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Research Subject: Poor mechanical strengths and lack of thermal
stabilities of hydrogels confine their extensive practical applications in
many areas. The growing scientific need for solving this problem and
achievement to the hydrogels with improved properties has led to the
design and production of the nanocomposite hydrogels.

Research Approach: The polymeric networks of nanocomposite
hydrogels compared to the ordinary hydrogels have improved elasticity
and rheological properties. Other points that increase the importance
of structural studies of nanocomposite hydrogels are the high strength
of these materials versus the application of external forces, as well
as maintaining its structure against increasing of temperatures. In
this regard, the type and amounts of nanomaterial, the preparation
method and formation of hydrogel network have a significant role
in improving the physical, chemical and biological properties of
hydrogels, and, it must be noted that these parameters will depend
on the application of nanocomposite hydrogels. This also highlights
the need for the production of nanocomposite tailored hydrogels.
Therefore, orientation of the range of nanomaterials, the preparation
method and product identification, along with sufficient information
on the application of these materials, might have an important role
in ensuring the success of these materials, requiring comprehensive
library research and studies on polymerization processes, morphology
and rheology.

Main Results: In this review article, the scientific advances in the field
of nanocomposite hydrogels, focusing on its types based on the type
of nanoparticles, its properties, preparation methods, identification
methods with a new perspective on rheology, thermal analysis and
morphology is investigated. Finally, the applicability of these materials
is collected in a comprehensive table in various fields such as tissue
engineering, enhanced oil recovery, agriculture, and etc... .
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Figurel: Classification of hydrogels based on the different properties [4].
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Figure 2: Block diagram of research done in this paper.
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Figure 3: Statistic comparison on experimental studies until 2019 on NCHs types based
on the type of nanoparticle in its structure.
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Figure 4: schematic showing three morphological states: (a) phase separated, (b)
intercalated, (c) exfoliated.
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Figure 5: NCHs exhibit extraordinary mechanical toughness: The gels can be tied, compressed, and even
elongated to over 10 times of their original length without obvious damage [28].

okt oaed it SO0 S o s 4D o Shag ale acllad



0,390 Hlade ,STa S cul by ol cawloa s
Sl (Sauss 4o oo wol ol Sie %Y e a4y
.{V\j\/‘} A anlg>

gl gl o Sl )yl ples

Ot 5D (oo ddlgn Lod Ol s ol o el L8,
=S ol cags o cculools o, Slee bl S
5o Sldlas zols . ccul YU loales jo 895 5 Ll
3l (mle S 5lank s 5l (S pg—at
b g (Ll asSs {PA) ol &l)de il g ax
Jigya—p JLalw jo Dlp3a b oS JJafe camgs JoB
ly39b (S39 700 (9933 L L 45 (5 9k 4 ol
WA PRl Sl e sl p)Y 5 Sk
Sldllas man (V] codl aales iolisl (KJ/mol)
Gl S (S39 %0 A (j095-81 L aS o o olid
asl moliélol, 5 slwa >0 VANCHS 5
blaosl e po (oadls ok b acaslie jo VY] el
515 ool e (107 /Ky VaY s ¥Y0 INCHS L5
S5 ol dn dzgi ol e realS aa s S sl
ol $olaml (s ey e Sle 5 SS9 b ol
i, bl o i als Lo Lo e jeslSsils
A2 \'2 i JRCHIW PUCT RN [

6Lm QH}])Q g,‘_s).’>u L_rLa‘ 5y d—w o JLJL)»)
oa— ool s ol o ST b 59,00 5,1 >
a0V YU sloo o 58 S gl ads o ]
5 (Adgl ey 50 (g aal)) o 2s o 7, 0,5 b
al> o asb (O) Pl s 51 ol el oS
ilw a0 VY Ve e 0 slos jo (59 SialS pgo
A dS (gl o B (g atai) wdl o lasl ol S
S 525 5 aal Loy )5 (5l 4y e
O slon ol ol o ST b oy )0 95290
& s 59 el 9y, oS (il a0 1 B
o=l 4SS sl Jig 0 aSs i 5l b 4 e0g
A_J‘)_a.».&’ .\_;5) 09_.» - OA_:.cL; LF’LQJ g,_:)Du 4_1>)A
oy 03lagil joa g Slod jo Jig 0 (459 plS
el oo ooy las S 5o (Cdsh ja0 Cge)
o Q”)j—’l-’ )9_»é> »59_».: o ool e 4 S )9_19 ULQ.Q
Sled ) (s 2B il an o ey e Sle
S Sl ol aS cul ol 55,000 oy 50
Lcwlazg Job b ol 5 sle alelw 4
TGA (Thermogravimetric ,log—i )Lu8, 4 a>gs
DTG e al8 o ;31 a5 el g @nalysis
4 bs e < (Derivative Thermogravimetry) L
Gl 0, 5 il a0 00+ sgo> ,0 NCH L=l
Ol ol el AnlEl Jsose 9,000 dn Comad 45

858395 1598 96U b 39,008 2 (5590

P25 (5=l (=Sl Lols olBas Sl s e
43S 53 ey Sy Lo S e a8 Bl
Sly3e 5L ogy8la s cwloole i Slsllas .ol
P UVFT] 05 b cad ols S 05t 4 ymie o lyon
S92 el 395l sl A ol t{)—d})f AL

AFY el

2390 9l sla J3g e (Sl olgs
sl Jig 0 a0 &lyde b o, S adlsl Lol JoYs
)_S‘)J 5 ;,_ABL&A 5T.w.4.> 9 M flS.’?L»_w‘ ‘LS"’Z_“"
2 APV PO} el 6 mdy Bllasl g Soils 5 il
ISR APNIE SR S SN = | JUUP S\ ] PN A S L W
OP‘HMa‘Jj_Ia)_a‘)J\“‘ l_’NCHS Lrlf)}‘aé\_:
Oly3e5l go 4 (St il liw g 09t o 00 iS
5 =85 5 )0 g eSS U Jo b slsjl ols
Jbs plgea) Sl i Lo 5 a5 9y Oliee
{74} \#- - g NCH-PNIP |, {#A} 1V eee
oS GLQ J) k)_l‘JJL».) (NCH—PDMAA) 6‘)—’ )_a‘).s
sba Jj 4o et leslial b (ovzs J2B 50 4
oLz NCHS (coen g o Joous Sllansl 6
YU sla 25,8 50 laj am aly ()5 (s o
o et erhm oy Al L el ol g e
L 29 J2B ok an plSodinl 5 Jgoo coS 5 g 08
Ol S (ool 9t yaaly 5 () oo (59953
G99t Gl 00 ) 4l (2lidl Jgae 4 cl (23S
ol ol aS eog eSS U Job ooyl o (5,135 S
A SSs (65 A o ol
s ogde APF) ol ail (Aol Jsene Jig 0 4o
o155 g5w 00,28 Jams oLl NCHS w5 o !
MCL‘JGs»))‘Q ‘) Jg_,o.sm ‘_gl_{bJ)s).\_».b)_:‘).a R |)

ATV o od a8 (i) a0 S5 sl
S—te sl o)ly—op (o LjealS ol sla 59,02
ua‘5_> “))‘5_;0 H}J B RO ..\_cz:|9.>u Lri“"l&‘ uo‘5_>
&S s dn (Hame D13 (539581 L L S 500elS 53l
d‘J;é‘ﬁw‘A_dlef)_oﬁb GL‘”L)“—.’.)SL“)')
Sly35L Gl et Sl 4 Sl (5552 (S
S8 a s b og i ploul olw dgy sl o
K g8l L ISl o34 56 L, NCHS  SGls
= el a4y Sk Jaa—e w0aiS 5l S
a8l palf weenSo U Job obiojlas I ol
&l adlae yo L 0 IR PR = 0aS il CjeelS g
»SI0, @ly3550 5l S35 amo o ey (098l o

i o=bed e3ga e o NCH a5 il Lins o0

(S Pl g STb Jgo g (Sl Jgoe 99pe

1) ok - oo i 60 )5 o g sl A G (b9 oole aolidiad



858395 1598 65U b 39,008 2 (5590

100 ] TGANCH) L4
DTGNCH) [,
o) \
Lo
™ (/—U_% e
] &
= L 4
3 w0l
\J | &
20 - ]\ .
TGAL I3 ,08) I
DTG 15 30-8) Jins
o . . . . . . . — =10
0 100 200 300 400 S00 600 700 8OO

("C) Laa

el STl J3s00e 5 Sislyse cigemaal yST (Sl (oS5l 35,000 (minle S slasSI 7 S

AV} Jgoxe

Figure 6: Thermogravimetric (TG) patterns of the PAAm-g-St/MMT hydrogel and the
conventional polyacrylamide hydrogel [75].

Lr]li} 9 S—wgd u_;‘ 6L¢b 09)_? Slass A J)j)‘-\—:-“
YV adoleo 5l pye ao o ol A ly ol (gl A
N . =250,
li=(i12+li)us o)
Lo J5g e o ol gl a5 o5,k el S
l_g 9 L)’“—"JB‘ Ce—wgd a_:T (_gu 05)_? Sla—s5 u,u_:b.‘é‘
ol ol e rals ol glasis I8 il
‘..\_abu.._czlfu_,a).cA_;YL@|u_]Li>=\_>)_m4_§L~a.c
Al § 039 Joaie A a4 S 5,0 5l i
a5 0 g aisl ol el P o o >
59 b S Ll ol (oo Gl 5 95 Llie

£33 €55 duy

o
isesls AV} PVA & o555 il & o 3l o a1 0995903l smr 5 8 (sl olog o35 L o35 65 ¥ S8
AAYS PGMA & (52556 5 {AY] PVA @ coishy 50
Figure 7 : Swelling ratio over time before and after adding nanoparticles from left to
right, respectively: nanosilver to PVA [81]

,montmorillonite to PVA [82] and, nanocarbon to PGMA [83]
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Figure 8: Responses of pH-sensitive hydrogels: (a) anionic and (b) cationic.
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Figure 9: Swelling behavior of poly(AA-co-PEGMEA) /bentonite NCHs containing 7-0
mol% of bentonite in different pH values [4].
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Figure 10: Representative response of (a) positive and (b) negative temperature-
sensitive NCHs.
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Figure 11: Schematic of the hydrogels fabrication strategy; step (a) contains raw materials such as1.
monomer, 2. crosslinking agent, and 3. initiator and step (b) contains 1. polymer and 2. crosslinking
agent. neglecting from the method of preperation, step (c) begins. Step (c) includes 1. reaction vessel
in water bath, 2. homogenizer, 3. injecting material into reaction vessel, 4. Purging the reaction vessel

with Nitrogen gas and 5. Evacuating reaction vessel from Oxygen gas. 6. Giving the required time to

complete gelation, 7. prepared hydrogel, 8. Vaccum dried hydrogels, and 9.dried hydrogel.
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Figure 12: A classification chart of characterization tests of nanocomposite hydrogels.
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Table1: Morphological test of NCHs & their applications.
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Figure 13: A schematic of oscillating rheometer a)parallel plate, b)cone- plate.

oy = (ool (e (69,1l b gy (ol Al o (B9 (ool aolilad A



WWSs 0 (gel plssl jo JmuS Jol sl adlge
el )l oz o adlge i el sl ool s
«R) =i gl (Gap) (H)sjlg—o amibogs oo
el g, Lo g p9lisS Glie clog )50 4l
bl Sladllas wlw! 1o 5 Stole;l sage 4 asgas

Cnl S LS gl o plsdil 0,8 Sl 25 g (4
adge L alelws (6,095 0,90 0 ol il Olsuil a s

A Tit)= Ty sinfwt + &)

858395 1598 96U b 39,008 2 (5590

Fs et ol ¢ 4l 4 & 5ly )3 (5599,
4o ol (Sl g Jg—ol pplie 35 b oo 48T Sly
pend Jol8 S e slo w3l el ool g9 1o
I B S B yre 50 Sl 45 Glsj e ]
45,5 8 s S s S Shat 85
(g JSi s 50 aiile) o Sliogas a ai g
L aal b adsl cdl an aS o)l sg2g Jloiz! ol

Tt -V
7 VE

P &~
y )
/ = : =

P
- .
Pay oop 2
'-.i—l'.r'\:'—’}f

Y (Pa) Sl Jysa

G" (P Sy Jae

G (Pa) o5y

& =(Rad)l ausl g al;

L;u.nl.u\) 61‘“6}5")""“ )| GJLN \\CJS...:
Figure 14: A schematic of dynamic measurement.
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Figure 15: The elastic and viscous moduli variation of NCHs in face of time
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Figure 18: The elastic and viscous and complex moduli of NCH versus temperature.
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Figure 19: strain percentage against time with 4 constant values of stress.
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Table2: Summarized studies on NCHs based on different applications
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Conclusions

In this paper, nanocomposite hydrogels
were investigated from four points of view
as the type of nanoparticle in the structure of
hydrogel, preparation method, morphology,
and rheology. Comprehensive classification
of nanocomposite hydrogels in different
industries based on the type of nanoparticles,
materials in the composition and sensible
properties of nanocomposite hydrogels was
presented in a table format as an appropriate
database. The present study is a step forward
for the design, preparation, and identification
of nanocomposite hydrogels. The findings of
this study can be listed as following:
1. Preparation method and type of nanomaterial
in NCHs structure is strongly dependent on the
NCHs application. Therefore, it is not possible
to use the same recipe for various NCHs
productions, which confirms the need for the
preparation of tailored hydrogels.
2. Studies and surveys show that morphological
tests have the largest proportion in NCHs
research, while the use of the concept of
rheology in improving the NCHs performance
is essential. Because, by using the rheology
evaluation, the formation or lack of formation
of a three-dimensional hydrogel structure, the
viscoelastic property of the linear viscoelastic
range, yield stress, and etc. can be investigated.
3. According to the current research, the
presence of nanoparticles in the structure of the
hydrogel will increase the structural strength,
thermal stability and improve the behavior
of the hydrogels. However, in some cases the
addition of nanoparticles has led to the loss of
viscoelastic properties or the reduction of this
range.
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NCHs Nanocomposite Hydrogels

GO Graphene-Oxide

RGO Reduced Graphene-Oxide

CNT Carbon nano-tube

LCST lower critical solution temperature

UCST upper critical solution temperature

MWCNT multi-walled Carbon nano-tube

PAAm-co-EBA Polyacrylamid-Co-N,N-ethylenebisacrylamide

PEG poly(ethylene glycol)

P(AAm-co-AMPS) poly(Acrylamide-co-Y-Acrylamido-Y-Methylpropane
Sulfonic Acid)

PPMA-PNIPAM poly(methyl methacrylate)-poly(N-
isopropylacrylamide)

PVA poly(vinyl alcohol)

AAm acrylamide

P(MMA-co-MAA) Polymethyl methacrylate-co-methacrylic acid

PNIPAM poly(N-isopropyl acrylamide)

CMC carboxymethyl cellulose

PAA poly(acrylic acid)

HA Hydroxyapaptite

PNIP poly N-isopropylacryamide

PDMAA poly(N,N-dimethylacrylamide)

PGMA Polyglycerolmethacrylate

PAAm-g-MMT poly(Acrylamide-g-montmorillonite(

XG Xanthan Gum

AMPS -YAcrylamido-Y-methylpropane sulfonic acid

CTS-g-1A Chitosan-g-itaconic acid
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