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ABSTRACT
In this study a chitosan-g-Polyacrylamide hydrogel was prepared through graft copolymerization in the presence of an appropriate amount
of potassium persulfate as the initiator and different ratio of methylene bis acrylamide as the crosslinker agent. After dewatering the gels
in acetone and being dried in oven, the swelling behaviors of hydrogels in different media such as distilled water, NaCl 0.15M, basic
buffer with pH=10 and acidic buffer with pH=3 were evaluated. The gel with the highest swelling degree (i.e. 1/60 crosslinker) was selected
to be used in the synthesis of nanocomposite hydrogel. Nanocomposite hydrogels with 1, 3, 5 percent of nanoclay were synthesized
respectively. Swelling behaviors of nanocomposite hydrogels were examined. The results of swelling test showed a decrease in the swelling
extent as the crosslinker ratio is increased. The result showed that different swelling behaviors as the media of experiment is changed.
They showed a lower swelling extent in saline media than in distilled water. The results of swelling test in buffer media show lower
swelling extent than in distilled water and swelling extent in acidic buffer with pH=3 is greater than swelling extent in basic buffer with
pH=10. The swelling extent of nanocomposite increases slightly with the increase of nanoclay content up to 1%. More increase in the
nanoclay content caused a drastic decrease in the swelling extent as well.
Keywords: hydrogel; nanocomposite; nanoclay; chitosan; acrylamide; swelling.

1. INTRODUCTION
Today polymer hydrogel have many applications in
various processes such as pharmacy, medicine and agriculture
applications [1]. Hydrogel is defined as a crosslinked threedimensional polymeric network structure, which can absorb and
retain considerable amount of water,in other words, hydrogels are
water-swollen polymer network [2, 3]. Hoffman presented another
definition of hydrogel, which according to this definition hydrogels
are considered as a permanent or chemical gel crosslinked by
covalent bonds [4]. These chemically made hydrogels could be
fabricated either by cross-linked polymer chains that are composed
of three-dimensional network s. The ability of large amounts of
water absorptions and the swelling properties and as a consequence
behaving similarly to soft tissues are result of many polar and
hydrophilic functional groups (i.e. hydroxyl, ammonium, carboxyl,
and sulphonic acid) in the structure of polymer hydrogels, is the

reason why polymer hydrogels absorb a large amount of
water.The water content in hydrogels encompasses a wide range of
amounts starting from detailed values to high percentages- up to
99%- retaining the properties of solids [5,6]. The restriction of these
super absorbents’ wide application is because of their high
production expenses and on the other hand, their low gel strength.
By using inorganic compounds which cost lower, we can improved
such restriction [7]. Hybrid hydrogels which are clay-based because
thenatural clays are abundantly available low-cost natural resource
which is nontoxic and cheap material [8]. Medical toughness, large
deformability, high rates of swelling/ deswelling, and high

transparency is of nanocomposite hydrogel’s properties, which are
due to their characteristic network structure [9-11]. The crosslink
density of hydrogel is closely related to physical and mechanical
properties such as mechanical strength and permeability. The
mechanical properties of hydrogels depend on their composition
and structures. The fully swollen hydrogel are low mechanical
strength, this properties can be improved by increasing crosslinking density, nanoparticles, making an interpenetrating network
(IPN) structure or copolymerization with other monomers [12].
Along the polymer back bone there are some special functional
groups which cause them sensitivity to the environment conditions
such as temperature, pH, ionic strength of the swelling solutions or
the presence of a magnetic field or ultraviolet light. Attention has
been directed toward hydrogel polymers being prepared through
graft copolymerization of vinyl monomers onto natural polymer
chains such as starch, cellulose, and chitosan(CS) [13-16].
Hydrogels based on chitosan-g-poly acrylamide and reinforced with
nanoclay or montorillonite have been developed previously [16,
17]. The aim of present work is to synthesize chitosan-gPolyacrylamide hydrogel in the presence of an appropriate amount
of potassium persulfate as the initiator and different ratio of
methylene bis acrylamide as the crosslinker agent. Swelling
behavior of these hydrogel systems in distilled water, buffer and
NaCl solutions has been studied. In addition, the swelling response
of hydrogel against the different amount of nanoclay has also been
studied in detail.
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2. MATERIALS AND METHODS
2.1. Materials.
Modified clay (Cloisite®15A) nano particles were
purchased from Southern Clay Company. Chitosan(CS) (medium
molecular weight, 75–85% deacetylated, Sigma-Aldrich), acetic
acid (HPLC, TEDIA), Acryleamide (AAm Merck), potassium
persulfate (PS, Merck) Methylene bis acrylamide (MBA, Merck)
dissolved in DI water and were used to prepare polymer hydrogel.
Sodium hydroxide, sodium chloride, sodium hydrogen carbonate,
hydrochloric acid were purchased from Merck. Ethanol (90%) was
bought from Dr.Mojallali Company and Potassium hydrogen
phthalate was provided by Panreac Appli Chem Company.
2.2. Hydrogels preparation.
CS solution was prepared in a 100ml beaker equipped with
a mechanical stirrer and an inert gas inlet (nitrogen). CS was
dissolved in degassed, distilled water containing 1 wt% of acetic
acid. In general, 0.50 g of CS was dissolved in 50.0 mL of the acetic
acid solution. The reactor was placed in a water bath preset at 60°C.
Then 0.10 g of PS was added to the CS solution and the resulting
mixture was stirred for 10 min at 60°C. Following this procedure,
2.0g AAm was added to the CS solution. MBA
(1/60,1/30,1/20,1/10,1/5 to AAm weight) as a cross linker was
added to the reaction mixture. After the addition of monomer, the
mixture was continuously stirred at a temperature of 60 °C for 1 h
under nitrogen atmosphere. Subsequently, the resulting hydrogels
were immersed in ethanol and the ethanol was repeatedly changed
every 8 h to 24 h in order to remove the soluble impurities in the
hydrogel. As-resulted nanocomposite hydrogel was filtered and
dried at 60 °C for 12 h.
2.3. Preparation of nanocomposite hydrogels.
Nanocomposite hydrogels were prepared by free-radical
polymerization of solutions composed of AAm, as monomers,
nanoclay as modifiers, MBA as a cross linker, and PS as a redox
initiator. Various amounts of dried nanoclay (1,3,5 wt% to

acrylamide weight) was suspended in 50 mL 1 wt% acetic acid
solution in a 100 ml three-neck flask equipped with ultrasound
waves and the mixture was strried for 24 h and sonicated for 15 min
in order to make a homogeneous suspantion of nanoclay. Then 0.5
g of CS was dissolved in solution. Nanocomposite hydrogel were
synthesized similar to the described method, without nanoclay
incorporation.
2.4. Instrumental analysis
The FTIR spectrum of polymer hydrogel was achieved on a Bruker,
Tensor 27 (Bruker, Germany). The surface morphology of the
polymer hydrogel was investigated by using scanning electron
microscopy (FE-SEM). Dried polymer hydrogel powder was coated
with a thin layer of gold and image was achieved by FE-SEM
technique (FE-SEM, HITACHI S4160, Japan). X-ray diffraction
(XRD) patterns were achieved using (Philips, PW1730,
Netherland) X-ray diffractometer at a tube voltage of 40 kV, and a
tube current of 30 mA. The XRD patterns were recorded with a step
size of 0.04 from 2Θ = 5 to 10.
2.4.4. Swelling measurements.
The conventional tea-bag technique was employed to explore the
swelling performances of nanocomposite hydrogels. 0.05 g of
polymer hydrogel was put into a dialysis bag and immersed in 100
mL of deionized water and allowed to immerse for 72 h at room
temperature to reach equilibrium. The swelling ratio (S) of polymer
hydrogels was calculated as follows:
𝑊𝑠 − 𝑊𝑑
𝑆(%) =
× 100
𝑊𝑑
where Ws and Wd are the weight of the hydrogel after swelling (g)
and the weight of the dried hydrogel (g). Pure polymer hydrogels
were evaluated in two buffer solutions (pH=3 (KC8H5O4 / HCl) and
pH=10 (NaHCO3/ NaOH) solution) and 0.15 M aqueous solutions
of NaCl similar to the described method.

3. RESULTS
The intense absorption band at 3430 cm-1 is attributed to NH
stretching band of acrylamide, which is shown in the FT-IR spectra
of CS graft polyacrylamide hydrogel (Fig. 1). The NH and OH
absorption bands of CS form a shoulder on the peak at about 3200
cm-1 that confirms graft reaction of polyacrylamide on the CS. The
second intense absorption band at 1662 cm-1 is attributed to
overlapped bands of amine bending vibration and carbonyl
stretching vibrations in polyacrylamide chains. The amide type (I)
bonding of CS is seen as a shoulder on the peak at about 1590 cm1
, which further supports the grafting reaction [14].
3.1. FT-IR spectra of nanocomposite hydrogel.
FT-IR spectra of nanocomposite hydrogels (Figure 2),
represents the chemical interaction between the hydrogel molecules
and nanoclay particles. From the FT-IR spectra of pure components
and nanocomposite hydrogels it can be observed that the intensity
of –OH absorption band is lower in the hydrogels as compared to –
OH stretching vibration band CS graft polyacrylamide hydrogel and
nanoclay. Shifting some peaks to another bands, for instance
shifting the –OH band stretch for Si–OH from 3698cm-1 to 3749cm1
, –OH bending mode in water (adsorbed water) from 1640cm-1 to
1610cm-1, Si–O stretching (out-of-plane) from 1115cm-1 to

1065cm-1, quartz from 692cm-1 to 694cm-1 and reduction the
intensities of peaks in the range of 725cm-1 to 429cm-1 witch
attributed to metal oxides M-O.

Figure 1. FT-IR spectra of CS graft polyacrylamide hydrogel.

3.2. X-ray diffraction.
For the dispersion determination of nano silicates as well as
determining the structure, X-Ray diffraction was used. According
to the Bragg’s equation (λ=2dsinθ) every basal spacing of nano
platelets shows a diffraction angle that can be related to the
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appeared peaks. As figure 3 illustrates, pristine Na+-MMT shows significant increase of surface’s roughness and destruction of the
diffraction peak at about 7.4° corresponds to the basal spacing of smooth surface is observed. This observation shows the exfoliated
1.17nm. The increase of pure clay’s interlayer space is a result of structure of hydrogel nanocomposite and confirms with XRD
polymer chain incorporation [18].
results.

Figure 5. FESEM image of cross-section of hydrogel without clay (A)
and with 1wt% nanoclay (B).

Figure 2. FT-IR spectra of nanocomposite hydrogel.

3.4. Swelling results.
The results of hydrogels swelling are presented in table 1.
As the concentration of MBA was increased, the water absorbency
of hydrogels decreased, so that the hydrogel with 1/60 MBA (to
acryleamide monomer weight ratio) has the maximum swelling
content and the hydrogel with 1/5 MBA (to acryleamide monomer
weight ratio) has the minimum swelling content.
Table 1. Results of hydrogels swelling in distilled water.
MBA to AAM ratio
1/5
1/10
1/20
1/30
1/60
swelling (g/g)
8.67
13.05 15.16 17.95 23.40

Figure 3. X-ray diffraction of pristine montmorilonite hydrogel.

In Figure 4, the X-ray diffraction pattern of nanocomposite
hydrogel with 1 wt% of nanoclay is presented. To prove that
polymer chains are located between clay’s layers and the fact that
particle’s layers are separated and dispersed in the gel matrix, we
can cite the lack of any distinguishable peak in the XRD patterns of
nanocomposite hydrogel, so that the exfoliated structure is
justifiable.
3.3. FE-SEM.
Figure 5 (A) illustrates the FE-SEM image of cross-section
morphology of CS-polyacrylamide hydrogel without nanoclay. The
image shows a smooth surface because of the homogeneity of their
structure and so there are as such no barriers to stop this smooth
propagation.

Figure 4. X-ray diffraction of nanocomposite.

Figure 5 (B) illustrates the FE.SEM image of cross-section
morphology of a nanocomposite hydrogel with 1 wt% nanoclay.
The complete attachment of particles to the gel matrix and the
absence of non-occupied micro-voids and agglomerates of the
polymer chain as well, are results of nanoclay particles’ good
dispersion which is shown in the image. Furthermore, the

A decrease in the swelling rate especially when it is in
contact with the solvents is a result of the higher extent of
crosslinking of the polymer network, which is because of the use of
larger amounts of crosslinker’s concentration [19-20]. The related
chart is shown in figure 6. The curve shows the power law behavior.
The power law coefficient is 4.95 and its power is 0.38. The
swelling extents in 0.15M NaCl solution are appreciably decreased
compared to the values measured in distilled water (table 2).
Table 2. Swelling in 0.15 M NaCl solution.
MBA to AAM 1/5
1/10
1/20
1/30
ratio
swelling (g/g)
8.05
10.60 12.80 16.45

1/60
22.10

Figure 6. Effect of crosslinker concentration on swelling behaviour of
hydrogel.

The anion-anion electrostatic repulsion which is resulted by
the screening effect of additional cations, causes this phenomenon,
which most of the time is observed when ionic hydrogels swell. As
a consequence the osmotic pressure (ionic pressure) between the
hydrogel network and the external solution is decreased [21]. The
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related chart shows power law behavior (figure 7). The power law The increase in the osmotic pressure of nanocomposites causes an
coefficient is 4.13 and its power is -0.40.
increase in the swelling rate. This osmotic pressure is due to the
mobility of ions on the nanoclay particles [23].

Figure 7. Swelling in 0.15M NaCl solution.

The swelling extends for the samples to have the maximum
value in distilled water (table 3). This is due to the higher ionic
strength of the buffer solutions. The swelling values in acidic buffer
(pH=3) are more than those in basic buffer (pH=10) (table 3). The
NH4+ – NH4+ electrostatic repulsion causes an enhancement of the
osmotic pressure inside the gel particles which is a result of the
increase of polymer charge density because of the presence of
NH4+.
Table 3. Swelling extents in buffer solutions.
MBA to AAM ratio
1/5
1/10
1/20
1/30
swelling (g/g)
8.36
10.56 13.10 18.20
pH=3
Swelling (g/g)
7.34
9.10
11.60 15.40
pH=10

1/60
22.80
21.20

There is an osmotic difference between the internal and
external solutions which makes the water absorption of gel to be a
little bit larger. The swelling behavior is limited at pH 10 because
of the screening effect of the counter ions (Na+) [22]. The charts of
swelling in two buffer solution are shown in figure 8. The curve
shows power law behavior. The acidic buffer power law coefficient
is 4.14 and its power is-0.41. The basic buffer, power law
coefficient is 3.47 and its power is -0.43.
Hydrogel with 1/60 ratio MBA to acrylamide was selected.
Nanocomposite hydrogels with 1, 3, 5 wt% nanoclay were
synthesized. Swelling behavior of Nanocomposite hydrogels were
examined in distilled water and the results are shown in Table 4.
The results reveal that the swelling capacity is enhanced by
increasing the nanoclay content up to 1wt % of nanoclay content.

Figure 8. Effect of pH on swelling in buffer media.
Table 4. Effect of nanoclay content on swelling behavior in distilled
water.
Nanoclay (%)
0
1
3
5
swelling (g/g)

16.85

17.06

13.88

10.60

Further increase in nanoclay content leads to a decrease in
the swelling capacity. This phenomenon may be attributed to the
fact that the MMT can act as an additional cross-linking point in the
polymeric network to decrease the elasticity of polymers.
Additionally, the excess of MMT would also decrease the
hydrophilicity as well as the osmotic pressure difference, resulting
in shrinkage of the composite [24]. The swelling behavior chart is
shown in Figure 9.

Figure 9. Effect of nanoclay content on swelling behavior in distilled
water.

4. CONCLUSIONS
The chitosan-g-acrylamide hydrogel was synthesized by free
radical co-polymerization. The swelling behavior was determined
in distilled water and salt solutions and basic and acidic buffers. The
gel had a pH dependent swelling behavior which showed higher
swelling rate in acidic buffer pH=3 than pH=10. The swelling
behavior also depends on crosslinker ratio and in reverse order by

swelling content. The swelling value in NaCl 0.15M was lower than
in distilled water. The effect of nanoclay content (in 1, 3, 5 wt %)
on swelling of nanocomposite hydrogels were also examined.
Increasing nanoclay content up to 1 wt% caused an increase in the
swelling content. Further increase in nanoclay content decreases the
swelling capacity
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