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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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QAT

Jg THET W@ SHeraied ol fasdret, aefteer
TR STWANT W higd & | "Heeaiioed U8 3= arir
(advanced materials) & 572 3@ 9te Y= &mar
(superior performance) & ®HRYT e fasTe wd Yrenfiest
4 {99 7o UTed &1 T ¢ | A hiite qere SO
HA, FEmor Gfoie (corrosion resistance), ATGA TE
e[ aTctendt, eIl rEfefar qen TEte Rerar &
forw = o €| 99w (fillers) # 9ER (nanoscale)
R AT AT 8, a Skl Fael &aa%d (surface area) 3T
giafshanefierar (reactivity) 9 Sl 2| HhRT GROMT AT
T SHreried, e o URaRe Aighr a1 At
HFITTE & HeEl s & & |

ﬁ:ﬁmﬁ?ﬁ % = vare (multiphase materials)
AT A1 2, foeH & us ar stfers =wor 99 (1nm =10
m) TR B &, 5 o A9 (nanoparticles), F¥1eg&d (nano-
tubes), 3TAT WAGR FET@ATE (lamellar nanostructures) |
e fafiree fagward A= vesi & S/ S FelhatHd
g9 (synergistic effects) & HROT THA ST & | SHIR0T
T FH &9 § faqid 80 (uniform dispersion) 3R Hfge
% | IR ASgd AdFaY (interfacial bonding) gt
AT, I Y UTT i & [0 e € | 39 S fhansi
H qeqd® (covalent), ™AM® (ionic), = =X AT
(van der Waals) rgar gEgee dei aq At fear
ST T FHUN HT STHR, ST (shape), stffawama
(orientation) T Hfger-wRTa Siq:fFamd, Tt A Fafed
% I W T THE ST ¢ |

TH] GUTATG had SOART 6 & difad Tal %,
qfess araTafeda &= w9 gar amyfd (drug delivery),
Tad AR (tissue engineering), W W RS, qoT
fafereaa Suareent (medical devices) # T Wew@qor 4fHeRT FFrTeir
21 278 FaQoaStl & HROT ADIACE B CFbrdl q B
AT (materials of the twenty & first century) &gl ST 2 I,
TR @ Feer (Classification of Nanocom-
posites)

IRETeE gega: & gehl § 99 B & A
(matrix) 3T 9&e9 (reinforcement) |

Higar Y@= &l a1 3T 9 BT ST R &l S
ST A 0T Y& T © |

A. AT T2 F MR TR FiHOT (Classiﬁcation Based

on Matrix Material)

1. &g Az él'-'-ﬁ'fl'"ﬁf\\'r@'ﬂ (Metal Matrix Nanocom-
posites - MMNCs)

MMNCs % 79 o1q (ductile metals) a1 fasreng
(alloys) =T Afeary 2rar 8, forad amraa: frfies-smenfia
A O BT g fRAT ST 2

T S=9 fafeee A9l (specific strength), @3IaT
(stiffness), &H AT AR (reduced thermal expansion),
It feara-afaiier (wear resistance), T&T €T3 Sl TRl
(ductility) TR f&XfHe® #T FSRAT (toughness) HT FATT
qrT AT % |

AT Y@= § w97 (particulates), f&&thd (whiskers)
a1 Y9 (fibres) Sy T 2

BE(eITERY:

s Mg-3menRa MMNCs & HTeH W &1 ST,

« Al3mEmRa MMNCs ¥ TiC, SiC 3R AIPO? Fvii

CARCENER

HIE HIEE-gaterd didr Afga (Cu composites) T
AT AN TIAET FEW | B & |

2. Rt Affa SFRFAREE (Ceramic Matrix
Nanocomposites & CMNCs)

CMNCs H HAFTEsH, FHIAEsd AT RS Hl [HE
Hfgar & yaad & €9 | QA 6T S g |

Y TP el kol (fracture toughness), dMdr
ReRaT (thermal stability), FeReT GfcRIer (corrosion resis-
tance), 3T S=d AMH U STRIHIOT Fiadrer (oxidation
resistance) Y& &Y € |

TH HROT SAHT IYANT M &= § e 2, S
o @@ gag (wear surfaces),
«  ZFAEE (implants),
s  {EHH® "2 (structural elements),
* fIgd IR (power generation),
fafr®a SUHTT (medical devices)’ |

e @ET § H9T, T (flakes), Y91, ar fm @
(voids) aftwfera fopm omer 21
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3. Uifer R Afg AMiRited (Polymer Matrix Nano-
composites - PMNCs)

T HEITEE § T 90% ERRr PMNCs &
AT 21 9 guitwarie® (thermoplastics), gwide
(thermosets), a7 SAREEY (elastomers) WY HigarT &l
F F £ |

Ui &b (lightweight), 3TEMT § J8&hd (easy to
process), 3T SR (versatile) & 2 |

T O I AT AT Y97 Pl At we HEs
foram ST e 2, TRt %1 1 SR iR faawor (dispersion)
Heqor T v €1

PMNCs %l SUANT &4 &Y & TIIEH, G951 (marine),
R SHfEER SR § fopar Sar &)

B. g (Reinforcement) & MR W SO

FATRTITEE T aAThIOT I Ja@ (reinforcement)
% YR & SR W | fhar S £

YT | ad AAGT (strength) 3R FoRaT (stiffness)
JordT &, afeeh SUA RReRar (thermal stability) TR T
FHrfES o § U FER HA & |

1. IQ-gafad s=epiged (Fibre-Reinforced Nano-

composites)

9 ®EE (organic) AT hEMSE (inorganic) IS
B M1 o I G 1 O 12 20 31 e 2 B (| ARG T K R
A ReRar SgrE I 9% | TIE IR &

s & (Glass)

+  I%TEe (Graphite)

e IR (Boron)

* e (Quartz)

o ot FrEfEs (SiC)

9T &1 AT (orientation), 3TUTA (aspect ratio),
3R faaror (dispersion) HIEr AR W YS9 &1 Fiferd 3 € |

afeErt 1 — A3 werf & SR W ARl H FwT

AR 1 TR LERE) RiRERERIY L] e e AT
(Reinforcement)
% ST
o i TiC, SiC, APO? = e/ farereng IF o ufole;  WE yEERt,; TIREY
St T, B GER Afga fored e vo7 fafyre @, foerengsit (epTeTBTEaR-Cu),
(MMNCs) e STST 74T & T g/ faEd T F AR ST SIS, Ve,
I AT T HORAT; gfaRier; uifer T
FH ST JER; &0 qer | ECRIK R CRE)
e S TEE b Aferp T e
Tt S
toughness
ERIEALINEG] ATE2EEY; R, T yadT & T SR SRR Sfea fomo; e, I,
(CMNCs) wER, 6 e EESCECEI IO gfcrRrer; st HEM AT UTER SRS,
2l; e A FHORAT fafereia Su,
toughness; s= HTIAHE g2h
AT W R
uieR e I, CNTs, I,  eHieiied, Hfee TR I, e,/ fafe T, q,
EEICIIN ) oTq HFTEE, T TARSERE Ui ST THERIT; 0 o | qrATSH, Yehior,
(PMNCs) EEIRAESTS Az, T EER  FESuwEnt e, FH gHq Rerar;  SAfemEEd,
ERT ATHAT; H IHE AL O ATATET ESEHIECES]
BT BT ATHT LECERRCERIG] H &

90%
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T &1 adienl 9 o S Fepar B

1. SFERTe @ B § TR e |

2. Y& BT F AT BT SYIART e P,
2. WERR SHRIed (Laminar Composites)

T pivdIfored e uXdl (layers) ¥ a9 Bld &, fo=e ot
H gy GEET 9918 Sl 8 |

R o1 e ) e B 1 1 D G B B G| R e
ffyad o § sgafeaq frar Siar 21

Hefoa H@Ad (Sandwich structures) THEHT THE
IR0 &, FoTepT SURNT &b dfehT Aorad i § erar
A

3. FHUT-gaAfed AArebried (Particulate & Reinforced

Composites)

99 918 Fon (powders) AT T (flakes) T Afga
¥ fgaRa forar srar & i arlt @ FSRaT, A 3R
ferara-gfaier (wear resistance) H g &1 &b |

BTdlich J BIEaE-alard raiTed &l JoaqT 3 & JHrEr
B 2, ik 3! AFTa-THIasiedr (cost-effectiveness) 3R
3 T (ease of fabrication) 378 TaEI® ST € |

SR
urféeha ar$ (Particle board)
#shie (Concrete)
et | =i w9 § foRar S 2
C. Arartys W¥@ar (Dimensional Morphology) @&
IR T FAHT

TIBRTITEE Bl SAd! T (morphology) 3R
JEhT X Suftad STl (dimensions) & STER 9T o
Fiehd foham ST 2 | e afieheoT S ifcrs, a3
FHrfHE TON BT AL THIT BT © |
1. %]S’I-GTI'QT'ﬁ (0%) JFIFTT (Nanoparticles)

STRTT UH Uaref B & e HE-a-%9 U% A 100
SR B BT 2 |

TAHT HTHR AR STHIRD! (morphology) IHe TOT
P FIHN T&d AT & |

@ STYANT: SRIEHNT (bioimaging), FaT-fraer
(drug delivery) SR =1 aTaHTEHd &=-

2. TH-TAMT (1D) SFEMER 3R éﬁﬁ'{iﬁﬁ (Nanowires &
Nanotubes)

o JmEmER (Nanowires): 39T =T 100 < 9
FH BT & |
+ SHiegd (Nanotubes): @iEd HETARY e dam
amuTfaes =X (molecular&scale) 9 Il Bl £ |
o fagtw e fHTa-ates wrdd AAicE
(SWCNTs), fser faga =maepar (electrical
conductivity) STETEROT BT &-
3. {&-3Tart (2D) WaeR Rifased (Layered Silicates)
+  foferenr aTgeR™R (silica bilayers) 3R 37 2D qeref
Si0? 2gTeEd Aeasm § I BT 2|
o TR FEAT IR T’ﬁ &I substrate modification,
doping, intercalation ST YfsHaTSTl & SEwT AT HebelT
gl
. ¥ o T # TR A B
4. Br-3mardt (3D) Rz (Zeolites)
Tfar ge-fegl (micropores, 0.3.2 nm) ¥ I &T & |
. s P
¢ =9 9ae &F%d (high surface area)
¢ TErEfE ® F AR T (tunable chemistry)
¢ T=T TAH &Far (catalytic potential)
@ ATIAN: A / HAUO (adsorption), IIXOT
(catalysis), fHTa= @il (separation technologies)®
D. 99T YRERAT (Synthesis Procedure) & 3R W
T

SIEIRTEE & T SR SR Y daw Afge
(matrix) TaT G (reinforcement) T &1 R & &,
qfces I GYAUT &1 fafer (synthesis method) 92 o ¥
A |

fafe=r dgamor A S & faaRer (dispersion),
JaTwa®s d99 (interfacial bonding) TAT SATHTITHT
(morphology) WX fHE=0T I T YaT &t &, foras arf
T AT (functionality) ferifia &y 259 |

q&Id: AArhrieied ®l faiaa deewor fafedt &
TR O e foham SATam 2
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AfeHT 2 — yaaw (Reinforcement) & SR W AR T FTHT

TITH B THR I e fasteand LK lEy THE TITAR
FrEa-gaferd P, ABES, IR, AT/ TTah BIEay I A AR ST TR, TR, ST,
BRICIINEA) e, SiC, afAe | A9, FHORAT; Jea aHA SAfergifues or; WA e,
Tl FEE FoRAT AR e femar  ferar;, wR-asd HE GEW TE AEAHISHT Bhhiead
H FUR; Ye9 HEE &
% rfufa=amE, emedae
T MR faawer
et e 2
WAER Hirdited  org/RRfas/ difer &€ wwat § 9 TP FANF T, Wl B OTAT BN UIRIE U,
BT IhieTd T TG T o AR WO, BT Sitae; difhd s e,
EEEEREEIY 2 B & WR WAl e A fegres out-of-plane IETHE I,
¥ forafia &rar 21 LEEQIRCC O
EARCARATECTS
HiFfoTed F 9T
EAEEIRPEEINE TSR, TRla, 99 &9 ¥ faafa TATT-JHTE; ST FermraTsd, T,
HFifored e (G Si0?%,  wui ERT Afea @ o, toughness FHIfE, HeaTHH
AIPO?, CaCO?) o AT ST 3R ferama gfeRyer; [
i gae = Ho1 & EIcIERELI
SR, STTFT T
faaror @ fefR B 2
TR 3 — ST HEEAT & AR W AR &1 FieoT
™ TETERT R BERERIY v il e A
(Dimensions)
- T (S e FH H F TH AAH IS AL A, TR TAT-EH,
(0D) SiferTEEd, T <100 nm; T AHR/  STTHCIT TR, (agglomeration); ey faawor,
izH) ST T AAeH FIBE 3R SEIERCRI I R, IAH
it TR T FH H B
- (1D)  SHERR, SHiegd | < 100 nm, Spee foaegd @ oiR faqwer il
(3% CNTs, ZnO  w«1g =amq & e oHT ATARAT; Fed AT, HE ERESIRESH
FrER) SAferp; TS WEW STeEE SIUTT GEEER) R, AT
Tl IYHTT
-3 (2D) waer fafamed, TSR GXEATT; 2D ST TAC! ATH; WAl B QAN hife, e
%, MoS? qq § I=a T AT (restacking) B (membranes),
AT Td SEAEE I I YT, TEERTT YR, S
SRR H Sfeerar I
FFTAATSAT
Bremr 3D)  Riarsed, Hed- ger-fozgeh foheea T foudl; TaAh |t i q9gdl; SR (catalysis),
Tiitfoes e e o Br-smard ST, ST e HLATOT I GFRIT,
(MOFs) T BT & Afsparr STl &R
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1. qga® o (Polymer Melt) 3@t fa=a= (Solution) &

TR AR AT
Zq fafer o a1q SferEs (metal oxides), BIESERIEEE
(hydroxides), 3tgaT @ (clays) S8 S¥I-9R09
ey g8 fUEe (polymer melt) AT faeas (solu-
tion) H faafa forg o 2
o a@die: Ioa-9faR fufee T (high-shear
mixing), AI®HIE (sonication), AT RESEASET
(extrusion) |

o W T, fREE, ST T2 TAN W IR & fau

Sqgh |
gAfEt: ATEON BT ATTT H [T AT
(agglomeration) TIT HHSIR A kel ST
(weak adhesion) |

o |UIU: AAIEON & TA6 B HEIIAATRS I
(surface functionalization) |
SR g Afea #§ waer fafasea
(layered silicates) T afersror, fe @rer YabfoT &
STaRrer TOT (barrier properties) Sgd 2 |
2. I Afgerd § o1g A 1 - w=ad (In Situ
Reduction of Metal Ions)
o = faftr § a5 Hiee & i & A e & Tt
=g (chemical reduction) & SR ST AT & |
TITERT: U e # ShefHas e &1 sTa=ad
FT BTN FHES (CdS) AHIHT TR FHIT |

o e fafer ST dt FRRUE 3R 3fE (nucleation
& growth) WX T fziEor <t B

gRumEEY, 9 faawer (homogeneous disper-

sion) 3R A AT@FR--H1T SFa:FRar (interac-

tion) UTed Il 2 |

SIIANT: eI+ SR HERT & fow ar@e (con-

ductive) T GBI (optical) S FAIfTE &

Il AT FT-gaferd gas Al |

3. ST Tl JURATT § AR 1 agashiaeT (Poly-

merisation of Monomers in the Presence of Nanoparticles)

7 fafer & O @ ged ¥ SuRad Sl

® Iuredfd H dgdihd (polymerised) fobar

T 2|

o TEADIDHIT % SR AT YT Feaeh § afAferd
B S 2 |

o SETer: fqferhr ar wrEe SMege @ sufafa §
gfareergds (Polystyrene) a1 PMMA T ST |

° ET’TI

¢ SFROT WA | WOl § 99 A1 E |

¢ e faaRor (dispersion) TR woigq Sfa:dae

(bonding) YTeT &I T |

HAIYART: HIEE (coatings), AT (sensors), Tq&T
&wh g gerel (lightweight structural materials) |
4. TAGR TLEARA # WA T ST 3R TEaeh 0T
(Polymerisation with Intercalation of Monomers into
Layered Structures)

« =9 el fafr § 9FME @ ded WAaRR B
et (S o, fafoebed, ar JwEe Sifres
giieq) & X fa:efua (intercalated) foram
EICIEY

o TG 91E, IEABIET (polymerisation) Tl & A=
Bl %, /a9 exfoliated AT intercalated nanocom-
posites ST £ |

FEY® TN (barrier properties) H Iha
SETET giarer (flame resistance)
i3k ATl (mechanical strength)
TR AT AAbraiied, R AT
B’CRﬁ?T SHEET 3T Yol SEr | 2idr 2 |
T giREaRIoT
ooy fafer &1 T MY IR W S & faa,
ST STHAT ST ATShHIEEFIR I JHUIAIT HT 2 |

YR A s T HeiRa 2 2|

AT BT, GIAWUT Il (synthesis strategies)
TR & e S eEyE § ord weeysl
fHepT et € 1)
wHiem &1 A (Scope of the Review)

Tg FHTeT AR H e gfteden ¥ @Etad
AT TET HAT 2

*® & o
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ATAHT 4 — P & deauor et # gasn

weqmor fafr LEDIRCE] KL Ll e S
GieR e /A A (T SRS, e, foer g, &9 AT BT [BTHI, T YT e, Bh
H Jimon @l F) Bl Wifds &7 F ANT; 9% T W g e ITAR T HEATHE o,
gegeT frsror YtetmR foera ar = Iqre & fog Sug® 2 HAR ZThT STEEF HifeTT

7 fHamr SR e ST

EICIES
afeeR Az o € ST F T LEIERECIE AR C e gfafsrar s ATH IR,
o7 ST T & ofiee TEmts Hfzo-fiher g, T SATIYIHAT; B sitftashar farsa, &,
ERRsICACRERE] T { = A1 0T ATHR Bl STIFTN g gomfert TEHTSIhITaA i

afg 7 ST T e g a% i

T S £ |
Jufefa # 7R Sufefa # difaes T Teld; O Bl % dr | & & GETHE JaTd,
EARIIEREau I &, e 7 Afga ATHT B Y AT, TS Sitfeashel aaei-m

7 sarifed 2 9 € | & TG I ST EALINEG)

2 Tl &

AR |qeEAsT | ATl WAGR TFIRITIES/2heds  SAfed UihdT; Shae FfemifeT ared,
TR T ZHAIE B (T o, ThiEe FEZFA HT IS 3R TR Sararr-gfcrrelt e,
IR difedienT SAtFaTEE) | getahnle SR FAGF, Tl W AEEHE ITA-SENTE TehlAT

fopar ST & SR gferrer 8T At [REEMICIRCIEEECY foret

T gexerad o

gifereriesy fomar

EIcIES

1. TR (Classification): ST ®1 Az
IR, Ja@T YR q9T TS d3a (dimensional mor-
phology) & STTER WX afiehd foham T 2|

2. @AWY (Synthesis): I9@ Heawor fafear
I8 gger fogor (direct mixing), in situ FTFIT
(reduction), SEAHIHIT-HE™S fAferdt (polymerisation-as-
sisted methods), TT ST FATAT-STENMRT WFIHET (intercala-
tion-based strategies) T G ITeh T SR ATt Afea fea
TR

3. JIIAT (Applications): THTFT, waHiwdd,
SATEHIATE, ATAFTEH SO, Serriiar, SR SHotl &=
H SHreprIfed & SUART S W@ifhd fohar T T |

T 9 Eel & FANE | g8 |qHlET, qreedre
feae SR fasra 2 U Swar |eH (reference) & &4
7 e H 2|

e

e 4 ol fafire fastoarett & @R
e SEMl § AfadE gWEEe Yl @ 21 R W, 92
TN R AEEIRE SN § qd FE FACR BT FHTEN
SATATF & |
o YUYW AL Al w1 9 faaer (uniform
dispersion) FHEd ST, Hifh ITHT BRI
(agglomeration) Jesi T HfHd T 2 |

©  SETTE TR W WIAUOT: IATEH TRl B &I
Fd BY I (!, gAeared (reproducible),
SR wafEei w9 ¥ fedre a9 @A o o
AT & |

o AfEFE-yaEd a:ERar (Matrix-Reinforcement

Interactions): & e IT &I ETRAT
T fagw w7 ¥ I @ ade-Henes (surface

modification) T HEEYOl YT U |



90

AR TSk T SENTeh ST Uit av 34 i (1) 9 2026

AFUAT waeh Rra: dewrtas fRewar (long-
term stability), g &@ar (recyclability),
3R faumhar (toxicity)-fagioes arAfRRT qar
QAT &= H-hT ALY ol A9
Tl

Hiasr it fesm:

A JHrIeE | o, St SrEi-utamE o)
UTpfce AAIfhere R STenRa & |

FYLIAA FEAT X A AT & fafire qon
arel vert @t @Ra famed, R trial-and-error
R AT & BRT

A SR &3 S Sl WSRO (energy storage),
T Serreier (flexible electronics), 3R I
fafeheam (regenerative medicine) HbMAITEH &
9fIeT F AR H © 11

Hag H, qafed W B & qrae[g HiefaT aTemsl gy
F & U Siafaug® (interdisciplinary) T8 EWE®
T | T "9aur Al 3T Fad (sustainable) Fisharatt
Tg@ AERET & ®9 § T & qehd © |
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