhÞ −10.32

ΔEDFT
Inh 2.68

IDFTInh 10.32

ADFT
Inh 7.64

μDFTInh −8.98

χDFTInh 8.98

ηDFTInh 1.34

σDFTInh 0.74

ωDFT
Inh 30.08

ωðþÞDFTInh
55*103

ωð�ÞDFTInh
503*103

aDFTInh 343.67

βDFTInh −405

γDFTInh 4.3*105

ɛDFTInh 0.11

ΔNDFT
Inh −0.74

ΔψDFT
Inh −0.37

Dipole moment, Debye 71.15
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to the metal surface (ΔNDFT
Inh ) (related to Koopmans’s theory) and metal-

inhibitor interaction energy (ΔψDFT
Inh ) [14,16,44].

ΔEDFT
Inh ¼ EDFT

LUMOðInhÞ � EDFT
HOMOðInhÞ ð20Þ

IDFTInh ¼ �EDFT
HOMOðInhÞ ð21Þ

ADFT
Inh ¼ �EDFT

LUMOðInhÞ ð22Þ

ηDFTInh ¼ 1
2
ðIDFTInh � ADFT

Inh Þ ð23Þ

σDFTInh ¼ 1
η

ð24Þ

ɛDFTInh ¼ 1
ωDFT

Inh
ð25Þ

χDFTInh ¼ �μDFTInh ¼ 1
2
ðIDFTInh þ ADFT

Inh Þ ð26Þ

ωDFT
Inh ¼ ðχDFTInh Þ2

2ηDFTInh
ð27Þ

ω þð ÞDFTInh ¼ IDFTInh � 3ADFT
Inh

� �2 þ 16 IDFTInh � ADFT
Inh

� �� � ð28Þ

ω �ð ÞDFTInh ¼ 3IDFTInh � 3ADFT
Inh

� �2 þ 16 IDFTInh � ADFT
Inh

� �� � ð29Þ

< aDFTInh >¼ 1=3½axx þ ayy þ azz� ð30Þ

< βDFTInh >¼ 1=3½βxxx þ βyyy þ βzzz� ð31Þ

< γDFTInh >¼ 1=3½γxxxx þ γyyyy þ γzzzz� ð32Þ

ΔNDFT
Inh ¼ ðχFe � χDFTInh Þ

2ðηFe þ ηDFTInh Þ ð33Þ

ΔψDFT
Inh ¼ ðχFe � χDFTInh Þ

4ðηFe þ ηDFTInh Þ ð34Þ

In the above equations, ηFe is 0 eV/mol andχFe is 7 eV/mol
[15,18,21].

It should be emphasized in Table 8 that the value of ΔEDFT
Inh is

responsible for the more reactive and polar behaviour of BrCU. The
electroaccepting power, electrodonating power, electrophilicity index,
electronic chemical potential, electronic negativity, electron affinity,
molecular ionization potential, chemical hardness, chemical softness,
a�polarizability, β�polarizability, γ�polarizability, nucleophilicity,
fraction of electron transfer from the inhibitor molecule to the metal
surface (related to Koopmans’s theory) and metal-inhibitor interaction
energy values showed that BrCU was an efficient corrosion inhibitor. It
was also found that BrCU had a low chemical hardness and high soft-
ness, showing that the re-transfer of electrons between the inhibitor
and metal surface easily occurred. Table 1S describes the polarizabili-
ties of the BrCU molecule (the dipole moment in Debye and the elec-
tric field in Hartree/e*Bohr), indicating that BrCU was a more polar
molecule and was highly soluble in the corrosive solution.

3.9.5. Fukui indices of BrCU
The next part of the quantum chemical calculation was the Fukui

analysis. The obtained values of the Fukui indices are summarized in
Table 2S. Fukui analysis can describe the most favourable local molec-
ular reactive regions of BrCU. The most nucleophilic (f�k high), elec-
trophilic (fþk high) and neutral (f 0khigh) attack sites on the BrCU

molecule are represented in Table 2S. Mulliken population analysis
(MPA) was performed to calculate the Fukui indices (fþk ; f

�
k ,f

0
k) of the

BrCU (Eqs. (35)–(37)). The Fukui functions were calculated as
fþk = D(neutral molecule) – D(cation) and f�k = D(anion) – D(neutral
molecule);f 0k = (D(anion) – D(cation))/2, where D (a.u.) was the total
electron density of each nucleus [39,40].

fþk ¼ Pk N þ 1ð Þ � PkðNÞ ð35Þ

f�k ¼ Pk Nð Þ � PkðN � 1Þ ð36Þ

f 0k ¼ Pk N þ 1ð Þ � PkðN � 1Þ ð37Þ
In the above equations, Pk N þ 1ð Þ, Pk Nð Þ and PkðN � 1Þ are the

anionic, neutral and cationic molecules, respectively.
It should be stressed that the higher values of fþk for the atoms in

BrCU made them the adsorption centres, which were mainly responsi-
ble for the adsorption of inhibitor molecules on the metal surface. On
the other hand, the highly positive Fukui value f�k indicated electron-
donating regions, which were located towards the benzoyl rings, nitro-
gen atoms and carboxyl functional groups of BrCU.

3.10. Corrosion and inhibition mechanism

The corrosion mechanism on the steel surface in 1 M NaCl satu-
rated with CO2 and H2S was a complex phenomenon. CO2 and H2S
formed a more acidic medium at approximately pH = 4.7–4.8. Hydro-
gen cations were formed at the cathodic sites [45,46]. The corrosion
reactions are as follows [1,2]:

CO2ðgÞ $ CO2ðaqÞ

CO2ðaqÞ þ H2OðlÞ $ H2CO3ðaqÞ

H2CO3 aqð Þ $ HCO�1
aqð Þ þ Hþ

aqð Þ

HCO�1
aqð Þ $ CO2�

3 aqð Þ þ Hþ
aqð Þ

2Hþ
ðaqÞ þ 2e� $ H2ðaqÞ

H2SðgÞ $ H2SðaqÞ

H2SðaqÞ $ HS�ðaqÞ þ Hþ
ðaqÞ

HS�ðaqÞ $ S2�ðaqÞ þ Hþ
ðaqÞ

2Hþ
ðaqÞ þ 2e� $ H2ðaqÞ

NaClðsÞ ! NaþðaqÞ þ Cl�ðaqÞ

It is to note that H+ ions are formed in the bulk solution. Inversely,
they are reduced on cathodic sites and for that they must migrate from
the bulk. The result is that at cathodic sites pH increases (1 M NaCl sat-
urated with CO2 and H2S) [3,4]. As a consequence, corrosive
HCO�3

aqð Þ; Hþ
aqð Þ; CO2�

3 aqð Þ; HS�aqð Þ and S2�aqð Þ ions were formed on the metal
surface. These ions corroded the metal surface to form iron ions at the
anodic sites. The anodic electrochemical half reaction is as follows
[47]:

FeðsÞ ! Fe2þðaqÞ þ 2e�

In the inhibition mechanism, the corrosion inhibitor BrCU was pro-
tonated in an acidic environment. As a result, the protonated form of
BrCU electrostatically interacted with the metal surface. Second, BrCU

E. Berdimurodov et al. Journal of Electroanalytical Chemistry 901 (2021) 115794

15



Fig. 14. Pictorial representation of the inhibition mechanism of BrCU on the steel in 1 M NaCl saturated with CO2 and H2S.

Table 9
Comparison of BrCU with ionic liquids inhibitors (continued next page).

№ Name of ionic liquids corrosion inhibitor Corrosion
solution type

Metal
type

Inhibitor type and adsorption
isotherm

Maximum inhibition
efficiency, %

Year and
ref.

Inhibitor in the acidic solution
Poly [3-butyl-1-vinylimidazolium bromide] 1 M HCl Mild

steel
Mixed-type/ Frumkin
isotherm

96 % at 400 ppm 2019,
[49]

(4-Methoxybenzyl)-triphenylphosphonium bromide 0.5 M H2SO4 Mild
steel

Mixed-type/ Langmuir
isotherm

99.56 % at 10-2 M 2019,
[50]
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Table 9 (continued)

№ Name of ionic liquids corrosion inhibitor Corrosion
solution type

Metal
type

Inhibitor type and adsorption
isotherm

Maximum inhibition
efficiency, %

Year and
ref.

2-Aminobenzyl)triphenylphosphonium bromide 0.5 M H2SO4 Mild
steel

Mixed-type/ Langmuir
isotherm

99.56 % at 10-2 M 2018,
[51]

№ Name of ionic liquids corrosion inhibitor Corrosion
solution type

Metal
type

Inhibitor type and
adsorption isotherm

Maximum
inhibition
efficiency, %

Year
and
ref.

Inhibitor in the acidic solution
N1,N1,N1,N2,N2,N2-hexadodecylethane-1,2-diaminium bromide 1 M HCl Carbon

steel
– 90.55% at 5 ×

10−3 M
2016,
[52]

1-(6-ethoxy-6-oxohexyl) pyridazin-1-ium bromide 1 M HCl Mild
steel

Anodic-type/
Langmuir isotherm

84% at 5 × 10−3

M
2018,
[53]

1-(2-(4-nitrophenyl)-2-oxoethyl) pyridazinium bromide 0.5 M H2SO4 Carbon
steel

Mixed-type/
Langmuir isotherm

91.67% at 5 ×
10−3 M

2015,
[54]

3-(4-ethoxy-4-oxobutyl)-1-ethylimidazol-3-ium bromide 1 M HCl Carbon
steel

Mixed-type/
Langmuir isotherm

72.3% at 5 × 10−3

M
2011,
[55]

1-butyl-3-methylimidazolium bromide 2 M HCl Mild
steel

Mixed-type/
Langmuir isotherm

84% at 5 × 10−3

M
2015,
[56]

№ Name of ionic liquids corrosion inhibitor Corrosion
solution type

Metal
type

Inhibitor type
and adsorption
isotherm

Maximum
inhibition
efficiency, %

Year
and ref.

(continued on next page)

E. Berdimurodov et al. Journal of Electroanalytical Chemistry 901 (2021) 115794

17



reacted with iron ions to form, InhFe2þðaqÞ, which adsorbed on the metal
surface. The inhibition reactions are as follows:

InhðsÞ ! InhðaqÞ

InhðaqÞ þ Hþ
ðaqÞ $ InhHþ

ðaqÞ

InhðaqÞ þ Fe2þðaqÞ $ InhFe2þðaqÞ

Fig. 14 describes the pictorial representation of the inhibition
mechanism of BrCU on steel in 1 M NaCl saturated with CO2 and
H2S. The obtained experimental and theoretical results suggested four
types of inhibition in the overall mechanism. First, the p-electron pairs
of the carboxyl functional groups were shared with the vacant d-orbi-
tals of iron. Second, the Br anions electrostatically interacted with the
hydrogen ions on the metal surface. In addition, the positively charged
nitrogen ions electrostatically interacted with the metal cations on the
metal surface. Third, the delocalized π-electrons of the benzoyl rings
were transferred to the vacant d-orbitals of iron on the metal surface.
Finally, some of the d-electrons of iron were re-shared to the benzoyl
rings.

3.11. Inhibition comparison

Table 9 indicates the comparison of BrCU with ionic liquids inhibi-
tors, which were recently studied. It is clear noted that the ionic liquids
are good corrosion inhibitors for steel materials. The ionic liquids are
mostly investigated in the acidic solutions such HCl and H2SO4. Some
ionic liquids were studied in the saline solutions such 3.5% NaCl.
These inhibitors are mainly mixed-type following Langmuir isotherm.
Their inhibition performance is over 90–95% at medium concentra-
tions. The ionic liquids were not investigated in the acidic–saline solu-

tion, in which the corrosion is large problem in the gas and oil
industry. Present research work introduced new BrCU corrosion inhi-
bitor for steel in acidic–saline solution (1 M NaCl saturated with CO2

and H2S). The experimental results confirmed that the BrCU is mix-
ed–type related to Langmuir isotherm. Its maximum inhibition effi-
ciency was 97.54 % at 100 mg/L/0.06 mM. Table 9 also shows that
the BrCU is more efficient than other at low concentrations.

4. Conclusions

This research work is the first to introduce, novel BrCU as an excel-
lent green corrosion inhibitor for the oil and gas industry. Its inhibition
performance for carbon steel in 1 M NaCl saturated with CO2 and H2S
was studied by thermodynamic and gravimetric analysis, EFM, EN,
PDP, EIS, DFT, and SEM–EDX. The conclusions are as follows:

I. BrCU is an excellent green corrosive inhibitor for carbon steel in
1 M NaCl saturated with CO2 and H2S, showing potential appli-
cation in the gas and oil industry;

II. Its maximum inhibition protection was 97.54% at 100 mg/
L/0.06 mM;

III. The adsorption thermodynamics were studied, and the results
showed that BrCU adsorbed on the metal surface by physical
and chemical methods based on the Langmuir isotherm;

IV. The PDP results suggested that BrCU was a predominantly ano-
dic mixed-type inhibitor;

V. The polarization resistance notably increased with increasing
concentration;

VI. The EIS results demonstrated that BrCU controlled the corrosion
processes by affecting the charge transfer mechanism;

Table 9 (continued)

№ Name of ionic liquids corrosion inhibitor Corrosion
solution type

Metal
type

Inhibitor type
and adsorption
isotherm

Maximum
inhibition
efficiency, %

Year
and ref.

Inhibitor in the saline solution
N-methyl-2-hydroxyethylammonium oleate 0.01 M NaCl AISI

1020
steel

Mixed-type/
Langmuir
isotherm

97% at 5
mmol/L

2019,
[57]

1-Butyl-1-methylpyrrolidinium trifluoromethylsulfonate 3.5% NaCl Mild
steel

Langmuir
isotherm

91.6%
at 500 ppm

2015,
[58]

Ethyl sulfate-1-methyl-3-ethyl imidazolium 3.5% NaCl Q235
steel

– 87.3%
at 200 ppm

2017,
[59]

Acidic–saline solution (Present work)
BrCU 1 M NaCl

saturated with
CO2 and H2S

Carbon
steel

Mixed–type,
Langmuir

97.54 % at
100 mg/L
/0.06 mM

Present
work
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VII. The BrCU-formed protective film on the metal surface was ther-
modynamically stable at high temperature;

VIII. The theoretical calculations were well correlated with the
experimental findings.

CRediT authorship contribution statement

Elyor Berdimurodov: Writing – original draft, Conceptualization,
Investigation, Visualsiation. Abduvali Kholikov: Reviewing and Edit-
ing paper. Khamdam Akbarov: Reviewing and Editing paper. Lei
Guo: Methodology, Software, Validation. Savaş Kaya: Software, Val-
idation. Konstantin P. Katin: Software, Validation. Dakeshwar
Kumar Verma: Reviewing. Mohamed Rbaa: Reviewing. Omar Dag-
dag: Reviewing. Rajesh Haldhar: .

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

The authors wish to acknowledge Ministry of higher and secondary
specialized education of the Republic of Uzbekistan and Ministry of
innovative development of the Republic of Uzbekistan, Tashkent,
Uzbekistan, Tianjin University, Tianjin, China, Karshi State University,
Karshi, Uzbekistan.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jelechem.2021.115794.

References

[1] J. Tan, L. Guo, H. Yang, F. Zhangc, Y. El Bakri, Synergistic effect of potassium
iodide and sodium dodecyl sulfonate on the corrosion inhibition of carbon steel in
HCl medium: a combined experimental and theoretical investigation, RSC Adv. 10
(2020) 15163.

[2] M. Rbaa, A. Hichar, O. Bazdi, Y. Lakhrissi, K. Ounine, B. Lakhrissi, Synthesis,
characterization, and in vitro antimicrobial investigation of novel pyran
derivatives based on 8-hydroxyquinoline, Beni-Suef Univ J. Basic Appl. Sci. 12
(2019) 1–7.

[3] E. Berdimurodov, K. Akbarov, A. Kholikov, Electrochemical frequency modulation
and reactivation investigation of thioglycolurils in strong acid medium, Adv.
Mater. Res. 1154 (2019) 122–128.

[4] Lei Guo, Ruilai Zhang, Bochuan Tan, Wenpo Li, Hongyan Liu, Sizhan Wu, Locust
Bean Gum as a green and novel corrosion inhibitor for Q235 steel in 0.5 M H2SO4
medium, Journal of Molecular Liquids 310 (2020) 113239.

[5] Omar Dagdag, Ahmed El Harfi, Mustapha El Gouri, Zaki Safi, Ramzi T. T. Jalgham,
Nuha Wazzan, Chandrabhan Verma, E. E. Ebenso, U. Pramod Kumar, Anticorrosive
properties of Hexa (3-methoxy propan-1,2-diol) cyclotri-phosphazene compound
for carbon steel in 3% NaCl medium: gravimetric, electrochemical, DFT and Monte
Carlo simulation studies, Heliyon 5 (2019) e01340.

[6] M. Rbaa, O. Bazdi, A. Hichar, Y. Lakhrissi, K. Ounine, B. Lakhrissi, Synthesis,
Characterization and Biological Activity of new Pyran Derivatives of 8-
Hydroxyquinoline, Eurasian, J Anal Chem. 13 (2018) 19–30.

[7] E. Berdimurodov, J. Wang, A. Kholikov, K. Akbarov, B. Burikhonov, N. Umirov,
Investigation of a new corrosion inhibitor cucurbiturils for mild steel in 10% acidic
medium, Adv. Eng. Forum, Trans Tech Publ. 18 (2016) 21.

[8] L. Guo, B. Tan, X. Zuo, W. Li, S. Leng, X. Zheng, Eco-friendly food spice 2-
Furfurylthio-3-methylpyrazine as an excellent inhibitor for copper corrosion in
sulfuric acid medium, J. Mol. Liq. 317 (2020) 113915.

[9] M. Rbaa, P. Dohare, A. Berisha, O. Dagdag, L. Lakhrissi, M. Galai, A. Zarrouk, New
Epoxy sugar based glucose derivatives as ecofriendly corrosion inhibitors for the
carbon steel in 1.0 M HCl: Experimental and theoretical investigations, J. Alloy.
Compd. 833 (2020) 154949.

[10] M. Rbaa, A. Hichar, P. Dohare, E.H. Anouar, Y. Lakhrissi, B. Lakhrissi, M.
Berredjem, F. Almalki, V. Rastija, M. Rajabi, T. Ben Hadda, A. Zarrouk, Synthesis,
Characterization, Biocomputational Modeling and Antibacterial Study of Novel
Pyran Based on 8-Hydroxyquinoline, Arab. J. Sci. Eng. 16 (2020).

[11] E. Berdimurodov, A. Kholikov, K. Akbarov, I. Nakhatov, K.h. Jurakulova, U.
Nigora, Nurbek,, Adsorption isotherm and SEM investigating of cucurbit [n]urils

based corrosion inhibitors with gossypol for mild steel in alkaline media
containing chloride ions, Adv. Eng. Forum, Trans Tech Publ. 23 (2017) 13.

[12] Lei Guo, Youness El Bakri, Yu Rongrong, Jianhong Tan, El Mokhtar Essassi, El
Mokhtar EssassiNewly synthesized triazolopyrimidine derivative as an inhibitor
for mild steel corrosion in HCl medium: an experimental and in silico study, J.
Mater. Res. Technol. 9 (3) (2020) 6568–6578.

[13] M. Rbaa, F. Benhiba, M. Galai, A.S. Abousalem, M. Ouakki, C.H. Lai, A. Zarrouk,
Synthesis and characterization of novel Cu (II) and Zn (II) complexes of 5-{[(2-
Hydroxyethyl) sulfanyl] methyl}-8-hydroxyquinoline as effective acid corrosion
inhibitor by Experimental and Computational testings, Chem. Phys. Lett. 137771
(2020).

[14] Elyor Berdimurodov, Abduvali Kholikov, Khamdam Akbarov, D. Nuriddinova,
Polarization resistance parameters of anti-corrosion inhibitor of cucurbit [N] urils
and thioglycolurils in aggressive mediums, Adv. Eng. Forum, Trans Tech Publ. 26
(2018) 74.

[15] Lei Guo, Ime Bassey Obot, Xingwen Zheng, Xun Shen, Yujie Qiang, Savas Kaya,
Cemal Kaya, Theoretical insight into an empirical rule about organic corrosion
inhibitors containing nitrogen, oxygen, and sulfur atoms, Applied Surface Science
406 (2017) 301–306.

[16] M. Rbaa, B. Lakhrissi, Novel oxazole and imidazole based on 8-Hydroxyquinoline
as a Corrosion Inhibition of mild steel in HCl Solution: Insights from Experimental
and Computational Studies, Surf. Interfaces. 15 (2019) 43–59.

[17] M. Rbaa, M. Galai, A.S. Abousalem, B. Lakhrissi, M.E. Touhami, I. Warad, A.
Zarrouk, Synthetic, spectroscopic characterization, empirical and theoretical
investigations on the corrosion inhibition characteristics of mild steel in molar
hydrochloric acid by three novel 8-hydroxyquinoline derivatives, Ionics (Kiel) 13
(8) (2020) 1–20.

[18] Elyor Berdimurodov, Abduvali Kholikov, Khamdam Akbarov, Xu. Guobao,
Aboubakr M. Abdullah, Morteza Hosseini, New anti-corrosion inhibitor
(3ar,6ar)-3a,6a-di-ptolyltetrahydroimidazo[4,5-d]imidazole-2,5(1 h,3h)-dithione
for carbon steel in 1 M HCl medium: gravimetric, electrochemical, surface and
quantum chemical analyses, Arabian J. Chem. 13 (2020) 7504–7523.

[19] Rachid Hsissou, Omar Dagdag, Mohamed Berradi, Mehdi El Bouchti, Mohammed
Assouag, Ahmed Elharfi, Development rheological and anti-corrosion property of
epoxy polymer and its composite, Heliyon 5 (2019) e02789.

[20] Elyor Berdimurodov, Abduvali Kholikov, Khamdam Akbarov, Lei Guo, Inhibition
properties of 4,5-dihydroxy-4,5-di-p-tolylimidazolidine-2-thione for use on carbon
steel in an aggressive alkaline medium with chloride ions: Thermodynamic,
electrochemical, surface and theoretical analyses, J. Mol. Liq. 327 (2021) 114813.

[21] M.M. Barakat, M.A. Deyab, M.I. Nessim, S.S. Abd El–Rehim, Q. Mohsen, The
controlling role of new imidazole–based ionic liquids on the corrosion rate of steel
rebars in the cement pore solution, J. Mol. Liq. 329 (2021) 115442.

[22] A.L. Chong, J.I. Mardel, D.R. MacFarlane, M. Forsyth, A.E. Somers, Synergistic
corrosion inhibition of mild steel in aqueous chloride solutions by an
imidazolinium carboxylate salt, ACS Sustain. Chem. Eng. 4 (2016) 1746–1755.

[23] El–Shamy, K. Zakaria, M. Abbas, S.Z. El Abedin, Anti–bacterial and anti–corrosion
effects of the ionic liquid 1–butyl–1–methylpyrrolidinium
trifluoromethylsulfonate, J. Mol. Liq. 211 (2015) 363–369.

[24] A.K. Dermani, E. Kowsari, B. Ramezanzadeh, R. Amini, Utilizing imidazole based
ionic liquid as an environmentally friendly process for enhancement of the epoxy
coating/graphene oxide composite corrosion resistance, J. Ind. Eng. Chem. 79
(2019) 353–363.

[25] M.A. Deyab, Efficiency of cationic surfactant as microbial corrosion inhibitor for
carbon steel in oilfield saline water, J. Mol. Liq. 255 (2018) 550–555.

[26] E. Kamali Ardakani, E. Kowsari, A. Ehsani, Imidazolium–derived polymeric ionic
liquid as a green inhibitor for corrosion inhibition of mild steel in 1.0 M HCl:
xperimental and computational study, Colloids and Surfaces A: Physicochemical
and Engineering spects (2019), https://doi.org/10.1016/j.colsurfa.2019.124195.

[27] Saleh A. Ahmed, Mohamed I. Awad, Ismail I. Althagafi, Hatem M. Altass, Moataz
Morad, Ahmed Alharbi, Rami J. Obaid, Newly synthesized indolium–based ionic
liquids as unprecedented inhibitors for the corrosion of mild steel in acid medium,
J. Mol. Liq. 291 (2019) 111356.

[28] Ruby Aslam, Mohammad Mobin, Ime B. Huda, Aeshah H. Obot, Alamri,, Ionic
liquids derived from α–amino acid ester salts as potent green corrosion inhibitors
for mild steel in 1M HCl, J. Mol. Liq. 318 (2020) 113982.

[29] Natalya V. Likhanova, P. Arellanes-Lozada, O. Olivares-Xometl, H. Hernández-
Cocoletzi, Irina V. Lijanova, J.E. Janette Arriola-Morales, Castellanos-Aguila,
Effect of organic anions on ionic liquids as corrosion inhibitors of steel in sulfuric
acid solution, J. Mol. Liq. 279 (2019) 267–278.

[30] Pengcheng Hu, Zhitao Wu, Junlin Wang, Yuqing Huang, Quanyou Liu, Shu-Feng
Zhou, Corrosion inhibiting performance and mechanism of protic ionic liquids as
green brass inhibitors in nitric acid, Green Energy & Environment 5 (2020)
214e222.

[31] Vladimir Sindelar, Serena Silvi, Samantha E. Parker, David Sobransingh, Angel E.
Kaifer, Proton and Electron Transfer Control of the Position of Cucurbit[n]uril
Wheels in Pseudorotaxanes, Adv. Funct. Mater. 17 (2007) 694–701.

[32] C. Lee, W. Yang, R.G. Parr, Development of the Colle-Salvetti correlation-energy
formula into a functional of the electron density, Phys. Rev. B 37 (1988) 785.

[33] A.D. Becke, Density-functional thermochemistry. III. The role of exact exchange, J.
Chem. Phys. 98 (1993) 5648.

[34] R. Krishnan, J.S. Binkley, R. Seeger, J.A. Pople, Self-consistent molecular orbital
methods. XX. A basis set for correlated wave functions, J. Chem. Phys. 72 (1980)
650.

[35] S. Grimme, J. Antony, S. Ehrlich, H. Krieg, A consistent and accurate ab initio
parametrization of density functional dispersion correction (DFT-D) for the 94
elements H-Pu, J. Chem. Phys. 132 (2010) 154104.

E. Berdimurodov et al. Journal of Electroanalytical Chemistry 901 (2021) 115794

19

https://doi.org/10.1016/j.jelechem.2021.115794
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0005
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0005
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0005
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0005
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0010
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0010
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0010
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0010
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0010
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0015
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0015
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0015
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0015
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0030
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0030
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0030
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0030
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0035
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0035
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0035
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0040
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0040
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0040
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0045
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0045
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0045
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0045
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0050
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0050
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0050
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0050
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0055
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0055
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0055
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0055
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0060
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0060
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0060
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0060
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0060
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0065
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0065
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0065
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0065
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0065
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0070
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0070
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0070
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0070
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0080
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0080
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0080
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0080
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0085
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0090
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0095
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0095
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0095
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0100
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0100
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0100
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0100
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0105
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0105
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0105
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0105
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0105
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0110
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0110
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0110
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0110
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0115
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0120
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0120
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0120
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0120
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0120
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0125
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0125
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0125
https://doi.org/10.1016/j.colsurfa.2019.124195
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0135
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0135
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0135
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0135
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0135
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0140
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0140
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0140
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0140
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0145
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0145
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0145
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0145
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0145
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0155
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0155
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0155
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0155
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0160
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0160
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0165
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0165
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0170
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0170
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0170
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0175
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0175
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0175


[36] M.W. Schmidt, K.K. Baldridge, J.A. Boatz, et al, General atomic and molecular
electronic structure system, J. Comput. Chem. 14 (11) (1993) 1347–1363.

[37] Chemcraft - graphical software for visualization of quantum chemistry
computations. https://www.chemcraftprog.com

[38] B.M. Bode, M.S. Gordon, Macmolplt: a graphical user interface for GAMESS, J.
Mol. Graphics Mod. 16 (1998) 133–138.

[39] Rachid Hsissou, Omar Dagdag, Said Abbout, Fouad Benhiba, Mohamed Berradi,
Mehdi El Bouchti, Avni Berisha, Najat Hajjaji, Ahmed Elharfi, Novel derivative
epoxy resin TGETET as a corrosion inhibition of E24 carbon steel in 1.0 M HCl
solution. Experimental and computational (DFT and MD simulations) methods,
Journal of Molecular Liquids 284 (2019) 182–192.

[40] M. Rbaa, M. Fardioui, C. Verma, A.S. Abousalem, M. Galai, E.E. Ebenso, A.
Zarrouk, 8-Hydroxyquinoline based chitosan derived carbohydrate polymer as
biodegradable and sustainable acid corrosion inhibitor for mild steel:
Experimental ]and computational analyses, Int. J. Biol. Macromol. 155 (2020)
645–655.

[41] Elyor Berdimurodov, Abduvali Kholikov, Khamdam Akbarov, Lei Guo, Aboubakr
M. Abdullah, Mustafa Elik, A gossypol derivative as an efficient corrosion inhibitor
for St2 steel in 1 M HCl + 1 M KCl: An experimental and theoretical investigation,
J. Mol. Liq. 328 (2021) 115475.

[42] Rachid Hsissou, Fouad Benhiba, Omar Dagdag, Mehdi El Bouchti, Khalid Nouneh,
Mohammed Assouag, Samir Briche, Abdelkader Zarrouk, Ahmed Elharfi,
Development and potential performance of prepolymer in corrosion inhibition
for carbon steel in 1.0 M HCl: Outlooks from experimental and computational
investigations, Journal of Colloid and Interface Science 574 (2020) 43–60.

[43] M. Rbaa, F. Benhiba, R. Hssisou, Y. Lakhrissi, B. Lakhrissi, M.E. Touhami, A.
Zarrouk, Green synthesis of novel carbohydrate polymer chitosan oligosaccharide
grafted on d-glucose derivative as bio-based corrosion inhibitor, J. Mol. Liq.
114549 (2020).

[44] Elyor Berdimurodov, Abduvali Kholikov, I.B. Khamdam Akbarov, Lei Guo Obot,
Thioglycoluril derivative as a new and effective corrosion inhibitor for low carbon
steel in a 1 M HCl medium: Experimental and theoretical investigation, J. Mol.
Struct. 1234 (2021) 130165.

[45] Rajesh Haldhar, Dwarika Prasad, Indra Bahadur, Omar Dagdag, Avni Berisha,
Evaluation of Gloriosa superba seeds extract as corrosion inhibition for low carbon
steel in sulfuric acidic medium: A combined experimental and computational
studies, J. Mol. Liq. 323 (2021) 114958.

[46] E. Berdimurodov, A. Kholikov, K. Akbarov, L. Guo, Experimental and theoretical
assessment of new and eco–friendly thioglycoluril derivative as an effective
corrosion inhibitor of St2 steel in the aggressive hydrochloric acid with sulfate
ions, J. Mol. Liq. 335 (2021), https://doi.org/10.1016/j.molliq.2021.116168
116168.

[47] D. Kumar, M. Kazi, M.S. Alqahtani, R. Syed, E. Berdimurodov, N –

hydroxybenzothioamide derivatives as green and efficient corrosion inhibitors
for mild steel : Experimental, DFT and MC simulation approach, J. Mol. Struct.
1241 (2021) 130648.

[48] A.R. Shahmoradi, M. Ranjbarghanei, A.A. Javidparvar, L. Guo, E. Berdimurodov,
B. Ramezanzadeh, Theoretical (atomic-DFT&molecular-MD),

surface/electrochemical investigations of walnut fruit green husk extract as
effective-biodegradable corrosion mitigating materials of a steel electrode in 1M
HCl electrolyte, J. Mol. Liq. (2021), https://doi.org/10.1016/
j.molliq.2021.116550 116550.

[49] A.R. Shahmoradi, M. Ranjbarghanei, A.A. Javidparvar, L. Guo, E. Berdimurodov,
Bahram Ramezanzadeh, Theoretical (atomic-DFT&molecular-MD),
surface/electrochemical investigations of walnut fruit green husk extract as
effective-biodegradable corrosion mitigating materials of a steel electrode in 1M
HCl electrolyte, J. Mol. Liq. 338 (2021) 116550.

[50] E. Kamali Ardakani, E. Kowsari, A. Ehsani, Imidazolium-derived polymeric ionic
liquid as a green inhibitor for corrosion inhibition of mild steel in 1.0 M HCl:
Experimental and computational study, Colloids Surf., A (2019) 124195.

[51] M. Goyal, S. Kumar, I. Bahadur, E.E. Ebenso, H. Lgaz, I.-M. Chung, Interfacial
adsorption behavior of quaternary phosphonium based ionic liquids on
metalelectrolyte interface: electrochemical, surface characterization and
computational approaches, J. Mol. Liq. 111995 (2019).

[52] M. Goyal, H. Vashisht, S. Kumar, I. Bahadur, Anti-corrosion performance of
ecofriendly inhibitor (2-aminobenzyl) triphenylphosphonium bromide ionic liquid
on mild steel in 0.5 M sulfuric acid, J. Mol. Liq. (2018), https://doi.org/10.1016/
j.molliq.2018.04.043.

[53] S.M. Tawfik, Ionic liquids based gemini cationic surfactants as corrosion inhibitors
for carbon steel in hydrochloric acid solution, J. Mol. Liq. 216 (2016) 624–635.

[54] F. El-hajjaji, M. Messali, A. Aljuhani, M.R. Aouad, B. Hammouti, M.E. Belghiti, D.S.
Chauhan, M.A. Quraishi, Pyridazinium-based ionic liquids as novel and green
corrosion inhibitors of carbon steel in acid medium: electrochemical and
molecular dynamics simulation studies, J. Mol. Liq. 249 (2018) 997–1008,
https://doi.org/10.1016/j.molliq.2017.11.111.

[55] M. Messali, A. Bousskri, A. Aejjar, R. Salghi, B. Hammouti, Electrochemical Studies
of 1-(2- (4-nitrophenyl)-2- oxoethyl) pyridazinium bromide, On Carbon Steel
Corrosion in Hydrochloric Acid Medium, Int. J. Electrochem. Sci. (2015),
https://doi.org/10.13140/RG.2.1.2340.3681

[56] M.A.M. Ibrahim, M. Messali, Z. Moussa, A.Y. Alzahrani, S.N. Alamry, B.
Hammouti, Corrosion inhibition of carbon steel by imidazolium and pyridinium
cations ionic liquids in acidic environment, Portugaliae, Electrochim. Acta 29
(2011) 375–389, https://doi.org/10.4152/pea.201106375.

[57] A. Yousefi, S. Javadian, N. Dalir, J. Kakemam, J. Akbari, Imidazolium-based ionic
liquids as modulators of corrosion inhibition of SDS on mild steel in hydrochloric
acid solutions: experimental and theoretical studies, RSC Adv. 5 (2015)
11697–11713, https://doi.org/10.1039/C4RA10995C.

[58] T.E. Schmitzhaus, M.R. Ortega Vega, R. Schroeder, I.L. Muller, S. Mattedi, C. de F.
Malfatti,, An amino-based protic ionic liquid as a corrosion inhibitor of mild steel
in aqueous chloride solutions, Mater. Corros. (2019).

[59] A.M. El-Shamy, K. Zakaria, M.A. Abbas, S.Z. El Abedin, Anti-bacterial and
anticorrosion effects of the ionic liquid 1-butyl-1-methylpyrrolidinium
trifluoromethylsulfonate, J. Mol. Liq. 211 (2015) 363–369.

E. Berdimurodov et al. Journal of Electroanalytical Chemistry 901 (2021) 115794

20

http://refhub.elsevier.com/S1572-6657(21)00820-1/h0180
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0180
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0180
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0190
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0190
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0190
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0200
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0205
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0205
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0205
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0205
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0215
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0215
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0215
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0215
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0220
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0220
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0220
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0220
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0225
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0225
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0225
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0225
https://doi.org/10.1016/j.molliq.2021.116168
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0235
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0235
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0235
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0235
https://doi.org/10.1016/j.molliq.2021.116550
https://doi.org/10.1016/j.molliq.2021.116550
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0245
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0245
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0245
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0245
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0245
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0250
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0250
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0250
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0255
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0255
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0255
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0255
https://doi.org/10.1016/j.molliq.2018.04.043
https://doi.org/10.1016/j.molliq.2018.04.043
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0265
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0265
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0265
https://doi.org/10.1016/j.molliq.2017.11.111
https://doi.org/10.4152/pea.201106375
https://doi.org/10.1039/C4RA10995C
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0290
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0290
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0290
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0295
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0295
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0295
http://refhub.elsevier.com/S1572-6657(21)00820-1/h0295


The recent development of carbon dots as powerful green corrosion
inhibitors: A prospective review

Elyor Berdimurodov a,⇑, Dakeshwar Kumar Verma b, Abduvali Kholikov c, Khamdam Akbarov c, Lei Guo d,⇑
a Faculty of Natural Sciences, Karshi State University, Karshi 180100, Uzbekistan
bDepartment of Chemistry, Government Digvijay Autonomous Postgraduate College, Rajnandgaon, Chhattisgarh 491441, India
c Faculty of Chemistry, National University of Uzbekistan, Tashkent 100034, Uzbekistan
d School of Materials and Chemical Engineering, Tongren University, Tongren 554300, China

a r t i c l e i n f o

Article history:
Received 29 June 2021
Revised 13 November 2021
Accepted 14 November 2021
Available online xxxx

Keywords:
Carbon dots
Corrosion inhibitor
Green nanomaterials
Acidic, saline, CO2-saturated and
microbiological corrosion

a b s t r a c t

The corrosion of metallic materials in aggressively acidic, saline, CO2-saturated saline and microbiological
solutions is a continuous problem in the oil and gas industry. Using carbon dots (CDs) in corrosion pro-
tection is an ecological and environmentally efficient method because CDs have good water solubility,
biocompatibility, low toxicity, excellent antibacterial properties, chemical stability, high thermal activity,
and nonflammability. The inhibition performance of CDs was over 95–99% at low concentrations and
medium temperatures. The CDs contain more pyrrole-like N, pyridine-N, graphitic N atoms and O atoms,
in which the lone electron pairs promote CDs to become efficient corrosion inhibitors. The CDs formed
rigid covalent bonds with the metal surface through p-electrons transfer. The CDs easily substituted with
the pre-adsorbed water on the metal surface. In this review, the inhibition, adsorption, electrochemistry,
surface morphology and structural characteristics of CDs for steel, copper and aluminium in aggressively
acidic, saline, CO2-saturated saline and microbiological solutions are reviewed and discussed.

� 2021 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Causes of corrosion and problems of metallic materials

Corrosion in metals and alloys is an electrochemical reaction in
which metallic surfaces degrade by reacting with an environmen-
tal constituent [1]. Reports have suggested that the annual GDP
loss for both developed and developing countries is approximately
3.4% dollars about corrosion. For instance, South Africa, Japan and
China lose approximately 9.6, 9.2, and 310 billion dollars, respec-
tively. These losses contributed to 3.34% of the GDP for China, a
developing country, and 2% of the GDP for Japan, a developed coun-
try [2,3]. Table 1 tabulates the loss of GDP due to corrosion world-
wide. Moreover, wet corrosion, where electrochemical corrosion
occurs in the presence of moisture, is one of the worst effects of
corrosion behaviour. Aqueous electrolytes are used in various
industries, such as the petroleum, gas and oil industries, and the
main cause of corrosion is organic acids and H2S gas. In marine
industries, the main electrolytic causes of corrosion is seawater
or NaCl. In various industries, iron, copper, aluminium and brass
are usually used as the main metal materials. Hydrogen fluoride,
nitric acid, sulfuric acid, hydrochloric acid and other strong acidic
substances are usually used as electrolytic media in the process
of descaling, acid cleaning, oleation and pickling to metal [4,5].
Degradation often occurs during the process of acidification, and
the metal surface is transformed into its sulfide, chloride and oxide
forms, resulting in metal corrosion [6]. Corrosion has a terrible
effect on economic loss and personal safety. Therefore, it is neces-
sary to adopt and develop advanced technologies to protect metal
materials from corrosion. Corrosion inhibitors are considered to be
the most effective technology to protect metal materials from cor-
rosion. Initially, some inorganic salts, such as zinc salts, borates,
chromates, phosphates, silicates and nitrates, were prominently
used to protect metallic surfaces from corrosion [7]. All these inor-
ganic salts reacted with the cations present in the metal surface
and deposited them on the metal surface in the form of a crys-
talline layer that protected them from further corrosion. However,
when choosing a suitable corrosion inhibitor to protect metallic
materials from corrosion, key factors, such as economic factors,
economic effects and ecological awareness, are considered.

Additionally, Table 2 tabulates the development of suitable cor-
rosion inhibitors over the last few decades for aqueous corrosion
media [8]. Corrosion inhibitors usually interact with metallic sur-

faces and are deposited as protective sheets on metal surfaces.
The structural arrangement and chemical properties of the inhibi-
tor molecule are the major factors that govern the adsorption
mechanism of inhibitor molecules above the metal surface [9].
Researchers have focused on the development and synthesis of
corrosion inhibitors that are cost effective, eco-friendly and have
low toxicity owing to the toxic nature of inorganic salts. Therefore,
the study of plant extracts [10], organic molecules [11], hetero-
cyclic compounds [12], polymers, composites and nanomaterials
[13] is very beneficial, but some of these compounds are toxic
and environmentally threatening. Hence, chemists, engineers,
researchers and academicians have focused their attention on
carbon-bonding materials for the last few years. Of these, carbon
quantum dots (CDs) are being used for corrosion inhibitors due
to their rigidity, multiple applications, low cost, zero toxicity and
greenness. Various CD-based materials such as nitrogen-doped
CDs (N-CDs) [14], ionic liquid CDs (ILs-CDs) [15], polymer-based
CDs (poly-CDs) [16] and SN-co doped CDs [17] have been used pre-
dominantly as corrosion inhibitors in previous studies. The current
review describes CD-based materials as corrosion inhibitors in
detail.

1.2. Corrosion inhibitors

Corrosion inhibitors are small doses of external materials that
are added to aggressive media during descaling, acid pickling,

Table 1
The loss of GDP due to corrosion worldwide (). Source: http://impact.nace.org/economic-impact.aspx

Economic Region Agriculture CoC US$
billion

Industry CoC US$
billion

Services CoC US$
billion

Total CoC US$
billion

Total GDP US$
billion

CoC %
GDP

United States 2.0 303.2 146.0 451.3 16,720 2.7%
India 17.7 20.3 32.3 70.3 1,670 4.2%
European Region 3.5 401 297 701.5 18,331 3.8%
Arab World

China
13.3
56.2

34.2
192.5

92.6
146.2

140.1
394.9

2,789
9,330

5.0%
4.2%

Russia 5.4 37.2 41.9 84.5 2,113 4.0%
Japan 0.6 45.9 5.1 51.6 5,002 1.0%
Four Asian Tigers +

Macau
1.5 29.9 27.3 58.6 2,302 2.5%

Rest of the World 52.4 382.5 117.6 552.5 16,057 3.4%
Global 152.7 1446.7 906.0 2505.4 74,314 3.4%

Table 2
Development of corrosion inhibitors for aqueous electrolytes [8].

S.
No

Time
edge

Need Examples (inhibitor type)

1 Before
1960

Protection
efficiency

Zinc salts, phosphates, borates,
Chromates, silicates, nitrates and
phosphates.

2 1960–
1980

Economy Molybdates, phosphono acids, Chelate
molecules, polyphosphates, gluconates,
soluble oils, carboxylates, cations and
polyacrylates

3 1980–
1995

Ecology Natural inhibitors such as vitamins,
biopolymers and tannins

4 1995-
Present

Environmentally
friendly

poly-functional organic molecules,
encapsulation of inhibitors, organic/
inorganic compounds for synergism and
REM
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and oil-well refining of metallic surfaces to protect the metal from
corrosive attack [18]. Various types of corrosion inhibitors have
been used prominently for the past few decades, and the property
adsorption and inhibitor mechanism of some of the major corro-
sion inhibitors are described as follows. Organic compounds
mainly consist of compounds containing acyclic and cyclic, alipha-
tic and aromatic carbons. Heteroatoms such as P-, S-, N-, and O-
containing organic molecules are called heterocyclic compounds.
However, organic compounds are considered some of the most
prominent and effective corrosion inhibitors. The chemical reactiv-
ity and structured orientation of organic compounds are two
important factors that make molecules suitable as corrosion inhibi-
tors. Organic compounds containing functional groups such as –
OH, –OR, –NH2, –NR2, –NHR, –SR, –SH, –CN, –N=N, –COOH, –CO,
–CHO, –CONH2, and –COOR have been extensively used as corro-
sion inhibitors [19–23]. These functional groups possess various
heteroatoms, such as N, O, P, and S, and multiple electron-rich
bonds, such as alkenes, alkyls, and aromatic rings. Organic com-
pounds, including those with electron-rich centres, behave like
nucleophiles and interact with metal cations to form stable bonds.
Previous studies suggested that the adsorption of inhibitor mole-
cules on the metal surface has either a physisorption or chemisorp-
tion mechanism. In the physisorption mechanism, protonated,
charged organic molecules are deposited on top of the metallic sur-
face through an electrostatic bond and interact with the metallic
surface through anions such as Cl�, SO4

2�, NO3
�, and PO4

3�. In the
physisorption process, the inhibitor molecules on the metallic sur-
face do not directly adsorb but protonated form reacts with the
anions already present on the metal surface [24,25]. However, in
chemisorption interactions, there is a direct interaction between
the metallic surface and inhibitor molecules. During this interac-
tion of metal ions with the functional groups and pi electrons pre-
sent in the organic inhibitors, the inhibitor molecules behave like
electron-rich nucleophiles, while the metal surface behaves like
an electron acceptor due to its vacant 3d orbitals [11,12,26,27].
That is, the vacant 3d orbital of the metal behaves like an acid,
and the organic molecules behave like bases due to the nonbonded
electrons of the heteroatoms and the pi electrons. In this way, the
inhibitor molecules accumulate on top of the metal surface and
block all the active sites of the metal due to strong interactions
and protect it from further attack by an aggressive electrolyte. Rel-
evant research shows that amino acids, pharmaceutical drug mole-
cules [28–31], plant extracts [25,32,33], neutral polymers and
carbohydrates [13,34] are mainly used as sustainable and green
organic corrosion inhibitors. Various heterocyclic compounds, such
as coumarin derivatives [35], hydroxamic acids [36], pyrimidine
derivatives [37], conducting polymers [38] and imidazoline [39],
exhibit excellent inhibition properties. Organic inhibitors that use
a one-step multicomponent reaction (MCR) pathway are achieved
by microwave heating and ultrasonication techniques and are cost
effective and eco-friendly. Thus, sustainable corrosion inhibitors
can be prepared through MCRs, and US/MW combined techniques
[40,41] have also been used prominently by some researchers.

1.3. Ionic liquids (ILs) as corrosion inhibitors

Ionic liquids (ILs), which have high chemical and thermal stabil-
ity, zero toxicity, melting points lower than 100 �C, extremely low
vapor pressure, high polarity and that are environmentally friendly
are regarded as the second class of corrosion inhibitors that have
recently attracted the attention of scientists and researchers [42].
Ionic liquids, as the name implies, contain both cations and anions.
In comparison to conventional corrosion inhibitors, the vapor pres-
sure of ionic liquids is high, meaning that they do not evaporate
easily at high temperatures and are soluble in a strongly corrosive
environment. Additionally, the structure of ionic liquids can be

easily modified, and various derivatives can be easily made to
show many physicochemical properties, including ionic character,
less volatility, greenness, nonflammability, and high thermal and
chemical stability. Hence, ionic liquids as corrosion inhibitors are
regarded as the forefront of the field compared to other corrosion
inhibitors [3,43,44]. In addition to ILs, some other important mate-
rials, such as polymers, composites, self-healing materials, nano-
materials, carbon nanotubes (CNTs) [45,46], graphene [47], and
metal complexes [48], have been used in previous studies for cor-
rosion protection. The abovementioned corrosion inhibitors adsorb
on the metal surface, primarily through electrostatic and chemical
bonds, to form a thin protective layer. In this way, corrosion inhi-
bitors interact with the 3d orbital of the metal from their active site
and form stable bonds and then produce protective sheets to pro-
tect the metal surface from corrosion. The use of carbon-based
materials such as carbon nanotubes (CNTs), carbon nanorods
(CNRs), graphene and quantum dots (CDs) as corrosion inhibitors
has arisen over the last few years. In addition, CDs are carbon-
based nanomaterials that have specific and novel properties that
are used for corrosion inhibition as well as multiple other applica-
tions. application.

1.4. CDs: Properties, synthesis methods and application

Carbon dots (CDs) are an emerging class of carbon-based nano-
materials with sizes ranging from 2 to 10 nm and have a zero-
dimensional structure. Fig. 1 demonstrates the various allotropes
of carbon, indicating their dimensional structural orientations.
Some properties of CDs, such as photoluminescence behaviour,
low toxicity, photoinduced electron transfer, thermal stability,
inertness towards chemicals and good biocompatibility, make
them unique. CDs can be fabricated by various techniques, such
as ultrasonication (US) microwave irradiation (MW), hydrothermal
reactions, laser ablation and electrochemical oxidation.

Using these methods, polymerization, oxidation chemical reac-
tion, pyrolysis and carbonization are applied to produce CDs. CDs
with oxygen-doped or nitrogen-doped functional groups behave
as excellent semiconductors. Because of their semiconducting
properties, CD nanoparticles are mainly applied in water pollution
treatment, ion sensing, supercapacitors, photocatalysis membrane
fabrication, heavy metal detection and biological imaging. More-
over, as a result of the high quantum confinement of their opto-
electric and photoluminescent nature, CDs are fluorescent
materials [49–51]. Due to their optical stability and quantum con-
finement character, they exhibit chemical inertness, high thermal
stability, and high fluorescent and photoluminescent properties
[52,53]. The fluorescent properties of CDs are also affected by the
emissive properties of the carbon-based precursors of the raw
materials. Raw materials such as carbohydrates, citric acids, and
sugar contain a number of carbon precursors that are applied
extensively for the fabrication of CDs. CDs have unique character-
istics, such as semiconductor properties, photoluminescence and
photoinduced electron transfer capabilities, and they are generally
used in wastewater treatment [54], heavy metal detection [55] and
removal of inorganic and organic substances. Additionally, CDs are
carbon-based nanomaterials, and because of their properties, they
can potentially be applied in photocatalytic processes [56], nanos-
ciences [57], photoelectrochromic devices [58], sensor fabrication
[59] and nanotechnologies [60] (Fig. 2).

Some recent review articles by various researchers have
demonstrated the potential behaviours and wide applications of
CDs in the various fields of science and technology. Zhang and
coworkers (2016) reported their use in nitrate detection for food
analysis [61], and Chatzimitakos et al. (2017) reported that the
sensing the concentrations of tetrazine heterocyclic compounds
in commercially available energy drinks [62]. Similarly, Moham-
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mad et al. (2019) published a review article on food waste-based
fabrication of CDs and their application towards food safety detec-
tion in samples [63] based on size. CDs containing extended n-
electronics can also be used in energy storage devices, such as in
anodes of potassium-ion [64] and lithium-ion batteries [65]. The
photocatalytic properties of CDs can be enhanced owing to their
activity towards visible light, as they can convert sunlight into
the desired photocatalytic wavelength. Previous studies and inves-
tigations have reported that some important methods and tech-
niques utilize numerous natural resources to fabricate CDs that

are purely carbon-based materials. Ascorbic acid, citric acid, food
wastes, caustic soda, graphitic microparticles, ammonium citrate,
gelatine, and humic acid are some important classes of natural
materials applied extensively to fabricated CDs [66]. In general,
natural or organic waste carbon sources are biodegradable, envi-
ronmentally friendly, cost-effective and easily available for poten-
tial use in fabricating CDs. The properties of CDs, such as chemical
behaviour, chemical structure, orientation, photoluminescence and
quantum size, depend mainly on the nature of the fabrication
method and the raw materials used [67]. The physicochemical

Fig. 1. Various allotropes of carbon.

Fig. 2. Recent applications of carbon quantum dot-based materials.
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properties of CDs can also be tuned by altering the reaction condi-
tion, temperature, reaction time, precursor and pH of the medium
[68]. Additionally, the fluorescent effects, chemical structure and
physical properties of CDs can be improved by functionalization
of the surface and chemical modification of inorganic and organic
raw materials. Several methods for the fabrication of CDs [97] have
been reported in previous investigations in which ultrasonication,
microwave irradiation, carbonization, and hydrothermal and heat-
ing processes are predominant. Qiao G et al. (2019) used a
hydrothermal process for the fabrication of CDs synthesized using
1,3 phenylenediamine and citric acid as raw materials (Fig. 3) [69].

2. Analysis of the corrosion protection performance of CQDs

2.1. Experimental methods

Traditional experimental methods are used on a large scale to
determine corrosion and its mechanism in metallic materials such
as metals and alloys. Major experimental techniques include
weight loss (gravimetric/mass loss) measurement and electro-
chemical techniques such as potentiodynamic polarization (PDP),
linear polarization (LPR) and electrochemical impedance spec-
troscopy (EIS). Weight loss measurements are likely the most
widely used technique to measure corrosion inhibitors. The weight
loss technique can be easily applied due to its simplicity, ease of
performance, consistency and reliability, and it does not require
well-equipped labs, instruments and chemicals. Corrosion is an
electrochemical reaction based on a redox process that involves
both cathodic and anodic reactions. Electrochemistry is a very
fruitful and important technique to determine a material’s corre-
sponding electrochemical behaviour, kinetics and adsorption
mechanism. EIS is an important tool in electrochemical analysis,
by which the adsorptive nature and interfacial properties of inhibi-
tor molecules can be measured during corrosion inhibition; these
properties include polarization resistance (Rct), double-layer capac-
itance (Cdl) and inhibitor efficiency. Parameters such as the corro-
sion current density (icorr), corrosion potential (Ecorr), Tafel indices,
and cathodic and anodic Tafel slopes (ba, bc) can be calculated by
the same PDP technique.

Shuyum et al. (2020) reported N-doped carbon dots for carbon
steel corrosion in a H2SO4 medium. They applied techniques such
as X-ray diffraction spectroscopy (XRD), transmission electron
microscopy (TEM), Fourier transform infrared (FTIR) spectroscopy
and electrochemical techniques for the evaluation of N-doped
CDs as corrosion inhibitors for carbon steel. They reported a per-

centage inhibition efficiency of 97.8% at 30 mg/L N-CDs according
to PDP analysis. Additionally, in their work, they reported that the
values of ba and bc decreased gradually when the concentration of
inhibitor was increased. The PDP results show that the techniques
were excellent [14].

Similar work has also been reported by Vandana Saraswat and
M. Yadav (2020) in which they used S, N co-doped CDs as potential
corrosion inhibitors for MS in a 1 M HCl electrolyte. Techniques
such as weight loss, electrochemical, XPS, XRD, SEM and AFM were
applied in their investigation. According to the EIS measurements,
CD1 and CD2 exhibited inhibition efficiencies of 94.4% and 90.8%,
respectively, at their optimum concentrations [17]. Surface charac-
terization techniques were used to measure the inhibition effi-
ciency, adsorptive properties and interactions of metal surfaces;
corrosion characterization techniques, FTIR, SEM, EDS, atomic force
microscopy (AFM), X-ray photoelectron spectroscopy (XPS) and
XRD were used. By using these techniques, the morphological
changes of the metal surface in the presence of an acidic solution
were studied before and after the use of the inhibitors. In these
studies, the use of SEM, FTIR and XRD was prominent. The chemi-
cal composition of the metallic surface was studied with the help
of EDS. AFM and XPS techniques were used to study the bonding
energy of the 3D metal surface changes and between the inhibitor
and metal surfaces, respectively. Yuwei et al. (2020) reported the
inhibition performance of N-doped citric acid-based CDs on an
MS surface in a 1 M HCl electrolyte. They reported various tech-
niques for the determination of the inhibition performance of CD
materials, including electrochemical analysis, FTIR, XPS, SEM, and
AFM. The results of the surface characterization techniques show
excellent agreement with other studied techniques [70].

2.2. Theoretical calculation

Experimental methodologies show only the adsorption proper-
ties of an inhibitor. From experimental techniques, it is difficult to
determine which part of the inhibitor molecule is more responsible
for interacting with the metal surface. Molecular modelling and
simulations of the metal surface play a vital role in understanding
the actual atomistic interaction of corrosion.

Quantum- and atomistic-based simulations were performed to
provide deeper insight into the corrosion inhibition mechanism
on the molecular and atomic scales. In this regard, quantum
chemistry-based calculation density function theory (DFT) has
been applied extensively in the last few years. Similar molecular
simulation-based analyses, molecular dynamic (MD) simulations

Fig. 3. Synthetic route of CD fabrication through carbonization and polymerization processes. (Copyright 2019, Elsevier [63]).
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and Monte Carle (MC) simulations, have also been applied. With
the help of DFT, the frontier molecular orbitals (FMOs), the highest
occupied molecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO), can be calculated. Other important global
parameters, such as electronegativity (v), global hardness (ƞ), glo-
bal softness (r), dipole moment (m) and energy gap (DE), can also
be calculated using quantum calculations, and the related expres-
sions are (Eqs. 1–6) [35,71]:

IE ¼ �EHOMO ð1Þ

EA ¼ �E LUMO ð2Þ

g ¼ 1
2
ðIE� EAÞ ¼ 1

2
ð�EHOMO þ ELUMOÞ ð3Þ

r ¼ 1
g

ð4Þ

v ¼ 1
2
ðIEþ EAÞ ¼ 1

2
ð�EHOMO � ELUMOÞ ð5Þ

DN ¼ /� Xinh

2 gFe110
þ ginh

� � ð6Þ

where UFe(110) = 4.82 eV and gFe(110) = 0 eV were used to deter-
mine the fraction of electron transfer (DN). Local reactivity sites
that are electrophilic and nucleophilic attack can also be calculated
by using the Fukui functions (Eq. (7) & (8)) [31]:

Nucleophilic attack ) fþk ¼ Pk N þ 1ð Þ � Pk Nð Þ ð7Þ

Electrophilic attack ) f�k ¼ Pk Nð Þ � Pk N � 1ð Þ ð8Þ
where Pk (N), Pk(N + 1), and Pk (N � 1) are the neutral, anionic, and
cationic Mulliken populations of the molecule, respectively.

Previous research suggests that molecules with higher HOMO
values can easily donate electrons, whereas molecules with low
LUMO values easily accept electrons through an electron-
accepting mechanism [70]. The use of similar, more recent molec-
ular simulations, such as Monte Carlo simulations and molecular
dynamic simulations, provides a theoretical calculation of how cor-
rosion inhibitors in the aqueous phase adsorb on the metal surface.
MD and MC simulations are environmentally friendly, inexpensive,
immerging techniques that determine the orientation and adsorp-
tion nature of the interactions between the inhibitor and the metal.
Molecular dynamics (MD) is a theoretically based molecular mod-
elling system in which the trajectory of a compound can be easily
described by the classical Newtonian mechanism. Through the MD
simulation, the transport properties and equilibrium of the classi-
cal complex body system can be calculated [72]. During the corro-
sion inhibition mechanism, the inhibitor molecule adsorbs above
the metallic surface. During corrosion inhibition, the molecules
adsorb above the metallic surface and protect the surface from cor-
rosion by creating a protective layer. Therefore, the orientation of
the inhibitor on the metal surface is an important consideration.
If the molecule has a flat orientation on the metal surface, it
adsorbs on more areas of the metal surface, while an inhibitor
molecule with a vertical or nonplanar orientation is less efficient.
When the inhibitor molecule adsorbs on the metal surface, energy
develops in the form of heat, that is, it is an exothermic reaction. In
this regard, in the MC simulation, the total energy can be defined as
the sum of the inhibitor energy, deformation energy and adsorp-
tion energy [73] Eq. (9):

Etotal ¼ Einhibitor þ Erigid þ Edef ð9Þ

In a similar MD simulation, the interaction energy between the
molecule and inhibitor molecule is computed with the following
expression [74] Eq. (10):

Einternal ¼ Etotal � Esurface þ Esolution þ Emolecule
� � ð10Þ

where each rotation contributes to the binding energy of the
metal/molecule system, and the binding energy can be regarded
as the negative of internal energy of the system; it can be expressed
as [74] Eq. (11):

EBinding ¼ �Einteraction ð11Þ
Similarly, the more important energies of a complex system,

including the torsion energy (Etorsion), bond length energy (Ebond)
and van der Waals energy (Evander), can be calculated from the
MD simulation.

Quantum calculations and molecular modelling of carbon quan-
tum dots (CDs) are not possible because CDs are zero-dimensional
(0 D), but due to the organic complex molecules involved in the
fabrication of CDs, their DFT, MD and MC simulation is possible.
Lio et al. (2020) studied the anti-corrosion properties of N-CD-
doped three materials in steel corrosion. They reported the EHOMO

(�0.1462 eV), ELUMO (�0.0843 eV) and DE (0.0619 eV) of the N-
CDs obtained from the DFT calculation, as well as the 188. 47
kJmol�1 obtained from the binding energy. Analysis of both the
DFT and MD simulations shows that higher HOMO and EBinding
energies of N-CDs resulted in the excellent inhibition properties
of inhibitor molecules [75]. Relevant work has also been reported
by Y. Ye et al (2020) in which they used ascorbic acid- and t-
histidine-based NCD-doped materials for metal protection against
corrosion in HCl electrolytes. They reported a higher value of EHOMO

�0.1481 eV and binding energy (Ebinding) 190.85 kJ.mol�1 for N-CD
materials among all studied systems [76]. Fig. 4 indicates that the
HOMO is more localized towards more electron-rich centres,
whereas the LUMO is localized towards the electronegative and
electron accepting groups.

3. Main part

3.1. CDs as corrosion inhibitors in the acidic solution

In the gas and oil industry, acidification is used to remove cor-
rosion deposits inside metal pipes. During these processes, a more
acidic solution (HCl and H2SO4) was used for acidification. As a
result, the surface of metal materials were substantially corroded.
Corrosion inhibitors were added to the acidification solution to
protect the metal material from corrosion destruction. Currently,
several types of corrosion inhibitors are used. Among them, CD cor-
rosion inhibitors are more efficient and environmentally friendly.
Recently, some research works related to CD corrosion inhibitors
have been investigated (Table 3). For example, Vandana Saraswat
andMahendra Yadav synthesized S, N co-doped (CD1) and N doped
(CD2). Their chemical structure was confirmed by TEM, Raman
spectroscopy and FTIR analysis. The dimensions of CD1 and CD2
were between 1.63 nm and 2 nm. The protection degree of CD1
and CD2 for mild steel in 15% HCl was investigated by electro-
chemical, gravimetric and surface morphology analysis. It was con-
firmed that these CDs are environmentally friendly corrosion
inhibitors; the maximum inhibition performances of CD1 and
CD2 were 96.40 and 90.00% at 100 ppm, respectively. The obtained
Langmuir adsorption isotherms confirmed the physisorption beha-
viour of selected CD inhibitors. The XPS results suggested that the
heteroatoms of the selected CDs bind on the MS surface; this action
is mainly responsible for the inhibition performance [17]. Cao et al.
introduced N-doped functionalized carbon dots (N-CDs), which can
act as excellent and environmentally friendly inhibitors. The elec-
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trochemical cathodic hydrogen evolution and anodic steel dissolu-
tion were importantly reduced by the presence of these NCDs. The
Langmuir adsorption isotherms suggested that the N-CDs adsorb
onto the steel surface by forming a barrier against corrosive spe-
cies. Graphitic N is responsible for physical adsorption, while
chemisorption is carried out through the pyridine and pyrrole-
like N atoms [14]. JieLv et al. synthesised new N-doped carbon dots
(cdh-CDs) from low-cost products such urotropine, citric acid, and
diethylenetriamine by microwave synthesis methodology. This
method resulted in economically efficient cdh-CDs for use as corro-
sion inhibitors for the gas and oil industry. The study also stressed
that the cdh-CDs are excellent anti-corrosion resistance molecules
for steel materials in highly acidic, corrosive solutions, and that
they also have water solubility, biocompatibility, low toxicity and
are good optical agents [77]. Cui et al. used the microwave method
to synthesize new nitrogen-doped carbon dots (NCDs) from citric
acid monohydrate (CA�H2O) and ethanolamine (EA). The electro-
chemical and weight loss methods demonstrated the excellent
inhibition performance of NCDs. The presence of pyrrolic N in
the N-CDs was mainly responsible for the inhibition action because
the paired electrons in the nitrogen atoms are transferred to vacant
d-orbitals of iron. As a result, the N-CDs strongly adsorbed on the
metal surface to form a protective film, which can maximally insu-
late the metal surface from the corrosive solution and block the
corrosion destruction of the metal surface [78]. Liu et al. intro-
duced three new N-doped carbon dot (N-CD) inhibitors for steel
metal samples in an acidic medium. It was found that (i) the max-
imum inhibition protection degrees of N-CDs were 94.23% (150℃),
97.43% (180 ℃) and 90.32% (210 ℃) at 200 mg/L; (ii) N was suc-
cessfully doped into the carbon dots in the form of pyridine-like
N, pyrrole-like N and graphitic N, which are attributed to an
increase in the inhibition performance; (iii) MD simulation calcula-
tion indicated that the N-CDs were strongly adsorbed at steel/solu-
tion interface in a parallel way [75]. Cen et al. first investigated the
inhibition performance of new N and S co-doped carbon dots (N,S-
CDs) for 5052 aluminium alloys in a more aggressive acidic med-
ium. The obtained results confirmed that the N,S-CDs were excel-
lent corrosion inhibitors for aluminium metal at low
concentrations in acidic environments. The corrosion resistant film
was formed on the aluminium surface by the diffusion and

agglomeration of N,S-CDs. Zeta potential analysis shows that the
N,S-CDs are more stable in acidic media. It was also found that
the nanoscale size of the CDs influenced the inhibition perfor-
mance, which means that the velocity of the CDs decreased as
the size increased [79]. Qiang et al. introduced new CDs for copper
metal in acidic media. An anti-corrosion barrier of CDs on the
metal surface was formed, resulting in the transportation of corro-
sion processes being blocked. It was found that (i) the studied CDs
are cathodic inhibitors; (ii) the CDs electrostatically interact with
the copper surface; and (iii) the mechanism of anodic (copper dis-
solution) and cathodic reactions (oxygen reduction) is influenced
by the presence of CD corrosion inhibitors [80]. In subsequent
research work, new nitrogen-doped carbon dots (NCDs) were syn-
thesized using p-phenylenediamine (p-PD) and o-
phenylenediamine (o-PD), which were ultrasonically dissolved in
ethanol and then transferred into poly(tetrafluoroethylene) auto-
claves. Finally, the reaction products were cooled to form p-CDs
and o-CDs [81]. It was also indicated that the anodic current den-
sity was notably reduced in the presence of CDs. The p-CDs and o-
CDs adsorbed on the steel surface by physical and chemical
adsorption mechanisms. The p-CDs and o-CDs contained more
nitrogen and aromatic rings, in which paired p-electrons and delo-
calized p-electrons were located. These properties are mainly
responsible for the inhibition performance. Zhou et al. used a
new micro-zone electrochemical exfoliation method for the
large-scale fabrication of nitrogen-doped carbon quantum dots
(N-CQDs) from a prebaked carbon anode (PCA) in ammonium
bicarbonate electrolyte. This inhibitor is more efficient for copper
surfaces in acidic media. It was also indicated that (i) the
corrosion-electrochemical processes were controlled in the pres-
ence of corrosion inhibitor; (ii) N-CQDs reacted with the copper
ions to form an active complex (N-CQDs/CuxO), which rapidly
deposited on the metal surface; and (iii) it was easier to form a
compact protective film of N-CQDs/CuxO due to the decreased
steric hindrance and increased activity of the O and N atoms
[82]. A new N-based CD corrosion inhibitor was synthesized
through the hydrothermal method in n-butylamine and
methacrylic acid precursors [83]. It was found that the corrosion
current density the electrochemical impedance dramatically
increased in the presence of N-based CD corrosion inhibitors. This

Fig. 4. The optimized geometry, LUMO and HOMO distributions of inhibitor molecules (a)(b)(c) CA, (d)(e)(f) L-His, (g)(h)(i) N-CDs (COPYRIGHT @ ELSEVIER 2020).
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Table 3
CDs as corrosion inhibitors in the acidic solution.

SN Name Acidic
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism (isotherm
and type)

Ref.

Carbon
quantum dots
CD1 and CD2

15% HCl Mild
steel

Structural characterization of CDs was analysed by the
TEM and FTIR; Raman spectroscopy was performed to
examine the various states of the CDs; Gravimetric,
kinetic, thermodynamic, EIS PDP, XPS, SEM and AFM
methods were used to analyse the inhibition
performance.

g % of CD1 and
CD2 at
100 ppm is 96.4
and 90.00%,
respectively at
303 K

The values of DGads and DHads

suggested that the adsorption of CDs
is physisorption. A Langmuir
isotherm was used.

[17]

Nitrogen-doped
functionalized
carbon dots (N-
CDs)

0.5 M
H2SO4

Carbon
steel

FTIR, UV–vis, XRD, and TEM analysis were used for the
structural analysis of N-CDs. EIS and PDP were
performed to analyse the electrochemical properties
of N-CDs on the metal surface. The corrosion
morphology was tested by AFM, SEM and XPS. The
adsorption type and inhibition mechanism were also
studied.

g % of 97.8% at
N-CDs 298 Kat
30 mg/L.

Langmuir, Freundlich, Temkin and
Frumkin,
models were examined. Physical and
chemical
adsorption occurred at the
steel/solution interface.

[14]

3. N-doped
carbon
dots (cdh-
CDs)

1 M HCl Carbon
steel

FTIR, UV–vis, XRD, and TEM analysis were used for the
structural analysis of cdh-CDs. Static weightless, PDP,
EIS and adsorption isotherms were performed to
analyse the inhibition characteristics.

g for cdh-CDs
accounted for
81.2% at 600
ppm.

The interaction between the CDs and N80
carbon steel surface involves chemical
and physical adsorption and follows
Langmuir isotherm.

[77]
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Table 3 (continued)

SN Name Acidic
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism (isotherm and
type)

Ref.

4. Nitrogen-
doped
carbon
dots
(NCDs)

0.1 M
HCl

Q235
carbon
steel

Micro-FTIR for functional analysis; SPM and TEM for
surface morphology analysis; XPS for elementary
composition analysis; EIS and PDP for electrochemical
tests; Weight loss method for thermodynamic
measurements. Effect of temperature and
concentration, adsorption isotherms and possible
inhibition mechanisms were also studied.

g for NCDs
was 89.98% at
500 ppm with
303 K.

The Langmuir adsorption isotherm was
employed for the adsorption of NCDs on
Q235 carbon steel, which involves
chemisorption
and physisorption. NCDs are mixed-type
inhibitors.

[78]

1. 5. Three
kinds of N-
doped
carbon
dots
(N-CDs)
inhibitors

1 M HCl Steel The structure of N-CDs was confirmed by the
FTIR and UV–vis. Surface-functional analysis
was performed by the XRD, Raman and XPS,
TEM and SPM used for the surface morphology.
Electrochemical behaviour, corrosion rate and
morphology analysis and adsorption type
analysis were also performed. The molecular
simulation calculation employed for the
theoretical characteristics.

g of N-CDs were
94.23% (150 0C),
97.43% (180 0C) and
90.32% (210 0C) at 200
mg/L, respectively.

The adsorption film was formed by
a
physicochemical interaction,
which obeyed the Langmuir
adsorption model.

[75]

N and S co-
doped
carbon
dots (N, S-
CDs)

0.1 M
HCl

5052
Aluminium
alloy

The surface morphology of the corrosive and
inhibited solution was characterized by the XPS,
SEM, IFM, FTIR and AFM. Weight loss, OCP, PDP
and EIS were performed for the inhibition of N,
S-CDs. The stability of nanoparticles in solution,
the effect of the nanoscale size on inhibition
and the inhibition mechanism were also
investigated.

g of N, S-CDs
achieved 85.9% at 5
mg/L.

– [79]

(continued on next page)
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Table 3 (continued)

SN Name Acidic
solution

Metal
sample

Investigations/Techniques Maximum protection
degree (g)

Adsorption mechanism
(isotherm and type)

Ref.

2. 6. N-doped
carbon
dots
(NCDs)

0.5 M
H2SO4

Copper The chemical structure of the NCDs was
evaluated by FT-IR, Raman, and XPS, TEM and
AFM were used for the surface morphology.
Polarization curves, impedance tests, the
influence of temperature, weight loss
experiment, adsorption isotherm study and
anticorrosion mechanism were studied.

g of NCDs was 91.1%
at 50 mg/L.

The Langmuir isotherm model
showed a mixed interaction
(physisorption and chemisorption)
at the copper/solution interface,
while chemisorption played a
major role.

[80]

p-CDs and
o-CDs

1 M HCl Q235
carbon steel

The characterization of p-CDs and o-CDs was
performed by the spectroscopic methods.
Potentiodynamic polarization, electrochemical
impedance spectroscopy, adsorption isotherm,
analysis of the immersion time, SEM and EDX
were performed to investigate the inhibition.

g for p-CDs and o-CDs
was greater than 97%
and changed slowly
with
rising immersion
time.

The Langmuir adsorption isotherm
showed that the absorption of the
p-CDs and o-CDs involved
both chemisorption and
physisorption.

[81]

Nitrogen-doped
carbon quantum
dots (N–CQDs)

1.0 mol/
L
sulfuric
acid

Copper HR-TEM and AFM were employed to analyse the morphology
and distribution of N-CQDs. The chemical component and
structure analyses of the N-CQDs were carried out by XPS,
FTIR and Raman spectroscopy. The inhibition performance of
the N-CQDs on copper foil, mechanism of the novel
electrochemical process and inhibition performance of N-
CQDs were researched.

g of N–CQDs
was
96.32% at 150
mg/L.

Mixed type [82]

N doped carbon
dots (N-CDs)

1 M HCl Q235
steel

Characterization of N-CDs
FTIR, UV–vis, Raman and XPS spectra were performed to
characterize the chemical structures of N-CDs. The
electrochemical study, surface analysis, weight loss
measurement and adsorption isotherm were performed.

g of N-
CDs was
94.96% at 200
mg/L.

The Langmuir adsorption
model showed that the
adsorption type was
physicochemical interaction at
the metal/solution interface.

[83]
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Table 3 (continued)

SN Name Acidic
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism
(isotherm and type)

Ref.

Functionalized
carbon dots
(FCDs)

1 M HCl Q235
steel

Structural analysis of FCDs, morphology analysis of FCDs, OCP
analysis, EIS analysis, Tafel analysis, SVET analysis, corrosion
morphology analysis, corrosion rate analysis and adsorption
isotherms were performed.

g of FCDs
was over 90%
at 100 mg/L.

The Langmuir adsorption
model was used.
The adsorption mechanism
was the physicochemical
interaction
at the steel/solution interface.

[84]

N-doped carbon
dots (CDs)

1 M HCl Q235
steel

FTIR, UV–vis and XPS analysis of CDs was performed for
functional characterization; TEM and SPM analysis were used
to study the CD surface morphology; open circuit potential
(OCP) analysis, EIS analysis, Tafel analysis, local corrosion
analysis, Zeta potential analysis, weight loss analysis,
corrosion morphology analysis, adsorption type analysis and
protective mechanism analysis were used for inhibition
analysis.

g of CDs was
over 90.9% at
200 mg/L.

The Langmuir adsorption
model was used; the
adsorption type consisted of
chemical
and physical adsorptions at the
steel/solution interface, which
was
also confirmed by XPS
analysis.

[70]

N-doped
carbon
dots

1 M HCl Carbon
steel

The structure was characterized by FTIR, UV–vis, and XPS
spectroscopy. Electrochemical studies, weight loss
measurement, corrosion morphology, product analysis
and adsorption isotherms were performed.

g of N-doped
carbon dots was
93.93% at 200
mg/L.

The adsorption mechanism of the
prepared N-doped carbon dots on a
steel surface involved
physicochemical
interactions, which strictly complied
with the Langmuir adsorption model
in both solutions.

[85]

(continued on next page)
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result is due to the formation of an adsorbed film on the steel sur-
face through diffusion and agglomeration. The chemical and phys-
ical adsorption mechanisms were dominant in these inhibition
activities. In the following works, economically and environmen-
tally efficient CDs were synthesized, and their high inhibition effi-
ciency was confirmed. For instance, functionalized carbon dots
(FCDs) were obtained by the conjugation of citric acid and imida-
zole carbon dots (CA-CDs) in [84]; new N-doped carbon dots
(CDs) were acquired through the pyrolysis of ammonium citrate
at 180 �C for 1, 2 and 3 h [70], new inhibitors (N-CDs) were synthe-
sized by the hydrothermal method in ethyl(methyl)amine and
methacrylic acid precursors [85], N-doped carbon dots (N-CDs)
were formed through the reaction between citric acid and L-
histidine [76], and the functionalization of citric acid-based carbon
dots was modified with imidazole to create new CDs [15]. It was
revealed that the OCP was nearly stable during the immersion
time, showing the stability of the protective CD film on the metal
surface. The CDs were effectively deposited on the metal surface
in the acidic medium, which could protect the metal from corro-
sion destruction. The cathodic and anodic Tafel curves were impor-
tantly changed with the addition of CDs in the acidic medium,

suggesting that the cathodic hydrogen evolution and anodic iron
dissolution were maximally blocked in the presence of CDs. The
solution resistance and polarization resistance were considerably
increased with the CDs, showing that the CDs are good polarization
resistance molecules. XPS results confirmed [97] that c-FeOOH, a-
FeOOH and Fe3O4 and chloride corrosion ions on the metal surface
were removed in the presence of CDs.

3.2. CDs as corrosion inhibitors in the saline solution

Metallic materials are easily corroded in saline environments
because saline solutions contain chloride ions, which are aggres-
sive, corrosive ions. These ions effectively adsorb on metal surfaces
and react with the metal ions to form corrosive deposits. Under-
ground water, sea water, and the aqueous phase of crude oil are
more saline environments. The metallic materials in these sectors
corrode in the saline medium. Currently, several corrosion inhibi-
tors are used as more effective ways to protect metal from corro-
sive saline media. Environmentally friendly, effective and low-
cost corrosion inhibitors are important tasks in modern industry.
Therefore, some research has suggested that CDs can be used for

Table 3 (continued)

SN Name Acidic
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism (isotherm
and type)

Ref.

N-doped
carbon
dots (N-
CDs)

0.1 M
HCl

Q235
steel

The structure of the N-CDs was analysed by FTIR, UV–Vis,
XRF and XPS spectroscopy. OCP analysis, Tafel analysis, EIS
analysis, corrosion rate analysis, corrosion morphology
analysis, corrosion product analysis, Langmuir model
analysis and an MD simulation were carried out.

g of N-CDs was
96.13% at 200
mg/L.

The adsorption methods of these
inhibitors were chemisorption and
physisorption at the steel/solution
interface; the mechanism was
confirmed by the Langmuir model.

[76]

Functionalization
of citric acid-
based carbon dots

1
M
HCl

Q235
steel

The structure was characterized by the FTIR, UV–vis, and
XPS spectroscopy. Electrochemical studies and weight loss
measurements were performed, and the corrosion
morphology, products, and adsorption isotherm were
analysed.

g of N-doped
carbon dots was
91.1% at 200 mg/
L.

The Langmuir adsorption model
shows that the corrosion
inhibition of IM-CDs followed a
physicochemical adsorption
mechanism.

[15]

N-doped carbon
dots

1
M
HCl

Steel The structure was characterized by the FTIR, UV–vis, and
XPS spectroscopy. Electrochemical studies and weight loss
measurements were performed, and the corrosion
morphology, products, and adsorption isotherm were
analysed.

94% at 200 mg/L The Langmuir adsorption model
indicates that the investigated N-
doped carbon dots are mixed type.

[97]
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saline corrosion resistance (Table 4). For example, K. Keerthana and
P. Muhamed Ashraf introduced a new CD corrosion inhibitor for
carbon steel in 3.5% NaCl. The studied CDs had high chemical or
thermal stability, low toxicity, high conductivity and were environ-
mentally friendly corrosion inhibitors. These properties make CDs
more efficient. Chitosan was modified with acetic acid to synthe-
size the CDs. The CV results confirmed that the oxidation peak of
Fe2O3 appeared at �0.35 V in the corrosive medium, while a reduc-
tion peak was observed at �0.90 V. No oxidation and reduction

peaks were obtained in the presence of the CDs, indicating that
the CD inhibitor formed blocked the corrosion on the metal surface
[86]. Yang et al. modified citric acid-based carbon dots (CDs) with
imidazole (IM-CDs) and investigated their inhibition performance
for Q235 steel in saline medium (3.5 wt% NaCl). It was found that
the hydrogen charge on the cathodic site was blocked with the
presence of CDs. As a result, the overpotential of the hydrogen evo-
lution reaction process was increased, and the cathodic process of
acid corrosion was reduced. According to the electrochemical

Table 4
CDs as corrosion inhibitors in saline solution.

SN Name Saline
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism
(Isotherm and type)

Ref.

Carbon nanodots (CDs)
of chitosan

3.5%
NaCl

BIS
2062
carbon
steel

UV–Visible and FTIR, surface morphology studies, DSC
analysis, corrosion inhibition, the surface morphology
of steel coated with CDs, electrochemical studies of
boat building steel and EIS studies were performed.

– – [86]

Functionalization of
citric acid-based carbon
dots with imidazole
(IM-CDs)

3.5%
NaCl

Q235
steel

Characterization of IM-CDs, electrochemical studies,
surface analysis, adsorption isotherm analysis and
weight loss measurements were performed.

g of N-doped
carbon dots was
85.7% at
200 mg/L.

The Langmuir adsorption
model shows the
physicochemical
adsorption of IM-CDs.

[15]

N-doped carbon dots 3.5%
NaCl

Carbon
steel

Structural characterization, electrochemical studies,
weight loss measurement, corrosion morphology
analysis, product analysis and adsorption isotherm
analysis were performed.

g of N-doped
carbon dots was
88.96% at
200 mg/L.

The Langmuir adsorption
model was used. The
physical interaction was
dominant.

[85]

Modification of zinc
molybdenum oxide (ZM) by
carbon quantum dots (CDs)

3.5%
NaCl

Carbon
steel

The structures, morphologies, anti-corrosion performance and
anticorrosion mechanisms were determined.

– – [87]

(continued on next page)
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results, the Tafel curve shifted to the more positive potential direc-
tion in the inhibited solution than in the corrosive solution,
demonstrating that the studied inhibitor greatly influenced the
cathodic electrochemical reactions. The electrochemical results

also showed that the inhibition ability improved with increasing
inhibitor concentration and immersion time. The Gibbs free energy
values indicated the physicochemical adsorption mechanism of the
CDs in saline medium [15]. Ye et al. suggested new CDs based on

Table 5
CDs as corrosion inhibitors in CO2-saturated solutions.

SN Name Corrosion
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption mechanism
(Isotherm and type)

Ref.

1 N-doped
carbon
quantum dots
(N-CQDs)

CO2-
saturated
3% NaCl

N80
steel

Characterization of N-CQDs, weight loss measurements,
surface analysis, potentiodynamic polarization measurements,
SEM analysis and EDS analysis were performed.

g of N-CQDs
was 83.7% at
600 mg/L.

Mixed-type [89]

2 N and S co-
doped carbon
dots (N, S-CDs)

CO2-
saturated
3% NaCl

Carbon
steel

Characterization of N, S-CDs, weight loss measurements, XPS
analysis, SEM analysis, AFM, contact angle measurements,
open circuit potential measurements, potentiodynamic
polarization, electrochemical impedance spectroscopy, and
analyses of the microstate of N, S-CDs on the metal surface and
the inhibition mechanism for N, S-CDs were performed.

g of N, S-CDs
was 93% at
50 mg/L.

N, S-CDs is a mixed-type
inhibitor, more evidently
preventing the anodic
reaction.

[91]

Table 4 (continued)

SN Name Saline
solution

Metal
sample

Investigations/Techniques Maximum
protection
degree (g)

Adsorption
mechanism
(Isotherm and
type)

Ref.

NCD@ZnO MCs 5% NaCl Steel The microstructure and composition of N-CDs, the structure
and release behaviour of NCD@ZnO MCs, the anti-corrosion
resistance of NCD@ZnO MCs, the chemical composition of
corrosive products and the corrosion protection mechanism of
the coatings were analysed.

– – [88]
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nitrogen-containing compounds for steel metallic materials in 3.5%
NaCl. This corrosion inhibitor is more efficient in caustic medium,
showing that the corrosive attack by Cl� was blocked by physico-
chemical adsorption. The CD molecule was easily protonated, and
it electrostatically interacted with the metal surface. The surface
morphology analysis shows that the average roughness was
1.063 mm in the saline medium, while the average roughness was
reduced to 0.763 mm in the presence of CDs, indicating that the
CDs improved the surface morphology by physical adsorption
[85]. Liu et al. modified CDs with zinc molybdenum oxide (ZM)
and investigated its inhibition efficiency for carbon steel in saline
media [87]. This inhibitor contained many amine and hydroxyl
functional groups, which made the CDs more efficient corrosion
inhibitors. This result is due to the chemical interactions of these
functional groups with the metal surface to form rigid chemical
bonds between the metal surface and corrosion inhibitor. As
shown in this research work, the film capacitance, electric double
layer capacitance, film resistance, charge transfer resistance and
solution resistance increased with the presence of the modification
CDs in the saline medium, showing that the CD corrosion inhibitor
has good polarization resistance for steel in the saline medium. The
inhibition efficiency of the CDs was increased by protective layer
shielding and photoelectron suppression. The corrosive attacks of
the aggressive chloride ions and oxygen atoms were blocked with
the formation of a protective film. The electron transportation on
the metal surface was decreased, and as a result, the metal oxida-
tion was reduced. CDs can enhance photoelectrons, and deposition
of a large number of photoelectrons on the surface of steel sub-
strates can effectively inhibit corrosion [88]. Recently, corrosion
inhibitors have been encapsulated in nano-porous materials to
enhance the inhibition performance. For example, Bao et al. syn-
thesized new N-CDs and then capsulated them in ZnO nanocom-
pounds to create NCD@ZnO MCs. The reason for the selection of
ZnO is that ZnO nanocompounds have unique surface chemical
properties and high structural tenability. In this work [88], the cor-
rosion resistance properties of N-CD@ZnO MCs for steel metals in
5% NaCl solution were investigated. It was confirmed that the
CDs with capsulated nanomaterials are excellent corrosion inhibi-
tors in aggressive saline medium.

3.3. CDs as corrosion inhibitors in CO2-saturated solution

Metallic corrosion is a large problem in the aqueous phase of
crude oil for CO2 saturation in the water phase to form a more
acidic medium. In addition, crude oil is a more saline medium.
Therefore, metallic corrosion in CO2-saturated solutions is the big-
gest problem in the chemical industry. At present, several types of
corrosion inhibitors are used for corrosion resistance in CO2-

saturated solutions. Among modern corrosion inhibitors, CDs are
a new trend (Table 5). For example, Li et al. introduced N-doped
carbon quantum dots (N-CQDs) into N80 steel in saturated CO2

3% NaCl solution. The reasons for selecting N-CQDs included their
amorphous solid structure, strong hydrophilicity, low toxicity,
photoluminescence and high water solubility. They were obtained
from urotropine salt, sulfamic acid, ethylenediamine tetraacetate
and disodium. The inhibition performance of N-CQDs was
researched by spectroscopic analysis of the surface, weight loss
and electrochemical methods. As seen in the observed data, (i)
the N-CQDs had more efficient corrosion resistance for N80 steel
in the aggressive medium; (ii) this inhibitor importantly adsorbed
on the metal surface to form the protective film, which insulated
the iron from coming into contact with chloride ions. Surface mor-
phology results suggested that N and S were observed on the sur-
face of the carbon steel, demonstrating that N-CQDs can be
adsorbed on the surface of carbon steel [89]. It was also revealed
that the film capacitance and double-layer capacitance decreased
while the charge transfer resistance rose in the presence of the
N-CQDs. The lone pair electrons in the N-CQDs can coordinate with
the orbitals of iron and air to adsorb on the surface of the carbon
steel. Cen et al. synthesized N,S-CDs and investigated their inhibi-
tion performance for steel metal in CO2-saturated 3% NaCl [90]. The
nitrogen atoms and hydroxyl and amino functional groups of the N,
S-CDs support the chemisorption of inhibitors on the metal sur-
face. The hydrophobic N,S-CD film was formed by agglomeration.
N,S-CDs easily combine through electrostatic interactions and
solid-state reactions due to intermolecular forces (including
hydrogen bonds). Coordinate bonds were formed between the
metal surface and the N,S-CDs through p-electron electron trans-
portation between the d-orbitals and electron-rich nitrogen atoms.

3.4. CDs as corrosion inhibitors for microbiological corrosion

In the gas and oil industry, microbiological corrosion is a contin-
uous problem. The microorganisms in the crude oil and gas corrode
the inside of metallic pipes during crude oil transportation. In bio-
logical corrosion, bacteria are impactful organisms. For example,
sulfate-reducing bacteria in crude oil easily corrode steel pipes
[90]. At present, several antimicrobial methods are used to prevent
metallic materials from undergoing microbiological corrosion.
Chemical and mechanical changes and physical cleaning are the
most commonly used methods in antimicrobial protection [92].
Current research suggests that chemical methods are more effi-
cient than other methods. For instance, using biocides is an effec-
tive chemical method. A low amount of biocides can kill
corrosive bacteria [92,93]. Currently, several types of biocides are
used to protect steel materials from sulfate-reducing bacteria

Fig. 5. Inhibition mechanism of CDs on the steel surface in an acidic medium [14].
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[94]. Sara Taghavi Kalajahi et al. suggested the use of copper
nanoparticle-doped carbon quantum dots (Cu/CQDs) as an anti-
corrosion agent to protect against microbiological corrosion. The
authors confirmed the nanostructure of Cu/CQDs by FTIR spec-
troscopy, XRD, EDS and SEM. In this work, the anti-corrosion per-
formance of Cu/CQDs in sulfate-reducing bacterial solutions was
investigated using electrochemical investigation methods (EIS
and PDP). The obtained results confirmed that Cu/CQDs are more
effective antibacterial agents for X60 steel in sulfate-reducing bac-
terial solutions at 50 ppm. The surface morphology results indi-
cated that the Cu/CQDs formed biofilms on the metal surface,
which could effectively insulate the steel surface from the biocor-
rosion solution and kill sulfate-reducing bacteria [95].

4. Inhibition and adsorption mechanism of carbon quantum
dots

The electrochemical results confirmed that the CDs effectively
influenced both the cathodic and anodic electrochemical reactions.
The values of the Gibbs free energy suggested that the adsorption
of CDs on the metal surface was spontaneous, while the standard
enthalpy showed the endothermic nature of adsorption and inhibi-
tion [81]. Langmuir isotherms indicated that the CDs are mainly a
mixed type of inhibitor, which means that cathodic hydrogen oxi-
dation and anodic iron reduction are considerably blocked with the
presence of CD inhibitors in both acidic and saline media. The sur-
face morphology results suggested that the CDs formed a thin pro-
tective film on the metal surface, which effectively defended the
metal surface from corrosion destruction [82]. Fig. 5 shows the pic-
torial representation of the inhibition processes of N-CDs on the
steel surface in the acidic medium (0.5 M H2SO4). Hydrogen and
sulfate ions are mainly responsible for corrosion processes on the
steel surface. On the cathodic site, hydrogen was oxidized to eval-
uate hydrogen gas. Iron was reduced with sulfate ions to form iron
sulfate salts. The hydrogen evolution and steel corrosion depend
on the H2SO4 concentration and temperature, meaning that the
rise in the concentration and temperature leads to an increase in
the corrosion rate. In comparison [96], the catalytic oxidation
and anodic reduction processes were maximally reduced in the
presence of N-CDs. The N-CDs contained many amino, hydroxyl
and carboxyl functional groups, which easily underwent chemical
interactions with the metal surface through the formation of coor-
dinate bonds. In addition, some heteroatoms of the N-CDs were
protonated by the hydrogen ions to form the protonated form of
N-CDs, which electrostatically interacted with the metal surface.
This adsorption mechanism was physical adsorption; it could sup-
port the inhibition performance of N-CDs. The inhibition mecha-
nism depended on the charge distribution and molecular
structure of the N-CDs. The studied inhibitor contained pyrrole-
like N, pyridine-N, graphitic N atoms and O atoms. The lone elec-
tron pairs of pyrrole-like N and pyridine-N promoted the chemical
interactions of the corrosion inhibitors. The electron pairs were
shared with the vacant 3d orbitals of iron to form covalent bonds.
A shield was built by the carbon-rich hydrophobic structure of the
N-CDs. As a result, the formation of a shield promoted the inhibi-
tion behaviour of the inhibitor by decreasing the corrosive attacks
by sulfate and hydrogen ions [14].

5. Conclusions and future perspectives

In conclusion, CDs are excellent corrosion inhibitors for steel,
copper and aluminium in aggressively acidic, saline, CO2-
saturated saline and microbiological solutions. The electrochemical
results confirmed that the CDs effectively influenced both cathodic
and anodic electrochemical reactions, showing that cathodic

hydrogen oxidation and anodic iron reduction were considerably
blocked in the presence of CD inhibitors in acidic, saline and
CO2-saturated saline media. The values of Gibbs free energy sug-
gested that the adsorption of CDs on the metal surface was sponta-
neous, while the standard enthalpy showed the endothermic
nature of adsorption and inhibition. Langmuir isotherms showed
that the CDs were mainly mixed-type inhibitors. The SEM and
XPS results suggested that the CDs formed a stable protective film
on the metal surface, which significantly defended the metal sur-
face from corrosion destruction. The CDs contained more pyrrole-
like N, pyridine-N, graphitic N atoms and O atoms, in which the
lone electron pairs were mainly responsible for the inhibition per-
formance of CDs. It has also been reported that CDs are more effec-
tive antibacterial agents for steel in sulfate-reducing bacterial
solutions at 50 ppm. The surface morphology results signified that
the CDs formed biofilms on the metal surface, which could effec-
tively insulate the steel surface from the bio-corrosive solution
and kill the sulfate-reducing bacteria. In the near future, CDs could
play an important role in corrosion inhibitors because they are
more efficient at low concentrations and are easily synthesized
from low-cost local products. In addition, CDs have good water sol-
ubility, biocompatibility, low toxicity, excellent antibacterial prop-
erties, chemical stability, high thermal activity, and
nonflammability. These properties could enable CDs to become
dominant corrosion inhibitors in the near future.
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a b s t r a c t

Application of organic compounds as corrosion inhibitors, particularly heterocyclic compounds, is one of
the most economical and effective corrosion mitigation methods of steel alloys. These compounds
become effective by forming a corrosion inhibitive hydrophobic film over the metallic surface. The cor-
rosion inhibition potential of these compounds depends on numerous factors, including substituents pre-
sent in their molecular structures. Literature investigation suggests that these compounds become
effective by blocking the active sites (responsible for the corrosion) through their adsorption using their
electron-rich polar functional groups and multiple bonds. Adsorption of these compounds on the metallic
surface mostly follows the Langmuir adsorption isotherm model. Generally, these compounds act as
mixed- and interface-type corrosion inhibitors as they retard both anodic and cathodic Tafel reactions
and increase the value of charge transfer resistance, respectively. The present review article features
the collection of reports on the inhibition of steel corrosion using different families of organic com-
pounds. Other aspects of corrosion, such as the form of corrosion and its mitigation using experimental
and computational methods, have also been discussed.

� 2021 Elsevier B.V. All rights reserved.
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1. Introduction

This review of heterocyclic compound derivatives as corrosion
inhibitors is designed to provide insights into the processes and
mechanisms that inhibit corrosion. General information about cor-
rosion electrochemistry, their type and mitigation methods, com-
monly used classes of organic inhibitors, heterocyclic
compounds, specially Schiff base, thiourea, urea, amino alcohols,
and sulphonamide used as corrosion inhibitors for various metals
and alloys, various factors that affect their performance in various
aggressive environments, and future outlook are provided.

2. Basics of corrosion: Consequences and economic impact

Corrosion, together with its mitigation, is a long-lived and fasci-
nating topic. Due to their interactions with their environments, the
deterioration of material resources is inevitable. Although mainly
concerned with metallic materials, all materials such as ceramics,
polymers, and composites are susceptible to corrosion [1]. It is
one of the most prevalent types of material deterioration that pre-
sents tremendous challenges across industries and affects our

health. In addition to its impact on the emergence of advanced
and essential technologies, the perplexing challenge of degradation
threatens to cost society quite terribly. Therefore, corrosion, like
mortality and taxation, is a certain thing that needs to be avoided.
The main reason for corrosion is the lowering of the Gibbs energy
of a system. The production of almost every metal adds energy to
the system. As a result of this strenuous thermodynamic struggle,
the metal displays an intense drive to revert to its native, low
energy oxide state i.e., corrosion (Fig. 1).

As it is an unavoidable phenomenon, viable alternatives (meth-
ods of corrosion control) are applied to constrain its progress
towards the equilibrium state. Therefore, the rate of the approach-
ing equilibrium is always of concern which depends on the nature
of the metal surface and the atmosphere.

2.1. Economic and social impact of corrosion

Corrosion topic has a potential interest in various groups of peo-
ple, including pure scientists, engineers, architects, economists,
health authorities, and environmentalists, as it has many severe
repercussions for society, including (i) economic (ii) safety (iii)

Fig. 1. Corrosion cycle of steel.
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health (iv) technological (v) cultural (vi) environmental and (vii)
metal resource conservation. Economic losses and environmental
effects are the primary factors for recent corrosion studies. Several
incidents that resulted from corrosion failure are widely docu-
mented that caused tremendous losses of safety, economic, and
fatality. Many of the incidents that are well known are Wing lift
strut assembly failure and collision with terrain (Kenora/Ontario;
30 Mar. 2019), Eurocopter EC135T1 accident (Cayman Islands; 26
Feb. 2019), pipeline rupture and fire (Prince George/British Colum-
bia; 9 Oct. 2018), in-flight engine shutdown (Los Angeles/Califor-
nia; 20 Apr. 2017), rupture of an underground transmission
pipeline (Tekamah/Nebraska; 17 Oct. 2016), Oil spills (Santa Bar-
bara/California; 19 May 2015), The fall of railway traffic lights
(Newbury/England; 17 Nov 2014), Landing of a Jetstream away
from the runway (England; 15 Aug 2014), Damage of a turbine
engine (England; 24 June 2013), Carlsbad pipeline explosion acci-
dent (New Mexico; 19 Aug. 2000), Sinking of the Erika (Brittany/
France; 12 Dec.1999), Gaylord Chemical Explosion (Louisiana; 23
Oct. 1995), EL AL Boeing 747 crash (Amsterdam/Netherlands; 4
Oct. 1992) [2].Guadalajara sewer explosion (New Mexico; 22 Apr.
1992), Aloha Boeing 737 airlines accident (US; 18 Apr. 1988), Bho-
pal MIC release casualty (India; 2–3 Dec. 1984) [3] and Silver
Bridge Collapse U.S. (US; 15 Dec. 1967), etc. [4]. The loss of human
life was accountable for most of these accidents. Also, corrosion is a
significant economic issue across all sectors of the manufacturing,
refining, and transport of many commercial goods and machinery
worldwide. Many countries have performed corrosion expense
analyses to determine the economic consequences of corrosion. A
common finding was that corrosion loss sustained by industries,
municipalities, and militaries amounted to billions of dollars annu-
ally. Uhlig presented the first significant report on the cost of cor-
rosion in 1949, where the annual cost of corrosion was estimated
to be US$5.5 billion [5]. In the late seventies, the first systematic
landmark research on damages due to metallic corrosion was con-
ducted in the USA in 1978. It found that the overall loss due to cor-
rosion was $70 billion, which constituted 4.2% of that year’s gross
national product[6]. In 2002, another breakthrough report was
published by the U.S. Federal Highway Administration (FHWA),
which measured the direct costs associated with metallic corrosion
in the US manufacturing sector.

The study was initiated by NACE International and had the
mandate of the US Congress. The gross annual direct corrosion cost

was found to be $276 billion, which is around 3.1 percent of the
GNP of the country [7]. Total yearly costs in the U.S. in 2013 were
estimated at over $1 trillion[8]. As measured by NACE International
in 2016, global economic losses due to corrosion have been stated
to be $2.5 trillion in recent publications, which is around 3.5% of
world GDP[8]. Studies show that adequate corrosion protection
could avoid 25–30% loss. Poorly designed infrastructure schemes
will contribute to the need to rebuild a corroded structure that is
a waste of natural resources and contrary to global sustainability
issues. Economic impacts also influence technology. Corrosion
issues are holding up much of the advancement of modern tech-
nologies because materials are needed to sustain, in many situa-
tions concurrently, higher temperatures, higher pressures, and
more highly corrosive conditions. Owing to leakage from perfo-
rated tanks, drums, and pipelines, degradation often contributes
to environmental pollution. If the number and length of oil, gas,
water, and sewage pipelines increases, more and more pollution
of this sort can be expected. The impact of oil leaks due to the cor-
rosion of pipelines on wildlife is also horrific. The various factors
affecting the cost of corrosion are shown in Fig. 2:

2.2. Various forms of corrosion

(a) Uniform Corrosion: It is the simplest form of corrosion that
typically takes place evenly over vast areas of the surface
of a material It is monitored and estimated relatively
quickly, rendering disastrous failures quite unlikely. Its con-
trol can be directed by the cathodic protection, coatings, or
paints. The acoustic emission system, and electrical resis-
tance (ER) method, etc., can detect this form of corrosion[9].

(b) Localized corrosion:Localized corrosion is characterized as
the type of corrosion in which an intensive attack on the
metal surface at localized sites occurs. Practically, localized
corrosion occurs due to heterogeneities either in the mate-
rial or in the environment to which a material is exposed.
Localized corrosion penetrated the metal rapidly. Common
forms of localized corrosion are pitting, inter-granular corro-
sion of an alloy with a susceptible grain boundary region
[10,11] (Fig. 3). Spillage from chemical processing equip-
ment, storage vessels and pipelines of flammable or explo-
sive chemicals may lead to a significant eruption or fire
incident with casualties.

Fig. 2. Factors affecting the cost of corrosion.
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(c) Pitting Corrosion:Pitting, as one of the most aggressive forms
of corrosion, can be difficult to predict, and detect. This type
of corrosion happens where a local anodic or cathodic point
forms a corrosion cell with the surrounding environment.
The developed Pitt creates a hole or cavity that usually
deforms the material in a vertical position from the top. Pit-
ting corrosion can be triggered by a fracture in the oxide
layer or a protective coating and can also be exacerbated
by non-uniformity in the metal composition. Despite caus-
ing relatively minor metal damage, this hazardous type of
corrosion can cause a framework to collapse [12]. Pitting
on metals can be avoided by using materials that are resis-
tant to pitting in the specific environment, reducing chloride
concentrations in the service environment, controlling the
temperature of the indoor environment so that it does not
achieve the crucial pitting temperature for the material,
developing anodic/cathodic systems, applying a protective
coating to metallic surfaces, and polishing the surfaces if
they are accessible.

(d) Crevice Corrosion: This type of corrosion can be attributed to
environments where oxygen is limited, such as under wash-
ers or bolt heads. Localized corrosion is typically caused by
ion concentration differences between two metal sites. Oxy-
gen circulation is interrupted by the stagnant microenviron-
ment, which inhibits re-passivation and causes the stagnant
solution to build up, shifting the pH balance away from neu-
tral. Corrosion rates are raised due to the imbalance between
the crevice and the rest of the material. Crevice corrosion is
affected by four main factors: (1) crevice nature (2) crevice

shape (3) substrate (4) climate. While crevice corrosion hap-
pens at lower temperatures than pitting corrosion, it can still
be dangerous [11].

(e) Galvanic Corrosion: It is also described as bimetallic corrosion
and usually happens when a typical electrolyte is dissolved
in or when a metal is exposed to different electrolyte con-
centrations. As two metals are immersed together, the more
active metal (the anode) quickly corrodes than the more
noble metal. The galvanic series defines which metals cor-
rode more efficiently, which helps shield a structure from
corrosion using a sacrificial anode. In order to reduce/pre-
vent galvanic corrosion, numerous methods were available,
including: (a) choosing metals/alloys in the galvanic series
as near as possible. (b) prevent a negative area effect caused
by a small anode and a large cathode c) Whenever possible,
insulate dissimilar metals. (d) cautiously apply the coatings
(e) stop threaded joints in the galvanic series with compo-
nents far apart [13].

(f) Dealloying: The fundamental definition of dealloying is the
selective corrosion of one or more components of a solid
solution alloy. This type of corrosion leads to loss of struc-
tural ability and mechanical strength. It’s also known as
selective leaching or selective parting. Decarburization,
decobaltification, denickelification, dezincification, and gra-
phitic corrosion are also forms of dealloying. Decarburization
is the preferential depletion of carbon from a carbon-
containing alloy’s surface layer due to a reaction in a med-
ium that touches the substrate with one or more chemical
substances. Denickelification is the preferential nickel leach-

Fig. 3. Differentforms of corrosion.
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ing from alloys containing nickel. The most notable example
is copper-nickel alloys that have been exposed to fresh
water for a prolonged period. Dezincification is the preferen-
tial leaching of zinc from zinc-containing alloys. Example-
copper-zinc alloys containing less than 85% copper after
extended service in water containing dissolved oxygen.
Decobaltification is selective cobalt leaching from cobalt-
base alloys, such as Satellite or cemented carbides.

(g) Graphitic corrosion is the degradation of gray cast iron that
selectively leaches or transforms the metallic constituents
into corrosion materials, leaving the graphite unaffected.
Graphitic corrosion should not be misunderstood, with
another concept being used to characterize the accumula-
tion of graphite in iron or steel, usually owing to the disinte-
gration of iron carbide at higher temperatures. Various
metals and alloys have distinct electrochemical potentials
(or corrosion potentials) in the same electrolyte. Several dif-
ferent alloying elements in modern alloys show particular
capacities for degradation. The driving force for the prefer-
ential attack on the more ‘‘active” component of the alloy
is the potential discrepancy between the alloying elements.
In the case of brass dezincification, zinc is preferentially lea-
ched from the copper-zinc alloy, leaving behind a porous
and brittle copper-rich surface layer. The approaches like
(i) selecting metals/alloys that are more resistant to dealloy-
ing, (ii) controlling the environment to minimize the selec-
tive leaching, and using sacrificial anode cathodic
protection or impressed current cathodic protection can be
used to prevent dealloying, selective leaching, and graphitic
corrosion.

(h) Intergranular Corrosion (IGC): Intergranular corrosion hap-
pens when the grain boundaries that develop during an
alloy’s solidification accumulate contaminants. The enrich-
ment or degradation of an alloying material at the grain
boundaries may also be induced. This form of corrosion hap-
pens around or adjacent to the grains, despite the majority of
the substance being untouched, impacting the mechanical
properties of the metal. Using low grades carbon stainless
steel, stabilized grades alloyed with titanium or niobium,
and post-weld heat treatment, IGC can be avoided [14].

(i) Stress Corrosion Cracking (SCC): SCC occurs due to mechanical
stress and a corrosive environment combined. SCC refers to
the development of cracks attributable to an aggressive
media, which, particularly at high temperatures, can con-
tribute to the failure of ductile metals when subjected to
tensile stress. This form of corrosion is more prevalent
among alloys than with pure metals. It depends on the par-
ticular chemical environment where only small amounts of
active chemicals are needed for devastating cracking.

(j) Corrosion Fatigue: It is triggered by corrosion and cyclic
stress combined. The passive protective film is believed to
crack due to fatigue, which accelerates deterioration. Failure
may occur at even low temperatures if the metal is still sub-
jected to a corrosive environment. The fatigue fracture is
fragile, and the fractures are most commonly trans-
granular but not branched, as in stress-corrosion cracking.
The corrosive condition will induce faster crack growth
and/or crack growth at a lower stress level than in dry air.
No metal is resistant to cyclic stress tolerance if the metal
is in a corrosive environment. Corrosion fatigue can be con-
trolled by decreasing cyclic stresses or using corrosion pre-
vention steps such as (i) decreasing fatigue by minimizing
vibration and pressure fluctuation, (ii) using corrosion-
resistant high-performance alloys, and (iii) using corrosion-
resistant coatings and additives to postpone the initiation
of corrosion fatigue cracks.

(k) Hydrogen Embrittlement: Hydrogen embrittlement is com-
monly recognized as hydrogen-assisted/induced cracking.
It is a process resulting in a decrease in the toughness or
ductility of a metal due to themetal’s adsorption of hydrogen
atoms or molecules. The degree of embrittlement is affected
by the amount of hydrogen adsorbed and the material’s
microstructure. Conventionally, hydrogen embrittlement is
already known to be of two kinds. The first one is internal
hydrogen embrittlement, emerges when the hydrogen
reaches molten metal, and soon after solidification becomes
supersaturated. The second one is environmental hydro-
gen embrittlement which happens due to the adsorption of
hydrogen by metal.

Environmental hydrogen embrittlement is divided into several
categories: blistering, internal cracking, hydride formation, and
decreased ductility in the absence of residual stress or external
loading. Hydrogen embrittlement can be prevented through (i)
minimizing cyclic stress, (ii) selecting the correct shape of critical
sections, (iii) avoiding internal stress, (iv) avoiding the hydrogen
source, (v) Increasing natural frequency for reduction of resonance
corrosion fatigue, (vi) baking to remove hydrogen and (vii) limiting
the corrosion factor in the corrosion-fatigue process such as more
resistant material / less corrosive environment.

(l) Erosion Corrosion: Erosion-corrosionis also known as
impingement or water drop corrosion. The acceleration or
increase in attack on a metal caused by variations in the
velocity of a corrosive fluid and the metal surface is known
as erosion-corrosion. is a serious problem since it keeps
the active state of magnesium at low pH values or prevents
the formation and stability of the passive layer in alkaline
solutions. Preventive measurements of erosion-corrosion
and fretting fatigue corrosion include better passive surfaces
that can be achieved by inhibitors, surface treatments, and
selected coating to improve wear resistance and wear corro-
sion of Mg alloys.

2.3. Corrosive environments:

Since the corroded state is the more stable state, almost all
environments can cause corrosion. The examples of some environ-
ments are air, soil, solvent, fresh, distilled and saltwater, petroleum
oils, steam and other gases like ammonia, chlorine, sulfur dioxide,
hydrogen sulfide, mineral acids like hydrochloric acid, sulphuric
acid, and nitric acid, organic acid like naphthenic acid, formic
and acetic acid. The understanding of corrosion is as ancient as
mankind’s knowledge of metals, but the systematic research to
explain the process of corrosion started at the beginning of the
nineteenth century. Whitney has suggested the most appropriate
electrochemical hypothesis [15] and subsequently by Cushman
[16], which could explain most metals’ corrosion behavior and
was universally accepted. According to this principle, heterogene-
ity on the surface of the metal induces the development of galvanic
cells, which is a precursor for corrosion. This implies the non-
corrodibility of ultra-pure metals.

2.3.1. Mechanism of corrosion
All types of corrosion arise by the action of the electrochemical

cell, except for some kinds of high-temperature corrosion (Fig. 4).
Four parts of an electrochemical cell are [17].

(i) Anode (the location where corrosion takes place)
(ii) Cathode (no corrosion)
(iii) Electrolyte (soil, water, moisture etc.,)
(iv) Electrical connection between cathode and anode
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In a corrosion cell, electrons flow through a metallic path from
sites where anodic reactions are occurring to sites where they
allow cathodic reactions to occur. To regulate the movement of
electrons, ions (charged particles) flow through the electrolyte.
Negatively charged ions from cathodic reactions flow toward the
anode, and positively charged ions from the anode itself flow
toward the cathode. The anode corrodes, and the cathode does
not [18,19]. The overall corrosion process is a chemical reaction
that reflects spontaneous oxidation of the metal by reaction with
the cathodic reactant. These cell reactions are the outcome of a pair
of anodic and cathodic reactions on the corroding surface that
occur concurrently at equal speeds.

On anodic and cathodic sites, oxidation and reduction reactions
occur to a greater degree independent of each other. Anodic and
cathodic sites appear spontaneously on the surface of the metal
and appear to move across the entire body, causing consistent cor-
rosion. At the anodic and cathodic sites, the following responses
occur:

(i) Anodic reaction

The anodic reaction (electron releasing) involves only the
metallic phase and always leads to the dissolution of metal and
the formation of corresponding metal ions, which pass into the
solution.

M ! Mnþ+ne� ð1Þ

(ii) Cathodic reaction

Several different cathodic reactions (electron consuming) are
possible and the one that occurs is determined by the environment
near the metallic phase.

The most common are:
(i) Acidic aqueous environment and in the absence of dissolved

O2

2H3Oþ + 2e�!H2 "+ 2H2O ð2Þ
(ii) Acidic aqueous environment and in the presence of dis-

solved O2

2H3Oþ + 1/2 O2 + 2e�!3H2O ð3Þ

(iii) Alkaline aqueous environment and in the absence of dis-
solved O2

2H2O + 2e�!H2 + 2OH— ð4Þ
(iv) Alkaline aqueous environment and in the presence of dis-

solved O2

H2O + 1/2 O2 + 2e�!2OH— ð5Þ

2.3.2. Factors affecting the rate of corrosion
Several factors influencing the rate of corrosion [20] are dis-

cussed briefly in the section given below:

(i) Position of metals in electrochemical series: More reactive
metal tends to lose electrons and corrode more readily.

(ii) Presence of electrolytes: The dissolved salts in water act as an
electrolyte. The presence of electrolytes in water increases
the rate of corrosion

(iii) Impurities in metals: speed the rate of metal corrosion. The
presence of impurities in metals leads to tiny electrochemi-
cal cells, and therefore corrosion occurs.

(iv) The concentration of oxygen: the rate of corrosion accelerates
with increasing oxygen supply. The regions with less oxygen
concentration act as an anode, and the regions with more
oxygen concentration become the cathode. Therefore, corro-
sion occurs.

(v) The temperature difference: Since the corrosion process is
electrochemical, increasing the temperature usually
increases the corrosion rate. During the heating, the particles
in the metal move faster as they gain energy and collide
more frequently. Therefore, the corrosion rate proceeds
more quickly in a warm environment than in colder ones.

(vi) Potential difference: more significant difference in electrode
potential between two metals leads to a higher corrosion
rate.

(vii) Velocity: Motion generally increases total weight loss by sup-
plying the corrosives faster. As light motion often makes the
environment more uniform and thereby makes corrosion
more uniform and prevents local attacks. On the other hand,
a more violent activity may set up turbulence, possibly
introducing non-uniform conditions and causing pitting.
Therefore, the effect of velocity on pitting and local attacks
will differ in various cases.

Fig. 4. An electrochemical cell.
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(viii) Corrosive concentration
(a) Water (fresh, rain, distilled, and salt) -pH of freshwater is close

to neutrality; hence, carbon and low alloy steels suffer corro-
sion if oxygen or other oxidizing species are present. In the
absence of oxygen, microbiologically influenced corrosion
(MIC) may occur by anaerobic bacteria, particularly by the
sulfate-reducing bacteria (SRB).

(b) Steam & gases (CO2, SO2, SO3, H2S, NH3, Cl, NOx, etc.,): The
presence of active gases such as (CO2, SO2, H2S), etc., seri-
ously influence the rate of corrosion. For example, SO2 pre-
sent in the atmosphere even in traces forms an essential
copper sulfate film on the copper surface. Iron corrosion is
greatly influenced by CO2 present in the atmosphere. In
the presence of these dry gases, corrosion mainly depends
on the chemical affinity between the metal and the gas
responsible for the corrosive effect. The degree of attack in
such cases also relies on the formation of protective (non-
porous) and non-protective (porous) films on the metal
surface.

(c) Air and humidity: The solid particles suspended in the air are
also responsible for the corrosion. The chemically active par-
ticles such NaCl, (NH4)2SO4, etc., absorb moisture and thus
act as vital electrolytes leading to enhanced deterioration,
on the other hand, the chemically inactive particles.

(d) Atmosphere: Various types of the atmosphere such as rural,
urban, industrial, marine affect the rate of corrosion. For
example, the air is contaminated with corrosive gases such
as CO2, H2S, HCl, Cl2, H2SO4 fumes, etc. These gases increase
the acidity of the liquid adjacent to the metal surfaces, and
hence electrical conductivity also increases. This increase
in electrical conductivity increases the corrosion current
flowing in the localized electrochemical cells on the exposed
metal surfaces.

(e) pH: For typical steel/iron/cast iron, when the pH is less than
4, protective oxide films tend to dissolve, and corrosion rates
increase. When the pH is between 4 and 10, soil corrosion is
independent of pH. When the pH is greater than 10, the
metal becomes passive, and corrosion rates decrease with
increasing pH.

(f) Soil: Differential concentration cells involving oxygen, water,
and various chemicals in the soil causes corrosion. It is a sig-
nificant problem within tank bottoms, can be reduced by
excavating and backfilling with clean and non-conductive.

2.4. Computational modeling in modern corrosion monitoring systems

Computational chemistry covering both static and dynamic
conditions is a branch of chemistry that uses computer simulation
to help solve chemical problems[21,22], which is used in many
fields and gives very successful results to explain the nature of
molecular properties. Although the valence bond theory is known
to use the quantum mechanical methods to explain the nature of
the chemical bond [23,24], the idea that the chemical bond forms
with the interactions of the two shared electrons in a bond in a
specific molecular system was proposed by Lewis in 1916
[25,26]. After 1927, Molecular Orbital Theory, known initially as
Hund-Mulliken Theory [23], was developed specially by the out-
standing efforts of Hund [27,28], Mulliken[29–34], Slater[35,36],
and Lennard-Jones[37]. Until the 1950 s, after Charles Coulson
[38] made the first accurate solution of the molecular orbital wave
function for the Hydrogen molecule in 1938, molecular orbitals
were described as Eigen functions (wave functions) of the self-
consistent Hamiltonian field, and the molecular orbital theory rig-
orously established [39]. In the 1940 s, especially with the
advances in computer science and technology, the solutions of
detailed wave equations for complex atomic systems became a

reachable goal, and the calculations of the semi-empirical atomic
orbital first were made in the 1950 s [40]. In 1956, the Hartree-
Fock calculations as an ‘‘ab initio” was performed for the diatomic
molecules by using the Slater-type orbitals [41]. Afterwards, basis
sets obtained from Gaussian-type orbitals, were functions used as
atomic orbitals in the linear combination of atomic orbitals (LCAO)
method, were applied to calculations of the polyatomic molecular
systems [42,43]. At the same time, the first configuration interac-
tion (CI) computations [44] were also made by using Gaussian-
type functions. In the density functional theory (DFT), the molecu-
lar properties of a specific many-electron system can be defined by
the functionals of the spatially depend on the electron density[45–
48]. On the other hand, DFT theory being more advantageous than
traditional ab initio methods in terms of computation costs, was
not regarded as an accurate sufficiently for the predictions of the
molecular properties in computational chemistry until the
1990 s, although it became quite popular in solid-state and
condensed-matters physics since the 1970 s [49–51]. Since then,
many efforts have been performed to improve the exchange and
electron correlation terms of DFT, but still there are some question-
able results in understanding in some properties, which are the
calculations of the excited state and transition state, potential
energy surfaces, etc[52]. Especially, the DFT results of the inter-
molecular interactions and van der Waals forces, which have very
critical role in evaluating of the chemical reactions, have been
known also not satisfactory. Despite some insufficiencies or diffi-
culties, the principles of the DFT method have successfully
explained the nature of the chemical process in many studies
[53–55], and still commonly used.

In contemporary research, computational chemistry tools using
different algorithms depending on the method or approaches and
static or dynamic calculations are widely and successfully used
in many fields. One of the most important steps in predictinga
molecular system’s global chemical reactivity properties is Koop-
mans’ theorem based on the electronic structure. Accordingly,
the ionization energy (I), electron affinity (A) [56] values can be
approximately calculated through the HOMO and LUMO, respec-
tively, as follows.

I ¼ �EHOMO ð6Þ

A ¼ �ELUMO ð7Þ
Furthermore, depending on the developments in DFT methods,

possible reactivity tendencies of a system can be estimated by
using the global reactivity descriptors (GRDs) based on the concep-
tual DFT basis [57–60]. For this purpose, the mathematical formu-
lae to calculate the electronic chemical potential (v), global
hardness (g), electrophilicity (x), and the maximum charge trans-
fer index (DNmax) of the considered system are given as below:

v ¼ � I þ A
2

ð8Þ

g ¼ I � A
2

ð9Þ

x ¼ l2

2g
ð10Þ

DNmax ¼ I þ A
2ðI � AÞ ð11Þ

In addition to GRDs, the nucleophilic and electrophilic reactive
regions that exist in a molecule are predicted by local reactivity
determiners (LRDs), also known as Fukui functions [61]. If orbital
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relaxation is neglected by a change in the total number of elec-
trons, thus Fukui functions are defined according to the frontier
molecular orbital (FMO) approach as follows [62,63]:

fþN0
ðrÞ ¼ qN0þ1

ðrÞ � qN0
ðrÞ ¼ qLUMOðrÞ ð12Þ

f�N0
ðrÞ ¼ qN0

ðrÞ � qN0�1
ðrÞ ¼ qHOMOðrÞ ð13Þ

Thus, fþN0
and f�N0

terms show the governing functions for nucle-
ophilic and electrophilic attack, respectively, based on the frozen
core approximation, where q(r) defines the electron density, N is
the total number of the electrons in the molecule. Moreover, con-
sidering the chemical species are in the electron pool as a chemical
media and the Fukui functions derived from the second-order Tay-
lor series for the energy functional, the local electron donating(xþÞ
and electroaccepting(x�Þ powers are defined by Gazguez et al. [63]
as follows.

xþ ¼ I þ 3Að Þ2= 16 I � Að Þð Þ ð14Þ

x� ¼ 3I þ Að Þ2= 16 I � Að Þð Þ ð15Þ
It should be expressed that these parameters are essential to

investigate the reactivity selectivity, even if the GRDs provide the
information of the whole chemical reactivity tendency of relevant
chemical species. For a general acid-base reaction, the flow of elec-
trons continues until the electronic chemical potentials of the acid
and base species are equal, and the fractional number of the elec-
trons transferred for this process, depending on the absolute elec-
tronegativity (v = -l) and hardness, is given [64–66] by the
formula below.

DN ¼ vC � vB

2ðgC þ gBÞ
ð16Þ

In this equation, if ɸFe = 4.82 eV andgFe = 0 are used [67] instead
of the metal electronegativity and the hardness, then DN for a
specific investigation of Fe-inhibitor interaction is calculated by
the following equation.

DN ¼ /Fe � vinh

2ðgFe þ ginhÞ
ð17Þ

As like the other chemical processes, the back-donation energy
(Deback-donation) is an important parameter to evaluate the electron
flow processes in the inhibitor with the metal surface for the elec-
tron transfer process between the inhibitor species and relevant
metal surface in the corrosion studies, and defined as below [68].

Deback�donation ¼ �g
4

ð18Þ

One of the valuable parameters is proton affinity used in evalu-
ating the inhibition performance of a chemical species and defined
as the reverse of the enthalpy change for a general protonation
reaction given below [69].

Bþ Hþ ! BHþ ð19Þ

PA ¼ �DH ð20Þ
Then, the PA can be expressed according to the enthalpy change

of the chemical species in this reaction as below:

PA ¼ DH
�
BHþ� �� DH

� ðBÞ þ DH
� ðHþÞ� � ð21Þ

Here, DH�(BH+), DH�(B), and DH�(H+) show the enthalpy chang-
ing of protonated B molecule, neutral B molecule, and proton,
respectively.

As in the different sort of scientific fields such as biomedicine
[70–73], catalysis [74], and the main sciences [75–78], computa-
tional tools are successfully used to enlighten the processes of

the prevent and protecting from material corrosion in a wide of
engineering fields [79–82], from the civil to the aerospace
engineering.

2.5. Corrosion inhibitors and their inhibition mechanism

Initially, the use of inorganic compounds such as chromates,
molybdates, nitrates, etc., was one of the best corrosion monitoring
tactics [83,84]. However, their current implementation as anticor-
rosive materials is highly restricted due to their non-
environmental friendly and toxic nature [85]. Nowadays, the use
of organic compounds (OCs) as anticorrosive materials is the best
corrosion inhibiting method. Among the green alternatives, fresh
and expired drugs[86], plant extracts[87–93], amino acids[94],
natural polymers[95] and surfactants[96,97] are extensively used
as green corrosion inhibitors.

Obviously, OCs become effective by forming a surface protective
film through their adsorption using electron rich centers, known as
adsorption centers [98–100]. In general, adsorption centers include
multiple bonds of homo-atomic such as > C = C< (alkene), –C�C–
(alkyne), –N = N– (azo) etc. and hetero-atomic –C�N (cyanide),
>C = O (carbonyl), >C = N– (imine), –NO2 (nitro), >C = S (thio-
carbonyl) etc.[101–103]. These multiple bonds transfer their p-
electrons into d-orbital of surface metallic atoms and interact by
dp-pp interactions. More so, heteroatoms of these multiple bonds
and polar substituents such as –OH (hydroxyl), –NH2 (amino), >NH
(2�-amine), –N< (3�-amine), –COOH (carboxyl), –CONH2 (amide), –
COOC2H5 (ester), etc. transfer their non-bonding electrons into
metallic d-orbitals through coordination bonding[104–106].

Nature and effectiveness of OCs adsorption on metallic surface
depends upon numerous factors including nature of metal and
electrolyte along with their electronic structures. For example, in
acidic solution adsorption of organic corrosion inhibitors initiated
through physisorption/ electrostatic interactions between the
charged metallic surface and charged OCs molecules [107–109].
It is well documented that in acidic solutions, heteroatoms of
OCs easily undergo protonation and get converted into their catio-
nic forms. The metallic surface becomes negatively charged due to
the accumulation of electrolyte counter ions. These appositively
charge-bearing species are attracted through an electrostatic
attraction force called physisorption. Therefore, an organic com-
pound with more heteroatoms in the form of polar functional
groups would behave as better anticorrosive species than the com-
pound with a relatively more minor number of polar functional
groups.

Further, protonated OCs species may return in their neutral
form by accepting electrons released from the oxidation of metallic
atoms. The neutral heteroatoms with free unshared electron pairs
transfer their non-bonding electrons in metallic d-orbitals and
form coordination bonding [101,105,106,110]. This process is
known as transfer or donation. Nevertheless, metals are already
electron rich species, this type of transfer or donation results into
interelectronic repulsions that render metal to transfer its electron
density in the empty molecular orbital of OCs. This process is
known as retro-(or back-) donation. Donation and retro-donation
reinforce each other all the way through a progression known as
synergism [111–113]. Both donation and retro-donation together
constitute the chemisorption.

In the essential electrolytes (e.g., NaOH, KOH, NH4OH etc.),
physisorption occurs through electrostatic interaction between
positively charged metallic surfaces, in the basic solution, metallic
surfaces generally acquire positive charge because of the release of
electrons during oxidation process, and negatively charged centers
of OCs. In the basic electrolytes, acidic hydrogens polar functional
groups such as –OH (hydroxyl), –NH2 (amino) and –COOH (car-
boxyl) may undergo deprotonation to form corresponding nega-
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tively charged centers. The mechanism of chemisorption in basic
electrolytes would similar to the mechanism of chemisorption in
acid medium.

There are number of classes of organic corrosion inhibitors, as
discussed above but our focus here is on the amine derivatives
serving as corrosion inhibitors for various metals and alloys in dif-
ferent environments.

3. Application of different series of amine derivatives as
corrosion inhibitors

3.1. Schiff’s bases (SBs) as corrosion inhibitors

A Schiff base is a compound with the general structure R1R2-
C = NR’ (R’–H), which contains high electronegative N atom that
can provide lone pairs of electrons and double bond structures that
can provide p electrons and empty orbitals [114]. This structure is
ideal for occurring chemical adsorption. From the perspective
ofmolecular structure, Schiff base should exhibit excellent inhibi-
tion performance for steel corrosion. The barrier monolayer or
complex canbe formed on the substrate surface to prevent the
attacks of corrosive particles [115]. The preparation process of
Schiff base is relatively simple, and they can generally be synthe-
sized from an aliphatic or aromatic amine and a carbonyl com-
pound by nucleophilic addition forming a hemiaminal, followed
by a dehydration to generate an imine [116]. In this section, as
listed in Table 1, we summarize the applications of some Schiff
bases derived from amines used as corrosion inhibitors for steels
in different corrosion environments.

Recently, Talha and co-workers synthesized a Schiff base
(BDEA) with centre of symmetry structure by 2-
aminobenzimidazole and benzyl [117]. The results indicate that
BDEA has admirable thermal stability, and it can effectively protect
X80 steel corrosion in 1 M HCl solution and the obtained maximum
efficiency was 94.26%. As we know, locust bean gum (LBG) is a
galactomannan vegetable gum extracted from the seeds of the
carob tree and used as a thickening agent (gelling agent) in food
technology. In our previous work, we found that LBG can show
excellent corrosion inhibition performance for Q235 steel in
0.5 M H2SO4 medium. Potentiodynamic polarization results
demonstrates that when the concentration of LBG is 5 mM at
298 K, the inhibition efficiencyis 89.8%[118]. Berdimurodov et al.
synthesized a novel Schiff base inhibitor (6-aminopenicillanic acid
sodium gossypol, APASG), based on low-cost gossypol, and the syn-
thesis processes were low cost and high yield [119]. Afterwards,
the anti-corrosion performance of APASG for St2 steel was investi-
gated. Considering that the KCl solution can supply so-called salt
effect, artificial HCl + KCl solution was selected as research media
to promote the acidic & salt corrosion. The obtained results show
that APASG is an excellent anti-corrosion inhibitor (97% at
100 mg/L) at intermediate temperatures (303 � 333 K). The effi-
ciency of a Schiff base derived from 4-aminoantipyrine as a corro-
sion inhibitor on mild steel in 1.0 M H2SO4 was investigated by Al-
Amiery et al.[120]. This compound exhibited high inhibition effi-
ciency (maximum 93%) as a mixed-type inhibitor. The inhibition
efficiencies increased with inhibitor concentration, but were
reduced proportionally with temperature. The SEM micrographs
illustrated that the inhibitor molecules may form a thin film
adsorbed on the steel surface, which the obeys the Langmuir
adsorption isotherm.

P110 steel is a medium-carbon alloy steel that has a high
harden ability, and has been applied extensively in the petroleum
industry. Ansari and his colleagues synthesized two Schiff’s bases
of 4-aminoantipyrine, and evaluated their corrosion inhibition
performance on P110 steel in 15% hydrochloric acid solution

[121]. The team found that both compounds are effective corrosion
inhibitors and achieve maximum value of 95% (Inh1) and 92%
(Inh2) at concentration of 400 mg/L. The influence of the electron
donor group (�OH) observed easily in the light of inhibition effi-
ciency increment and corrosion rate decrement as compared to
the parent molecule that is devoid of any functional group. More-
over, the adsorption of synthesized inhibitors on the P110 steel
surface involves both physical and chemical interactions.

Sukul et al. recently proposed that Schiff bases derived from
amino acids and cinnamaldehyde are expected to yield significant
corrosion protection, since they will possess high electron density
due to the aromatic moieties and heteroatoms[122]. Under this
hypothesis, three Schiff bases composing of cinnamaldehyde and
three different amino acids, namely glycine (CGSB), histidine
(CHSB) and tryptophan (CTSB) have been synthesized and evalu-
ated for their anti-corrosion propensity on mild steel in 1 M HCl.
Gravimetric and electrochemical experiments confirmed that the
order of corrosion inhibition efficiency is CTSB > CHSB > CGSB. It
is worth pointing out that studied inhibitors are not sensitive to
temperature, they can maintain good inhibition efficiency (above
95%) at high temperature (60 �C), which extensively expands their
application range. There are also a few reports on the application of
Schiff base inhibitors in alkaline or neutral media. Madkour and
Elrobypolydentate studied some polydentate Schiff base com-
pounds (PSCs) as corrosion inhibitors for iron in HNO3 and NaOH
media[123]. They confirmed that the adsorption of inhibitors is
spontaneous, exothermic, and is regarded as physiochemical
mechanism. UV–visible spectroscopy results clearly verify the for-
mation of Fe-PSC complex. Polarization measurements indicate
that all the examined Schiff bases are of mixed-type inhibitor in
HNO3, while causing only inhibition of the cathode process in
NaOH. Rajeswari et al. reported three Schiff base derivatives
(Inh1, Inh2, Inh3) as corrosion inhibitors for cast iron in aqueous
solutions of HCl, NaOH, NH4Cl, and NaCl[124]. The results indicate
that Inh1, Inh2 and Inh3 perform as good inhibitors for cast iron in
all media. The inhibition efficiency follows the order:
Inh3 > Inh2 > Inh1. Differences in the inhibition efficiency are cor-
related to the phenyl and methyl substituents present in inhibitors.

Chitooligosacharide derivatives with different carboxymethyla-
tion degrees and grafting degrees of Schiff base were synthesized
by Ma and co-workers[125]. These substances have good solubility
due to high carboxymethylation degree and have sufficient active
adsorption groups (benzene and � C = N � ) due to high grafting
degree. Understandably, this self-assembled adsorption film
should be more compact and intact. Their experiments also con-
firm that they have good corrosion inhibition effect on carbon steel
in 3.5% NaCl medium. In addition, Samide and Tutunaru investi-
gated another Schiff base, namely N-(2-hydroxybenzylidene)
thiosemicarbazide (HBTC), as inhibitor for carbon steel in saline
water using electrochemical measurements[126]. The results
showed that HBTC acts as an outstanding corrosion inhibitor in sal-
ine water by suppressing simultaneously the cathodic and anodic
processes via adsorption on the surface which followed the Lang-
muir adsorption isotherm. Overall, the Schiff base corrosion inhibi-
tors, which derived from amine compounds, play an important role
in preventing the corrosion of steel in corrosive environments. In
the future, more high-temperature, low-toxic, and water-soluble
corrosion inhibitors can be developed to meet the requirements
of green and low-carbon development. A summary of some major
reports on corrosion inhibition using SBs is given in Table 1.

3.2. Amino alcohols as corrosion inhibitors

The basic class of organic compounds containing both amine (–
NH2, -NHR, and -NR) and alcohol functional groups are known as
amino alcohols, they are also known as alkanolamines. The gener-
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alized chemical structure of amino alcohol is illustrated in Fig. 5.
They are formed in a nitrogen atmosphere as the reaction of
methane, ammonia, and water, naturally. Amino alcohols consti-
tuting a key amino group encounter aldehyde cyclization, usually
under mild conditions i.e. at the ambient temperature and without
any catalyst or additive. In various industrial applications, amino
alcohols have their place. Amino alcohols have been applied as cor-
rosion inhibitors among the different organic corrosion inhibitors.
But the evidence on its applicability as corrosion inhibitors in other Fig. 5. The general representation of chemical structure of amino alcohol.

Table 1
Percentage inhibition efficiency (IE%) for different Schiff bases derived from amines used as corrosion inhibitors for steels.

S.N. Chemical structure Metal & electrolyte Optimum
conc.

IE (%) Ref.

1.

(1,2-1H-Benzoimidazol-2-yl)-(1,2-diphenyl-ethylidene)-amine (BDEA)

X80 steel/1M HCl 500 ppm 94.26% [117]

2.

Locust Bean Gum (LBG)

Q235 steel/0.5 M H2SO4 5 mM 89.8% [118]

3.

6-aminopenicillanic acid sodium gossypol (APASG)

St2 steel/(1 M HCl + 1 M
KCl)

100 mg/L 97% [119]

4.

2-(1,5-dimethyl-4-(2-methylbenzylidene)amino)-2-phenyl-1H-pyrazol-3(2H)- ylidene)
hydrazinecarbothioamide

Mild steel/1 M H2SO4 0.25 mM 93% [120]

5.

aminoantipyrine (AAPs) derivatives

P110 steel/ 15% HCl 400 mg/L 95% (Inh1)
92% (Inh2)

[121]

6.

Potassium 3-(1H-imidazol-4-yl)-2-(((E)-3-phenylallylidene)amino)propanoate

Mild steel/1 M HCl (60 �C) 1 mM 96% [122]

7.

4-(2-Hydroxynaphthylideneamino) antipyrine

Carbon steel/ 2 M HNO3 or
2 M NaOH

10�4 M 73.8% (in
HNO3)
63.2% (in
NaOH)

[123]

8.

Schiff base-thiosemicarbazone

Cast steel/0.005 M NaOH 10 ppm 63% (Inh1)
75% (Inh2)
88% (Inh3)

[124]

9.

Carboxymethyl chitooligosaccharide vanillin Schiff base

Carbon steel/3.5% NaCl 800 mg/L 84.7% [125]

10.

N-(2-hydroxybenzylidene) thiosemicarbazide (HBTC)

Carbon steel/Saline water 2 mM 83.8% [126]
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media is sparse to our knowledge, and only limited to concrete
corrosion.

Usually, chemical inhibitors that are available in the concrete
industry are classified into two categories: I) Inhibitors that are
combined with a fresh mixture and applied to new reinforced con-
crete structures; and II) Migratory Corrosion Inhibitors (MCIs) that
are typically used during restoration so they can migrate to rein-
forced concrete. Usually, these types of organic inhibitors are based
on either amino alcohol and amine mixtures (both as additives and
migratory compounds) or organic acids [127–129].

In one of their studies conducted, Söylev et al. [130] evaluated
the potency of the two generations of surface-applied corrosion
inhibitors based on amino alcohol in chloride-contaminated con-
crete. The concrete slabs of scale 280 � 280 � 75 mm supported
by two horizontally mounted and fixed reinforcement bars were
used for corrosion testing in the analysis. To make the ponding of
chloride solution over a 200-mm square area, both specimens
had a recess cast into the top surface. The concrete shell was
18 mm. The chosen reinforcement was a plain bar with a diameter
of 10 mm. The cement picked was CEM I 42.5 N cement from Irish
Portland. 100 mm-cubic experiments are carried out to validate
twenty eight days of compressive and tensile strength. Two new-
generation amino alcohol-based surface-applied organic corrosion
inhibitors were defined as part of the analysis. The inhibitors were
installed on a reinforced concrete surface. Chloride periods include
four-day ponding (70 g/l NaCl solution) for Group 1 specimens,
accompanied by three-day laboratory air drying. Both inhibitors
were delivered in the same manner, by a brush (as prescribed by
its maker on the ponding surface) at the recommended dose
(500 g/m2). Inhibitors were used: (a) before the application of chlo-
ride, (b) after the first step of chloride, and their effect on corrosion
was contrasted with control samples. First one is typically referred
to as an inhibitor of the first generation, while the new generation
is recognized as second one. These are patented amino alcohol
based, surface-applied migrating corrosion inhibitors. Group 2
specimens comprised of specimen I and II control specimens, sub-
jected to a higher concentration but only one ponding cycle (5 M
NaCl solution). The inhibitor was administered after chloride pond-
ing for this group of specimens and the findings are compared with
control specimens before the end of the research time without the
inclusion of any other chloride. To achieve lower resistivity for con-

crete during measurement, the specimens were wetted before cor-
rosion measurement. The findings showed that, considering the
high chloride content at the level of the embedded steel and the
quality improved with chloride concentration, the latest genera-
tion of surface-applied corrosion inhibitors was successful in keep-
ing the corrosion rate low relative to control samples. None of the
inhibitors, however, were successful when they were added after
corrosion was started.

The electrochemical activity of amino-alcohol-based corrosion
inhibitors was tested and evaluated by Jamil et al. [131] in order to
ascertain their ability to regulate corrosion toward corrosion of
reinforced steel. In order to get insights into the comparison of
the electrochemical behaviors of both inhibitors employed for
the prevention (deemed as preventive inhibitors) and to control
the steel corrosion in concrete (curative inhibitors), laboratory
investigation were carried out. The experiments for the evaluation
of their electrochemical behavior was carried out in the chloride
ions atmosphere, by employing the simulated concrete interstitial
electrolyte. In the same solution the electrochemical activity of
both studied compounds (as inhibitors) was carried out. In addi-
tion to the original concrete mix (preventive inhibitor), one of
the inhibitors under analysis is recommended, while the other is
recommended for the concrete cover use (migrating inhibitor).
The research was carried out using electrochemical techniques
and the findings revealed that, in vigorous solutions simulating
the concrete electrolyte, the inhibitors are able to reduce the corro-
sion rate of the steel. Potentiodynamic polarization has investi-
gated the electrochemical behavior of the surface. Fig. 6 displays
the polarization curves produced in the chloride containing work-
ing solution with and without the inclusion of preventive inhibi-
tors. The presence of the inhibitor lowers the anodic currents by
about four orders of magnitude, demonstrating that the anodic
reactions are significantly impeded. No signs of cathodic inhibition
was observed from the cathodic branches of Tafel slopes. This out-
come shows that the preventive inhibitor functions like an anodic
inhibitor in nature.

The inhibition activity of the preventive inhibitor was also stud-
ied by electrochemical impedance spectroscopy (EIS). Fig. 7 exhi-
bits the impedance spectra obtained after various immersion
periods on a sample immersed in a solution containing 2 g/l of NaCl
without inhibitor addition. There is a small rise in the impedance

Fig. 6. Curves of potentiodynamic polarization for samples immersed in a working solution containing 2 g/l NaCl, with and without the inclusion of a mitigating inhibitor.
Republished from ref. [131] with permission from Elsevier.
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values initially, possibly due to the presence of a passive film that
naturally forms on the iron surface as a result of the solution’s alka-
line pH. However, there is a drop in the overall impedance values
by around one order of magnitude later on, revealing a rise in
the rate of corrosion.

The presence of 4% of an inhibitor in the aggressive corrosive
solution adds to the impedance range as seen in Fig. 8.

The findings indicate that the overall impedance of the device
increases with the time of immersion. The average impedance at
10-1 Hz is initially around 105Xcm2 and rises after 48 h of immer-
sion to values above 106 Xcm2. This discovery indicates a clear
inhibition of the processes of dissolution occurring on the soil. In
addition, over time, the phase angle in the low frequency region
also increases, showing that the system’s reaction switches from
a resistive to a capacitive action. This advancement indicates that
the resistive portion of the device is growing and that the processes
of corrosion are becoming more complicated. At the center, the
device resembles the conduct of a capacitor, showing that on the
surface there is a homogeneous protective layer.

In another investigation by Jamil et al. [132] the behavior of
reinforcing steel exposed to amino alcohol based inhibitor against
the corrosion was carried out. In order to gain some more insights
into the investigation of electrochemical test, they monitored the
performance of the penetrating amino alcohol based corrosion
inhibitor, by following the corrosion activity of the reinforced steel
(in presence of the inhibitor). Investigation was carried out utiliz-
ing the substances (tainted with chloride) in the presence of the

inhibitor based on amino alcohol. The amino alcohol included in
this research greatly influenced the rate of corrosion of the rein-
forced steel. An increase in the presence of the inhibitor is seen
by the charge transfer resistance as well as the film resistance
(as depicted in Figs. 9 and 10). The inhibitor permeates into the
mortar, resulting in the development of a protecting layer onto the
steel surface. Over time, the resistance of this protective film
increases, being independent of the thickness of the mortar in
which the inhibitor must penetrate. The positive results appear,
though, to be postponed until the inhibitor is sprayed on the sur-
face of the mortar. The technique used to apply the inhibitor does
not affect the efficiency of the corrosion-inhibiting mechanism.

In one of the work presented at International Congress on
Advanced Materials, Mobridge et al. [133] stated that when com-
bined with a solution with a molar ratio of 1 (inhibitor/Cl-), the
amino alcohol-based inhibitor was able to resist corrosion, but its
effect vanished when the solution was exposed to air and the vola-
tile portion evaporated. According to the literature, however, the
amino alcohol-based inhibitor is more efficient in simulated pore
solution in comparison of concrete. The evaluation of the effect
of N,N’-dimethylaminoethanol (DMAE) as an organic corrosion
inhibitor on the chloride threshold value for steel reinforcement
corrosion was garnered by Hassoune et al. [134]. They undertook
the experiment in the simulated pore solution of concrete. The
results obtained from the techniques of OCP, LPR and EIS are rea-
sonably stable and show that the chloride threshold value for alka-
line solution steel reinforcement corrosion is calculated to be

Fig. 7. Impedance spectra obtained for the control samples immersed in the working solution contaminated with 2 g/l of NaCl. Republished from ref. [131] with permission
from Elsevier.
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Fig. 8. Impedance spectra obtained for samples immersed in the working solution contaminated with 2 g/l of NaCl in the presence of 4% inhibitor. Republished from ref. [131]
with permission from Elsevier.

Fig. 9. Film capacitance for steel samples. Different application procedure using mortar specimens with 1 cm. Republished from ref. [132] with permission from Elsevier.

R. Aslam, G. Serdaroglu, S. Zehra et al. Journal of Molecular Liquids 348 (2022) 118373

13



around an average value of 0.4, represented by the ratio of [Cl-]/
[OH–]. However, in the presence of 0.125 mol.L-1 of DMAE, this
value increased relatively; in this situation, too, after the corrosion
initiation, a decrease in the corrosion rate is observed with 60 to 70
% inhibition effectiveness. This explicitly confirms the potency of
DMAE used to extend the operational life of reinforced concrete
systems exposed to aquatic conditions as an efficient corrosion
inhibitor.

In one of the experiment conduction by Vedalakshmi et al.
[135], the assessment of the performance of the migratory corro-
sion inhibitor (MIC) based on amino alcohol was conducted out.
In order to carry out the investigation, they utilized the hardened
concrete (two different strengths 20 and 30 MPa were employed).
The study was carried out using diffusion test cell system. The Icorr
corrosion current was measured using the methodology of Tafel
extrapolation. In the presence of MCI, there is a 20-fold drop in
the steel Icorr relative to bare steel. With an increase in concrete
thickness as well as intensity, the efficiency of migration declines.
The density of concrete defines the diffusion rate for MCI. For
30 MPa concrete, the diffusion rate of 20 MPa concrete is two folds
greater than that obtained. Studies have shown that the passive
coating formed on the rebar surface in 20 MPa concrete is not dur-
able in the presence of 1 percent chloride. Because of the higher
chloride threshold level, the MCI performed well on 30 MPa con-
crete. The findings suggest that if greater safety efficiency is
needed where the structure is exposed to high chloride conditions,
it is more reasonable to add the MCI at a rate of 2.45 kg m�3 when
added to the concrete surface along with concrete/repair mortar.

The potency of the amino alcohol inhibitors in combination
with lithium nitrite was scrutinized, for the efficient corrosion pro-
tection, by Ryu et al. [136], in one of their investigation. They firstly
prepared two kind of steel-reinforcing specimens and a reinforced
concrete prism. They were exposed to chloride ion levels (just like
the chloride environment). An autoclave accelerated corrosion
evaluation was eventually accomplished. The parameters analyzed
also included chloride-ion concentration and molar ratios of anti-
corrosion substances in a CaOH-saturated aqueous solution that

mirrored a cement-pore solution. A 25 % dosage was employed
for the lithium nitrite inhibitor and 80 % dosage of solution of
dimethyl ethanolamine was employed. The available literature
suggests that the inhibitor of lithium nitrite had anti-corrosion
properties with a molar inhibitor ratio of 0.6. There were also
anti-corrosion effects of the amino alcohol inhibitor, with an inhi-
bitor molar ratio greater than roughly 0.3.

For the inquiry against corrosion-inhibitory propensity for
brass, Gao et al. considered two compounds derived from the
amino alcohols. First compound undertaken was 1-diethylamino-
propan-2-ol (A), and the other one was 1,3-bis-diethylamino-
propan-2-ol (B) [137]. In the investigation, the simulated atmo-
spheric water was the atmosphere considered. They illustrated
the performance by employing various techniques including EIS,
and PDP. The findings from the investigation revealed their excel-
lent performance in inhibiting the corrosion. They behaved as ano-
dic inhibitor. The anti-corrosive performance of the inhibitor
follow order: B > A. The IE acquired for A and B was found to be
90.7% (at 10-2mol/L) and 92.9% (at 10-2mol/L) for B, respectively.
The composition of the inhibitors affects the potency of their inhi-
bition. The explanation for B was because of its equilibrium struc-
ture, the stronger corrosion inhibitor, thereby favoring the creation
of stable adsorbed film through its symmetrical adsorption centers.

3.3. Oximes as corrosion inhibitors

Oxime compounds, in their structure, contain the distinctive
functional group C = N-OH with simultaneous electronegative
atoms N, O and double bond. They are highly soluble in water
and of a non-toxic and biodegradable in nature [138,139]. How-
ever, studies available on the assessment of oxime compounds as
inhibitors of corrosion is very scant. In the previous research
[140] researchers explored corrosion inhibition of three aromatic
oximes I (2-hydroxy-benzaldoxime), II (2-hydroxy-acetophenone-
oxime), and III (2-hydroxypropiophenone-oxime) in aqueous alka-
line media. The findings of the analysis exhibited that the inhibi-
tion efficiency of these oxime compounds was as high as 99%.

Fig. 10. Charge transfer resistance for steel samples. Different application procedure using mortar specimens with 1 cm. Republished from ref. [132] with permission from
Elsevier.
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Fig. 11. Nyquist plots of the corrosion of aluminium in 1.0 M HCl at 20 �C without and with different concentrations of a) I, b) II, and III) c, at the open circuit potential (2 h
immersion at the open circuit potential prior to measurement). Republished from ref. [141] with permission from Elsevier.
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Table 2
Illustration of the data over viewing the applicability of various oximes as the inhibitors against the corrosion of various metals in various aggressive environments.

S. N. Substrate/ experimental conditions Inhibitors IE (%) Remarks Ref.

Number of Corrosion inhibitors used: 3
Metal: Aluminum
Media: 1.0 M HCl
Concentration: 0.2–2.0 mM
Time: 2 h
Temperature: 20–50 �C

Acetone Oxime (I)

PDP: 85.7
EIS: 89.2

� With inhibitor concentration, inhibition efficacy rises and decreases
with temperature.
The maximum IE at 2.0 mM is 80.0% for I; 87.0% for II; and 93.9% for III
at 20 �C.
Inhibition efficiency follows the pattern: III > II > I.
Obeyed Langmuir adsorption isotherm.
Acted as cathodic-type inhibitors.

[141]

2-butanone oxime (II)

PDP: 93.5
EIS: 93.1

cyclohexanoneoxime (III)

PDP: 98.4
EIS: 95.2

Number of Corrosion inhibitors used: 3
Metal: Mild Steel
Media: 1.0 M HCl
Concentration: 25–500 ppm
Time: 6 h
Temperature: 30–60 �C

a) I

1,3-dimethyl-2,6-diphenylpiperidin-4-
one oxime

WL: 74.5
EIS: 89.9

� The IE followed the order: III < II < I,
Temkin’s isotherm, ,mixed-type inhibitors.
SEM, XRD, and FT-IR revealed the formation of protective film over the
MS surface.

[142]

b) II

3,3-dimethyl-2,6-diphenylpiperidin-4-
one oxime

WL: 67.2
EIS: 88.7

c) III

3isoproply-2,6-diphenylpiperidin-4-
one oxime

WL: 64.9
EIS: 81.0

Number of Corrosion inhibitors used: 3
Metal: Mild Steel
Media: 1.0 M H2SO4

Concentration: 8.49 � 10–51.69 � 10–43.39 � 10–
45.09 � 10–46.79 � 10–48.49 � 10–41.01 � 10–
31.35 � 10–31.69 � 10–3 Molar
Temperature: 303 K, 313 K 323 K and 333 K

I

3-ethyl-2,6-diphenyl-piperidin-4-one oxime

WL: at 303 K
1 h exposure
time � 84.4
2 h exposure
time � 86.7
EIS:91.6
PDP: 66.9

� Mixed-type.
XRD and SEM with EDS results reveal the formation of protective film.

[143]

II

1-methyl-3-isopropyl-2,6-diphenyl-piperidin-
4-one oxime

WL: at 303 K
1 h exposure
time –79.5
2 h exposure
time –82.4
EIS: 91.1
PDP: 55.5
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Table 2 (continued)

S. N. Substrate/ experimental conditions Inhibitors IE (%) Remarks Ref.

III

3-isopropyl-2,6-diphenyl-piperidin-4-one
oxime

WL: at 303 K
1 h exposure
time –79.1
2 h exposure
time –81.5
EIS: 89.5
PDP: 53.6

Number of Corrosion inhibitors used: 1
Metal: Mild Steel
Media: 1.0 M H2SO4

Concentration: 200,400,600, 1000 ppm
Time: 6 h
Temperature: 303 K, 313 K and 323 K

Polyvinylpyrrolidoneoxime (PO)

WL: 54
PDP: 88.39
EIS: 87.49

� Langmuir adsorption isotherm model. [144]

Number of Corrosion inhibitors used: 2
Metal: Copper
Media: 0.1 M HNO3

Concentration: 0.2–1.0 mM
Time: 1 h
Temperature: 30, 40, and 50 �C

I

(E)-N-hydroxy-1-(pyridin-2-yl)methanimine
(Hp2ylm)

EIS: 26.93
PDP: 30.74

Both I and II obeyed Langmuir adsorption isotherm.
Mixed type corrosion inhibitor (revealed by the findings of PDP).

[145]

II

(E)-N-hydroxy-1-(pyridin-3-yl)methanimine
(Hp3ylm)

EIS: 90.14
PDP: 90.18

6. Number of Corrosion inhibitors used: 1
Metal: Zinc
Media: 1.0 M NaCl (5.0 pH)
Concentration: 1.0, 3.0, 5.0, 7.0 %
Time: 2–8 h
Temperature: 25 �C

(2E)-2-(hydroxylamino)-1,2-diphenylethanol

EIS: 79.2%
PDP: 85%

� The treatment caused the electrode activity of zinc to change and the
electron transfer rate to decrease during corrosion.

[146]
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These outstanding inhibitive efficiencies of oxime compounds
imply that they behaved as potential inhibitors of corrosion. The
evidence available to date on oxime compounds as corrosion inhi-
bitors, however, is almost sparse and very limited, to the best of
our knowledge.

The inhibition potency of three oximecompunds namely ace-
tone oxime (I), 2-butanone oxime (II), and cyclohexanoneoxime
(III) was explored by Li et al. [141] in their one of the most recog-
nized work, against the corrosion of aluminum in 1 M HCl solution.
They employed various techniques like weight loss (WL), potentio-
dynamic polarization curves (PDP), electrochemical impedance
spectroscopy (EIS), quantum chemical calculation and molecular
dynamics (MD) simulation methods. The experimental finding
thus obtained exhibited that all the three compounds (under the
investigation) gave excellent performance. Their efficiency (in the
inhibition of corrosion) followed the order as: III > II > I. Inhibition
efficiency (IE) increases with the inhibitor concentration, and the
maximum IE at 2.0 mM is 80.0% for I; 87.0% for II; and 93.9% for
III at 20 �C. Every oxime inhibitor’s adsorption follows the Lang-
muir adsorption isotherm, with the following order for the adsorp-
tion equilibrium constant: III takes precedence over II, which takes
precedence over I. Prolonging immersion time results in increasing
IE up to a maximum of 2 h, and then gradually decreases from 2 to
6 h. The kinetic expression of m = kCn controls the corrosion rate (m)
against the molar concentration of HCl (C). The rate constant (k)
decreases significantly after adding oxime compound in 1.0–
3.0 M HCl solution, while the reaction constant (n) increases. Three
oxime compounds act as cathodic-type inhibitors. The EIS spectra
show a significantly large capacitive loop at high frequencies
accompanied by a large inductive loop at low frequencies, resulting
in an elliptic curve as can be seen in Fig. 11.

The Langmuir adsorption isotherm was followed by the mole-
cules of all the three oxime under the investigation, during the
adsorption process. All of them acted as cathodic type of corrosion
inhibitors. In one of the research, the corrosion inhibition efficacy
of a few piperidin-4-one oxime derivatives, A (1,3-dimethyl-2,6-
diphenyl piperidin-4-one oxime), B (3,3-dimethyl-2,6-diphenyl
piperidin-4-one oxime), and C (3-isopropyl-2,6-diphenyl
piperidin-4-one oxime), in the case of protecting mild steel [142].
They employed various techniques for evaluating their perfor-
mance as potent inhibitors. The results are discussed in Table 2.
In 1 M hydrochloric acid, these three substances resisted mild steel
corrosion at all concentrations. It was discovered that as inhibitor
concentrations rose, the IE for A, B, and C increased as well. The
maximal IE for each compound was observed at 500 ppm, and
any further rise in concentration had no discernible effect on the
inhibitor’s output, suggesting that the limiting value had been
reached. This may be due to the formation of monolayer film over
the entire mild steel surface at this concentration. The IE followed
the order of A > B > C. The decrease of IE with increase of temper-
ature weakens physical adsorption process. All the tested com-
pounds contain two phenyl rings—oxime nitrogen, oxime
oxygen—and ring nitrogen. These compounds’ corrosion inhibition
is due to the presence of N, O, and aromatic rings, as shown by their
molecular structure. The presence of a free electron pair on the
nitrogen atom, oxygen atom, and the p-electrons of phenyl ring
favors the adsorption of the inhibitor, which results in the forma-
tion of a stable film (insoluble layer) on the metal surface favoring
chemisorption. Moreover, the experimental results are in good
agreement with the Temkin’s adsorption isotherm.

Senthikumar[143] explored three synthesized derivatives of
piperidin-4-one oximes i.e., 3-ethyl-2,6-diphenyl-piperidin-4-one
oxime (I), 1- methyl-3-isopropyl-2,6-diphenyl-piperidin-4-one
oxime (II), and 3-isopropyl-2,6-diphenyl-piperidin-4-one oxime
(III), at varying concentrations, for the determination of their abil-
ity to inhibit corrosion of mild steel in 1 mol/L H2SO4 andmeasured

by a mass loss method (at various temperatures), PDP and EIS, XRD,
SEM with EDS, and a quantum chemical method. The synergistic
effect of iodide compounds onto I, II and III was also investigated.
In the following order, all three compounds show strong inhibition
efficiency: I > II > III. On the surface of mild steel, compounds I, II
and III were determined to be chemically adsorbed thereby obey-
ing the model of the Temkin’s isotherm. Assessments of polariza-
tion demonstrated that these compounds serve as inhibitors of
the mixed type. With EDS research, XRD and SEM showed the con-
struction of a protecting barrier by these oximes on the mild steel
surface. Semi-empirical approaches were used to test the electron
donation potential of the researched molecules. The studies found
that oxime nitrogen, pyperidine moiety, and phenyl ring largely aid
in the control of corrosion. The research has demonstrated that the
alkyl group in the pyperidine ring causes steric crowding, which
decreases inhibitor effectiveness. It’s also worth mentioning that
all of the compounds tested have a synergistic effect with iodide
ions.

Saini et al. [144] synthesized and estimated the performance of
the Polyvinylpyrrolidone Oxime (PO) against the corrosion inhibi-
tion of the mild steel (in 1 M H2SO4). The performed the investiga-
tion under varying concentration and temperature. The evaluated
the performance using techniques like WL, EIS, SEM, PDP, and the-
oretical calculation (using quantum chemical calculations). The
findings from all the techniques gave an overall conclusion of their
excellent performance with high inhibition efficiency, 83.16 % (es-
timated by WL method) and 88.39 % (estimated by PDP). The per-
formance of the PO got improved at higher PO concentration. But
the inhibition potency got lowered at higher temperature. From
the findings of PDP, it can be concluded that PO acted as mixed-
type inhibitor. The results of EIS provided the information about
the increased values of Rct value increased and decreased values
of Cdl, in the presence of the PO (inhibitor under the investigation).
This indicated the increased thickness of double layer. The findings
of all the techniques are in line with each other. Langmuir Isotherm
model was followed by the adsorption of molecules of PO on the
surface of metal (to be protected). The thermodynamic parameters
indicate both physisorption, with slight chemisorptive behavior
between metal and PO. Quantum chemical calculations showed
that PO interacts with the metal, attaining electrostatic interac-
tions, and the study accords well with experimental results, reveal-
ing that PO has proper moiety to decrease the corrosion reaction
rate. The SEM images also verify that, with PO, the MS surface is
smooth and less cracked compared to that in the uninhibited solu-
tion, forming a smooth and protective layer through the adsorption
over the MS surface.

Two heterocyclic oximes (E)-N-hydroxy-1-(pyridine-2-yl)meth
animine (I) and (E)-Nhydroxy-1-(pyridine-3-yl)methanimine (II)
were synthesized by Varghese et al. [145] and characterized by dif-
ferent spectroscopic instruments such as UV, IR, MASS and NMR.
Electrochemical (PDP and EIS) experiments have determined the
inhibition ability of these oximes against copper corrosion in
0.1 M HNO3 (EIS). II demonstrated greater inhibition performance
at all concentrations than I. Impedance response of copper speci-
mens was changed appreciably in the presence of oximes I and II
in nitric acid medium. As the concentration of oximes increased,
the double layer capacitance values decreased considerably. The
corrosion protection capacity of II is very much higher than that
of I at all concentrations. At 1.0 mM concentration, II and I dis-
played 90.1% and 26.9% inhibition efficiency on copper surface,
respectively. Even though two oximes are structural isomers, II
showed enhanced interaction on Cu surface in HNO3.

The surface treatment of zinc was done by Achary and Naik
[146], with different concentrations of an oxime (2E)-2-(hydroxyla
mino)-1,2-diphenylethanol molecule by the immersion method. In
order to assess the mechanism of the corrosion process, electro-
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chemical tests of surface-treated zinc specimens were carried out
at different temperatures in an aqueous sodium chloride solution
(1 M concentration at pH 5.0). The electrochemical research pre-
sented revealed that the cathodic corrosion activity of the treated
zinc was radically changed, resulting in a decrease in the rate of
electron transfer. In the zinc samples treated by immersion in an
inhibiting organic solution, strong corrosion resistance had been
illustrated. Utilizing SEM, a protective film on the zinc surface
was identified.

The corrosion inhibitory efficiency of three triazole derivatives
of oxime during acidic corrosion of a mild steel surface was inves-
tigated by Guo et al. [147] using DFT with hybrid B3LYP functional
as the most common and reliable one for organic molecules anal-
ysis in combination with the 6-31G basis. These authors described
the aqueous environment through the self-consistent reaction field
theory based on Tomasi’s PCM. They observed that the relative
energies of the compounds are lower when the solvent polarity
and the molecule size increase. Corrosion inhibitor solvation is
responsible for severe variations in charge distribution originating
in a broad dipole moment similar to that observed in the measure-
ment of the gas process. They observed that the polarizability val-
ues of molecules increased in presence of water favoring the
adsorption process. The inhibition efficiency of the three corrosion
inhibitors (evaluated under the experiment) rose with the increase
of log P.

3.4. Sulphonamides as corrosion inhibitors

Many remarkable attempts have been developed since long
times with the most important object of finding more environmen-
tal benign corrosion inhibitors. Sulphonamides have various fasci-
nating properties which make them green corrosion inhibitors for
various metals in basic or acid medium. Their environment friendly
nature not only contributes in this area but also in the medical field
[148–151]. The studies that have been made by various corrosion
researchers led them to deep conclusions about the incidents that
happen during the corrosion process. One such conclusion is that
during the corrosion process, a metallic material splits into its indi-
vidual constituent atoms because of the chemical reactions with its
surroundings. Sulphonamides include various active functional
groups (-SO2, –NH2, –NH), heteroatoms (P, S, O, N) and aromatic
rings that play a significant part of blocking the active sites of
the metal during the corrosion phenomena. This happens by the
mechanism of desorption or adsorption [150]. The typical adsorp-
tion process among the inhibitors and the metallic surfaces adopts
the outline i.e. illustrated in reaction wherein the effectiveness of
the sulphonamide demonstrates the capability to be adsorbed on
the metallic surface via transferring the H2O molecule from the
interface which is influenced by the corrosion.

nH2O (ads) + Sulphonamide (sol) ? nH2O (sol) + Sulphonamide
(ads)

where H2O (sol) = water molecule in aqueous phase, H2O
(ads) = water molecule on the metal surface. Sulphonamide (sol) =
molecules in aqueous phase, Sulphonamide (ads) = molecules
adsorbed on the surface of metal, n = number of H2O molecules
changed via a molecule of sulphonamides adsorbate. The
adsorption mechanism of sulphonamides compounds on the metal
surface during the corrosion process is further affected by some
aspects for example the character of the electronic arrangement
and the steric, electron density at the donor atoms [150,152].

The computational chemistry has been employed in recent
times to elucidate the corrosion inhibitionmechanism, for example
quantum chemical calculations, which confirmed to be an impor-
tant technique for studying the mechanism [153–158]. The reac-
tive capability of the corrosion inhibitor is directly related to
their frontier molecular orbitals (FMO), including highest occupied

molecular orbital (HOMO), and lowest unoccupied molecular orbi-
tal (LUMO), and the other chemical parameters for example hard-
ness (g) and softness (S). The quantum chemical analyses have
been effectively carried out to connect the corrosion inhibition effi-
ciency with molecular orbitals energy levels for several types of
organic compounds such as amino acids and amides [159,160],
pyridine-pyrazole compound [161], hydroxyl carboxylic acids
[162], sulfonamides [163] to state but very few.

Obayes et. al. [164] investigated the corrosion inhibition effect
of some organic hetrocyclic compounds for examples: Sulfamer-
azine (SMR), Sulfapyridine (SPY), Sulfathiazole (STI), and Sulfac-
etamide (SAM) as corrosion inhibitors in aggressive medium. The
authors were used two groups (amino and nitro) for the purpose
of the substituted reaction of all inhibitors. Density functions the-
ory (DFT) with the level B3LYP/6-311G(d,p) was chosen for the the-
oretical analysis. This research explained that the nitration of
corrosion inhibitor molecules lead to a reduction in inhibition effi-
ciencies, whereas decrease nitro group cause a raise in inhibition
efficiency. These findings provided an important enhancement in
inhibition efficiency for all the inhibitor molecules as compared
with corrosion inhibitor molecules. The outstanding relationship
with studied models and inhibition efficiency of the corrosion inhi-
bitors, verifying the reliability of the process used. The chemical
structures for the studied inhibitors such SMR, SPY, STI and SAM
with the reaction chain for the derivatives of the new inhibitors
are represented in Fig. 12.

Ebenso et al. [165] reported the DFT with basis set levels BP86/
CEP-31G* and B3LYP/6-31G (d,p) and ab initio estimates by the
RHF/6-31G (d,p) processes were carried out on different sulfon-
amides namely sulfapyridine (SPY), sulfacetamide (SAM), sulfathi-
azole (STI)) and sulfamerazine (SMR) employed as corrosion
inhibitors for mild steel in acidic medium to find out the correla-
tion among inhibition efficiencies and their molecular structure.
The obtained inhibition efficiency followed the order:
SMR > SPY > STI > SAM which corresponded with the order of most
of the calculated quantum chemical parameters such as energy of
EHOMO and ELUMO , the energy gap (DE), g, S, Mulliken charges on
the O, C, S, N atoms, dipole moment (l), polarizability (a), elec-
trophilicity (x), total energy change (DET), ionization potential
(I), electron affinity (A), the fraction of electrons transferred (DN)
and the absolute electronegativity (v). A relationship of the com-
posite index of several quantum chemical parameters was carried
out to describe the inhibition behavior of studied sulfonamides by
using quantitative structure activity relationship (QSAR) method.
These findings explained that the inhibition efficiency of the sul-
fonamides was directly related to few parameters but with varying
order. The obtained corrosion inhibition efficiency of the studied
sulfonamides was found to be close to their investigational inhibi-
tion efficiencies. The obtained experimental data follows the Lang-
muir adsorption isotherm. Negative values of EHOMO and other
thermodynamic parameters support the physisorption mecha-
nism. Fig. 13 demonstrates the HOMO and LUMO orbital contribu-
tions for the neutral and cationic species of the tested compounds
at the B3LYP/6-31G (d,p) level.

Samide et al. [166] studied the corrosion inhibition effect of 4-
Amino-N-(1,3- thiazol-2-yl) benzene sulphonamide on the surface
of carbon steel in 1 M HCl. In this paper the authors reports a com-
prehensive study on sulphonamide as corrosion inhibitor. The find-
ings confirmed that this compound behave as a good corrosion
inhibitor for carbon steel in acid medium. The inhibition efficiency
was raised as the concentration of inhibitor raised. It was also
exposed that the adsorption mechanism obeyed the Temkin
adsorption isotherm. The corrosion product was examined by
XPS study where few exciting examinations explained that the cor-
rosion product was essentially a non-stoichiometric Fe3+ oxide/
oxyhydroxide which was generally composed of a and c-FeO
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Fig. 12. The chain reaction of the studied compounds. Republished from ref. [164] with permission from Elsevier.
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(OH), Fe(OH)3, and Fe2O3. Here the primary phase component was
a and c-FeO(OH).

Obot et al. [150] studied the corrosion inhibition effect of sul-
phathiazole as a green corrosion inhibitor at mild steel in 0.5 M
HCl interface. Even at low concentrations, the findings were more
fascinating; sulphathiazole demonstrated some inhibition capabil-
ity, thus protecting metal from corrosion. The adsorption of sul-

phathiazole on mild steel followed the Temkin adsorption
isotherm. The obtained values of Gibbs free energy and activation
energy verify the chemical nature of the adsorption process. It is
most possible that the corrosion inhibition behavior of sulphathia-
zole was because of charge transfer among the surface of mild and
inhibitor molecules. These investigational findings and examina-
tions were further correlated with the theoretical studies. From

Fig. 13. The obtained molecular orbitals of HOMO and LUMO of studied molecules using B3LYP/6-31G(d,p) ((sulfacetamide (1); sulfapyridine (2); sulfamerazine (3);
sulfathiazole (4)). Republished from ref. [165] with permission from Wiley.
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theoretical quantum chemical calculations, molecular properties,
for example, EHOMO, ELUMO, DE, Mulliken charges, HOMO, and
LUMO orbitals, were evaluated, and a successful relationship was
made among reactivity traits and structure of sulphathiazole.
DFT with level BLYP/6-31G(d) was used to assess these molecular
properties.

Murulana et al. [167] reported the anticorrosion behavior of
several sulphonamides namely sulphachloropyridazine (SCP), sul-
phamethazine (SMT), sulphaquinoxaline (SQX) and sulphabenza-
mide (SBZ), for mild steel in HCl medium. The results explained
that these compounds efficiently inhibited the corrosion process
by becoming adsorbed on mild steel’s surface obeys the Langmuir
adsorption isotherm. The results of the electrochemical study con-
firmed that these compounds act as mixed-type inhibitors. The
theoretical studies were carried out to give mechanistic
approaches to the diverse substituents’ positions on the adsorption
mechanism and corrosion inhibition performance of the tested
inhibitors. The obtained theoretical parameters contain HOMO,
EHOMO, l, partial atomic charges, etc. The estimated molecular
properties were compared across the configurations of these com-
pounds to recognize trends related to the ability of corrosion inhi-
bition and their reactivity. The findings also explain that the
sulphonamide’s ability to protect the metal corrosion is strongly
dependent on the electron donating capability of the substituent
group and that the favored position for interaction with the surface
of metal, in all the sulphonamides, is the SO2 group.

Arslan etal., [163] investigated the anticorrosion properties of a
few sulphonamides namely sulphamethazine, sulphaguanidine,
sulphadiazine and sulphamethoxazole on the surface of mild steel
in an acidic medium. The correlation between inhibition efficien-
cies and the molecular structures of these inhibitors was recog-
nized from DFT and other semi-empirical tools. Some
relationship studies were carried out to contrast the findings calcu-
lated from the experimental and theoretical parameters. Their
results illustrated that the inhibition efficiencies of these inhibitors
were comparable with the parameters of molecular property, for
example, ELUMO, EHOMO, DE, g, l, a, and Mulliken charges. Their
findings also confirmed that the inhibition efficiencies of these cor-
rosion inhibitors were raised as they raised the value of EHOMOand
reduced the value of (EHOMO - ELUMO). The mechanism of physisorp-
tion was suggested from the sign of EHOMO values and other kinetic
and thermodynamic parameters.

Samide et al. [168] studied the corrosion inhibition effect of N-
acetyl p-aminobenzene sulphonamide (APAS) for carbon steel in
acidic solution. These findings explained that APAS was found to
be a suitable corrosion inhibitor. The inhibition efficiency raised
with raise the APAS concentration. Their investigational results
confirmed that the availability of this compound in solution
increased the surface coverage, which showed the adsorption
mechanism of this inhibitor on the surface of carbon steel. The
adsorption process follows the Langmuir adsorption isotherm
model. Mossbauer spectroscopy results explained that the signifi-
cant corrosion product was a non-stoichiometric Fe3+ oxyhydrox-
ide which included a, and c-FeO(OH), Fe2O3. Here the main
phase component wasa and c-FeOOH.

Zor and Sagdinc [169] studied the corrosion inhibition behav-
ior of sulphathiazole as a green corrosion inhibitor on aluminium
in 1 M NaCl solution at different temperatures. The polarization
plots showed the inhibitor act as mixed-type adsorption. The
adsorption mechanism of sulphathiazole on the aluminium sur-
face obeyed the Langmuir adsorption isotherm. Arrhenius equa-
tions and curves were applied to clarify the temperature effect
on aluminum corrosion. The theoretical parameters were
obtained by DFT and Hartree Fock tools. Therefore, these quan-
tum chemical parameters were related to sulphathiazole’s reac-
tivity traits and structure. Murulana et al. [170] investigated the

corrosion inhibition effect of some sulphonamides derivatives
i.e., sulphamethoxazole (SMX), sulphanilamide (SNA), sulphisoxa-
zole (SSZ), sulphamethizole (SMZ) and sulphadimethoxine (SDM)
for mild steel in HCl. These compounds as corrosion inhibitors
were found to protect the metal through spontaneous adsorption
on the surface of mild steel, thus blocking the active sites. The
calculated kinetic and thermodynamic parameters explained that
these inhibitors compounds followed the Langmuir adsorption
isotherm mechanism. The findings from potentiodynamic polar-
ization and electrochemical impedance explained that these inhi-
bitors act as mixed types. FTIR, EDS, and SEM were used to
describe the formation of the adsorption layer on the metal sur-
face. QSAR and DFT were also calculated to examine the selected
reactive sites on the sulphonamides molecules and compare the
investigational inhibition efficiency with the theoretically com-
puted inhibition efficiency. The findings specify that the preferred
sites for interaction among the mild steel surface and inhibition
would be the aromatic ring with the heteroatoms present in each
sulphonamide. DFT parameters are enough in the development of
QSAR to give a strong relationship among experimentally and
theoretically calculated inhibition efficiency.

Sappani and Karthikeyan [171] investigated the corrosion inhi-
bition effect of N-(isopropylcarbomoyl)-4-(m-tolyamino) pyridine-
3-sulphonamide (TSM) and 4-chloro-2-((furan-2-ylmethyl)amin
o))-5-sulfamoylbenzoic acid (FSM) for mild steel in 1 N sulfuric
acid medium. The findings confirmed that both compounds are
excellent corrosion inhibitors for the metal in H2SO4 and their inhi-
bition efficiencies raised with the rising concentration of inhibitors.
However, the inhibition efficiencies reduced with the rise in tem-
perature as gravimetric analysis were complete at a temperature
range of 303–333 K. The potentiodynamic polarization result
behaved as mixed type adsorption mechanism. The activation
energy and thermodynamic parameters confirmed that a Langmuir
adsorption isotherm model was followed via both inhibitors. UV
and FTIR explained the inhibition reaction method that resulted
in the complex formation of metal and corrosion inhibitors. The
appearance of protective film that resulted as an effect of adsorp-
tion among both the inhibitor molecules and mild steel was veri-
fied by SEM micrographs and their respective EDS spectra. SEM
micrographs of metal surfaces are exposed in Fig. 14A-C. Fig. 14A
shows pure metal in the absence of inhibitor and Fig. 14 B & C
explain the metal surfaces immersed in the optimum concentra-
tion of FSM and TSM (14 � 10�4). Fig. 14A presents the high pits
and damage on the metal surface, while Figs. B & C illustrate more
minor damage on the metal surface due to the inhibitor’s adsorp-
tion. The picture of the metal sample immersed in the presence
of TSM (Fig. 14B) is comparably smooth and slightly influenced
in comparison with sample surface engaged in the presence of
FSM (Fig. 14C), leading to efficient formation of TSM layers on mild
steel in H2SO4.

3.5. Thio urea and urea derivative as green corrosion inhibitors

Urea is an organic compound, in which two amino groups are
attached to sp2 hybridized carbonyl carbon. It is also known as car-
bamide, which is highly water-soluble. Usually, when phosgene
gas is treated with a primary or secondary amine, urea is formed
as the main product, as indicated in Scheme 1:

Also urea can be prepared by heating ammonium cyanate to
60C as given in Scheme 2:

Similarly thiourea is also a compound similar to urea in which
oxygen is replaced by sulphur atom in which two amino groups
attached with sp2 hybridized thionyl carbon atom. Also, thiourea
is an organosulphur compound, which differs in properties from
urea and is used as a reagent in the organic synthesis reaction
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[172]. Condensation reaction between carbon disulphide and
amine is involved in the common method of synthesis. Mono, di
and tri substituted thiourea derivative from aliphatic amine can
be prepared with the help of protocolgiven in Scheme 3[173]:

Also for the preparation of N, N unsubstituted, cyanamide anhy-
drous with LiAlHSH taken into diethyl ether solution[174] as given
in Scheme 4:

Normally urea behaves like a Lewis base and on heating, this
compound decomposed into inorganic acid and ammonia gas, also
heating urea with isocyanic acid (HNCO) can be converted into
melamine, biuret, guanidine and triuret condensed product. Addi-
tionally, on reacting with malonic ester, urea converted into pro-
duce barbituric acids. Same important chemical reactions of urea
is as given Scheme 5 [175,176]:

Fig. 14. SEM micrographs of mild steel immersed in (A) 1 N H2SO4, (B) 14 � 10-4 M FSM, and (C) 14 � 10-4 M TSM. Republished from ref. [171]with permission from ACS.

Scheme 1. Synthesis of Urea from phosgene.

Scheme 2. Synthesis of urea from ammonium cyanate.

Scheme 3. synthesis of mono, di and tri substituted thiourea derivative from aliphatic amine.

Scheme 4. Synthesis of urea from nitrile compound.
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Scheme 5. Decomposition reactions of urea.

Table 3
Chemical structure, metal, electrolyte, methods applied and key outcomes of urea and derivatives applied as corrosion inhibitors for metal and alloys.

S.
N.

Chemical structure Metal &
electrolyte

Methods applied Ref.

1. Epoxy coating by using graphene oxide–poly(urea–formaldehyde) composites CS/ 3.5 wt% NaCl SEM, TEM, XRD, EIS [183]
2.

1, 3-bis (hydroxymethyl) urea (BHMU)

CRS/ 1 M HCl WL, PDP, EIS, DFT,
MD

[184]

3.

Selenourea (SU), Thiourea (TU), Guandine (GU), and Urea (U)

CS/ 0.5 M H2SO4 OCP, PDP, EIS, DFT [185]

4. Graphene oxide poly urea formaldehyde composites MS/ 3.5 % NaCl FTIR, XRD, SEM, EIS,
TEM

[186]

5.

1-(pyridin-4-yl (pyrrolidin-1-yl) methyl) urea (UPyP),
1-(morpholino (pyridin-4-yl) methyl) urea (UMP), and
1-(piperidin-1-yl (pyridin-4-yl) methyl) urea (UPP)

MS/ 1 M HCl WL, PDP, EIS, XRD,
DFT

[187]

6.

Polyphosphate derivative of guanidine and urea
copolymer (PGUC)

ARMCO IRON/ 1 M
HCl

WL, EIS [188]

7.

bis-(cyclohexylaminomethyl)-urea (BCMU)

MS/ Cl-, HCO3
–,

SO4
2-

XPS, AFM, EIS, SEM [189]

8.

1-(4-cyclohexyl amino)-6-(3, 4-dimethoxy phenyl ethyl amino)-1, 3, 5-triazin-2-yl)-3-p-tolyurea (4-CADT)
and
1-(4-chlorophenyl)-3-(4-(cyclohexyl amino)-6-(3, 4-dimethoxy phenyl ethyl amino)-1, 3, 5-triazin-2-yl)
urea (4-CCADT)

MS/ 1 N HCl EIS, PDP, SEM [190]

9.

1, 3-bis (1-Phenylethyl) Urea (BPU)

CS/ 1 M HCl PDP, SEM, EIS [191]

10.

Mono and bis-4-methylpiperidiniummethyl urea

MS/ 1 mol.L-
1H2SO4

WL, PDP, EIS, DFT [194]

R. Aslam, G. Serdaroglu, S. Zehra et al. Journal of Molecular Liquids 348 (2022) 118373

24



Similar thiourea is used as precursors of thiourea dioxide and is
used as fertilizer in environmental stress conditions. Also, thiourea
is used for vulcanization accelerator, auxiliary agent for all types of
copy paper, silver gelatin photographic print and solution in Sn (II)
for copper printed. Among its chemical reactions are kurnakov
reaction, silver polishing, a precursor to heterocycles, source of sul-
phide and reluctant[177–180]. Its most important uses are used as
a precursor in the preparation of the heterocyclic compound.

3.5.1. Urea and derivatives as corrosion inhibitors for metal and alloys
Urea and derivatives applied as potential corrosion inhibitors

for metal and alloys in various aggressive media such as HCl,
H2SO4, NaCl etc. These molecules contain nitrogen and oxygen het-
eroatom’s those are electron rich and can interact with metal sur-
face by donating their lone pairs of electrons to vacant d orbitals of
metal [181,182]. Zhang et al. (2017) revealed that graphene oxide
poly urea formaldehyde composite exhibited excellent anticorro-
sion property for mild steel surface according to EIS analysis
[183]. Experimental analysis revealed that both derivative i.e.
HOMO and LUMO exhibited inhibition efficiency over 80% in
20 mM concentration for CRS in 1.0 M HCl according to Deng
and coworkers (2014) [184]. Among studied over derivatives i.e.
SU, TO and selenourea SU exhibited higher percentage of 98% at
optimum concentration for CS in 1.0 M H2SO4 [185]. EIS and quan-
tum chemical calculations shows good correlation for inhibition
property of Go-poly urea formaldehyde composites towards mild
steel corrosion. Polyurea micro capsulated incorporated with
quinoline microencapsulation applied as prominent corrosion inhi-
bitors for mild steel in 5 wt% HCl solution [186]. Mannich Bases
namely UPGP, UMP and UPP synthesized, characterized and
applied as prominent corrosion inhibitor in which UMP exhibited
EHOMO and ELUMO of �5.6480 eV and �0.8174 eV value respectively
[187]. Derivative of polyphosphate with urea and gyanimide
(PGUP) has been exhibited 91% inhibition efficiency at 11.5 g/l con-
centration followed by Temkin adsorption isotherm [188]. Urea
amine based self assembled compound namely BCMU developed
as mild steel corrosion and exhibited excellent anti corrosion prop-

erly confirmed by XPS, EIS, AFM and other studied parameters as
suggested by Zhang et al. (2010)[189]. B.M. Mistry and cowork-
ers(2011) reported that 1,3,5 triazinyl urea derivatives namely 4-
CADT and 4-CCADT applied as potential corrosion inhibitors for
MS in 1 N HCl in which 4-CCADT exhibited 94.06 % inhibition effi-
ciency [190]0.1,3 -bis (1- phenylethyl) urea follows Langmuir
adsorption isotherm and it’s adsorption process follows the
exothermic in nature[191]. Mono and bis-4-methyl pi peridinium
methyl urea shows excellent anticorrosion property towards steel
in H2SO4 electrolyte in which monourea compound shows 94.3%
inhibition efficiency according to weight loss measurement[192].
Additionally chemical structure, metal, electrolyte, methods
applied and key outcomes of urea and derivatives applied as corro-
sion inhibitors for metal and alloys summarized in Table 3.

3.5.2. Thiourea (TU) and derivatives as corrosion inhibitors for metal
and alloys

Thiourea is also a compound similar to urea in which oxygen is
replaced by sulphur atom. In thiourea two amino groups attached
with sp2 hybridized thionyl carbon atom. Also, thiourea is an
organosulphur compound, which differs in properties from urea
and is used as a reagent in the organic synthesis reaction. Thiourea
and its derivatives are highly water soluble, biodegradable, low
toxic and cost effective. Due to these unique properties these are
applied extensively as corrosion inhibitors towards metals and
alloys mitigation in corrosive medium. These organic compounds
contain various heteroatom’s those are electron rich in the form
of non-bonded electron pairs and can donate these electrons easily
to the vacant orbitals of metal orbitals. Due to the strong interac-
tion these organic molecules adsorb on metal surface and form
protective layer. Huong and coworkers (2019) reported experi-
mental analysis reveals the percentage inhibition efficiency of
98.96 and 92.65 for PTU and ITU respectively at 5 � 10-3 concentra-
tion. However, theoretical calculation also well supported the
experimental findings. Fig. 15 demonstrated the frontier molecular
orbitals that is highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) of both PTU and

Fig. 15. HOMO and the LUMO of PTU and ITU inhibitor molecules. Republished from ref. [193] with permission from ACS.
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Table 4
Chemical structure, metal, electrolyte, methods applied and key outcomes of thiourea and derivatives applied as corrosion inhibitors for metal and alloys.

S.
N.

Chemical structure Metal & electrolyte Methods applied Ref.

1.

1-phenyl-2-thiourea (PTU) and
1, 3-diisopropyl-2-thiourea(ITU)

MS/ 1 M HCl EIS, DFT, MCS, WL [193]

2.

1, 3-Diphenyl-2-thiourea (DPTU) and
1-phenyl-3-(2-pyridyl)-2-thiourea (PPTU)

CS/ 1 M HCl WL, PDP, EIS, SEM, DFT, MCS [194]

3.

Thiourea derivatives

Al/ 1 M HCl DFT, PDP, EIS [195]

4. Al/ 3.5 wt% NaCl FTIR, SEM, EDX, EIS, PDP [196]

5.

Thiourea (TU), phenyl thiourea (PTU) and
4-carboxy phenyl thiourea (CPTU)

Al/0.3–1.0 M NaOH WL [197]

6.

Thiourea (TU)

INGOT IRON/ 0.1 M H2SO4 + 0.25 M Na2SO4 EIS, PDP, WL [198]

7.

Thiourea (TU)

Cu/0.1–1.0 M NaCl EIS, PDP [199]

8.

1-Benzyl-3-diisopropylthiourea (DPTU) and
1,3-Dibenzylurea (DBU)

MS/ 1 Mol L-1 HCl PDP, EIS, SEM, DFT [200]

9.

thiourea derivatives

CS/ 1 M HCl WL, PDP, EIS, SEM, EDS, DFT [201]

10.

phenylthiourea (PTU),
N, N0-diphenylthiourea (DPTU) and
N-naphtyl N0-phenylthiourea (NPTU)

CRS/ 1 M HClO4 PDP, EIS, WL [202]

11.

Thiourea (TU)

Al/ 0.5 M H2SO4 EIS, PDP, WL [203]
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ITU derivatives. It is clear from the HOMO and LUMO graphs
(Fig. 15) of studied molecules that HOMO is more localized
towards more electron rich moieties and LUMO localized towards
electron deficient moieties respectively. [193].

Also among DPTO and PPTU, PPTO exhibited most prominent
corrosion inhibitors towards CS corrosion in aggressive media.
They exhibited adsorption energy of �509 kjmol�1 and �535 kj-
mol�1 respectively according to MC simulation [194]. Different
substituent containing thiourea derivatives applied as corrosion
inhibitor on aluminum surface and revealed the good protective
property of studied inhibitors as suggested by both theoretical
and experimental analysis. Among studied compounds DPTU
exhibited 89.6% inhibition efficiency et it’s optimum concentration
[195]. Hybrids nano composite and thiourea derivatives prevents
aluminum corrosions in 35% NaCl corrosive solution suggested
by FTIR, EIS, SEM and DPP analysis [196].Three thiourea derivative
namely TU, PTU and CPTU showing there excellent anticorrosion
properties towards aluminum corrosion in different concentration
of base corrosive solution of NaOH [197]. Corrosion an nano crys-
tallized ingot iron surface prevented by applying thiourea as corro-
sion inhibitor in 1.0 M H2SO4 + 0.25 M Na2SO4 sulphate containing
aggressive solution. EIS, PDP andWL techniques applied in order to
prove the inhibitory behavior of thiourea [198]. Self assembled
monolayer’s of allyl thiourea protect the copper surface from the
further attack of chloride ions and exhibited excellent protection
mechanism on copper surface corrosion [199]. The anticorrosion
behavior of 1-benzyl �3-diisopropyl thio urea (DPTO) 1,3-
dibenzyl thio urea (DBTO) investigated by using EIS ,PDP, WL,
SEM and DFT analysis. Among thiourea derivative DBTO shows
90% inhibition efficiency at 2 � 10�4 molL-1 concentration [200].
Thiozol heterocyclic ring containing thiourea derivative exhibited
%IE of 98.7% , 92.8 and 85.1 for compound 1–3 respectively accord-
ing to PDP analysis[201]. Heteroatom containing three thiourea
derivative namely PTU, DPTU and NTPU applied as corrosion inhi-
bitor for (R) in 1 M HClO4 in which NPTU exhibited 98.2% at
25 � 10�4 M concentration [202]. This investigation revealed the
anticorrosion properties of thiourea towards aluminum corrosion
in 0.5 M H2SO4 medium in which weight loss measurement sug-
gested that to follows the Langmuir adsorption and 72.7 % inhibi-
tion efficiency [203]. Among four 2-methylbenzoyl thiourea
derivatives, A1 exhibited highest percentage inhibition efficiency
of 82.4 % at 1 � 10�3 concentration as per weight loss analysis
[204]. Flower like Hierarchical thiourea located titanium PVA nano
composites used as corrosion inhibitor for mild steel in 1 M HCl in
which FTIR, FESEM, EDX, UV visible, AFM and XRD techniques used
extensively[205]. Additionally chemical structure, metal, elec-
trolyte, methods applied and key outcomes of urea and derivatives
applied as corrosion inhibitors for metal and alloys summarized in
Table 4.

4. Conclusion and outlook

Organic compounds are the most effective corrosion inhibitors
for steel alloys. They become effective through forming a
hydrophobic film on the metal surface that avoid the attacks of
corrosive species present in the surrounding. Adsorption behavior
and effectiveness of these compounds depend upon various factors
including temperature, nature of metal and electrolyte and on their
chemical structures. These compounds act as mixed and interface-
type corrosion inhibitors. Their adsorption mostly followed the
Langmuir adsorption isotherm model. Adsorption methods of cor-
rosion protection using these compounds mostly reinforced using
SEM, AFM, EDX, XPS, XRD, UV–vis, FT-IR etc. methods. These com-
pounds mostly derive through chemical syntheses which are con-
nected with various disadvantages including toxicity and
uneconamical nature. Most of the traditional organic corrosion
inhibitors are toxic and expensive in nature because of their mul-
tistep synthesis using expensive chemicals. Therefore, use of
organic compounds derived from natural resources such as amino
acids and carbohydrates as corrosion inhibitors should be
explored. More so, use of organic compounds derived through
environmentally sustainable synthetic practices including one step
multicomponent reactions (MCRs), mechanochemical mixing, etc.
especially using energy efficient microwave (MW) and ultrasound
(US) heatings should also be explored over the traditional organic
corrosion inhibitors. Compounds synthesized in green solvents
such as in water, super critical CO2 and ionic liquids should also
be explored.
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Abstract
The current research focuses on the removal of uranium from biosynthesized CeO2 nanoparticles. Cerium oxide nanoparticles 
have been synthesized by the green synthesis route, ammonium cerium nitrate as the prime precursor, and plant extract from 
Citrus limon was proposed to produce CeO2NPs with spherical morphology and desired particle size. Prepared cerium oxide 
nanoparticles (CeO2NPs) were characterized via various types of equipment, such as Fourier transform infrared spectroscopy, 
X-ray diffraction spectroscopy, Energy-dispersive X-ray spectroscopy, Scanning Electron Microscope, Ultraviolet–Visible 
Spectroscopy, High-resolution transmission electron microscopy, Raman Spectroscopy. Langmuir and Freundlich's adsorption 
isotherms are used to study and analyse the adsorption potential of cerium oxide nanoparticles, as well as the concentration 
of uranium, effects of contact time adsorbent, adsorbate dosage, and pH. The highest adsorption capacity of CeO2 toward 
uranium (VI) is determined to be 46.2 mg g−1, indicating a high efficiency for uranium(VI) ion removal.

Keywords  Cerium oxide nanoparticles · Adsorption theorem · Removal of U(VI) · Green synthesis · Kinetic study

Introduction

Nuclear technology is an advanced technology in which 
nuclear energy has been used to generate electricity in 
nuclear power plants [1, 2]. Nuclear power plants use ura-
nium as the main source. Radioactive waste is extremely 
toxic and carcinogenic due to the presence of U (VI) ions. 
Nearby sources of water have been contaminated with toxic 
U(VI) ions because of defective industry disposal methods 
[3]. As a result, removing U(VI) ions from polluted water 
sources seems to be critical not just for aquatic organisms 
but also for all living organisms.

Due to their unique properties and uses in a variety of 
areas, nanomaterials are currently being researched exten-
sively for their specific properties and functions [4, 5]. 

Aviation and space, power generation, chemical manufactur-
ing, building/construction industry, solar hydrogen, lasers, 
batteries, fuel cell, sensors, aeronautic industry, automobile 
engineering, consumer electronics, thermoelectric instru-
ments, cosmetic industry, and pharmaceuticals are several 
good significant applications of nanomaterials [6]. As a 
result, nanoparticles are extremely effective at removing 
U(VI) [7].

There are several physical and chemical methods for 
the preparation of cerium oxide nanoparticles, as well as 
their applications in various fields. Hydrothermal method 
for CeO2 synthesis is used in adsorption of organic dyes 
[8], flame spray pyrolysis method for photocatalytic activity 
[9], Sonochemical [10] microwave [11], sol–gel [12], co-
precipitation method for removal of uranium [13] combus-
tion synthesis method for supercapacitor performance [14]. 
However, most of the approaches are difficult, time-consum-
ing, costly, and harmful. The Green chemistry methods to 
the formation of metal and metal oxide nanoparticles [15]. 
Plant-mediated green nanoparticles are especially important 
because they do not need any special machinery or harm-
ful chemicals. As a result, it has no negative impact on the 
atmosphere [16]. Many green sources have been recorded 
for the preparation of cerium oxide nanoparticles such as 
Zamani et al. used walnut shell extract to make cerium 
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oxide nanoparticles for catalytic application [17], Sankar 
et al. using aqueous extract of Centella asiatica for prepa-
ration of cerium oxide nanoparticles which was applied in 
the determination of free radical scavenging activity [18]. 
Elahi et al. studied the photocatalytic activity of cerium 
oxide nanoparticles from Salvia Macrosiphon Boiss seeds 
extract [19]. Faleh et al. prepared ZnO-G and ZnO-C from 
Nerium oleander flower extract for adsorption and kinetic 
studies of radionuclides 140La and 144Ce [20]. A compari-
sion of physical characterization of ZnO made by green and 
chemical process was studied by Khali et al. [21].

In the present research the cerium oxide nanoparticles 
derived from lemon peel extract in our sample have never 
been reported before, and thus represent a novel process for 
the preparation of cerium oxide nanoparticles that can be 
used to remove uranium from an aqueous solution.

Material and methods

Materials and reagents

The ammonium cerium nitrate, sodium hydroxide was pur-
chased from Merck (Germany) which was applied without 
further purification. The lemon was collected from the local 
market of Raipur, Chhattisgarh. During the whole experi-
ment, double-distilled water was used.

Preparation of lemon peel extracts

Citrus Limon peel cleaned with distilled water then dried 
under shade, then grounded into fine powder. For the prep-
aration of lemon peel extract, 20 g of plant powder was 
taken in a round bottom flask then methanol and water 

(9:1) were added and heated at 100 °C for 1 h with con-
tinuous stirring at 400 rpm in a digital spinot. Following 
that, the solution was filtered and preserved at a low tem-
perature for further use.

Preparation of CeO2NPs

In the present study, 100 ml lemon peel extract has been 
mixed with 5 g metal salt solution (NH4Ce (NO3)6 dis-
solved in 30 ml of distilled water) then the solution was 
constantly shaken at low temperature for 24 h and the col-
our of the solution becomes dark grey. Then, it was dried 
at 60 °C for 4 h in a hot air oven and calcinated for 2 h at 
600 °C, a light-yellow powder obtained known as cerium 
oxide nanoparticles. The synthesis of CeO2NPs using cit-
rus limon peel extract is shown schematically in Fig. 1.

Characterization of ceria (CeO2) NPs

Various instrumentation techniques like UV–vis, SEM, 
FTIR, TEM, and EDS were applied for the characteriza-
tion of synthesized cerium oxide nanoparticles. Fourier 
transform infrared spectroscopy (FTIR, Agilent Tech-
nologies Cary 630) analysis was performed between the 
4000–500  cm−1 range. Scanning Electron Microscope 
(SEM, 2EISS EVO series Scanning Electron Microscope 
Model EVO18) and Electron Dispersion X-Ray Spectros-
copy (EDS) were applied for the analysis of nanoparticle 
surfaces and their elemental composition. X-ray Diffrac-
tion (XRD, PANalytical 3KWX’pert powder-multifunc-
tional) analysis was performed between the angle range 
10 to 80° using Cu Kα radiation.

Fig. 1   Schematic diagram of green synthesis of CeO2NPs using lemon peel extract
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Batch experiments

A standard 0.1 mg/L stock solution of uranium has been 
prepared using the 100 μg mL−1 standard uranium stock 
solution. Take 10 ml of the stock solution and add 0.003 g 
of prepared cerium oxide nanoparticles was added to dif-
ferent groups with different pH values and put on a rotat-
ing shaker. Filter the prepared solution through What-
mann filter paper 42, and the filtrate has been taken for 
the determination of the concentration of uranium ions left 
in the solution with the help of LED Flurimeter Quantalase 
LF-2a. Equation 1 is used to calculate the effectiveness of 
uranium elimination.

Among them, Ci (mgL−1) and Cf (mgL−1) show the ini-
tial value and final value of uranium ions concentration 
at equilibrium respectively. Equation 2 is used to calcu-
late the amount of uranium ion adsorbed per unit mass of 
cerium oxide nanoparticles.

where qe is the adsorption capacity at equilibrium w (g) is 
the weight of the adsorbent, V is the volume of the adsorbent 
sample.

Result and discussion

UV–visible spectroscopy

Phytochemicals present in the plant extract would help 
for the reduction of metal salt to metallic nanoparticles, 
which is a possible reaction mechanism. Plant extract phy-
tochemicals also serve as a stabilizing and capping agent 
in the formation of metallic nanoparticles [22]. This study 
is close to previous studies on CeO2NPs biosynthesis using 
Hibiscus sabdariffa flower extract [23]. The CeO2NPs 
are soluble in water, and the solution has been used to 
perform UV–vis experiments in the wavelength range 
between 200 and 600 nm shown in Fig. 2. The spectrum 
revealed a broad maximum absorption at 270 nm, which 
can be attributed to CeO2NPs intrinsic band-gap absorp-
tion caused by electron transfers from the valence band 
to the conduction band. The absorption of charge transfer 
transitions from O 2p to Ce 4f in CeO2 is responsible for 
the absorption of 270 nm [24].

(1)R =
Ci − Cf

Ci
× 100%

(2)qe =
(Ci − Cf )V

w

FTIR spectrum

Figure 3 shows the FTIR spectrum of synthesized cerium 
oxide nanoparticles. The transmittance band were 
located at 3447.18  cm−1,1647.68  cm−1, 1384.25  cm−1, 
1118.76 cm−1 and broad stretching band near 510.01 cm−1. 
The intense around 3447.18 cm−1 and 1647.68 cm−1 cor-
responds to υ (Ο − Η) stretching as well as bending vibra-
tions of water molecule linked to CeO2NPs respectively. A 
further 1048.84 cm−1 bond may contribute to the presence 
of organic residual material C-N stretching bend and a 
band at 510.01 cm−1 assign for cerium oxide stretching 
[25].

SEM and EDS

The scanning electron microscopy (SEM) has been used 
for studying the size distribution and particle composition 
of biosynthesized CeO2 nanoparticles. Measurement of 
nanoparticle size and surface morphology is important for 
nanostructure-based applications. The presence of elemental 
cerium and the oxygen signal of cerium oxide nanoparticles 

Fig. 2   UV–vis Spectrum of biosynthesized CeO2NPs

Fig. 3   FTIR spectrum of CeO2NPs
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was confirmed using an energy dispersive X-ray (EDS) spec-
trometer. Figure 4a, b, and c show SEM analysis of cerium 
oxide nanoparticles and 4d the number of X-ray counts are 
shown on the vertical axis, while the energy is shown on the 
horizontal axis in KeV. The identification lines for cerium 
and oxygen major emission energies are shown in Fig. 4d, 
and these lines lead to peaks in the spectrum, indicating that 
cerium and oxygen have been correctly detected (Fig. 5).

XRD

The Powder XRD study of cerium oxide nanoparticles 
shows diffraction peaks at (111), (200), (220), (311), (222), 

and (400) gives the confirmation of formation of cerium 
oxide nanoparticles with JCPDS File No # 34-0394 [19], 
which is related to cerium oxide with a face-centered cubic 
(fcc) crystal structure [25]. The average crystalline size of 
the cerium oxide nanoparticles derived from Citrus Limon 
peel extract was determined using Scherrer's equation.

where λ denotes the wavelength of X-ray (1.54 Å), β denotes 
peak width at high maxima, and θ denotes Bragg’s angle. 
The particle size of CeO2 nanoparticles is calculated and 
found about 10  nm according to this equation, which 
matches well with the SEM result.

HR‑TEM analysis

HR-TEM study gives a more detailed structural and com-
positional analysis. The particles are almost spherical, 
free from agglomeration, and the sample calcinated at 600 
°C shows a clear image. HR-TEM results confirmed the 
scale and arrangement of the sample particles as well as 
the thickness between 3 and 20 nm which is shown in Fig-
ure 6. From HR-TEM images it is obvious that the particle 
size with a spherical structure is approximately 10 nm. The 
SEAD pattern (selected area electron diffraction pattern) 
shows well-defined spotty rings, indicating polycrystalline 
nanoparticles.

(3)D = 0.9�∕�cos�

Fig. 4   a–c are the SEM images 
of CeO2NPs and d EDS image 
of CeO2

Fig. 5   XRD Peaks of CeO2NPs
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RAMAN analysis

RAMAN spectroscopy was used to characterize prepared 
cerium oxide nanoparticles. There was a solid, intense band 
at 418.94 cm−1 in the RAMAN spectrum confirming the 
cubic nature of cerium oxide nanoparticles, which has the 
symmetry of F2g and can be seen around each cation as 
asymmetrical breathing mode of O atoms which is shown 
in Fig. 7. The mode of vibration is approximately independ-
ent of the mass of cation as only the O atoms shift [26]. 
The asymmetrical stretching mode of the CeO2 is due to the 
RAMAN active mode.

Removal of uranium by CeO2 nanoparticles

The standard stock solution of uranium was taken in an 
Erlenmeyer flask at different concentrations of uranium to 
study the removal of uranium from a water sample. Later 
cerium oxide nanoparticles were added to the uranium sam-
ple and allowed for adsorption in the rotatory shaker. All the 

samples were then filtered using Whatmann filter paper no. 
42, and the amount of uranium remaining after adsorption 
was evaluated using an LED Fluorimeter Quantalase LF-2a 
to calculate the maximum adsorption peaks.

5 mL of adsorbed water sample was placed in a cuvette, 
along with 0.5 mL tetrasodium pyrophosphate buffer to keep 
the pH constant. For each sample, the fluorescent count was 
determined, and the maximum adsorption was calculated 
using a calibration curve. Figure 8 indicate calibration curve 
or sprcification curve of uranium.

Effect of adsorbent dosage

Each adsorbent's dose activity was measured by using 
0.001–0.007 mg CeO2 nanoparticles in a 10 mL uranium 
water sample of 0.1 ppm (pH 4) and mixed constantly on 
the rotatory shaker for 60 min (Fig. 9a). The observation 
reveals that the adsorption capacity of uranium increases 
with the increase in cerium oxide adsorbent dosage show-
ing its maximum adsorption capacity of 0.003 mg. Further, 
increasing the concentration of adsorbent dosage results in 

Fig. 6   a HR-TEM findings of 
CeO2NPs and b SEAD Pattern

Fig. 7   RAMAN Spectrum of CeO2NPs Fig. 8   Specification curve of uranium
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the declination of uranium ion adsorption. From the above 
mention data, we can conclude that cerium oxide nanopar-
ticles at 0.003 mg dosage were effective for the uranium 
adsorption study from the water sample.

Effect of pH value

To examine the role of pH in the uranium adsorption by 
cerium oxide nanoparticles, 10 ml water samples contain-
ing 0.1 ppm Uranium were taken in an Erlenmeyer's flask, 
0.003  mg cerium oxide nanoparticles were added to it 
and were agitated in a rotary shaker for 60 min. Uranium 
exists in various forms in different acidic environments, i.e. 
[UO2(OH)] +, UO2

2+, [(UO2)3(OH)5]+ and [(UO2)2(OH)2]2+ 
[27]. At pH 4 Uranium exists as UO2

2+ (in a solution along 
with UO2(OH)2). with the increment of pH value (pH > 4) of 
the solution, uranium acquires different oxidation states in 
solution various types, and hence UO2

2 + or U(VI) adsorp-
tion reduces beside an increment in pH value [28]. Thus pH 
4 is examined as appropriate for maximum uranium adsorp-
tion (Fig. 9b).

Effect of adsorbate concentration

To observe the effect of uranium enrichment on its adsorp-
tion, 10 ml of each water sample of a different concentration 

of uranium (at pH 4) were taken from 0.1 to 0.30 ppm, and 
0.003 mg of CeO2 nanoparticles were added, which was 
shaken on a Rotary Shaker for 60 min. The percentage of 
uranium removal has been found to be maximum at 100 ppb 
followed by slightly decreases up to 0.30 ppm shown in 
Fig. 9c. The CeO2 nanoparticle contains a maximum sur-
face area in the case of 0.1 ppm as compared to other solu-
tions (0.15 to 0.30 ppm) which show a decrease in uranium 
removal percentage with increasing uranium concentration. 
Thus, uranium elimination by percentage reduces with 
increase uranium concentration shown in Fig. 8c.

Effect of contact time

The significance of the contact time frame with success-
ful uranium removal is examined via taking all the param-
eters constant with varying the adsorption time only. 10 ml 
Water samples of 0.1 ppm uranium (at pH = 4) were taken in 
Erlenmeyer's flask with 0.001 mg of CeO2 nanoparticles and 
then stirred at different intervals of 0–160 min on a rotary 
shaker. It has been found that depending on the contact time, 
increase in the time interval 0 to 80 min most stable value is 
achieved for uranium removal from water sample solution 
and afterward with increasing time up till 80 to 160 min 
uranium removal tendency becomes constant. From Fig. 9d 

Fig. 9   a Effect of adsorbent 
dosage. b Effect of pH value. c 
Effect of Uranium concentra-
tion. d Effect of Contact time

(d) Effect of Contact time(c) Effect of Uranium concentration 

(b) Effect of pH value(a) Effect of adsorbent dosage
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it is shown that the maximum uranium removal appears to be 
occurring at an average reaching time of 80 min respectively.

Adsorption isotherm

The adsorption behaviour of nanoparticles has been ana-
lysed using isotherms Langmuir and Freundlich. Using these 
isotherms. it is possible to determine the relation between 
adsorbent concentration and adsorption capacity.

Langmuir adsorption isotherm

The Langmuir equation is written in the linear form shown 
below. The values of Qo and b, as well as their corresponding 
correlation coefficients, in the following equation provide 
relevant information regarding the Langmuir model constant 
[29].

The Langmuir plot of Ce/qe versus Ce gives a linear line, 
as in Fig. 10a where the slope is 1 / Qo and the intercept 
1/Qob is used to evaluate the Qo and b values (Table 1). 
Another important non-dimensional equilibrium factor of 
Langmuir isothermic adsorption is expressed as a separate 
component, RL. The aim of the RL indicates whether posi-
tive or unfavourable in the formation of the Langmuir plot. 
If RL > 1, the model is unfavourable, predictable (RL = 1), 
favourable (1 > RL > 0) and irreversible (RL = 0). The RL 
value is 0.2 which proves more desirable adsorption.

(4)
Ce

qe

=
1

Qob
+

Ce

Qo

Freundlich adsorption isotherm

Multi-layer adsorption for the adsorbent surface has been 
determined by Freundlich isotherm adsorption. The isotherm 
is represented by the equation [30]

The logarithmic equation being:

where Kf represents the Freundlich constant regarding 
adsorption capacity and n indicates the adsorption inten-
sity. A plot of Freundlich log qe adsorption versus log Ce 
shown in Fig. 10b. This linear plot with slope 1 / n and log 
intercept Kf as seen in the Table 1, used to calculate param-
eters n and Kf (Table 1). In both Freundlich (R2 = 0.99) and 
Langmuir (R2 = 0.98) isotherms, the maximum level of the 
Regression coefficient indicates that Freundlich adsorption 
isotherm model better represents uranium adsorption via 
cerium oxide nanoparticles. Cerium oxide nanoparticles 
(0.003 mg) show 96.63 percent adsorption capacity (Eq. 2) 
for uranium in a 0.1 ppm uranium solution (pH 4) for 80 min 
of contact period.

The average strength to adsorb uranium from nanoparti-
cles (Qo) is 7.19 mgg−1 (Table 1), with an amount of adsor-
bent of 0.003 gL−1 significantly greater than the previously 
mentioned method [31]. Use of uranium adsorption HAP 
microsphere (qe = 199 mgg−1 with an adsorbent dose of 0.3 
gL−1). In my research paper, the overall uranium concen-
tration from aqueous solution Cf (3.37 μgL−1) is generally 

(5)Qe = Kf × C1∕n
e

(6)Logqe = LogKf +
1

n
×

1

2.303
LogCe

Fig. 10   a Langmuir adsorption 
isotherm. b Freundlich adsorp-
tion isotherm

(b) Freundlich Adsorption Isotherm(a) Langmuir Adsorption Isotherm

Table 1   Langmuir and 
Freundlich adsorption parameter 
for adsorption of uranium over 
CeO2 nanoparticles

Ion Langmuir Freundlich

Qo B RL R2 N Kf R2

U (VI) 7.19 0.45 0.234 0.98 1.44 7.24 0.99
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lower than the permissible uranium concentration in stand-
ard EPA (30 μgL−1) and WHO (15 μgL−1) water supplies 
[28, 29].

Table 2 compares our experimental results with previ-
ously published adsorbents to indicate the usefulness of 
nanoparticles as a superior adsorbent for uranium removal. 
The biofabrication of the cerium oxide nanoparticles is low-
cost and environmentally sustainable, and in the synthesis 
process components of phytoconstituents act as capping 
agents. The resulting cerium oxide nanoparticles can be 
efficiently used for the removal of uranium from different 
polluted water sources.

Mechanism of the adsorption

The proper investigation of the uranyl ion adsorption process 
over the surface of cerium oxide nanoparticles revealed that 
the pathway is dependent on the pH, and thus the mechanism 
of adsorption was slightly influenced by the electrostatic 
attraction of the charged nanoparticle surface more toward 
cationic and the neutral uranyl substances present at specified 
pH in aqueous solution [32, 33]. According to the experiments, 
the empirical results fitted well with the model of adsorption 
model of Langmuir, confirming the coverage of monolayer 
adsorbate onto the adsorbent. A kinetic curve is represented 
in Fig. 9b demonstrated rapid adsorption, followed by a sub-
stantial increase in percent adsorption and then a continuous 
increase until equilibrium was reached, and it was ascribed to 
two fundamental methods [34]. The reversible change in the 
oxidation state of cerium ions Ce (IV) to Ce (III), which results 
in neutral surface/subsurface oxygen vacancies in ceria, is a 

well-known defect that increases with a particle size as well 
as the decreasing environment. [35]. This is verified by studies 
that demonstrate a rise in Ce (III) concentration with decreas-
ing crystallite size. The substantial increase in adsorption over 
a short time interval resulted in uranyl ion adsorption into sur-
face oxygen vacancies and diffusion into non-uniformly pro-
duced nanopores from within the ceria nanoparticles moiety 
[34, 36]. Figure 11 shows schematic representation of adsorp-
tion process.

Adsorption kinetics

The rate of adsorbate absorption by nanoparticles may be 
studied using kinetic models, and the correlation between 
experimental and theoretical data can be explained. Pseudo-
first-order and pseudo-second-order kinetics are the two most 
commonly used models [37].

Pseudo‑first‑order kinetics

According to pseudo-first-order kinetics, the rate of adsorption 
site occupancy is directly proportional to the number of empty 
sites. [38] The adsorption kinetics of uranium over cerium 
oxide nanoparticles may be investigated using pseudo-first-
order [39], which is represented by the equation below (7)

where qe and qt (mgg1) represent the amount of lead 
absorbed by the CeO2 nanoparticles at equilibrium and at a 

(7)log
(

qe − qt

)

= logqe −
K1t

2.303

Table 2   Maximum adsorption 
capacity of different adsorbents 
for uranium in aqueous solution

Adsorbent pH Time (min) Dosage (gL−1) Qo (mg g−1) References

Hematite 7 360 5 3.6 [41]
Olive stones/ZnCl2 6 5 4 57.80 [42]
Magnetic Fe3O4/SiO2 6 180 2.5 52 [43]
Anionic resin 3 – 1.9 79 [44]
Cerium oxide Nanoparticles 4 60 0.003 7.19 Our work

Fig. 11   Schematic diagram of adsorption mechanism
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specific time. The pseudo-first-order rate constant is repre-
sented by K1 (min1). A straight line with slope (K1/2.303) 
and intercept are obtained by plotting log (qe/qt) and t. (log 
qe). Figure 12a represents pseudo first order model where the 
slope and intercept have been used to calculate the pseudo-
first-order parameters, K1, and qe (Table 3). The graph can 
also be used to determine the correlation coefficient (R2). 
The values of R2 and the variation in the values of qe con-
firm that the pseudo-first-order kinetic model is ineffec-
tive for describing the rate of lead adsorption over CeO2 
nanoparticles.

Pseudo‑second‑order kinetics

Adsorption kinetics was further studied using pseudo-sec-
ond-order kinetics [39, 40], as shown by Eq. (8):

K2 (g mg1 min1) denotes the pseudo-second-order rate 
constant. A straight line with slope (1/qe) and intercept (1/
(K2qe

2) is obtained by plotting t/qt and t. Figure 12b repre-
sent the pseudo-second-order model and their parameters K2 
and qe, as well as the correlation coefficient, R2, are obtained 
from the intercept and slope, respectively (Table 3). The 
higher value of R2, indicating that the adsorption is pseudo-
second-order. Furthermore, the great similarity between the 
actual and predicted values of qe shows that the adsorption 
of uranium by cerium oxide nanoparticles follows a pseudo-
second-order kinetics mechanism.

Conclusion

In the present work cerium oxide nanoparticles were suc-
cessfully biosynthesized through to a simple, low cost, and 
the environmentally friendly green process by using citrus 

(8)
t

qt

=
1

K2q2
e

+
t

qe

Limon peel extract in a regular atmosphere without any spe-
cific physical condition. XRD and HR-TEM had elucidated 
the cubic fluorite structure of cerium oxide nanoparticles 
with a nanoscale range of 10 nm. FTIR data verified that 
chemicals belonging to the functional group of the bioactive 
compounds are responsible for bio-reducing behaviour for 
cerium oxide nanoparticles. At optimized pH 4 conditions, 
CeO2 nanoparticles were cost-effective nano-adsorptive sub-
stances of uranium removal from water and uranium removal 
found to be 94–96 percent contact time 80 min, it is newly 
reported. This work has been compared with previously 
reported studies (Table 2) and it has been found that even 
very low dosage has given good results. Adsorption iso-
therms of RL = 0.234 for isotherm of Langmuir and R2 = 0.99 
for isotherm of Freundlich often suggest that the isotherms 
are well matched to the experimental results. The outcomes 
of batch experiments agreed well with the pseudo-second-
order kinetic model. As a result, the above-mentioned 
approach for uranium adsorption uses ceria nanoparticles 
found very effective in water purification against the radioac-
tive element. These synthesized nanoparticles may also be 
applicable for other waste water treatments.

Fig. 12   a pseudo-first-order 
models for the adsorption of 
uranium on CeO2 nanoparticles. 
b Pseudo-second-order model 
for the adsorption of uranium 
ions on CeO2

(a) pseudo-first-order models for the adsorption 
            of uranium on CeO2 nanoparticles 

(b) pseudo-second-order model for the adsorption
               of uranium ions on CeO2

Table 3   Kinetic models for the adsorption of uranium ions on cerium 
oxide nanoparticles

Pseudo-first-order Pseudo-second-order

qe (mg/g) k1 (min−1) R2 qe (mg/g) k2 (g/mg min) R2

7.5114 − 0.00062 0.88 84.74 0.00151 0.99
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ABSTRACT
In this research work, N-hydroxypyrazine-2-carboxamide (NHP) is first
introduced as a green, new and effective corrosion inhibitor to pro-
tect mild steel (MS) surface from corrosion destruction in a 1M HCl
aggressive solution. Experimental techniques such as gravimetric
analysis and electron impedance spectroscopy (EIS) were used in the
present analysis; the obtained results show that the inhibition effi-
ciency for NHP was 93.51% at 200ppm and 298K temperature. NHP
molecules adsorbed on mild steel surface followed by Langmuir
adsorption model. Similarly, the energy-dispersive X-ray spectroscopy
(EDX) and scanning electron microscopy (SEM) analyses were used to
describe the changes in surface morphology and composition of MS
surface, respectively. Quantum chemical analyses based on density
functional theory (DFT) were also applied to calculate the frontier
molecular orbitals, that is, EHOMO and ELUMO values for NHP inhibitor
molecules; the DFT results are in good correlation with experimental
results. Additionally, the studied inhibitor molecule does not produce
any environmental threats and toxicity as it decomposed into amine
and carbon dioxide and also pyrazine molecules are mainly used as
drug precursors showing its green nature.
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1. Introduction

Metals and their alloys are corroded by interacting with environmental factors
such as the moisture and oxygen in the atmosphere. Corrosion of metal materi-
als is an electrochemical phenomenon and occurs on metals surface; this is due
to the potential difference between cathodic and anodic regions on the metal
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surface [1–5]. Metals and their alloys are used as mainly metallic materials in
various industrial applications. The surface of metals and their alloys are cor-
roded, as a result, the corrosion deposits such as salts, oxides and other com-
pounds covered the metal surface during various industrial applications. The
corrosion deposits on the metal surface are large problems economically and
environmentally. Before using metals and their alloys in various industrial proc-
esses again, the deposits on the metal surface are cleaned through important
cleaning processes such as acid pickling and descaling processes. Currently, HCl,
H2SO4 or HNO3 are mainly used as aggressive solutions in the pickling and/or
descaling process; they attack the metal surface after cleaning [6–8]. To prevent
this type of metal corrosion, some organic or inorganic substances are added to
block corrosion attacks of the aggressive corrosive solution during the above
cleaning process. These additional compounds are named corrosion inhibitors,
which deposit on the metal surface and protect it from the further attack of acid
[9–11]. In the past time, inorganic corrosion inhibitors such as chromates, phos-
phates and molybdate were mainly used. The development of organic corrosion
inhibitors gives trends in corrosion protection because organic molecules mainly
contain heteroatoms such as O, S, N and P, which promote corrosion inhibition
performance. These heteroatoms are electrons rich, which are mainly attributed
to easily deposited on the metal surface and protect them from further corro-
sion [6,12–15].

Various types of organic molecules such as imidazole [16], pyrazine [17,18],
indole [19], pyrrole [20], thiophene [21] and hydroxamic acids [6,22–24] have been
used mainly as corrosion inhibitors in previous researches. Most of these organic
compounds are hazardous and environmental threats, which lead to serious prob-
lems for human health and the environment. At present, green, non-toxic, less pol-
lutant for the environment and cost-effective corrosion are developing in corrosion
protection. N-hydroxamic acids and their derivatives are mostly used as drugs; this
is responsible for their environmentally friendly nature [25–27]. In this research
work, N-hydroxypyrazine-2-carboxamide (NHP) is first introduced as a green, new
and effective corrosion inhibitor to protect mild steel (MS) surface from corrosion
destruction in a 1M HCl aggressive solution. Usually, the studied inhibitor mol-
ecule does not produce any environmental threat and creates toxicity for the envir-
onment and living organisms as it decomposed into amine and carbon dioxide.
Also, the pyrazine molecule and its derivatives are mainly used as drug precursors
or drug molecules showing its green nature. Similarly, the present investigation
reveals an inhibition efficiency of more than 90% showing its efficient adsorbing
behavior on the metal surface and further protecting it from the corrosive attack
of chloride anions. Also, N-hydroxypyrazine-2-carboxamide (NHP) molecule has
both pi electrons and heteroatoms (N, O) non-bonded electrons, those can be
interactive sites on inhibitor molecules towards metal active sites.

Experimental techniques such as gravimetric analysis and electron impedance spec-
troscopy (EIS) were used to describe its inhibition efficiency in the present analysis.
The adsorption isotherm model was studied by Langmuir adsorption. Similarly, the
electron disperses X-ray spectroscopy (EDX) and scanning electron microscopy (SEM)
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analysis were performed to describe the changes in surface morphology and compos-
ition of MS surface, respectively. Quantum chemical analyses based on density func-
tional theory (DFT) were also applied to estimate the higher EHOMO and lower ELUMO

values for NHP inhibitor molecules; the DFT results are in good correlation with
experimental results. Scheme 1 represents the molecular structure of the inhibitor mol-
ecule. It is clear from this structure that the benzoyl rings, two nitrogen heteroatoms,
amino and hydroxyl functional groups are mainly responsible for the inhibition centres
of NHP.

2. Materials and methods

2.1. Materials (electrode, electrolytes and inhibitor solution)

Mild steel’s composition is as follows: (wt.%) C¼ 0.21. O¼ 1.31, Si 0.42, p¼ 0.04,
S¼ 0.05 and 98.2%. Fe metal samples with 5.0 cm � 2.0 cm � 0.1 cm dimensions were
employed for the weight loss analysis and electrochemical analysis. Emery papers of
grades ranging from 400 to 1200 were used to scratch and clean metal surface speci-
mens. An electrolytic solution of 1M HCl (MERCK) was used to prepare a 100ml
solution with and without inhibitor. In the present investigation, double distillation
water was performed to prepare an electrolytic solution for all the experiments. The
inhibitor’s solution was prepared at various concentrations of NHP ranging from 50 to
200 ppm. Finally, a 100ml solution was used for both gravimetric and electrochemical
experiments. NHP chemical was purchased from the MERCK and applied for corro-
sion inhibitor. The above experiments were performed three times to increase the
accuracy degree of the research work.

2.2. Weight loss measurement

Some previous studies [1–5] revealed the significance of weight loss analysis; this ana-
lysis does not involve high cost, sophisticated labs and advanced technology [15,28],
but the results are accurate and reliable. In the present investigation, MS strips were
weighed and suspended into 100ml electrolytic solution in the presence (50–200 ppm)
and absence of inhibitor at different temperatures (290–328K). In the electrolytic solu-
tion, the metal strip was dipped for 6 h immersion time. After this time, the metal strip
was taken out and washed with double distilled water, then it was dried in a desiccator

N

N
N
H

OH

O

Scheme 1. Structure of N-hydroxypyrazine-2-carboxamide (NHP).
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and weighed the corrosion rate (q) was measured from Equation (1) [29] as follows:

q ¼ DW
At

(1)

where t is immersion time (6 h), A is the metal surface area (at cm2), DW is weight loss
in mg/cm2 h.

The protection degree (%\islant20%gWL) was measured related to Equation (2)
[30,31] as follows:

%gWL ¼﴾ q1�q2

q1
﴿� 100 (2)

where q1 and q2 represent the weight loss of MS strip no-inhibited and inhibited 1M
HCl solution, respectively.

2.3. Electrochemical analysis

Echem analyst 5.0 in build with Gamry potentiostat software 300 was used for the elec-
trochemical analysis of PDV and EIS. The frequency domain of 10 kHz to 0.01MHz
was applied in the AC signal, which has an amplitude of 10mV, and ELS was recorded
when steady-state open circuit potential stabilized after a certain period. Each experi-
ment was performed three times to justify the reproducibility. The following equivalent
circuit model (Figure 1) was used to estimate the EIS data from the obtained Nyquist
plots. The inhibition efficiency (%gEIS) of the inhibitor was calculated from the values
of charge transfer resistance (Rct) using Equation (3) [22,32] as follows:

%g ¼ Rct ðinhÞ�Rct

Rct ðinhÞ
� 100 (3)

where Ri
ct and Ro

ct represent the resistance for charge transfer in the corrosion and
inhibition systems.

2.4. Surface morphology characterization

A scanning electron microscope (SEM) was used to identify the changes on the MS
surface after corroding and inhibiting. The aggressive corrosion attack and protective
thin layer formation on the metal surface were described with the obtained SEM
micrographs. The electron disperses X-ray spectroscopy (EDX) was also employed to
show the changes in the composition of metal surfaces. ZEISS EVO SEM 18/INCA 250
EDX XMAX with a detector (20mm) Oxford model was employed to obtain SEM and
EDX microphotographs.
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2.5. Quantum chemical calculation

The quantum chemical calculation theoretically illustrates the inhibition ability of
NHP. In this calculation, the density functional theory (DFT) method with 6–31G
(d,p) basis sets and B3LYP (three-parameter Lee–Yang–Parr correlation function by
Becke) method was employed in GAMESS-US [33,34]. This theoretical analysis was
done in aqueous NHP with the Polarisable Continuum Model employing the integral
equation formalism variant (IEFPCM) and a water solvent [35–37].

3. Result and discussion

3.1. Weight loss measurement

Weight loss is a simple, reliable and efficient technique; it can more accurately estimate the
values in the various corrosion indices such as inhibition efficiency, corrosion rate and sur-
face coverage (h) are calculated. With the help of weight loss measurement, the effect of
inhibitor concentration and the temperature has been studied at 50–200 ppm of NHP and
in 1M HCl electrolytic solution. Table 1 shows the values in the various parameters, which
were obtained from weight loss measurement, clearly showing that the corrosive rate tends
to decrease when the inhibitor concentration increases, while the inhibition efficiency
tends to increase with the increase of the inhibitor concentration.

3.1.1. Effect of temperature and concentration
In the present investigation, 50–200 ppm NHP inhibitor compound was applied in the
electrolytic medium of 1M HCl at different temperatures, which ranged from 298 to
328K. It is clear from the various weight loss parameters, which are shown in Table 1 that
the corrosion inhibition mechanism is influenced by the inhibitor concentration and tem-
perature. For example, it is evident from the obtained corrosion rate values that it
decreases with an increase in the concentration of inhibitor, while the inhibitor efficiency

Figure 1. Tafel plot for NHP/Electrolyte/mild steel system.
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and surface coverage are maintained on the increasing steps. The main reason for the
increase in the inhibition efficiency is that the adsorption efficiency of inhibitor molecules
on the metal surface also increases with the rise in the inhibitor concentration. This is due
to the corrosion inhibitor blocking the metal surface active-site, which causes corrosion
on the metal surface. Two nitrogen heteroatoms, a pyrazine ring, amino and hydroxyl
functional groups in the NHP molecule are responsible for the inhibition centres of NHP.
These heteroatoms are also attributed to supporting the formation of electrostatic bonds
with corrosive chloride ions to protect the metal surface from further corrosive attacks. It
is also clear from Table 2 that when the temperature increases, the electrostatic bond
becomes weak; this is due to the desorption rate of the inhibitor molecule on the metal
surface increasing [38,39]. The next important point from the obtained results is that the
inhibition efficiency gradually decreased and the corrosion rate increased. Usually, the
high temperature destroys the electrostatic bond between the inhibitor and metal surface;
this is due to the bond formation between the inhibitor’s proton and the adsorbed chlor-
ide ions are easily broken and the chloride ion becomes more active at high temperature;
therefore, the further corrosion acts slowly rose on the metal surface.

3.2. Adsorption isotherm

The analysis of the adsorption process and inhibition performance is important to
describe the corrosion inhibition mechanism. The adsorption type and nature of the
deposition inhibitor molecule on the metal surface is well described using the adsorp-
tion model. Langmuir adsorption model is the best fit to identify the adsorption proc-
esses between the NHP molecule and the MS surface, which is described by the
following expression (Equation (4)) [30]:

C
h
¼ 1

Kads
þ C (4)

where Kads represents the adsorption–desorption constant.

Table 1. Weight loss parameters of NHP molecules at different concentrations and temperatures.

Inhibitor
Conc.
(ppm)

Corrosion rate,
q, (mg cm�2 h�1) Inhibition efficiency (%g)

298K 308K 318K 328K 298K 308K 318K 328K

NHP 0.0 1.095 1.966 4.144 5.181
50 0.192 0.359 0.789 1.452 82.46 81.73 80.96 71.97
100 0.156 0.311 0.695 1.346 85.75 84.18 83.22 74.02
150 0.102 0.275 0.632 1.122 90.68 86.01 84.74 78.34
200 0.071 0.231 0.585 1.021 93.51 88.26 85.88 80.29

Table 2. Values in Gads and Kads for the MS with and without NHP at different concentrations and
temperatures.
Inhibitor Temp. (K) R2 Kads (M

�1) DGads (kJ mol�1)

NHP 298 0.9979 12.12 �16.132
308 0.9984 11.56 �16.552
318 0.9988 11.36 �17.043
328 0.9984 10.86 �17.456

Average �16.796
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In the present study, the Langmuir model has fitted with correlation coefficient R2

and its values are close to unity, in which the value was calculated from the slope of
Figure 2 at the different temperatures. It is also interesting to notice in Figure 2 that
Langmuir plots increased when the temperature rise. The values in the standard free
energy of adsorption (DGads) were measured using the following Equation (5) [30]:

DGads ¼ �RTln ð55:5KadsÞ (5)

where R is the universal gas constant and 55.5 is the molar concentration of
water molecules.

The value of DGads obtained from Equation (5) shows that there is a strong inter-
action between the inhibitor molecule and the metallic surface; the negative value of
DGads also shows that corrosion inhibition is a spontaneous process. Generally, the
value of DGads is between �16 and �17 kJ mol�1at a different temperature, suggesting
the mixed type behaviour of the NHP molecules. According to previous research works
[10–15], if the DGads value is less than �20 kJ mol�1 then it is considered as physisorp-
tion in nature while DGads value of �40 kJ mol�1 or more is considered as chemisorp-
tion of NHP inhibitor molecule [40–42]. It is also measured that the value of average
DGads is �16.796 kJ mol�1, this is due to the corrosion inhibitor influencing both the
cathodic and anodic activities.

3.3. Electrochemical analysis

Corrosion is an electrochemical process as it involved both anodic and cathodic reac-
tions within the metal surface due to morphological inhomogeneity. Due to this poten-
tial difference has been formed on the single metal surface and causes corrosion. From
this point of view electrochemical analysis explore the electrochemical behaviour of
metallic corrosion in the presence and absence of inhibitor molecules.

Figure 2. Langmuir adsorption plots for NHP in 1M HCl solution at different temperatures and
concentrations.
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The inhibition performance of the NHP on a mild steel surface is calculated by using
EIS at different concentrations. The results obtained from EIS are shown in Figure 3.
The low-frequency Z value of the modules is obtained from the Bode plot, confirming
the protective film of the NHP molecule on the metal surface. Table 3 represented that
the value of impedance tends to increase with rising concentration, demonstrating the
high protection efficiency of NHP. Homogenous distribution of the NHP molecule on
the metal surface effectively prevents the penetration rate of aggressive chloride and
also improves the inhibitor’s physical barrier. Some previous research [12–16,43] shows
that if the radius of the capacitance impedance in the Nyquist plot is large, then it
exhibits better corrosion protection properties [44–48]. Nyquist’s representation and
Nyquist’s fitted lines show that the depressed semicircle at higher frequency in presence
of a higher concentration of NHP molecule exhibits the high inhibitory property of
inhibitor molecule. Similarly, a depressed semi-circle with a presence of 1M HCl is
obtained at the lowest frequency, indicating the high corrosion rate of mild steel surfa-
ces. The above discussion shows that the inhibitor molecules adsorb on the metal sur-
face to form a passive layer and block the active sites; these actions are responsible for
corrosion inhibition. Additionally, Figure 4 demonstrated the fitting of EIS results with
the equivalent electrical circuit models to determine the corrosion performance quanti-
tatively. The obtained values from the calculations are shown in Table 3, from which it
is clear that when the immersion time rises the values of Rs and Rct decrease, respect-
ively; this trend shows the deterioration of the metal surface.

Figure 5 indicated the equivalent circuit fitting model, which contained the constant
phase element (CPE). Equation (6) described CPE; CPE signifies impedance, resistance
and capacitance [49,50]:

ZCPE ¼ 1
Y0

� �
½ðJWÞN ��1 (6)

Figure 3. Nyquist plots for mild steel corrosion in blank (1M HCl) NHP.

Table 3. Impedance parameters for MS in 1M HCl with and without NHP.
Inhibitor Conc. (ppm) Rs (X cm�2) Rct (X cm�2) Cdl (lF cm�2) h %nEIS
NHP 1 M HCl 1.548 22.32 128.2

100 1.022 69.51 92.33 0.744 66.66
150 1.482 145.3 84.21 0.916 84.00
200 1.994 198.6 67.85 0.950 88.10
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In the next part of EIS, the double-layer capacitance (Cdl) for the corrosive and
inhibited solution was estimated using the following Equation (7) [39]:

Cdl ¼ YoðwmaxÞn�1 (7)

where n is NHP shift and Yo is the exponent.

3.4. Potentiodynamic polarization (PDP)

PDP analysis was applied in order to find out the adsorption property of the NHP mol-
ecule The PDP analysis was done in different concentrations of inhibitor molecule for
MS corrosion at room temperature as shown in Figure 1. Tafel indices such as cath-
odic, anodic Tafel slopes, current densities (icorr) and corrosion potential (Ecorr) were
obtained from the PDP study (Table 4). Table 4 clarifies that increasing the concentra-
tion of inhibitors decreases the value of corrosion current density (icorr), which shows
that the inhibitor inhibitors molecule is adsorbed on the mild steel surface effectively
protecting them from further corrosive attack and the presence of NHP molecules
enhanced the %� (PDP). According to PDP analysis, the inhibition efficiency follows
the same sequence as the weight loss study. It has been known from some previous
research literature that if the value of Ecorr was greater than the value of the blank solu-
tion to 85mV, then the inhibitor is usually anodic or cathodic, whereas, if Ecorr value is
less than 85mV of the blank solution, it is called mixed-type inhibitor [31–33]. In the
present work, for NHP, Ecorr value is less than 85mV relative to the blank solution,
which shows the mixed type nature of all inhibitors.

Figure 4. Bode plot for NHP/1M HCl/MS system.
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3.5. Surface analysis

Figure 6 demonstrated the surface morphology of metal surfaces after corrosion
and inhibition. The mild steel surface in Figure 6(A) (left) is corroded seriously by
a corrosive attack on the metal surface. As a result of corrosion destruction, the
corrosion products of chlorides and oxides were formed on the metal surface. In
comparison, Figure 6(B) (left) shows that the metal surface was clean, confirming
the adsorption of the NHP molecule as a protective layer on the metal surface.
Also, it confirmed the value obtained from experimental data such as weight loss
measurements and electrochemical experiments. Similarly, the change in elemental
composition on the metal surfaces can be easily predicted with the help of EDX
spectra. In Figure 6(A) (right), the peak intensity of iron, chloride and oxygen
atoms is mainly visible in the obtained EDX spectra, whereas the peak intensity of
chlorides ions is notably lower in the inhibited solution. The weight % composition

Figure 5. An equivalent circuit model was applied for the fitting of the Nyquist curves.

Table 4. Tafel polarisation parameters for NHP towards mild steel corrosion inhibition in molar
concentration of hydrochloric acid solution.

Inhibitors
Concentration
(ppm)

Tafel polarisation parameters
Icorr
(A cm

�1
) Ecorr mV(vs SCE)

ba
(mV dec

�1
)

bc
(mV dec

�1
) h %g

NHP Blank 101.8 �511 271.9 305.3
100 24.98 �522 130.9 221.9 0.755 75.46
150 19.02 �515 144.8 132.2 0.813 81.31
200 13.10 �513 114.2 161.8 0.871 87.13
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of these atoms is given in Table 5. It is also clear from the values given in Table
5 that the composition of chloride is relatively high (5.58%) in corrosive solutions.
In comparison, the composition of chloride is lower (0.92%) in the inhibited solu-
tion (Figure 6(B) (right)). It is also clear from obtained results that the high con-
centration of chloride ions is responsible for the high corrosion while its low
concentration is attributed to a rise in corrosion protection. Therefore, SEM-EDX
analysis confirmed the high inhibition performance of NHP molecules for
selected steel.

3.6. Quantum chemical analysis of NHP

DFT calculation in the quantum chemical analysis was done on the neutral form of the
selected NHP molecule in the aqueous phase. The NHP molecule was optimised before
the DFT calculation. The obtained optimised structure of NHP is represented in
Figure 7(a). The inhibition efficiency depends on the planar structure, which means
that if the inhibitor’s structure is large planar, the molecule is a good corrosion inhibi-
tor; if the low planar structure, vice-versa. Overall, what stands out from the obtained
optimised structure of NHP is that the selected corrosion inhibitor has a good planar
structure, suggesting that the selected structure is an efficient corrosion inhibitor
[37,40,51,52]. It should be underlined that two nitrogen atoms in aromatic rings make

Figure 6. (A, B) SEM and EDX spectra for MS in the absence and presence of NHP molecules.

Table 5. EDX parameters for NHP in uninhibited and inhibited medium.

Medium

Composition (wt%)

Fe Cl O S C N

MS/1M HCl system 93.02 5.58 1.22 0.18
MS/NHP/1M HCl system 90.49 0.92 1.89 0.22 5.87 0.61
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the NHP structure more polarised. The hydroxyl functional groups and amino groups
are linked in this structure; then the functional groups interact with each other. This
interaction promotes to become more polar structure.

In the next part of the quantum analysis, the charge distribution map for
NHPis illustrated in Figure 7(b). In general, it is evident that the O10 atom is
more negative, and it is mainly responsible for the adsorption centre of NHP. The
p-electron pairs of O10 atoms are favourably transferred to vacant d-orbitals of
iron on the metal surface. On the other hand, the NHP was protonated through
the N6 atom. Therefore, the protonated form of NHP promotes physical adsorp-
tion on the metal surface [8–10].

In the following step of DFT analysis, the frontier molecular orbital (FMO) method is
employed to find the HOMO (Figure 7(c)) and LUMO (Figure 7(d)) for optimised NHP.
The electron density of HOMO is mainly localised around N8, O9 and O10 atoms, which
are electron-donation centres of NHP. The chemical-sorption processes are carried out
through the HOMO regions. The localised p-electrons in HOMO regions are shared with
vacant d-orbitals of irons. On the other hand, the value of electron density cloud is very
low in LUMO regions, which are localised around the benzoyl rings. The electrons are
accepted through LUMO regions. Therefore, the electron-acceptor performance of LUMO
promotes the adsorption performance of corrosion inhibitors [53–55].

3.7. MEP analysis of NHP

The molecular electrostatic potential (MEP) map for the NHP corrosion inhibitor is
found and the obtained data is given in Figure 8. The reactivity, electrophilic (red) and

Figure 7. The (a) optimised structure, (b) charge distribution map, (c) HOMO and (d) LUMO
of NHP.
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nucleophilic (blue) regions for NHP are represented in Figure 8. They are cited at
around ±1.973� 10�2eV, confirming that the selected optimised structure has good
adsorption performance. The electrophilic points are generally cited around benzoyl
rings while the nucleophilic points are mainly localised around the O10 atom. These
centres are responsible for a rise in inhibition performance [56,57].

3.8. Global reactive indicators of NHP

The global reactive indicators of NHP such as the molecular ionization potential
(IDFTInh ), electron affinity (ADFT

Inh ), global electrophilicity index (xDFT
Inh ), electronic negativ-

ity (vDFTInh ), nucleophilicity (eDFTInh ), a fraction of electron transfer from the inhibitor mol-
ecule to the metal surface (DNDFT

Inh ) (related to Koopmans’s theory) and an electronic
fractionðwDFT

Inh Þ, chemical softness (rDFTInh ), chemical hardness (gDFTInh Þ and electronic
chemical potential (lDFTInh ) were measured from the energy difference between the
HOMO (EDFTHOMOðInhÞ) and LUMO (EDFT

LUMOðInhÞ) energies. The following Equations
(8)–(17) are used for these measurements [58,59].

DEDFTInh ¼ EDFT
LUMOðInhÞ � EDFT

HOMOðInhÞ (8)

Figure 8. The MEP of NHP corrosion inhibitor at the aqueous phase.
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IDFTInh ¼ �EDFTHOMOðInhÞ (9)

ADFT
Inh ¼ �EDFT

LUMOðInhÞ (10)

rDFTInh ¼ 1
g

(11)

xDFT
Inh ¼ ðvDFTInh Þ2

2gDFTInh

(12)

�lDFTInh ¼ vDFTInh ¼ 1
2

IDFTInh þ ADFT
Inh

� �
(13)

eDFTInh ¼ 1
xDFT

Inh

(14)

gDFTInh ¼ 1
2

IDFTInh � ADFT
Inh

� �
(15)

DNDFT
Inh ¼ ðvFe�vDFTInh Þ

2ðgFe þ gDFTInh Þ (16)

wDFT
Inh ¼ ðvFe�vDFTInh Þ

4ðgFe þ gDFTInh Þ (17)

Where gFe is 0 eV mol�1 and vFe is 7 eV mol�1.
Table 6 indicated the global reactive parameters for the neutral form of NHP corro-

sion inhibitor in the aqueous phase (water solvent). The reactivity properties depend
on the inhibitor molecular structure. The energy difference between LUMO and
HOMO is very low, indicating that the selected molecule is more reactive and low sta-
ble. It is revealed that the low stable molecule is easily polarised in the aqueous phase.
As a result, the polarised structure becomes a good corrosion inhibitor[16–20]. The
next important aspect of the obtained results is that the values in molecular ionization
potential, electron affinity, global electrophilicity index, electronic negativity, nucleo-
philicity, a fraction of electron transfer from the inhibitor molecule to the metal sur-
face, dipole moment, electronic fraction, chemical softness, chemical hardness and
electronic chemical potential confirmed the rise in inhibition properties. Therefore, the
global reactive analysis confirmed the experimental results.

3.9. Fukui analysis of NHP

In Fukui analysis, the Fukui indices contained the electrophilic (fþk high), nucleophilic
(f�k high) and neutral (f 0k high) for a neutral form of NHP were measured using the

14 Y. DEWANGAN ET AL.



following Equations (18)–(20) by the natural population analysis (NPA); the obtained
results are represented in Table 7.

fþk ¼ Pk N þ 1ð Þ � PkðNÞ (18)

f�k ¼ Pk Nð Þ � PkðN � 1Þ (19)

f 0k ¼ Pk N þ 1ð Þ � PkðN � 1Þ (20)

where Pk N þ 1ð Þ, Pk Nð Þ and PkðN � 1Þ are anionic, neutral and cationic molecules,
respectively.

In Fukui analysis, more favourable adsorption, electrophilic, nucleophilic and neu-
tral atoms are estimated. As can be shown in Table 7, N8, O9 and O10 atoms are more
nucleophilic and adsorption atoms, showing that these atoms are mainly attributed to
an increase in inhibition performance. In comparison, C2, N3 and N6 atoms are more
electrophilic centres, suggesting that these centres support the electrostatic interactions
between the corrosion inhibitor and the metal surface. Consequently, the

Table 6. Values in global reactive parameters for NHP at the aqueous phase.
Parameter Values (eV)

EDFTHOMOðInhÞ �0.24

EDFTLUMOðInhÞ �0.07

DEDFTInh 0.17

IDFTInh 0.24

ADFTInh 0.07

lDFTInh �0.155

vDFTInh 0.155

gDFT
Inh 0.085

rDFT
Inh 11.76

xDFT
Inh 0.14

eDFTInh 7.14

DNDFT
Inh 40.26

wDFT
Inh 17.2

Dipole moment, D 4.6
E(RB3LYP), Hartree �508.180

Table 7. Fukui indices of NHP at the aqueous NHP.
Atom f�k fþk f 0k
C1 0.0013 0.01 0.0057
C2 0.0014 0.2009 0.1011
N3 0 0.1818 0.0909
C4 0.0018 0.001 0.0015
C5 0 0.174 0.087
N6 0.0008 0.2645 0.1327
C7 0.0052 0.0594 0.0323
N8 0.4303 0.0504 0.2403
O9 0.3279 0.0067 0.1673
O10 0.2309 0.0511 0.141

The bold values are more nucleophilic and adsorption atoms.
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adsorption–inhibition mechanism conformed to the Fukui analysis. In addition to this,
it is also concluded that the experimental results are correlated with the quantum
chemical calculations results. NHP molecule contains pi electrons and non-bonded
electrons containing heteroatoms. Due to the presence of electron-rich centres, inhibi-
tor molecules easily interact with the mild steel surface and protect the metal surface
by forming protecting layer as proved by experimental and surface morphological ana-
lysis. In this regard, DFT analysis derived the parameters such as EHOMO, ELUMO and
E, etc, which describe the electron-donating sites of molecules. As reported in previous
studies the higher EHOMO value of the inhibitor molecule denotes the more electron-
donating property of the inhibitor molecule [6,22].

3.10. Corrosion inhibition mechanism and comparative study

The inhibitor molecule used in the present work contains double bonds in the aromatic
ring and heteroatoms in both the aromatic ring and side chain. Due to these electron-
rich centres, it can easily interact with vacant d orbital of iron surface that is inhibitor
molecules acted like Lewis base and metal surface acted like Lewis acid. Direct inter-
action between the field p orbital of an organic molecule and vacantly d orbital on a
metal surface forms a stable protective layer on the metal surface and this kind of direct
direction interaction has been regarded as chemisorption [60]. Whereas, and inter-
action, which is due to acidic medium inhibitor molecule, can be easily protonated at
atoms and anion formed from the electrolyte media deposit on the metal surface. Now
the interaction between protonated it is an inhibitor molecule and anion layer on the
metal surface and this can be regarded as physical adsorption [61]. In addition Figure 9
demonstrated the interaction between the metal surface and inhibitor molecule.

Some previous research used the pyrazine derivatives and hydroxamic acids for cor-
rosion mitigation of various metal surfaces from corrosion in different aggressive
media. Verma et al. reported the %IE of 98.49 and 95.90 for BHA and AHA respect-
ively, according to electrochemical analysis at an optimum concentration of 200 ppm at

Figure 9. Interaction between the metal surface and inhibitor molecule.
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room temperature [6]. Verma and co-workers also reported a high percentage inhib-
ition efficiency of 93.29%, 95.69% and 96.37% for the AHA, BHA and OHA respect-
ively [22]. Also, pyrazine derivatives were applied towards the corrosion inhibition
process of MS in 1M HCl and reported good %IE of above 90% showing the potential
behaviour of studied inhibitors. Similarly, various pyrazine derivatives namely ABP,
AP, MP [62], DPP [63], DPB [18], DP-I and DP-II [64,65] used extensively towards
metal corrosion protection and exhibited good but less inhibition efficiency as com-
pared to the inhibitor used in the present work.

4. Conclusion

In summary, NHP was first introduced as an effective corrosion inhibitor for mild steel
in hydrochloric acid medium. The experimental gravimetric analysis results suggested
that the inhibition efficiency for NHP was 93.51% at 200 ppm at 298K temperature.
Also, impedance parameters for MS in 1M HCl with and without NHP show that the
value of Rct and inhibition efficiency increase as the concentration of inhibitor increases.
Similarly, EIS analysis revealed the anti-corrosive property and mixed type behaviour of
NHP molecules on MS surface in 1M HCl solution. The SEM and EDX analysis mainly
show the formation and composition of the protective layer of NHP on the metal sur-
face. Finally, the computational-based analysis reveals that the electron-donating and
electron-accepting properties are correlated with the inhibition performance.
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1. Introduction 

1.1. Importance and novelty in this review 

1.1.1. Importance 
β-CD is used in many applications, including biotechnology (Bai 

et al., 2021; Gregorio Crini et al., 2021; Xu et al., 2010), decontamina
tion (Foroutan et al., 2021; Kekes et al., 2021; Yang et al., 2013), 
remediation (Alsbaiee et al., 2016; Kumar et al., 2015), nanotechnol
ogies (Chandra et al., 2019; Kamble et al., 2019; Pawar & Shende, 
2020), microencapsulation (Chew et al., 2018; Piletti et al., 2019), 
pharmacy (Grégorio Crini & Aleya, 2021; Petitjean et al., 2021), medi
cine (Chen et al., 2018; Ren & Xu, 2018), enzyme technology (Zhang, Li, 
& Mao, 2019; Zhang, Mao, et al., 2019), fragrance (Abdelkader et al., 
2019), aromas (Deng et al., 2022), cosmetics (Gregorio Crini et al., 2021; 
Giovannelli et al., 2021), textiles (Bezerra et al., 2020; Haji, 2020), 
membranes (Xue et al., 2020), catalysis (Akolkar et al., 2020), foods 
(Marques et al., 2019), sugar-based surfactants (Zhu et al., 2019), 
chromatography (Shuang et al., 2020), analytical chemistry (Shuang 
et al., 2020), click reactions (Zhang et al., 2020), agriculture (Chang Liu 
et al., 2019), supramolecular chemistry (Dalal et al., 2018; Niu et al., 
2018) and macrocyclic compounds (Upadhyay & Ali, 2018). Its wide
spread use is due to its desirable natural properties. The role of β-CD in 
corrosion inhibitors are following:  

(i) β-CD is an innovative material for corrosion protection, many 
new materials would be synthesized and prepared with β-CD;  

(ii) β-CD is a green source of corrosion inhibitors, because, they are 
sustainable, inexpensive, environmentally friendly, and highly 
water-soluble;  

(iii) The outdoor active hydroxyl functional groups promote to 
become their high inhibition efficiency. These types of materials 
are very important for protecting metallic materials from 
destructive corrosion in high-impact industries such as the 
chemical, petrochemical, oil-gas, automobile and metallurgical 
industries;  

(iv) β-CD is high efficient supramolecular building system, it is a good 
opportunity to develop the supramolecular corrosion inhibitors;  

(v) The inhibition performance and water solubility of investigated 
inhibitors are importantly rose with the β-CD. 

Therefore, a deep understanding of the development and innovation 
of β-CD-based compounds as corrosion inhibitors is very important in 
creating next-generation materials for corrosion protection (Umoren & 
Eduok, 2016). 

1.1.2. Novelty 
The main characteristics, developments and innovations, and future 

perspectives, of corrosion inhibitors based on β-CD compounds were 
reviewed and discussed with relevant examples and details. This review 
may be helpful in introducing and developing sustainable corrosion 
inhibitors based on β-CD compounds for corrosion protection in the 
chemical, petrochemical, oil-gas, automobile and metallurgical 
industries. 

1.2. Main characteristics, impacts and protection of corrosion 

The corrosion of metal-based materials is an electrochemical process. 
As a result of corrosion, the main properties of metals are lost (Quraishi, 
Chauhan, & Saji, 2021; Verma, Ebenso, & Quraishi, 2020). Corrosion of 
metal materials occurs in aqueous and atmospheric environments 
(Quraishi, Chauhan, & Saji, 2021; Verma, Quraishi, & Ebenso, 2020). It 
depends on many important factors, such as the temperature, pH of the 
corrosive solution, metal reactivity, component values in metal alloys, 
nature of corrosive ions and concentrations, metal surface nature and 
concentration of oxygen (Berdimurodov, Kholikov, Akbarov, Guo, Kaya, 

Katin, Verma, Rbaa, and Dagdag, 2022a; Berdimurodov, Kholikov, 
Akbarov, Guo, Kaya, Verma, Rbaa, and Dagdag, 2022d). Metallic ma
terials also corrode during industrial applications such as pickling, acid 
cleaning, acidizing, crude oil transportation, heating and cooling 
(Chaubey et al., 2021; Umoren et al., 2019). The corrosion of metallic 
materials is a serious economic, environmental and industrial issue. 
Approximately 2.5–3 trillion US dollars (estimated 3.5–4 % of global 
GDP) are lost due to corrosion-related problems (Berdimurodov, Kho
likov, Akbarov, Guo, Abdullah, & Elik, 2021; Haldhar et al., 2021; 
Shahmoradi et al., 2021). Developed countries, such as the US, China, 
India, the United Kingdom, France, Germany, Brazil and others, have 
spent large portions of their budgets on mitigating corrosion problems. 
In engineering, material and chemical sciences, several effective ways to 
protect metals from corrosion have been suggested; these methods 
include the use of corrosion inhibitors, galvanization, electrochemical 
(anodic and cathodic protection), dealloying, coatings, alloying and 
painting, which are the most commonly used methods in corrosion 
protection (Verma, Alrefaee, Rhee, et al., 2021; Verma & Quraishi, 
2021). Corrosion inhibitors are inorganic and organic compounds 
(Berdimurodov, Kholikov, Akbarov, Obot, & Guo, 2021; Berdimurodov, 
Verma, Kholikov, Akbarov, & Guo, 2021; Dagdag et al., 2021). They are 
water soluble and efficiently inhibit corrosion. Nevertheless, there are 
highly toxic chemicals, which are a serious problem that limits their 
wide use in industries because of increasing ecological awareness and 
strict environmental regulations (Obot et al., 2019; Verma, Alfantazi, & 
Quraishi, 2021). Currently, green and efficient corrosion inhibitors 
(Berdimurodov, Kholikov, Akbarov, Guo, Kaya, Katin, Verma, Rbaa, 
Dagdag, and Haldhar, 2022b) are very important for protecting against 
corrosion (Berdimurodov et al., 2020; Verma, Kazi, Alqahtani, et al., 
2021). 

At present, the macrocycles and organic molecules with hetero 
atoms, polymeric materials and inorganic salts are mostly used as 
corrosion inhibitors. The macrocyclic compounds are large planar sys
tems, their following derivatives are most used as effective corrosion 
inhibitors: the crown ethers, phthalocyanines, porphyrin rings, cyclo
dextrins and calixarenes. Some pharmaceutical compounds are macro
cyclic compounds such as antibiotics. These compounds have good 
chelate effects, which means that the macrocyclic compounds strongly 
interacted with the metal's surface through the chelate centres (Alrefaee 
et al., 2021; Verma, Abdellattif, Alfantazi, & Quraishi, 2021). Their mass 
is high, it is also responsible for the large size of the metal surface is 
protected from corrosion. It is also confirmed that the phenyl rings, 
conjugation, chelate centres and greater number of heteroatoms p-bonds 
are attributed to an increase in corrosion inhibition. Additionally, the 
number and size of heteroatoms of the macrocyclic compounds can also 
affect the corrosion performance (Quraishi, Chauhan, & Ansari, 2021). 
These inhibitors can protect metals from destructive corrosion in 
aqueous systems, which include acidic (0.1–1 M HCl, H2SO4, H3PO4, 
H2S), saline (3.5 % NaCl or simulated sea water), neutral, bacterial or 
microbial solutions. 

The organic molecules with hetero atoms (P, O, S, N, etc.) are also the 
next most used corrosion inhibitors. The benzimidazoles, benzo
triazoles, oxadiazoles, thiazoles, indoles, tetrazoles, triazoles, imidaz
oles, pyrazole, pyrimidines and pyridines are mostly used organic 
molecules with hetero atoms (P, O, S, N, etc.). The core of plant extracts, 
phytochemicals pharmaceutical compounds, ionic liquids, carbohy
drates and proteins are also organic heterocyclic compounds. These 
compounds are the most efficient corrosion inhibitors. This is due to 
they have more hetero atoms and functional groups, which promote 
corrosion inhibition (Quraishi, Chauhan, & Ansari, 2021; Verma, Alre
faee, Quraishi, et al., 2021). 

Polymer corrosion inhibitors are the next important type of corrosion 
inhibitors. For example, carbohydrates, polysaccharides, polysulfide, 
phosphate esters, polycarboxylates/polycarboxylic acids, polyanilines, 
polyaspartates and other polyaminoacids, polyvinylamide derivatives 
and polyamine derivatives are mostly used in corrosion inhibitors. These 
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polymer type corrosion inhibitors contained more active functional 
groups, which are mainly responsible for their corrosion inhibition 
(Dwivedi et al., 2021; Fathima Sabirneeza et al., 2015; Tiu & Advincula, 
2015). It is confirmed that the corrosion protection of polymer corrosion 
inhibitors was over 90–98 % in CO2 and H2S contamination, acid 
stimulation and oxygen saturated environments. 

Inorganic salts are interestingly performed in corrosion protection. 
For example, chromates are the most powerful corrosion inhibitors for 
copper, zinc, aluminium, carbon steel and mild steel in aggressive acidic, 
alkaline, saline and another medium. However, these compounds are 
hazardous chemicals. The cerium chloride (CeCl3) and sodium silicate 
(Na2Si2O5) are also the most efficient inorganic salts for zinc corrosion in 
an aerated corrosive solution of 0.5 M NaCl. The lanthanide salts are 
more efficient for the various metal in saline environments. The Cu-Ni 
alloys were mostly performed for steel in 0.6 M NaCl (Verma et al., 
2017). 

Green corrosion inhibitors are synthesized in environmentally 
friendly ways, such as through ultrasonic irradiation, microwave irra
diation, mechanochemical mixing, solid-state reactions, hydrothermal 
reactions and multicomponent reactions (Berdimurodov, Kholikov, 
Akbarov, & Guo, 2021a; Zhu et al., 2022). It is indicated that β-CD-based 
compounds are sustainable and green corrosion inhibitors. Currently, 
they are often used in corrosion protection (Verma, Alrefaee, Quraishi, 
et al., 2021). The corrosion inhibitors are adsorbed onto the metal sur
face to form a stronger protective thin film. The chemical and physical 
adsorption mechanisms are most favourable for inhibitor adsorption and 
the formation of protective films (Chauhan et al., 2020a; Quadri et al., 
2021). The contact between the metal surface and corrosive solution can 
be effectively insulated by the formation of a defender layer. As a result, 
the diffusion of or penetration by corrosive anions, water molecules and 
oxygen are considerably reduced. Mainly β-CD derivatives contained 
more nitrogen atoms, so, their nitrogen atoms are protonated. The re
sults obtained in several research works (Berdimurodov, Kholikov, 
Akbarov, Guo, Kaya, et al., 2021; Berdimurodov, Kholikov, Akbarov, 
Guo, Kaya, Katin, Verma, Rbaa, and Dagdag, 2022a) have shown that 
physical adsorption occurs by electrostatic interactions between the 
positively charged nitrogen atoms of the inhibitor and the negatively 
charged metal surface. On the other hand (Bahgat Radwan et al., 2021; 
Berdimurodov, Kholikov, Akbarov, & Guo, 2021b), they adsorb onto the 
metal surface by the formation of rigid covalent bonds (Mishra et al., 
2020). It is the emphasis on the fact that β-CD-based compounds may 
react with metal ions. This is due to these compounds containing more 
electron-rich heteroatoms, functional groups and aromatic π-systems, 
which support the chemical interaction between the corrosion inhibitor 
and metal surface. The electron pairs from the inhibitor are transferred 
to vacant d-orbitals of metal; as a result, rigid chemical bonds are 
formed. 

1.3. Basics in β-CD properties for corrosion inhibition 

Table S1 lists the fundamental β-CD properties (Amiri & Rahimi, 
2016). β-CD is a macrocyclic oligomer that contains 7 glucosidic units. It 
contains truncated cone-shaped structures with a hydrophilic exterior 
surface and a hydrophobic interior cavity. This cavity enables guest 
molecules to be included in the formation of supramolecular complexes 
(Amiri & Rahimi, 2016). Fourier transform infrared spectroscopy 
(FTIR), differential scanning calorimetry, scanning electron microscopy 
(SEM), X-ray diffraction (XRD) and proton nuclear magnetic resonance 
(1H NMR) have confirmed that the hydrophobic cavity of β-CD enables 
the efficient formation of host-guest complexes and the encapsulation of 
organic compounds (Saji, 2019). The outer diameter, cavity diameter 
(Å), the height of the torus (Å) and cavity volume (Å3) can be made more 
available through the development and innovation of β-CD for creating 
new types of corrosion inhibitors. The main properties (properties, 
volatility, optical properties, dispersibility, stability, solubility, chemical 
and physical performances) of targeted compounds are considerably 

changed in the formation of host-guest complexes with β-CD. In 
particular, the corrosion inhibition performances of other compounds 
are also enhanced by β-CD. The molecular structure of β-CD makes it an 
excellent molecular container for metal-organic, inorganic, organome
tallic, organic, polymer and ionic liquids, which may be anionic, 
cationic, neutral or radical compounds. 

1.4. Importance of the molecular structure of β-CD for corrosion 
inhibition 

Fig. S1 shows the molecular structure of β-CD (Upadhyay & Kumar, 
2009). The molecular structure of β-CD has been investigated to deter
mine its efficacy as a supramolecular agent, polymer inclusion complex 
and nano-compound in corrosion science. β-CD has a nonhygroscopic, 
homogeneous, crystalline molecular structure and contains 7 D-glucose 
units, which are attached by α-(1→4) glycosidic linkages. The 
nonbonding electron pairs of the glycosidic oxygen bridges are directed 
towards the inside of the cavity, leading to a high electron density and 
Lewis base character. These properties suggest that the β-CD cavity is 
comparatively hydrophobic compared to the exterior faces, which are 
hydrophilic. The primary hydroxyl groups (connected to glucose units 
by –CH2) and secondary hydroxyl groups (connected directly to glucose 
units) on the outside of the β-CD are responsible for achieving good 
water solubility (Shahini, Ramezanzadeh, & Mohammadloo, 2021; 
Umoren & Eduok, 2016; Upadhyay & Kumar, 2009). β-CD contains a 
hydrophobic cavity and hydrophilic exterior, though it contains inner 
and outer hydroxyl functional groups. The hydrophobic cavity and inner 
hydroxyl functional groups promote the formation of host-guest com
plexes and nanocarriers. The β-CD modifications were formed through 
the outer hydroxyl functional groups. For example, the β-CD was 
modified with the nanomaterials and polymers by the reaction between 
the outer hydroxyl functional groups and carboxyl functional groups of 
substrates. The inhibition properties of β-CD can be improved by 
chemical modification on –OH groups on the exterior rims. 

The outer dimension of β-CD is 1.54 nm, while the inner dimension is 
0.65 nm. The H-1′, H-2′, H-4′ and H-6′ protons are cited at the outer 
surface of β-CD, which promotes the hydrophilicity, while the H-3′ and 
H-5′ protons inside the central cavity lead to the hydrophobicity of the 
central cavity. β-CD has a glucose-4C1 (chair) conformation. The pri
mary hydroxyl groups (n) are located at the narrower rim, whereas the 
wider rim is lined with secondary hydroxyl groups (2n). The many hy
droxyl groups outside of the β-CD make the molecule water-soluble, 
while the inside of the cavity is hydrophobic. Their water solubility 
and ability to encapsulate hydrophobic moieties within their core cav
ities through noncovalent interactions are aided by these features (Tang 
et al., 2020; Upadhyay & Ali, 2018). 

1.5. Importance and inhibition effectiveness of β-CD-based compounds in 
corrosion protection 

1.5.1. Importance of β-CD-based compounds in corrosion protection 
β-CD-based compounds have excellent water solubility and high in

hibition efficiency at high and low temperatures at low concentrations. 
These properties make these compounds more effective in preventing 
metal corrosion in cooling and heating systems. These compounds are 
also environmentally friendly and inexpensive components of corrosion 
protection. These properties make them new generations of corrosion 
inhibitors, and in the future, they will be used primarily as protective 
agents. Additionally, the inhibition properties, fundamental perfor
mances and physicochemical characteristics of organic compounds, 
polymers, inorganic salts, coordination compounds, nanotubes, nano
particles, natural compounds, nanocarriers, graphene oxide and inclu
sion complexes are extremely enhanced by β-CD. β-CD-based 
compounds are synthesized by environmentally friendly and cost- 
effective methods. Finally, these compounds can be suitably modified, 
have versatile applications and commercial availability, are easy to 
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process, undergo complexation and chelating behaviour and are highly 
soluble (Dehghani et al., 2020a, 2020c; Dehghani, Bahlakeh, Rame
zanzadeh, & Hossein Jafari Mofidabadi, 2021; Verma & Quraishi, 2021). 

Effectiveness of β-CD-based compounds at inhibiting corrosion. 
β-CD-based corrosion inhibitors can cover a large area of a metal 

surface as a firmly attached, compact film. They have a large structure, 
π-bonds, and several active chemical groups. The active functional 
groups containing heteroatoms (N, O, S, etc.) are present in their mo
lecular structures, and the inhibitor donates the lone pairs of electrons 
from the heteroatoms to the vacant d-orbitals of the metal (Fe, Al, Cu, 
Zn, etc.). They can oxidize the metal, thereby forming a passive/pro
tective layer on the metal surface (de Souza et al., 2016; Umoren & 
Eduok, 2016). A thin, protective film has been formed in the presence of 
β-CD-based corrosion inhibitors. This film is more stable in highly acidic, 
basic, saline, condensate and other electrolyte solutions. The inhibition 
efficiency was over 98 % at low concentrations (10–100 mg/L). It has 
been confirmed (Verma & Quraishi, 2021) that good corrosion in
hibitors require more polar functional groups: –SO3H (sulfonic acid), 
–CONH2 (amide), –COOC2H5 (ester), –COOH (carboxyl), –NO2 (nitro), 
–CN (nitrile), –N<(3-amine), –NH2 (amino; 1-amine), –OMe (methoxy), 
–S– (thio-ether), –O– (ether), –OH (hydroxyl) and multiple bonds of side 
chains and aromatic ring(s): –C–––N, –C–––C–, –N––N–, >C––O, –N––C<
and >C––C<. β-CD-based corrosion inhibitors contain the above polar 
functional groups, adsorption centres, multiple bonds of side chains and 
aromatic ring(s), and these structural features are responsible for the 
high inhibition efficiency (Tang et al., 2020; Verma & Quraishi, 2021; 
Dewangan et al., 2022; Omar Dagdag et al., 2022). 

1.5.2. In comparison with other types of cyclodextrins 
The three types of cyclodextrins are named (6-membered cyclodex

trins) α-, (8-membered cyclodextrins) β-, and (10-membered cyclodex
trins) γ-cyclodextrins occur naturally. It is confirmed (Shahini, 
Ramezanzadeh, & Mohammadloo, 2021; Umoren & Eduok, 2016) that 
β-cyclodextrin and its derivatives are mostly applied as green corrosion 
inhibitors for various metals in acidic, saline and other corrosion solu
tions. The reasons for this are the following: 

(i) β-CD is an easily produced, economically efficient, and environ
mental friendly molecule;  

(ii) β-CD is more efficient to form the host-guest inclusion complex 
through its hydrophobic cavity;  

(iii) The inhibition performance of β-CDs can be rose efficiently by 
chemical modification on –OH groups on the exterior rims;  

(iv) β-CD was mostly in pharmacology, textile industry and other 
main industries, therefore, expired products of β-CD from the 
above industries are more comfortable recycling and used as 
green corrosion sources. 

1.6. Greenness in the selection of β-CD-based compounds as corrosion 
inhibitors 

The increasing ecological awareness and strict environmental regu
lations in the modern industry require developing green materials. In 
modern times, sustainable and environmentally friendly corrosion in
hibitors based on β-CD compounds are used in many industries due to 
their high sustainability in corrosion protection. Traditional corrosion 
inhibitors are toxic and expensive. Various organizations, including 
REACH (Registration, Evaluation, Authorization and Restriction of the 
Chemical), the WHO (World Health Organization), the (IPCS) Interna
tional Programme on Chemical Safety and the OSPAR (Oslo Paris 
Commission), calculate the environmental influence of chemical com
pounds such as corrosion inhibitors. These international standards 
indicate that corrosion inhibitors have negligible environmental 
toxicity, do not exhibit bioaccumulation behaviour, are non-volatile, 
and have high natural biodegradability. β-CD compounds are natural 
and are synthesized according to the regulations of these international 

standards. The toxicity of corrosion inhibitors is estimated according to 
the lethal concentration (LC50) and ethical concentration (EC50) values. 
It has been shown that if the magnitude of the EC50/LC50 ratio surpasses 
10 mg/L, then the corrosion inhibitor is a green material (Verma, 
Alrefaee, Quraishi, et al., 2021). The EC50/LC50 ratio of β-CD-based 
compounds supports their greenness in corrosion protection. The 
partition coefficient (log KOW or DOW) indicates the level of bio
accumulation. When the log KOW or DOW magnitude is under 3, corro
sion inhibitors have nonbioaccumulative behaviour. The OSPAR 
regulations confirmed that the biodegradation rate of an environmen
tally friendly chemical is 60 % or more in 28 days (Verma, Alrefaee, 
Quraishi, et al., 2021). The partition coefficient – a test of the distri
bution of the chemical between an octanol and water mixture expressed 
as Log (Po/w) shows the bioaccumulation evaluation. Green chemicals 
require a log (Po/w) of less than 3. It is believed that β-CD-based com
pounds are nonbioaccumulative and highly biodegradable materials 
because they are natural compounds. This review article describes the 
main characteristics of β-CD-based environmentally sustainable com
pounds as corrosion inhibitors for various metals (Altin et al., 2018; 
Eddib et al., 2012; Wang et al., 2015). 

1.6.1. Challenges for future research and perspectives 
It is suggested that β-CD compounds would be synthesized by green 

methods, such as using biological sustainable catalysts and green sol
vents, which include water, ionic liquids and supercritical CO2. Other 
green methods include ultrasonic irradiation or heating, energy-efficient 
microwaves, mechanochemical mixing, solid-state reactions, hydro
thermal reactions and multicomponent reactions (Saji, 2019; Tang et al., 
2020; Umoren & Eduok, 2016) would be suggested in future research 
direction. This would be β-CD compounds sustainable corrosion in
hibitors in future. 

1.7. Classification of β-CD-based compounds as corrosion inhibitors 

In this review, it is estimated that β-CD-based corrosion inhibitors are 
classified into the following categories according to the literature 
review:  

(i) β-CD modification with natural and synthetic polymers;  
(ii) grafted β-CD with organic compounds;  

(iii) β-CD-based supramolecular (host-guest) systems with organic 
molecules;  

(iv) β-CD-based supramolecular (host-guest) systems with polymer;  
(v) β-CD-based graphene oxide materials;  

(vi) β-CD-based nanoparticle materials;  
(vii) β-CD-based nanotube materials.  

(viii) β-CD-based nanocarriers. 

They differ in their corrosion inhibition characteristics, chemical and 
physical properties, molecular or materials structures, polar functional 
groups and other features. The following details have described the 
classification of β-CD-based compounds as corrosion inhibitors:  

(i) β-CD was modified with the natural and synthetic polymers by 
the outdoor active hydroxyl functional groups in the formation of 
the simple ether bonds. The molecular structures of these com
pounds are presented in Tables 1 and 2. It is clear from these 
details, that this type of β-CD modification is formed by the 
building of O–C bonds. For instance, Cao, Zou, Wang, Chen, 
et al. (2021) modified β-CD with natural xanthan gum (XG) to 
create β-CD modified with a natural polymer (β-CD-XG). In 
comparison, Wang et al. (2021) introduced new β-CD modifica
tions with polyacrylamide as corrosion-resistant molecules for 
X80 steel in a 1 mol/L sulfuric acid solution. This grafted β-CD 
was a water-soluble, nontoxic, low-cost and high-efficiency syn
thetic polymer. 
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(ii) β-CD was effectively grafted with organic compounds through the 
decarbonisation reaction. Table 3 shows the main characteristics 
of grafted β-CD with organic molecules as corrosion inhibitors. 
For instance, Eddib et al. (2012) introduced hydroxypropyl-beta- 
cyclodextrin (HP-β-CD) as a natural and effective corrosion in
hibitor for 316 austenitic stainless steel in 0.1 M HCl.  

(iii) At present, β-CD supramolecular systems are also employed as 
corrosion inhibitors. These molecules are three-dimensional (3D) 
constructed systems. They have two parts the host and the guest, 
and the cavity size of the host (β-CD) is under 1 nm. The host and 
guest are linked or interact through hydrophobic effects, coor
dination bonds, close packing, van der Waals forces, CH-π bonds, 
cation-π bonds, hydrogen (H) bonding, dipole-dipole forces, ion- 
dipole interactions and ion-ion interactions. Table 4 indicated the 
molecular structure of β-CD-based supramolecular (host-guest) 
systems with organic molecules as corrosion inhibitors. For 
instance, Fan et al. (2014a) synthesized β-CD-based supramo
lecular (host-guest) systems based on β-CD and octadecylamine 
(ODA) n-hexane through a fast hybrid method.  

(iv) The polymers are interesting guests for β-CD host. Currently, 
some polymers are capsulated into β-CD host cavity to form stable 
polymer based host-guest systems. The polymer β-CD-based su
pramolecular (host-guest) systems are more stable, in which the 
host and guest interact through π interactions, H bonding and 
noncovalent interactions. Polymer supramolecular compounds 
are self-organized macromolecules of conventional polymers 
(Chugh et al., 2021; Ma et al., 2020), in which the host and guest 
are stabilized by noncovalent interactions. Table 5 lists the mo
lecular structures of polymer β-CD-based supramolecular (host- 
guest) systems as corrosion inhibitors. For instance, Ma et al. 
(2019) synthesized a water-soluble crosslinked β-CD polymer 
with glutaraldehyde.  

(v) At present, graphene oxide is modified with β-CD to enhance its 
inhibition properties. Table 6 shows the molecular structure of 
β-CD-based graphene oxide materials as corrosion inhibitors. In 
this modification, the β-CD is linked with the graphene oxide by 
the formation of O–C bonds, which are strong covalent bonds. 
For instance, Haruna et al. (2019) synthesized cyclodextrin-based 
functionalized graphene oxide (CD-GO), and its inhibition per
formance for steel in a 1 M HCl solution was studied by weight 
and electrochemical methods.  

(vi) The nanoparticles are most used in corrosion protection, because 
of their multifunctional properties. Currently, the β-CD modifi
cations with the nanoparticles are an important issue in devel
oping the anticorrosion properties of nanoparticles. Table 7 
reveals the estimated structure of the β-CD-based nanoparticle 
material as a corrosion inhibitor. For example, Yang et al. (2020) 
prepared β-CD-silica-based nanoparticles and studied their inhi
bition performances for Mg alloys (AZ31) in a 3.5 % NaCl solu
tion. In these compounds, the role of β-CD is nanocontainer, 
which carried out the corrosion inhibitors. 

(vii) The nanotube materials are new materials in corrosion protec
tion. Some research works suggested that the β-CD modifications 
with nanotubes are more efficient as corrosion inhibitors. The 
corrosion performances of nanotubes were increased by the β-CD 
modifications. The size of nanotubes is importantly rose with the 
β-CD modifications. Then, the nanotubes contained many corro
sion inhibitors. For example, Brycht et al. (2018) studied the 
corrosion inhibition properties of β-cyclodextrin-multiwalled 
carbon nanotube modification of AISI-type 316 L stainless steel in 
3.5 % NaCl solution at 1.0 × 10− 3 M by PDP methods.  

(viii) β-CD-based nanocarriers are mostly used in protective coatings. 
The β-CD was modified to coatings by the various methods. β-CD- 
based nanocarriers encapsulate or load various types of inhibitors 
and/or self-healing agents (Habib et al., 2021). It was found that 
the synergistic effects between the host and gust in the nano
carriers are very important. These effects are very strong in β-CD- 
based nanocarriers. Both the β-CD and encapsulated organic 
compounds synergistically enhanced key coating properties to 
maximize impact. Table 8 shows the main properties of β-CD- 
based nanocarriers as corrosion inhibitors in protective coatings. 
As shown, the 2-mercaptobenzothiazole (MBT), 2-mercaptoben
zimidazole (MBI were mainly loaded/capsulated organic and 
inorganic–organic compounds. 

2. β-CD modifications with natural polymer as green and 
efficient corrosion inhibitors 

β-CD has been modified with natural polymers to create new 
polymer-type corrosion inhibitors. Natural polymers have been used 
because although some are not soluble, their structures contain electron- 
rich functional groups, which promote corrosion inhibition performance 
(Cao, Zou, Wang, Chen, et al., 2021). The β-CD modified with natural 

Table 1 
Main characteristics of β-CD modifications with natural polymers as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/ 
electrolyte 

Protective degree/inhibitor type/adsorption isotherm Ref. 

1. 

β-cyclodextrin (β-CD) with xanthan gum (XG) 

X80 steel/1 M 
H2SO4 

94.85 % at 150 mg/L/mixed-type corrosion inhibitor predominantly 
as anodic inhibitor/Langmuir 

(Cao, Zou, Wang, 
Chen, et al., 2021) 

2. L80 steel/1 mol/ 
L HCl 

94.74 % at 200 mg/L/mixed-type inhibitor, primarily acts on the 
anode/Langmuir 

(Cao, Zou, Wang, 
Liang, et al., 2021) 

3. 

β-cyclodextrin modified chitosan   

Carbon steel/0.5 
M HCl 

96.02 % at 230 mg/L/mixed-type corrosion inhibitor which 
involved both physisorption and chemisorption/Langmuir 

(Liu et al., 2015)  
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Table 2 
Main characteristics of the β-CD modified with synthetic polymers as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor 
type/adsorption isotherm 

Ref. 

1. 

poly(AM-co-A- β -CD-co-AE) polymer 

Carbon steel/0.5 M H2SO4 90 %/− (Zou et al., 
2012) 

2. 

β-cyclodextrin polyethylene glycol (β-CDePEG) 

Q235 carbon steel/0.5 M 
H2SO4 

97 ± 0.05 % at 100 mg/L/ 
mixed-type corrosion 
inhibitor/Langmuir 

(Zou, Liu, et al., 
2014) 

3. 

β-cyclodextrin grafted polyacrylamide 

Pipeline steel (X80 steel)/1 
mol/L H2SO4 

91.34 % at 200 mg/L/mixed- 
type inhibitors predominantly 
as cathodic inhibitor/Langmuir 

(Wang et al., 
2021) 

4. 

Polyaspartic acid graft copolymer (PASP/β -CD) 

N80 carbon steel/Simulate 
oilfield water (50.0 g/L of 
NaCl, 2.0 g/L of MgCl2⋅ 
6H2O, 6.0 g/L of Na2SO4, 4.0 
g/L of CaCl2, and 0.4 g/L 
NaHCO3). 

94.6 % at 250 mg/L/mixed- 
type/- 

(Fu et al., 2020) 

5. 

Water-soluble polyacrylamide modified by β-cyclodextrin (ACDPAM) 

X70 steel/0.5 mol/L H2SO4 6 % at 150 mg/L/mixed-type 
inhibitor/Langmuir 

(Yan et al., 
2014) 

6. 

Soluble cyclodextrin polymer (SCDP) 

Mild steel/3.5 % NaCl 
solution. 

92.2 % at 30 ◦C and 125 mg/ 
L/- 

(Ma et al., 
2019) 

7. 

β-MEA was synthesized from β-cyclodextrin (β-CD), 3-chloro-2-methylpropene (MAC), 
epoxysuccinic acid (ESA), and 2-acrylamido-2-methyl propane sulfonic acid (AMPS) 
with a (NH4)2S2O8-NaHSO3. 

N80 carbon steel/solution A: 
NaCl = 7.5 g/L, BaCl2*2H2O 
= 0.66 g/L; solution B: NaCl 
= 7.5 g/L, Na2SO4 = 0.8 g/L. 

Approximately 100 % at 20 
mg/L/- 

(Chem et al., 
2017) 

8. 

Divinyl sulfone cross-linked β-cyclodextrin polymer (βCDS-P) 

Zn anode/3.5 M KOH in the 
temperature range 25–55 ◦C. 

93.61 % at 250 ppm/Langmuir (Abd El-Lateef 
& Elremaily, 
2016) 

(continued on next page) 
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Table 2 (continued ) 

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor 
type/adsorption isotherm 

Ref. 

9. 

β-cyclodextrin–polyethylene glycol (β-CD–PEG) 

Steel/produced-water in 
shale gas well 

89.1 %, at the 180 mg/L/- (Liu et al., 
2016) 

10. 

β-Cyclodextrin-modified acrylamide polymer (poly(AM-co-A-b-CD-co-NaAA)) 

X70 steel/0.5 M H2SO4 

solution 
84.9 % for 150 mg L at 303 K/ 
mixed-type inhibitor/Langmuir 

(Zou, Yan et al., 
2014) 

11. 

β-cyclodextrin [poly(AA–AM–AMPS—MAH–β-CD)] 

P110 carbon steel/0.5 M 
hydrochloric acid 

-/73% at 150 mg/L/mixed-type 
inhibitor/- 

(He et al., 
2014a) 

12. 

Water-soluble modification of β-CD–MA prepared via the reaction of beta cyclodextrin 
(β-CD) and maleic anhydride (MA).   

Iron/CaCO3 and Ca3(PO4)2 

scale 
99.9 % of scale inhibition 
efficiency for CaCO3 and 95.5 
% for Ca3(PO4)2 

(Gu et al., 
2013)  

Table 3 
Main characteristics of grafted β-CD with organic molecules as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor type/adsorption 
isotherm 

Ref. 

1. 

Hydroxypropyl-beta-cyclodextrin (HP-β-CD), 
(C42H70-nO35) (C3H7O)n, R = H, n = 6.31. 

316 austenitic stainless steel/0.1 M 
HCl 

54 % at 10 mM/anodic inhibitors/- (Eddib et al., 
2012) 

2. 

Organic phosphate molecules A, B, C, and HPTEA-β-CD.   

Q235 steel/- 91.50 %/- (Wang et al., 
2015)  
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Table 4 
Main characteristics of β-CD-based supramolecular (host-guest) systems with organic molecules as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor type/ 
adsorption isotherm 

Ref. 

1. 

2-Phosphonobutane-1,2,4-tricarboxylic acid (PBTCA) with β-CD 

Q235 carbon steel/0.1 M sulfuric 
acid 

90 % at 100 mg/L/Mixed type/- (Zou, Tang, Zhao, 
et al., 2013) 
(Zou, Tang, Lan, 
et al., 2013) 

2. 

2-mercapto-benzothiazole and β-CD 

Zinc/0.1 M KCl – (Altin et al., 2019) 

3. 

5-mercapto-1-phenyl-tetrazole (MPT) and β-CD 

Bronze/environmental sample 
solutions (acid rain) 

98 % at 654 M− 1 (Monticelli et al., 
2019) 

4. 

Hydroxypropyl-β-cyclodextrin (HP-β-CD) supramolecular complex with 
octadecylamine (ODA) 

Q235A steel/simulated boiler 
water condensate from power 
plants 

95 % at 85 ◦C and 50 mg/L/- (Fan et al., 2014b) 

5. 

Dibenzylthiourea (DBT) with α and β forms of hydroxypropylated 
cyclodextrins 

Carbon steel/1 M HCl 91.3 % (HPαCD:DBT) and 85.9 % 
(HPβCD:DBT) complexes at 0.1 
mM/- 

(de Souza et al., 
2016) 

(continued on next page) 
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polymers is highly water-soluble and more polar molecules. The 
increased solubility of β-CD in the aqueous phase is attributed to the 
addition of soluble natural polymers. Additionally, β-CD modifications 
with natural polymers are environmentally friendly, biodegradable, 
inexpensive, nonvolatile, good inhibition polymers and nontoxic com
pounds (Liu et al., 2015). These properties make the selected corrosion 
inhibitors more efficient for metal protection. Therefore, β-CD modifi
cations with natural polymers have garnered interest in creating excel
lent corrosion inhibitors in the gas and oil industries (Cao, Zou, Wang, 
Liang, et al., 2021). Some research works are divided into the syntheses 
of β-CD modifications with natural polymers and studies on their 
corrosion inhibition performance. Table 1 indicates the main charac
teristics of β-CD modified with natural polymers as corrosion inhibitors. 
For example, Cao, Zou, Wang, Chen, et al. (2021) modified β-CD with 

natural xanthan gum (XG) to create β-CD modified with a natural 
polymer (β-CD-XG). The inhibition performance of this modification for 
X80 steel in 1 M H2SO4 was studied by the PDP, ESI and WL, and it was 
found that the maximum inhibition efficiency was 94.85 % at 150 mg/L 
and that it is a mixed-type corrosion inhibitor predominantly as an 
anodic inhibitor obeying the Langmuir isotherm. This β-CD-XG chem
isorbed onto the metal surface according to the results of the surface and 
adsorption experiments. In another study (Cao, Zou, Wang, Liang, et al., 
2021), the inhibition properties of β-CD-XG for L80 steel in 1 mol/L HCl 
were studied by X-ray photoelectron spectroscopy, Fourier transform 
infrared spectroscopy, adsorption isotherm electrochemical methods 
and surface analysis. A tight adsorption film was formed by the presence 
of β-CD-XG on the surface of L80 steel in 1 mol/L HCl. –CH2–O–CH2–, 
–CH2–O–, –COO– and –OH functional groups promote the inhibition acts 

Table 4 (continued ) 

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor type/ 
adsorption isotherm 

Ref. 

6. 

Beta-cyclodextrin-zinc acetylacetonate (β-CD@ZnA) inclusion complex 

Mild steel/3.5 wt% NaCl solution 88 %/- (Dehghani et al., 
2020a) 

7. 

β-Cyclodextrin (β-CD) and octadecylamine (ODA 

Mild/condensate water Highly efficient at 50 mg/L/ 
Langmuir/- 

(Fan, Wei, et al., 
2018) 

20# steel/condensate water 83.3 % at 50 mg/L/- (Fan et al., 2014a)  

Table 5 
Main characteristics of polymer β-CD-based supramolecular (host-guest) systems as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor type/ 
adsorption isotherm 

Ref. 

1. 

Weak crosslinking cyclodextrin polymer and trans-cinnamaldehyde 

Mild Steel/3.5 % NaCl 
Solution 

92.2 % at 30 ◦C and 125 mg/L/- (Ma et al., 
2019) 

2. 

Carboxymethylated beta-cyclodextrin (CM-β-CD) and an aniline trimer 
(AT)   

Q235 carbon steel/1 M HCl 
solution 

99.2 % at 250 mg/L/Langmuir (Yang et al., 
2019)  
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Table 6 
Main characteristics of β-CD-based graphene oxide materials as corrosion inhibitors.  

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor 
type/adsorption isotherm 

Ref. 

1. 

Cyclodextrin-based functionalized Graphene Oxide (CD-GO) 

X60 carbon steel/HCl at 
room temperature 

81.17 at 15 v/v %/mixed- 
type inhibitor/- 

(Haruna et al., 2019) 

2. 

Cerium acetylacetonate (CeA)/beta-cyclodextrin (β-CD)/graphene 
oxide (GO) 

Mild steel (ST12 type)/ 
3.5 % NaCl solution 

88 %/- (Dehghani et al., 2020c) 

3. 

L-His@β-CD-AGI 

Mild steel (ST12 type)/ 
3.5 % NaCl solution 

75 %/- (Dehghani, Bahlakeh, Ramezanzadeh, & 
Hossein Jafari Mofidabadi, 2021) 

4. 

Graphene/β-cyclodextrin/benzotriazole (BTA) loaded 

Steel/3.5 wt% NaCl – (Chengbao Liu et al., 2018) 

(continued on next page) 
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of selected inhibitors (Fig. S2). β-CD-XG is a more electron-donating 
polymer; it electrostatically adsorbs onto metal surfaces by the elec
tron donor regions. The oxygen atoms of the CH2–O–CH2–, –CH2–O–, 
–COO– and –OH functional groups are more electron-donating and 
represent the electronegative regions in β-CD-XG. The hydrogen evolu
tion reaction was effectively insulated by the protective film of β-CD-XG. 

In the following research work (Liu et al., 2015), β-CD was modified 
with natural chitosan to create a new corrosion-resistant polymer for 
carbon steel in 0.5 M HCl. It was analysed by energy dispersive spec
troscopy, scanning electron microscopy, electrochemical impedance 
spectroscopy, potentiodynamic polarization and weight loss measure
ments, and the results showed that the inhibition efficiency of β-CD- 
chitosan was 96.02 % at 230 mg/L and that it is a mixed-type corrosion 
inhibitor that underwent both physisorption and chemisorption, 
obeying the Langmuir adsorption model. The electrochemical mea
surements demonstrated that the cathodic and anodic Tafel slopes 
changed slightly in the presence of β-cyclodextrin-modified chitosan, 
indicating that the anodic metal dissolution reaction and cathodic 
hydrogen evolution were significantly reduced. 

2.1. Key in critical review of recent developments and challenges for 
future research 

In these research works (Cao, Zou, Wang, Chen, et al., 2021; Cao, 
Zou, Wang, Liang, et al., 2021), the impact of β-CD on the corrosion 
inhibition of natural polymer-based corrosion inhibitors and the com
parisons with the polymer corrosion inhibitors were have not discussed 
and reviewed. It is crucially important to identify the corrosion inhibi
tion of β-CD modifications with natural polymers. The next critical issue 
is that the corrosion acts for various metals in aggressive saline solutions 
were not studied. In future research, these issues would be addressed to 
develop protective materials. 

3. β-CD modifications with synthetic polymers as green and 
efficient corrosion inhibitors 

Interestingly, synthetic polymer-based corrosion inhibitors are used 
in corrosion inhibition because of their large size and because they have 
more electron-rich functional groups. Synthetic polymer-type inhibitors 
can cover large metal surfaces. Many research works have confirmed the 
effectiveness of synthetic polymers for metal surfaces. However, syn
thetic polymers are not soluble in the aqueous phase. Recently, β-CD was 
modified with a synthetic polymer to increase its inhibition effectiveness 
and water solubility. Table 2 lists the main characteristics of β-CD 
modifications with natural polymers as corrosion inhibitors. For 
example, Wang et al. (2021) introduced new β-CD modifications with 
polyacrylamide as corrosion-resistant molecules for X80 steel in a 1 
mol/L sulfuric acid solution. This grafted β-CD was a water-soluble, 
nontoxic, low-cost and high-efficiency synthetic polymer. It was found 
that (1) SEM, EDX and FT-IR analysis more intuitively confirmed that 
β-CD-PAM can form a dense film on the surface of X80 steel, effectively 
inhibiting attack by the corrosion medium; (2) the adsorption of β-CD- 
with the natural polymer onto the metal surface conforms to the Lang
muir isotherm adsorption model and is mainly based on chemical 
adsorption; (3) electrochemical impedance spectroscopy revealed that 
this β-CD modified with the natural polymer can adsorb on the surface of 
X80 steel to suppress corrosion; (4) polarization experiments demon
strated that this β-CD modified with the natural polymer is a mixed-type 
inhibitor and predominantly a cathodic inhibitor; (5) the corrosion in
hibition efficiencies obtained from weight-loss measurements and 
electrochemical experiments were consistent; and (6) this β-CD modified 
with the natural polymer showed excellent corrosion inhibition perfor
mance for X80 steel in 1 M H2SO4, and inhibition was enhanced with 
increasing concentrations of this β-CD modified with the natural poly
mer. Fu et al. (2020) modified β-CD with a polyaspartic acid graft to 
create a new synthetic copolymer (PASP/β-CD). The inhibition 

Table 6 (continued ) 

N◦ Name/molecular structure Metal type/electrolyte Protective degree/inhibitor 
type/adsorption isotherm 

Ref. 

5. Steel/3.5 wt% NaCl 93 %/- (Dehghani et al., 2020d)  

Table 7 
Main characteristics of β-CD-based nanoparticle materials as corrosion 
inhibitors.  

N◦ Name/molecular structure Metal type/ 
electrolyte 

Protective 
degree/ 
inhibitor type/ 
adsorption 
isotherm 

Ref. 

1. 

Hollow mesoporous silica 
(HMS) with cysteine (Cys) 
and cyclodextrin (HMS-s 
(Cys))   

Mg alloys 
(AZ31)/3.5 % 
NaCl solution 

60 % at 60 
ppm/- 

(Yang 
et al., 
2020)  
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performance of PASP/β-CD for N80 carbon steel was investigated in 
simulated oilfield water by XRD, EDS, SEM, weight loss experiments and 
electrochemical methods. The simulated oilfield water was composed of 
50.0 g/L NaCl, 2.0 g/L MgCl2⋅6H2O, 6.0 g/L Na2SO4, 4.0 g/L CaCl2, and 
0.4 g/L NaHCO3. The maximum inhibition efficiency was 94.6 % at 250 
mg/L. The results also indicated that the chemical modification of 
β-cyclodextrin had a better scale effect for magnesium, sodium and 
calcium ions. Ma et al. (2019) built a polymer-type supramolecular 
system by combining a soluble cyclodextrin polymer (SCDP) and 
glutaraldehyde and investigated the inhibition performance of this 
system. It is revealed that this system was polar and soluble in an 
aqueous solution (Dewangan et al., 2022). The molecular structure of 
this modification was confirmed by proton nuclear magnetic resonance 
(1H NMR) spectroscopy, X-ray diffraction and morphology analysis. 
Next, the soluble cyclodextrin polymer (host) was modified with trans- 
cinnamaldehyde (guest, CA) to create a host-guest complex. Finally, 
FTIR was used to identify the molecular construction assembly of the 
trans-cinnamaldehyde (guest, CA) and SCDP (host). The ability of the 
SCDP/CA polymer inclusion complex to inhibit the corrosion of mild 
steel in 3.5 % NaCl solution was studied by surface and electrochemical 
methods. The FTIR analyses showed that the hydrogen bonds were the 
main binding force between SCDP and CA. 1H NMR revealed that the 
exterior hydroxyl groups of the β-CD were the active sites for cross
linking. It was found that the polarization resistance of the anodic and 
cathodic processes was effectively blocked by the presence of the SCDP/ 
CA corrosion inhibitor. The theoretical results confirmed that SCDP/CA 

adsorbed on the metal surface in parallel adsorption positions. In sub
sequent research work (Chem et al., 2017), a new β-CD-based polymer 
(β-MEA) was synthesized from 2-acrylamido-2-methyl propane sulfonic 
acid (AMPS) and β-CD with the (NH4)2S2O8-NaHSO3 redox initiator 
system by aqueous solution radical polymerization. Thermogravimetric 
analysis, gel permeation chromatography, time-of-flight mass spec
trometry and IR spectroscopy were employed to characterize the β-MEA. 
The corrosion inhibition performance, scale, thermal stability, molecu
lar weight and molecular structure were also studied. The obtained re
sults confirmed that β-MEA is a better scale inhibitor for BaSO4, 
indicating that β-MEA destroyed the BaSO4 film on the metal surface. 
Therefore, it would be useful to protect against the scale corrosion of 
metal surfaces in the gas and oil industries. The maximum inhibition 
efficiency of β-MEA was 91.2 % at 1 g/L in the selected saline medium. 
The corrosion inhibition performance and scale performance were 
determined for N80 carbon steel in Solution A: NaCl = 7.5 g/L, 
BaCl2*2H2O = 0.66 g/L and Solution B: NaCl = 7.5 g/L, Na2SO4 = 0.8 g/ 
L. XRD and SEM were used to identify the crystal morphology of the 
scale. Zou, Liu, et al. (2014) synthesized a new bridged β-cyclodextrin 
polyethylene glycol (β-CD-PEG) through the reaction of β-CD with PEG, 
which was characterized by Fourier transform infrared spectroscopy. 
Weight loss, PDP and EIS experiments were used to investigate the in
hibition performance of β-CD-PEG for Q235 carbon steel in 0.5 M HCl. 
The obtained results suggested that β-CD-PEG was a mixed-type inhib
itor and exhibited excellent corrosion inhibition of Q235 carbon steel. 
The inhibition performance depends on the nature of adsorption. This 

Table 8 
Main properties of β-CD-based nanocarriers as corrosion inhibitors in protective coatings.  

N◦ Inhibitor carrier system Matrix/trigger Metal type/electrolyte Protection degree Ref. 

1. γ-Cyclodextrin (γ-CD)/2-mercaptobenzothiazole (MBT) and 
2-mercaptobenzimidazole (MBI) 

Hybrid sol/pH 2024 aluminium alloy 
panels/an aqueous and air 
exposed sodium chloride (5 % 
NaCl) solution 

98.22 % at room 
temperature 

(Rahimi & Amiri, 2016) 

2. β-CD/p-anisidine complex and 1H-benzotriazole Halloysite clay/ 
pH 

AA2024 aluminium samples/ 
0.5 M NaCl solution 

– (Akhondi & Jamalizadeh, 
2020b) 

3. Amphiphilic β-CD nanocarrier/dopamine (DOP) sol-gel/pH Iron/3.5 % NaCl electrolyte 69 % after 48 h 
immersion in 3.5 % 
NaCl solution 

(Dehghani, Bahlakeh, 
Ramezanzadeh, and 
Mofidabadi, 2021d) 

4. β-CD/2-mercaptobenzothiazole (MBT), 2-mercaptobenzoi
midazole (MBI) and thiosalicylic acid (TSA) 

Poly(vinyl 
butyral) 
coating/pH 

Zinc/1 M KOH – (Altin et al., 2017) 

5. α-Cyclodextrin (α-CD)/2-mercaptobenzothiazole (MBT) or 
2-mercaptobenzimidazole (MBI) 

Sol-gel coating/ 
sonic energy 

– – (Amiri & Rahimi, 2014) 

6. β-CD/L-citrulline (L-Cit) Silane coating/ 
pH 

Steel/3.5 % NaCl electrolyte 87 % after 48 h 
immersion in 3.5 % 
NaCl solution 

(Dehghani, Bahlakeh, 
Ramezanzadeh, and 
Mofidabadi, 2021c) 

7. β-CD/2-mercapto-benzo-thiazole (MBT) and 2-mer-capto
benzimidazole (MBI) 

Hybrid sol/pH 2024 aluminium alloy 
panels/3.5 % NaCl electrolyte 

67.55 % (Rahimi & Amiri, 2015a) 

8. β-CD/L-histidine (L-His) Silane coating/ 
pH 

Steel/3.5 % NaCl solution 88 % at 1000 ppm (Dehghani, Bahlakeh, 
Ramezanzadeh, & 
Mofidabadi, 2021c) 

9. β-CD/Benzimidazole Silane (sol–gel)- 
based coatings/ 
pH 

Steel/3.5 % NaCl solution 84 % at 1000 ppm (Dehghani, Bahlakeh, 
Ramezanzadeh, & Hossein 
Jafari Mofidabadi, 2021) 

10. β-CD/acetylacetonate (CeA) Silane coating/ 
pH 

Mild steel/3.5 % NaCl 
solution 

84 % after 72 h 
immersion 

(Dehghani et al., 2020b) 

11. β-CD/zinc acetylacetonate Silane coating/ 
pH 

Mild steel/3.5 % NaCl 
solution 

85 % after 5 h 
immersion 

(Dehghani et al., 2020a) 

12. β-CD-multiwalled carbon nanotubes (MWCNTs)/ 
benzimidazole (BZ) 

epoxy resin/- Steel/3.5 % NaCl solution – (He et al., 2016) 

13. β-CD/cerium acetylacetonate Silanized 
graphene oxide 
coating/pH 

Mild steel/3.5 % NaCl 
solution 

84 % after 48 h 
immersion 

(Dehghani et al., 2020c) 

14. α-cyclodextrin (α-CD)/(2-mercaptobenzothiazole (MBT) 
and 2-mercapto-benzimidazole (MBI))/cure agents: 
tetramethoxysilane (TMOS), 3-glycidoxypropyl-trimethox
ysilane (GPTMS) 

Hybrid sol/pH 2024 aluminium alloy/5 % 
NaCl 

Approximately 70 % (Rahimi & Amiri, 2015b) 

15. β-CD/zinc acetylacetonate/graphene oxide Epoxy coating/ 
pH 

Mild steel/3.5 % NaCl 
solution 

97 % after 24 h 
immersion 

(Dehghani et al., 2020d) 

16. β-CD/benzotriazole (BTA)/graphene oxide Epoxy resin (E- 
51)/pH 

Carbon steel/3.5 % NaCl 
solution 

– (Chengbao Liu et al., 2018)  
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inhibitor effectively adsorbed on the metal surface in the parallel 
adsorption positions. A protective film was formed on the metal surface 
by the formation of rigid covalent bonds. Fig. S3 shows the EIS results of 
Q235 carbon steel in 0.5 M HCl in the presence of PEG or bridged β-CD- 
PEG at 100 mg/L, showing that the obtained Nyquist plots are single 
depressed semirings. These plots indicate that the corrosion and inhi
bition mechanisms are controlled by the charge transfer mechanism. 
This research confirmed that the hydroxyl functional groups of polyvinyl 
alcohol and polyethylene glycol are mainly responsible for the corrosion 
inhibition performance of β-CD-PEG, indicating that the inhibitor 
adsorbed on the metal surface by forming rigid covalent bonds between 
the d-orbitals of steel and the hydroxyl functional groups. The change in 
size of the Nyquist plots was dependent on the change in inhibitor 
concentrations, and its size increased with increasing concentrations. 
The corrosion inhibition performance increased with the large molecu
lar size of the synthetic polymer, showing that the larger molecular size 
ensures greater coverage of the metallic surface. 

3.1. Key in critical review of recent developments and challenges for 
future research 

The role of β-CD in increasing the corrosion inhibition performances 
of β-CD modification with synthetic polymers has not been studied. 
Some syntheses methodology of β-CD modification with synthetic 
polymers was not environmentally friendly and required some hazard
ous solvents. The corrosion inhibition for aluminium, copper and mag
nesium was not studied. These critical issues would be solved in the next 
research works, because, green materials in corrosion protection are 
important in various industries such as chemical and gas-oil industries. 

4. β-CD with grafted organic molecules as green and efficient 
corrosion inhibitors 

Nontoxic and natural inhibitors based on grafted β-CD with organic 
molecules as corrosion inhibitors are used in corrosion inhibition. These 
compounds are water soluble and have high inhibition efficiency. 
Table 3 shows the main characteristics of grafted β-CD with organic 
molecules as corrosion inhibitors. For example, Eddib et al. (Eddib et al., 
2012) introduced hydroxypropyl-beta-cyclodextrin (HP-β-CD) as a nat
ural and effective corrosion inhibitor for 316 austenitic stainless steel in 
0.1 M HCl. The inhibition performance of HP-β-CD increased with 
increasing inhibitor concentration; the maximum inhibition achieved 
was 54 % at 10 mM. The results of electrochemical investigations 
confirmed that HP-β-CD is an anodic inhibitor (it forms an adsorbing 
film on the metal surface and blocks the active corrosion sites), whereas 
the cathodic half-reaction is not significantly affected. Fig. S4 shows the 
EIS results of 316 stainless steel samples in 0.1 M HCl without and with 
various concentrations of HP-β-CD at 293 K (frequencies are indicated in 
the Nyquist plot). The values of the solution resistance, polarization 
resistance, double layer capacitance, charge-transfer resistance and 
constant phase elements were estimated from the obtained Nyquist and 
Bode phase plots. It was found that the solution resistance, polarization 
resistance, and charge-transfer resistance increased with an increasing 
inhibitor in the corrosive solution, while the double layer capacitance 
and constant phase elements decreased in the inhibited system, con
firming that the protective film of inhibitor molecules forms energetic 
blocks during charge transfer between the cathode and anode. The 
values in constant phase elements indicated the heterogeneity on the 
metal surface. The obtained results confirmed that HP-β-CD is a good 
inhibitor. HP-β-CD is a good inhibitor because that the electron donor 
groups (O and N for chitosan and O for HP-β-CD) increase the inhibition 
effectiveness. The presence of delocalized electrons, active functional 
groups, electron-rich heteroatoms, more negative or positive regions, 
double bonds and free electrons in the molecules favoured their inter
action with a positively charged surface. 

In another study (Wang et al., 2015), the inhibition performance of 

cationic β-CD (HPTEA-β-CD) with grafted sodium phosphonobutane
tricarboxylic acid (C), hydroxyethylenediphosphonic acid (B) and amino 
methylene phosphonic acid (A) on mild steel was studied by molecular 
dynamics simulations and quantum chemical calculations. The nitrogen, 
oxygen, phosphorous and carbon atoms were highly reactive sites in the 
molecule, indicating that the inhibitors adsorbed onto the metal surface 
at these reactive regions. The equilibrium adsorption behaviour of three 
HPTEA-β-CD inclusion complexes with molecules A, B, and C on a Fe 
(001) surface and molecular C-HPTEA-β-CD was illustrated by the MD 
simulation; the obtained results show that their adsorption energy is 
high, suggesting that they are excellent corrosion inhibitors for mild 
steel. The maximum inhibition efficiency was 91.50 %, which is in 
accordance with the theoretical results. 

4.1. Key in critical review of recent developments and challenges for 
future research 

The Langmuir adsorption isotherms for β-CD with grafted organic 
molecules on the metal surface were have not studied in these research 
works (Eddib et al., 2012; Wang et al., 2015), because, the anodic and 
cathodic adsorption mechanisms are crucially important to characterize 
the inhibitor nature of β-CD with grafted organic molecules. 

5. β-CD-based supramolecular (host-guest) systems with organic 
molecules as green and efficient corrosion inhibitors 

Supramolecular compounds are new materials for corrosion protec
tion (Berdimurodov, Kholikov, Akbarov, Guo, Kaya, Kumar Verma, 
Rbaa, and Dagdag, 2022c; Fan et al., 2019; Ma et al., 2020; Yeganeh 
et al., 2020). Currently, β-CD supramolecular systems are also employed 
as corrosion inhibitors. Supramolecular compounds are similar to three- 
dimensional (3D) constructed systems. They have two parts the host and 
the guest, and the cavity size of the host (β-CD) is lower than 1 nm. The 
guests may be small or large organic molecules or polymer compounds. 
It has been suggested that the host and guest are linked or interact 
through hydrophobic effects, coordination bonds, close packing, van der 
Waals forces, CH-π bonds, cation-π bonds, hydrogen (H) bonding, 
dipole–dipole forces, ion-dipole interactions and ion-ion interactions 
(Amiri & Rahimi, 2015; Berdimurodov, Kholikov, Akbarov, Guo, Kaya, 
et al., 2021; Fan, Hao, et al., 2018). The bond strengths of these inter
molecular forces are weaker than those of covalent bonds; the strength 
of a carbon‑carbon single bond is ~350 kJ/mol, that of ion-ion in
teractions is 250 kJ/mol, that of H bonding is 5–65 kJ/mol, and that of 
van der Waals forces is 5 kJ/mol (Saji, 2019). Natural supramolecular 
systems, such as β-CD-based macromolecules, are important for corro
sion protection. Table 4 shows the main characteristics of β-CD-based 
supramolecular (host-guest) systems with organic molecules as corro
sion inhibitors. For example, Fan et al. (2014a) synthesized β-CD-based 
supramolecular (host-guest) systems based on β-CD and octadecylamine 
(ODA) n-hexane through a fast hybrid method. Naturally, ODA is 
insoluble in aqueous solution. The solubility of ODA increased with the 
formation of the host-guest system. The supramolecular structure of this 
inhibitor is important to describe the inhibition performance. Outdoor 
amino functional groups of this supramolecular structure are mainly 
responsible for the corrosion inhibition. The inhibitor is chemically 
linked by the amino groups by the transformation of unpaired electrons. 
Other parts of the supramolecular structure promote insulating the 
water from the metal surface. Differential scanning calorimetry (DSC), 
X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR) 
and proton nuclear magnetic resonance spectroscopy (1H NMR) were 
used to characterize the supramolecular structure between β-CD and 
ODA. The inhibition performance of β-CD-ODA was studied for mild 
steel (Fan, Wei, et al., 2018) and 20# steel (Fan et al., 2014a) in 
condensate water. It was found that β-CD-ODA formed a monomolecular 
hydrophobic layer on the steel surface to defend the metal by isolating 
the corrosive ions and dissolved oxygen. It was suggested that ODA 
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interacted with the host through strong noncovalent bonds. β-CD-ODA is 
adsorbed on the metal surface by chemical adsorption. The protective 
film participated in a coordination interaction between the metal sur
face and corrosion molecules. The inherent electrostatic properties of 
ODA may have been responsible for the tilted angle of adsorption on the 
metal surface. The adsorption process was spontaneous and obeyed the 
Langmuir adsorption isotherm. In another study (Fan et al., 2014b), a 
supramolecular hydroxypropyl-β-cyclodextrin (HP-β-CD) complex with 
octadecylamine (ODA) was synthesized, and its inhibition properties in 
the simulated boiler water condensate of power plants were studied. The 
solubility of ODA increased with the formation of the supramolecular 
system. Owing to the high solubility in water and the excellent ab
sorption characteristics of carbon steel, the anticorrosion performance 
of the supramolecular complex in the simulated power plant condensate 
was much better than that of the ODA. In subsequent research (Zou, 
Tang, Lan, et al., 2013), the inhibition performance of 2-phosphonobu
tane-1,2,4-tricarboxylic acid (PBTCA) increased with the formation of a 
host-guest system between hydroxypropyl-β-cyclodextrin (HP-β-CD) 
and PBTCA. The β-CD cavity was mainly responsible for the rise in the 
inhibition performance because the β-CD cavity impacts the increase in 
the solubility of PBTCA and the polarization of the hydroxyl functional 
groups of β-CD and PBTCA. This development in the corrosion inhibition 
of organic molecules leads to a new approach to study oil–gas field 
corrosion inhibition in the process of acid treatment. Monticelli et al. 
(2019) used a supramolecular system based on 5-mercapto-1-phenyl-tet
razole and β-cyclodextrin for bronze corrosion protection. The stability 
and geometry of a complex formed by β-cyclodextrin and 5-mercapto-1- 
phenyl-tetrazole (MPT) were studied by diffusion-ordered spectroscopy 
(DOSY), NMR titration, complexation-induced shifts (CIS), and nuclear 
magnetic resonance (NMR) experiments. It was found that the selected 
host-guest complex was more stable at high temperatures and inhibited 
corrosion on the metal surface with excellent inhibition efficiency. 
Fig. S5 shows the self-healing mechanism of a scratched silicon coating 
(SC) filled with β-CD-ZnA (zinc acetylacetonate (ZnA) inside beta- 
cyclodextrin (β-CD)) (Dehghani et al., 2020a). The β-CD-ZnA inclusion 
complex was mainly responsible for the corrosion protection shown in 
Fig. S5. The released ZnA molecules adsorbed on the metal surface at the 
defect site, controlling metal corrosion by different mechanisms: (i) the 
acetonate ions generated as a result of the decomposition of ZnA inter
acted with the iron cations, forming an insoluble protective FeA film on 
the anodic sites of the metal surface; (ii) the heteroatoms present in the 
acetonate molecules formed complexes with the iron cations through an 
electron sharing mechanism; and (iii) ZnA molecule decomposition in 
water caused the release of Zn ions, forming stable, insoluble Zn oxide/ 
hydroxide compounds at the cathodic sites of the metal surface, limiting 
the direct electrolyte contact with the MS surface. 

5.1. Key in critical review of recent developments and challenges for 
future research 

The corrosion inhibition of β-CD-based supramolecular (host-guest) 
systems with organic molecules for aluminium, copper and magnesium 
were have not been investigated. The impacts of these inhibitors on the 
above metals' corrosion may be enhanced in the development of β-CD- 
based compounds. The capsulation processes, the impact of β-CD rings, 
and corrosion mechanisms are needed to describe. This is due to these 
facts were have not been fully investigated in corrosion science. 

6. Polymer β-CD-based supramolecular (host-guest) systems as 
green and efficient corrosion inhibitors 

The polymer β-CD-based supramolecular (host-guest) compounds 
are new materials in corrosion protection. In these compounds, the host 
and guest interact through hydrophobic interactions. Polymer supra
molecular compounds are self-organized macromolecules of conven
tional polymers (Chugh et al., 2021; Ma et al., 2020), in which the host 

and guest are stabilized by noncovalent interactions. These compounds 
are interesting in that they can be used in corrosion protection due to 
their good features: they are recyclable, self-healing and easy to process. 
Additionally, they are water-soluble and have high inhibition efficiency 
(Akhondi & Jamalizadeh, 2020a; El-Bindary et al., 2016; He et al., 
2014b; Sapurina & Shishov, 2012). Polymer β-CD-based supramolecular 
(host-guest) systems also have many functional groups and heteroatoms, 
which are the main inhibition centres. They can cover large areas on the 
metal surface because of their large molecular size. Table 5 lists the main 
characteristics of polymer β-CD-based supramolecular (host-guest) sys
tems as corrosion inhibitors. For example, Ma et al. (2019) synthesized a 
water-soluble crosslinked β-CD polymer with glutaraldehyde. Then, 
trans-cinnamaldehyde (SCDP, guest) was mixed with the water-soluble 
crosslinked β-CD polymer (host) to form the host-guest inclusion com
plex (SCDP/CD). Next, the inhibition properties of SCDP/CD mild steel 
in a 3.5 % NaCl solution were investigated by potentiodynamic polari
zation measurements, showing that SCDP/CD protected 92.2 % of the 
mild steel. The main reason for the good inhibition efficiency is the 
presence of the guest moiety. The rise in the polarization resistance of 
the electrode in the corrosive medium depends on the SCDP/CA as
sembly. The cathodic and anodic corrosion processes are importantly 
blocked by the high inhibition efficiency of the SCDP/CD. The efficiency 
is dependent on the change in inhibitor concentration. The surface 
morphology results confirmed that the guest molecules were released 
from the cavity of cyclodextrin and solely adsorbed on the steel surface. 
This phenomenon was confirmed by the results of the molecular dy
namics simulation. The parallel adsorption positions are more favour
able for SCDP/CD on the metal surface. Fig. S6 shows the changes in the 
open circuit potential of mild steel electrodes in corrosive and inhibited 
3.5 % NaCl solutions at 30 ◦C. Fig. S6 clearly indicates that the open 
circuit potential decreased in inhibitor-free solution, while it remained 
stable in the inhibited solution, confirming that the inhibitor formed a 
protective film that was more stable in saline solution at 30 ◦C. The 
inhibitor effectively interacted with the metal surface via electron-rich 
functional groups. The stability of the protective film increased with 
increasing concertation. Therefore, the polymer-type β-CD supramo
lecular systems formed thermodynamically stable films on the metal 
surface by the rigid adsorption of guest molecules. In another study, 
Yang et al. (F. Yang et al., 2019) synthesized a water-soluble host–guest 
complex containing carboxymethylated beta-cyclodextrin (CM-β-CD) 
with an aniline trimer (AT). Then, its inhibition efficiency was investi
gated for Q235 carbon steel in 1 M HCl solution by EIS and PDP spec
troscopic methods, showing that the CM-β-CD is more effective 
corrosion protection agents for steel. The carboxyl, amino functional 
groups and benzoyl rings are mainly responsible for corrosion inhibi
tion. The formation of an adsorption film of AT-CM-β-CD on the surface 
of Q235 carbon steel was confirmed by laser scanning confocal micro
scopy (LSCM) and field emission scanning electron microscopy 
(FESEM). AT-CM-β-CD adsorbed on the metal surface by chemisorption 
and physisorption according to the Langmuir adsorption model. 

6.1. Key in critical review of recent developments and challenges for 
future research 

The fundamentals of capsulation processes, the impact of inner and 
outdoor hydroxyl functional groups on the supramolecular system, and 
the inhibitor nature of the supramolecular system based on polymer- 
β-CD (host-guest) were have not studied. In future research works, these 
issues would be tackled to understand the inhibitor nature of polymer 
β-CD-based supramolecular (host-guest) systems as corrosion inhibitors. 

7. β-CD-based graphene oxide materials as green and efficient 
corrosion inhibitors 

Graphene oxide materials are widely used in corrosion protection as 
effective corrosion inhibitors for various metal materials due to their 
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desirable characteristics, including impermeability, chemical stability, 
thermal resistance, mechanical stability, high surface area and good 
hydrophobicity (Ansari et al., 2020; Ding et al., 2018; Javidparvar, 
Naderi, & Ramezanzadeh, 2019; Ramezanzadeh et al., 2017). Naturally, 
graphene oxide is soluble in the aqueous phase because it has water- 
soluble functional groups, such as hydroxyl and carboxyl groups. 
Recently, graphene oxide has been functionalized with amine, carboxyl, 
epoxide and hydroxyl functional groups. These functionalized graphe
nes are water-soluble, highly polar and good corrosion inhibitors for 
steel, copper, zinc, aluminium and magnesium metallic materials 
(Chauhan et al., 2020b; Javidparvar, Naderi, Ramezanzadeh, & Bahla
keh, 2019; Radey et al., 2018). Currently, graphene is functionalized 
with β-CD to enhance its inhibition properties. Table 6 shows the main 
characteristics of β-CD-based graphene oxide materials as corrosion in
hibitors. For example, Haruna et al. (2019) synthesized cyclodextrin- 
based functionalized graphene oxide (CD-GO), and its inhibition per
formance for steel in a 1 M HCl solution was studied by weight and 
electrochemical methods. It was found that CD-GO is water-soluble, 
nontoxic, and nonvolatile, adsorbs well onto the steel surface and is 
an excellent inhibitor. The CD-GO materials were adsorbed on the sur
face of the steel via oxygen atoms of the CD-GO, forming a CD-GO/metal 
complex on the steel surface. The CD-GO formed a protective film on the 
metal surface, and this formation was observed by UV–vis, FTIR and 
SEM/EDX methods. Waste graphene was used to synthesize CD-GO. A 
modern electrochemical technique, electrochemical frequency modu
lation (EFM), was used to analyse the inhibition properties of the CD-GO 
inhibitor on the steel surface. Fig. S7 shows the intermodulation spectra 
(EFM result) of X60 carbon steel in corrosive and inhibited 1 M HCl 
solutions at various concentrations of CD-GO at room temperature. As 
indicated, the larger current peaks of the harmonic and intermolecular 
spectra were employed to estimate the values of the causality factors, 
polarization resistance, current density and Tafel constants. The 
inhibitor-containing medium exhibited high polarization resistance 
because the CD-GO adsorbed on the metal surface to form a protective 
film, blocking the anodic and cathodic electrochemical reactions. When 
the polarization resistance increased, the corrosion current density 
decreased dramatically, confirming that CD-GO is a good anti- 
polarization agent. The obtained values of causal factors also 
confirmed the accuracy of the results. In another study (Dehghani et al., 
2020c), the inclusion complex of cerium acetylacetonate (CeA) in β-CD 
was grafted onto graphene oxide (GO) through (3-aminopropyl)trie
thoxysilane (APTES). The APTES is a capsulated corrosion inhibitor into 
β-CD, which means that the β-CD is carried out APTES onto the metal 
surface. Additionally, the outdoor hydroxyl functional groups of β-CD- 
GO system are effectively connected with the metal surface, resulting in 
the metal surface being insulated from the water and attacks of corrosion 
ions. The inhibition properties of this inhibitor of steel corrosion in 3.5 
% NaCl solution were studied by various experimental and theoretical 
methods. The obtained results confirmed that (i) the total resistance (Rt) 
increased from 1469 Ω⋅cm2 (corrosive solution) to 12,083 Ω⋅cm2 (nearly 
88 % efficiency, inhibited solution) after 48 h of exposure and (ii) the 
corrosion current density of the metal decreased from 7.62 μA⋅cm− 2 

(corrosive solution) to 0.08 μA⋅cm− 2 (inhibited solution). The presence 
of a corrosion-resistant film over the metallic substrate in the solution 
phase was confirmed by EDS, FE-SEM and EDS mapping investigations. 
In comparison, zinc acetylacetonate with β-CD (Dehghani et al., 2020d), 
benzotriazole (BTA) with β-CD (Chengbao Liu et al., 2018) and l-histi
dine with β-CD (Dehghani, Bahlakeh, Ramezanzadeh, & Hossein Jafari 
Mofidabadi, 2021) were grafted onto graphene oxide materials to 
enhance the inhibition performance of this nanomaterial. The graphene 
oxide with grafted β-CD was soluble in an aqueous solution. The host 
molecules of β-CD also increased the inhibition and adsorption proper
ties of these nanomaterials. The presence of R-OH and OH functional
ities resulted in a hydrophobic exterior cavity and a hydrophobic 
interior cavity. The good solubility, molecular size and significant cavity 
size caused the beta form of CD (β-CD) to be more effective than other 

forms. The presence of R-OH and OH functionalities resulted in a hy
drophobic exterior cavity and a hydrophobic interior cavity. 

7.1. Key in critical review of recent developments and challenges for 
future research 

Preparing β-CD-based graphene oxide materials for corrosion in
hibitors is an important aspect of material science. However, the prep
aration methodology by green methods, intermolecular interactions 
between the β-CD and graphene oxide, and the impact of functional 
groups on nanostructure and bonding characteristics were have not 
explored in present research works. These critical issues would be 
tackled to develop the nanomaterials modifications with the β-CD in 
future research works. The preparation methodology β-CD-based 
nanomaterials would be created and their inhibition performances 
would be studied. 

8. β-CD-based nanoparticle materials as green and efficient 
corrosion inhibitors 

Currently, β-CD-modified nanoparticles are more commonly 
researched for corrosion inhibition because these modifications are 
natural and more efficient. Table 7 shows the main characteristics of the 
β-CD-based nanoparticle material as a corrosion inhibitor. For example, 
Yang et al. (2020) prepared β-CD-silica-based nanoparticles and studied 
their inhibition performances for Mg alloys (AZ31) in 3.5 % NaCl so
lution. Silica-based nanoparticle materials are widely used in medicine 
and are green materials. β-CD-silica-based nanoparticles are good water- 
soluble, environmentally friendly, nonvolatile, nontoxic and highly 
efficient inhibition materials. In the preparation of β-CD-silica-based 
nanoparticles, silica-based hollow mesoporous silica (HMS) was modi
fied with cysteine (Cys) and cyclodextrin (CD) to construct a pH/ 
glutathione (GSH)/Mg(II)-responsive nanocontainer. Fig. S8 shows a 
schematic diagram of the release behaviour: (a) detailed description of 
each component of the structure diagram; (b) free diffusion from a bare 
HMS; (c) “Controlled release” by GSH or pH deviation from pH = 7 in 
HMS (Yang et al., 2020). The reasons why this modification enhanced 
inhibition are as follows (Fig. S8):  

(i) Silica-based nanoparticles are water soluble due to the β-CD 
cavity;  

(ii) The number of active functional groups (amino acids) increases 
with the modification of Cys and GSH/Mg(II) 

(iii) The inhibition efficiency increased with modification by func
tional groups.  

(iv) The hydroxyl functional groups of β-CD are more activated and 
enhance the inhibition performance.  

(v) The sulfur, amino and carboxyl functional groups are mainly 
responsible for the formation of rigid covalent bonds between the 
metal surface and the nanoinhibitor. 

9. β-CD-based nanotube materials as green and efficient 
corrosion inhibitors 

β-CD-based nanotube materials are the next important research topic 
in corrosion inhibition. These materials are environmentally friendly 
and are efficient corrosion inhibitors used in the gas and oil industries. In 
future research, corrosion inhibition studies on β-CD-nanotube materials 
will be widely performed because of their high inhibition potential. 
Currently, some research works have been performed on β-CD-based 
nanotube materials as corrosion inhibitors. For example, Brycht et al. 
(2018) studied the corrosion inhibition properties of β-cyclodextrin- 
multiwalled carbon nanotube modification of AISI-type 316 L stainless 
steel in 3.5 % NaCl solution at 1.0 × 10− 3 M by PDP methods. According 
to the obtained results, pitting corrosion was maximally reduced in the 
presence of the selected nanotube-based β-CD corrosion inhibitor. The 
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open circuit potential was more stable in the inhibited solution, while 
the corrosion potential, corrosion rate, corrosion current density and 
corrosion pitting potential significantly decreased with the inhibitor 
presence, confirming that the β-CD nanotubes are excellent corrosion 
inhibitors. In the oil and gas industries, these inhibitors may be more 
efficient for corrosion protection. 

9.1. Key in critical review of recent developments and challenges for 
future research 

The β-CD-based nanoparticle and nanotube materials are new green 
materials for corrosion inhibitors. The main inhibition characteristics of 
these materials were have not yet studied. To create β-CD-based nano
particle and nanotube materials, study their inhibition behaviour, 
preparation methodology, and electrochemical and surface-morphology 
natures would be an important task in future research works. 

10. β-CD-based nanocarriers as green and efficient corrosion 
inhibitors in protective coatings 

Protective coatings are widely used to prevent the corrosion of metal 
materials. They can protect metal surfaces from atmospheric and 
aqueous corrosion. Smart multifunctional coatings are also important in 
protecting materials against corrosion because of their self-healing 
properties. The important properties of smart multifunctional coatings 
are deeply impacted by the synthesis route, the matrix itself, self-healing 
agents, inhibitors, pigments (including smart carriers) and the type of 
functionalities. β-CD-based nanocarriers are widely used as corrosion 
inhibitors in protective coatings. β-CD-based nanocarriers encapsulate 
or load various types of inhibitors and/or self-healing agents (Habib 
et al., 2021). Recently, several review articles (Habib et al., 2021; Tong 
Liu et al., 2021; Lou et al., 2019; Olivieri et al., 2021; Shahini, Taheri, 
et al., 2021; Zahidah et al., 2017) have discussed the main character
istics of smart carriers in protective coatings. It was found that the 
synergistic effects between the host and gust in the nanocarriers are very 
important. These effects are very strong in β-CD-based nanocarriers. 
Both the β-CD and encapsulated organic compounds synergistically 
enhanced key coating properties to maximize impact. A sufficient 
quantity of active species is also important for nanocarriers. The number 
of encapsulated organic compounds in the β-CD-based nanocarriers was 
sufficient to achieve long-term delivery and even to respond to multiple 
damaging events for a period compatible with the coating lifetime. The 
β-CD-based nanocarriers were more stable over a long time in aggressive 
media and temperatures, while the encapsulated organic compounds 
were more stable. The encapsulated organic compounds are released 
only when needed and must be stored for a period compatible with the 
expected coating service life. The lifetime of the carriers and their sta
bility under consecutive activation are key to ensuring long-term effi
cacy. β-CD-based nanocarriers are sensitive and responsive to external 
stimuli and release the loaded species at the targeted zone. Organic 
compounds are easily encapsulated in β-CD-based nanocarriers and 
cannot change their main properties (Habib et al., 2021). Table 8 shows 
the main properties of β-CD-based nanocarriers as corrosion inhibitors in 
protective coatings. As shown, the 2-mercaptobenzothiazole (MBT), 2- 
mercaptobenzimidazole (MBI) (Rahimi & Amiri, 2016), 1H-benzotria
zole (Akhondi & Jamalizadeh, 2020b), thiosalicylic acid (TSA) (Altin 
et al., 2017), L-citrulline (L-Cit) (Dehghani, Bahlakeh, Ramezanzadeh, 
Hossein Jafari Mofidabadi, & Hossein Mostafatabar, 2021), benzimid
azole (Dehghani, Bahlakeh, Ramezanzadeh, & Hossein Jafari Mofida
badi, 2021), acetylacetonate (CeA) (Dehghani et al., 2020b), zinc 
acetylacetonate (Dehghani et al., 2020a), (2-mercaptobenzothiazole 
(MBT) and 2-mercapto-benzimidazole (MBI))/cure agents tetrame
thoxysilane (TMOS), 3-glycidoxypropyl-trimethoxysilane (GPTMS) 
(Rahimi & Amiri, 2015b), cerium acetylacetonate (Dehghani et al., 
2020c), zinc acetylacetonate/graphene oxide (Dehghani et al., 2020d) 
and benzotriazole (BTA) (Chengbao Liu et al., 2018) were mainly 

loaded/capsulated organic and inorganic–organic compounds. The 
protective coatings were more efficient with β-CD-based nanocarriers of 
organic and inorganic–organic compounds. The matrix of the β-CD- 
based nanocarriers was mainly hybrid sol, halloysite clay, sic sol-gel, a 
poly(vinyl butyral) coating, a silane coating and an epoxy coating, while 
released was triggered by the pH. β-CD-based nanocarriers of organic 
and inorganic–organic compounds are also more efficient for 
aluminium-, steel- and zinc-based materials in saline (3–5 % NaCl) so
lution. Fig. S9 shows the inhibition mechanism of β-CD-BM nanocarriers 
(Dehghani, Bahlakeh, Ramezanzadeh, & Hossein Jafari Mofidabadi, 
2021). As shown in Fig. S9, benzimidazole (BM) was loaded into the 
β-CD capsule. The BM interacted with the β-CD capsule both physically 
and chemically. In the second stage, the BM substituted or replaced the 
electrolyte molecules on the metal surface. As a result, electrolyte 
diffusion was reduced. In the final processes, the β-CD-BM nanocarriers 
fully controlled electrolyte diffusion and adsorbed on the metal surface. 
The Fe(II)/Fe(III) cations formed on anodic sites interacted with the 
nitrogen on the BM through the chemical interactions between the free 
d-orbitals of iron and the electron pairs of nitrogen (Dehghani, Bahla
keh, Ramezanzadeh, & Hossein Jafari Mofidabadi, 2021). 

10.1. Key in critical review of recent developments and challenges for 
future research 

At present, the β-CD-based nanocarriers are widely used as corrosion 
inhibitors in protective coatings. However, the corrosion and inhibition 
role of β-CD-based nanocarriers on the metal surface was have not been 
fully described by the surface spectroscopic methods. Because, corrosion 
and inhibition are surface phenomena, thus, the surface spectroscopic 
methods can illustrate these processes. In future research, researchers 
pay attention to the corrosion and inhibition role of β-CD-based nano
carriers on the metal surface. 

11. β-CD based compounds as green and efficient corrosion 
inhibitors of biocorrosion and microbial corrosion 

Biocorrosion and microbial corrosion are serious problems in the 
chemical industry. Approximately 40 % of all internal corrosion events 
in oil and gas transportation pipelines are linked to biocorrosion and 
microbial corrosion (Cadosch et al., 2009; Ghorbani et al., 2018; Jiang 
et al., 2019; Ouyang et al., 2020; Sharifnabi et al., 2014; Talha et al., 
2019). The tissierella, family XI, clostridiales, clostridia, firmicutes, the 
ML635J-40 aquatic group, bacteroidales, bacteroidia, bacteroidetes, 
sphaerochaeta, spirochaetaceae, spirochaetales, spirochaetes, spi
rochaetae, acetobacterium, eubacteriaceae, clostridiales, clostridia, fir
micutes, methanosarcina, methanosarcinaceae, methanosarcinales, 
methanomicrobia, euryarchaeota, desulfocurvus, desulfovibrionaceae, 
desulfovibrionales, deltaproteobacteria, proteobacteria, desulfomi
crobium, desulfomicrobiaceae, desulfovibrionales, deltaproteobacteria 
and proteobacteria are the most common bacteria and microbes 
involved in biocorrosion and microbial corrosion. Among them, sulfate- 
reducing bacteria (SRB), such as desulfocurvu, desulfovibrio and 
desulfomicrobium, are the main initiators of biocorrosion and microbial 
corrosion (Fenyvesi & Sohajda, 2022; Tao Liu et al., 2017; Sprung et al., 
2009; G. Xu et al., 2016). These bacteria destroy the metal surface 
through the sulfate reduction reaction. The protection of steel pipelines 
from biocorrosion and microbial corrosion is an important task in the 
chemical industry. Some β-CD-based compounds act as corrosion in
hibitors in biocorrosion and microbial-corrosion. Xu et al. (2016) stud
ied the antimicrobial and antibiocorrosion properties of 
polyethylenimine-β-cyclodextrin (PEI-β-CD) and ferrocene-modified 
chitosan (Fc-CHT) host− guest complexes. The antimicrobial and anti- 
corrosion properties of these compounds for AISI-type 304 stainless 
steel (SS) foils against the microalgal attachment of Amphora coffeae
formis, Staphylococcus aureus and Pseudomonas sp. were investigated. It 
was found that the polyethylenimine-β-cyclodextrin (PEI-β-CD) and 
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ferrocene-modified chitosan (Fc-CHT) host− guest complexes are the 
most effective antimicrobial and anticorrosion corrosion agents. The 
amino and hydroxyl functional groups are mainly responsible for the 
antimicrobial and anti-corrosion centres. β-CD enhanced the antimi
crobial and antibiocorrosion effects of the host-guest complex. This 
β-CD-based compound formed a biofilm on the metal surface, protecting 
it from sulfate-reducing bacteria. Additionally, the cathodic and/or 
anodic reactions are affected by the formation of biofilms. The envi
ronmental conditions, the condition of the metal surface and the type of 
microorganisms influenced the stability of the biofilm. It was confirmed 
that the β-CD-based biofilm is more stable against the microalgal 
attachment of Amphora coffeaeformis, Staphylococcus aureus and Pseu
domonas sp. These findings promote the creation of new materials based 
on β-CD for protecting steel pipelines from bio and microbial corrosion. 

12. β-CD based compounds as green and efficient corrosion 
inhibitors in biofouling corrosion 

Biofouling corrosion is the accumulation of biological contaminants 
(biofoulants) on the metal surface in aqueous and atmospheric envi
ronments. Biofouling corrosion occurs in the marine, water treatment 
and petrochemical industries. This corrosion is a serious problem; for 
example, crude oil is difficult to transport inside pipelines with 
biofouling (Firouzjaei et al., 2020; Flemming, 2020; Koók et al., 2019; 
Pichardo-Romero et al., 2020; Vinagre et al., 2020; Wu et al., 2020). 
Water purification and desalination membranes are vulnerable to bio
film colonization, which reduces the flux and contaminates treated 
water. Biofouling-resistant compounds insulate the metal surface from 
the accumulation of microorganisms, cells and proteins. β-CD-based 
compounds are often used as green and efficient inhibitors of biofouling 
corrosion (Abdolmaleki et al., 2017; Learn et al., 2019; Punitha et al., 
2017; S. Xu et al., 2019). For example, Punitha et al. (Punitha et al., 
2017) investigated the antifouling activities of β-cyclodextrin-stabilized 
PEG-based silver nanocomposites. It was found that (i) this green in
hibitor effectively prevented biofouling of the metal surface; (ii) this 
compound is an excellent antifouling agent in marine environments; (iii) 
both gram-positive and gram-negative bacteria were blocked in the 
presence of selected corrosion inhibitors; (iv) the β-cyclodextrin-stabi
lized PEG-based silver nanocomposites acted as surfactants by under
going hydrophobic-hydrophobic interactions with the metal 
biocomposite; and (v) waterborne and airborne bacteria were killed by 
this compound. Fig. S10 shows the proposed structure of the β-cyclo
dextrin-stabilized PEG-based silver nanocomposites. The good anti
fouling properties of this inhibitor depend on this molecular structure. 
The hydroxyl functional groups are mainly responsible for the anti
fouling centres. 

The β-CD-based compounds effectively blocked all biofouling pro
cesses, including bacterial adhesion, fibroblast attachment and protein 
adsorption. It was suggested that (i) the importance of a lack of H-bond 
donors is less obvious, as glycocalyx-mimetic carbohydrate surfaces 
(which display many H-bond donors) also effectively resist nonspecific 
protein adsorption; (ii) overall charge neutrality minimizes the elec
trostatic interactions that could otherwise attract proteins (or cells) to a 
surface; and (iii) electronically neutral hydrophilic surfaces, especially 
those presenting abundant H-bond acceptors without H-bond donors, 
tend to be the most protein-resistant (Learn et al., 2019). 

12.1. Key in critical review of recent developments and challenges for 
future research 

The biocorrosion, microbial and biofouling corrosion of metal ma
terials are serious problems in industries. The β-CD-based compounds 
were introduced as green materials for the above corrosions. The fun
damentals of corrosion protection of metals from the biocorrosion, mi
crobial and biofouling corrosion by the β-CD-based compounds were 
have not yet described and identified. The researchers pay attention to 

solute the above problems, because, it is very important to develop the 
next generation of corrosion inhibitors. Industrially, there is also one 
problem with CDs: they may serve as a nutrition source for microbes in 
microbially influenced corrosion or biofilm formation, and thus absence 
of toxicity towards bacteria is not always intended. 

13. General inhibition and adsorption mechanism of β-CD-based 
compounds: Theoretical and experimental insights 

13.1. Experimental insights into inhibition and adsorption 

Inhibition and adsorption mechanisms depend on many factors, such 
as the type of adsorption, the orientation of the components, the 
adsorption energies, the chemical and physical interaction mechanisms, 
the molecular structure, the nature of the metal surface, and the pres
ence of corrosive ions. As observed in a prior study (C. Wang et al., 
2021), surface morphology analysis, electrochemical impedance spec
troscopy, electrochemical polarization analysis and weight-loss analysis 
confirmed that the β-CD-PAM effectively protected the steel surface 
from corrosion processes in 1 mol/L H2SO4. According to the observa
tions, β-CD-PAM is a mixed-type inhibitor with anodic dominance ac
cording to the Langmuir adsorption isotherms and PDP results, 
indicating that β-CD-PAM adsorbs onto the metal surface by chemical 
and physical adsorption mechanisms. The corrosion inhibitor increased 
the charge transfer resistance in between the anode and cathode; this 
result was obtained by EIS. This behaviour is due to the adsorption and 
inhibition of β-CD-PAM on the metal surface and was also confirmed by 
energy dispersive X-ray spectroscopy and scanning electron microscopy. 
Fig. 1 shows the inhibition mechanism of β-cyclodextrin grafted poly
acrylamide (β-CD-PAM) on the X80 steel surface (Wang et al., 2021). 
The –CONH2– electron-protonating groups and N, O electronegative 
heteroatoms in the β-CD-PAM molecule were the main anodic adsorp
tion centres. Hydrogen evolution at the cathodic sites was blocked by the 
anodic adsorption centres. In comparison, the –OH groups of β-CD-PAM 
were the physical adsorption centres, as they are more electron- 
donating. The corrosion inhibitor interacted with the metal surface 
through electrostatic interactions with the –OH groups. As a result, the 
anodic dissolution was considerably reduced (Wang et al., 2021). 

13.2. Theoretical insights into inhibition and adsorption 

The inhibition and adsorption mechanism was deeply investigated 
by molecular dynamics (MD) simulations. Fig. S11 shows the molecular 
dynamics simulations of the adsorption of the β-CD/CA complex onto 
the surface of mild steel at 303 K: (a) 0 ps, (b) 90 ps, (c) 170 ps, and (d) 
230 ps (Ma et al., 2019). As indicated, the β-CD complex was more stable 
with the guest molecules in the aqueous phase. The guest molecules 
were stable within the low-polarity cavity of β-CD. The hydroxyl groups 
of the β-CD interacted with the iron surface through van der Waals forces 
or electrostatic interactions. After the 90-ps simulation, the complex 
integrally approached the surface of iron. Next, with the oxygen het
eroatom pointing to the iron surface, the guest molecules concurrently 
disengaged from the hydrophobic cavity of the β–CD after 170 ps of 
simulation time. In the following step, the β-CD molecules diffused 
through the bulk water, and the guest molecules adsorbed onto the 
metal surface (Ma et al., 2019). Fig. S12 shows top and side photos of the 
equilibrium adsorption position of the guest substance on the metallic 
substrate at 303 K [50]. As observed, the guest molecule adsorbed onto 
the metal surface according to the parallel adsorption model. This sup
port covered or protected a large part of the metal surface from corro
sion protection, indicating the high inhibition performance of this 
inhibitor. The binding (Ebind, kJ/mol) and adsorption energies (Eads, kJ/ 
mol) were estimated by the MD simulation analysis by Eqs. (1) and (2): 

Eads = Etotal − (Eiron+water +Ecom+water)+Ewater (1)  
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Ebind = − Eads (2)  

where Ewater is the energy of all water molecules, kJ/mol; Eiron+water is 
the energy of iron and water; Etotal is the energy of the total system; 
Ewater is the energy of all water molecules, kJ/mol; and Ecom+water is the 
energy of the β-CD/CA complex and water, kJ/mol. It was found that the 
values of Eads and Ebind were − 469.2 and 469.2 kJ/mol, respectively, 
showing the high adsorption ability of this inhibitor. The negative values 
of Eads confirmed that the adsorption of the complex on the metal surface 
was spontaneous and involved high binding strength [50]. 

14. Application of natural β-CD as a corrosion inhibitor for zinc 
metal surfaces 

Natural β-CD has been studied as a corrosion inhibitor for zinc metal 
surfaces. For example, Altin et al. (Altin et al., 2018) investigated the 
inhibition performance of β-CD for Zn in 0.1 M KCl solution. 0.1 M KCl 
solution was selected for the corrosion tests in this research work 
because chloride ions strongly corrode metal surfaces. This research 
focused on finding solutions for the corrosion of zinc surfaces. The 
Raman spectroscopy results confirmed the monomolecular adsorption 
layer of β-CD on the zinc surface and the adsorption interaction on the 
metal/electrolyte solution surface. A band-like diagram of the β-CD/ZnO 
interface was obtained through ultraviolet photoelectron spectroscopy 
(UPS) and angular-dependent X-ray photoelectron spectroscopy 
(ADXPS), finding that the large energy level shift at the interface closely 
resembles the energy level alignment in an n–p junction. The corrosion 
inhibition is the main reason for the sharp increase in the energy level. 
Therefore, the inhibitor can block the corrosion processes, resulting in a 
reduction in the electron transfer and an increase in the energy level. EIS 
and SEM were used to study the corrosion inhibition performance of 
β-CD for Zn in 0.1 M KCl solution. It was found that (i) the maximum 

inhibition performance of β-CD for Zn in 0.1 M KCl solution was over 85 
% at low concentrations, (ii) β-CD effectively adsorbed on the Zn surface, 
and (iii) the corrosion rate dramatically decreased with inhibitor addi
tion (Altin et al., 2018). 

14.1. Key in critical review of recent developments and challenges for 
future research 

The water solubility of β-CD in 0.1 M KCl solution was indicated 
(Altin et al., 2018). This indicator is very important to use in chemical 
industries. The experiments were not carried out at high temperatures, it 
is needed to identify the corrosion inhibition performance of natural 
β-CD at high temperatures. The electrochemical processes of inhibition 
of natural β-CD were not described in this research work, because, 
exploring the corrosion inhibition is important to developing the next 
generation of corrosion inhibitors. 

15. Conclusion and future perspectives 

15.1. Conclusion 

Recent developments, innovations and future opportunities for green 
β-cyclodextrin-based corrosion inhibitors were reviewed and discussed 
with relevant examples. The rapid advancement of β-CD-based com
pounds for use in corrosion protection and their numerous benefits have 
sparked much interest in corrosion prevention applications. These types 
of materials are very important because they protect metallic materials 
from destructive corrosion in large industries such as the chemical, 
petrochemical, oil-gas, automobile and metallurgical industries. This 
review detailed the most recent developments of β-CD-based compounds 
used in corrosion protection, focusing on manufacturing methods, 
corrosion protection applications, and current problems for β-CD-based 

Fig. 1. Inhibition mechanism of β-CD-PAM on the X80 steel surface (Wang et al., 2021).  
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anticorrosion materials. The fundamental theory, importance, de
velopments and innovations of β-CD modifications with natural and 
synthetic polymers, β-CD grafted with organic compounds, β-CD-based 
supramolecular (host-guest) systems with organic molecules, polymer 
β-CD-based supramolecular (host-guest) systems, β-CD-based graphene 
oxide materials, β-CD-based nanoparticle materials and β-CD-based 
nanocarriers were discussed as corrosion inhibitors for various metals in 
different harsh corrosion environments. The corrosion inhibition of 
β-CD-based compounds for biocorrosion, microbial corrosion and 
biofouling was also reviewed. 

According to the obtained conclusion, it is claimed:  

(i) These compounds are sustainable, inexpensive, environmentally 
friendly, highly water soluble and have high inhibition efficiency.  

(ii) The main properties (volatility, optical properties, dispersibility, 
stability, solubility, chemical and physical performances) of tar
geted compounds are considerably changed in the formation of 
host-guest complexes with β-CD.  

(iii) Corrosion inhibition performances of compounds are also 
enhanced with β-CD.  

(iv) The molecular structure of β-CD makes it an excellent molecular 
container for metal organic, inorganic, organometallic, and 
organic compounds, polymers and ionic liquids, which may be 
anionic, cationic, neutral or radical compounds.  

(v) Many hydroxyl groups on the outside of the β-CD make the 
molecule water soluble, while the inside of the cavity is 
hydrophobic.  

(vi) β-CD's water solubility and ability to encapsulate hydrophobic 
moieties within its core cavities through noncovalent interactions 
are aided by these features (Upadhyay & Ali, 2018).  

(vii) These compounds can be modified, have versatile applications, 
are commercially available and easy to process, exhibit 
complexation and chelating behaviour and are highly soluble.  

(viii) β-CD-based corrosion inhibitors can cover a large area of a metal 
surface with a firmly attached/compact film.  

(ix) The inhibition activity of outdoor hydroxyl functional of β-CD 
was enhanced with the modification.  

(x) The inhibition power of β-CD was developed by the polar regions 
of modification substrates.  

(xi) The inhibitor donates its lone pairs of electrons to the vacant d- 
orbitals of the metal (Fe, Al, Cu, Zn, etc.). It can oxidize the metal, 
thereby forming a passive/protective layer on the metal surface 
(de Souza et al., 2016; Umoren & Eduok, 2016). 

15.2. Challenges for future research and perspectives 

β-CD-based compounds for corrosion protection applications should 
be created and optimized simultaneously to meet all of these needs; true 
future breakthroughs are needed. β-CD compounds can be synthesized 
by green methods, such as using biological sustainable catalysts and 
green solvents; such solvents include water, ionic liquids and super
critical CO2. Other green methods include irradiation or heating, 
energy-efficient microwave irradiation, mechanochemical mixing, 
solid-state reactions, hydrothermal reactions and multicomponent re
actions (Saji, 2019; Tang et al., 2020; Umoren & Eduok, 2016). These 
processes can be used to fabricate sustainable, cost-effective, efficient 
and environmentally friendly corrosion inhibitors. This review will be 
helpful in creating, enhancing and innovating the next green and effi
cient materials for future corrosion protection in high-impact industries. 
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Rózsenberszki, T., Tóth, G., & Nemestóthy, N. (2019). Biofouling of membranes in 

microbial electrochemical technologies: Causes, characterization methods and 
mitigation strategies. Bioresource Technology, 279, 327–338. 

Kumar, A., Sharma, G., Naushad, M., & Thakur, S. (2015). SPION/β-cyclodextrin 
core–shell nanostructures for oil spill remediation and organic pollutant removal 
from waste water. Chemical Engineering Journal, 280, 175–187. 

Learn, G. D., Lai, E., & von Recum, H. A. (2019). Cyclodextrin polymer coatings resist 
protein adsorption and mammalian cell adhesion in vitro. In , 40. Transactions of the 
annual meeting of the society for biomaterials and the annual international biomaterials 
symposium (p. 200). 

Liu, Y., Zou, C., Yan, X., Xiao, R., Wang, T., & Li, M. (2015). В-cyclodextrin modified 
natural chitosan as a green inhibitor for carbon steel in acid solutions. Industrial and 
Engineering Chemistry Research, 54(21), 5664–5672. https://doi.org/10.1021/acs. 
iecr.5b00930 

Liu, Y., Zou, C., Li, C., Lin, L., & Chen, W. (2016). Evaluation of β-cyclodextrin- 
polyethylene glycol as green scale inhibitors for produced-water in shale gas well. 
Desalination, 377, 28–33. https://doi.org/10.1016/j.desal.2015.09.007 

Liu, T., Cheng, Y. F., Sharma, M., & Voordouw, G. (2017). Effect of fluid flow on biofilm 
formation and microbiologically influenced corrosion of pipelines in oilfield 
produced water. Journal of Petroleum Science and Engineering, 156(May), 451–459. 
https://doi.org/10.1016/j.petrol.2017.06.026 

Liu, C., Zhao, H., Hou, P., Qian, B., Wang, X., Guo, C., & Wang, L. (2018). Efficient 
Graphene/Cyclodextrin-based nanocontainer: Synthesis and host-guest inclusion for 
self-healing anticorrosion application. ACS Applied Materials and Interfaces, 10(42), 
36229–36239. https://doi.org/10.1021/acsami.8b11108 

Liu, C., Wang, P., Liu, X., Yi, X., Zhou, Z., & Liu, D. (2019). Multifunctional 
β-cyclodextrin MOF-derived porous carbon as efficient herbicides adsorbent and 
potassium fertilizer. ACS Sustainable Chemistry & Engineering, 7(17), 14479–14489. 

Liu, T., Ma, L., Wang, X., Wang, J., Qian, H., Zhang, D., & Li, X. (2021). Self-healing 
corrosion protective coatings based on micro/nanocarriers: A review. Corrosion 
Communications, 1, 18–25. https://doi.org/10.1016/j.corcom.2021.05.004 

Lou, X. Y., Li, Y. P., & Yang, Y. W. (2019). Gated materials: Installing macrocyclic arenes- 
based supramolecular nanovalves on porous nanomaterials for controlled cargo 
release. Biotechnology Journal, 14(1), 1–28. https://doi.org/10.1002/ 
biot.201800354 

Ma, Y., Fan, B., Zhou, T., Hao, H., Yang, B., & Sun, H. (2019). Molecular assembly 
between weak crosslinking cyclodextrin polymer and trans-cinnamaldehyde for 
corrosion inhibition towards mild steel in 3.5% NaCl solution: Experimental and 
theoretical studies. Polymers, 11(4). https://doi.org/10.3390/polym11040635 

Ma, Y., Zhou, T., Zhu, W., Fan, B., Liu, H., Fan, G., Hao, H., Sun, H., & Yang, B. (2020). 
Understanding the anticorrosive mechanism of a cross-linked supramolecular 
polymer for mild steel in the condensate water: Comprehensive experimental, 
molecular docking, and molecular dynamics investigations. Journal of Molecular 
Modeling, 26(4), 1–17. 

Marques, C. S., Carvalho, S. G., Bertoli, L. D., Villanova, J. C. O., Pinheiro, P. F., Dos 
Santos, D. C. M., Yoshida, M. I., de Freitas, J. C. C., Cipriano, D. F., & Bernardes, P. C. 
(2019). β-cyclodextrin inclusion complexes with essential oils: Obtention, 
characterization, antimicrobial activity and potential application for food 
preservative sachets. Food Research International, 119, 499–509. 

Mishra, A., Aslam, J., Verma, C., Quraishi, M. A., & Ebenso, E. E. (2020). Imidazoles as 
highly effective heterocyclic corrosion inhibitors for metals and alloys in aqueous 
electrolytes: A review. Journal of the Taiwan Institute of Chemical Engineers, 114, 
341–358. https://doi.org/10.1016/j.jtice.2020.08.034 

Monticelli, C., Fantin, G., Di Carmine, G., Zanotto, F., & Balbo, A. (2019). Inclusion of 5- 
mercapto-1-phenyl-tetrazole into β-cyclodextrin for entrapment in silane coatings: 
An improvement in bronze corrosion protection. Coatings, 9(8). https://doi.org/ 
10.3390/coatings9080508 

Niu, X., Mo, Z., Yang, X., Sun, M., Zhao, P., Li, Z., Ouyang, M., Liu, Z., Gao, H., & Guo, R. 
(2018). Advances in the use of functional composites of β-cyclodextrin in 
electrochemical sensors. Microchimica Acta, 185(7), 1–17. 

Obot, I. B., Meroufel, A., Onyeachu, I. B., Alenazi, A., & Sorour, A. A. (2019). Corrosion 
inhibitors for acid cleaning of desalination heat exchangers: Progress, challenges and 
future perspectives. Journal of Molecular Liquids, 296, Article 111760. https://doi. 
org/10.1016/j.molliq.2019.111760 

Olivieri, F., Castaldo, R., Cocca, M., Gentile, G., & Lavorgna, M. (2021). Mesoporous 
silica nanoparticles as carriers of active agents for smart anticorrosive organic 
coatings: A critical review. Nanoscale, 13(20), 9091–9111. https://doi.org/10.1039/ 
d1nr01899j 

Ouyang, Y., Zhao, J., Qiu, R., Hu, S., Niu, H., Zhang, Y., & Chen, M. (2020). Nanowall 
enclosed architecture infused by lubricant: A bio-inspired strategy for inhibiting bio- 
adhesion and bio-corrosion on stainless steel. Surface and Coatings Technology, 381, 
Article 125143. 

Pawar, S., & Shende, P. (2020). A comprehensive patent review on β-cyclodextrin cross- 
linked nanosponges for multiple applications. Recent Patents on Nanotechnology, 14 
(1), 75–89. 

Petitjean, M., García-Zubiri, I. X., & Isasi, J. R. (2021). History of cyclodextrin-based 
polymers in food and pharmacy: A review. Environmental Chemistry Letters, 19(4), 
3465–3476. 

Pichardo-Romero, D., Garcia-Arce, Z. P., Zavala-Ramírez, A., & Castro-Muñoz, R. (2020). 
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Abstract
Ionic liquids due to widespread applications in various fields of science, such as physics, chemistry, and engineering, have 
been an emerging topic in the field of research in the last few decades. Ionic liquids are mainly used as electrolytes, solvents, 
and functional materials. Thermal stability, solubility, and liquid nature at a wide temperature range are characteristics of 
ionic liquids. Researches over the last decades have experienced the use of ionic liquid-based nanomaterial composites since 
ionic liquids are more stable and more useful with nanoconfined materials. The present review paper describes in detail the 
physical and chemical properties of ionic liquids as well as their various applications as lubricants.

Keywords  Nanoconfined ionic liquids · Lubricants · Viscosity · Thermal stability

Introduction

Lubricants are frequently used in various activities of 
industries like manufacturing and engineering as metal-
working fluids (MWFs). They enhance the stability, work-
ability, and productivity and reduce mechanical deteriora-
tion of materials when applied between two interfaces of 

similar or dissimilar materials such as metals and alloys 
[1, 2]. Looking at the current demand, there is a need for 
lubricants that are biodegradable, less toxic, and environ-
ment friendly. In terms of green chemistry, it is clear that 
energy consumption decreases in mechanical applications 
due to good lubrication properties, which reduce energy 
loss during friction. Therefore, long life of all materials 
from friction and wear is protected by using good lubri-
cants, and also excellent lubrication system helps to save 
the energy, minimize the energy loss, and save the raw 
materials. Ionic liquids (ILs) had recently been explored 
as a potential lubricant for various applications. ILs are 
organic substances in the form of liquid salts that possess 
some important characteristics such as low melting tem-
perature, high combustible temperature, low vapor pres-
sure, superior thermal stability, low volatility, and easily 
miscibility with organic substances [3–6]. Many ILs have 
high thermal stability, so they can potentially be applied 
for incubation lubrication, in which conventional hydro-
carbon oil is unstable. IL-based lubricants have so far been 
extensively examined as an effectual, sustainable lubricant 
[7]. Recently, the researchers have produced several brand 
new IL-based lubricants and their lubrication performance 
along with desired properties for specific applications has 
also been systematically evaluated. Several types of IL-
based lubricants have now been used in the role of addi-
tives, owing to the excellent sustainability, low instability, 
low hydrothermal burning, and excellent thermal stability 
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during high friction and pressure process, and also reli-
able compatibility of ILs with a base oil (e.g., glycerol, 
polyethylene glycol, or esters), which make them suitable 
for future lubricants. Ye et al. reported the first investiga-
tion on the use of ILs in the form of lubricants in the year 
2001 [8] and since then, the plethora of studies have till 
now been reported [9]. A variety of ammonium likewise 
imidazolium ILs have been proven to have more signifi-
cant stability in comparison to the conventional synthetic 
oil at 200 °C [10]. Another important advantage of ILs is 
that different types of ions and diameters can be used; the 
estimation is in the order of one million combinations, and 
some are available with their unique property [11]. This 
means that the ILs can be potentially used for a specific 
application. However, due to the combination of this large 
number availability of ILs, it is important for a particular 

application to systematically check its performance to 
reduce the number of potential variations [12, 13]. For 
example, the nature of the elements is likely to react for 
creating a protective tribofilm from the surface in the case 
of the metal, and it can be included as a cation and/or ion; 
these may include P, F, or B, depending on interfacing sur-
faces. Figure 1 demonstrates the characteristics and major 
applications of ILs. Overall, the present review article 
mainly deals with the ionic liquid-based lubricants, their 
structures and characteristics of ionic liquid-based lubri-
cants, various chemical properties such as biodegradabil-
ity, thermal stability, and hydrolytic stability, and physical 
properties such as density, viscosity and viscosity index, 
lubricity, specific heat capacity, and ionic conductivity of 
ionic liquids. Also, mechanism and tribological behavior 
of ionic liquid-based lubricants are discussed in detail.

Fig. 1   General characteristics 
and applications of ionic liquids



Ionics	

1 3

Ionic liquid‑based lubricants

Some of the most common cations are phosphonium, pyri-
dinium, imidazolium, and ammonium, and CF3SO3, PF6, 
BF4, and N-(CF3 SO2) are some common anionic ionic liq-
uids. Comprehensive applications of ILs are dependent on 
the prominent advantages of this superior chemistry and IL 
is used as a solvent in many machining technology applica-
tions [14]. Recent technological advances have helped to 
tune the properties of traditional lubricants (e.g., perfluo-
ropolyether (PFPE) [15], synthetic ester (SE) [16], polyeth-
ylene glycol (PEG) [17], and polyalphaolefin (PAO) [18]) 
by using ILs.

Structure and characteristics of ionic 
liquid‑based lubricants

Ionic liquids are classified as biological based ionic liquid 
(organic salt) in addition to those compounds, which are 
found only in ions and having one or both biological species-
based ion. These ions are alternatively incurred positively 
or negatively charged, and since at least one out of them 
consists of a delocalized charge, they can act like defective 
in coordinating their dense structure and protecting against 
them from forming crystal solid. With those accountable 
aspects, the ILs hold liquid phase at temperatures below 
100 °C or room temperature.

Cationic structure

The cationic structure provides exceptional character-
istics to ILs. ILs is additionally prescribed for intense 
miscibility with lubricants due to the low melting point, 
excellent thermal stability (Fig. 2), and their extraordi-
nary molecular structure of ions [19]. Considering the 
shape, ions possess pretty much spherical shape ion 
structure and these types of structured molecules are 

regarded as a symmetrical molecule, although conver-
gence is asymmetric [20]. In the shape of ions, the alkyl 
chains of molecules, as well as quadrilateral structures, 
vary on moieties. These properties promote the charac-
teristics and aspect of ILs in the role of a cutting-edge 
lubrication fluid system and as a reliable entrant for high-
performance lubricants, which have exceptional chemical 
as well as physical properties for use in tribochemical 
and tribological applications.

Anionic structure

It was observed that the protective films were produced 
during the production of BF4 and PF6 in the built IL, 
and likewise, subsequent investigators began investigat-
ing other fluorine such as periflorodecylphosphate (FAP) 
amide (NTf2), triflate (CF3SO3, TF), and BIS triphlorom 
ethylphosnil) [21–23]. Boron in other non-fluorinated ions 
(e.g., BIS (oculotto) Borate, Bob) and phosphorus (e.g., 
diabetophosphate, DBP) have also been studied (Fig. 3). 
In the atmosphere of wear, all these ions were considered 
to pass through favorable reactions as a result of protective 
film [24–27].

Non-flammability and low vapor pressure of ILs make 
them a suitable substance for lubricating purposes. Addi-
tionally, most ionic liquids (cationic and anionic) have 
both tribological and rheological properties and the 
tendency of cavitation is higher for other materials as 
compared to ionic liquids. The efficiency of the ILs as 
lubricating oils depends on the nature of both anion and 
cation. Ammonium- and sulfonium-based ILs have lower 
tribological properties than phosphonium-based ILs. Addi-
tionally, alkyl substituents with long chains increase the 
tribological efficiency of cationic and anionic ILs but long 
alkyl chain substituents decrease the thermal stability of 
the ILs. Usually, hydrophobic ILs show better tribological 
performances than hydrophilic ionic ILs [28].

Fig. 2   Structures and abbrevia-
tions of cations of the ILs used 
as lubricating materials in the 
literature +HN
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Chemical properties of ionic liquids

Biodegradability

Biochemical oxidation of lubricants is defined as dissolving 
chemically lubricant in the environment due to the imple-
mentation of live microorganisms. Less ecotoxicity along 
with rapid biodegradability properties of lubricants are the 
crucial behavior of an environmentally benign lubricant. 
The biodegradability and biocompatibility behavior of ionic 
liquids is dependent on the cationic structures as well as 
the number of equilibrium molecules. Imidazolium-based 
ILs are associated with a high level of toxicity along with 
poor biodegradability and low decomposition stability. 
Besides, organic materials can also be absorbed by intro-
ducing functional polar groups to the alkyl chain. In com-
parison to water-based or mineral oil-based lubricants, ILs 
can be recycled and are reusable while maintaining their 
volume level (non-volatile).Therefore, processing time in 
addition to the cost of maintenance needs to be minimized 
[29]. The chemical formulation of ILs helps to determine its 
physical characteristics. A large number of lengthy carbon 
chain in ILs increase the viscosity of the ILs because their 
structure possesses complex branch of the functional groups 
or alkyl group [30], which correspondingly tends to make 
them much better with sliding surfaces with high-pressure as 
well as high-temperature conditions. During the siding, the 
chemical interaction between the workpiece surfaces along 
with ILs is achieved by modifying the surface chemistry. 

Designing biodegradation data as part of the design of safer 
chemicals is equally important as other parameters and prop-
erties of ILs. Key characteristics of ILs such as methods of 
biodegradation analysis, IL design strategies, and surfactant 
derivatives, to promote IL biodegradation and theoretical 
approaches for the prediction of biodegradability of ILs, 
are the most important parameters to design the lubricating 
performance of ILs. Also, the importance of metabolite stud-
ies as part of biodegradation is equally important to design 
the lubricants especially based on ILs. Low flammability, 
negligible vapor pressure, and highly polar solvent behav-
ior of ILs make them a good alternative as safer and green 
to volatile organic compounds (VOCs). Results of previous 
research revealed the biodegradation, ecotoxicity, and other 
toxicity of ILs, but biodegradation data are still compara-
tively scarce.

Thermal stability

Thermal stability is an important characteristic to resist the 
decomposition of lubricant within the working temperature 
range. Under high temperature, the chemical degradation of 
lubricants is notably high that is responsible for the evapora-
tion of fluid as well as a decrease in viscosity. Thus, ILs, e.g., 
trihexyltetradecylphosphonium bis(2,4,4-trimethylpentyl)
phosphinate [31] and 1-butyl-2,3-dimethylimidazolium hex-
afluorophosphate [32], do not easily evaporate like mineral 
oil and water. Therefore, these are considered more eco-
friendly than traditional lubricants.

Fig. 3   Structures and abbrevia-
tions of anions of the ILs used 
as lubricating materials in the 
literature
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Thermogravimetric analysis (TGA) was used extensively 
in order to determine the thermal stability of ionic liquids 
soluble in oils in the presence of dinitrogen. Moreover, the air 
is the most important and realistic medium for the lubricating 
performance of ILs where oxidation is inevitable. Usually, 
ILs is more thermally stable as compared to hydrocarbon oils 
which decomposed at a temperature around 250 °C. Previous 
research revealed that phosphonium–carboxylate and ammo-
nium–phosphate ILs exhibited lower thermal stability as 
compared to phosphonium–phosphate ionic liquids, whereas 
imidazolium- and pyridinium-based ILs relatively exhibited 
unaffected in the presence of cationic alkyl chain [33].

Hygroscopicity

Any oil lubricates, water acts as a destructive pollutant, and 
water can degrade the molecules of oil through hydrolysis. 
The issue of hygroscopic stability in a lubricant is crucial, as it 
can affect the physical as well as chemical properties of lubri-
cants. Toxic by-products may be produced crushing the sur-
face of the lubricant hydrolysis process which can cause per-
manent degradation of a lubricant and a decline in quality. For 
example, ILs containing halogen ions when passing through 
thermal decomposition through hydro-electric process pro-
duce toxic by-products boric acid (H3BO3), (phosphoric acid 
(H3PO4), and hydrogen fluoride (HF) which can disrupt the 
metal surface [34]. ILs such as 1-n-butyl-3-methylimidazo-
lium hexafluorophosphate [C4mm][PF6] and ethyl imidazo-
lium tetrafluoroborate [C4emem][BF4] are rich in fluorine and 
are also sensitive to wet conditions. They undergo hydrolysis 
and degradation of ions produces highly toxic and very cor-
rosive products of HF. [TFO]−, [NTF2]−, [(RO2PO2)]−, and 
[CH3SO3] are examples of the formation of non-toxic organic 
reactions of ILs, which are hydrolysis-stable ions. Many stud-
ies reported that ILs when it's in contact with water has a 
physical properties. The physical characteristics of fluids are 
the essential properties of lubricants that affect the cooling 
behavior of the fluids. The capability of coolant minimize 
temperature is fervently dependent on the heat transfer proper-
ties such as convective heat transfer coefficient, specific heat 

capacity, thermal conductivity, and specific heat of evapora-
tion. Numerous types of formulations and the physical proper-
ties of ILs have been explored by several researchers. Table 1 
demonstrates the evaluation of physical as well as thermal 
properties of ILs, water, and mineral oil. Interestingly, the spe-
cific description of data comparability from Table 1 suggests 
that ILs offer a wide range of physical and thermal properties 
in comparison with two other normal water-based as well as 
mineral oil-based coolants.

Physical properties of ionic liquids

Density, viscosity, and viscosity index

The density of ILs is found to be higher than mineral oil as 
well as water, owing to the higher size and symmetrical shape 
of their molecular structures. Viscosity (microscopy friction 
force) in a fluid serves as a resistance to the molecule move-
ments in relative motion under share stress condition [35] 
and viscosity index (VI) is employed to calculate it using the 
standard of ASTM D2270 at 40 °C as well as at 100 °C.The 
applications of IL lubricants offer appropriate liquid ranges 
for wide applications primarily in the engineering as well as 
manufacturing. ILs are a group of molecular solvents which 
shows highly viscous nature. The viscosity of ILs relies on 
the combination of anions as well as cations viz. by vary-
ing the content of their ions. The size and shape, as well 
as molar mass of the anions, have already been suggested 
to be the possible contributors to the physical appearance, 
i.e., viscosity and density as well as thermal stability of ILs 
[36]. Lighter, smaller, and highly symmetrical structures of 
the anion molecules contribute extra viscosity in IL systems. 
Additionally, the thermophysical characteristics including 
melting point and hydrophobicity, as well as the viscosity of 
ILs, have been relatively modified by using lengthening the 
alkyl chain length of the cations. The viscosities of ILs are 
controlled primarily by van der Waals interactions as well as 
hydrogen-bonded structures.

Table 1   Physical properties of 
mineral oils, water, and ionic 
liquids at 1 bar

S. No Parameters Unit Mineral oil Water Ionic liquids Ref

1 Specific heat capacity, cp at 25 °C J g−1 K−1 1.9 4.2 1.0–1.70 41, 42
J mol−1 K−1 - 75.6 227–1366 43

2 Thermal conductivity, λ W m−1 K −1 0.1 0.6 0.1–0.2 44
3 Specific heat of vaporization, r J g−1 210 2260 - -

KJ mol−1 - 40.7 115–201 45
4 Kinematic viscosity, ν (at 40 °C) mm2 s−1 05.20 0.66 20–3333 46
5 Density, ρ at 25 °C g ml−1 0.9–1.0 0.99 1.0–2.2 -
6 Dynamic viscosity, η (at 40 °C) mPa s 04–17 0.65 28–3400 46
7 Flash point °C  < 200 -  > 200 47
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Lubricity

The fluid lubricity refers to the capability of lubricat-
ing or the ability of lubrication through a lubricant or 
lubricant ingredients and fluid lubricity are determined 
by the application of lubricants in minimizing friction 
as well as wear of the metal sliding pairs. Ionic liquids 
came into existence as emerging lubricating materials 
two decades before. Some previous studies suggested the 
superior performance of ILs over pre-available lubricating 
fluids on their various properties such as friction coef-
ficient under environmental friendliness, elastohydrody-
namic lubrication conditions, thermal oxidation stability, 
low-temperature fluidity, incompressibility, electrical 
conductivity, ultralow volatility, viscosity-temperature 
properties, antiwear performance, and friction reduction 
under boundary lubrication conditions. Also, the supe-
rior behavior of ILs as lubricants over other lubricants in 
terms of hydraulic fluids, oxygen compressor lubricating 
fluids, metalworking fluids, micro/nano electromechani-
cal system applications, electrical conductive lubricants, 
and space lubricants. ILs have potential lubricating oils 
as well as boundary lubricants on several metal surfaces 
such as distinctive material pairs [37]. Greater numbers 
of hydrophobic anions amplify the lubricity effect as well 
as thermo-oxidative stability [38].

Specific heat capacity

Specific heat capacity of a substance refers to the magni-
tude of energy needed to raise the temperature of 1 mol 
by 1 K. The heat capacity of ILs is usually higher com-
pared to water as their unit is inscribed on the molar 
basis, as mentioned in Table 1 [39–41]. Larger molecu-
lar weight is taken into account for these values, which 
means that suitable amount of heat is required for heating 
the liquid or is absorbed by the liquid; thereby, the heat-
ing, as well as cooling, behavior of the ILs, is considered 
better than water and mineral oil. The heat capacity of 
ILs is based on the form of ion chosen instead of its 
cation in its formulations [42]. An overall trend of esca-
lating heat capacity of ILs suggests that the size of the 
ion or the molecular weight provides the greater value of 
heat capacity [43]. ILs having remarkable specific heat 
capacity as well as comparative thermal conductivity 
offer more useful cooling features in comparison with 
water as well as mineral oil.

Ionic conductivity

Ionic conductivities (ICs) were calculated from the 
Nernst–Einstein relationship using calculated diffusion coef-
ficients and the following equation (Eq. 1) [44].

where q is the charge of the cation or anion; NI is the num-
ber of ion pairs; D− and D+ are the diffusion coefficients 
of the anion and cation, respectively; kB is the Boltzmann 
constant; V is the molar volume; and T is the absolute tem-
perature. Reddy et al. had reported that experimental ICs 
of MAF, EAF, and EAP at room temperature are 43.80, 
12.16, and 0.87 mS cm−1, respectively as depicted in Fig. 3 
[45]. The sequence of experimental ICs for the first triad 
is EAP for MAF > EAF > PAF and EAF > EAA > second 
quarter. The IC is calculated from the study of simulation 
for the first and second triads in the same order. From the 
simulation study, the IC is 40.62, 7.67, 1.68, 2.28, and 1.35 
mS cm−1 respectively for MAF, EAF, PAF, EAA, and EAP. 
For example, the value of IC for EAF and PAF is 7.67 and 
1.68 mS cm−1 respectively. The ionic conductivity of ionic 
liquids is dependent upon the chain length of alkaline mol-
ecules. The increase in the length of the alkaline molecules 
reduces the conductivity; essentially, the trend effectively 
arises from the variation of the transmission coefficient of 
cation and ions. Sunda et al. calculated the ICs of four qua-
ternary ammonium-based ILs and reported similar behavior 
from their simulations [46].

Mechanism of ionic liquids

It must be mentioned that ionic liquids are not ions in 
solution; however, ionic liquids are pure compounds like 
Na + Cl − (l). These pure ionic liquids behave like electro-
lytic solutions or polar organic solvents. The Coulomb inter-
actions in-between anions and cations are generally stronger; 
therefore, these types of compounds show higher melting 
points. The first-order description of ionic liquids is nor-
mal charged species in a liquid state [47]. Dipole, hydrogen 
bonding, and dispersive forces are the main factors for the 
interactions of IL constituents. The protic ionic liquids are 
obtained by using strong acid into N-alkylimidazole. The 
melting points of protic ionic liquids change with symmetry 
and asymmetry of nitrogen cations, and the lowest melt-
ing points are observed asymmetric nitrogen cations [48]. 
A complexing agent is included, the endothermic move 
to lower temperature, and melting point can be moved to 
lower room temperature by using complexing agent. In other 
words, it leads to enhance the chemical stability for the liq-
uid. The thermodynamic stability of anion complexes is 
enhanced by holding strong chemical bonds [49].

Additionally, the lubricating behavior of ILs has shown 
a good correlation with the IL compatibility, concentration, 
and chemical property, with other material compositions, oil 
additives and rubbing conditions and contact surfaces. Phos-
phorus-containing ILs exhibited efficient wear reductions 

(1)Ionicconductivity = �NE =
NIq

2

VkBT
(D++D−)
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and friction over the other ionic liquids and base oils. Three 
different groups of phosphonium-mediated ionic liquids 
were blended into a PAO base oil at the known content in 
order to understand the impact of anions [38] and tested at 
the steel-steel ball on flat sliding contact at high temperature 
(100 °C). The study suggested the outperformance of all 
three groups regarding the wear reduction.

The efficient behavior from low to high was observed in 
the order of phosphonium–sulfonate, phosphonium–carbox-
ylate, and phosphonium–phosphate [38]. Previous research 
revealed that [P6,6,6,14]-[BTMPP], [N8,8,8,H][DEHP], and 
[P8,8,8,8][DEHP] exhibited equal to or higher surface protec-
tion for both steel-iron and steel-steel contacts as compared 
to ZDDP [50].

Tribological behavior of ionic lubricants

ILs have been employed as an ingredient or neat lubricant 
for various lubrication systems. Researchers have illustrated 
the excellent results from IL-based lubricants because of 
their exceptional properties and the capability to customize 
or substitution for the standard lubricant, which is the simple 
way to achieve an excellent result or better output perfor-
mance. Additionally, the opportunity of varying the combi-
nation of anions and cations provides a considerable advan-
tage and formulations of ILs for particular manufacturing as 
well as engineering applications. Many studies have shown 
the potential of the ILs, as well as their physical properties. 
These parameters are frequently used in antiwear as well as 
lubrication properties of ILs though these are well known 
for providing specific aims and objectives. The overall per-
formance of ionic liquids confirms that when ionic liquid 
mixed with bio-based oil provides the minimum coefficient 
of frictions, improved tribological performance of oil in the 
presence of ionic liquid is the result of dipolar structure ionic 
liquids that leads to absorb on the interacting surfaces and 
produce the lubrication film [51].

The major concerns included thermal oxidation, toxicity, 
corrosion, oil miscibility, and cost for the ionic liquids to be 
used as lubricating agent. The recent development of ionic 
liquids as thermally stable, noncorrosive, and oil solubility 
has been largely discussed by some previous researchers. 
The mainstream research of ionic liquids involved lubrica-
tion has been shifted from using ionic liquids as both lubri-
cant additives and as neat or base lubricants. The focus is on 
developing the halogen- and phosphorus-free ionic liquids as 
energy efficient and environment-friendly lubricant additives 
for the steel-based engineering surfaces, and to establish the 
correlation between structure of anion and tribo-physical 
properties of ionic liquids. Halogen-free ionic liquids such as 
borate-based ionic liquids are more important for application 
as lubricant in the present and future.

1onic Liquids as a neat lubricant

There have been a good number of research studies on ionic 
liquids as neat lubricants [52]. Investigation of neat ionic liq-
uids (e.g., [BMIM] BPH4) has been mentioned, which has not 
been well known during the past few years. Since the crystal 
structure of the IL is monopolized by the C-H-P interactions 
between the lubricants and the ions, the question occurred 
whether or not it would be transferred even in the ideal liq-
uid phase structure. By implementing 1D NOSEY NMR and 
measuring 13CT1 relaxation data, almost identical methods 
of interaction in liquid phase compared to crystal structure 
can be found. Lyn et al. studied various types of alkyl chain 
components and Br−BF4

−, and BF−6 ions [53] have studied 
diversity in chemical changes for various types of methylimi-
dazolium salt. They observed high sensitivity in the imidazo-
lium ring for a 2-proton chemical shift (mainly based on the 
length of the alkyl series, among other factors). The effect was 
most apparent for bromide salts. Also, they noticed the unex-
pected H/D exchange for 2-protons. Today, these results can 
be interpreted as the H-bonding effect, and of course, there is 
no surprise in the acidity of H2 in it [54, 55].

Ionic liquids as an additive

Apart from the lubricant applications, the use of ILs as lubri-
cant additives and corrosion inhibition proves to reduce fric-
tion effectively and to wear different sliding content study 
suggested the ability to make ILs electric double layer in 
water [56]. Thus, it is useful for the adsorption of additives 
in the case of silicon nitride ceramic surface, which is ben-
eficial to the tribology properties of lubricant and reduces 
the frictional force. Nonetheless, uses of water-based lubri-
cants are primarily constricted under elevated test tempera-
ture because of their high volatile characteristic as well as 
the cooling point. Moreover, the development of tribofilm 
on ceramic substrates in the course of the lubrication process 
based on water-based lubricants is very thin. High coefficient 
of friction and major attached surface clean alkyl phosphate 
is anticipated in contrast to ILs [57].

Tribochemical reaction properties

As a result of their low vapor pressure, ILs serve as a lubri-
cant inside the vacuum condition. Researchers have carried 
out substantially high vacuum pin-on-disk sliding analysis to 
understand the consequences of sliding material (Fe, Cu, AI, 
Ti, etc.) on the decomposition of tribal characteristics of ILs 
[58]. ILs offer low friction coefficient for every metal. Some 
partial pressures occurred throughout the sliding; however, 
the degree of decomposition and the form of discharge gas 
depend on types of metals. Physical selection turns into a 
key component of regulating gas discharge, owing to the 
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triangle decomposition of ionic fluid. Adsorption, chem-
isorption, and tribochemical reactions are all chemical 
reactions, which typically show a vital role for developing 
boundary layer from surface-active substances. In the course 
of the sliding process, a positive charge is built on the sur-
face of the small convex volume on the metal surface by 
the energy emitting electron which shows significantly less 
under the convex number of the contact. Whereas ions are 
unquestionably interacted with rubbing surfaces, adsorption 
often occurs on the surface because of the strong electro-
static interaction, even when they are infrequently seen as 
shown in Fig. 4 [59]. In case, the intense electrostaticinter-
action of metal surfaces and ILs allows to development of 
adsorbed, and plays a role to reduce wear andfriction.

Ionic liquids as extreme temperature lubricants

The surface properties of IL-lubricant metal during sliding 
contact at room temperature of 300 °C have been exam-
ined by Phillips et al. Before treatment of IL, a few iron 
samples have been oxidized in Fe2O3 as well as Fe3O4 
form. After that, metallic as well as oxidized samples have 
been reacted along with ionic fluid at high temperatures. 
Chemical analysis pronounced the rusting on the surface 
as a consequence of reactions between ILs as well as steel/
iron substrates. A sequence of recent polyethylene glycol 
has been developed along with functionalized dicationic 
[60], with alkyl or polyfluoroalkyl substitute. These ILs 
exhibit excellent thermal stability as well as a reliable 
lubricant. Imidazolium-based dynamic liquids have much 
higher degradation temperatures (Td > 400 °C) in compari-
son with their triazolium alternatives. The attachment of 
polyfluoroalkyl groups increases antiviral properties; at 
the same time, a reduction in decomposition temperature is 
also found. These types of ILs additionally display impres-
sive tribal behavior at 300 °C, which implies their capa-
bility of high-temperature lubricants. A different range of 
decalic ionic fluid, such as polyacylater, polyifluoracillil, 

and 1,4-bismithlebenzene, is referred to among the many 
rings of alkyl-substituted imidazolium [61], which has 
bridging moieties. The characteristics and properties of 
these materials have been tailored by the linker series and/
or alkaline compounds in the imidazolium ring. Lubrica-
tion capability related to ILs is dependent upon the polar-
ity of molecules, thermal stability, orderly layers, and their 
ability to build tricorrosion processes at the interface.

Conclusion and outlook

This review paper outlines the characteristics of ionic liq-
uids, which are incomparable to several engineering and 
manufacturing applications especially in the field of lubri-
cating and oils. The viscosity value of the ILs is 3000 mm 
greater than 20 mm at 2 °C to 40 °C, which is the ability 
to produce enough lubricant layer, which renders outstand-
ing load carrying capacity on the metal bearing, different 
lubricant system (hydrodynamic, elastohydrodynamic, and 
so forth), and the ability to accommodate a wider tempera-
ture range for the cooling action, which is found lager in the 
case of other traditional lubricants. Many current research 
works have conferred the comprehensive findings of ILs, 
which clearly classified ILs as suitable advanced lubricants 
in widespread engineering as well as manufacturing applica-
tions. ILs are still moving ahead in the form of lubricants as 
well as lubricant additives for various common lubricants. It 
has been demonstrated that ILs have notable abilities which 
are more reliable than natural cooling (water) and conven-
tional fossil fuel-based lubricants.
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Abstract
The risk of mild steel corrosion during the acid cleaning process can be reduced by using an aqueous extract of Euphorbia 
prostrata plant. The efficiency of Euphorbia prostrata plant extract for corrosion inhibition was explored by applying weight 
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heteroatoms in the phytochemicals of this extract are primarily responsible for its anticorrosive properties. The plant extract 
solution has a higher ∆Ha in the presence of an inhibitor (47.67 kJ/mol) than in the absence of an inhibitor (8.59 kJ/mol) 
suggesting that the metal is better protected. Furthermore, from quantum chemical studies, we compared the effectiveness 
of the phytochemicals present in the extract. At 1500 mg/L, the maximal inhibition efficiency of 96.23% in 1 M H2SO4 
solution was obtained.
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Introduction

Because of its high strength, mild steel is an extensively 
utilized alloy, with usage in building, engineering, agricul-
tural, and automobile manufacturing and in industrial pro-
cesses. But steel has a low corrosion resistance and corro-
sion is caused by a variety of conditions including surface 
contaminants, stress, heat, and solution interaction. C​orr​
osi​on seems to becom​e a global issue due to the rap​id ​adv​
anceme​nt ​of ​industries. By use of acid solution ​whi​ch ​is 
extensively ​uti​liz​ed in ​ind​ust​ries for pickl​ing​, t​her​e is the 
deterioration of the metal surface. Many chemical process-
ing plants, the oil sector, and plenty of other metal-using 
industries pay a huge amount of money due to corrosion. 
According to a survey, the world demand for corrosion 
inhibitors amounted to $7.2 billion in the year 2019 and 
is predicted to increase to $9.6 billion by the year of 2026 
(Hossain et al. 2020). In one survey conducted by NACE 
during the year of  2016, corrosion  damages  the  finan-
cial sector by over 2.5 trillion dollars every year, 10 percent 
of the world's total metal is destroyed by corrosion, affecting 
the economy of the country (Fayomi et al. 2019). The Inter-
national Measures of prevention, application, and econom-
ics of corrosion technologies project was started by NACE 
International to look into the current position of corrosion 
management in industry and government, as well as to define 
methodologies. According to that study global cost of cor-
rosion is determined for some countries as shown in Fig. 1.

Mostly, steel suffers serious corrosion in the presence 
of aggressive media, so steel material should never be 
used in acidic media unless it is protected with a protec-
tive coating. So to beat this problem, plenty of synthetic 
compounds have been used but these harm Mother Nature 

as well as human beings (El-Hashemy and Sallam 2020). 
So main focus of recent studies is to discover non-toxic, 
biodegradable, and efficient inhibitors which are obtained 
from different plant parts (Sedik et al. 2020). These green 
corrosion inhibitors are biodegradable, cost-efficient, 
and easily available and show high inhibition efficiency 
(Dehghani et al. 2020). Plant parts, such as seeds, roots, 
bark, fruits, and flower have been used as corrosion inhibi-
tors as these contain many kinds of phytochemicals. Other 
than phytochemicals many other factors also affect the cor-
rosion inhibition ability of natural products as shown in 
Fig. 2.

These inhibitors contain many natural compounds such 
as phenols, amino acids, and proteins,. which contain heter-
oatom like nitrogen, oxygen, and sulfur that play an efficient 
role in defensive layer formation on the surface of low-car-
bon steel when employed with an aggressive medium (Sax-
ena et al. 2020; Ahanotu et al. 2020; Chung et al. 2020). 
Potentiodynamic polarization and EIS were used by Lebrini 
et al. (Lebrini et al. 2011) to explain the efficient corrosion 
inhibition action of Oxandra asbeckii extract on steel. The 
alkaloids plant extract is a mixed-type blocker, according to 
polarization curves. To evaluate the inhibitory efficiency, 
surface tests were conducted with 1 M hydrogen chloride 
both with and without application of the extract. Analysis 
via phytochemical testing revealed this extract contains liri-
odenine, azafluorenone, and other terpenoids that are crucial 
for the appearance of a protective coating upon the metal 
surface. The performance of a corrosion inhibitor is deter-
mined by a variety of factors, including quantity, the role of 
multiple phytochemicals, and functional group. J. Bhawsar 
et al. (Bhawsar et al. 2015) established the effectiveness of 
a Nicotiana tabacum extract containing nicotine as a phyto-
chemical and steel inhibitory molecule in 2 M H2SO4 with a 
94% effectiveness at 1 g/L. Concentration has a direct rela-
tionship with inhibition efficiency, but the temperature has 
an inverse relationship. According to the assessment of the 
literature described in Table 1, there is successful work to 
discover green inhibitors for steel.

Furthermore, each day, a large quantity of leaves fall to 
the ground in our surroundings, and most of them are burnt 
that pollutes the Mother Nature. So that we can transform 
this refuse material into a corrosion inhibitor, we will have 
a useful product at a low cost of production (Oguzie 2006).

The following factors must be considered to choose an 
appropriate inhibitor: (a) cost and quantity of the inhibi-
tors; (b) long-term toxicological impacts on the ecosystem 
and living species; and (c) the inhibitor's availability and 
environmental stability (Farzana et al. 2021). The invention 
of effective, non-toxic corrosion inhibitors—also known 
as eco-friendly or green corrosion inhibitors—is currently 
viewed from a safety perspective as being more important 
and desirable [35].Fig. 1   Global corrosion costs
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Here we have selected Euphorbia prostrata extract. It is 
also called prostrate spurge and is a species of the family 
Euphorbiaceae. Euphorbia prostrata is a tiny, prostrate, 
green herb with a purple tint with various medicinal prop-
erties like antihemorrhoidal, anti-inflammatory, analgesic, 
hypolipidemic, antidiabetic, antidiarrheal, and antiasthmatic, 
and also used for many skin ailments (Sharma et al. 2012). 
Medicinal properties of the Euphorbia prostrata aerial part 
have been studied earlier but corrosion properties are not 
investigated yet. From the literature, it has been found that 
Euphorbia prostrata extract contains many phytochemicals 
as displayed in Table 2 (Sharma et al. 2012).

This work aims to find green and eco-friendly corrosion 
inhibitors and to determine the capacity of Euphorbia pros-
trata extract to inhibit steel corrosion in 1 M sulfuric acid 
medium.

Experimental work

Preparation of specimens

Table 3 shows the steel composition that was used in this 
work. The dimensions of the steel sample are 1 cm2. Before 
the corrosion inspection, with a variety of sandpapers, every 
low-carbon steel coupon was abraded.

Plant collection and inhibitor preparation

Aerial parts of the Euphorbia prostrata were collected from 
Sirhind, Punjab. With the aid of a grinder, the dried plant 
was then ground into powder. After that, using a Soxhlet 
device and with around 250 ml of distilled water, 100 g of 
the dried sample was then refluxed at 80 °C for about 24 h 
(Pictorially represented in Fig. 3). Then the solution was 
strained and a hot water bath is used to dry that yield 3.5 g 
of extract.

Corrosive media preparation

In this current investigation, we have used a 1 M H2SO4 
solution which is prepared in double-distilled water with 
Loba Chemie's AR-grade sulfuric acid. To obtain solutions 
with varying concentration levels, Euphorbia prostrata 
extract was dissolved in 1 M H2SO4.

Measurements of weight loss

We kept the corrosive solution volume at 100  ml for 
weight loss studies. Low-carbon steels having a sur-
face area of 1 cm.2 were dipped for 24 h in the corrosive 
medium in this weight loss analysis. Emery sheets of 

Fig. 2   Factors affecting corrosion inhibition ability
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Table 1   Corrosion inhibition capacity of some plants

S. No Plant’s name Plant’s part Efficiency/concen-
tration of extract

Medium used Phytochemicals References

1 Osmanthus fra-
grans

Leaves extract 95.3% at 340 ppm 1 M HCl Ascorbic acid, Gallic acid, 
β-Caryophyllene

Li et al. (2012a)

2 Artemisia pallens Aerial part of 
plant

93% at 400 ppm 1 M HCl Arbutin, phenolic glycoside, 
germacranolides, Davanone, 
pallensin and 4-epipallensin

Garai et al. (2012)

3 Salvia officinalis Leaves 86.7% at 100 ppm 1 M HCl Sagecomarin. Rosmarinic acid, 
Luteolin 7-glucoside, Luteolin 
7-glucoronide, Salvianolic 
acid, Carnosol

Soltani et al. (2012)

4 Lycium shawii Aerial part 85.4% at 100 ppm 0.5 M HCl Palmitic acid, Undecanoic acid, 
Stearic acid, Ergost-5-en-3-ol

Otaibi et al. (2014)

5 Teucrium oliveri-
anum

Aerial part 73.6% at 100 ppm 0.5 M HCl Undecanoic acid, Stearic acid, 
Ergost-5-en-3-ol

Otaibi et al. (2014)

6 Dendrocalamus 
brandisii

Leaves 91.3% at 100 ppm 1 M HCl Flavonoids, amino acid and 
amylose

Li and Deng (2012)

7 Neolamarckia 
cadamba

Bark 82% at 500 ppm 1 M HCl 3β-isodihydrocadambine RajaP et al. (2013)

8 Henna Leaves 74.85% at 
1000 ppm

1 M HCl Lawsone, 4-napthaquinone, resin 
and tannin, coumarins, gallic 
acid and sterols

Hamdy and Gendy 
(2013)

9 Euphorbia falcata Leaves 93.2% at 
3000 ppm

1 M HCl Diterpenes, Bribri et al. (2013)

10 Watermelon rind 79% at 2000 ppm 1 M HCl, 0.5 M 
H2SO4

– Odewunmi et al. 
(2015)

11 Atropa belladonna Aerial part 96.6% at500 ppm 1 M HCl Atropine, hyoscyamine, sco-
polamine

Shalabi et al. (2014)

12 Silybum mari-
anum

Leaves 96.4% at 
1000 ppm

1 M HCl Silybin Soltani et al. (2014)

13 Sida acuta Leaves 85% at 500 ppm 1 M H2SO4 Tannins Umoren et al. 
(2011)

14 Dendrocalamus 
sinicus (Bam-
boo)

Leaves 78.8% at 200 ppm 0.5 M H2SO4 tannins, alkaloids and nitro-
gen bases, amino acids and 
proteins

Li et al. (2012b)

15 Nauclea latifolia Root 94% at 4000 ppm 1 M H2SO4 Monoterpene, triterpene, indole 
alkaloid, saponins

Uwah et al. (2013)

16 Lannea coroman-
delica

Leaf 93.8% at 
2000 ppm

1 M H2SO4 Flavonoids, Tannins, Terpe-
noids, Gums and polysac-
charides

Muthukrishnan 
et al. (2013)

17 Aloe Vera Leaves 96% at 300 ppm 1 M H2SO4 Anthrones, chromones, carbohy-
drates, enzymes, organic and 
inorganic compounds, amino 
acids, proteins, and vitamins

Mehdipour et al. 
(2014)

18 Citrus aurantium Leaves 89% at 
10,000 ppm

1 M H2SO4 Phenolic compound Hassan et al.(2016)

19 Cryptostegia 
grandiflora

Leaves 87% at 500 ppm 1 M H2SO4 Hydroxyl cinnamic acid, fla-
vonols, phenolic compounds, 
and hydroxyl benzoic acid

Prabakaran et al. 
(2016)

20 Aster koraiensis Leaves 90% at 2000 ppm 1 M H2SO4 Benzofurans, polyacetylenes, 
sesquiterpenoids

Prabakaran et al. 
(2017)

21 Sida cordifolia Leaves 98% at 500 ppm 0.5 M H2SO4 Vasicinone, Vasicine and 
Vasicinol

Saxena et al. 
(2018a)

22 Saraca asoca Seeds 95% at 100 ppm 0.5 M H2SO4 Epicatechin, tannin, saponins 
and flavonoids

Saxena et al. 
(2018b)
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various grades were used to polish the mild steel cou-
pons, then it was washed out with acetone and afterward 
with double-distilled water. After the weighing of steel 
coupons, all were submerged in 100 mL of 1 M H2SO4 
with several inhibitor strengths (100, 500, 1000, and 
1500 mg/l). The maximum solubility of Euphorbia pros-
trata extract in 1 M sulfuric acid is 1500 mg/l, so the 
corrosion tests were carried out up to 1500 mg/L because 
above 1500 mg/L inhibitor concentration no significant 
changes were observed in inhibition efficiency. The 
mild steel coupons were removed after being exposed to 
aggressive media; the mass loss was evaluated after being 
rinsed with acetone and dried. The weight loss data was 
estimated using the equations below: (Dehghani et al. 
2019a, b)

ƞ% = Inhibition Efficiency, θ → Surface coverage, 
(w0 and wi) → Weight loss in the absence and involvement 
of inhibitors, respectively.

Adsorption isotherm

To study the adsorption behavior, Langmuir isotherm can 
be applied for the data obtained in weight loss analysis. 
This isotherm is a plot of C/θ vs. logC. Adsorption is 
calculated by Eq. 3:

where C specifies the inhibitor concentration, θ is surface 
coverage and Kads represent the adsorption equilibrium 
constant.

(1)� =
W0 − W

i

W0

(2)�% =
W0 − W

i

W0

× 100

(3)
C

�
=

1

Kads

+ C

Electrochemical studies

For electrochemical inspections, a Metrohm Autolab with a 
three-cell assembly connected to the electrochemical work-
station is employed (Anupama et al. 2015; Liao et al. 2017; 
Lgaz et al. 2017; Rajeswari et al. 2014). A saturated calo-
mel electrode is used as the reference electrode, a platinum 
electrode as the counter electrode, and a steel electrode as 
the working electrode is used. The volume of the corro-
sive medium used in the electrochemical study is 100 ml. 
Araldite resin is used to conceal the steel coupon, and an 
active region of 1 cm2 is left visible. Before every measure-
ment, the exposed steel surface was mechanically ground 
using different grades of emery paper. Triplicate experi-
ments were performed for the corrosion tests in order to get 
high accuracy.

Current–potential curves were obtained when the elec-
trode potential was changed from negative to positive values 
between − 250 mV and + 250 mV vs. open circuit potential 
(Palvannan 2014). If the examination rate is just too fast, 
the potentiodynamic curves will be changed, leading to a 
misinterpretation of the polarized electrode process due to 
charge disturbance and a lack of time to attain a steady state. 
The relationship used to measure efficiency is as follows 
(Rajeswari et al. 2014)

The density of the corrosion current present without and 
with Euphorbia prostrata expressed by I0corr and  Iicorr.

EIS studies were conducted in the same electrochemi-
cal workstation and with three electrodes assembly. Before 
each experiment, the working electrode was dipped in the 
corrosive media for about 45 min to set the open circuit 
potential. By using Eq. 5, the efficiency of the inhibition was 
examined. (Nofrizal et al. 2011)-

(4)�% =
I0corr − Iicorr

I0corr

× 100

(5)�% =
Rct − R0

ct

Rct

× 100

Table 1   (continued)

S. No Plant’s name Plant’s part Efficiency/concen-
tration of extract

Medium used Phytochemicals References

23 Parsley Leaves 84% at 500 ppm 0.5 M H2SO4 Chromen-2-one, 3,7-dimethy-
locta- 1,6-dien-3-ol, 
17-(5-ethyl-6-methylheptan-
2-yl)-10,13-dimethyl-
2,3,4,7,8,9,11,12,14,15,16,17-
dodecahydro-1H-cyclopenta 
[a]phenanthren-3-ol

Abdallah et al. 
(2018)
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Table 2   Various phytochemicals of Euphorbia prostrata 

S. No Name of phytochemical Structure

1 β-sitosterol

OH

CH3

CH3

CH3
CH3

CH3

CH3

 
2 Campesterol

OH

CH3

CH3
CH3

CH3

CH3
CH3

H

HH

H

 
3 Stigmasterol

OH

CH3

CH3
CH3

CH3

CH3

H

HH

H

CH3

 
4 Cholesterol

OH

CH3

CH3
CH3

CH3

CH3

H

HH

H

 
5 Apigenin

O

OH

OH O

OH

 
6 Luteolin

O

OH

OH O

OH

OH
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where R0
ct = Charge transfer resistance without seed extract, 

Rct = Charge transfer resistance with seed extract.

Phytochemicals analysis

The ethanol extract of Euphorbia prostrata was tested for 
phytochemicals investigation of alkaloids, flavonoids, sapo-
nins, quinones, terpenoids, tannins, coumarin, and sugar. 
The phytochemical investigation of a crude concentrate of 
Euphorbia prostrata was carried out. 0.25 g of extract was 

Table 2   (continued)

S. No Name of phytochemical Structure

7 Gallic acid

OH

OH
OH

O

OH

 
8 Ellagic acid

O

O

OH
OH O

OH

OH

O

 

Table 3   Composition of low-carbon steel coupons

S. No Metals present % composition

1 Iron 99.2
2 Silicon 0.120
3 Carbon 0.105
4 Manganese 0.378
5 Phosphorus 0.079
6 Sulfur 0.079

Fig. 3   Schematic diagram for 
the preparation of plant extract
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added to 100 ml water to make the stock solution, and then, 
it was used for phytochemical analysis. Various tests were 
performed for the conformation of phytochemicals.

UV–visible spectroscopic analysis

The UV spectrum of Euphorbia prostrata extract in 1 M 
H2SO4 was acquired using a UV–Visible absorption spectro-
photometer. The spectrum was obtained under two conditions: 
a solution comprising inhibitors into which the steel speci-
mens have not been soaked, and a solution where the steel 
coupons were soaked for 24 h. Each of the spectra was exam-
ined to figure out how inhibition works (Nofrizal et al. 2011).

Surface inspection by scanning electron 
microscope (SEM)

SEM images of the steel coupons were taken using a 
JEOL-IT500. SEM pictures of mild steel are used to assess 
the surface morphology of the steel coupons. SEM images 
of the cleaned steel, corroded steel, and the inhibited steel 
coupons were taken and compared.

Quantum chemical calculations

Quantum chemical analysis is an important tool in corro-
sion inhibition research. This is due to the corrosion inhibi-
tion performance of organic molecules depending on the 
molecular structural properties (Scully 2000; Junaedi et al. 
2013; Faustin et al. 2014). In this research work, various 
corrosion methods were employed to describe the correla-
tions between corrosion inhibition and molecular structure 
(Faustin et al. 2014; Dewangan et al. 2022). The GAMESS-
US (Berdimurodov et al. 2022a; Dagdag et al. 2022) with 
the 6-21G basis sets (Berdimurodov et al. 2022b), density 
functional theory, (DFT), and B3LYP (three − parameter 
Lee–Yang–Parr correlation function by Becke) (Berdimuro-
dov et al. 2021a, 2021b) methods were selected to do the 
quantum chemical analysis of β-sitosterol, Apigenin, and 
Luteolin corrosion inhibitors. The wxMacMolPlt (Barca 
et al. 2020) and Avogadro (Schmidt et al. 1993; Krishnan 
et al. 1980) were used for visualization and analysis.

Result and discussion

Weight loss measurements

Weight loss values for the steel coupons are reported in 
Table 4. At varying concentration of Euphorbia prostrata 

extract, inhibitory efficiency, and surface coverage for steel 
were estimated from the weight loss data.

As clearly visible from the values of Table 4, there is a rise 
in inhibition efficiency with a rise in concentration as out-
lined in Fig. 4 and simultaneously surface coverage increases 
gradually as the concentration of inhibitors increases.

This rise is possible only if heteroatoms and multiple 
bonds are adsorbed on the exterior part of the mild steel and 
diminish the corrosion of metal with the aggressive medium.

Adsorption isotherm

Figure 5 shows the association between the (C/θ) and the 
concentration of Euphorbia prostrata extract. The plot 
obtained is linear, and the plot's intercept allows for the 
determination of the adsorption equilibrium constant (Kads).

At different temperatures 298 K, 308 K, as well as on 
318 K,  Kads values are 0.00721, 0.002, and 0.00152 L/mg, 
respectively. The fact that Kads decreases as temperature rises 
suggests that adsorption becomes reversed (desorption) as 
shown in Fig. 6.

Table 4   Inhibition efficiency and surface coverage of Euphorbia 
prostrata in 1 M H2SO4

Corrosive medium Inhibi-
tion conc. 
(mg/L)

Weight 
loss in 
gm

Inhibition 
efficiency 
(%)

Surface 
coverage 
(θ)

1 M H2SO4 0 3.419 – –
100 1.36 60.22 0.6022
500 0.790 76.89 0.7689
1000 0.384 88.76 0.8876
1500 0.289 91.54 0.9154

Fig. 4   The inhibition efficiency of Euphorbia prostrata extract
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The  Kads values are used to calculate the ∆Gads using the 
following formula:

R is the representation of gas constant, T indicates abso-
lute temperature, ΔG°ads is the standard free energy of 
adsorption, and Cwater is the concentration of H2O in the solu-
tion. The calculated values of ΔG

◦

ads
 are − 2.269, − 5.607, 

and − 6.530 kJ Mol−1 at 298 K, 308 K, and 318 K, respec-
tively. Based on the ΔG°ads values, it may be calculated 
whether inhibitor molecules adsorb to the surface through the 
formation of a chemical bond or via physical adsorption. The 
measurements of ΔG

◦

ads
 in this case show that the Euphorbia 

prostrata extract physically adsorbs on the steel surface.

Activation parameters

Figure 7 displays a plot of log (corrosion rate) vs. 1000/T 
for metal dissolutions without and with varying inhibitor 
concentrations, respectively, from which Ea is computed.

(6)ΔG
◦

ads
= RTln(55.5 × Kads)

The Arrhenius law predicts that the rate of metal corro-
sion increases as the temperature rises, with Ea fluctuating 
according to the equation:

Ea: Activation energy, Ea was determined to be 9.09 kJ/mol 
without inhibitor, but when the inhibitor was added, it raised 
to 51.31 kJ/mol, showing physical adsorption of the inhibitor 
on the steel surface.

Entropy and enthalpy adsorption parameter

Entropy and enthalpy of adsorption can be calculated with 
the help of following equation:

CR stands for corrosion rate, T stands for absolute tem-
perature, h stands for Planck constant, and Na stands for 
Avogadro's number. By graphing log (CR/T) vs. 1000/T 
as shown in Fig. 8, the parameters of ∆Ha and standard 
entropy of activation have been computed and the findings 

(7)E
a = −Slope × 2.303 × 8.314

(8)log
{

CR

T

}

= log

{

R

NaH

}

+
ΔS

a

2.303R
−

ΔH
a

2.303RT

Fig. 5   Adsorption isotherm for Euphorbia prostrata extract on low-
carbon steel in 1 M H2SO4

Fig. 6   Desorption of inhibitor 
molecules from the steel surface 
with increase in temperature

Fig. 7   Plot of  log (corrosion rate) vs. 1000/T for metal dissolutions 
without and with Euphorbia prostrata extract
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are presented in Table 5. Higher value of ∆Ha in the pres-
ence of an inhibitor (47.67 kJ/mol) than in the absence of 
an inhibitor (8.59 kJ/mol) suggests that the metal is better 
protected, presumably attributed to the presence of an energy 
barrier to the corrosion reaction.

In comparison with the case of the blank solution entropy 
value (20.12 J/mol/ K), the value of ∆Sa (132.51 J/mol/ 
K) increased with the addition of the inhibitor, as move from 
reactant to activated compound, the entropy value increases, 
indicating that disorder is increasing.

Potentiodynamic polarization (PDP) study

Figure 9 depicts the anodic and cathodic polarization activ-
ity of steel coupons in corrosive solvent on several extract 
concentrations, and Table 6 includes their corrosion features 
and inhibition efficiencies. In PDP analysis, the scan rate 
was 1 mV/s.

The Tafel curves show that in the presence of the Euphor-
bia prostrata extract, the anodic and cathodic divisions' 
current densities are dropping. As the concentration of the 
inhibitor increases, it is claimed that the Euphorbia prostrata 
extract's densities will drop until they reach a maximum 

efficiency value of 1500 mg/L (94.82%). This behavior sug-
gests that the inhibitor may prevent both cathodic hydro-
gen evolution and anodic breakdown of the metal (Becke 
1993; Lee et al. 1988; Bode and Gordon 1998). It is reported 
previously that if the changes in the values of Ecorr for the 
individual inhibitor concentration for the blank solution lies 
between 85 mV, then the inhibitor is a mixed-type corrosion 
inhibitor. In the present work, this change in Ecorr value is 
only 10 mV so accordingly will act as mixed-type corrosion 
inhibitor (Hanwell et al. 2012).

Thus, the Euphorbia prostrata extract affects both 
cathodic and anodic corrosion reactions in the solution of 
1 M H2SO4. This should imply that the steel corrosion phase 
is prevented by increasing the content of Euphorbia pros-
trata extract.

Electrochemical impedance (EIS) analysis

Before carrying out the EIS study, the working electrode was 
dipped in the corrosive medium for about 45 min to settle 
the OCP. The OCP vs. time plot is shown in Fig. 10a. The 
Nyquist and Bode diagrams are shown in Fig. 10b and c, and 
the data are presented in Table 7. The circuit that was used 
in this case is depicted in Fig. 10d.

The constant phase element (CPE) and the charge transfer 
resistance (Rct) are connected in parallel. Table 7 shows that 
with the rise in the concentration of the Euphorbia prostrata, 
the Rct value expands and the CPE value decreases. After 
all, it has been seen that Rct values rise as inhibitor concen-
trations rise, indicating that the Euphorbia prostrata extract 
is readily adsorbed on the surface of steel and provides a 
maximum efficiency value of 96.23 percent at 1500 mg/l.

Fig. 8   Plot of  log (CR/T) vs. 1000/T for metal dissolutions without 
and with Euphorbia prostrata extract

Table 5   Parameters for steel in 1 M H2SO4 in lack of and existence of 
plant extract

S. No Inhibitor Inhibi-
tor conc. 
(mg/L)

∆Ha (kJ/mol) ∆Sa (J/mol/ K)

1 Euphorbia pros-
trata

0 8.59 20.12
1200 47.67 132.51

Fig. 9   Tafel polarization curves in 1 M H2SO4 without and with vari-
ous amounts of Euphorbia prostrata extract
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Stronger corrosion resistance for steel in solution with 
1500 mg/l of inhibitor is indicated by the phase angle at 
maximum for 1500 mg/l being higher than for the blank 
condition.

Phytochemical analysis

Table 8 reports the results of phytochemicals in the extract.

For alkaloids

Wagner’s test: Wagner's reagent was used to treat the extract. 
The existence of alkaloids is suggested by the formation of 
brown/reddish ppt (Avogadro 2009).

Mayer’s Test: For this test, filtrates were subjected to 
Mayer's reagent. Yellow color is turned out (Avogadro, 
2009).

Test for flavonoids

A small quantity of the plant extract was mixed with several 
drops of concentrated HCl. The existence of flavonoids was 
determined by the rapid production of red color. (Nooshab-
adi et al. 2015).

Test for saponins

With vigorous shaking, 5 ml of water is added with 5 ml 
of filtrate (aqueous extract). The presence of the saponins 
is suggested by the formation of stable froth (Ferreira et al. 
2004).

Test for quinones: The presence of quinones 
was demonstrated by mixing 1 mL of the extract 
with concentrated H2SO4; the color change proves 
the existence of quinones (Ji et al. 2016).

Test for coumarin

A very few drops of alcoholic NaOH solution were added 
to 2 ml of the plant extract. The occurrence of coumarin 

is confirmed by the formation of the yellow color (Ji et al. 
2016).

Test for sugar

Fehling solution test: Fehling’s solutions A and B were put 
together in 1 mL proportion and boiled for one minute. To 
that mixture, 1 ml of an extract was added up and heated on 
the water bath for about 5–10 min. The presence of carbo-
hydrates was indicated by the appearance of yellow and then 
brick red precipitates.

UV visible spectroscopy

Euphorbia prostrata’s UV spectrum is investigated before 
and after the corrosion process. From the spectra, it is clear 
that the absorbance of the aggressive medium containing 
inhibitor in which mild steel is not yet dipped is higher than 
the medium in which steel specimens dipped for 24 h as 
shown in Fig. 11. So it shows that when steel specimen is 
immersed in a corrosive medium that contains inhibitor, 
phytochemicals of that inhibitor adsorbed on the top of the 
metal to construct a defensive coat for acidic medium and 
there is the formation of complex in between exterior part 
of steel and inhibitor (Saxena et al. 2018c).

Scanning electron microscope (SEM)

In the SEM study, a low-energy electron beam was used 
to analyze the surface morphology. The natural products 
are destroyed or get burnt due to the high energy of the 
electron beam so in this study acceleration of 10 kV has 
been used. Figure 12 shows the changes in the morphology 
of cleaned mild steel surfaces after 24 h of immersion in 
1 M H2SO4 with and without 1500 mg/L of the extract. 
Figure 12a depicts that the surface of the steel coupon 
before immersing it to the corrosive medium was abso-
lutely fine. The quick and strong corrosion reactions occur 
during the immersion of mild steel in blank H2SO4 badly 
damaged the metal in several areas, as evidenced by the 

Table 6   1 M H2SO4 mild steel 
polarization parameters without 
and with various concentrations 
of Euphorbia prostrata extract.

Inhibitor 
concentration 
(mg/L)

Ecorr (V vs. SCE) Icorr (A cm−2) βa (V/dec) βc (V/dec) CR Efficiency (η %)

0 -0.506 2.9 × 10–3 0.09527 0.06263 34.03 0
100 -0.516 9.7 × 10–4 0.1204 0.1074 18.19 66.55
500 -0.506 2.4 × 10–4 0.1097 0.0769 10.44 91.37
1000 -0.491 1.8 × 10–4 0.0738 0.0673 06.28 93.79
1500 -0.497 1.5 × 10–4 0.0900 0.0759 08.93 94.82
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highly rough surface as depicted in Fig. 12b. The presence 
of an inhibitor, on the other hand, slowed the corrosion of 
mild steel in 1 M H2SO4 and less surface damage as shown 
in Fig. 12c implies the establishment of a defensive inhibi-
tor coating on the surface of mild steel.

Quantum chemical studies

Optimization analysis

The optimized structures of β-sitosterol (Fig. 13a), Api-
genin (Fig. 14a), and Luteolin (Fig. 15a) corrosion inhibi-
tors were found. The obtained results confirmed that the 
selected corrosion inhibitors are high polar molecules. 
The high corrosion efficiency depends on the polarization 
index. If this index is high, then the corrosion inhibitor is 
more water soluble and an excellent corrosion inhibitor. In 
this research work, it is found that the selected corrosion 
inhibitors are higher polarized structures. As can be seen 
from Fig. 13a, the active hydroxyl functional group and 
π-system are mainly responsible for the high polarization 
index of β-sitosterol. Figure 14a shows that the two ben-
zoyl rings, π-electrons of hetero-rings, oxygen heteroatom, 
and hydroxyl functional groups made Apigenin more 
polar. The two hydroxyl functional groups are cited left 
side, while one hydroxyl functional group is located right 
side; these nonequivalent positions are mainly responsible 
for the high polarization index. The charges are distributed 
around the polar centers. The high polarization nature of 
Luteolin (Fig. 15a) was also confirmed.

Charge distribution analysis

The values in charge of atoms were predicted in the quan-
tum chemical analysis. The polarizing index, positions of 
π-systems, heteroatoms, functional groups, and alkaline 
chains influence the charge distribution of atoms. (Pan-
dey and Tripathi 2014; Ismail et al. 2016; Alqethami and 
Aldhebiani 2021). It is indicated that the oxygen atoms of 
hydroxyl functional groups are more negatively charged. 
These atoms are rich with electrons; the corrosion inhibi-
tors chemically interacted with the metal surface by these 
more negatively charged atoms. The negatively charged 
atoms are also mainly responsible for the chemical adsorp-
tion of corrosion inhibitors on the metal surface.

Fig. 10   OCP vs. time plot (a), Nyquist plot (b) Bode plots (c), and 
equivalent circuit of constant phase element (d) for low-carbon steel 
in 1 M H2SO4 without and with various concentrations of Euphorbia 
prostrata extract at 298 K

▸
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Molecular electrostatic potential (MEP) analysis

This theoretical analysis indicated the most electrophilic 
and nucleophilic regions (Saxena et al. 2018b; Kumar et al. 
2019; Berdimurodov et al. 2021c). The MEP regions of 
β-sitosterol (Fig. 13b), Apigenin (Fig. 14b), and Luteolin 
(Fig. 15b) corrosion inhibitors were found. In these maps, 
the red and blue regions are designated the electrophilic and 
nucleophilic centers. It is confirmed that the obtained MEP 
maps confirmed that the selected three inhibitors are more 

Table 7   Impedance parameters 
for low alloy steel in 1 M H2SO4 
without and with different 
concentrations of Euphorbia 
prostrata extract

Acid solution Conc. of inhibi-
tor (mg/L)

Rs (Ω) Rct (Ω) CPE (µFcm−2) n Efficiency (%)

1 M H2SO4 0 1.482 5.22 5.19 × 10–4 0.83 –
100 2.433 15.62 3.82 × 10–4 0.79 66.58
500 2.947 64.12 6.72 × 10–5 0.81 91.85
1000 2.185 96.33 5.94 × 10–5 0.81 94.58
1500 2.423 138.57 5.30 × 10–5 0.80 96.23

Table 8   Result of phytochemical analysis of Euphorbia prostrata 
extract

S. No Phytochemicals Test Result

1 Alkaloids Wagner’s test  +  + 
 +  + Mayer’s Test

2 Flavonoids Conc. hydrochloric acid test  +  + 
3 Saponins Froth test  +  + 
4 Quinones Concentrated sulfuric acid test  +  + 
5 Coumarins Alcoholic NaOH test  +  + 
6 Sugar Fehling solution test  +  + 

Fig. 11   UV spectrum of Euphorbia prostrata extract before and after 
the corrosion inhibition

Fig. 12   Surface images of a  cleaned steel  b corroded steel in 1  M 
H2SO4, and c inhibited steel
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nucleophilic molecules. Among these inhibitors, Luteolin 
(Fig. 15b) is more nucleophilic than β-sitosterol (Fig. 13b), 
and Apigenin (Fig. 14b). This is due to the Luteolin con-
tained more hydroxyl functional groups and aromatic rings.

Frontier molecular orbital (FMO) analysis

FMO is the next important method in corrosion analysis. 
The electron distributions in HOMO and LUMO regions 
were well described by the FMO (Shahmoradi et al. 2021; 
Haldhar et al. 2021; Dagdag et al. 2021). The FMO results of 
β-sitosterol (Fig. 13c for HOMO and Fig. 13d for LUMO), 
Apigenin (Fig. 14c for HOMO and Fig. 14d for LUMO), 
and Luteolin (Fig. 15c for HOMO and Fig. 15d for LUMO) 
corrosion inhibitors were found. The C9 = C2 bonds 
(Fig. 13c) and hetero-ring (Fig. 13d) are more positioned 
with the HOMO and LUMO regions for β-sitosterol corro-
sion inhibitor. It is clear from the obtained results that the 
C6 = C4-C2, C5 = C3-C1, and C7 = C8 directions are mainly 
responsible for the HOMO regions while the C9-C8 and 
C7-C10 directions support the LUMO regions of Apigenin. 

In comparison, the aromatic rings are mainly positioned with 
the HOMO regions while the single bonds are comfortable 
for LUMO regions for Luteolin corrosion inhibitor. The 
HOMO regions are rich with electrons; the electrons are 
shared with vacant d-orbitals of iron, as a result, the cova-
lent bonds between the metal surface and corrosion inhibitor 
were formed. During this electron transfer, the inhibitors are 
adsorbed on the metal surface by the chemical adsorption 
mechanism. The LUMO regions contained more antibond-
ing orbitals. Some electrons in filled orbitals of iron are re-
shared from the metal surface to the antibonding orbitals of 
LUMO. As a result, coordination bonds are formed.

Molecular reactivity analysis

The molecular reactive parameters of β-sitosterol, Apigenin, 
and Luteolin were estimated using the energy difference 
( ΔE

DFT
Inh

 ) between the HOMO ( EDFT

HOMO(Inh)
 ) and LUMO 

( EDFT

LUMO(Inh)
 ) according to Eqs. 10–19 (Berdimurodov et al. 

2022c, 2021d; Radwan et al. 2021). The obtained results are 

Fig. 13   a Optimized structure, 
b MEP, c HOMO, and d LUMO 
of β-sitosterol corrosion inhibi-
tor.



Chemical Papers	

1 3

indicated in Table 9. As indicated, the following conclusions 
are drawn:

1.	 It is indicated the values for selected β-sitosterol, Api-
genin, and Luteolin are very low, confirming that these 
inhibitors are more reactive. It means that they effec-
tively reacted with the metal ions in corrosive solutions 
and then formed complex adsorbed on the metal surface. 
Luteolin is more efficient among these inhibitors.

2.	 As can be seen from the obtained results, Luteolin is 
more chemical soft ( �DFT

Inh
 ) has lower chemical hardness 

( ηDFT

Inh
) than other selected inhibitors. This is due to the 

Luteolin having several benzoyl rings, π-electrons sys-
tems, and hydroxyl functional groups are mainly attrib-
uted to promoting the electron transfer.

3.	 The values in electronic chemical potential ( �DFT

Inh
 ), 

molecular ionization potential ( IDFT

Inh
 ), electron affinity 

( ADFT

Inh
 ), global electrophilicity index ( �DFT

Inh
 ), electronic 

negativity ( χDFT

Inh
 ), and nucleophilicity ( �DFT

Inh
 ) suggested 

that the β-sitosterol, Apigenin, and Luteolin are more 
efficient corrosion inhibitors.

4.	 The values in a fraction of electron transfer ( ΔN
DFT

Inh
 ) 

(related to Koopmans’s theory) and electronic fraction 

Fig. 14   a Optimized structure, b MEP, c HOMO, and d LUMO of 
Apigenin corrosion inhibitor.

Fig. 15   a Optimized structure, b MEP, c HOMO, and d LUMO of 
Luteolin corrosion inhibitor.

Table 9   Theoretical parameters for corrosion inhibitors (DFT, 
B3LYP, and 6-31G basis sets)

Parameters Values (eV), 
β-sitosterol

Values (eV), 
Apigenin

Values 
(eV), 
Luteolin

E
DFT

HOMO(Inh)
− 0.221 − 0.218 − 0.216

E
DFT

LUMO(Inh)
0.034 − 0.058 − 0.06

ΔE
DFT

Inh
0.255 0.16 0.156

�DFT

Inh
7.84 12.5 12.82

�DFT

Inh
0.04 0.1225 0.122

ηDFT

Inh
0.1275 0.08 0.078

χDFT

Inh
0.1 0.14 0.138

I
DFT

Inh
0.221 0.218 0.216

A
DFT

Inh
-0.034 0.058 0.06

�DFT

Inh
− 0.1 − 0.14 − 0.138

�DFT

Inh
25 8.16 8.2

ΔN
DFT

Inh
27.05 42.87 44

�DFT

Inh
13.53 21.44 22
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(�DFT

Inh
) confirmed that the adsorption of β-sitosterol, 

Apigenin, and Luteolin on the metal surface was done 
in chemical ways, in which the electron transformation 
is the main factor.

	   where η
Fe

 is 0 eV mol−1 and χ
Fe

 is 7 eV mol−1.

(9)ΔE
DFT

Inh
= E

DFT

LUMO(Inh)
− E

DFT

HOMO(Inh)

(10)I
DFT

Inh
= −E

DFT

HOMO(Inh)

(11)A
DFT

Inh
= −E

DFT

LUMO(Inh)

(12)ηDFT

Inh
=

1

2

(

I
DFT

Inh
− A

DFT

Inh

)

(13)�DFT

Inh
=

1

�DFT

Inh

(14)−�DFT

Inh
= χDFT

Inh
=

1

2

(

I
DFT

Inh
+ A

DFT

Inh

)

(15)�DFT

Inh
=

(χDFT

Inh
)2

2ηDFT

Inh

(16)�DFT

Inh
=

1

η

(17)ΔN
DFT

Inh
=

(

χ
Fe
− χDFT

Inh

)

2
(

η
Fe
+ ηDFT

Inh

)

(18)�DFT

Inh
=

(

χ
Fe
− χDFT

Inh

)

4
(

η
Fe
+ ηDFT

Inh

)

Corrosion inhibition mechanism 
by Euphorbia prostrata on mild steel

The heteroatom's lone pair transfers electrons from the 
inhibitor toward the metal, producing a coordinate bond. 
Euphorbia prostrata phytochemicals contain different func-
tional groups like carbonyl group, hydroxyl group as well as 
carboxylic acid, and also double bonds that can efficiently 
reduce mild steel corrosion in 1 M sulfuric acid. The heter-
oatom's lone pair and double bonds present in phytochem-
icals form a coordinate bond with the metal. The inhibi-
tory action of plant extract is caused to natural compound 
adsorption on the metal surface, resulting in a blockage of 
the active site as shoe nib Fig. 16. Because a protective film 
has formed on the surface, mild steel is no longer available 
for corrosion.

Comparison study with other natural 
inhibitors

The inhibition efficiency of Euphorbia prostrata extract 
compared with other natural corrosion inhibitors from the 
literature, like Hassan et.al. (2016) demonstrated the effi-
ciency of extract of leaves of Citrus aurantium showing 89% 
at 10,000 ppm in 1 M H2SO4 due to the presence phenolic 
compounds. Similarly, Prabakara et.al. (2016) worked upon 
Cryptostegia grand flora’s leaves with an inhibition effi-
ciency 87% at 500 ppm due to hydroxyl cinnamic acid as 
active phytochemical.

Fig. 16   Euphorbia prostrata’s 
phytochemical adsorption on 
mild steel to form protective 
coating



Chemical Papers	

1 3

Conclusion

1.	 Corrosion inhibition efficiency appears to improve in the 
presence of a Euphorbia prostrata extract.

2.	 The inhibitor's inhibition efficiency results show 96.23% 
inhibition efficiency at a concentration of 1500 mg/L.

3.	 The effectiveness of inhibition is influenced by the phy-
tochemicals present in the extract.

4.	 The potentiodynamic polarization and EIS study showed 
that corrosion inhibition efficiency increases on increas-
ing the inhibitor concentration.

5.	 DFT studies prove that the inhibitor acts as an excellent 
corrosion inhibitor.
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A B S T R A C T   

Supercapacitors are high energy density and power density materials in the electronics industry. Noble metals 
and their composites have been the most successfully applied in supercapacitors. This review is focused on noble 
metal-based materials that have been used to improve electrochemical supercapacitors over the last decade. This 
review describes the role of various noble metals, binary composites with transition metals, binary composites 
with carbon-based materials, and ternary composites containing both transition metals and carbon-based ma
terials as supercapacitor electrode materials. The effects of the electrode material, growth tactics, structure, size 
and morphology of the nanostructured materials on device performance are discussed.   

1. Introduction 

At present, electronic devices make life more comfortable, and the 
importance of electricity is increasing. The use of renewable energy 
sources, such as solar energy and wind energy, has become very 
important [1]. Sunlight is an example of a natural resource. However, 
the use of renewable energy has some limitations. For example, sunlight 
is not available at night, and seasonal variations can be observed in 
sunlight intensity and wind speed [2,3]. Thus, the storage of produced 
electric energy is very important in the electronic industry, and storage 
devices with high energy and good power density are highly needed. The 
most common storage device is a battery [4]. Its high energy capacity 
makes it suitable for several applications. However, it has a low power 
density; thus, batteries are not suitable for applications with large power 
impulses. The alternate power energy device is a supercapacitor, also 
known as an ultracapacitor and electrochemical capacitor [5,6]. 
Supercapacitors have a larger power density than conventional capaci
tors. Additionally, supercapacitors have a high charge–discharge rate. A 
comparison of the properties between a supercapacitor and a battery is 
shown in Table 1 [7]. The prime attraction of pseudocapacitors over 
batteries is their high charge–discharge rate, which ranges from seconds 

to minutes, high power, and moderate energy density [8]. The perfor
mance of various storage devices is shown as a Ragone plot in Fig. 1. 

Based on the electrode material and associated storage mechanism, 
electrochemical capacitors are categorized into three categories: (1) 
electric double-layer capacitors (EDLCs), (2) pseudocapacitors, and (3) 
hybrid supercapacitors. The supercapacitors are classified mainly three 
class: the electric double layer capacitor, hybride and pseudocapacitor. 
The electric double layer capacitors based supercapacitors are classified 
in the graphene, carbon nano tubes and activated carbon. The hybride 
supercapacitors contained the composite hybrid, asymmetric hybrid and 
battery type hybride. The pseudocapacitor supercapacitors are catego
rized into metal oxides and conducting polymers. 

Electric double-layer capacitor (EDLC): EDLCs work based on a non- 
Faradaic-type charge storage mechanism. In an EDLC, nanoporous car
bon materials such as graphene, carbon nanotubes or activated carbon 
are used as electrode materials [9]. An electric double layer is generated 
around the surface of the electrode, and the energy is stored at the 
electrode-electrolyte junction. EDLCs are a low-cost material, making 
them economically efficient [10,11]. 

Pseudocapacitor: Pseudocapacitors are metal oxides, conducting 
polymers or sometimes functionalized carbon as an electrode material. 
Pseudocapacitance involves the oxidation–reduction process between 
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the electrode material and electrolyte as a Faradaic process. In com
parison to EDLCs, pseudocapacitors have a much higher specific 
capacitance due to rapid oxidation–reduction reactions occurring on the 
electrode exterior. However, these reactions can cause physical changes 
in the electrode, such as swelling and shrinking; as a result, the stability 
of the device may be reduced. 

Hybrid supercapacitor: Hybrid supercapacitors can be categorized 
into three classes: (i) asymmetric hybrids, (ii) symmetric composite 
hybrids and (iii) battery-type hybrids. Asymmetric hybrids have an anode 
that is a pseudocapacitance material, while the cathode is a carbon 
material. Sometimes, these electrodes may be the same carbon material 
but with different thicknesses. Symmetric composite hybrids have two 
identical carbon electrodes. Finally, battery-type hybrid supercapacitors 
are composed of a Li-insertion material as the anode and a carbon ma
terial as the cathode. 

In this review article, noble metal materials that are used as elec
trodes for supercapacitors will be discussed. Noble metals are defined as 
metals that are resistant to corrosion and oxidation in moist air. The 
most common noble metals include Ru, Rh, Pd, Ag, Cu, Os, Ir, Pt and Au 
[12]. Of these, Ru, Rh, Pd, Ag, Pt and Au have been reported as super
capacitor electrode materials. The extraordinary conductivity of noble 
metals results in the high mobility of electrons involved in the redox 
reactions of pseudocapacitors [13–15]. 

2. Electrolytes 

By using a high concentration of electrolytes, a depletion problem 
occurs during charging [16]. Electrolytes have several advantages, such 

as their broad voltage range, excellent electrochemical stability, good 
ionic concentration, small solvent spheres, high ionic conductivity, low 
viscosity, high thermal stability and low toxicity [17]. Additionally, 
electrolytes are inexpensive and have high purity. Aqueous, organic and 
ionic liquids are mainly applied as electrolytes in supercapacitors. 

Aqueous electrolytes: These include inorganic salts/acids/bases that 
are soluble in water, e.g., KCl, Na2SO4, K2SO4, NH4Cl, H2SO4, and KOH. 
They provide low resistance and a high ionic concentration [18,19]. 
Aqueous electrolyte-containing supercapacitors show higher advanced 
capacitance and power than devices containing organic electrolytes due 
to aqueous electrolytes having smaller ionic radii, higher concentrations 
and lower minimum pore sizes [20,21]. Notably, water is decomposed at 
1.23 V, so their voltage range is limited to 1.2 V [22,23]. 

Organic electrolytes: The small voltage window problem in the 
above case can be overcome by using organic electrolytes, which can be 
used up to 3.5 V. The most used organic electrolyte is polycarbonate, 
which is environmentally friendly and offers a wide working voltage and 
working temperature. Although, its conductivity is low [24–26]. 
Acetonitrile is also a good electrolyte; however, it is toxic, making it less 
preferably employed. Additionally, tetraethylammonium tetra
fluoroborate, tetraethylphosphonium tetrafluoroborate, and trie
thylmethylammonium tetrafluoroborate are used as superconductors 
[27,28]. The electrolytes must not contain more than 5 ppm water; 
otherwise, a significant drop in voltage can be observed. Salts with less 
symmetric structures exhibit greater solubility in these solvents due to 
their lower crystal lattice energy [29,30]. 

Ionic liquids: When organic salts are in their molten/liquified forms, 
they are similar to ionic liquids. Room-temperature ionic liquids are 
pure organic salts in the liquid state at room temperature, and they can 
be employed in supercapacitors. This is due to their nonvolatile, poor 
combustibility, heat resistance and chemical stability [31,32]. Addi
tionally, they are resistant to redox reactions over a wide voltage range 
ranging up to 6 V and show conductivity on the order of approximately 

Abbreviations 

ALD Atomic layer deposition 
AC Amorphous carbon 
Au-MWCNTs Au-multiwall carbon nanotubes 
CNTs Carbon nanotubes 
CFP Carbon fibre paper 
CNFs Carbon nanofibres 
CNOs Carbon nanoonions 
GNS Graphene nanosheets 
GNFs Graphite nanofibres 
GCE Glassy carbon electrode 
GO Graphene oxide 
MC Mesoporous carbon 
MWNTs Multiwalled nanotubes 
NPS Nanoporous silver 
NPG Nanoporous gold 
PANI Polyaniline 
AgNWs Silver nanowires 
SC Super capacitance 
SR Scan rate 
CD Current density  

Table 1 
Various parameters regarding the efficiencies of a supercapacitor and battery.  

Characteristics Supercapacitor Battery 

Specific energy (Wh kg− 1) 1–10 10–100 
Specific power (W kg− 1) 500–10,000 <1000 
Discharge time s to min 0.3–3 h 
Charge time 10 s to min 1–5 h 
Coulombic efficiency (%) 85–98 70–85 
Cycle life >5,00,000 approximately 1000  

Fig. 1. Ragone plot of the power density vs. energy density for various energy 
storage devices. 
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10 mS cm− 1 [33,34]. Although some ionic liquids have conductivities 
comparable to the best organic electrolytes, they typically have quite 
low conductivities compared to aqueous electrolytes due to their high 
viscosity; however, this problem can be overcome by making a dilute 
solution with an organic solvent [35,36]. Because of the absence of a 
solvent, they do not have a solvation sphere; thus, the ion size is 
well-defined [37]. The conductivity of some ionic liquids increased with 
the decrease in the concentrations. The reason for this is that their high 
viscosity was decreased importantly with the reduce of their concen
trations. Additionally, the ionic radius of these ionic liquids rose with a 
dilute solution with an organic solvent. As a result, the conductivity of 
these ionic liquids is enhanced. However, the decrease in concentration 
is a limiting factor, which means that the conductivity was enhanced to 
the standard points after it was decreased. The most studied ionic liquids 
are imidazolium, pyrrolidinium and various aliphatic asymmetric qua
ternary ammonium salts with anions, such as BF4

− , CF3SO3
− , and PF6

−

[37–42]. 

3. Noble metal-based electrode materials for supercapacitors 

Carbon material-based supercapacitors are currently more attrac
tive. This is due to their relatively high electric conductance, versatility, 
availability and high surface area. On the other hand, carbon-based 
materials generally suffer from low supercapacitance; thus, the atten
tion of researchers has shifted from pure carbon-based metals towards 
supercapacitor materials, such as noble metal compounds [17,43–45]. 
Large-scale electrochemical supercapacitors using several metal oxides, 
including RuO2 [46–48], V2O5 [49,50], MnO2 [51,52], Co3O4 [53,53], 
Fe3O4 [54,55], TiO2 [56,57], and NiO, have been widely studied in 
hybrid devices and electrochemical supercapacitors, which combine 
capacitive electrodes and battery-type electrodes. Some metal oxides, 
such as RuO2 [58–61], V2O5 [62,63], Fe3O4 [64,65] and MnO2 [66,67], 
exhibit pseudocapacitance, demonstrating quick and reversible electron 
transfer that is different from carbon materials [68]. Oxides such as NiO 
[69,70], Co3O4 [71,72] and TiO2 [73,74] accompanied by active carbon 
have also been incorporated as electrode materials in battery-type 
hybrid supercapacitors [75,76]. 

When redox reactions occur, these oxides usually interact with pro
tons or hydroxide ions, and the related redox process affects both the 
electrode exterior and the oxide bulk. The latter is attributed to 
restrained electron transfer rates caused by the low electrical conduc
tance of the metal hydroxides/oxides. In addition, the shrinkage and 
swelling of electrode materials and the charge–discharge process are 
responsible for damaging the morphology [77]. The incorporation of 
nanostructured metal oxides in carbon content (such as porous carbon 
content graphene [78,79] and carbon nanotubes [80,81]) can show high 
capacitance with conducting nanocomponent frameworks. Recently, it 
has been demonstrated that carbon material–metal oxide fusions show 
high potential applicability in hybrid supercapacitors because of the 
synergistic effects between electric double-layer capacitors and pseu
docapacitive or faradaic materials, which results in these materials 
having superior electrochemical performance [82,83]. Common noble 
metals are based on electrode materials, composites with transition 
metal oxides, transition metal hydroxides, carbon materials and con
ducting polymers [84,85]. Noble metal-based electrodes are enhanced 
materials in the electronic industry because of their electrochemical 
stability and good electrical conductance [86–88]. These metals can 
facilitate effective electron transport from the redox process of capaci
tors to the current collector [14,15]. 

3.1. Individual noble metal-based electrode materials 

Crystalline and amorphous forms of RuO2 are essential for practical 
and theoretical purposes due to specific characteristics, such as the 
conductivity of the metal, catalytic activity, high chemical and thermal 
stability, electrochemical deficiency-oxidation properties, and field- 

emitting behaviour. Because of these unique properties, RuO2 plays a 
vital role in different applications, such as supercapacitors, thin and 
thick resistors, electronic applications, integrated circuit development 
and ferroelectric films. Among them, RuO2 has recently been used as 
electrode material in supercapacitors [48,89]. Additionally, RuO2 has 
the most success in seeing metallic-type conductivity, a broad potential 
window with a high specific capacitance, a long cycle life and a highly 
reversible redox reaction [90,91]. The application of RuO2 in super
capacitors is achieved through the electrodeposition method [91–93]. 
The earliest study of promising electrode materials in supercapacitors 
used ruthenium dioxide (RuO2) due to its high theoretical super
capacitance (SC) (of ~2000 F g− 1 or F/g) [94], extensive potential 
window, long cycle life, high rate capability, good electrochemical 
reversibility [95,96] and high electrical conductivity. The pseudocapa
citive nature of RuO2 in acidic electrolytes can be indicated as a 
reversible and fast faradic expression (Equation (1)) [97]: 

RuO2 + xH− + xe− ↔ RuO2− x(OH)x (1)  

where 0 ≤ x ≤ 2. 
Ru metals have a good catalytic effect on the diffusion rate of H+

ions. This is due to the structural effects, ion radius and interactions 
between the water and Ru metals. The Ru have a good d-electron system, 
which is also important for the diffusion rate of H+ ions. 

Ruthenium shows different oxidation in alkaline electrolytic media. 
For example, the oxidation degree in an acidic electrolyte ranges from 
+2 to +4. The various parameters, changes in temperature, particle size 
and crystallinity influence the supercapacitor behaviour of Ru-based 
materials [98,99]. The particle size of ruthenium oxide electrode ma
terials is an important factor due to their increased surface area. Small 
metal oxide particles have a high specific surface area, a large number of 
electrolyte ion transport pathways and a short diffusion path. The 
diffusion time of ions (τ) can be calculated from Equation (2) [100]: 

τ ≈ L2/2D (2)  

where τ is the diffusion time of ions; L is the size of the nanoparticle; D is 
the diffusion constant. 

The diffusion time of ions decreases as the particle size decreases. 
Thus, small particles provide a higher utilization efficiency and specific 
capacitance [101]. It is indicated that small particles of RuO2 are 
desirable as supercapacitor. It has been found that ion conductivity and 
supercapacitance (SC) improves when nanoscale RuO2 is applied due to 
having a higher specific surface area than bulk RuO2 [102]. These 
properties provide more active sites for reversible and quick oxida
tion–reduction reactions. At present, some RuO2 materials were per
formed, such as nanotubes [103], nanoflowers [104] nanorods [105] 
and nanosheets [106]. By using anodic deposition, a previous study 
showed an extremely high SC of 1300 F g− 1 with an energy density of 
7.5 Wh kg− 1, when a RuO2/H2O nanotubular array electrode was used. 
Equation (2) suggests that RuO2 undergoes the extraction and insertion 
of H+ because RuO2⋅nH2O is a good conductor of protons in acidic media 
[107]. The diffusion rate of H+ towards the electrode can be accelerated 
by using a combined hydrous RuO2 and water system. Some previous 
studies suggest the higher supercapacitance (900 F g− 1 and 861 F g− 1) of 
hydrous RuO2 compared to anhydrous RuO2 [108]. In addition, the SC 
decreases from 720 F g− 1 to 19.2 F g− 1 as the combined content de
creases from RuO2⋅0.5H2O to RuO2⋅0.03H2O, respectively [109]. 

The supercapacitance can also be affected by the crystalline nature of 
the metal oxide, i.e., RuO2. In a highly crystalline metal oxide (RuO2), 
the extraction and insertion of electrons/ions are difficult due to the 
compact structure. This nature of RuO2 leads to a decrease in super
capacitance and an increase in the electrochemical impedance [110, 
111]. Previous studies suggest that the higher SC is 1190 F g− 1 in H2SO4 
when amorphous ruthenium dioxide thin films are anodically deposited 
on steel [112,113]. The annealing temperature also plays an important 
role, as high-temperature hydrous ruthenium dioxide contains a low 
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content of water molecules and exhibits good crystallinity [114]. The 
optimal annealing temperature is approximately 140 ◦C when the 
crystalline temperature is close to the annealing temperature. In this 
way, the high-rate charge–discharge capability of supercapacitors and 
electroactive material utilization will be improved [115]. 

Copper is another abundant metallic element in Earth’s crust that 
shows promise for use, and it has been widely applied in industrial and 
commercial applications [116,117]. This is because copper oxides are 
cost-effective and environmentally friendly. For instance, CuO and Cu2O 
have been applied extensively in clean energy research fields, including 
solar cells [118], supercapacitors [119–121], electrochemical charge 
storage devices, water splitting devices [122], photocatalysis devices, 
Li-ion batteries [123,124], and sensors. Recently, hierarchical core-shell 
nanostructures have emerged in the electronic industry because their 
good potential as electrode materials [121]. A simple and cost-effective 
approach has been developed for the synthesis of CuO/MnO2 core-shell 
structures as metal electrodes in flexible asymmetric supercapacitors 
(ASCs) without surfactants. Supercapacitors with a CuO/MnO2 [125, 
126] hybrid nanostructure and a negative electrode of activated 
graphite oxide, exhibit a high power density and an energy density of 

85.6 kW kg− 1 and 22.1 W h kg− 1, respectively, along with good stability 
(101.5% capacitance). Copper-based electrode materials in super
capacitors show various advantages due to their versatile device design 
in wearable portable electronics [127]. 

Silver metal is cost-effective and has the super electrical conductivity 
among the well-known noble metals, such as gold, ruthenium, rhenium, 
osmium, iridium and mercury. The silver metal surface achieves nano
scale electrical contact. Porous silver metal is extensively used as a 
catalyst and for surface-enhanced Raman scattering and energy storage. 
Silver metal-based nanoparticles (AgNPs) [128,129] were performed 
extensively as electrode materials in supercapacitors. Some previous 
studies suggested that silver combined with other metal oxides, con
ducting polymers, metal hydroxides, graphenes, carbon nanotubes and 
mesoporous carbon and other silver-based electrodes could be used in 
supercapacitors [14,15,130]. 

Gold is also used in supercapacitors due to its high conductivity, 
flexibility and stability [131–133]. Porous gold nanoparticles play an 
important role in enhancing structural stability and electrical conduc
tivity. Gold has been extensively used in supercapacitors, electroanalysis 
devices and fuel cells. Some studies suggest that the effectiveness of 

Table 2 
Capacitance and capacity retention of noble metal–metal composite electrode materials.  

N◦ Material Synthesis method Electrolyte Specific capacitance/ 
volumetric capacitance 

Scan rate/ 
current density 

Capacity retention Ref. 

1. Nanosized MnO2 spines 
on Au stems 

Electrochemical deposition method 1 M Na2SO4 1130 F g− 1 2 mV s− 1 90%, 5000 cycles, 
10 A g− 1 

[142] 

2. MnO2/Au/MnO2- 
nanospikes 

Low voltage anodization 1 M Na2SO4 ~880 F g− 1 10 mV s− 1 88% (5000 cycles, 
100 mV s-1) 

[143] 

3. MnOx/Au multilayers Solution method 1 M Li2SO4 32.8 F cm− 3 1 V s− 1 74.1%, 15000 
cycles, 1 V s-1 

[144] 

4. Nanoporous Au–MnO2 Electrochemical alloying/dealloying 
method followed by electrodeposition 

1 M Na2SO4 839.4 F g− 1 0.5 mA cm− 2 92%, 1000 cycles [145] 

5. Au-doped MnO2 film Doping gold into λ-MnO2 nanocrystals 
through sputtering 

2 M Li2SO4 626 F g− 1 5 mV s− 1 93%, 15000 
cycles, 50 mV s− 1 

[134] 

6. Ag-anchored ZnSb2O6 Ultrasonication-assisted chemical 
reduction 

1 M sulphur 
acid 

165.9 F g− 1 1A g− 1 98.0%, 2000 
cycles, 2 A g-1 

[146] 

7. Ag nanowires-CuS core/ 
shell nanostructure 

Successive ionic layer adsorption and 
reaction 

3 M KOH 707 F g− 1 10 mV s− 1 91%, 2000 cycles [147] 

8. Porous NiO/Ag nanofilm Chemical bath deposition and silver 
mirror reaction 

1 M potassium 
hydroxyl 

330 F g− 1 2 A g− 1 94%, 3000 cycles, 
2 A g− 1 

[148] 

9. Silver doped manganese 
oxide 

Cathodic reduction followed by 
dehydrogenation and oxidation 

0.5 M Na2SO4 825 F g− 1 5 mV s− 1 ~100%, 1000 
cycles, 3 A g− 1 

[130] 

10. Tubular Ag/MnOx 
nanosheets 

Solvothermal process 1 M Na2SO4 180 F g− 1 0.1 mV s− 1 80%, 1000 cycles, 
1 A g− 1 

[149] 

11. Ag-loaded MnO2 

nanosheets 
Simple solution method using MnO2 

nanosheets 
1 M Sodium 
Sulfat 

272 F g− 1 10 mV s− 1 – [150] 

12.        
13. Hierarchical Ag/MnO2 

nanowires 
Simple solution method 1 M Na2SO4 293 F g− 1 10 mV s− 1 96.8%, 5000 

cycles, 50 mV s− 1 
[14] 

14. Nanoporous Ag/MnO2 Electrochemical dealloying followed by 
electroless plating 

2 M Li2SO4 1088 F g− 1 1 A g− 1 89%, 1000 cycles, 
1 A g− 1 

[15]  

15. Ag/RuO2 Radio frequency magnetron sputtering 0.5 M 
H2SO4 

~1306 F 
cm-3 

200 mV 
s− 1 

– [151, 
152] 

16. Hydrous RuO2-coated Pt fibre mats Solution process 1 M H2SO4 409.4 F g− 1 10 mV s− 1 78.6%, [153] 
Pt–Co3O4 nanostructure Co-sputtering 1 M 

Na2SO4 

– [154] 

17. Ru–RuO2 on wrinkled Nb-doped TiO2 

nanofibres 
Electrospinning and impregnation 0.5 M 

H2SO4 

496.3 F g− 1 5 mV s− 1 – [155] 

18. Ni(OH)2-nanoporous Au Solution process 1 M KOH 2223 F cm− 3 5 A g− 1 90%, 30000 cycles, 500 
A g− 1 

[156] 

19. Au/Ni(OH)2 Simple coating 1 M KOH 1927 F g− 1 1 A g− 1 80%, 5000 cycles, 20 A 
g− 1 

[157] 

20. Dumbbell-like Au/Fe3O4 Solution process and 6 M KOH 464 F g− 1 1 A g− 1 86.4%, 1000 cycles [158, 
159] and nanoporous Au–AgO with a ligament 

channel 
electrochemical dealloying for partial 
stripping 

0.5 M 
H2SO4 

100%, 10000, 5A g− 1 

21. Au–MnO2 core-shell nanomesh Lithography and electrodeposition – 524 F g− 1 0.56 A 
g− 1 

– [160] 

22. MnOx/Au Electrodeposition 0.1 M 
KNO3 

1230 F g− 1 20 mV s− 1 – [161] 

23. MnO2 nanorod-Au nanoparticle Solution method 1 M 
Na2SO4 

406.8 F g− 1 5 mV s− 1 91.3%, 2000 cycles, 5 A 
g− 1 

[162]  
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gold-based electrode materials in supercapacitors can be improved by 
incorporating gold with other materials, including polymers, 
carbon-based composites and other metal oxides [134]. 

Platinum plays an important role in microelectronics due to its high 
work function of 5.6 eV, chemical stability against oxidation, high cat
alytic activity and good electrical conductivity [135]. Platinum-based 
nanostructures exhibit improved ion and electron conductivity and 
thus show a high rate of reversible capacitance [136,137]. 

3.2. Noble metal–metal-based composites 

Although single transition metal oxides/hydroxides (excluding noble 
metals) show good electrochemical activity, they have certain serious 
limitations, such as a low conductivity, low specific capacitance and low 
cycling stability. The formation of composites containing noble metals 
and these metals can overcome the above limitations. The results of 
noble metal–transition metal oxide/hydroxide nanocomposites as 

electrode materials for electrochemical capacitors are quite exciting and 
appealing. 

Silver-based binary metal composites can be prepared by various 
methods, such as electrophoretic deposition, electrochemical deal
loying, cathodic protection methods, silver mirror reactions and sol
vothermal processes [138]. Silver is one of the most fascinating 
electrode metals due to having the highest conductivity among noble 
metals and a relatively low cost. Manganese has various oxides, 
including MnO2, Mn3O4, and MnOx, that exhibit high specific capaci
tance; this makes them useful in electrode materials. MnO2 exists in five 
main crystalline forms, namely, -α, -β, -γ, -δ, and -λ, with MnO6 octa
hedrons arranged in such a way that can accommodate certain ion
s/atoms/particles in its cavities [139–141]. Thus, MnO2 can easily be 
doped with nanoparticles to expand the efficiency of supercapacitors. 
Wang et al. reported a very high SC of 770 F g− 1 at an SR of 2 mV s− 1 for 
Ag-doped MnO2 films prepared from KMnO4 and AgNO3 solutions [13]. 
The capacitance and capacity retention of noble metal–metal composite 
electrode materials are listed in Table 2. By dipping silver foil into 
KMnO4 solution and H2SO4, Xia et al. synthesized hierarchical Ag/MnO2 
nanowires that yielded a good SC of 293 F g− 1 at an SR of 10 mV s− 1, 
which is almost two times greater than that of undecorated MnO2 [14]. 

It is indicated that a nanoporous Ag/MnO2 materials were synthe
sized from Ag45Mg35Ca20; the resulting composite showed an ultrahigh 
SC of 1088 F g− 1 at 1 A g− 1 owing to its high ionic conductivity and 
outstanding charge transport (Fig. 2) [15]. Zhang and coworkers syn
thesized MnO2 nanosheets (Ag-loaded) by reacting silver ions and un
coated MnO2 nanosheets [150]. The MnO2 nanosheet had highly 
monodispersed and unagglomerated 5 nm-sized Ag nanoparticles. The 
material exhibited an SC of 272 F g− 1 at an SR of 10 mV s− 1, which is 
approximately three times greater than that of the unloaded MnO2 
electrode, which had a value of 90 F g− 1. They also revealed the sol
vothermal process using KMnO4 and Ag nanowire templates to achieve 
stable and ultrathin tubular Ag/MnOx nanosheets [149]. Zeng et al. 
deposited silver-doped MnO2 using cathodic reduction followed by 
dehydrogenation and the oxidation of deposits at 350 ◦C. After doping, 
the SC improved to approximately 825 F g− 1 at an SR of 5 mV s− 1 [130]. 

NiO is another popular materials in electronic industry, impressive 
cycle retention and eco-friendliness. NiO is also used as an electrode 
material in NiO/Ag nanocomposite films synthesized from specific re
actions [148]. The specific capacitance while using this composite is 
found to be 330 F g− 1 and 281 F g− 1 at 2 A g− 1 and 40 A g− 1, 

Fig. 2. Schematic representation and SEM microphotographs of the NPS before 
plating (a) and of the NPS/MnO2 composite after plating (b) (reprint with 
permission from Ref. [15], ©2015 Elsevier). 

Fig. 3. FESEM images of 1 mM, 3 mM and 5 mM (a–c) Ag-anchored ZSO prepared in 50 mL of DDW and (d–f) ZSO prepared in a 250 mL of DDW (reprint with 
permission from Ref. [134], ©2013 Wiley Online Library). 
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respectively, which are significantly greater than that of a simple NiO 
film. 

CuO is also a well-studied pseudocapacitor material. Alshammari 
and coworkers revealed the SILAR method-based synthesis of hybrid 
silver nanowire/shell copper sulfide (AgNW/Cu2S) nanocomposites, 
which exhibited a specific capacitance of 603 F g− 1 at a scan rate of 10 
mV s− 1 scan rate and an energy density of 10.01 Whkg− 1 [147]. Liu and 

his team synthesized Ag/Co3O4 nanostructures by the template-free 
growth of Co3O4 nanowire arrays followed by Ag doping via an elec
trodeposition method. The Ag/Co3O4 nanostructure displayed an SC of 
1009 F g− 1 at a CD of 5 A g− 1. Balasubramaniam and coworkers used a 
facile ultrasonication-assisted chemical reduction approach for the 
preparation of a Ag-anchored ZnSb2O6 nanostructured electrode mate
rial in which the silver nanoparticles were homogeneously distributed 

Fig. 4. Electrochemical impedance spectroscopy results (Nyquist plots for Ag-doped ZSO supercapacitor); (a) before cycling processes in 50 mL of DDW; (b) after 
cycling processes in 50 mL of DDW; (c) before cycling processes in 250 mL of DDW; (d) after cycling processes in 250 mL of DDW. (reprint with permission from 
Ref. [134], ©2013 Wiley Online Library). 

Fig. 5. (a) Preparing tactics of NPG/MnO2 based supercapacitor and (b) picture of obtained NPG/MnO2 based supercapacitor (reprint with permission from 
Ref. [160], ©2014 Wiley Online Library). 
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Fig. 6. (a) Picture of gold-silver coated NPG supercapacitor; (b) Picture of NPG/MnO2 (5 mg cm− 2) based supercapacitor; (c) Picture of NPG/MnO2 (300 mg cm− 2) 
based supercapacitor at 100 nm; Picture of NPG/MnO2 (300 mg cm− 2) based supercapacitor 200 nm. (reprint with permission from Ref. [160], ©2014 Wiley 
Online Library). 

Fig. 7. TEM pictures of NPG/MnO2 (300 mg cm− 2) supercapacitor with (a) 500 nm and (b) 50 nm; HRTEM pictures of the interface between the (c) Au and (d) 
MnO2; HRTEM pictures of (e) crystalline and (f) amorphous zones. (reprint with permission from Ref. [160], ©2014 Wiley Online Library). 

A. Ashish Kumar et al.                                                                                                                                                                                                                        



Journal of the Indian Chemical Society 100 (2023) 100817

8

on the ZnSb2O6 nanorods [146]. The electrode material showed pseu
docapacitance with an SC of 165.9 F g− 1 at a CD of 1.0 A g− 1. The su
perior pseudocapacitive properties were attributed to the easy access to 
electrolyte ions and their unique structure. 

Despite its high cost, gold is one of the most common metals used in 
electrode systems due to its flexibility, high conductivity, specific 
capacitance and stability. One of the most common ways to fabricate 
high-power and energy-density supercapacitors is to coat gold or other 
conducting metals on transition metal oxides. Au-doped MnO2 films 
synthesized by doping gold into λ-MnO2 nanocrystals through sputtering 
show an ultrahigh SC of 626 F g− 1 at an SR of 5 mV s− 1 with outstanding 
cycling stability, i.e., a 7% increase after 15000 cycles. The MnO2 was 
physically deposited with Au atoms, as a consequence, the Au-doped 
MnO2 electrodes were remarkable stability under voltammetric 
cycling and enhanced electronic conductivity (high energy density). The 
Au is mainly responsible for good ionic contact and low internal resis
tance in Au-doped MnO2 supercapacitors. As a result, the enhance redox 
reactions for the high specific capacitance of pure MnO2 in aqueous 
electrolyte, even at high scan rates. Additionally, the Au influence the 
structural changes of nanoparticles. The precious metals are main 
responsible for the enhancement of high specific capacitance, impres
sive cycle retention, flexibility, high conductivity, specific capacitance 
and stability for supercapacitors. In addition to this, they develop good 
ionic contact and low internal resistance. These properties promote the 
high mobility of electrons in the REDOX reactions of pseudo-capacitors. 

The FESEM images and Nyquist plots of the above nanocrystals are 
shown in Figs. 3 and 4, respectively [134]. Xu and his team invented a 
highly flexible asymmetric nanoporous hybrid architecture using a 
flexible nanoporous gold-MnO2 composite [145]. The material exhibited 
good flexibility, high capacitance and high energy density. Si et al. 
introduced a new concept of flexible, all-solid-state 

microsupercapacitors based on MnOx/Au multilayer electrodes; these 
microsupercapacitors yielded power and energy densities of up to 3.44 
W cm− 3 and 1.75 mWh cm− 3, respectively [144]. ZnSb2O6 nanorods are 
prepared related to the following steps: firstly, the Zn2+ ions are formed 
in double-distilled water from the Zn salts; secondly, the Zn2+ ions in 
double-distilled water with mixed SbCl3 to form the Sb3+ ions; finally, 
the reaction mixture was stridded for 2 h to form the ZnSb2O6 nanorods. 
Ag-anchored ZnSb2O6 nanostructures were prepared related to the 
following steps: the ZnSb2O6 nanorods are re-dispersed in 
double-distilled water through the ultrasonication; next, the formed 
mixture was treated with AgNO3 by the reduction using NaBH4; as a 
result, the Ag-anchored ZnSb2O6 nanostructures were formed [134]. 

It was prepared a hybrid device based on a MnO2/Au/MnO2-nano
spike electrode synthesized via a low-voltage anodization process, which 
yielded an appreciable specific energy (1.75 × 10− 3 Wh cm− 3) and 
capacitance [143]. The synthesis of nanosized MnO2 spines on Au stems 
by electrochemical deposition for use as electrode materials was also 
reported [142]. Dai et al. adopted a two-step procedure to prepare MnO2 
nanorod-Au nanoparticle composites that exhibited excellent stability 
and higher capacitance retention (91.3%) [162]. Hu et al. electro
deposited MnOx/Au nanofilms from KMnO4/AuCl3 aqueous solution 
using a potentiostat method that exhibited a specific capacitance of up to 
1230 F cm− 3 at 20 mV s− 1 [161]. Qiu et al. synthesized a unique 
gold-manganese oxide nanomesh structure using a combination of 
lithography and electrodeposition. Schematic diagrams of the fabrica
tion process (Fig. 5), SEM and TEM microphotographs are indicated in 
Figs. 6 and 7, respectively [160]. Monodispersed dumbbell-like 
Au–Fe3O4 nanostructures were prepared as electrode materials and 
exhibited size-dependent capacitive behaviour, leading to a specific 
capacitance of up to 464 F g− 1 at a scan rate of 1 A g− 1 after 1000 cycles 
with 7–14 nm-sized Au–Fe3O4 particles [158]. 

Table 3 
Capacitance and capacity retention of noble metal–carbon composites.  

N◦ Material Preparation Electrolyte Specific capacitance/ 
volumetric capacitance 

Scan rate/ 
current density 

Capacity 
retention 

Ref. 

1 Ag/CNF Electroplating and electrospinning 6 M KOH 30600 μF/cm2 100 μA/cm2 87%, 10,000 
cycles 

[172] 

2 Ag/CNF Ultrasonic spray coating 0.5 M 
H2SO4 

230.91 F g− 1 5 mVs− 1 84.4%, 5000 
cycles 

[174] 

3 Ag-MWCNT Fabrication 4 M LiCl 30.5 F cm− 3 10 mV s− 1 96.9%, 3000 
cycles 

[175] 

4 Ag-mesoporous carbon- 
based electrodes 

Atmospheric pressure chemical vapour deposition 
(AP-CVD) and solvent evaporation-induced self- 
assembly (EISA) 

6 M KOH 213 F g − 1 0.1 V s − 1 90%, 10000 
cycles 

[176] 

5 pAg/GCE Modified sol gel approach 4 M KOH 224.0 Fg-1 17.6 kW kg− 1 

and 31.0 Wh 
kg− 1 

91.3%, 1000 
cycles 

[177] 

6 Au-MWCNT Solution method 3 M KOH 105 F g− 1 0.8 A g− 1 – [178] 
7 Graphene-gold Chemical method 1 M KOH 100 and 5–500 mV s− 1 90%, 600 

cycle 
[179] 

nanocomposites 500 F g− 1 

8 RGO-AuNPs Electrodeposition process 1 M 
Na2SO4 

288 F g− 1 28 A g− 1 – [180] 

9 Au/paper/graphite 
electrodes 

Fabrication 2 M 
Na2SO4 

790 mF cm− 2 5 mV s− 1 5000 cycles [181] 

10 PtNP-RGO composites γ-ray irradiation 1 M 
Na2SO4 

154 F g− 1 0.1 A g− 1 72.3%, 20 A 
g− 1 

[182] 

11 Graphene/Pt films Electrochemical 1 M 
Na2SO4 

249 F g− 1 0.1 A g− 1 40000 cycles [183] 

12 Platinum-carbon 
nanoonions (Pt–CNOs) 

– 0.5 M 
H2SO4 

342.5 F g− 1 100 mV s− 1 – [184]  

N◦ Material Synthesis method Electrolyte Specific capacitance/ 
volumetric capacitance 

Scan rate/ 
current density 

Capacity 
retention 

Ref. 

13 Ru2O/MC composites/ruthenium/ 
mesoporous carbon (Ru/MC) 

Microwave-assisted 6 m KOH 287 F g− 1 2 mV s− 1 93.3%, 1000 
cycles 

[185] 
glycol reduction 
method 

14 C60/Pd films Electrochemical 
reduction 

0.10 M organic 
compound 

300 F g− 1 50 mV s− 1  [186] 

15 ALD RuOx-CNT Atomic layer deposition 
(ALD) 

0.5 M H2SO4 644 F g− 1 20 V s− 1 81%, 1500 
cycles 

[187]  
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Fig. 8. Electrical properties of AgNW and Ag–Au core− shell NW supercapacitors: (a) correlation between the electrical performance and time; pictures of (b) pristine 
AgNWs and (c) Ag–Au core− shell NWs; (d) SEM picture and the (e) corresponding EDS results of AgNW (reprint with permission from Ref. [118], ©2016 American 
Chemical Society). 

Fig. 9. Stability testing results: (a) cyclic voltammetry plots of AgNWs electrodes; (b) cyclic voltammetry plots of Ag–Au core− shell NW electrodes; (c) SEM pictures 
of AgNWs electrodes after cyclic voltammetry analysis; (d) SEM pictures of Ag–Au core− shell NW electrodes after cyclic voltammetry analysis (reprint with 
permission from Ref. [118], ©2016 American Chemical Society). 
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Xu et al. synthesized Au–AgO-based nanoporous composites with 
ligament channel sizes of 10 nm via an electrochemical partial deal
loying stripping method that exhibited highly appreciable cyclic rota
tion [159]. It was prepared novel mesoporous NiCo2O4–Au nanotubes 
with hollow cores using the electrospinning method followed by calci
nation. The specific capacitance of the material was found to be up to 
1013.5 F g− 1 with a cycling stability of 85.13% after 10000 cycles [115, 
163]. Kim et al. deposited Au nanoparticles onto Ni(OH)2 and compared 
the composite with pure Ni(OH)2 as an electrode material for super
capacitors [157]. Au/Ni(OH)2 showed the SC of 1927 F g− 1 at 1 A g− 1. 
Additionally, cycling stabilities of 66% and 80% were observed after 
5000 cycles at 20 A g− 1, which were quite superior to those of untreated 
Ni(OH)2 [156,164]. The electrode revealed a volumetric capacitance of 
2223 F cm− 3 at a CD of 5 A g− 1 along with a CR of 90% after 30000 
cycles at 500 A g− 1 [165]. 

RuO2 has been extensively studied as a noble metal electrode 

material for supercapacitors due to its excellent SC, well-defined redox 
property, reversibility, high electric conductance and long cycle life. 
Juodkazis et al. theoretically calculated the capacitance of ruthenium 
metal at approximately 3800 F g− 1 after oxidation by water, suggesting 
Ru as a favourable electrode material for supercapacitors [155]. An et al. 
prepared Ru–RuO2 composites (Nb-doped TiO2 nanofibres) using elec
trospinning and impregnation methods with a high-rate capacitance of 
5 mV s− 1 and a specific capacitance of 496.3 F g− 1 [153,166]. 

Pt demonstrates suitable redox, non-corrosiveness and durability at 
5.6 eV, making it suitable as an excellent electrode material. The Pt 
present in composites improves the conductivity of electrons and ions, 
which results in high reversible capacitance at a high rate. Choi et al. 
fabricated a high-rate redox supercapacitor using hydrous RuO2-coated 
Pt fibremat composites as electrode materials; this supercapacitor 
exhibited a high SC of 409.4 F g− 1 with a retention of 78.6% from 10 to 
1000 mV s− 1 [154]. Ahn and his team invented a microelectrochemical 
capacitor using a Pt–Co3O4 nanostructure prepared by a cosputtering 
system that exhibited a capacitance of 391.6 F cm− 3 at an SR of 100 mV 
s− 1 along with excellent high-rate performance [167,168]. 

Electrode materials with two noble metals together may significantly 
enhance the performance of supercapacitors due to their SC, conduc
tance and cycling stability. For instance, Ag-doped RuO2 composites 
synthesized using radio frequency magnetron cosputtering exhibit a 
much higher specific capacitance of ~1306.0 F cm− 3 at 200 mV s− 1 SR 
compared to a pure RuO2 electrode [7,169]. The electrodeposition of 
thin-layer alloys of Pd with Pt, Au, or Rh have been synthesized by 
Czerwinski and coworkers using a hydrogen electrosorption method; 
these materials exhibited a good SC of approximately 4500 F g− 1, a 
power of up to 750 W g− 1 and a specific energy of approximately 150 J 
g− 1 [151,152]. Lee et al. reported a simple way to prepare Ag–Au 
core-shell nanowires that exhibited outstanding electrical conductivity 
and excellent stability [170,171]. Additionally, the doping of Ag 
enhanced the chemical and electrochemical stabilities of unmodified Ag 
nanowires. 

3.3. Noble metal–carbon-based composites 

Carbon materials such as graphite, graphenes, and carbon nanotubes 
are widely applied as electrode materials with noble metals, such as Ag, 
Au, Pt, Pd, Cu, Ir, Os, and Ru, due to their electrical conductivity, wide 

Fig. 10. FESEM pictures of Ag and Au doped carbon electrodes: (a) Undoped and doped with (f) 1.0 wt%, (e) 0.8 wt%, (d) 0.5 wt%, (c) 0.3 wt% and (b) 0.1 wt% 
AgNWs (reprint with permission from Ref. [120], ©2017 Elsevier). 

Fig. 11. XRD results of thin-film electrodes: (c) material doped with 0.5 wt% 
AgNWs; (b) undoped material; (a) bare 304 stainless steel (reprint with 
permission from Ref. [120], ©2017 Elsevier. 
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surface area, cycling stability and simple and cost-effective preparation 
methods. Kim et al. synthesized Ag/CNF metal-carbon electrodes and 
showed a power density of 1.2 W m− 2, an energy density of 61 m Wh 
m− 2, a high capacitance of ~31 mF cm− 2 and a good cycling perfor
mance with ~100% retention after 10000 cycles; these results are 
attributed to the highly conductive Ag/CNF composite core structure 
[115,172,173]. The capacitance and capacity retention of noble metal
–carbon composite electrode materials are listed in Table 3. 

Huang et al. used active carbon doped with a silver nanowire elec
trode paste to enhance the performance of supercapacitors by using the 
ultrasonic spray coating method. The investigation showed that the 
sheet resistance decreased significantly from 118.77 to 35.10 kΩ⋅sq− 1 

(undoped to the doped electrode), and the charge transfer resistance 
decreased by 35.5%. At an SR of 5 mV s− 1 the SC increased from 186.90 

(undoped electrode) to 230.91 F g− 1 (doped electrode) [188]. The 
SEM-EDS microphotographs and electrochemical stability test images of 
the nanowires are shown in Figs. 8 and 9, respectively [174]. Wang et al. 
synthesized a highly conductive pattern with Ag-MWCNT-based ink in 
an inkjet printer. The supercapacitors exhibited a 96.9% retention ratio 
after 3000 cycles, and also showed excellent supercapacitance at 96 mW 
cm− 3 [175]. It is prepared new 1D Ag nanowires and 3D graphene 
electrodes for supercapacitors that exhibited a high power density of 
5040 W kg− 1, high energy density of 4.5 Wh kg− 1 and retention 
capacitance of 90% for over 10000 cycles. The various FESEM images 
and XRD patterns of the Ag nanowires are shown in Figs. 10 and 11, 
respectively [176]. Naikoo et al. prepared a pAg/GCE (pAg-modified 
glassy carbon electrode) [177], and Chaudhari et al. prepared a 
gold-MWCNT electrode for use in a supercapacitor through the solution 
method, and this material exhibited excellent stability and a good cur
rent density [178,189]. 

Graphene-Au-based composites were prepared chemically using 
gamma radiation exhibited a capacity retention of 90% after 600 cycles 
and an SC of 100 and 500 F g− 1 at SRs of 5–500 mVs− 1 [179]. Yu et al. 
prepared an RGO-AuNP-based electrode that was applied in a super
capacitor, and this electrode showed good capacitance (288 F g− 1). The 
HRTEM images, histograms and cyclic voltammograms of the nano
composites are systematically shown in Figs. 12–14, respectively [180]. 
Mandal et al. synthesized a supercapacitor using gold nanoparticles 
embedded on graphite electrodes, which showed a high volumetric 
energy density and power density along with an SC of 790 mF cm− 2 at an 
SR of 5 mV s− 1 [181]. PtNP-RGO, graphene/Pt films and Pt–CNOs 
(platinum-carbon nanoonions) have been successfully prepared and 
applied as supercapacitors. These Pt-carbon-based composites exhibit 
SC values of 154 F g− 1, 249 F g− 1 and 342.5 F g− 1 at particular scan rates 
with excellent cyclability [182–184]. He et al. prepared Ru-mesoporous 
carbon (ruthenium/MC) electrode composites for use in supercapacitors 
[185]. Similarly, Winkler et al. synthesized a C60/palladium film elec
trode for use in supercapacitors [186], while Warren and coworkers 
synthesized active RuO2-CNTs coated with an ALD electrode for use in 
supercapacitors [187,190]. 

3.4. Noble metal-containing ternary composites 

The physic-chemical of supercapacitor-based electrodes was 
improved by using ternary composites due to their advanced perfor
mance. Ternary composites can be formed by a combination of noble 
metal oxides/hydroxides, carbon materials, transition metals and con
ducting polymers for use in supercapacitors [191,192]. Zeng et al. 
applied the cathodic reduction method for the deposition of Ag-doped 
MnO2 on carbon fibre to obtain advanced electrochemical properties 
with an SC of 825 F g− 1 at an SR of 5 mV s− 1 [130]. The Ag@PANI-PEC 
ternary system was synthesized by Amaranth and coworkers and 
showed an SC of 140 F g− 1 in phosphate-buffered saline at a CD of 1.5 A 
g− 1 [193,194]. The capacitance and capacity retention of noble 
metal-containing ternary composite electrode materials are listed in 
Table 4. The CNF/Ru–Ag composites synthesized by An et al. using 
electrospinning and impregnation methods exhibited excellent capaci
tance and good capacity retention of up to 98.6% [195,196]. 

Ternary Ag/MnO2/RGO composites were synthesized by Ma et al. 
from a two-step route in which the noble metal and transition metal 
oxide were deposited on the RGO surface. The synthesized nano
composites exhibited a capacitance of 467.5 F g− 1 at an SR of 5 mV s− 1 

[197]. The ZnO–Au–NiO composites prepared by Zheng et al. exhibited 
a high stability of up to 80.3% after 4000 cycles at a capacitance of 4.1 F 
cm− 2 [198]. Ag/MnO2/reduced graphene oxide composites exhibit an 
SC of 467.g F g− 1 at an SR of 5 mVs− 1 when synthesized in a KOH 
electrolytic medium [198]. MWCNT/Pd/PANI hybrid have also been 
prepared, and the SC is calculated to be 920 Fg-1 at an SR of 2 mV s− 1 

with an excellent stability of up to 87% after 4000 cycles. Fig. 15 rep
resents the schematic SEM images, whereas Fig. 16 shows the EDS, XRD 

Fig. 12. HRTEM pictures of (g, h) 40 wt% Au-MWCNT), (e, f) 20 wt% Au- 
MWCNT, and (c, d) 10 wt% Au-MWCNT and (a, b) 5 wt% Au-MWCNT 
(reprint with permission from Ref. [124], ©2015 Elsevier). 
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and TEM images of the synthesized composites [199]. MoO2/Au/MnO2 
ternary composites prepared via the two-step electrodeposition method 
demonstrate an SC of 112 mF cm− 2 at an SR of 5 mV s− 1 [200]. Simi
larly, some recent ternary composites (noble metals, metal oxides, 

conducting polymers and carbon-based materials) have been extensively 
reported with improved electrochemical performance when used as 
supercapacitor electrode materials [183,202,204,206]. 

Fig. 13. Effects of the gold nanoparticle size to the Au-MWCNT super capacitor (reprint with permission from Ref. [124], ©2015 Elsevier). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 14. Cyclic voltammograms of the pristine MWCNT and Au-MWCNT nanocomposites with loadings of 5, 10, 20, and 40 wt% Au recorded at (a) 5 mV s-1, (b) 10 
mV s-1, (c) 20 mV s-1 and (d) 100 mV s-1, respectively (reprint with permission from Ref. [124], ©2015 Elsevier). 
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Table 4 
Capacitance and capacity retention of noble metal-containing ternary composite electrode materials.  

N◦ Material Synthesis method Electrolyte Specific capacitance/ 
volumetric capacitance 

Scan rate/ 
current density 

Capacity retention Ref. 

1 Ag-doped carbon fibrous 
MnOx 

Cathodic reduction method 0.5 M 
Na2SO4 

825 F g− 1 5 mV s− 1 ~100%, 1000 
cycles, 3 A g− 1 

[130] 

2 Ag@PANI-PEC Water dispersion method PBS 140, 290, 144, and 121 F 
g− 1 

1.5 A g− 1 80%, 1000 cycles [193] 

4 CNF composites decorated 
with Ru–Ag nanophases 

Combination of electrospinning and 
impregnation 

0.5 M 
H2SO4 

350.0 Fg-1 100 mV s− 1 98.6% [193] 

5 Ag/MnO2/RGO 
nanocomposites 

Two-step route consisting of in situ 
growth followed by co-reduction 

1 M KOH 467.5 F g− 1 5 mV s− 1  [197] 

6 ZnO–Au–NiO hybrid 
composites 

Embedding method 1 M H2SO4 4.1 F cm− 2 5 mA cm− 2 80.3%, 4000 cycles [198] 

7 Ag/MnO2/reduced graphene 
oxide 

Chemical reduction 3.0 M KOH 467.5 F g− 1 5 mV s− 1 – [197] 

8 Pd-MWCNT/PANI matrix Electrochemical reduction 1 M H2SO4 920 F g− 1 2 mV s− 1 87.3%, 1000 cycles [199] 
9 Hierarchical MoO2/Au/MnO2 

heterostructure 
Two-step electrodeposition method 0.5 M 

H2SO4 

112 mF cm− 2 5 mV s− 1  [200] 

10 Graphene/Pt films Electrochemical method 1 M H2SO4 120 F g− 1 0.1 A g− 1 ~100% (10000 
cycles, 50 mV s-1) 

[183] 

11 Ag-decorated CeO2/RGO 
nanocomposite 

Facile hydrothermal method 3 M KOH 710.42 F g− 1 0.2 A g− 1 – [201] 

12 MnO2/Pt/carbon nanofibres 
(CNF) 

Electrospinning and co-impregnation 
methods 

0.5 M 
H2SO4 

252.3 F g− 1 10 mV s− 1 93.5%, 300 cycles, 
10 mV s− 1 

[202] 

13 Au–MnO2/CNT hybrid coaxial 
nanotube 

Electrodeposition, vacuum infiltration, 
and CVD 

0.1 M 
Na2SO4 

68 F g− 1 10 mV s− 1 1000 cycles [203]  

N◦ Material Synthesis method Electrolyte Specific capacitance/ 
volumetric capacitance 

Scan rate/ 
current density 

Capacity 
retention 

Ref. 

14 Pt/CNT@PANI nanowire 
nanocomposite 

Fabrication PVA/H3PO4 

gel 
91.67 mF cm− 2 – 80%, 5000 

cycles 
[204] 

15 Ag-AC/PANI composite Facile dip coating technique 1 M H2SO4 567 F g− 1 5 mV s− 1 87%, 2000 
cycles 

[205] 

16 Novel nanocomposite film of 
Au–MnO2-graphene 

Electrophoretic and 
electrochemical deposition 

0.5 M NAOH 575 F g− 1 2.5 A g− 1 – [206] 

17 WO3-x@Au@MnO2 core-shell 
NWs 

Electrochemical method (PVA)– 
H3PO4 

588 F g− 1 10 mV s− 1 5000 cycles, 50 
mV s− 1 

[207] 
1195 F g− 1 0.75 A g− 1  

Fig. 15. Preparation of 3D NiO@Au@ZnO hybrid nanostructure: (a) SEM pictures of the carbon modified ZnO nanorods, (b) Au doped ZnO nanorods, (c and d) 
ZnO–Au–NiO hybrid composites. (reprint with permission from Ref. [138], ©2015 American Chemical Society). 
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4. Advantages and disadvantages of noble and transition metal 
compounds as supercapacitor 

Advantages. Noble or transition metal is one of the most common 
metals used in electrode systems due to its flexibility, high conductivity, 
specific capacitance and stability. One of the most common ways to 
fabricate high-power and energy-density supercapacitors is to coat them 
with noble or transition metal or other conducting metals on transition 
metal oxides. For example, the MeO2 was physically deposited with 
noble or transition metal atoms, as a consequence, the noble or transi
tion metal doped MeO2 electrodes were remarkable stability under 
voltammetric cycling and have an enhanced electronic conductivity 
(high energy density). The noble or transition metal is mainly respon
sible for good ionic contact and low internal resistance in noble or 
transition metal-doped MeO2 supercapacitors. As a result, the enhance 
redox reactions for the high specific capacitance of pure MeO2 in 
aqueous electrolyte, even at high scan rates. Additionally, the noble or 
transition metal influence the structural changes of nanoparticles. The 
precious metals are main responsible for the enhancement of high spe
cific capacitance, impressive cycle retention, flexibility, high conduc
tivity, specific capacitance and stability for supercapacitors. In addition 
to this, they develop good ionic contact and low internal resistance 
[208–210]. 

Disadvantages. Noble or transition metal is an expensive material. 
The recycling process after use is a little difficult. Some components of 
noble or transition metals are toxic materials. These materials are more 
reactive, which means that they easily interacted with other chemicals. 
Therefore, the purification of noble or transition metal compounds 
required difficult actions [208–210]. 

5. Future trends and challenges of noble metal materials for 
supercapacitors 

In the near future, the role of noble metal materials in developing 
supercapacitors is increasing. Because supercapacitors are very impor
tant in the electronic industries. The various noble metals, binary 
composites with transition metals, binary composites with carbon-based 
materials, and ternary composites containing both transition metals and 
carbon-based materials will be developed in the supercapacitor elec
trode materials [211–213]. The new syntheses ways of noble metal 
materials for supercapacitors based the greenness technology will be 
developed in the future. The natural and low-cost materials will be 
transformed with noble materials to create new types of supercapacitors 
[214]. As a result, the supercapacitors based on transformed noble 
materials will be environmentally friendly and economically efficient in 
the electronic industry. The specific capacitance, cycling stability, 
charge-storage capability, economic efficiency, greenness, life time and 
productivity of noble metals, binary composites with transition metals, 
binary composites with carbon-based materials, and ternary composites, 
nanostructured transition metal oxides based on transition metal hy
droxides, pseudocapacitors using noble metals and naturally trans
formed materials with the noble metals will be developed in the future. 

6. Conclusion and future scope 

Conclusion. Electronic energy storage devices are very important in 
various electronic applications. Although batteries are high-energy- 
density devices, they are unable to produce a high power density. On 
the other hand, supercapacitors have high power densities along with 
substantial energy densities. Compared to the electric double-layer 

Fig. 16. (a) EDS and (b) XRD results of ZnO@Au@NiO; (c) TEM results of ZnO@Au@NiO and (d and e) their HRTEM pictures (reprint with permission from 
Ref. [138], ©2015 American Chemical Society. 
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capacitor (EDLC), a slightly higher energy density along with a high 
power density can be obtained with a pseudocapacitor. At present, 
nanostructured transition metal oxides based on transition metal hy
droxides are used as electrode materials. A high energy density can be 
achieved from pseudocapacitors using noble metals. However, noble 
metals are quite expensive, and their minimal use in regard to quantity 
must be assured while achieving the best performance, which is realized 
with nanocomposites due to their high surface-to-volume ratio. In the 
application of a noble metal along with a transition metal, carbon ma
terial, conducting polymer or a blend of the above as ternary composites, 
the supercapacitor electrode can result in a significantly improved 
specific capacitance, cycling stability and charge-storage capability of 
the device by refining the electrical conductivity and forming electron 
transfer channels during charge–discharge cycling. From the above 
discussion, it can also be seen that the pseudocapacitance activity is 
affected by the shape, size, morphology and composition of the elec
trode material. The goal for the development of a device with both a 
high energy density and high power density is close when using noble 
metal composites; however, it has yet to be achieved. Therefore, 
research related to noble metal capacitance needs to continue. 

Future scope. The role of noble metals in supercapacitors is increasing 
importantly and it would be more important in the electronics industry. 
This is due to their high-energy capacitance. The properties of noble 
metals based supercapacitors would be enhanced by the various modi
fications with the nanomaterials, carbon dots, natural compounds and 
polymers. The future batteries would be designed with noble metals 
based supercapacitors to achieve super energy capacitors. The discus
sion results of this review would be good motivations for the develop
ment of the role of noble metals in supercapacitors in future. The 
researchers in electronic industries would use this review to develop 
supercapacitors. 
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a b s t r a c t

The present era is considered the nanotech age. Nanomaterials have gained a great deal of importance in
the field of technology, engineering, and medicine progression because of their tunable, physical, chem-
ical, and biological properties rather than their bulk counterparts. Nanomaterials are classified based on
their size, shape, composition, origin, and toxicity. Due to the increasing utility and industrial applica-
tions of nanomaterials, it has become important to investigate nanomaterials’ toxicity and environmental
risks. In the present review, we have critically discussed the applications, behavior, and toxic impact on
humans, animals, and the environment. Its fate and challenges and future requirements for the develop-
ment and design of safe nanotechnology for sustainable development have been discussed.
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1. Introduction

Although the idiom of nanomaterials appeared at the end of the
19th century, as they have been used already in ancient civiliza-
tions. For example, in ancient Egypt, oil lamps smut was applied
to make black dyes distinguished with stability and high opacity
for writing on sedge papers. However, ancient Egyptians at that
time did not know that smut contains carbon nanomaterials [1].
Moreover, they used synthetic chemistry to manufacture PdS2 (Pal-
ladium disulfide) NPs with � 5 nm diameter which was used as an
ingredient in their hair dyes [2]. Moreover, for more than 4,500 old
Cyprus years people reinforced ceramic matrix materials with nat-
ural nano-fibers of asbestos (50–200 nm in diameter) and used it
for bleaching cloth and wool [3,4]. Around 2575 BCE ancient Egyp-
tians invented the synthetic dye Egyptian blue which is composed
of a nanosized mixture of glass and silicon dioxide (quartz)
(CaCuSi4O10 and SiO2). Likewise, in approximate time China pro-
duced blue dye by replacing Ca used in Egyptian blue with Ba
(BaCuSi4O10) [5].

Nano term refers to a size that ranges between 1 and 100 nm
according to International Organization for Standardization (ISO),
(ISO 2008). Nanomaterials (NMs) are larger than a single atom or
even small groups of atoms. The first-time word nanotechnology
was used by Norio Taniguchi in 1974 during machining and finish-
ing dimensional tolerances for semiconductor processes as a refer-
ence [6]. Meanwhile, the term nanotechnology was first coined by
Richard Feynman in 1959 during his talk at the American Physical
Society meeting [7]. Nanotechnology helps in the fabrication, pro-
cessing, imaging, measuring, and application of materials that fall
in the size range of up to 100 nm. So, nanomaterials possess parti-
cles and materials dispersed within the porous matrix with
nanometer-sized pores in metallic clusters. It shows a remarkable
change in physical and chemical properties like unique optical,
thermal, electrical, magnetic, and catalytic properties when com-
pared with non-nanomaterials due to their small size or nanoscale
effect [8–12]. Nanomaterials have a large surface area, a high fea-
ture ratio, and a high surface-to-mass ratio [13]. These remarkable
features of nanomaterials can drastically alter the physical, chem-
ical, biological, electrical, and mechanical properties [14,15]. Nan-
otechnology provides a wide area of interdisciplinary research,
innovation, development, and industrial activity which has been
growing rapidly in recent years [12,16–18].

From the economical side, the worldwide market size of nano-
materials should dilate significantly during the period from 2021
to 2027 because nanotechnology is getting involved progressively
in numerous industrial sectors [19] which include the food indus-
try, cosmetics, healthcare, medicines, electronics, etc. [20]. During
the COVID-19 epidemic, the worldwide market of nanomaterials
was rated at US$7.1 billion in 2020 and will reach 2026 US$12.1
billion in, with annual growth of 9.7 %. In the United States (US)

the nanomaterial market in 2021 was 2.1 billion US$, an ongoing
increase in federal government grants for nanotechnology projects
from $464 million in 2001 to about US$6.2 billion in 2019 reported
by the US National Nanotechnology Initiative. Likewise, the invest-
ments by Japan and the European Union (EU) in nanotechnology
increased during the period 2005–2010 from $1.8 billion and
$1.5, respectively, to $3–4 billion in the 2019–2020 period
[21,22]. South Korea, China, and Taiwan assigned $300, $250, and
$110 million respectively, for nanotechnology projects in the
2010–2020 period [23,24].

Nanotechnology plays a vital role and has many applications in
the fields of medicine [25], agriculture [26], food industries [27],
biotechnology [28], environmental pollution detection and control
[14,29,30], water treatment [13,31–35] and electronic [36], due to
various physicochemical properties of nanomaterials in compar-
ison to microscale and bulk materials. These unique properties
are naturally due to elevated atoms fraction and surface energy
of miniature particles in comparison to bulk materials [37]. During
the 1980 s the first nanoceramics were developed. Since then there
has been a huge excitement for its application in diverse technol-
ogy. Nanoceramics are prepared from ultrafine particles<100 nm
in diameter. Ceramic nanoparticles have confirmed themselves to
be highly stable in comparison with metallic ones and their pro-
duction tends to be economical [38,39]. Nanomaterial-based
biosensors display attractive prospects over traditional biosensors
[40]. It has many potential merits such as enhanced detection sen-
sitivity/specificity in its applications in various fields such as envi-
ronment and processing control, quality control of food,
biodefence, agriculture along with agro-products, and particularly
in the medical field [41].

To characterize the risk factors of nanomaterials and their fate
in the environment, it is crucial to understand the various forms
of nanomaterials and their potential route of exposure. The kind
of nanomaterial may be uncertain via its production process (vapor
deposition gas phase, attrition, colloidal, and so forth), which can
potentially result in human exposure through various routes viz,
inhalation, dermal absorption, or ingestion [42]. Studies by Ostiguy
et al., reveal that engineered nanomaterials cause unanticipated
toxicity in living organisms and harmful human health effects
[43]. The properties of nanomaterials like reactivity, melting point,
mechanical strength, fluorescence, and electrical conductivity
which are altered at the nanoscale, make it more difficult to eval-
uate how nanomaterials will interact with living organisms as well
as the environment [44]. Furthermore, some natural nanoparticles
originated from a diversity of geological and biological processes
and can be potentially toxic. It has been observed that both human
beings and other species have more or less evolved, modified, and
proliferated as a result of potentially detrimental exposure to nat-
ural nanomaterials [45,46]. The application of nanotechnology has
been introduced to get better air, water, and soil in the field of
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environmental management. A remediation process based on
nanomaterials has been developed to monitor and detect the pol-
lutant released into the surrounding environment [47]. In the
remediation process by nanomaterials, waste containing residues
of nanoparticles is also obtained which ends up as wastewater that
finally reaches other abiotic environmental sources such as soil,
sediments, and surface water [42]. However, the application and
release of nanomaterials that cause toxicity and potential impacts
on the environment have drawn the attention of regulatory and
environmental agencies and scientific researchers [48].

Numerous review articles that have already been published
examine both naturally occurring and synthesized pathways. Addi-
tionally, they talked about the development and current uses of
nanomaterials. However, there is a lack of information regarding
the use of nanomaterials in the past as well as their negative con-
sequences outside of their numerous applications [49–51]. Nearly
all of these topics have been covered in the current review study
with adequate reasoning. Contemporary biomedical advance-
ments, the toxicology of nanomaterials, and other topics have also
been discussed.

Moreover, the applications, toxicity, impact, and environmental
fate of nanomaterials are also covered in the present review. Nano-
materials, their background in time, and their features are covered
in the first section. The classification of NPs, which is based on a
variety of characteristics including size, occurrence/origin, chemi-
cal compositions, natural and synthetic, nature of toxicity, and
many more, is covered in the following sections. The classifica-
tion’s following section was mostly concerned with applications,
including biogas production, drug delivery, vaccine research, disin-
fection, and other significant ones. The key topics covered in Sec-
tion 5 include human exposure to nanomaterials, their toxicity,
sources of exposure, and routes by which nanoparticles enter the
body. The impact of NPs on ecology and animals as well as the
effects of nanoparticles on plants are finally summarized at the
end of the manuscript and are not previously mentioned [52,53].

Several studies have shown that during manufacture and appli-
cations, the negative effects of nanomaterials on human health and
the environment occurs [44,54–58]. Some available evidence sug-
gests that due to the small size of nanoparticles, these are generally
more toxic than their larger counterparts (e.g., 41 mm) of the same
substances [55,59]. There are several ways to produce toxic nano-
materials in the environment. Chemical activities which are con-
sidered primary mechanisms produce free radicals and finally
produce toxic nanomaterials [60]. For example, iron nanoparticles
produce highly oxidized OH radicals which contribute to their tox-
icity and damage biological systems via the Fenton reaction
[61,62].

During various stages, industrial waste containing nanoparti-
cles is directly released into lakes, rivers, and aquatic fields which
are concerning sources of nanoparticle pollution [63,64]. In a very
large geographical area, the depositions of nanoparticles can be
observed in soil texture [65]. Sujatha et al. investigated the eco-
toxicological consequences of TiO2 nanoparticle (NPs) exposure
on aquatic life. They have chosen zebrafish as a model system. Dur-
ing the study, a decreased activity of acetylcholine esterase, as well
as enzymatic and non-enzymatic antioxidants, was observed. Vice-
versa, there was an increase in protein content, reactive oxygen
species (ROS), protein carbonyls, and lipid peroxidation products
[66]. TiO2 NPs induced oxidative stress which results in respiratory
distress in zebrafish. In drug delivery processes, nanomaterials
chemically react with cell surfaces and may change cell properties
[67]. A study by Kocbek et al. revealed that during in vitro toxicity
study of ZnO and TiO2 nanoparticles on keratinocytes for short and
long-term application, it results in decreased mitochondrial activ-
ity, loss of normal cell morphology, and arrest in the cell cycle

when exposed to a long duration at 10 mg/mL�1 concentration of
ZnO nanoparticles [68].

In the present review, an attempt has been carried out to access
the toxic nature of nanomaterials, their exposure, impacts on
humans, animals, and the environment along with their fate in
the environment, and challenges faced for proper disposal to make
a sustainable environment. Various applications of nanomaterials
have also been discussed.

2. Classification of nanomaterials

Nanomaterials illustrate various classifications due to their
unique characteristics. Classification is based on numerous proper-
ties such as dimensions, occurrence/origin, chemical compositions,
natural and synthetic, toxicity nature, and many more. Nanomate-
rials can be broadly classified based on their origin (natural and
artificial), chemical properties (organic, inorganic, and mixed),
and homogeneity (single or hybrid composition) [69]. The natural
and incidental origin of nanoparticles commonly referred to as
ultrafine particles includes erupting volcanoes, soils, sand storms,
forest fires, and breaking sea waves [70]. Certain forms of clay also
comprise 1 nm thick nanoplates stacked to 70 to 150 nm in width.
Natural sources of nanomaterials are also found in living organ-
isms, for example, biogenic magnetite, a ferromagnetic crystalline
composition coupled with magneto reception in some animals, fer-
ritin, which acts as iron storage protein, and calcium hydroxyap-
atite, the hard nanocrystalline component of bones [71].
Recently, the presence of fullerenes has been detected in space
[72]. NMs can be categorized into various groups based on differ-
ent criteria. Usually, NMs can also be classified according to their
dimensions, morphology, state, and chemical composition [73].
However, several authors have classified nanomaterials based on
five factors: nanoparticle geometry, morphology, composition, uni-
formity, and agglomeration [74–76].

Further based on nanoparticle geometry, nanomaterials are
classified as 1D, 2D, or 3D [75]. According to electromagnetic prop-
erties and chemistry, NMs exist in discrete forms, suspensions, and
colloids, or an agglomerated state, for example, magnetic NPs pre-
sent in a bunch of an agglomerate state unless their surfaces are
functionalized [77]. Further on the chemical composition, NMs
have been classified as single constituent NPs and nanocomposites.
In carbonaceous NMs carbon exist as fullerenes, graphenes, and
carbon nanotubes (CNTs). Metallic NMs, are prepared from various
forms of metals such as iron, copper, silver, zinc, alumina, silica,
and titania. Branched dendrimers represent another kind of NMs
having branch-like structures with nanoscale dimensions.
Nanocomposite materials are organized by mixing of NPs into a
matrix of standard materials to improve further properties like
toughness, mechanical strength, and electrical or thermal conduc-
tivity [77]. The various kinds of nanomaterials and their classifica-
tions have been shown in Fig. 1 based on the above-mentioned
criteria.

3. Characterization of nanomaterials

Nanomaterials are characterized by the presence of free
nanoparticles in several nano dimensions i.e., 1D, 2D, or 3D, and
are classified as nanosheets, 2D needles or filaments, and 3D parti-
cles, etc. Such geometries can be found in adjacent solids as dis-
persed or precipitated phases or adjacent nanocrystals forming
nanograin solids. These nanomaterial structures are characterized
by using principal imaging techniques like scanning/transmission
electron microscopy (SEM/TEM), scanning tunneling microscope
(STM) and atomic force microscope (AFM). SEM and TEM are the
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most commonly used tool in characterization because nanomateri-
als can be readily prepared and examined directly through SEM
and TEM with resolutions nearly equal to 1–10 nm and < 1 nm,
respectively. Whereas, atomic lattice structures can be character-
ized by either a single atom or crystal lattice plane levels at higher
resolutions [78]. Microscopy, light scattering, and light spec-
troscopy are used for measuring the particle size of nanomaterials.

Hyphenated techniques based on chromatography or elec-
trophoresis, and size-separation of colloidal suspensions, are also
used [79]. Nanoscale materials have far larger surface areas than
similar masses of bulk materials. As the surface area per mass of
a material increases, a greater amount of the material can come
into contact with surrounding materials, thus affecting reactivity.
BET surface area analyzer is used to measure the surface area
[33]. Functionalization and surface treatment of nanomaterials is
an area of crucial importance in the emerging field of nanotechnol-
ogy. Controlling the surface chemical composition and mastering
its modification at the nanometer scale are critical issues for
high-added value applications involving nanoparticles. The basic
applications of surface functionalization range from altering the
wetting or adhesion characteristics and improving the nanoparti-
cles dispersion in matrices to enhancing the catalytic properties
and ordering the interfacial region.

The creation of specific surface sites on nanoparticles for selec-
tive molecular attachment is a promising approach for their appli-
cations in nanofabrication, nanopatterning, self-assembly,
nanosensors, bioprobes, drug delivery, pigments, photocatalysis,
LEDs, etc. Novel and improved synthesis methods and approaches
are being explored for controlling and functionalizing the nanopar-
ticle surfaces to enhance the overall performance of the nanoparti-
cles for targeted applications [31]. X-ray diffraction is a powerful
nondestructive technique for characterizing the crystallinity of
materials. It provides information on structures, phases, preferred
crystal orientations (texture), and other structural parameters,

such as average grain size, crystallinity, strain, and crystal defects
[33]. Particle size distribution, shape, surface area, surface chem-
istry, solubility, etc. also play an important role in nanomaterial
chemistry.

4. Applications of nanomaterials

Nanomaterials have various applications in the fields of medi-
cine [25], agriculture [26], food industries [27], biotechnology
[28], and electronics [36], as they differ in physicochemical proper-
ties as compared to their counterparts. The small size, large surface
area, and elevated surface energy of miniature particles in compar-
ison to bulk material are responsible for these properties [38]. A
large number of applications in various fields have been explored
in the development of the first nanoceramics during the 1980 s.
Nanoceramics are stable and economic in comparison to their
metallic counterparts [38]. Nanomaterials and their various forms
have been widely and commonly used in household items such as
sunscreens, socks, sports gear, garments, bedding items, deter-
gents, mobile phones, and also in electronic gadgets. These vast
applications of nanomaterials are due to the specific characteristics
of materials. Mostly color, strength, conductivity, and reactivity of
nanomaterials can be changed substantially according to desire, by
manipulating their atoms.

Probably, nanomaterials are perfectly safe for general purposes
mostly in the solid form [80]. Furthermore, nanomaterials possess
some antimicrobial properties so they have been utilized in water
disinfection [81]. Nanotechnology provides an opportunity for
enhancement in the development of wastewater treatment tech-
nology for better sustainable water supply systems Ganesh et al.,
have utilized AlTiPbO Nanoparticles (ATPO-NPs), prepared from
Eriochrome black-T as a potential adsorbent for the removal of
toxic dye from the aqueous phase [82]. The isotherms and kinetic
study reveal that ATPO-NPs have effectively been reused up to

Fig. 1. Classification detail of various kinds of nanomaterials.
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the 5th cycle of adsorption. It can remove up to 1000 mg/g of dye
from the waste-containing industrial sample. Arora et al., and Soni
et al., have explored nanoporous MOFs and modified MOFs for the
removal of organic dyes from wastewater [31,33]. Nanomaterials
have many folds of applications in various fields making life easier
by adopting technology based on these applications. The detail of
applications of nanomaterials has been described below.

4.1. Nanobioremediation

Nanobioremediation is an emerging technology for the removal
of pollutants from the environment by using biologically synthe-
sized nanoparticles which show a significant role in manipulating
and detoxifying various pollutants. The nanobioremediation pro-
cess is a nontoxic and economic method for providing a sustainable
environment [83]. Nanomaterials are potential candidates for the
bioremediation process, due to less toxicity towards microorgan-
isms. Moreover, these exhibit better microbial activity against par-
ticulate waste and toxic material thus saving time along with cost
reduction during the remediation process [84]. Carbon nanotubes,
nano iron and its derivatives, nanosized dendrimers, engineered
nanoparticles, and single enzyme nanoparticles are examples of
nanomaterials used in nanobioremediation [84,85]. Some of the
engineered polymeric nanoparticles have been utilized in the
bioremediation process of hydrophobic contaminants [86] and soil
remediation [87]. In uranium bioremediation, biogenic uranite-
based nanoparticles have been utilized [88]. Moreover, some bio-
logically synthesized nanomaterials obtained from organisms such
as Gundelia tournefortii, Centaurea virgata, Reseda lutea, Scariola ori-
entalis, Eleagnum angustifolia, Bacillus sp., and Noaea mucronata for
the accumulation of heavy metals mostly focused on Cu, Zn, Pb and
Ni [84,85,89]. Lincy et al., have demonstrated that nanoparticles
increase the adsorption rate of dye and removal efficiency due to
their smaller BV size and increased surface-to-volume (S/V) ratio.
During their experiment, 82.4 % of azo blue dye was removed with
an initial dye concentration of 25 ppm [90].

Silver nanoparticles have shown an admirable decoloration of
more than 85.8 %, within 24 h when it is incubated with Aspergillus
niger broth containing Congo red [91]. Nano-scale ZVI has shown
up to 99.9 % remediation of lead (Pb) from contaminated water
[92].

4.2. Biogas production

Anaerobic digestion is a multifaceted microbial process for the
conversion of organic compounds such as animal manure, agricul-
tural residues, industrial waste food, and sewage sludge into bio-
gas/methane [93]. It consists of four microbial sequential stages
namely hydrolysis, acidogenesis, acetogenesis, and methanogene-
sis which are carried out by a consortium of microorganisms
[94]. The obtained final product i.e., biogas, which mostly consists
of methane (CH4) 60–70 %, Carbon dioxide (CO2) 30–40 %, and
some other gases like ammonia (NH3), hydrogen sulfide (H2S),
hydrogen (H2), nitrogen (N2), oxygen(O2) and little amount of
water (H2O) vapors [95–98]. Mona et al. reported the application
of nanoparticles in anaerobic digestion and its mechanism which
deals with the biogas production rate. Along with NPs studies,
ZVI NPs is considered potent nanomaterials for enhancing biogas
production via stabilizing the process of anaerobic digestion as
well as stimulating the growth of beneficial microorganisms and
enzymes evolved in the process [99]. In 2011, the impact of particle
size of nano-metal oxides such as CuO, and ZnO was studied on
methane and biogas production during anaerobic digestion [100].

Using NPs is beneficial due to its precise dosing of ions thus
enabling enhancement of the anaerobic digestion process, which
leads to higher biogas production. On the contrary, the large-

scale application of NPs might have some concerns regarding tox-
icity and environmental issues [101]. Abdelsalam et al., have
demonstrated the effect of 20 mg/L-1Fe3O4 NPs on methane (CH4)
production from cattle dung slurry [102]. The investigations have
shown an increase of 1.7 and 2.0 times, in the biogas and CH4 pro-
duction by the addition of 20 mg/L-1 Fe3O4 NPs. Similarly, CH4 pro-
duction was increased by 120 % with the addition of 100 mg/g�1

TSS Fe2O3 NPs [103]. Moreover, Rana et al., investigated the effects
of different doses of a-Fe2O3-nanoparticles (IONPs) on the growth
and biogas production potential of Chlorella pyrenoidosa. The high-
est growth (2.94 ± 0.01 g/L) of microalgae at 20 mg/L was observed
in the study. A net augmentation in biomass, biogas, and methane
production was achieved by 98.63 % at 30 mg/L IONPs supplemen-
tation [104].

4.3. Drug delivery

Mesoporous silica nanoparticles (MSNs) have fascinated and
drawn attention due to their biomedical application. Due to meso-
porous structures and high surface area, MSNs proved a potential
candidate over conventional drug delivery systems [105]. In the
year 2001, the first report of using MCM-41 type mesoporous silica
particles (MSNs) as a drug delivery system has been introduced. An
exponential increase in the applications of MSNs has been
observed in biomedical research [106]. However, various applica-
tions of MSNs as nanocarriers, with unique mesoporous structures
have been investigated as efficient drug delivery systems which act
as therapeutic agents in fights against several kinds of diseases like
diabetes [107,108] cancer [109] inflammation, [110] and in bone/-
tendon tissue engineering [111–124].

An ocular drug delivery system needs efficient drug delivery to
the eyes because of several anatomical barriers and the clearance
mechanisms present in the eye. Since nanomaterial-based drug
delivery will be more advantageous as compared to conventional
methods. Scientists have been using liposomes, polymeric micelles,
liposomes, cyclodextrins, hydrogels, and dendrimers, to enhance
the bioavailability of ocular therapeutic agents in ocular drug
delivery systems [115]. Recently nanocarrier-based ocular drug
delivery systems are getting the most capable tool to fulfill the
demands for an ideal ocular delivery system. Its small size makes
it more appropriate for high diffusivity across the corneal epithe-
lium membranes. Several studies have already demonstrated that
the application of such nanomaterials through topical administra-
tion improved the corneal permeability of drugs [116–119]. More-
over, advancement in nanotechnology applications has been
utilized in ocular drug delivery systems consisting of copious
nanostructure carriers as probable ocular drug carriers [120]. Addi-
tionally, Ludwig has explained the employ of mucoadhesive
polymer-based nanostructures in the ophthalmic delivery of drugs.
It showed an enhancement of targeting and provided retention of
the drugs at tissue sites such as the corneal surface [121].

4.4. Vaccine development

Vaccines are widely considered crucial immunological tools to
fight against infectious diseases by providing long-lasting defen-
sive immunity with good antibody response [122]. Nanoparticles
have a wide range of biomedical applications due to their unique
physicochemical properties as compared to other bulk chemicals
[123]. NPs are capable to penetrate deeply into tissue and improve
cellular uptake as well as escaping from lysosomal compartments
[124–126]. At present time, the world is facing covid-19 pandemic
and it has infected millions of people due to its high pervasiveness,
long incubation period, and lack of well-supporting treatments or
vaccines with no clear signs of abatement which make it even
more terrible. Nanomaterials are potential candidates for antigen
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delivery, as adjuvants and as mimics of viral structures. Hence the
first vaccine developed into clinical trials is an mRNA vaccine
which was delivered with the help of lipid nanoparticles [127].
The prime role of the adjuvant is to enhance the specific response
of the particular immune system to the least amount of the antigen
supplied via the activation of antigen-representing cells [128].
Available vaccines like diphtheria, tetanus and influenza type b
are making use of the adjuvanticity of Al NPs. These adjuvants
are mostly used in vaccines to build strong antigen-specific
immune responses [129].

Similarly, SiNPs and other antigen carriers, recently used are
capable of controlled antigen release in vivo. This method has ele-
vated the magnitude of both humoral and cell-mediated immune
response against porcine circovirus type 2 in the rat [130]. Hya-
luronic acid (HA) is another potential candidate for a nanoparticle
vaccine being biodegradable, native to the human body, and has
been successful in cancer therapy clinical trials [131]. HA consists
of repeating units of D-glucuronic acid and N-acetyl-D-
glucosamine, having a native biological role that depends on the
length of the polysaccharide [132]. Dodi et al. investigated Au nan-
oclusters as carriers in the preparation of synthetic carbohydrate
vaccines. Gold glyconanoparticles act as synthetic tetrasaccharide
epitopes related to Streptococcus pneumoniae type 14 capsular
polysaccharide (Pn14PS), the T-helper ovalbumin 323–339 peptide
(OVA323–339). The cytokine levels confirmed that glyconanoparti-
cles help in T-helper cell activation. The antisaccharide antibodies
promoted phagocytosis of type 14 bacteria by human leukocytes,
indicating the functionality of the antibodies [133].

4.5. Water disinfection

Water disinfection methods have been developed to provide
safe water. It works on the principle of inactivating and removing
pathogens to provide safe drinking water without contamination
by microbes [134]. Several methods have been developed for water
disinfection such as the use of ozone, ultraviolet (UV) radiations,
chlorine, heat sterilization, and filtration through the size exclusion
technique [81]. The process of photocatalysis is gaining more
attention over traditional water treatment technologies for water-
borne biohazard inactivation. 2D nanomaterials-based novel pho-
tocatalysts have been used as building blocks for photocatalytic
water disinfection viz. graphene, graphitic carbon nitride, 2D metal
oxides, and metallates. Metaloxyhalides and transition metal
dichalcogenides have been introduced for the photo-catalytic
pathogen inactivation process [135]. Due to unique properties in
structural features as compared to 0D and 1D nanomaterials, 2D
nanostructures pose superiority in architecture modulation, light
harvesting, charge separation, and tenability providing suitable
sites for pollutant adsorption and surface reaction [136].

Nanoparticles have proved better disinfectants in comparison
to chemical disinfectants viz. sodium hypochlorite (NaClO) and
phenol (C6H5OH) [137]. The porous Ca-Si-based nanospheres can
act as intracanal disinfectants-carrier and hence can serve in
infected canal treatment [138]. Nano disinfectants developed into
biofilm have shown excellent antimicrobial activity against some
bacterial pathogens e.g., Salmonella and Staphylococcus sp. [139–
142]. Consequently, an antimicrobial nanomaterial provides a sub-
stitute for energy-efficient methods for water disinfection [136 s].
Graphene-based nanomaterials and their derivatives have been
introduced recently as potential antimicrobial disinfectants. Gra-
phene materials (GMs) are broad-spectrum antimicrobial agents,
capable to inactivate and control various kinds of living organisms.
GMs consists of graphene, pristine, graphene oxide (GO), and
reduced graphene oxide (rGO). They possess properties and supe-
rior structures capable to overcome pathogenic microorganisms

and act as potent disinfectants due to specific structural and
related properties [143].

4.6. Other applications

To examine the effectiveness of polymer-based nano-
adsorbents for the adsorption of anionic and cationic dyes in the
aqueous phase, nanostructured sulfonated polypyrrole adsorbents
have indeed been developed by copolymerizing pyrrole and sul-
fophenylenediamine [144]. This increased number of functional
groups, like NH/NH2/SO3H present in the copolymers, may be the
cause of the polymer-based (PPY-SPDA) adsorbents’ high adsorp-
tion efficiency toward the anionic and cationic dyes in aqueous
solution. In the batch adsorption method, the effects of tempera-
ture, pH, dye concentration, contact time, and adsorbent dosage
have been researched. For the adsorption of Congo Red dye, a
dosage of 0.15 g (PPY-SPDA) of adsorbent over a period of 3 h at
pH 1 resulted in a 100 % adsorption efficiency.

Similarly, comprehensive review work offers a thorough analy-
sis of the removal of pollutants from a multi-component system
when there are other contaminants present (MCS). The many syn-
ergistic, antagonistic, and non-interactive interaction processes
that could occur in MCS are reviewed. A detailed explanation of
the MCS, which contains a combination of traditional toxins like
heavy metals and colors and other emergent contaminants like
antibiotics, organic contaminants, pesticides, and personal care
items. Researchers interested in the simultaneous removal of pol-
lutants from MCSs for wastewater cleanup will find the review
paper useful [145].

The banana peel biochar (Ag-BBc) composite was successfully
tailored using a green synthetic method. Ag nanoparticles were
made using Azadirachta indica leaf extract as a reducing agent,
while biochar was produced by pyrolyzing banana peels [146].

Through its use in energy storage and environmental restora-
tion, the nanocomposite was examined for its multi-
functionality. By using a variety of analytical techniques, the pre-
pared composite was thoroughly characterized. Cyclic voltamme-
try and galvanostatic charge–discharge methods were used to
examine the electrochemical aspects. Ag-BBc composite’s
enhanced specific capacitance was measured at 655 Fg-1 in 1 M.

By using a bimetallic composite made of silver (Ag) and copper
(Cu) as well as ultrasonic technology, the study attempted to
remove the dye rhodamine B (RhB) and the insecticide dichlor-
phenoxy acetic acid (2,4-D) from an aqueous matrix [147] When
compared to Ag/CNF and Cu/CNF, Ag-Cu/CNF demonstrated supe-
rior adsorptive efficiency. Freundlich and Langmuir’s isotherms
were used to study the equilibrium of adsorption. Following anal-
ysis of the data, it was concluded that the Langmuir model best fit
the equilibrium data, with maximum adsorption efficiencies of
201 mg/g for RhB and 112 mg/g for 2,4-D, respectively. Sono-
sorption is a successful choice for starting the adsorption phenom-
ena due to convenient and easy diffusion, according to a compar-
ison of adsorption assisted by ultrasound, magnetic stirrer, and
vortex shaker-assisted methods.

The transport, fate, and distribution processes of PAHs in the
environment with their influencing elements were detailed in a
recent review study. Additionally, this research offered a summary
of many conventional and cutting-edge prospective treatment
methods utilized to clean up PAHs-contaminated locations, includ-
ing nanoadsorption, chemical, thermal, electrokinetic, and biologi-
cal treatments [148].

However, another study found that the most widely used
adsorption method was superior because of its effectiveness,
affordability, and simplicity of use. To assess the mass transfer
mechanisms, the effectiveness of the nano-adsorbents was
explained using adsorption kinetic models. However, several
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degrading techniques, such as catalytic reduction and photocataly-
sis, have also been developed. For the removal of pesticides from
water, a variety of strong metals, metal oxide, and functionalized
magnetic nanoparticles have been highlighted, organized, and
compared. Additionally, the published work has suggested future
directions as well as existing difficulties addressed by researchers
[149].

5. Exposure and toxicology of nanomaterials

5.1. Effect on human beings

Nanotechnology is defined by The US National Nanotechnology
Initiative (NNI) as ‘‘using and control of materials and structures
with nanoscale dimensions, approximately between 1 and
100 nm, and that unique phenomenon enables new applications.”
Novel scientific reports expound on the potential benefits of nan-
otechnology. Based on these investigations more and more nano-
materials are expected to be used and offer a lot of benefits in
numerous fields in industrial products and consumers including,
cosmetics, medicine, food, and agriculture. This will result in the
enhancement of exposure to nanomaterials by humans at their
workplaces and daily lives [150]. People are exposed to a large
range of natural and artificial nanoparticles via the environment,
water supply, air, food chain, drugs, and medical applications
[151]. To explain the modes of action of nanomaterial toxicity, it
becomes necessary to underpin the processes of its environmental
fate and behavior. Firstly, it is required to characterize the materi-
als used in different studies as far as possible and compulsory.

5.2. Sources of exposure to nanomaterials

There are numerous examples of potential nanomaterials that
may be exposed to humans during daily routines, for example, ero-
sion from artificial materials such as ultrafine particles from car

tires on roads. The particle diameter ranges from 15 to 50 nm
[152]. Other ultrafine particles from vehicle exhausts, ranging from
18 to 300 nm, during the morning rush hours have the highest con-
centrations, especially of particle size < 50 nm. Exhaust concentra-
tion depends on vehicle type and speed [153]. Aerosol emissions
from highway roads, where the particle size was < 50 nm increased
generally with vehicle speed [154]. Volcanic eruption is a natural
source of dust and ash containing ultrafine particles which are res-
pirable affecting the respiratory system health [155]. Iron oxide
nanoparticles (4–6 nm) utilized in ultrafiltration technology to
improve disinfection of water supplies are left in drinking water
in trace quantities [156]. Iron sulfide nanoparticles help in the
removal of organochlorine pesticides from drinking water supplies
to improve the quality of drinking water [157]. Silver nanoparticles
coated with polyurethane foam have been used as low-cost and
efficient agents in killing bacteria or providing an antibacterial fil-
ter for water treatment [158].

Radioactive nanoparticles are sparsest in the environment in
small quantities but they could have access to groundwater and
lungs through aerosol uptake [159]. Zerovalent metal nanoparti-
cles containing iron used in soil treatment and removal of chlori-
nated hydrocarbons from contaminated soil can transfer to
humans and animals through food chains [160]. Application of
1–2 kg of the active ingredients of nanoparticles containing fungi-
cides to control fungal infection in soils may transfer kilos of the
new nanomaterials in the soil to food chains through planted crops
in the soil [161]. Another source is medical fluorescent nanoparti-
cles used for imaging and detection of tumor cells in breast cancer
along with potential application in chemotherapy (targeted drug
delivery) [162]. Medical Chitosan nanoparticles are utilized in bone
cement which is used to fix implants to combat bacterial contagion
in bone surgically [163]. The utilization of medical nanocrystals
has been reported for the delivery of anti-nausea and vomiting
drugs used for the control of side effects of chemotherapy [164].
Various sources of the exposure of nanomaterials to the human
body have been illustrated in Fig. 2.

Fig. 2. Sources of exposure of nanomaterials to the human body.
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5.3. Entryways of nanoparticles into the human body

Once nanoparticles enter the body, they may be translocated by
blood circulation. Their plausible allocation in the body may be
related to their surface characteristics and size such as lipophilic-
ity, polarity, hydrophilicity, and catalytic activity [165,166]. As
the particle size decreases, per unit surface area increases, and
thus, the nanoparticles are expected to display increased biological
and chemical activity in the human body [167,168]. As a result, it
can be concluded that smaller size of nanoparticles might be more
toxic and taken up faster than the larger ones by the cells. Nano-
sized particles (NSPs) inhalation and entry through the respiratory
system is the most potent way of exposure to nanoparticles. Expo-
sure via other routes is less rational unless it is because of dermal
contact of skin creams and oils, direct ingestion through drugs and
food delivery, and nanoparticle-treated membranes in a water fil-
tration system [169].

5.3.1. Respiratory system
Airborne nanoparticles inhalation is the most common way to

enter the human body. Several researchers have reported that
the inhaled nanoparticles are efficiently distributed by diffusion
mechanisms in the lungs. The most common nanomaterials which
easily enter the lungs are ball-shaped solid materials [170]. An
exploratory study made about the pulmonary effects of single-
walled carbon nanotubes (SWCNTs) by two separate groups con-
cluded that carbon nanotubes (CNTs) can reach the lungs and
cause more severe effects than carbon black or quartz [171,172].
A more in-depth study about the threshold length of nanofibers
that prompt acute pleural inflammation was made by Schinwald
et al., They utilized five defined length classes of silver nanofibers.
Carbon nanotubes and nickel nanofibers were used to set the rela-
tionship between pleural inflammation and fiber length. The
results showed a threshold effect which indicates that fibers
pathogenic to the pleura are above 4 lm in length [173].

Moreover, the results can give a better understanding of the
toxicity–structure relationship of asbestos-induced mesothelioma
and eventual risk assessment for the aim of engineering non-
pathogenic synthetic nanofibers. Likewise, toxicologic studies uti-
lizing rodent models proved that some types of carbon nanotubes
can have the ability to induce mesothelioma [174–176]. This later
leads the World Health Organization (WHO) to evaluate rigid, long
multi-walled carbon nanotubes as potentially carcinogenic to
humans (International Agency for Research on Cancer, IARC
Group[177]. Long, rigid CNTs can be more hazardous as compared
to shorter ones [178].

A study made by Zhang et al. evaluated nanoparticle precipita-
tion in the upper human airway system. The precipitation of
nanoparticles with high concentrations appears around the carinal
peaks as compared to the straight segments in the bronchial air-
ways but, precipitation allocations are more regular along the
branches of the airway[179]. Precipitation depends on particle size,
bifurcation, and inhalation stream rate. The relatively massive reg-
ular distribution of nanoparticles leads to major toxicity as it pos-
sesses more area to interact with the cell membranes as well as
transportation and absorption of toxic substances. Cell line A549
of human lung cancer has been utilized as a model for in vitro cell
culture to study the toxicity of nanomaterials. Cell line A549 was
used by Foldbjerg et al., to investigate the silver nanoparticle’s
genotoxic and cytotoxic effects. They used flow cytometry and
atomic absorption spectroscopy to measure the cellular uptake of
the nanoparticles. They studied the cytotoxicity dose-dependence
of silver nanoparticles by the annexin V/propidium iodide assays
and MTT. The silver nanoparticles’ cytotoxicity was extremely
reduced by pretreatment with the N-acetyl-cysteine antioxidant.
They confirmed a strong linkage between reactive oxygen species

(ROS) levels and mitochondrial damage along with early apoptosis
[180]. The ROS-induced DNA damage has been measured after
nanoparticle exposure by increased DNA adducts through32P-post
labeling. The cellular ROS levels were strongly linked with the
DNA adducts level and were blocked by antioxidant pretreatment.
The results suggested that silver nanomaterials act as the mediator
of genotoxicity and ROS-induced cytotoxicity. Hazard damage
might happen when exposed to nanomaterials through inhalation;
NMs size allows endocytosis to perforate a cell and transcytosis to
perforate several cells, one after another. Thus, when they are
inhaled, NMs can reach the nervous ends of the olfactory epithe-
lium and can travel upstream the axons towards the olfactory
bulbs in the brain thus affecting neurons. NMs can reach the brain
through the lungs, followed by blood, and finally the blood–brain
barriers. They can also reach other organs via blood circulation
such as the heart, bone marrow, spleen, and lymph nodes. They
can cause inflammation, antioxidant and pro-oxidant activities,
and oxidative stress. The effect depends on the dose and type of
nanomaterial [150].

5.3.2. Skin layers
The skin is the largest organ of the human body and the funda-

mental route of exposure to the external environment. Skin struc-
ture consists of three layers: epidermis, dermis, and subcutaneous
tissue. Dermal exposure is the second serious uptake source for
nano-sized particles after the uptake from the respiratory system.
There is augmented interest in investigations related to titanium
dioxide and zinc oxide (TiO2, ZnO) nanoparticles as these are uti-
lized in various lotions, dermal creams, sun-block creams, and cos-
metics for protection against ultraviolet rays (UVs) which can
cause melanoma. Titanium dioxide (TiO2) nanoparticles (5–
20 nm) can infiltrate into the skin cells and intervene with the
immune system function. Anatase TiO2 nanoparticles (10 nm and
20 nm) can cause lipid peroxidation, oxidative DNA damage, and
micronuclei origin. They also boost nitric oxide and hydrogen per-
oxide production in BEAS-2B cells which behave as human bron-
chial epithelial cell lines in the absence of photoactivation [181].
Consequently, it can be easily concluded that the smaller the
nanoparticles, the easier skin perforation and damage induction.
It was discovered that the photocatalytic activity of the anatase
TiO2 is higher than that of rutile. 200 nm rutile titania can induce
oxidative DNA damage in the absence of light while the anatase of
titanium dioxide remains inactive. The uptake of materials via the
skin is a rather complicated process controlled by both external
and internal factors [182].

The zinc oxide NP’s toxic response was estimated in human epi-
dermal keratinocyte cells by Lee et al. 2012. Results showed that
ZnO NPs lessened the mitochondrial function and caused leakage
of lactate dehydrogenase enzyme (LDH) which is a prediction tool
for cutaneous lymphoma. Moreover, induction of both LPO and
ROS was observed which indicates that ZnO nanoparticles moti-
vated oxidative stress. These results clarified the significant cyto-
toxicity in human epidermal keratinocyte cells. Clinical side
effects of nanoparticles following topical admonition, including
skin inflammation, skin cancer, and genetic toxicity, etc. resulting
from skin exposure have been summarized in Table 1[183].

5.3.3. Digestive system
Nanosized particles can enter the digestive system through fil-

tration from the respiratory system or directly through drug deliv-
ery, food or water. Several reports are available in the literature
which deal with the uptake of NMs in the intestines. Most of them
showed that the nanosized particles pass through the intestinal
tract and can rapidly be gotten rid of [169]. An important study
was made by Bettini et al., to evaluate the uptake effects of food
grades containing titanium dioxide nanoparticles (TiO2-NPs) which
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were used as a white pigment in Europe(E171). This study was of
utmost importance because daily oral intake of such TiO2-NPs
may be related to the increased risk of carcinogenesis and chronic
intestinal inflammation [184]. After one week of oral exposure to
E171 at human levels for rat models, regulatory T cells showed a
decrease in inflammatory response inhibition. E171 use for one
week did not launch intestinal inflammation, but a 100-day treat-
ment confirmed micro-inflammation in the colon and initiated
preneoplastic lesions, and also promoted the growth of aberrant
crypt foci in chemically model-induced carcinogenesis. These
results should be contemplated for risk estimation of exposure to

NPs from dietary sources leading to Th17-driven autoimmune dis-
eases and colorectal cancer in humans.

5.3.4. Immune system
A review dealing with the immunotoxicity testing for safety

estimation of nanomaterials marked that nanoparticles can cat-
alyze or suppress the immune responses [185]. Nanomaterials
can alter the production of cytokine. They motivate pro-
inflammatory effects in the lungs of experimental animals with
increased expression of Macrophage Inflammatory Proteins
(MIP), Interleukin (IL), Monocyte Chemoattractant Protein (MCP),

Table 1
Types of NPs, does, size, study at various medium and final findings of various nanomaterials.

Type of
nanoparticle

Dose / size of
nanoparticle

In vivo/ex vivo/in vitro study Finding Reference

TiO2 400-lg TiO2 per
cm2, 4–90 nm

In vivo porcine ear skin Discovered in the SC, stratum granulosum,
prickle cell layer and basal cell layer but not in
dermis

Wu et al., 2009

TiO2 and
ZnO

Ex vivo porcine skin Able to penetrate through porcine skin, but
not to deeper layer

Gamer et al. 2006

TiO2 and
ZnO

ZnO: 3.0 lmol/g,
TiO2: 0.41 mol/g

In vivo skin obtained by biopsy with present at the skin
surface and in the uppermost SC regions

Filipe et al. 2009

ZnO Uncoated
(65.5 ± 35.6 nm)
and coated
(74.3 ± 32.3 nm)

In vivo human skin Penetration only into the superficial layers
of the SC, with no penetration to the viable
epidermis and no apparent toxicity in the
viable epidermis

Leite-Silva
et al.2016

ZnO 19 and 100 nm In vivo human 68Zn was not detected in blood and urine, and
only trace was tracked after 5 days

Gulson et al.2010

Silver 20–80 nm, 34.0–
0.34 lg/ml

In vivo porcine skin On top of the SC and the superficial layers of SC Samberg et al.2010

Silver 20–50 nm In vitro the mouse skin samples from the Franz diffusion
cell system. Investigation on dependence of the
nanoparticle’s shape on penetration was carried out.

TNP in the SC region whereas SNP in a viable
epidermal layer was observed, indicating that
both TNPs and SNPs could not penetrate
through the dermal–epidermal junction into
the underlying dermal layers. Rod-shaped
nanoparticles were observed with high
penetration ability through dermal–epidermal
junction

Taket al.2015

Silver SNPs: 50 nm,
length and
diameter of RNPs:
50 and
20 nm, TNPs: 2 nm
thick
equilateral
triangular length
of 50 nm

In vitro Franz diffusion
cell system
In vivo mice skin

RNPs: most penetration, SNPs: moderate
penetration, TNPs: lowestpenetration, presence
of an SC and a collagen- and muscle-
filleddermis. No major differences with
differently shaped AgNPs

Taket al.2015

Silver 10, 30, 50 lg/ml In vitro human skinkeratinocytes
(HaCaT)

Observation of apoptosis symptoms, decrease
of cell viability and
induce production of reactive oxygen species

Auffanet al.2009

Gold 15 and 6 nm, 90 lg/
ml

Ex vivo excised human skin Aggregation of AuNP (15 nm) in aq. solution on
the surface SC but penetration of AuNP (6 nm)
in toluene through SC and into epidermal layers
of human skin

Labouta et al.2011

Gold
nanorods

100 ll, 500 lg/ml In vitro skin permeation using a Franz-type diffusion cell Penetrated into the SC Lee et al.2013

Gold 2 ll (5–10 nm) in vitro human keratinocytes cell line Penetration of NPs through the barrier of the
SC, epidermis and the dermis. Nanoparticles
were found over 500 lm deep into the skin

Goldsteinet al.2014

Gold 22–186 nm In vivo rat skin In epidermal layers just below the SC Raju et al.2018
Gold 90 mg/ml, 437 mg/

ml
In vitro human skin
permeation using a
Franz-type diffusion
cell

Penetration increases with increasing
concentration and propertyof hydrophobicity,
also by decreasing the size of NPs

Labouta et al.2011

Gold 109–1011 NPs/ml Ex vivo rat hind-paw
skin
In vivo rat hind-paw
skin

Epidermal penetration but in rats exposed to
AuNPs demonstrated nanoparticles in blood,
and histological analysis revealed

Raju et al.2018

Quantum
dot

8.40 � 5.78 nm; 1,
2 and
10 lM for 24 h

In vivo porcine skin Penetration of QD through the uppermost SC
layers of the epidermis and near hair follicles.
QD were found in the intercellular lipid bilayers
of the SC

Zhang et al.2008

RNP: Rod-shaped nanoparticle; SC: Stratum corneum; SLN: Solid lipid nanoparticle; SNP: Spherical nanoparticle; TNP: Triangular nanoparticle.
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keratinocyte chemoattractant, Granulocyte-macrophage colony-
stimulating factor (GM-CSF), Chemokine (CAC motif) ligand 17
(TARC), activation of the stress-activated mitogen-activated pro-
tein kinases (MAPKs) p38 and Jun N-terminal kinase (JNKs). The
results suggested that through the elicitation of an oxidative stress
mechanism, nanomaterials may share pro-inflammatory disease
operations in the lung, especially allergy diseases [186,187]. A pos-
itive role of nanomaterials in the immune system has been
explained by Elechiguerra et al., in a study on the interaction of
nanomaterials with microorganisms such as the HIV-1 virus. The
silver nanomaterials under a size-dependent interaction with the
HIV-1 virus showed that silver nanomaterials in the range of 1–
10 nm exclusively united to the virus, because of this interaction,
the silver nanomaterials prevent the virus from binding to the
human host cells [188].

Oxidative stress is the main mechanism of toxicity in cellular
organelles induced by engineered NPs due to some factors such
as size, particle surface, presence of metals, and composition. Cel-
lular oxidative stress causes damage to the mitochondrial mem-
brane and immune cell activation acts as an early indicator of
cellular stress. Mitochondrial membrane damage leads to mito-
chondrial abnormality function, a major step in cell death and cell
injury [189,190]. Oxidative stress response which is caused by NP
is a starter for numerous pathophysiological effects including;
genotoxicity, fibrosis, and inflammation as investigated by activa-
tion of associated cell signaling pathways [191]. The cytotoxicity
mechanism of SiO2 nanomaterials in human embryonic kidney cul-
tured cells (HEK293) has been investigated by Wang et al., They
noticed a dose-dependent reduction in cell viability, a reduction
in reduced glutathione content, and a rising level of intracellular
ROS. These studies showed that the cytotoxicity of SiO2 nanomate-
rials on kidney culture cells HEK293 was related to oxidative stress
[192].

Besides the common paradigms of nanomaterial toxicity (in-
flammation and oxidative stress), there are other mechanisms of
nanomaterial toxicity such as lysosomal and autophagy dysfunc-
tions. Lysosomal cells are considered the most common NPs reser-
vation and degradation intracellular sites. Lysosomal and
autophagy dysfunction pathways have been attached to a variety
of diseases. Autophagy dysfunction can be induced by some nano-
materials resulting in autophagic cell death or apoptosis [193].
Autophagy dysfunction has an important role in both cancer devel-
opment and progression [194] as it might allow the damaged orga-
nelles such as mitochondria to pile up, which can further induce
oxidative stress, DNA damage, and inflammation subsequently.

Vietti et al. highlighted the indirect and direct effects of CNT on
fibroblasts. Both contribute to fibrogenic activity in the lung. Porter
et al., carried out in vitro studies and revealed that a dose range of
CNT between 1 and 100 lg/ml induces effects on the different cell
types. The dose range used in in vivo experiments (10–100 lg/m
ouse, corresponding to 0.5–5 mg/kg) is relevant for the human
exposure scenario [195].

5.3.5. Genotoxicity of nanomaterials
Several methods have been adopted for testing the genotoxicity

of nanomaterials. They include mutations, chromosomal aberra-
tions, micronucleus formation, oxidative DNA damage, DNA strand
breaks, and DNA adducts [196,197]. Various studies reported that
TiO2 is genotoxic by its nature [165,198,199]. However, there are
several studies [200–202] that reveal that TiO2 is not genotoxic.
Moreover, Sahu et al., utilized genotoxicity tests, the flow cytomet-
ric in vitro micronucleus test and the cytochalasin B-blocked
micronucleus test, in vitro models (Caco2 cells from the colon
and HepG2 cells from the liver) to compare the potential genotox-
icity of two dissimilar sizes of nanosilver (20 and 50 nm) having
similar surface charge, shape, composition and obtained from the

similar commercial source. They observed that the smaller size of
nanosilver (20 nm) was genotoxic by inducing micronuclei for both
the cell types, but the larger size (50 nm) produced a weak
response [203,204].

6. Impact of nanomaterials on ecosystem and animals

Since the introduction of nanomaterials (NMs), new technology
has been developing day by day and extended to include most life
aspects. However, the toxic effect of such materials must be delib-
erated to evaluate their impacts on the living organisms which live
in terrestrial and aquatic environments [205]. NMs elements and
their physicochemical properties may act as disturbing factors
for organism development which interfere with their ordinary
physiological functions, causing malformations that can be lethal
for the embryos and growing animals. Not only does the chemical
structure of NMs affect normal mechanisms, but the size of NMs
itself has some properties which interfere with the chemical, phys-
ical, and biological activities of living organisms [45]. Cells have
different reactions according to NMs sizes. Tiny nanomaterials
can enter the cell easily by penetrating its membranes and reach
to organelles. TiO2 nanoparticles can target mitochondria and
cause mitochondrial dynamic imbalance [206]. It might alter the
cell metabolism causing cell death ultimately. If NMs are not in
small sizes, they can’t break through the cell and overlap with
the cell membrane disrupting its functions (e.g., signal transduc-
tion and ion transport).

Furthermore, membrane lipid bilayers can be destroyed by pos-
itive electric charges of NMs, and surface coating of nanomaterials
can also cause a disturbance effect on cell structure [207]. In a pre-
vious study, the ecotoxicity effects on some fish species, algae, bac-
teria, and mollusks as well as mammals had been studied by
Handy et al.,[45] The data on biological effects revealed that nano-
materials can be toxic for these species. Diverse living models are
used in more recent studies to measure the potential effects of
NMs on living organisms. Using models from mammals (mice) or
bony fishes (zebra fish) showed that nanomaterials (cadmium
oxide NPs in mice and silica NPs in zebra fish) cause injurious
effects on the embryonic and reproductive system [208,209]. Like-
wise, some more experiments with rat models showed the true
hazardous effects of nanomaterials on the brain. During an exper-
iment, an exhibition of Cu-NMs (40 and 60 nm diameter) encour-
aged an increase in brain capillaries endothelial cells when a low
concentration of NM was applied (about1.5 lg/mL) in the rat. Fur-
thermore, higher concentrations (about 50 lg/mL) encouraged the
increase of prostaglandin E2. TNFa and ILb Extracellular levels
were significantly high and the toxicity affected the blood–brain
barrier finally [210]. Similarly, another study on rat resulted that
an exposition with24 hours to Ag-NMs (25, 40, and 80 nm diame-
ter) affected the blood–brain barrier, causing a pro-inflammatory
reaction that developed later into a brain inflammation joined with
neurotoxic effects [211]. In the same direction, a comparable inves-
tigation carried out on pigs resulted in a pathogenic effect on the
blood–brain barrier in presence of 40 and 60 nm Cu-NMs, 25, 40,
and 80 nm Ag-NMs and 3 and 5 nm Au-NMs [212]. While Au-
NMs exposed cells in mice showed a heavy chain degeneration of
a cytoskeleton protein clatter in 72 h [213].

For the liver organ, Van der Zande et al., treated rats for 28 days
orally with 15–20 nm nanosilver. They observed that nanosilver
particles reached all examined organs with elevated levels in the
liver and spleen [214]. The data collected from numerous rodent
models indicate that liver cells play the main role in nanomaterials
metabolism [215], and most nanomaterials often accumulate in
the liver [216] when taken by the oral path and hold in cells, lead-
ing to tissue damage. For the potential disorders in the cardiovas-
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cular system as a result of exposure to nanomaterials, Du et al.,
used rats’ models to estimate the toxicity of silica nanomaterial.
They used the hematologic parameters, oxidative stress, inflamma-
tory reactions, myocardial enzymes in serum, and endothelial dys-
function [217]. Silica nanomaterials were detected passing into
systemic circulation through the alveolar-capillary barrier. The
results showed that the toxicity of silica nanomaterials in the car-
diovascular system was dependent on dosage and particle size, the
oxidative stress played a substantial role in endothelial dysfunc-
tion and inflammatory reaction. Persistent cardiac toxicity due to
exposure to various sizes of gold nanoparticles by the tail vein in
rats has been reported by Yang et al., They evaluated the cumulat-
ing Au NPs in the rat heart and the effects on cardiac function,
structure, inflammation, and fibrosis. The left ventricular mass,
the left ventricular end-diastolic inner dimension and body weight,
heart weight were increased in rats receiving the smallest-sized
gold nanomaterials (10 nm) after only 2-weeks of exposure. It
has been concluded that cardiac hypertrophy is caused by gold
nanoparticles [218].

Several experiments have been carried out using Eisenia fetida
(earthworms). It was observed that apoptosis (cell death)
increased after exposure to Ag-NMs (20 nm). Apoptotic cells were
observed in the intestinal epithelium and cuticle, which are the
body parts exposed directly to NMs. They also influenced the nutri-
ent intake and the immune protection presented by chloragoge-
nous tissue [219]. The effects of TiO2-NMs on earthworms have
been investigated by several co-workers. TiO2-NMs (10 to 20 nm)
concentration, higher than 1 g/kg of soil have hazardous effects
on Eisenia fetida including damage to mitochondria, affecting enzy-
matic activities, and inducing apoptosis [220]. Fullerene-NM sub-
lethal concentrations decreased HSP gene expression and the
worms exposed to these nanomaterials showed cuticle damage,
and pathological signs on the epidermis, intestinal barrier, and
muscles [221,222]. Recently, an experiment was carried out by
Bourdineaud et al., to measure the toxic impact of exposure to gold
and silver nanoparticles (Au and Ag NPs) on the earthworm Eisenia
fetida in soil. The results showed that both Au and Ag NPs caused
oxidative stress as clarified by decreasing catalase levels and

increasing glutathione S-transferase and malondialdehyde concen-
trations [291]. Even at their lowest concentrations both Au and Ag
NPs induced DNA modifications and they can suppress gene
expression shared in the defense system and stress response. The
negative impacts and exposure of nanomaterials on various forms
of animals and the environment have been represented in Fig. 3.

Amphibians have destruction-reconstruction phases, but a lot
of apoptotic cells were observed in tadpoles in that phase which
make it fragile [223]. Transformation is under thyroid and pituitary
control. Hence amphibians consider premium models to evaluate
the toxic effects of substances such as NMs on the thyroid and pitu-
itary. A study on Xenopus laevis tested Cu toxicity under three dif-
ferent forms. Cytotoxic effects depend on the compound formed
and the cell cycle stage. Mitotic cells treated with the three forms
of substances have a significant increase in the number of cell
death and cells stopped division. Treatments after 48 h as well as
6 and 7 days, with 6 nm CuO-NM or Cu++, respectively, induced a
significant reduction of cell propagation and an increment in apop-
tosis (cell death) [224]. Another study on amphibian’s embryonic
development showed a weak fatal effect on embryos. TiO2, CuO,
and ZnO nanomaterials did not cause embryo death but induced
teratogenic effects, especially on guts when concentrations are
higher than 50 mg/L. ZnO-NMs caused the most damaging effects
on the gut barrier which reached the connective tissue. TiO2-NM
showed weak teratogenic and hidden physiological effects [225].
An interesting study was dedicated to the transfer of NMs along
the food chains by Unrine et al., when they exposed Eisenia fetida
(earthworms) to 10–20 nm Au-NM which was later eaten by bull-
frogs Lithobatescates beianus (Group I). The effect of NM exposure
was compared with the bullfrogs, who directly consumed the same
NMs (Group II). The presence of Au NM was detected in many
organs viz. liver, intestine, spleen, muscle, kidney, and stomach
of the frog. About 0.12 % and 0.09 % NM were detected in Group
I and respectively. These results demonstrated the possibility of
Au-NM transfer through food chains. Spence et al., studied the
harmful effects of zinc oxide NPs on amphibian (Taricha granulosa)
life stages. For the egg stage, the results showed that 10.0 and
100.0 mg of ZnO NPs caused higher mortalities. While larvae

Fig. 3. Adverse impacts of nanomaterials on various animals and the environment.
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exposed to 10.0 mg concentration for 24 hr hatched earlier within
5 days with decreasing in development, and smaller size than the
control. Both concentrations 10.0 and 100.0 mg exhibited larvae to
sublethal effects, increased mortality in this stage by up to 75 %,
and caused severe gill degradation. They concluded that NPs can
have lethal and sublethal effects on all amphibians’ life stages.

Considerable amounts of nanomaterials are found in both mar-
ine and rivers aquatic environments. Several investigations have
been carried out to evaluate the effect of nanomaterials on aquatic
living organisms. The novel studies consider nanomaterials as a
new type of pollutant and their effects depend on their size. Zebra-
fish (Danio rerio) is considered an ideal model for studying the eco-
toxicity effects of nanomaterials on marine life. In vitro studies by
Myrzakhanova et al., on zebrafish showed that Ag-NMs cause neu-
rotoxicity. Furthermore, Ag-NMs affected the embryonic develop-
ment of zebrafish and the nervous system of adults leading to
malformations and ultimately to mortality [226]. Similarly, Ni-
NM was also found responsible for malformations, mortality, and
thinning of the intestine. A large particle of Ni-NM (60 nm) clusters
is toxic to skeletal muscles and the intestine [227]. The effect of
TiO2-NM consumption by Danio rerio embryos and larvae during
the growth phase has been studied. In the first experiment, the
nanomaterials were added to their commercial food while, in the
second experiment, fishes were fed on algae exposed previously
to TiO2-NM. At low concentrations, premature hatching was
observed while the impact on young animals was not significant.
But, after 14 days of exposure to contaminated food, the digestive
physiology was altered [228]. In the different trends of experi-
ments, the zebrafish in vivo model was utilized to assess silica
nanomaterial effects on the cardiovascular system. The effects

were measured by using toxicological biomarkers, oxidative stress,
cytotoxicity, and apoptosis. The results indicated that apoptosis
and oxidative stress as prime factors for endothelial cell dysfunc-
tion, the exposure to silica nanomaterial is a potential hazard fac-
tor for cardiovascular system failure [229]. A recent study on the
toxic impacts of exposure to high concentrations of silver nanopar-
ticles was carried out on common carp fish (Cyprinus carpio). The
findings revealed that silver nanoparticle bioaccumulation resulted
in histopathological changes such as damaged gill tissues leading
to necrosis and severe alterations in the intestine, which mostly
occurred at the highest concentration of silver NPs of 0.09 mg/L
[230].

Crustaceans are often used to evaluate the effects of toxic mate-
rials in polluted environments. The toxic effects of AgNO3 and
AgNM were investigated in Daphnia magna. Swimming apostasy
and teratogenic effects were observed according to the Ag form
and concentration. NM was aggregated under the carapace of crus-
taceans, affecting the animal swimming directly [231]. Persistent
exposure of Daphnia magna to contaminated algae with TiO2-NM,
affect reproduction and growth [232]. X-ray fluorescence spectro-
microscopy was used to study the Ti limit of detection (LOD) and
limit of quantification (LOQ). LOD and LOQ were found to be
50 mg/kg for algae. Whereas, LOD and LOQ were 100and
150 mg/kg respectively for daphnia. Ti concentration increased in
algae with nano residue concentrations exposed (Fig. 4). A signifi-
cant amount of nano-residues was detected through l-XRF in the
gut of juvenile and adult daphnia which were fed with
nanoparticle-exposed algae (Fig. 5).

Newly, a study aimed to evaluate the potential toxicological
effects of silver nanoparticles (AgNPs) in the aquatic environment
was made by utilizing micro-crustacean Daphnia lumholtzi as a
model. Crustaceans in freshwater were exposed to two Ag NPs con-
centrations (0.2, 0.5 lg/l) for 21 days. The reproduction rate of D.
lumholtzi was significantly lower than the control for both concen-
trations. This result indicates that a concentration higher than 0.2
of AgNPs can cause a toxic effect on D. lumholtzi reproduction rate
during the exposure period of 21 days. The results concluded that
Ag NPs have toxic effects on D. lumholtzi and it can be used as a
potential ideal model for assessment of the toxicity of nanomateri-
als in freshwater [233].

Mollusk is another excellent animal model to evaluate the
effects of toxic chemicals, pollutants, and nanomaterials in seas
and oceans. The effects of SnO2, CeO2, and Fe3O4 nanomaterials
were experienced on immune cells in the sea urchin Paracentrotus
lividus. NMs were found in the sea urchins’ immune cells. These
cells have shown a decrease in cholinesterase activity, distur-
bances in stress protein regulation, and morphological alterations
in ER lysosomes [234]. NP effects on trans-Golgi apparatus were
studied through WGA-staining. Several strongly stained vesicles
were seen in control cells. But, a lesser number of stained vesicles
were seen in coelomocytes obtained from NP-fed sea urchins
(Fig. 6A-7B). These vesicles were polarised on a single side of the
cell, and this localization did not depend on the type of metal oxide
nanoparticle (Fig. 6C–7H). In contrast, the DiOC6-stained endoplas-
mic reticulum showed a flat vesicle network in controls (Fig. 7I).
Whereas, strictly packed non-resolvable membranes were seen in
sea urchin cells fed with CeO2 and Fe3O4 nanoparticles (Fig. 6L),
sea urchin cells fed with SnO2(Fig. 6J) showed structures like
controls.

7. Impact of nanomaterials on plants

Although using nano-fertilizers and nano-pesticides has many
positive benefits for agriculture, it has some negative effects
related to use in the long term which affects some physiological

Fig. 4. Ti content measured by l-XRF in contaminated algae and within individual
daphnia juvenile [232].

Fig. 5. Ti distribution within dried daphnia fed during 21 d with contaminated
algae obtained by l-XRF [232].
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processes and causes deformations in plants causing reduced pro-
duction. Moreover, these nanomaterials can enter plants and thus
reach humans and animals through the food chains and food webs,
causing hazardous diseases in the future. NMs can be absorbed by
plants from water, soil, and the atmosphere. Relying upon the
exposure mode and physical/chemical properties of the NMs, the
uptake diverges to a wide range [235]. Carbon-based nanomateri-
als (CNMs) such as fullerene, carbon dots, and graphene utilized in

numerous potential applications have been used for phytotoxic
tests increasingly because of their ability to enter through the cell
wall and plasma membrane [236]. Furthermore, metal NPs such as
silver (Ag), iron (Fe), copper (Cu), aluminum (Al), silica (Si), gold
(Au), and zinc (Zn) and their oxides such as titanium dioxide
(TiO2) and zinc oxide (ZnO) have been utilized for numerous appli-
cations in environmental remediation, agriculture and food pro-
cessing research areas [237–242].

Fig. 6. Impact of different NPs on coelomocyte ER and lysosomes coelomocytes stained with: (A-H)WGA or (I-L) DiOC6 [234].

Fig. 7. Impact of nanomaterials toxicity to plants.
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Studies on cultures of leaf cells treated with multi-walled car-
bon nanotubes (MWCNTs) produced in Oryza sativa leads to an
increase of apoptotic processes (cell death) and reactive oxygen
species (ROS) [243]. A decrease in superoxide-dismutase activity
(SOD) in Arabidopsis related to the decay of chlorophyll production
[244] was observed.

Numerous plant species can absorb NMs through roots and
translocate them in stems and leaves [235], depending on the
growth medium and the types of NMs and plants. Tests on hydro-
ponic maize cultures referred to those slimy suspensions of TiO2-
NMs (1 g/L) with 30 nm size that harmed the primary roots’
hydraulic conductivity by the physical action on the cell wall pores
that influenced the perspiration and leaves growth. NMs can
induce a cytotoxic effect on roots either after penetrating their
organelles and cells or by making chemical changes in the sur-
rounding medium or soil by obstructing the roots’ absorbing func-
tion [245]. Treating maize seedlings with 1000 mgL-1

concentration of silicon dioxide (SiO2) NPs reduced both shoot
fresh weight and shoot length. While treating maize seedlings with
titanium dioxide (TiO2) NPs with the same concentration caused a
reduction in pigments content (total chlorophyll content and
chlorophyll/carotenoid ratio [246]. In addition, exposure of thale
cress plants (Arabidopsis thaliana) to TiO2-NMs with 100–1000 m
g/Lconcentrations causes a reduction in Chlorophyll content, plant
biomass, and antioxidant enzymes modifications [247]. Plants of
Zea mays, Daucus carota, Cucumis sativus, Glycine max, and Brassica
oleracea treated with Al2O3-NM haveshownd a reduction in root
elongation because of the toxic action related to the particle’s sur-
face characteristics [248]. Hydroponic cultures of Lolium perenne
treated with ZnO-NM and Zn2+ ions showed that ZnO-NMwas able
to penetrate the cells and cross root cell walls and reach vascular
tissue via the endodermis. The uptakes damaged the cortical and
epidermal cells and reduced the plant biomass [249].

Active mitotic tissues (root meristem) of different plant species
were tested for cytogenetic aberrations induced by NMs. Roots of
Allium cepa, Nicotiana tabacum, and Glycine max were vulnerable
to Ag, ZnO, CeO2, and TiO2 NMs for cytological analyses [250], mea-
sured by random amplified polymorphic DNA (RAPD) and DNA lad-
dering techniques. The root growth suppression in the treated
plants was linked to cell division errors and chromosome behavior
such as bridges, multiple breaks, micronuclei release, early chro-
mosome separation, and DNA damage. The same results had been
observed by De et al., after treating Allium cepa plants with Al2O3-
NPs with different concentrations ranging from 1.25 to 5 lM and
the impact include micronuclei and DNA damage with increased
concentrations [251]. Some examples of nanomaterials’ toxicity
effects on plants have been illustrated in Fig. 7.

In tomatoes, the multi-walled carbon nanotubes (MWCNTs) can
penetrate seedling roots and the seed coat through cell wall pores
and enhance the ability of the plant to absorb water, with a good
positive effect on germination and seedling growth. Concentra-
tions of 50–200 lg/mL improved the reproductive and vegetative
growth up to the double rate of flowering and fruiting [252–
255]. Lu et al. observed that titanium and silicon dioxide NMs have
increased soybean germination, and early growth as well as antiox-
idant defenses and nitrate reductase [256]. While Lei et al., con-
cluded that titanium dioxide (TiO2) NMs enhanced growth and
photosynthesis rate in spinach through nominate ameliorations
in photo-system activity II and electron transfer; likely these ame-
liorations were a function of reduced oxidative damage as a result
of the maximal antioxidant response [257]. Zheng et al. showed
that exposure to TiO2 nanomaterial had increased spinach germi-
nation significantly at lower concentrations (250–4000 mg/L) but
exposure to higher levels (6000–8000 mg/L) had shown phytotox-
icity effects [258]. Although 20 and 200 mgL-1concentrations of
alumina NMs did not affect root elongation, when exposed to

2000 mgL-1 concentration it decreased the root growth of corn,
broccoli, cucumber, and carrot crops by 13 % [248].

Nevertheless, the toxic nature of nanomaterial and bulk copper,
silver, silicon, zinc oxide, and MWCNTs on root elongation and ger-
mination of zucchini has been investigated by Stampoulis et al.,
and they concluded that exposure regardless of particle size has
no toxicity effect [259]. Similarly, exposure to copper NM in wheat
and bean seedlings for 48 h has been studied by Lee et al., They
noted that both species had a 40 % reduction in biomass at 200
mgL-1 and an 80 % reduction at 1000 mgL-1[260] While, many other
studies have reported no public effects on total plant mass, but
noted a reduction in the mass of stem and increase in the root bio-
mass with concentrations of 500 and 2000 mg/L silver NM when
exposed [261]. Green peas plants (Pisum sativum L.) were treated
with bulk and nano-ZnO for 25 days with concentrations (control,
125, 250, and 500mg kg�1) in the soil. Treatment with 500 mg kg�1

nano-ZnO has caused lipid peroxidation and higher ROS produc-
tion in leaves, while the bulk-ZnO treatment does not affect lipid
peroxidation [262]. Hence this result gives evidence of higher tox-
icity of ZnO NM as compared to the bulk form. Wang et al., cleared
that iron oxide NM with 30, 100, and 500 mgL-1 concentrations
induced greater stress/toxicity in pumpkin and ryegrass when
measured by oxidative enzyme activity and compared with its bulk
material [263].

8. Environmental fate and behavior of nanomaterials

Release of NMs in the environment may occur during trans-
portation, and production and while disposing of the products at
the end of their use. For instance; wastewater sewage, sludge,
waste incineration residues, and landfill leachates all probably con-
tain NMs. When these NMs are released into the environment the
distribution and behavior are determined by the actual properties
as well as the environmental conditions. To understand their envi-
ronmental fate and behavior, the aquatic phase seems to be the
starting or the main point of possible entry and dispersion in the
environment, because the aquatic phase creates a link between
the other environmental compounds such as sediment, soil, and
air [264]. The transformation process occurs after the release of
the NMs into the environment. Transformation occurrence
depends on the environmental conditions and the nature of the
nanomaterials. However, the variability and complexity of both
factors predict their behavior as extremely challenging [265].
Transformations can be subdivided into physical, and chemical
interactions with other substances and surfaces and biological pro-
cesses. Physical processes include agglomeration, aggregation, and
sedimentation, while chemical processes include dissolution,
reduction, photocatalytic degradation, oxidation, and precipitation.
Interactions with other substances and surfaces include adsorption
and desorption processes, while biologically mediated processes
include bio-modification and biodegradation, most probably by
microbes [266,267]. These categories in some cases are overlap-
ping because they are highly interlinked and influence each other.

Transformation processes, chemical transformation, and photo-
catalytic degradation are the chemical change induced by the light,
which includes photocatalytic NMs irritation (absorption of a pho-
ton causing generation of free radicals) and photolysis of the NM or
components of the NM (e.g., the coating material degeneration).
For NMs the focus is on the relationship between photochemical
reactions and their potential phototoxic effects. For instance; some
metal oxide of NMs can work as photocatalysts and when irradi-
ated (absorption of photons) produce reactive oxygen species
(ROS) causing toxic effects e.g.; TiO2 NMs were found to be extra
toxic (2–4 times higher) to the crustacean D. magna and the Japa-
nese fish Medaka under artificial solar radiation compared to expo-
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sure under surrounding laboratory light [268] Oxidation is oxidiz-
ing nanoparticle surface molecules or atoms by loss of electrons,
while reduction is reducing nanoparticle surface molecules or
atoms by the uptake of electrons. Speciation or complexation of
NMs (released molecules or ions) can be defined as linking with
other molecular or ionic chemical substances dissolved in the envi-
ronmental matrix (e.g., the NM surface chemisorption to form a
surface coating). Oxidation-reduction reactions (redox reactions)
have an important role in several natural phenomena ranging from
cellular respiration to geological processes through complex or
simple reactions including electron transfer between chemical spe-
cies [269]. For instance, Auffan et al. suggested that the cytotoxic-
ity of metallic (metal oxide or metal) nanomaterials is correlated
with their potential to be reduced, dissolved, or oxidized in in-
vitro biological conditions [270]. The transfer of electrons or ions
during redox reactions is considered a major source of toxicity
for metallic NMs. When a solid NM dissolve (release of individual
molecules or ions) in water, the phenomenon is known as the dis-
solution process [271].

Nanomaterials are multi-molecule objects consisting of metals
in their elemental state (Me0) or crystal solids. NMs could be sol-
uble to different extents ranging from non-soluble, poorly soluble,
completely soluble, or partially soluble. The way they dissolve will
affect their environmental behavior, effects, and fate [272], which
may be controlled by their particulate shape or the existence of dis-
solved species. When nanomaterials are dissolved in the aqueous
media, molecules or ions may react with media ingredients, e.g.,
anions such as sulphate, hydrogen carbonate, organic matter, and
chloride to form for example; dissolved metal complexes or resi-
dues. Precipitation is the process when dissolved species form a
solid phase when the metal ions are released from the NM and
grouped into a solid material. The specificmetal complex formation
depends on media components (including the number of cations,
anions, and organic matter such as humic and fulvic acids), pH
and temperature. Approximately 200 various products containing
nano-silver particles have been registered for consumer use [273]
although Ag NMs have toxic effects on living organisms [274].
Hence, Ag NMs are under intensive environmental toxicological
research with efforts to link observed harmful effects to dissolved
Ag ions [275]. When nano-silver is released into the wastewater
system, nano-Ag particles turn into silver sulfide (Ag2S) nanoparti-
cles [276,277]. Blaser et al. estimated that the biocidal use of silver
(including ionic forms as well as silver nanoparticles) has reached
up to 15 % of the total silver emissions into sewage [277].

When Ag nanoparticles are released into the environment, the
reaction of sulphur and silver ions takes place. In a study, Lowry
et al. explained that after 18 months of nano-Ag particles, in addi-
tion to freshwater, the speciation of Ag in residues was dominated
by Ag complex and Ag2S leading to a reduction of S in organic mat-
ter which is another example of speciation change. Nevertheless,
Lowry et al., found that although Ag-NPs were transformed into
S-containing species, some of the added Ag was taken by plants,
insects, and fishes in the mesocosms showing that Ag produced
from the NPs was bioavailable in the aquatic environment even
after transformation. Physical transformations include agglomera-
tion which is primary particle reversible coagulation from clusters
[278]. Aggregation is primary particles’ irreversible fusing to form
larger particles from the same material. Agglomeration or aggrega-
tion can occur at all life-cycle stages of the nanoparticles such as in
production, during handling, and storage. If the NMs are not stabi-
lized or coated, these processes will occur inevitably, even whether
the nanoparticles are in powder or solution form or hanging in the
air [266,278]. Both agglomeration and aggregation in test media
depend on the chemical composition, size, and surface charge of
the nanoparticle as well as media composition, mixing rates, and
the presence of natural organic matter such as humic acid [279].

The effects of different concentrations of the Suwannee River Ful-
vic Acid (SRFA), ionic strength, and pH on the aggregation of
5 nm TiO2 bared particles were studied by Domingos et al., Aggre-
gation was observed to increase at the pH values near the zero-
point charge. Furthermore, adsorption of the SRFA was observed
as a result of less aggregation rate of TiO2 nanoparticles, perhaps
due to steric repulsion increased [280]. Sedimentation is the pro-
cess when NMs in suspension settle out of the water phase. There
is a clear link between sedimentation and agglomeration as a result
of the transfer of particle size distribution towards the higher side.
During the agglomeration process of scattered particles, agglomer-
ates or larger particles will diffuse more slowly but under gravity,
it tends to settle more rapidly. Sedimentation may be affected by
gravitational agglomeration. The smaller particles (slower sedi-
ment) are captured by larger particles. Quik et al. found that the
sedimentation of CeO2 NMs was sizeable in synthetic algae media
(average particle diameter: 417 nm) compared to deionized water
(average particle diameter: 301 nm) [281]. The addition of natural
organic matter (NOM) is found to reduce agglomeration in algal
media while sedimentation with NOM concentration increases.
Interactions with other surfaces can take place in two ways (i)
NM can act as sorbent: when the other substances are adsorbed
onto the NM surface and (ii) NMs as sorbate: when NMs are
adsorbed onto other surfaces. Desorption is the detachment of
the NM into the water from the other surfaces. The studies showed
that the presence of natural organic matter (NOM) as well as
changes in pH affects NM adsorption [282–285].

The change in pH affects the colloidal stability as well as the dis-
solution of NMs. It happens due to the charge changes on the NM
surface. A positively charged NMmore easily binds to the soil since
most soils are negatively charged due to electrostatic forces. The
stabilizing effect of NOM on NM by sticking to the surface leads
to the formation of a steric coating around the particles. It results
in higher mobility of NMs in soil with high NOM content. Adsorp-
tion and desorption of NM on various solid surfaces have great
importance to understand their fate and transport in the environ-
ment. For instance; NMs may get adsorbed at particles of sus-
pended solids in water, soil, and sediments. It affects their
transport and mobility. If the organic matter gets adsorbed onto
the NM surface in the environment, the NM acts as a sorbent.
The solubility and retention of CeO2 NM in 16 various samples of
soils with different chemical and physical characteristics were
studied by Cornelis et al., [283] They carried out an investigation
for Ce, ionic Ce, and bulk CeO2 and CeO2 NM (20 nm in powder
form). After making suspension in the media the particles rapidly
agglomerated and size increased from 20 nm to 130 nm at 5 pH.
Bigger particles (�1 lm) were observed at pH < 4.5 with the addi-
tion of phosphate and citrate. They concluded that citrate and
phosphate addition and pH changes affected the agglomeration
type. Biological transformation is a biologically mediated process
when the NM undergoes a transformation due to the presence of
living organisms. This includes processes viz. degradation, biologi-
cal oxidation, and interactions with bio-macromolecules excreted
by micro-organisms. Biodegradation is the biological process that
includes the decomposition occurring to the organic substance
by microorganisms. This process is not related to inorganic NMs,
even carbon-based NMs such as CB and CNTs, which tend to have
non-organic nature and are generally considered flexible to biotic
degradation. In a study about the biological mineralization of 14C
labeled MWCNT using a mixed bacterial culture, after 7 days incu-
bation period at 39 �C, 2–7 % mineralization has been observed
[286]. Saleemi et al., have discussed the mechanism of antimicro-
bial activity of CNT-based nanocomposite material including the
individual and synergistic effects on the cell [287].

Bio-modification is a biological process-meditated transforma-
tion. Bio-modification occurs after uptake by organisms and pro-
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cesses that are mediated obliquely by an organism. For instance;
by exudates releases that are linked to the NMs achangesnge their
properties. A lot of studies investigated the modifications of NMs
as a result of plant uptake. Zhang et al. observed that CeO2, which
is considered stable under normal environmental conditions, could
be biotransformed in cucumber plants [288]. The researcher sug-
gested that CeO2 NMs are adsorbed first onto the surface of the
root and then dissolve partly. It is suggested that substances like
ascorbic acid, release from the roots take part in this process and
the organic acids (e.g., citric acid) enhance CeO2 dissolution. The
transformation of NMs by aquatic animals such as Daphnia magna
was studied by Roberts et al.,. They found that Daphnia magna was
able to ingest and modify lysophosphatidylcholine-coated single-
walled (CNTs). The CNTs ingested by normal feeding behavior
and the coating of lysophosphatidylcholine are utilized as a food
source. This changed the dispersibility of the CNTs which was
probably caused by the removal of the lipid coating of the CNT
[289].

9. Challenges and future prospects

Several challenges have been observed during the development
of nanotechnology and methods based on nonmaterials. Detection
and characterization of nanomaterials create many big challenges
due to their ultra-small size. It became very difficult to differenti-
ate the manufactured nanomaterials from particular similar natu-
ral materials. The lack of proper sensitive and selective techniques
required for measuring the size, number, and surface area precisely
was another limitation. The diversified form of nanomaterials in
nature and their properties makes it more difficult its identification
and proper characterization. During its exposure to the natural
environment or biological components further, it became more
complex to track the nanomaterials in the system and to investi-
gate its effects on different systems of organisms exposed to nano-
materials. Since 2006, the Organisation for Economic Co-operation
and Development (OECD) has co-ordinated, via its Working Party
on Manufactured Nanomaterials (WPMN), an extensive pro-
gramme (Testing Programme) on the testing of manufactured
nanomaterials. One planned outcome of the Testing Programme
was information for evaluating the need for OECD Test Guidelines
(TGs) addressing additional Physico-chemical endpoints for nano-
materials. This programme included the testing of 11 types of
nanomaterials, some covering several nanoforms, for 59 endpoints
using OECD TGs and other methods. The OECD TGs are developed
for regulatory purposes and are agreed upon under the OECD
Mutual Acceptance of Data (OECD, 1981a), which is a legally bind-
ing instrument to facilitate the international acceptance of infor-
mation for the regulatory safety assessment of chemicals. The
Testing Programme is aimed to explore the usefulness of OECD
TGs and assess the need for updated or new OECD TGs. The mate-
rials tested are Au, Ag (both colloidal solutions), TiO2, SiO2, CeO2,
ZnO, fullerenes (C60), SWCNTs, MWCNTs, nanoclays (all in powder
form) and dendrimers (liquid). It is useful to cover and address
Physico-chemical properties, environmental fate, and human and
environmental hazard properties [290]. The International Organi-
zation for Standardization (ISO) is also undertaking standardiza-
tion in the field of nanotechnologies that includes understanding
and control of matter and processes at the nanoscale. ISO estab-
lishes methods for characterizing the morphology of several non-
materials using transmission electron microscopy, X-ray
spectrometry, SEM, EDX, GC MS, photoluminescence spectroscopy,
and chemical analysis by energy dispersive X-ray spectrometry.

It is required to carry out detailed investigations on the adverse
effect of nanomaterials before launching the nanomaterial-based
technology and products commercially. It is also required to find

the hazard, evaluate the risks and formulate the precautions. It is
needed to develop safe technology and products. Evaluation of
long-term exposure to nanomaterials, complete investigations on
toxicological studies, and accurate dose–response database includ-
ing occupational exposure limits, threshold limit values, and occu-
pational safety and health administration-permissible exposure
limits should be carried out while developing new technology.
Proper risk assessment and analysis tools could alleviate nanoma-
terial exposure-related risks and reduce exposure within safe
limits.

10. Conclusion

The field of nanotechnology has been growing rapidly for the
last two decades tremendously. It has grown business from the
very quick obsolescence of present technologies to novel technolo-
gies. The applications of nanotechnology have been broadly
involved in electronics, medicines, energy, defense, food, agricul-
ture sector, disinfection, wastewater treatment, drug delivery, vac-
cine development, etc. However, extensive and non-judicious use
of nanomaterials leads to some environmental, health, and safety
concerns for the public. Therefore, in order to reduce the harmful
effects of nanotechnology, researchers, scientists, engineers, and
policymakers should work jointly to develop improved and safer
nanomaterials for sustainable use.
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ABSTRACT: Weeds are considered as undesirable plants which grows at any place, but they are 

harmful and interfere in human activities when found growing in crop fields, cultivations, parks, lawns, 

kitchen gardens etc. They grow aggressively and reproduce very fast so as to spread far and capture all 

land cormpeting with useful plants. Weeds are known to occur in all natural habitats, degraded barren lands 

and on roadsides too. Weeds though notorious, harmful they are also useful in several respects, i.e. used in 

traditional medicine system, applications in ethno-medicine and veterinary medicines. 

exploited by modem research in drugs as sources of novel phyto-compounds. 

They are also 

Flowering plants (Angiosperms) are very dominant and diverse and Chhattisgarh is rich in plant diversity. 

Flowering plants play 
Therefore a study was done at Govt, Digvijay college vicinity and surroundings to know the richness of 

flowering plant diversity and biodiversity of weeds. Twelve locations were selected and quadrant method 

was used for data collection. Each plant is studied with respect to their common name, botanical name, 

flowering and fruiting time along with their characteristics. 

important role in human civilization and development of natural resourees. 

KEY WORDS: Weeds, fowering plants, diversity, medicinal values. 

INTRODUCTION 

Weeds are unwanted, undesirable plants that interfere with usage of land, water. space and nutrients, and 

thus negatively affect crop yields of human interest. They are usually referred as plants growing in the 

wrong places. Weeds are known to occur practically everywhere. They are found on degrade, fallow 
lands, waste lands, along road sides, along railway tracks, at industrial locations, alongside ponds, lakes 
and varios water bodies. The harmful effects of weeds are greatest fell in agriculture where the unwanted 

weeds compete with crops for space, soil, water, nutrients, light and inputs; block irigation channels with 
their prolific growth and ultimately reduce the yields of crops and their quality (ICAR, 2000). 

Weeds are notorious because they increase the expenditure by involving the cumbersome process of 
weeding which has been described as one of the most laborious operations in agriculture (Puttoo, 2008). 
Weeds are also known to harbor insects, pests and harmful microorganisms, release poisonous toxins and 
growth inhibitory substances in the soil, thereby affecting surrounding cultivated plants (CSIR, 1992), live 

stock and human beings. They are known to hamper harvesting operations. The losses caused by weeds in 

agriculture far exceed losses from all other categories taken together (Subramanian et al, 1995). Besides 

bringing about reduction in crop yield, weeds reduce land value, affect the quality of produce, afect 
human efficiency, and block water bodies resulting in impediments and death of fish. The intense crop-
weed competition is a science in itself. One of the significant developments in agricultural technology in 

recent times has been the usage of chemical means viz. herbicides for weed control and this is a cost 

effective and less laborious option (Shinde et al, 2013); while some prefer integrated weed management 
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Leguminosae, also known as legume, pulses, pea and bean family, is considered as a large economically 

important family due to its proteinaceous value. Although nitrogen is the most abundant gas in the atmosphere, 

it is not directly taken by ordinary plants and animal. But root nodules of legumes have symbiotic bacteria which 

are capable of converting atmospheric nitrogen into assimiable form by breaking their triazide bond, which is 

later converted into amino acids and proteins. Biological Nitrogen fixation is a very important 
characteristic 

feature of this family due to this forming the building block for protein. About 83 plant species of this family 

are growing luxuriantly in Durg district of Chhattisgarh (India). Thus a wise farmer repeats growing plants of 

this family in their field for biological nitrogen fixation. Primary and secondary 
metabolites are components of 

members of legume family due to 
inter-conversion of various metabolites through metabolic activities within. 

the plant. Hence besides carbohydrates, proteins, fats and primary metabolites, they also consist of secondary 

metabolites like phenols, alkaloids, flavonoids, terpenes, terpenoids, glycosides, tannins, saponins, steroids etc. 

Antioxidants are compounds that inhibit oxidation, a chemical reaction that can produce free radicals and chain 

reactions, that may damage cells of organisms. The consumption of these plant products may protect organisms, 

directly or indirectly, from oxidative stress. Thus the present topic has been taken into consideration to find 

antioxidant properties of Bauhinia purpurea L. with the help of DPPH(1, 1-Diphenyl-2 
-picrylhydrazyl) 

scavenging activity. 

Keywords: 
Antioxidants, Secondary metabolite, Medicine, Bauhinia, Leguminosae, Durg 

1. INTRODUCTION 

Chhattisgarh is present in the heart of India and has a rich culhural heritage and numerous 
ethno-botanical 

medicinal plants. Bauhinia purpurea, locally known as "Sonpatt", is linked to the legend of Lord Rama (a deity 

in Hinduism) and is traditionally gifted to senior members of the family as a sign of love and Victory of Lord 

Rama over Ravana. The leguminosae family has many useful plants, ornamental plants, vegetables, crops, and 

is also important for its medicinal properties in local and tribal communities(Sutjaritjai et al.,2019, Kumar et 

al,2021). Bauhinia purpurea L. is a flowering plant species belonging to the family of leguminosae. Their 

different parts have been used in medicine for treatment of pain, fever, stomach pain, diarrhea, etc. (Annegowda 

et al.,2011). Due to the Phenol content, it has excellent antioxidant property. 
Antioxidant compounds have the 

ability to slow the process of oxidation by terminating the oxidation chain reactions (Kushwaha and 

Narayan,2018). 
Oxidation means transfer of electrons of a molecule to an oxidizing agent. Oxidation reaction 

is caused due to free radicals that start chain reactions immediately which result in damage to the living cells 

(Shrivastava et al.,2014). 
Antioxidants such as thiol or ascorbic acid (vit.C) may act to inhibit this chain reaction 

to balance oxidative stress in plants and animals. Vitamin A, C, & E are only dietary oxidants. Although certain 

level of antioxidants vitamins in the diet is required for good health, there is still considerable debate on whether 

antioxidants rich food has anti microbial or anti-disease activity (Maret et al.,2011). 
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Plant species used in cure of skin disorder among the indigenous communities of Durg district of 

Chhattisgarh state was conducted. Skin is considered as largest visible organ of human so directly comes 

in exposure to different diseases, thus people of all ages suffered mostly by ordinarily infections on skin. 

Most of the plant species described in the present paper are used in the treatment of Cuts, Burns, Wounds, 

Itching, Chicken-Pox, Ring Worm, Pimples, Scabies, Eczema, Leprosy, Abscess, Psoriasis, Inflammation, 

Rashes etc. Survey and documentation was done on the ethno-medicinal plants used by the tribal and local 

inhabitants of Durg district of Chhattisgarh, before such valuable indigenous knowledge fade away. A total 

of 35 plant species were documented by the help of local health healer for the treatment of skin disorder 

which belonging to 23 families of monocots and dicots. 

Keywords: Indigenous Knowledge, Folk Medicine, Skin Disorder, Chhattisgarh 

1. INTRODUCTION 

India has century's old legacy of medicinal plants and herbal medicines for curing human sickness (Tiwari, 

2015). Approximately 80% of the people in developing countries dependent on traditional medicines for 

their primary healthcare estimate by World Health Organization (WHO) (Kingston, 2009, Verma, 2016). 

There are estimated to be many effective plant-based formulation, used in folk medicine and known to 

tribal and local communities in Chh 

substitute for the most of the population in rural and tribal areas. In Chhattisgarh the knowledge accrued 

by the tribals through generation's shows he in-depth understanding of the forest resources and since 

medicinal plants are used in pharmacological research and drug development (Tiwari, 2015). In the present 

paper an attempt to document on medicinal plant species used to cure skin disorder by tribal and local 

tisgarh. Medicinal plants are only easily available health care 

communities. 

Secondary metabolites were also reported in these medicinal plants. The medicinal plants are rich 

of secondary metabolites which provides a type of defense to plants that's why they are very important 

properties of a plant. Secondary metabolites are plant derived organic molecules which have less nutritional 

value. However, they affect the various physiological processes in body and play role in defense 

mechanism to protect the body against diseases (Costa et al, 2012). Terpenoids, alkaloids, glycosides, 

tannins, steroids, saponins, phenolic compounds, flavonoids etc. are important secondary metabolites 

produced in plants. 
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Accepted 15 June 2021 Neurodegenerative disorders (NDs) are highly prevalent among the aging population. It affects 

primarily the central nervous system (CNS) but the effects are also observed in the peripheral 

nervous system. Neural degeneration is a progressive loss of structure and function of neurons, 

which may ultimately involve cell death. Such patients suffer from debilitating memory loss and 

altered motor coordination which bring up non-affordable and unavoidable socio-economic bur-

dens. Due to the unavailability of specific therapeutics and diagnostics, the necessity to control 

or manage NDs raised the demand to investigate and develop efficient alternative approaches. 

Keeping trends and advancements in view, this report describes both state-of-the-art and chal-

lenges in nano-biotechnology-based approaches to manage NDs, toward personalized healthcare 

management. Sincere efforts are being made to customize nano-theragnostics to control: thera-

peutic cargo packaging, delivery to the brain, nanomedicine of higher efficacy, deep braln stimu-

lation, implanted stimulation, and managing brain cell functioning. These advancements are 

useful 
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However, we observe a lack of knowledge shared among scientists of a variety of expertise to 

explore this multi-disciplinary research field for NDs management. Consequently, this review will 

provide a guideline platform that will be useful in developing novel smart nano-therapies by 

considering the aspects and advantages of nano-biotechnology to manage NDs in a personalized 

manner. 
Nano-biotechnology-based approaches have been proposed as effective and affordable 

alternatives at the clinical level due to recent advancements in nanotechnology-assisted therag 

nostics, targeted delivery, higher efficacy, and minimal side effects. 

design future therapy based on the severity of the patient's neurodegenerative 
disease. 
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countries from 1990 to 2019 [3]. The global health bur-

den of neurological disorders is around 8%. According 

to the Medicine in Development for Neurological 

Disorders 2018 report, 100 million Americans are 

affected by around 1000 different neurological diseases. 

The annual cost of neurological disorders in the US is 

$800 billion (Figure 1) [4]. It was estimated that in 

35 
Introduction: urgency of neurological 

disorder management 
6 

37 

Health agencies have declared neurological disorders 

(NDs,Comprise 600 conditions) as serious problems 

related to central nervous systems (CNS). Reports of 

the Global Burden of Disease (GBD), injuries, and risks 

factors 2016 study-based assessments via Disability-

Adjusted Life Years (DALY) confirmed the seriousness of 

NDs progression (19 NDs in 195 countries) [1]. 

According to the 2016 report, neurological disorders 

are leading DALYs (276 million) and the second leading 

cause of death (9.0 million) [2]. The Global Burden of 
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43 Europe, the economic cost of neurological disorders 

44 was~139 billion euros [5]. However, the worldwide 

45 data is unclear due to a lack of data management from 
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middle- and low-income countries. We believe these 
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statistics will provide the state-of-the-art situation and 

future possibilities. The socio-economic burden of ND 48 
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ABSTRACT 
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Received 7 February 2020 

Accepted 30 May 2020 The present work describes the synthesis, characterisation and antimicrobial activity of lignin-

polylactic acid (PLA) blended film. Film was prepared using co-polymerisation reaction of lignin 
and lactic acid in the presence of stannous chloride as a catalyst and poly(vinyl alcohol) to get 

the uniform film. The properties of the flm was studied by scanning electron microscopy (SEM), 

X-ray diffraction (XRD), differential scanning calorimetry (DSC) and thermo-gravimetric analysis 
(TGA), respectively. The lignin-PLA flm demonstrated a significant decrease in swelling ratio 

and tensile strength in contrast to PLA film. SEM analysis revealed proper blending of lignin 

into PLA matrix with slightly rough surface. Film was thermostable and amorphous in nature as 

confirmed from the thermal study and XRD analysis, respectively. Further, significant improve 

ment was observed in antimicrobial activity and biodegradability of PLA film after addition of 

lignin, which suggest the putative application of lignin-PLA film as the food packaging and 

KEYWORDS 

Lignin; poly lactic acid (PLA); 

biodegradability; 
antimicrobial activity 

mulch him materials. 

blends, copolymers and to reinforce it with various 

inorganic and organic fillers. 

Lignin, the most abundant polyphenolic com-

pound found in biomass, can be used as 

a renewable organic filler. It is the main component 

of the plant cell wall and binds to the cellulose and 

hemicellulose to provide mechanical support 

[1,9-11]. Lignin is widely acceptable for application 

in the synthesis of value-added products such as 

resins, films, foams, stabilising agent for nanoparti-
cles and nanofibers, it has various functional groups 

(hydroxyls, methoxyl, carbonyl, and carboxyl) in its 

structure [1,3,12,13). The successful use of lignin in 

blends with different biopolymers, such as starch 

[14], alginate [1], gelatin [15) and synthetic polymers 
like poly(vinyl alcohol), poly(ethylene), poly(lactic 
acid)and poly(vinyl chloride) have also been reported 

in the literature [7,12,1l6,17]. Moreover, antibacterial 

and antioxidant activities of lignin have been 

reported, which might be helpful to augment the 

applicability of PLA in the food and pharmaceutical 
industries [18]. 

The objective of the current work was to synthesise 

the lignin-PLA blend for its plausible application in 

food packaging. The synthesised film was charac-

terised by physicochemically, morphologically and 

structurally to evaluate the effect of lignin on the 

PLA matrix. At the end, antimicrobial and biodegrad-

ability properties of the film were investigated. 

Introduction 

Dependence on the petrochemical-based non-

renewable polymers has become a serious threat to 

the environment. The use of non-degradable poly-

mers from the non-renewable resource is one of the 

major reasons of environmental pollution. Hence, 

such problems have driven the eforts to replace the 

petroleum origin polymers with renewable and nat-

ure-derived biopolymers [1-3). Natural resource fil-

lers are abundant, inexpensive, renewable and fully 

biodegradable raw materials [4]. Consequently, the 

biocomposites with natural resource fllers have 

become a major part of the biodegradable plastic 

industry. Poly-lactic acid (PLA) is a linear aliphatic 

thermoplastic polyester which can be obtained from 

lactic acid derived from the fermentation of renew-

able agricultural-based feedstocks [5.6]. The global 

production growth of PLA is envisaged to approxi-

mately quadruple between 2013 and 2020 (7]. 

Furthermore, PLA is biodegradable and have some 

promising properties such as recyclable and compo-

stable with good stiffness and strength, though the 

applicability of PLA is limited due to high brittleness, 

low softening temperature and weak water vapour 

and gas barrier properties, inferior moisture sensitiv 

ity, early physical ageing and poor impact resistance 

[2,8, 7). Therefore, the best way to improve its prop-

erties and to extend its application field is to prepare 
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Abstract 

Golden yellow flowering Butea monosperma was recorded for the first time in district Rajnandgaon near Ambagarh Chowki. 

The plant is identified as Butea monosperma (Lam) Taub. Syn B. Frondosa Koenig Ex. Roxb.var. lutea (Witt) Maheshwari. 

The location of the plant is 20° 49' 19.1"N; 80° 44' 45.8"E. On-site observation and morphological characteristics were 

examined. Counseling with local peoples was done to gather its socio-economic importance. 

 

Keywords: Chhattisgarh, golden yellow, new species, palash, taxonomy 
 

 

Introduction 

Butea monosperma has a place with the family Fabaceae 

and is commonly known as the Flame of forest. It has 

various local names like palas, palash, chichra, dhak, 

bastard teak, bijasneha, bengal kino, khakara, mutthuga 

(Firdaus and Mazumder, 2012) [1]. B. monosperma is a very 

slow developing deciduous tree distinguished by the 

trifoliolate pinnate leaves. It is naturally grown in the 

tropical and subtropical climate of India, Sri Lanka, 

Thailand, Laos, Bangladesh, Nepal, Myanmar, and 

Cambodia (Kandasamy & al., 2013) [2].  

The different parts of plant and extract have been utilizing 

in Unani, homeopathy, and traditional system medicine 

since a long year ago. It is useful in hepatic disorder, 

diarrhea, ulcer, diabetes, improving memory, and abnormal 

menstruation. Antihelminthic, antibacterial, anti-

inflammatory activities, free radical scavenging activities 

are likewise such properties of B. monosperma (Yadav & 

al., 2020) [3].  

Flavonoids are very important naturally occurring 

polyphenol and are active biomolecules with medicinal 

values. The flower and bark of B. monosperma contain 

flavonoids such as butin, butrin, isobutrin, and butein 

(Chauhan and Mahish, 2020) [4]. 

The finding of new plant species is always excited and 

uncovers the magnificence of nature. Likewise gives 

additional way to track down its morphological, anatomical 

characteristics, bioactive compound, pharmacological 

properties, and genetic relationship among species, and so 

on. Butea monosperma var. lutea was reported from places 

around Pune, Aurangabad in Maharashtra, Jillella block of 

Sirsilla forests of Karimnagar, Peddagutta of Nizamabad 

and Kummarigudem and Mallakpally of Warangal district 

of Andhra Pradesh and Gujarat (Naqvi, 2001 [5]; Reddy et 

al. 2001 [6]; Patil and Mahajan, 2018 [7]). Therefore, by the 

present study, golden butea, Butea monosperma (Lam) 

Taub. Syn B. Frondosa Koenig Ex. Roxb.var. Lutea (Witt) 

Maheshwari is added in the flora of district Rajnandgaon, 

Chhattisgarh, India. It is very rare, declared as globally 

endangered medicinal plant by Conservation Assessment 

Management Planning Workshop for Medicinal Plants of 

Andhra Pradesh (Jadhav et al. 2001) [8]. 

 

Materials and Methods 

Study area: Bandha bazaar is a small village located in the 

block of Ambagarh Chowki, district Rajnandgaon, 

Chhattisgarh state.  

It is 08 km from Ambagarh Chowki and 48 km from the 

district headquarter.  

Bandha bazaar is located 315 meters above sea level. 

During sampling, the temperature was 38.5°C, humidity 

5%, wind 5.50 m/sec towards NW.  

The study area belongs to the tropical wet and dry climate. 

The major population is tribal with the dominance of Gond. 

The residence can communicate in Hindi and Chhattisgarhi. 

The location of the study area is presented in Fig. 1. 
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Fig 1: Location of Plant: a. Position of Chhattisgarh state in India; b. Position of district Rajnandgaon in Chhattisgarh state; c. Location of 

the study area in the circle; d. The Golden yellow Butea monosperma (Lam) Taub. Syn B. Frondosa Koenig Ex. Roxb.var. lutea (Witt) 

Maheshwari at 20° 49' 19.1" N; 80° 44' 45.8" E 
 

Sample collection and identification: Plant related 

information was gathered from the local residents. Tree 

height, leave status, bark, and flower were examined at the 

spot. Leaves and dropped fresh yellow flowers were 

collected and placed in the sterile polythene bag and 

transported to the laboratory within 02 hours. After transport 

flower components were separated and its measurement was 

taken.  

 

Results  

A rare golden yellow Butea monosperma (Lam) Taub. Syn 

B. Frondosa Koenig Ex. Roxb.var. lutea (Witt) Maheshwari 

was recorded from Bandha Bazar, Block Ambagarh Chowki 

district Rajnandgaon, Chhattisgarh. The geographical 

location of the plant is 20° 49' 19.1"N; 80° 44' 45.8" E. The 

plant is not incorporated in the literature of flora found in 

Rajnandgaon district and Chhattisgarh state (Verma et al., 

1985 [9]; Verma et al.1993 [10]; Mudgal et al. 1997 [11]; 

Khanna et al. 2001 [12]; Khanna & al., 2005 [13] ). Therefore, 

the present collection is a new distribution and record for 

the flora of Rajnandgaon district, Chhattisgarh. 

Taxonomic treatment 

Butea monosperma (Lam) Taub. Syn B. Frondosa Koenig 

Ex. Roxb.var. lutea (Witt) Maheshwari. Descrip. List, N. et 

Ber. For. Circ. C. P. 75, 1916. Butea lutea Sagreiya, Indian 

for. 65: 560, 1939, Maheshwari, Bul. Bot. Surv. India 3(1): 

91-94, 1961[14]. Figs. 2,3. 

 

 
 

Fig 2: Plant description: a. The plant Butea monosperma (Lam.) 

var. lutea (Witt) Maheshwari; b. Bark of the plant; c. Leaflet; d. 

Inflorescence 

 

The plant is a deciduous, erect medium-sized tree of about 

24 feet long naturally grown. Stem: Usually crooked and 
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sometimes twisted with irregular branches and rough grey 

bark, rough, thick, fibrous, wound with gum, reddish 

exudates. Leaves: The leaves are pinnately compound with 

the long petiole (10-14 cm) with stipules, pulvinus leaf base; 

tripinnate unequal leaflets, each leaflet 15-20cm long; 

broadly ovate to rhomboid, glabrous; coriaceous leaflet, 

texture smooth in young and rough in mature; leafless while 

flowering; arrangement – alternate, base – cuneate; shape – 

rhomboid or ovate, margin – entire. Inflorescences: 

racemes, big and rigid 12-15 cm. Flowers: Golden yellow, 

bisexual, terminal or axillary; bracts small, pedicels 3cm 

long. Calyx: Black velvety cup shaped 1.5-1.8 cm long. 

Corolla: Standard ovate 5.3-6.4 x2.6-3.2 cm glabrous, acute 

apex, entire margin; wing petals lanceolate, 6.4-7 x 1.4-1.6 

cm pubscent, base oblique, apex aucte; keel petals elliptical 

6.3-7.3x 1.10-2.6 cm, base oblique, apex acute, margin 

entire, vexillary aestivation. Stamens: Diadelphous (9+1), 

filaments 5.8-7.0 cm long; anther elliptical to oblong. 

Ovary: Stalked oblong densely tomentose; style 5.8-6.2 cm 

long sparely pubescent, curved. Pod: single seeded inside a 

pod; pod thin stalked and oblong, green in color; silky 

tomentose, size 15-18 cm in length, and 3 to 4.8 cm broad. 

Fruit: ellipsoid, flattened, 2.5 to 3.0 cm long.  

Flowering: March - April. 

Fruiting: April - June. 

Flowering fruiting Period: The flowering, fruiting time of B. 

monosperma (Lam.) var. lutea (Witt) Maheshwari is 

presented in Fig. 4.  

Distribution: In India: Pune, Aurangabad in Maharashtra; 

Karimnagar, Peddagutta of Nizamabad and Kummarigudem 

and Mallakpally in Andhra Pradesh; Gujarat and 

Chhattisgarh. 

Vernacular: Parsa (Chhattisgarhi), Palas, Palash, Chichra, 

dhak, Bastard Teak, Bijasneha, Bengal Kino, Khakara, 

Mutthuga.  

Specimens examined: India, Chhattisgarh, Bandha Bazar, 

district of Rajnandgaon, 20° 49' 19.1 "N; 80° 44' 45.8" E. 

Field note: Noted single plant from the area. 

Key to the species of Butea 

1. Trees, lowest flower 4-6 cm long orange red, calyx-

tooth much shorter than the side 

ones……………………………………B. monosperma 

2. Flowers golden yellow; pod oblong, brownish, 1 

seeded….B. monosperma var. lutea 

3. Woody climbers; lowest calyx-tooth equal to the side 

one, flowers orange 

scarlet………………………………………B. superba  

 

Socio-economic use of Plant  

According to the conversation with local peoples, the plant 

is socio-economically important. It acts as a host for lac 

insects and produces shellac. The plant is a source of 

earning for local peoples. Leaves are utilized for making 

plates, cups, native umbrellas (Khumri), and wrapping mud 

houses. Roots are used as small ropes for bundling of Tendu 

Patta (Diospyros melanoxylon leaves).  

 
 

Fig 3 Flower description: a. Whole flower; b.&d. V.S. of flower; c. 

Calyx; e. Stamens; f. Pistil 
 

Discussion  

Leaf shape, leaf arrangement, flower color, seed shapes are 

some common variations found in plant species. New 

additions of B. monosperma in the flora of different 

locations have been previously done worldwide. These 

additions are based on the flower color, foliolate of the 

leaves, and flowering or nonflowering of the plant. Patel and 

Patel (2015) [15] reported a golden B. monosperma (Lam.) 

var. lutea from the Sabarkantha District of Gujarat State, 

India. A unifoliolate B. monosperma was observed by Rana 

and Nagar (2019) [16]. This plant has some other properties 

like it do not produce flower and fruit but gives small bracts 

and bracteoles only. The plant is located on agricultural land 

at Meghpar village, Jamnagar district, Gujarat State India. 

Patil and Mahajan (2018) [7] also reported golden yellow B. 

monosperma (Lam.) var. lutea from Bombay Pune highway 

at Pune. Based on the flower color, marker-related genetic 

diversity was studied by Vashishtha et al. (2013) [17]. The 

study notice similarity in the RAPD, SRAP markers but 

differences were observed in ISSR. ISSR was also used by 

Kandasamy et al. (2013) [2] for the molecular diversity 

among Golden yellow, Yellow, Mustard, Chrome yellow, 

White and Scarlet Flowering B. monosperma and found 

these plants are moderately similar.  

 

 
 

Fig 4: Cyclicity of Butea monosperma (Lam.) var. lutea (Witt) 

Maheshwari 



International Journal of Botany Studies   

397 

Conclusion 

Butea monosperma is a very essential medicinal and socio-

economic important plant of local living. Variation in the 

same species of the plant allows contemplating it and 

comparing its morphological, physiological, chemical, and 

genetic characteristics. The plant identified in the present 

study is showing the variation in flower color. A similar 

plant was also recorded from the Gujarat and Maharashtra 

state of India yet not recorded in the district Rajnandgaon, 

Chhattisgarh.  
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