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Abstract- In this paper, the Artificial Intelligence (AI)applications in the membrane science and technology are 

presented and discussed. Desalination of water, organic and inorganic chemical separations, elimination of 

bacteria and virus and dialysis are some of the applications of the membrane technologies using reverse osmosis, 

nanofiltration, ultrafiltration and microfiltration. Although, these systems are confined with challenges such as 

fouling of the membrane, energy utilization, and selectivity. Advanced intelligent paradigms such as machine 

learning, deep learning neural networks, fuzzy logic and genetic algorithms have been proved to dispel such 

hardships. This review presents a logical flow from AI applications in membrane characterization, modeling and 

simulation, design and optimization, monitoring and control, to defect detection. The prospect, issues, and 

potential of AI in furthering membrane performance, efficiency, stability, and sustainability are also considered 

here.
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lkj& bl i= esa f>Yyh foKku vkSj çkS|ksfxdh esa —f=e cqf)eÙkk ¼,-vkbZ-½ vuqç;ksxksa dks çLrqr fd;k x;k gS vkSj mudh ppkZ dh xbZ 
gSA ikuh ds yo.k gVkus] tSfod vkSj vdkcZfud jklk;fud i`FkDdj.k] cSDVhfj;k vkSj ok;jl dk mUewyu] vkSj Mk;fyfll tSlh 
çfØ;k,a f>Yyh çkS|ksfxfd;ksa tSls fjolZ v‚Leksfll] uSuksfQYVªs'ku] vYVªkfQYVªs'ku vkSj ekbØksfQYVªs'ku ds dqN vuqç;ksx gSaA ;|fi] 
bu ç.kkfy;ksa dks f>Yyh dh Qkmfyax] ÅtkZ mi;ksx vkSj p;ukRedrk tSlh pqukSfr;ksa dk lkeuk djuk iM+rk gSA e'khu yfuaZx] Mhi 
yfuaZx U;wjy usVodZ] Qth y‚ftd vkSj tsusfVd ,Yxksfjne tSlh mUur cqf)eku ç.kkfy;ksa us bu dfBukb;ksa dks nwj djus esa çHkkoh 
izekf.kr fd;k gSA ;g leh{kk ,vkbZ vuqç;ksxksa dk ,d rkfdZd çokg çLrqr djrh gS] ftlesa f>Yyh dh fo'ks"krkvksa] e‚Mfyax vkSj 
fleqys'ku] fMtkbu vkSj vuqdwyu] fuxjkuh vkSj fu;a=.k ls ysdj nks"k igpku rd lfEefyr gSA bl leh{kk esa f>Yyh ds çn'kZu] 
n{krk] fLFkjrk vkSj fVdkÅiu dks c<+kus esa ,vkbZ dh laHkkoukvksa] eqíksa vkSj laHkkoukvksa ij Hkh fopkj fd;k x;k gSA

cht 'kCn&  —f=e cqf)eÙkk] f>Yyh foKku] e'khu yfuaZx] Mhi yfuaZx] U;wjy usVodZ

1- f>Yyh foKku vkSj çkS|ksfxdh dk ifjp;& f>Yyh foKku ml {ks= ls tqM+k gS tks fofHkUu çdkj ds f>Yyh ijrksa dk mi;ksx dj 
fof'k"V vo;oksa dks vyx djus] 'kq) djus vkSj Nkuus dh çfØ;k ij vk/kkfjr gksrk gSA f>Yyh fuLianu dk mi;ksx ty 'kks/ku] 
jlk;u 'kks/ku] vkSj vkS|ksfxd vif'k"V ds mipkj esa fd;k tkrk gSA blds vykok] ;g dbZ vkS|ksfxd çfØ;kvksa tSls fd vkS"kf/k 
fuekZ.k] [kk| ,oa is; m|ksx] vkSj ÅtkZ mRiknu esa Hkh egRoiw.kZ Hkwfedk fuHkkrk gSAf>Yyh çkS|ksfxdh esa izk;% fofHkUu çdkj ds foHkktu] 
;kaf=d] jklk;fud vkSj FkeZy çfØ;kvksa dh vko';drk gksrh gSA bu çfØ;kvksa dks vuqdwfyr djuk vkSj mudk dq'ky çca/ku djuk 
,d pqukSrhiw.kZ dk;Z gks ldrk gSA ;gha ij —f=e cqf)eÙkk ,d Økafrdkjh lek/kku çnku djrh gSA
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2- —f=e cqf)eÙkk dk ifjp; vkSj Hkwfedk& —f=e cqf)eÙkk ,d daI;wVj ç.kkyh gS tks ekuo efLr"d dh rjg lkspus] fu.kZ; ysus 
vkSj dk;Z djus dh {kerk j[krh gSA —f=e cqf)eÙkk fofHkUu {ks=ksa esa mi;ksxh gS] fo”ks"kdj tgk¡ tfVy MsVk fo'ys"k.k vkSj çfØ;k 
vuqdwyu dh vko';drk gksrh gSA —f=e cqf)eÙkk ¼,-vkbZ-½ ds eq[; rRoksa esa e'khu yfuaZx] Mhi yfuaZx] U;wjy usVodZ~l] vkSj Qth 
y‚ftd lekfgr gSa] tks MkVk ls lh[kus] iSVuZ igpkuus vkSj tfVy leL;kvksa dks gy djus esa l{ke gSa] tSlk fd fp=&1 esa fn[kk;k 

1 2
x;k gSA f>Yyh foKku vkSj çkS|ksfxdh esa] —f=e cqf)eÙkk fuEufyf[kr çeq[k {ks=ksa esa egRoiw.kZ Hkwfedk fuHkk jgh gSA

1- f>Yyh fMtkbu vkSj fodkl esa enn djuk
2- çfØ;k vuqdwyu vkSj çn'kZu iwokZuqeku
3- MsVk&lapkfyr fu;a=.k vkSj fuxjkuh
4- Hkfo";okf.k;ksa vkSj =qfV funku esa lq/kkj

fp=&1 % ,-vkbZ- dh Hkwfedk
(https://media.springernature.com/lw1200/springerstatic/image/art%3A10.1007%2Fs10311-

023-01695-y/MediaObjects/10311_2023_1695_Fig2_HTML.png)

3- f>Yyh fMtkbu vkSj fodkl esa ,-vkbZ- dk mi;ksx

3-1- f>Yyh lkexzh dh igpku vkSj p;u& f>Yyh foKku esa —f=e cqf)eÙkk dk igyk vkSj lcls egRoiw.kZ mi;ksx f>Yyh lkexzh 
ds fMtkbu vkSj p;u esa gksrk gSA —f=e cqf)eÙkk  e‚My] fo'ks"k :i ls e'khu yfuaZx ,Yxksfjne] cM+s iSekus ij MkVk lsV dk mi;ksx 
dj ldrs gSa vkSj mUgsa fo'ys"k.k dj ldrs gSa rkfd f>Yyh dh lkexzh vkSj mudh fo'ks"krkvksa ds chp laca/kksa dks le>k tk ldsA

3-2 uSukseVsfj;Yl ds fMtkbu esa —f=e cqf)eÙkk& f>Yyh foKku esa uSukseVsfj;Yl dk mi;ksx rsth ls c<+ jgk gSA uSukseVsfj;Yl dk 
p;u vkSj vuqdwyu ,d tfVy çfØ;k gks ldrh gS D;ksafd budh lajpuk] vkdkj] vkSj lrg xq.k f>Yyh dh {kerk dks lh/ks çHkkfor 
djrs gSaA —f=e cqf)eÙkk dk mi;ksx uSukseVsfj;Yl ds xq.kksa dk iwokZuqeku yxkus vkSj muds çn'kZu dks vuqdwfyr djus ds fy, fd;k 

3 3tk ldrk gSA yh ,p- vkSj muds lgdehZ  us crk;k fd dSls e'khu yfuaZx e‚My dk mi;ksx uSukseVsfj;Yl dh lajpuk vkSj f>Yyh 
fu"ikn ds chp laca/k dh Hkfo";ok.kh djus esa fd;k tk ldrk gSA vk/kkfjr e‚My buiqV MkVk ls u, izk:iksa dk lq>ko ns ldrs gSa] 
ftlls vuqla/kku vkSj fodkl ds fy, le; vkSj ykxr nksuksa dh cpr gksrh gSA
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3-3- dEI;wVs'kuy e‚Mfyax vkSj e'khu yfuaZx& e'khu yfuaZx e‚My tSls fd Mhi yfuaZx vkSj U;wjy usVodZ f>Yyh fMtkbu esa u, 
–f"Vdks.k çnku dj jgs gSaA ;s e‚My cM+h ek=k esa MsVk dk fo'ys"k.k djds f>Yyh dh lajpuk vkSj xq.kksa ds chp laca/k LFkkfir djrs gSaA 
mnkgj.k ds fy,] ,- vkbZ-vk/kkfjr fleqys'ku rduhdksa dk mi;ksx djds f>Yyh ds ekbØksLVªDpj dks vuqdwfyr fd;k tk ldrk gS] 

4tks fQYVªs'ku n{krk dks c<+krk gSA

4 çfØ;k vuqdwyu vkSj çn'kZu iwokZuqeku esa ,- vkbZ- dk ;ksxnku

4-1 f>Yyh çn'kZu dh Hkfo";ok.kh& f>Yyh dh nh?kZdkfyd dk;Z{kerk vkSj fLFkjrk dks cuk, j[kus ds fy, muds çn'kZu dk 
lVhd iwokZuqeku egRoiw.kZ gSA ikjaifjd rjhdksa ls ;g çfØ;k cgqr le; ysus okyh vkSj egaxh gks ldrh gSA  ,- vkbZ-vk/kkfjr e‚My] 
fo'ks"k :i ls Mhi yfuaZx rduhdsa] cM+h ek=k esa MsVk dk fo'ys"k.k dj ldrs gSa vkSj f>Yyh ds çn'kZu ds ckjs esa lVhd Hkfo";okf.k;ka 
dj ldrs gSaA

4-2- çfØ;k fu;a=.k esa Qth y‚ftd vkSj U;wjy usVodZ~l dk mi;ksx& ,- vkbZ- vk/kkfjr Qth y‚ftd vkSj U;wjy usVodZ~l 
dk mi;ksx f>Yyh çfØ;k fu;a=.k esa fd;k tk jgk gSA ;s flLVe okLrfod le; esa çfØ;k MsVk dk fo'ys"k.k djrs gSa vkSj lVhd 
fu;a=.k fu.kZ; ysrs gSaA vl?kjh vkSj muds lgdehZ us vius 'kks/k esa fn[kk;k fd dSls U;wjy usVodZ vk/kkfjr fu;a=.k ç.kkyh f>Yyh 

6]7
çfØ;kvksa dks vf/kd dq'ky cuk ldrh gSa] ÅtkZ [kir dks de dj ldrh gSa vkSj ty 'kks/ku çfØ;k dks rst dj ldrh gSaA

4-3 loksZÙke çfØ;k ifjfLFkfr;ksa dh igpku& ,-vkbZ- e‚My] fo”ks"kdj e'khu yfuaZx ,Yxksfjne] cM+h la[;k esa çfØ;k iSjkehVj 
tSls fd ncko] rkieku] vkSj çokg nj dk fo'ys"k.k dj ldrs gSaA dekyh us vius v/;;u esa fn[kk;k fd dSls ,-vkbZ- vk/kkfjr 
vuqdwyu e‚My dk mi;ksx fjolZ v‚Leksfll çfØ;k esa ÅtkZ dh [kir dks de djus vkSj 'kqf)dj.k n{krk c<+kus ds fy, fd;k tk 

8]9ldrk gSA

fp=&2% fjolZ v‚Leksfll çfØ;k
(https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcTAcJTjgm9LWkR7k5p7F8rJE14Lk2CO637Emw&s)

4-4 çfØ;k fu;a=.k vkSj fuxjkuh& ,-vkbZ- vk/kkfjr fu;a=.k ç.kkyh] tSls fd Qth y‚ftd vkSj tsusfVd ,Yxksfjne] f>Yyh 
çfØ;kvksa dks vuqdwfyr djus esa lgk;d gksrs gSaA ;s flLVe okLrfod le; esa çfØ;k MsVk dk fo'ys"k.k djrs gSa vkSj mfpr fu;a=.k 

13fu.kZ; ysrs gSaA blls ÅtkZ dk miHkksx de gksrh gS vkSj mRikn dh xq.koÙkk esa lq/kkj gksrk gSA

4-5 MsVk&lapkfyr vuqdwyu& MkVk ,ukfyfVDl vkSj e'khu yfuaZx dk mi;ksx çfØ;k iSjkehVj tSls fd çokg nj] ncko vkSj 
rkieku dks vuqdwfyr djus esa fd;k tkrk gSA ;s e‚My cM+s iSekus ij MsVk lsV dk fo'ys"k.k dj ldrs gSa vkSj v‚fIVey daMh'ku dh 
igpku dj ldrs gSaA mnkgj.k ds fy,] fjolZ v‚Leksfll çfØ;k ds fy, ,- vkbZ- e‚My dk mi;ksx ÅtkZ dh [kir dks de djus vkSj 
'kqf)dj.k n{krk dks c<+kus esa fd;k x;k gSA
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5- MsVk&lapkfyr fu;a=.k vkSj fuxjkuh

5-1 çfØ;k fuxjkuh esa ¼,- vkbZ-½ dk mi;ksx& f>Yyh çfØ;kvksa ds nkSjku mRiUu gksus okys MsVk dh fuxjkuh vkSj fo'ys"k.k ,d 
egRoiw.kZ pqukSrh gSA¼,- vkbZ-½ vk/kkfjr MsVk&lapkfyr e‚My f>Yyh ç.kkyh esa çfØ;k dh çR;sd xfrfof/k dks ekius] fuxjkuh djus 

10vkSj mUgsa fu;af=r djus esa l{ke gSaA ;g fu;a=.k ikjaifjd çfØ;kvksa dh rqyuk esa rst vkSj vf/kd dq'ky gSA

5-2 vuqekfur j[kj[kko& ,-vkbZ- dk ,d egRoiw.kZ mi;ksx f>Yyh ç.kkfy;ksa ds vuqekfur j[kj[kko esa gks jgk gSA fum] lh- vkSj 
muds lgdehZ  ds vuqlkj] ,- vkbZ- vk/kkfjr fuxjkuh ç.kkfy;k¡ lsalj MsVk dk mi;ksx djds f>Yyh dh okLrfod le; dh fLFkfr 
dk fo'ys"k.k djrh gSa vkSj laHkkfor foQyrkvksa dh Hkfo";ok.kh djrh gSaA blls le; ij j[kj[kko laHko gksrk gS vkSj f>Yyh çfØ;kvksa 

10esa vkus okyh #dkoVsa de gksrh gSaA

5-3 –'; MsVk fo'ys"k.k& daI;wVj fotu vkSj best çkslsflax dk mi;ksx f>Yyh lrg ij nks"kksa vkSj {kfr dh igpku ds fy, fd;k 
tk jgk gSA ,-vkbZ- vk/kkfjr best ,ukfyfll flLVe f>Yyh dh lrg dh best dk fo'ys"k.k djds nks"kksa dh igpku vkSj oxhZdj.k 
dj ldrs gSaA 'ksêh us vius v/;;u esa fn[kk;k fd ,- vkbZ- vk/kkfjr best çkslsflax flLVe eSU;qvy fujh{k.k dh rqyuk esa vf/kd rst 

11
vkSj lVhd gSA

6- Hkfo";ok.kh vkSj =qfV funku esa ,-vkbZ- dk mi;ksx

6-1- Mhi yfuaZx vk/kkfjr =qfV iwokZuqeku& ,-vkbZ- vk/kkfjr Mhi yfuaZx e‚My tSls fd dUoksY;w'kuy U;wjy usVodZ~l vkSj fjdjaV 
U;wjy usVodZ~l dk mi;ksx f>Yyh çfØ;kvksa esa =qfV;ksa vkSj foQyrkvksa dh Hkfo";ok.kh ds fy, fd;k tk jgk gSA ;s e‚My fiNys MsVk 

7
lsV dk fo'ys"k.k djds laHkkfor leL;kvksa dh igpku dj ldrs gSa vkSj muls cpus ds mik; lq>k ldrs gSaA

6-2- flLVe foQyrk funku& ,-vkbZ- e‚My f>Yyh ç.kkfy;ksa esa foQyrkvksa dk funku djus esa lgk;d gSaA e'khu yfuaZx e‚My 
flLVe esa =qfV;ksa vkSj foQyrkvksa ds iSVuZ dh igpku dj ldrs gSa vkSj okLrfod le; esa lek/kku çnku dj ldrs gSaA bl çdkj] 
f>Yyh ç.kkfy;ksa dh fo'oluh;rk vkSj nh?kZdkfyd fLFkjrk c<+rh gSA

7- ,-vkbZ- ds ykHk

7-1 mPp n{krk& ,-vkbZ- vk/kkfjr flLVe ikjaifjd fof/k;ksa dh rqyuk esa vf/kd dq'ky gksrs gSaA os f>Yyh çfØ;kvksa esa ÅtkZ dh [kir 
dks de djrs gSa] ftlls mRiknu dh ykxr esa Hkh deh vkrh gSA

7-2 lVhdrk vkSj fo'oluh;rk& ,-vkbZ- e‚My cM+s iSekus ij MsVk dk fo'ys"k.k djrs gSa] tks fu.kZ; ysus dh çfØ;k dks rst vkSj 
12vf/kd lVhd cukrk gSA blls f>Yyh çfØ;kvksa dh xq.koÙkk vkSj fo'oluh;rk esa lq/kkj gksrk gSA

7-3- le; vkSj fuos'k dh cpr& ,-vkbZ- dk mi;ksx vuqla/kku vkSj fodkl ds le; vkSj ykxr dks de djrk gSA ;g f>Yyh 
fMtkbu vkSj çfØ;k vuqdwyu esa rsth ykrk gS] ftlls m|ksxksa dks rsth ls u, lek/kku vkSj mRiknksa dk fodkl djus esa enn feyrh 

14 gSA fp=&3 esa n'kkZ;k x;k gSA
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8- fu"d"kZ ,oa Hkfo"; dh laHkkouk,a& f>Yyh foKku esa ,-vkbZ- dk mi;ksx vHkh çkjafHkd pj.k esa gS] vkSj blds O;kid mi;ksx dh 
laHkkouk,a mTToy gSaA Hkfo"; esa] ,-vkbZ- vk/kkfjr Lopkfyr ç.kkyh vkSj Hkh mUur gksaxh] tks f>Yyh fMtkbu] çfØ;k fu;a=.k vkSj 
j[kj[kko dks vkSj vf/kd dq'ky cuk,axhA ,- vkbZ- ds lkFk baVjusV v‚Q fFkaXl ¼IoT½  vkSj vkS|ksfxd Lopkyu ds la;kstu ls f>Yyh 

15ç.kkfy;ksa dh lVhdrk] fo'oluh;rk vkSj fLFkjrk esa vkSj lq/kkj gksxkA

https://doi.org/10.3390/pr10091832
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