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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].
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Figure 6: Thermogravimetric (TG) patterns of the PAAm-g-St/MMT hydrogel and the
conventional polyacrylamide hydrogel [75].
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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 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.
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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 16: The elastic and viscous moduli of NCH against the frequency
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Figure\v: The elastic and viscous moduli of NCH against the strain.
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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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