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lkjka'k% ;g leh{kkRed ys[k uSuksdkWEiksft+V~l dk ,d Li"V voyksdu izLrqr djrk gS] ftlesa mudh oxhZdj.k iz.kkfy;k¡] la'ys"k.k fof/k;k¡ rFkk O;kogkfjd vuqiz;ksxksa 
ij fo'ks"k /;ku fn;k x;k gSA uSuksdkWEiksft+V~l cgq&pj.kh; inkFkZ gksrs gSa ftuesa de&ls&de ,d pj.k uSuks&Lrjh; vk;keksa dk gksrk gSA ;s ikjaifjd dkWEiksft+V~l 
ds mRÑ"V fodYi ds :i esa mHkjs gSa] tks xq.kksa ds vuwBs la;kstu vkSj vf/kd fMt+kbu yphykiu iznku djrs gSaA mudh mRÑ"V ;kaf=kd 'kfä] rkih; fLFkjrk vkSj  
i;kZoj.kh; vuqdwyrk ds dkj.k budk mi;ksx iSdsftax] ck;ksesfMdy bathfu;fjax] ,;jksLisl] vkWVkseksckby] bysDVªkWfuDl vkSj Ård bathfu;fjax tSls fofo/k {ks=kksa 
esa fd;k tk jgk gSA uSuksdkWEiksft+V~l dks dbZ rjhdksa ls oxhZÑr fd;k tk ldrk gSA eSfVªDl ds vk/kkj ij bUgsa /kkfRod] fljsfed vkSj ikWyhej uSuksdkWEiksft+V~l esa 
ck¡Vk tkrk gSA izcyu ¼reinforcement½ ds izdkj ds vk/kkj ij ;s Qkbcj&izcfyr] ySfeukj] vFkok d.k&izcfyr gks ldrs gSaA vk;kfed lajpuk ¼dimensional  

morphology½ ds vuqlkj] buesa 'kwU;&vk;keh ¼uSuksd.k½] ,d&vk;keh ¼uSuksok;j] uSuksV~̧ kwc½] f}&vk;keh ¼ijrnkj flfydsV½ vkSj f=k&vk;keh ¼ft+;ksykbV~l½ 'kkfey gSaA 
;g leh{kk muds oxhZdj.k] la'ys"k.k j.kuhfr;ksa vkSj fofo/k vuqiz;ksxksa ij izdk'k Mkyrh gS rFkk vk/kqfud inkFkZ foKku esa mudh c<+rh Hkwfedk dks js[kkafdr djrh gSA
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Nanocomposites: A short review on classification, synthesis & applications

Rakesh Kumar1 & Dinesh Kumar2

1Department of Physics, Kishan Lal Public College, Rewari, Haryana- 123401 (India)
2Department of Chemistry, Kishan Lal Public College, Rewari, Haryana- 123401 (India)

[Email: rakesh19singhalklp@gmail.com]

Abstract
This review article provides a clear overview of nanocomposites, focusing on their classification, synthesis routes] and practical applications. 

Nanocomposites are multiphase materials that contain at least one phase with nanoscale dimensions. They have emerged as promising alternatives 
to traditional composites, offering unique combinations of properties and greater design flexibility. Their excellent mechanical strength, thermal 
stability, and environmental compatibility have led to applications in packaging, biomedical engineering, aerospace, automotive, electronics, and 
tissue engineering. Nanocomposites can be classified in several ways. Based on the matrix, they are grouped into metal, ceramic, and polymer 
nanocomposites. By reinforcement type, they are fibre-reinforced, laminar, or particulate-reinforced. According to dimensional morphology, they 
include zero&dimensional (nanoparticles), one-dimensional (nanowires, nanotubes), two-dimensional (layered silicates), and three-dimensional 
(zeolites). This review highlights their classification, synthesis strategies, and diverse applications, underlining their growing role in modern 
materials science.
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izLrkouk 

;g leh{kk ys[k uSuksdkWEiksft+V~l dh fo'ks"krkvksa] oxhZdj.k 
vkSj vuqiz;ksxksa ij dsafnzr gSA uSuksdkWEiksft+V~l ,slh mUUkr lkexzh  
¼advanced materials½ gSa ftUgsa mudh Js"B izn'kZu {kerk  
¼superior performance½ ds dkj.k vk/kqfud foKku ,oa izkS|ksfxdh 
esa fo'ks"k egRo izkIr gks jgk gSA lkekU;r% dkWEiksft+V inkFkZ viuh 
et+cwrh] la{kkj.k izfrjks/k ¼corrosion resistance½] rkih; ,oa 
fo|qr pkydrk] izdk'kh; ikjnf'kZrk rFkk jklk;fud fLFkjrk ds 
fy, tkus tkrs gSaA tc Hkjko ¼fillers½ dks uSuksLrj ¼nanoscale½ 
ij yk;k tkrk gS] rks mudk lrgh {ks=kQy ¼surface area½ vkSj 
izfrfØ;k'khyrk ¼reactivity½ c<+ tkrh gSA bldk ifj.kke gksrk 
gS uSuksdkWEiksft+V~l] ftuds xq.k ikjaifjd ekbØks ;k eksuksfyfFkd 
dkWEiksft+V~l ls dgha vf/kd gksrs gSaA

uSuksdkWEiksft+V~l dks cgq&pj.kh; inkFkZ ¼multiphase materials½ 
ekuk tkrk gS] ftuesa ls ,d ;k vf/kd pj.k uSuksLrj ¼1 nm = 10-9 
m½ ij gksrs gSa] tSls fd uSuksd.k ¼nanoparticles½] uSuksV~̧ kwCl ¼nano-
tubes½] vFkok ijrnkj uSukslajpuk,¡ ¼lamellar nanostructures½A 
budh fof'k"V fo'ks"krk,¡ fofHkUUk ?kVdksa ds chp mRiUUk lgfØ;kRed 
izHkko ¼synergistic effects½ ds dkj.k lkeus vkrh gSaA uSuksd.kksa 
dk leku :i ls forfjr gksuk ¼uniform dispersion½ vkSj eSfVªDl 
ds lkFk mudk etcwr var%laca/k ¼interfacial bonding½ izkIr 
djuk] mPp izn'kZu izkIr djus ds fy, vfuok;Z gSA bu var%fØ;kvksa 
dks lgla;kstd ¼covalent½] vk;fud ¼ionic½] oku Mj okYl  
¼van der Waals½ vFkok gkbMªkstu ca/kksa }kjk fu;af=kr fd;k 
tkrk gSA d.kksa dk vkdkj] vkdkfjdh ¼shape½] vfHkfoU;kl  
¼orientation½ rFkk eSfVªDl&Hkjko var%fØ;k,¡] lHkh uSuksdkWEiksft+V~l 
ds xq.kksa ij xgjk izHkko Mkyrh gSaA

budh laHkkouk,¡ dsoy bathfu;fjax rd gh lhfer ugha gSa] 
cfYd ck;ksesfMdy {ks=kk s a tSls nok vkiwfrZ ¼drug delivery½] 
Ård vfHk;kaf=kdh ¼tissue engineering½] LVse lsy fu;eu] rFkk  
fpfdRldh; midj.kksa ¼medical devices½ esa Hkh egRoiw.kZ Hkwfedk fuHkkrh 
gSaA bUgha fo'ks"krkvksa ds dkj.k uSuksdkWEiksft+V~l dks ^^bDdhloha lnh dh 
lkexzh** ¼materials of the twenty & first century½ dgk tkrk gSA1]

uSuksdkWEiksft+V~l dk oxhZdj.k ¼Classification of Nanocom-
posites½

uSuksdkWEiksft+V~l eq[;r% nks ?kVdksa ls cus gksrs gSa% eSfVªDl 
¼matrix½ vkSj izcyu ¼reinforcement½A

eSfVªDl izcyu dks pkjksa vksj ls ?ksjdj mldh fLFkfr dks cuk, 
j[krk gS] tcfd izcyu uSuksdkWEiksft+V~l dks csgrj ;kaf=kd] fo|qr 
vkSj rkih; xq.k iznku djrk gSA

A- eSfVªDl inkFkZ ds vk/kkj ij oxhZdj.k ¼Classification Based 
on Matrix Material½

1- /kkrq eSfVªDl uSuksdkWEiksft+V~l ¼Metal Matrix Nanocom-
posites - MMNCs½

MMNCs esa uE; /kkrq ¼ductile metals½ ;k feJ/kkrq  
¼alloys½ dk eSfVªDl gksrk gS] ftlesa lkekU;r% fljsfed&vk/kkfjr 
uSuks d.kksa dk izcyu fd;k tkrk gSA

buesa mPp fof'k"V et+cwrh ¼specific strength½] dBksjrk 
¼stiffness½] de rkih; izlkj ¼reduced thermal expansion½] 
mRÑ"V f?klko&izfrjks/k ¼wear resistance½] rFkk /kkrqvksa dh uE;rk 
¼ductility½ vkSj fljsfed dh dBksjrk ¼toughness½ dk la;kstu 
ik;k tkrk gSA

lkekU; izcyuksa esa d.k ¼particulates½] fOgLdlZ ¼whiskers½ 
;k js'ks ¼fibres½ 'kkfey gksrs gSaA

mnkgj.kLo:i%

•	 Mg&vk/kkfjr MMNCs esa dkcZu Qkbcj dk mi;ksx]

•	 Al&vk/kkfjr MMNCs esa TiC, SiC vkSj Al2O2 d.kksa 

dk izcyuA

dkcZu Qkbcj&izcfyr rkack eSfVªDl ¼Cu composites½ dk 
O;kid mi;ksx ,;jksLisl m|ksxksa esa gksrk gS2A

2- fljsfed eSfVªDl uSuksdkWEiksft+V~l ¼Ceramic Matrix 
Nanocomposites & CMNCs½

CMNCs esa vkWDlkbM~l] dkckZbM~l ;k ukbVªkbM~l dks fljsfed 
eSfVªDl esa izcyu ds :i esa 'kkfey fd;k tkrk gSA

;s mRÑ"V ÝSDpj dBksjrk ¼fracture toughness½] rkih; 
fLFkjrk ¼thermal stability½] la{kkj.k izfrjks/k ¼corrosion resis-
tance½] vkSj mPp rkieku ij vkWDlhdj.k izfrjks/k ¼oxidation 
resistance½ iznf'kZr djrs gSaA

bl dkj.k budk mi;ksx vkS|ksfxd {ks=kksa esa O;kid gS] tSls%

•	 f?klko lrgsa ¼wear surfaces½]

•	 bEIykaV~l ¼implants½]

•	 lajpukRed ?kVd ¼structural elements½]

•	 fo|qr mRiknu ¼power generation½]

•	 fpfdRldh; midj.k ¼medical devices½3A

izcyu Lo:i esa d.k] ¶ysDl ¼flakes½] js'ks] ;k fjä LFkku 
¼voids½ lfEefyr fd, tkrs gSaA
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3- ikWfyej eSfVªDl uSuksdkWEiksft+V~l ¼Polymer Matrix Nano-
composites - PMNCs½

lHkh dkWEiksft+V~l esa yxHkx 90» fgLlsnkjh PMNCs dh  
gk srh gSA bues a Fkek s ZIykfLVd ¼thermoplastics½] Fkek s Zl sV  
¼thermosets½] ;k bykLVksej ¼elastomers½ ikWfyej eSfVªDl dk 
dk;Z djrs gSaA

ikWfyej gYds ¼lightweight½] vklkuh ls izlaLÑr ¼easy to 
process½] vkSj cgqmi;ksxh ¼versatile½ gksrs gSaA

buds xq.kksa dks uSuksd.kksa ;k js'kksa dks lfEefyr djds fu;af=kr 
fd;k tk ldrk gS] tgk¡ d.k dk vkdkj vkSj forj.k ¼dispersion½ 
egRoiw.kZ Hkwfedk fuHkkrs gSaA

PMNCs dk mi;ksx eq[; :i ls ,;jksLisl] leqnzh ¼marine½] 
vkSj ck;ksesfMdy vuqiz;ksxksa esa fd;k tkrk gS4A

B- izcyu ¼Reinforcement½ ds vk/kkj ij oxhZdj.k

uSuksdkWEiksft+V~l dk oxhZdj.k muds izcyu ¼reinforcement½ 
ds izdkj ds vk/kkj ij Hkh fd;k tkrk gSA

izcyu u dsoy et+cwrh ¼strength½ vkSj dBksjrk ¼stiffness½ 
c<+krk gS] cfYd Å"eh; fLFkjrk ¼thermal stability½ vkSj vU; 
dk;kZRed xq.kksa esa Hkh lq/kkj djrk gSA

1- js'kk&izcfyr uSuksdkWEiksft+V~l ¼Fibre-Reinforced Nano-
composites½

buesa dkcZfud ¼organic½ ;k vdkcZfud ¼inorganic½ js'kksa 
dks 'kkfey fd;k tkrk gS rkfd lkexzh dh et+cwrh] dBksjrk vkSj 
rkih; fLFkjrk c<+kbZ tk ldsA izeq[k mnkgj.k gSa%

•	 dk¡p ¼Glass½

•	 xzsQkbV ¼Graphite½

•	 cksjkWu ¼Boron½

•	 DokV~tZ ¼Quartz½

•	 flfydkWu dkckZbM ¼SiC½

•	 efYVQ+st+ QkbclZ

js'kksa dk vfHkfoU;kl ¼orientation½] vuqikr ¼aspect ratio½] 
vkSj forj.k ¼dispersion½ lh/ks rkSj ij izn'kZu dks izHkkfor djrs gSaA

rkfydk 1 — eSfVªDl inkFkZ ds vk/kkj ij uSuksdkWEiksft+V~l dk oxhZdj.k

eSfVªDl dk izdkj	 izcyd 	 eq[; fo'ks"krk,¡	 ykHk	 lhek,¡	 izeq[k vuqiz;ksx 

                     ¼Reinforcement½

	 ds mnkgj.k			 

/kkrq eSfVªDl 	 TiC, SiC, Al2O2	 rU; /kkrq@feJ/kkrq 	 mRÑ"V f?klko izfrjks/k(	 eg¡xk izlaLdj.k(	 ,;jksLisl 
uSuksdkWEiksft+V~l 	 d.k( dkcZu Qkbcj	 eSfVªDl ftlesa fljsfed	 mPp fof'k"V et+cwrh(	 dqN feJ/kkrqvksa	 ¼dkcZuQkbcj&Cu½]
¼MMNCs½		  izcyu tksM+k x;k gks( 	 vPNs FkeZy@fo|qr xq.k	 esa detksj tax	 vkWVkseksckby] j{kk]
		  mPp et+cwrh o dBksjrk( 		  izfrjks/k( ikWfyej	 mPp&izn'kZu
		  de Å"eh; izlkj( 		  dh rqyuk esa 	 lajpukRed vo;o
		  /kkrq tSlh ypd ds lkFk 		  vf/kd ?kuRo
		  fljsfed tSlh 
		  toughness	   	    

fljsfed eSfVªDl 	 vkWDlkbM~l] dkckZbM~l]	 Hkaxqj fljsfed ftUgsa 	 mPp FkeZy fLFkjrk(	 varfuZfgr Hkaxqjrk(	 f?klko&izfrjks/kh
uSuksdkWEiksft+V~l 	 ukbVªkbM~l( ¶ysDl]	 uSuksLrjh; izcyu ls 	 tax vkSj vkWDlhdj.k	 tfVy fuekZ.k( 	 lrgsa] bEIykaV~l]
¼CMNCs½	 Qkbcj] fjä LFkku	 tough cuk;k x;k	 izfrjks/k( vPNh	 eg¡xk e'khuhdj.k	 ikoj tujs'ku]
 		  gks( csgrj ÝSDpj 	 dBksjrk		  fpfdRlh; midj.k]
		  toughness( mPp 			   lajpukRed ?kVd
		  rkieku ij fLFkj	   	  	    

ikWyhej eSfVªDl 	 uSuksDys] CNTs] xzSQhu]	 FkeksZIykfLVd] FkeksZlsV	 gYdk otu(	 /kkrqvksa@fljsfed	 ,;jksLisl] leqnzh]
uSuksdkWEiksft+V~l 	 /kkrq vkWDlkbM~l]	 ;k bykLVksesfjd ikWfyej	 vklku izlaLdj.k( 	 dh rqyuk esa 	 ck;ksesfMdy] iSdsftax]
¼PMNCs½	 uSuksQkbcj	  eSfVªDl( uSuksd.k@Qkbcj 	 cgqmi;ksxh fMt+kbu(	 de FkeZy fLFkjrk( 	 vkWVkseksckby] yphyh
		  }kjk vuqdwyu( dqy 	 mRÑ"V et+cwrh&	 dBksj okrkoj.k	 bysDVªkWfuDl
		  dkWEiksft+V~l dk yxHkx 	 ls&otu vuqikr	 esa {kj.k
		  90»	    
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izcyu nks rjhdksa ls fd;k tk ldrk gS%

1-	 uSukseSVsfj;Yl dks dkWEiksft+V~l esa ,EcsM djukA

2-	 izR;{k :i ls uSuksQkbclZ dk mi;ksx djukA5]

2- ijrnkj uSuksdkWEiksft+V~l ¼Laminar Composites½

;s dkWEiksft+V~l dbZ ijrksa ¼layers½ ls cus gksrs gSa] ftUgsa vkil 
esa tksM+dj lajpuk cukbZ tkrh gSA

ijrsa /kkrqvksa ;k vU; lkefxz;ksa dh gks ldrh gSa] ftUgsa ,d 
fuf'Pkr Øe esa O;ofLFkr fd;k tkrk gSA

lSaMfop lajpuk,¡ ¼Sandwich structures½ bldk izeq[k 
mnkgj.k gSa] ftudk mi;ksx gYds ysfdu et+cwr <k¡pksa esa gksrk 
gSA6]

3- d.k&izcfyr uSuksdkWEiksft+V~l ¼Particulate & Reinforced 
Composites½

buesa ckjhd d.kksa ¼powders½ ;k ysDl ¼flakes½ dks eSfVªDl 
esa forfjr fd;k tkrk gS rkfd lkexzh dh dBksjrk] et+cwrh vkSj 
f?klko&izfrjks/k ¼wear resistance½ esa lq/kkj gks ldsA

gkyk¡fd ;s Qkbcj&izcfyr dkWEiksft+V~l dh rqyuk esa de izHkkoh 
gksrs gSa] ysfdu budh ykxr&izHkko'khyrk ¼cost-effectiveness½ vkSj 
vklku fuekZ.k ¼ease of fabrication½ bUgsa O;kogkfjd cukrh gSA

mnkgj.k%

•	 ikfVZdy cksMZ ¼Particle board½

•	 daØhV ¼Concrete½

budk mi;ksx lM+d fuekZ.k] fuekZ.k&dk;Z vkSj vU; cqfu;knh 
<k¡pksa esa O;kid :i ls fd;k tkrk gS7A

C. vk;kfed lajpuk ¼Dimensional Morphology½ ds  
vk/kkj ij oxhZdj.k

uSuksdkWEiksft+V~l dks mudh lajpuk ¼morphology½ vkSj  
uSuksLdsy ij mifLFkr vk;keksa ¼dimensions½ ds vk/kkj ij Hkh 
oxhZÑr fd;k tkrk gSA ;g oxhZdj.k muds HkkSfrd] jklk;fud vkSj 
dk;kZRed xq.kksa dks lh/ks izHkkfor djrk gSA

1- 'kwU;&vk;keh ¼0D½ uSuksd.k ¼Nanoparticles½

uSuksd.k ,sls inkFkZ gksrs gSa ftudk de&ls&de ,d vk;ke 100 
uSuksehVj ls de gksrk gSA

•	 budk vkdkj vkSj vkdkfjdh ¼morphology½ buds xq.kksa 
dks dkQh cny nsrh gSA

•	 izeq[k vuqiz;ksx% ck;ksbesftax ¼bioimaging½] nok&forj.k 
¼drug delivery½ vkSj vU; ck;ksesfMdy {ks=k&

2- ,d&vk;keh ¼1D½ uSuksok;j vkSj uSuksV~¸kwCl ¼Nanowires & 
Nanotubes½

•	 uSuksok;j ¼Nanowires½% budk O;kl 100 uSuksehVj ls 
de gksrk gSA

•	 uSuksV~¸kwc ¼Nanotubes½% [kks[kys uSuksok;j ftudh nhokjsa 
vk.kfod Lrj ¼molecular&scale½ ij iryh gksrh gSaA

•	 fo'k s"k mnkgj.k% flaxy&ok WYM dkcZu uSuk sV ~¸k w Cl  
¼SWCNTs½] ftudh fo|qr pkydrk ¼electrical  
conductivity½ vlk/kkj.k gksrh gS&

3- f}&vk;keh ¼2D½ ijrnkj flfydsV~l ¼Layered Silicates½

•	 flfydk ckbys;j ¼silica bilayers½ vkSj vU; 2D inkFkZ 
SiO2 VsVªkgsMªy usVodZ ls cus gksrs gSaA

•	 budh lajpuk vkSj xq.kksa dks substrate modification, 
doping, intercalation tSlh izfØ;kvksa ls cnyk tk ldrk 
gSA

•	 ;s vusd vuqiz;ksxksa esa mi;ksxh gksrs gSa&

4- f=k&vk;keh ¼3D½ ft+vksykbV~l ¼Zeolites½

•	 ft+vksykbV~l fØLVyh; ,Y;qfeuksflfydsV [kfut gksrs gSa ftudk 
<k¡pk lw{e&fNnzksa ¼micropores] 0-3-2 nm½ ls ;qä gksrk gSA

• 	 eq[; fo'ks"krk,¡%

♦	 mPp lrg {ks=kQy ¼high surface area½

♦	 jklk;fud :i ls fu;af=kr xq.k ¼tunable chemistry½

♦	 mPp mRizsjd {kerk ¼catalytic potential½

• 	 izeq[k vuqiz;ksx% vklatu @ vo'kks"k.k ¼adsorption½] mRizsj.k 
¼catalysis½] foHkktu rduhdsa ¼separation technologies½8

D. la'ys"k.k izfØ;k ¼Synthesis Procedure½ ds vk/kkj ij 
oxhZdj.k

uSuksdkWEiksft+V~l ds xq.k vkSj mudk izn'kZu dsoy eSfVªDl  
¼matrix½ rFkk izcyu ¼reinforcement½ ij gh fuHkZj ugha djrs] 
cfYd muds la'ys"k.k dh fof/k ¼synthesis method½ ij Hkh fuHkZj 
djrs gSaA

fofHkUUk la'ys"k.k ekxZ uSuksd.kksa ds forj.k ¼dispersion½] 
varjQyd ca/ku ¼interfacial bonding½ rFkk vkdkfjdh  
¼morphology½ ij fu;a=k.k dh {kerk iznku djrs gSa] ftlls lkexzh 
dh dk;Z{kerk ¼functionality½ fu/kkZfjr gksrh gS18&19A

eq[;r% uSuksdkWEiksft+V~l dks fuEufyf[kr la'ys"k.k fof/k;ksa ds 
vk/kkj ij oxhZÑr fd;k tkrk gS%
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rkfydk 2 — izcyd ¼Reinforcement½ ds vk/kkj ij uSuksdkWEiksft+V~l dk oxhZdj.k

izcyd dk izdkj	 mnkgj.k	 eq[; fo'ks"krk,¡	 ykHk	 lhek,¡	 izeq[k vuqiz;ksx

Qkbcj&izcfyr 	 dk¡p] xzsQkbV] cksjkWu]	 tSfod@vtSfod Qkbcj	 mPp et+cwrh vkSj 	 tfVy izlaLdj.k(	 ,;jksLisl] vkWVkseksckby]
uSuksdkWEiksft+V~l	  DokV~tZ] SiC] 	 lfEeyu ls et+cwrh]	 dBksjrk( csgrj FkeZy	 vfulksVªkWfid xq.k(	 leqnzh lajpuk,¡]
	 cgq&pj.kh; Qkbcj	 dBksjrk vkSj FkeZy fLFkjrk 	 fLFkjrk( Hkkj&ogu	 dqN Qkbcj eg¡xs	 ck;ksesfMdy LdSQksYM~l
		  esa lq/kkj( izn'kZu Qkbcj 	 {kerk
		  ds vfHkfoU;kl] vkLisDV 
		  vuqikr vkSj forj.k ij 
		  fuHkZj djrk gSA	    	   	     

ijrnkj dkWEiksft+V~l	 /kkrq@fljsfed@ikWfyej 	 dbZ ijrksa ls cus	 mRÑ"V vojks/kd xq.k(	 ijrksa ds vyx gksus 	 ,;jksLisl iSuy]
	 dh oSdfYid ijrsa( 	 tks Øec) <ax ls 	 mPp ysDljy et+cwrh(	 dk tksf[ke( lhfer	 iSdsftax fQYesa]
	 lSaMfop lajpuk,¡	 tqM+s gksrs gSa( Hkkj ijrksa 	 vuqdwyu ;ksX; fMt+kbu	 out-of-plane	 lqj{kkRed dksfVaXl]
		  esa forfjr gksrk gSA	   	 et+cwrh( vDlj 	 fuekZ.k
				    df.kdh;@Qkbcj 
				    dkWEiksft+V~l ls Hkkjh	    

df.kdh;&izcfyr 	 ikmMj] ¶ysDl]	 leku :i ls forfjr	 ykxr&izHkkoh( vPNh	 &	 vkWVkseksckby] fuekZ.k]
dkWEiksft+V~l	  uSuksd.k ¼tSls SiO2, 	 d.kksa }kjk eSfVªDl dks 	 dBksjrk] toughness		  dksfVaXl] lajpukRed
	 Al2O2, CaCO2½	  et+cwr fd;k tkrk gS( 	 vkSj f?klko izfrjks/k( 		  lkexzh
		  ;kaf=kd izn'kZu d.kksa ds 	 vklku fuekZ.k
		  vkdkj] vkÑfr vkSj 
		  forj.k ij fuHkZj djrk gSA	   	   	   

rkfydk 3 — vk;kfed lajpuk ds vk/kkj ij uSuksdkWEiksft+V~l dk oxhZdj.k

vk;ke 	 mnkgj.k	 eq[; fo'ks"krk,¡	 ykHk	 lhek,¡	 izeq[k vuqiz;ksx

(Dimensions)			 

'kwU;&vk;keh 	 uSuksd.k ¼tSls /kkrq 	 de ls de ,d vk;ke	 mPp lrgh {ks=kQy(	 xqPNkdj.k	 ck;ks&besftax]
¼0D½	 vkWDlkbM~l] DokaVe 	 <100 nm( xq.k vkdkj@	 vuqdwfyr izdk'kh;] 	 ¼agglomeration½(	 vkS"kf/k forj.k]
	 MkWV~l½	  vkÑfr ij vR;f/kd 	 pqacdh; vkSj 	 leku forj.k izkIr	 lsalj] mRizsjd
		  fuHkZj	 bysDVªkWfud xq.k	  djus esa dfBukbZ	   

,d&vk;keh ¼1D½	 uSuksok;j] uSuksV~¸kwc 	 O;kl < 100 nm]	 mRÑ"V fo|qr ,oa 	 lajs[k.k vkSj forj.k	 yphyh
	 ¼tSl CNTs, ZnO 	 yackbZ O;kl ls dgha 	 FkeZy pkydrk( mPp	 pqukSfr;k¡( eg¡xk	 bysDVªkWfuDl] 
	 uSuksok;j½	 vf/kd( uSuksV~¸kwc [kks[kys 	 vkLisDV vuqikr	 la'ys"k.k	 lsalj] pkyd
		  gksrs gSa	  	   	 dkWEiksft+V~l] 
					     ÅtkZ midj.k

nks&vk;keh ¼2D½	 ijrnkj flfydsV~l] 	 ijrnkj lajpuk,¡( 2D	 cM+k lrgh {ks=kQy(	 ijrksa dk iqu%la;kstu	 dksfVaXl] fÖkYyh
	 xzSQhu] MoS2	 ry esa mPp vkLisDV 	 vuqdwfyr ;kaf=kd	 ¼restacking½ gksus 	 ¼membranes½]
		  vuqikr 	 ,oa vojks/kd xq.k( 	 dh izo`fÙk( izlaLdj.k	 iSdsftax] ÅtkZ
			   cgqmi;ksxh 	 esa tfVyrk	 lap;u
			   QaD'kuykbt+s'ku	   	    

f=k&vk;keh ¼3D½	 ft+;ksykbV~l] esVy&	 lw{e&fNnz;qä fØLVyh;	 mPp fNnzrk( p;ukRed	 lhfer ;kaf=kd et+cwrh( 	 mRizsj.k ¼catalysis½]	
	 xkWxsZfud ÝseoDlZ 	 <k¡ps ftuesa f=k&vk;keh	 vo'kks"k.k( mRizsjd 	 tfVy la'ys"k.k	 xSl i`FkDdj.k]		
 	 ¼MOFs½	 usVodZ gksrk gS	 lfØ;rk		  ty 'kqf)dj.k
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1- cgqyd fi?ky ¼Polymer Melt½ vFkok foy;u ¼Solution½ esa 
izR;{k uSuksLrjh; lfEeJ.k

•	 bl fof/k esa /kkrq vkWDlkbM ¼metal oxides½] gkbMªkWDlkbM~l 
¼hydroxides½] vFkok Dys ¼clays½ tSls uSuks&Hkjko  
lh/ks cgqyd fi?ky ¼polymer melt½ ;k foy;u ¼solu-
tion½ esa forfjr fd, tkrs gSaA

•	 forj.k rduhdsa% mPp&'kh;j fefDalx ¼high-shear  
mixing½] lksfuds'ku ¼sonication½] ;k ,DlVª wt+u 
¼extrusion½A

•	 ykHk% ljy] fdQk;rh] vkSj cM+s iSekus ij mRiknu ds fy, 
mi;qäA

•	 pquk Sfr;k ¡% uSuk sd.kk s a dk vkil es a x qPNk cuuk  
¼agglomeration½ rFkk detksj varjQyd vklatu 
¼weak adhesion½A

•	 lek/kku% uSuksd.kks a dh lrg dk QaD'kuykbt+s'ku  
¼surface functionalization½A

•	 mnkgj.k% ikWyhej eSfVªDl es a ijrnkj flfydsV~l  
¼layered silicates½ dk lfEeJ.k] ftlls [kk| iSdsftax esa  
vojks/kd xq.k ¼barrier properties½ c<+rs gSaA

2- cgqyd eSfVªDl esa /kkrq vk;uksa dk bu&lhVw vip;u ¼In Situ 
Reduction of Metal Ions½

•	 bl fof/k esa cgqyd eSfVªDl ds Hkhrj gh /kkrq vk;uksa dk jklk;fud 
vip;u ¼chemical reduction½ dj uSuksd.k cuk, tkrs gSaA

•	 mnkgj.k% ikWyhej foy;u esa dSMfe;e vk;u dk vip;u 
dj dSMfe;e lYQ+kbM ¼CdS½ uSuksd.k rS;kj djukA

•	 ;g fof/k uSuksd.kksa dh U;wfDy,'ku vkSj òf) ¼nucleation 
& growth½ ij lVhd fu;a=k.k nsrh gSA

•	 ifj.kkeLo:i] leku forj.k ¼homogeneous disper-
sion½ vkSj etcwr ikWyhej&uSuksd.k var%fØ;k ¼interac-
tion½ izkIr gksrh gSA

•	 vuqiz;ksx% bysDVªkWfuDl vkSj lsalfjax ds fy, pkyd ¼con-
ductive½ rFkk izdk'kh; ¼optical½ uSuksdkWEiksft+V~l tSls 
pk¡nh ;k lksuk&izcfyr cgqyd eSfVªDlA

3- uSuksd.kksa dh mifLFkfr esa eksukselZ dk cgqydhdj.k ¼Poly-
merisation of Monomers in the Presence of Nanoparticles)

•	 bl fof/k esa eksukselZ dks igys ls mifLFkr uSuksd.kksa  
dh mifLFkfr es a cgqyfdr ¼polymerised½ fd;k  
tkrk gSA

•	 cgqydhdj.k ds nkSjku uSuksd.k ikWyhej usVodZ esa lfEefyr 
gks tkrs gSaA

•	 mnkgj.k% flfydk ;k dkcZu uSuksV~¸kwCl dh mifLFkfr esa 
ikWyhLVkbjhu ¼Polystyrene½ ;k PMMA dk la'ys"k.kA

•	 ykHk%

♦	 uSuksd.k lajpuk esa etcwrh ls ca/k tkrs gSaA

♦	 csgrj forj.k ¼dispersion½ vkSj etcwr var%laca/k 
¼bonding½ izkIr gksrk gSA

•	 vuqiz;ksx% dksfVaXl ¼coatings½] lsalj ¼sensors½] rFkk 
gYds lajpukRed inkFkZ ¼lightweight structural materials½A

4- ijrnkj lajpukvksa esa eksukselZ dk var%LFkkiu vkSj cgqydhdj.k 
¼Polymerisation with Intercalation of Monomers into 
Layered Structures½

•	 bl gkbfczM fof/k esa eksukselZ dks igys ijrnkj gksLV 
lajpukvksa ¼tSls Dys] flfydsV~l] ;k xzsQkbV vkWDlkbM 
'khV~l½ ds Hkhrj var%LFkkfir ¼intercalated½ fd;k  
tkrk gSA

•	 blds ckn] cgqydhdj.k ¼polymerisation½ ijrksa ds chp 
gksrk gS] ftlls exfoliated ;k intercalated nanocom-
posites curs gSaA

• ykHk%
♦	 vojks/kd xq.kksa ¼barrier properties½ esa o`f)

♦	 Tokyk izfrjks/k ¼flame resistance½

♦	 ;kaf=kd etcwrh ¼mechanical strength½

•	 mnkgj.k% uk;ykWu&Dys uSuksdkWEiksft+V~l] ftudk O;kid 
mi;ksx vkWVkseksckby vkSj iSdsftax m|ksxksa esa gksrk gSA

lexz n`f"Vdks.k

la'ys"k.k fof/k dk p;u lh/ks rkSj ij uSuksd.kksa ds forj.k] 
varjQyd vklatu vkSj ekbØksLVªDpj dks izHkkfor djrk gSA

blds ifj.kkeLo:i uSuksdkWEiksft+V~l ds ;kaf=kd] Å"eh;] 
izdk'kh; vkSj dk;kZRed xq.k fu/kkZfjr gksrs gSaA

blh dkj.k] la'ys"k.k j.kuhfr;k¡ ¼synthesis strategies½ 
uSuksdkWEiksft+V~l ds fMt+kbu vkSj vuqiz;ksx esa vR;ar egRoiw.kZ  
Hkwfedk fuHkkrh gSaA9]&

leh{kk dk {ks=k ¼Scope of the Review½

;g leh{kk uSuksdkWEiksft+V~l dk rhu n`f"Vdks.kksa ls O;ofLFkr 
v/;;u izLrqr djrh gS%
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1-	 oxhZdj.k ¼Classification½% uSuksdkWEiksft+V~l dks eSfVªDl 
lkexzh] izcyu izdkj rFkk vk;kfed lajpuk ¼dimensional mor-
phology½ ds vk/kkj ij oxhZÑr fd;k x;k gSA

2-	 la'ys"k.k ¼Synthesis½% izeq[k la'ys"k.k fof/k;k s a  
t Sl s i z R;{k feJ.k ¼direct mixing½] in situ vip;u  
¼reduction½] cgqydhdj.k&lgk;d fof/k;k¡ ¼polymerisation-as-
sisted methods½] rFkk var%LFkkiu&vk/kkfjr j.kuhfr;k¡ ¼intercala-
tion-based strategies½ dk o.kZu muds ykHkksa vkSj lhekvksa lfgr fd;k  
x;k gSA

3-	 vuqiz;k sx ¼Applications½% iSdsftax] ,;jk sLisl]  
vkWVkseksckby] ck;ksesfMdy bathfu;fjax] bysDVªkWfuDl] vkSj ÅtkZ {ks=kksa 
esa uSuksdkWEiksft+V~l ds mi;ksx dks js[kkafdr fd;k x;k gSA

bu lHkh igyqvksa ds la;kstu ls ;g leh{kk] 'kks/kdrkZvksa  
vkSj vfHk;arkvksa ds fy, vxyh ih<+h ds uSuksdkWEiksft+V~l ds  
fMt+kbu vkSj fodkl gsrq ,d mi;ksxh lanHkZ ¼reference½ ds :i 
esa dk;Z djrh gSA

fu"d"kZ 

uSuksdkWEiksft+V~l us viuh fof'k"V fo'ks"krkvksa ds dkj.k  
dbZ m|ksxksa esa vf}rh; laHkkouk,¡ iznf'kZr dh gSaA fQj Hkh] cM+s  
iSekus ij O;kolkf;d mi;ksx ls iwoZ dbZ pqukSfr;ksa dk lek/kku 
vko';d gSA

•	 izeq[k leL;k% uSuksd.kksa dk leku forj.k ¼uniform 
dispersion½ lqfuf'Pkr djuk] D;ksafd mudk xqPNkdj.k 
¼agglomeration½ izn'kZu dks lhfer djrk gSA

•	 vkS|ksfxd Lrj ij la'ys"k.k% mRiknu rduhdksa dk foLrkj 
djrs gq, mUgsa fdQ+k;rh] iqu#Riknuh; ¼reproducible½] 
vkSj i;kZoj.kh; :i ls fVdkÅ cuk, j[kuk vHkh Hkh 
pqukSrhiw.kZ gSA

•	 eSfVªDl&izcyu var%fØ;k ¼Matrix-Reinforcement 
Interactions½% buds xgu v/;;u dh vko';drk 
gSA fo'ks"k :i ls uSuksd.kksa dh lrg&la'kks/ku ¼surface 
modification½ rduhd egRoiw.kZ Hkwfedk fuHkk,xhA

rkfydk 4 — uSuksdkWEiksft+V~l ds la'ys"k.k fof/k;ksa dh rqyuk

la'ys"k.k fof/k	 izfØ;k fooj.k	 ykHk	 lhek,¡	 izeq[k vuqiz;ksx

ikWyhej fi?ky@?kksy	 uSuksd.k ¼tSls vkWDlkbM~l] 	 ljy] foLrkj ;ksX;] de 	 uSuksd.kksa dk xqPNkdj.k(	 [kk| iSdsftax fQYesa] gYds
esa uSuksd.kksa dk 	 Dys½ dks HkkSfrd :i ls 	 ykxr( cM+s iSekus ij	 ;fn lrg mipkj u	 lajpukRed fgLls] 
izR;{k feJ.k	 ikWyhej fi?ky ;k ?kksy	 mRiknu ds fy, mi;qä	 gks rks detksj baVjQsl	 vojks/kd dksfVaXl
	 esa feyk;k vkSj QSyk;k 		  vklatu
	 tkrk gSA	  	    	  

ikWyhej eSfVªDl esa 	 /kkrq vk;uksa dks ikWyhej	 leku forj.k( etcwr	 lVhd izfrfØ;k fu;a=k.k	 pkyd uSuksdkWEiksft+V~l]
/kkrq vk;uksa dk 	 ds Hkhrj jklk;fud	 eSfVªDl&fQyj baVjSD'ku(	 dh vko';drk( dsoy	 vkWfIVdy fMokbl] lsalj]
bu&lhVw vip;u	 :i ls ?kVkdj lh/ks 	 d.k vkdkj dks	 vodj.kh; /kkrq iz.kkfy;ksa	 ,aVhekbØksfc;y dksfVaXl
	 eSfVªDl esa uSuksd.k 	 fu;af=kr djus ;ksX;	 rd lhfer
	 cuk, tkrs gSaA	   	    	   

uSuksLrjh; izcydksa dh 	 eksuksej uSuksd.kksa dh	 etcwr baVjQsl ca/ku(	 uSuksd.k vkSj eksuksej	 gkbZ&ijQkWes±l dksfVaXl]
mifLFkfr esa eksuksej 	 mifLFkfr esa ikWfyejkbt+	 csgrj QSyko( xq.kksa dks	 ds chp laxrrk dh 	 gYds lajpukRed inkFkZ]
dk ikWfyejhdj.k	 gksrs gSa] ftlls os eSfVªDl 	 vuqdwfyr djus dh	 vko';drk( lrg	 vkWfIVdy@bysDVªkWfud
	 esa varfuZfgr gks tkrs gSaA	 {kerk	 la'kks/ku dh vko';drk 	 dkWEiksft+V~l
			   gks ldrh gS	    

ijrnkj lajpukvksa esa 	 eksuksej dks ijrnkj	 ,DlQksfy,VsM@baVjdysVsM	 tfVy izfØ;k( baVjdys'ku	 vkWVkseksfVo ikV~lZ]
eksuksej dk baVjdys'ku 	 gksLV ¼tSls Dys] xzSQkbV	 uSuksLVªDpj dk mRiknu(	 vkSj ,DlQksfy,'ku	 Tokyk&izfrjks/kh lkexzh]
vkSj ikWfyejhdj.k	 vkWDlkbM½ esa baVjdysV 	 mRÑ"V vojks/kd] Tokyk	 ij lko/kkuhiwoZd	 mPp&vojks/kd iSdsftax
	 fd;k tkrk gS vkSj 	 izfrjks/k vkSj et+cwrh	 fu;a=k.k dh vko';drk	 fQYesa 
	 fQj baVjys;lZ esa 
	 ikWfyejkbt+ fd;k 

	 tkrk gSA	    	    	     
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•	 vuqiz;ksx laca/kh fpark,¡% nh?kZdkfyd fLFkjrk ¼long-
term stability½] iqupZØ.k {kerk ¼recyclability½] 
vkSj fo"kkärk ¼toxicity½&fo'ks"kdj ck;ksesfMdy rFkk  
i;kZoj.kh; {ks=kksa esa&dk lko/kkuhiwoZd ewY;kadu vko';d 
gSA

Hkfo"; dh fn'kk%

•	 xzhu uSuksdkWEiksft+V~l ij 'kks/k] tks ck;ks&ikWyhelZ vkSj 
izkÑfrd uSuksfQylZ ij vk/kkfjr gksaA

•	 daI;wVs'kuy ekWMfyax vkSj e'khu yfu±x ls fof'k"V xq.kksa 
okys inkFkks± dk Rofjr fMt+kbu] ftlls trial-and-error 
ij fuHkZjrk de gksxhA

•	 uohu vuqiz;ksx {ks=k tSls ÅtkZ HkaMkj.k ¼energy storage½] 
yphyh bysDVªkWfuDl ¼flexible electronics½] vkSj iqutZuu 
fpfdRlk ¼regenerative medicine½ uSuksdkWEiksft+V~l ds 
Hkfo"; dks mtkxj djrs gSaA10

la{ksi esa] i;kZIr izxfr gksus ds ckotwn ekStwnk ck/kkvksa dks nwj 
djus ds fy, var%fo"k;d ¼interdisciplinary½ lg;ksx vko';d 
gSA uohu la'ys"k.k j.kuhfr;ksa vkSj lrr ¼sustainable½ izfØ;kvksa 
ds lkFk] uSuksdkWEiksft+V~l foKku vkSj izkS|ksfxdh dks vkxs c<+kus okyh 
izeq[k lkefxz;ksa ds :i esa LFkkfir gks ldrs gSaA
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