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Nanocomposite hydrogel (polyacrylamide/nanoclay)
was prepared by in situ free radical polymerization of
acrylamide, an aqueous media with nanoclay (Laponite
clay). The properties of nanocomposite hydrogels (NC)
were characterized by FTIR spectroscopy, XRD
patterns, and morphology of the samples was also
examined by transmission electron microscopy indicated
Methylene blue (MB)
Basic red 46 (BR)
well dispersed Laponite platelets in the nanocomposite
hydrogels prepared. The thermal stability was studied by
thermogravimetric analysis (TGA). The swelling properties behavior of the NC were also investigated in distilled water and in saline
solution at room temperature. The prepared nanocomposites hydrogels were used as adsorbent for a cationic dye, methylene blue (MB)
and basic red 46 (BR) from water. The investigation of the dye adsorption capacity and rate of nanocomposite hydrogels as a function of
clay content revealed that both the adsorption capacity and the rate are enhanced as the nanoclay content is increased in nanocomposite
composition. The results showed that maximum adsorption capacity of methylene blue on the prepared adsorbents is 492.5 mg/g for
basic red at 488.2 mg/g and adsorption is well described by Langmuir isotherm model.

INTRODUCTION*
Hydrogels are soft, wet and crosslinked three
dimensional networks of hydrophilic polymeric
materials that are capable of absorbing large amounts
of water.1-4 They are highly swollen in aqueous media
and the controlled changes in volume, mechanical or
optical properties can be achieved by the tailored
design of material structures and compositions,5,6
they have been used in a variety of applications such
as adsorption of cationic dye,7 separation membranes,
biosensors, artificial muscles, chemical valves,8,9
superabsorbents,10-12 and drug delivery devices. A
problem for some applications of polymer hydrogels
is their weakly mechanical properties.
Recent researches on nanocomposite materials
have shown that some properties of polymers and
gels are significantly improved by addition of
*
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inorganic clays into the polymeric matrix,13 where
nanosized clay particles are used as inforcing media.
The field of polymer nanocomposites has
attracted considerable attention recently. Among
various nanocomposites, much attention has been
paid to polymer/clay nanocomposites, such as
montmorillonite, kaolin, hydrotalcite, mica, Laponite
and celite.14–27 Because its lamellar elements display
high in plane strength, stiffness, high aspect ratio,
high thermal stability and better barrier properties
even with small amount of silicate.28–30
Polymer/clay composite hydrogels have been
studied to improve the properties of hydrogel, such as
mechanical strength, swelling and deswelling
properties. For example, Messersmith and Znidarsich
prepared stimuli-responsive hydrogel/clay composites by polymerization of aqueous suspension
composed of N-isopropylacrylamide, N,N’-methylene

120

Nesrinne Seddiki et al.

bisacrylamide and Na-montmorillonite.31 Wu
et al.32,33 reported the preparation of starch-gpolyacrylamide/clay and poly(acrylic acid)/mica
composites with striking capability of water
absorption by grafting the monomers on the inorganic
clay/mica. Zhang et al.34 synthesized nanocomposite
hydrogels (abbreviated as NC hydrogels) with high
thermal stability and swelling ratio by grafting acrylic
acid on the organophilic montmorillonite. Haraguchi
et al. obtained poly(N-isopropylacrylamide)/clay35,36
and poly(N,N-dimethylacrylamide)/clayNC hydrogels37 with much improved mechanical properties
using modified clay as the crosslinker. High ability of
hydrogels for uptake of water along with numerous
functional groups being present in the structure of
hydrogels can be used for removal of dyes from
aqueous solutions. Water can easily diffuse through
the hydrophilic structure of hydrogels, and dyes
dissolved in water can interact with functional groups
of hydrogels. This property enables hydrogels to be
used for treatment of wastewaters of different
industries such as textile, paints, pulp and paper,
carpet and printing. The porosity of hydrogels can
affect water uptake of hydrogels and their ability for
dye adsorption. Using porogens is an effective way
that can be used to increase the porosity of hydrogels.
Many treatment methods have been developed
to remove dyes from wastewater. These methods
can be divided into physical, chemical and
biological schemes. Although chemical and
biological approaches are effective in removing
dyes, they require special equipment and are usually
energy intensive. Additionally, these processes often
generate large amounts of byproducts. Therefore, the
conventional treatments such as coagulation,
flocculation and biological treatment are no longer
able to achieve high quality treated water. The
adsorption process is well known for its simple
design and easy operation. It is inexpensive as
compared with other physical and chemical
processes. The adsorption technique has been used
effectively for the removal of metallic pollutants and
dyes from wastewater38,39

Methylene blue (MB)

In our study, we described the preparation and
properties of nanocomposite hydrogels polyacrylamide/ Laponite (PAAm/Laponite) via in-situ free
radical polymerization. The structure, morphology,
thermal stability and swelling behavior of resulting
nanocomposites hydrogels were investigated by
Infrared spectroscopy (FTIR), X-ray diffraction
(XRD), Transmission electronic microscopy (TEM)
and gravimetric method (TGA), the swelling was
measured in distilled water and in saline solution.
The so obtained nanocomposites hydrogels were
used to remove cationic dyes from aqueous solution.
The rate of removal and kinetics of dye adsorption by
nanocomposites was investigated. The structure of
the two different water soluble cationic dyes used in
this work, include methylene blue (MB) and basic
red 46 (BR), and are shown in Scheme 1.
EXPERIMENTAL
Materials
Acrylamide (AAm) (99%, Sigma-Aldrich Chemical Co),
synthetic hectorite-laponite XLG (Clay G) (Rockwood. Ltd. Usa:
[Mg5.34Li0.66Si8O20(OH)4]Na0.66, ammoniumperoxodisulfate (APS),
N,N,N',N'-tétraméthyléthylènediamine (TEMED)
(Panreac
Monplet & Esteban S.A (Espagne)). All reagents were used as
received. All solutions used in experiments were prepared in
deionized water.
Synthesis of Nanocomposite Hydrogels
The nanocomposites (Laponite /PAAm) are synthesized
by in situ free radical polymerization. The purified monomer
was dissolved in deionized water containing dispersion of the
inorganic clay. Prior to dissolution, oxygen in the deionized
water was removed by bubbling N2 gas for more than 3h.
Ammonium peroxodisulfate and N,N,N′,N′-tetramethylethylenediamine (TEMED) were used as an initiator and catalyst,
respectively. The molar ratio of the monomer, initiator and
catalyst was 100:0.426:0.735. Redox polymerization was
carried out at 20°C for 20h. Thus, prepared gels were used for
scattering experiments without further treatment. The PAAm
concentration was kept to be 8wt% and the clay concentration
was varied to 1 % mol, 2% mol and 4% mol, the composition
of nanocomposites as shown in Table 1.40

Basic red 46 (BR)

Scheme 1 – structure methylene blue (mb), basic red 46 (br).
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Table 1
Composition of nanocomposite hydrogels
Nanocomposites (NC)
(PAAm/Laponite)
NC 1%
NC 2%
NC 4%

Clay
(g)
1.90
3.80
7.62

PAAm
(g)
8
8
8

(NH4)2S2O8
(g)
0.034
0.034
0.034

TEMED
(µL)
75
75
75

(a)

(b)

(c)

Fig. 1 – Image of nanocomposite hydrogels: (a): After synthesis, (b): cut into disc, (c): dry nanocomposites.
After polymerization, the cylindrical nanocomposites are
removed from the tubes and cut into discs approximately 2
mm thick. These disks are then immersed in deionized water
for 48 hours at room temperature; the water is changed several
times at regular intervals of a few hours in order to remove the
unreacted products. Finally, the extracted gels are dried under
vacuum at 30°C (Figure 1).
Characterization
Infrared spectroscopic analysis: FTIR measurements were
recorded in a KBr phase by using a Nicolet 560 Model FTIR
Spectrophotometer with 20 scans and 2 cm-1 resolution for
samples of nanocomposite hydrogels.
X-ray diffraction (XRD): X'Pert Pro MPD diffractometer
operated at a voltage of 40KV and a current of 20mA, the
copper anticathode product Kα radiation of wavelength
λ = 1.54Å.
Transmission electron microscopy (TEM): The morphology
of the nanocomposite hydrogels was observed on a JEOL1200EX2 transmission electron microscopy (TEM) at 100 kV,
a digital camera linked to SIS Olympus, model QUEMESA
11MPixels.

Thermogravimetric analyses (TGA): TGA were carried
out using a TG/DTA12 (SETARAM LabsysTM) instrument,
heating samples from 20 to 500 °C at a heating rate of 20 °C
min-1in an airflow. The clay content in the NC dried gel was
evaluated fromthe residual weight at 500 °C.
UV-visible: the UV spectra of the dyes solutions were
recorded using an Uvikon 923 Double Beam UV/VIS
spectrophotometer. The absorption spectra of the dilute dyes
solutions in water were recorded in the wavelength range of
300–1,000 nm using a 3-ml stopper silica cell with a path
length of 10 mm. Distilled water was chosen as the reference.
Swelling Measurements: The swelling behavior of the
nanocomposite was investigated in distilled water and saline
solution at 0.9%. The swelling experiments were performed
by immersing nanocomposite hydrogels disks in a large excess
of water at 20 °C for 1 week prior to measurement, changing
the water several times.
The percent mass swelling was determined using the
following expression.41
%Swelling =

Mt – M0
× 100
M0

(1)
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where Mt is the mass of the swollen hydrogel at a given time
during swelling and M0 the dry mass of the nanocomposite
hydrogel. The mass was measured at specific times after
removing excess water from the surface with filter paper. The
measures were made in triplicate and the average values have
been reported in the data.

RE% =

Qe =

(CO – C t )v
m

(2)

where C0 and Ct are the initial and the concentrations of
cationic dyes at time t (mg/L), V is the total volume of dye
solutions (L), and m is the mass of the dry NC (g).
Adsorption isotherm was carried out by immersing of 0.06
g of nanocomposites into 100 ml of dye solutions with 10, 20,
30, 40, 50, 100,150,200,250 and 300 mg/L of MB and BR at
ambient temperature for 13 days. The equilibrium adsorption
capacity of nanocomposites, Qe (mg/g), was determined using
Equation (2). The removal efficiency (RE %) of cationic dye
by nanocomposites was calculated as below:

(3)

where Ce is the remaining cationic dyes concentration in the
solution at equilibrium time.

Dye Adsorption
0.06 mg of the prepared adsorbents were dispersed in 100
ml of dyes solutions with 300 mg/l of mb and br solutions and
stirred at 600 rpm using a magnetic stirrer at 25 °c. a small
amount of the solution was taken in defined time intervals and
dye concentration was determined by uv–vis spectroscopy at
λmax of mb (630 nm) and at λmax of br (530 nm). the amount
of the dye adsorbed by the hydrogel at time t, q (mg/g) was
calculated using the following relation:

CO – Ce
× 100
CO

RESULTS AND DISCUSSION
Fourier Transform Infrared Spectroscopy
(FTIR)
FTIR analysis was performed to determine the
characteristics of the polymer matrix as well as the
changes in the intermolecular interactions among
the nanocomposites.42 When the compounds are
reinforced, chemical interactions and physical links
reflect changes in spectral peaks.43 Figure 2 shows
the FTIR spectrum of Laponite and nanocomposite
NC (PAAm/Laponite) at different concentrations
of clay.
The absorption bands observed of PAAm (3400,
2900, 2850 and 1660 cm -1)44 and Laponite clay
(1078, 1008 and 652 cm-1) resumed in Table 2.

4000 3500 3000 2500 2000 1500 1000

500

-1

Wavenumber (cm )
Fig. 2 – FTIR spectra of Laponite clay (a) and (PAAm/Laponite) nanocomposites: NC 1% (b), 2% (c), 4% (d).
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Table 2
Different absorption bands of the nanocomposites (PAAm / Laponite)
BANDS

Attribution
-1

3400-3000 cm
2900-2856 cm-1
1650 cm-1
1008 cm-1
709 cm-1
650 cm-1

Elongation of OH
Vibration of C-H
Stretching vibration of carboxyl groups(C=O)
Elongation Si-O of clay
Flexion band O-Si-O of Laponite
Deformation of OH in the Laponite clay

of acetamide groups decreases when hydrogen
bond formation occurs between -NH of PAAm and
-OH of silicate.49,50
XRD Analysis
of (PAAm/Laponite) Nanocomposites
The XRD profiles of Laponite and nanocomposite hydrogels are shown in Figure 3. As seen, the
X-ray profile of Laponite has a characteristic
diffraction peak at 2θ= 5.94o corresponding to dspacing of 1.48 nm.51 On the other hand, X-ray
profile of NC (Laponite/PAAm) sample shows no
characteristic peak. The XRD results suggested an
exfoliated morphology for the prepared (PAAm/
Laponite) nanocomposite hydrogels.

Intensity (a.u)

All NC exhibited a broad band in the region of
3450–3000 cm-1 attributed to the stretching vibration of the –OH group.45,46 The absorption band at
2920 cm-1 was assigned to the C-H stretching
vibration of PAAm,47 a peak at 1650 cm-1attributed
to the combination of C–O stretching (amide I) and
–NH bending.
By comparison with the Laponite spectrum, the
absorption peak at 1008 cm-1 in NC spectrum is
clearly attributed to the addition of clay, the peak
at 1008 cm-1 increases with increased clay content;48 a
new peak appeared at 3290 cm-1 when clay was
added, this peak corresponded with the displacement of the peak at 3300 cm-1 of PAAm which
corresponded to the vibration of -NH, confirmed
the bond between the -NH group of PAAm and the
hydroxyl group of the clay (hydrogen bonding
formation ). According to the literature, absorption

(d)
(c)
(b

(a)
5

10

15

Position (2θ)
Fig. 3 – XRD patterns of Laponite clay (a) and (PAAm/ Laponite) nanocomposites hydrogels: NC 1% (b); 2% (c); (d) 4%.
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(a)

(b)

Fig. 4 – TEM micrographs of nanocomposites hydrogels: (PAAm/Laponite) 4% (a) and NC (PAAm/Laponite) 1% (b).

Transmission Electron Microscopy (TEM)
TEM analysis was used to confirm the degree of
intercalation or exfoliation of the clay. Figure 3
shows a transmission electron micrograph of NC
4% and NC 1%. The clay nanoplatelets are
uniformly dispersed in the polymer matrix. It was
found that the clay was substantially exfoliated and
dispersed homogeneously throughout the polymer
matrix. In nanocomposite materials, an exfoliated
structure is more preferable than an intercalated
structure.52
The sheets with a length of about 100 nm are
oriented in a random and heterogeneous way.
Laponite clay sheets act as a multifunctional
physical crosslinking agent in a planar form; some
authors have shown that the crosslinking density of
the Laponite layers is much higher than that of a
chemical crosslinking which definitely contributed
to the excellent mechanical properties. It was
therefore concluded that fine and homogeneous
clay dispersions are achieved in the hydrogel state,
consistent with the high optical transparency of NC
gel. This observation is consistent with the results
of the XRD analysis.
Thermogravimetric Analyses (TGA)
Thermal stability represents the ability of
materials in maintaining their physical properties
when exposed to high temperatures. One of the
important characteristic of nanocomposites is their
thermal stability upon high temperatures. The
thermal analysis test was performed for three
samples with different concentrations of clay. As
shown in Figure 5.
The TGA spectra of NC hydrogels, between
20 °C and 500°C we note that the increase in the
mineral filler ratio increases the thermal stability,
compared to the nanocomposite at 1% of clay.

For all samples of nc (paam / laponite), the
weight loss is observed in two regions. The first
region below 200°C corresponds to hygroscopic
water (water adsorbed in the porous structure)
elimination, while the second region (200–400°C)
step, corresponds to the loss of the bounded water.
The increase in the charge rate improves the
thermal stability of the nanocomposites [53]. The
PAAm can interact with the clay by forming
hydrogen bonds between the amide groups and the
hydroxyl groups present on the edges of the clay
platelets. The thermal stability of the
nanocomposites increases with increasing clay
content from 1 to 4% as shown in Table 3.
SWELLING BEHAVIOR
When we put deionized water in excess for a
week at room temperature, the prepared NC
hydrogels will not dissolve but swell, obviously,
and keep their original shapes. This implies that
the crosslinked network structure be formed in the
NC hydrogel. Similar results have been reported by
Haraguchi and Takehisa .54 In their studies they
speculated that under the polymerization condition,
the radical reaction occurred on the clay surfaces,
leading to strong adsorption of the polymer chains
to the clay surface, which worked as crosslinkers.
The capacity of swelling is one of the most
important parameters to evaluate the property of
hydrogels. The swelling measurements of
nanocomposite hydrogels were performed in water
and NaCl aqueous solution. Figure 6 shows the
swelling ratio of NC hydrogels at room
temperature in water with different clay content as
a function of time.

Nanocomposite hydrogels
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Fig. 5 – TGA curves of nanocomposites hydrogels with different clay content: (a): NC 1% of Laponite; (b): NC 2%; (c): NC 4%.
Table 3
Weight Loss of nanocomposites at different temperature intervals
Nanocomposite (NC)
NC 1%
NC 2%
NC 4%

0<T°C< 100°C
21
18
10.5

All NC hydrogels exhibit much higher equilibrium swelling. The equilibrium swelling ratio of the
hydrogels strongly depended on the clay content, and
a decrease in the swelling ratio appeared with
increasing content of mineral clay.
The most important swelling is observed for
nanocomposites with low clay content. According
to the Flory–Rehner theory the equilibrium degree
of swelling decreases with increasing the crosslink
density.55 Thus, the lower swelling ratios observed

Weight Loss (%)
100<T°C< 200°C
31
23
18

200<T°C<400°C
42
30
21

in the composite systems might be explained by
the occurrence of hydrogen bonding between
Laponite clay and PAAm, which leads to a sort of
physical crosslinking, thus increasing the total
crosslink density compared to unfilled gels.56
To further demonstrate the effect of osmotic
pressure on the nanocomposites hydrogels, the
swelling measurements in aqueous NaCl solutions
were performed (Figure 7).

Fig. 6 – Swelling kinetics of nanocomposites hydrogels in distilled water at room temperature.
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Fig. 7 – Swelling ratio of nanocomposites hydrogels in NaCl solution (0.9%).

It was noted that the swelling ratio decreased in
salt solution in comparison with the one in distilled
water.
Nanocomposite do not swell appreciably in the
presence of electrolyte salts due to ex-osmosis and
even the swollen NC shrink dramatically in the
presence of salts. The concentration in the external
solution due to the decrease in the difference of
anti-ions concentration between inside and outside
of networks, which limits the swelling of the

hydrogel, according to the Donnan equilibrium
theory.57,58
The equilibrium swelling ratios in the two types
of aqueous solutions are summarized and shown in
Figure 8 in distilled water and NaCl aqueous
solutions.
The equilibrium swelling ratio of the hydrogels
strongly depended on the concentration of clay
content, and a decrease in the swelling ratio appeared
with increasing content of concentration of clay.

NC 1 %
200

Swelling
ration

150

100
NC 1 %
NC 2%
NC 2 %
NC 4 %

Distilled water

NC 4%

NaCl (0.9%)

Fig. 8 – The equilibrium swelling ratios of nanocomposites hydrogels
in distilled water and NaCl solution (0.9%).

Nanocomposite hydrogels

In distilled water nanocomposites hydrogels with
1% of clay exhibited higher swelling capabilities than
nanocomposite of 4% of clay. However, the second
exhibited similar absorption capabilities as the former
in the NaCl aqueous solution.
Compared to those in distilled water and NaCl
solution, NC hydrogel 1% had swelling ratios of 198
g/g in distilled water and 58 g/g in saline solution,
whereas NC 4% had corresponding values of only 10
g/g and 2 g/g respectively in distilled water and NaCl
solution. This result was related to the nanoclay
interaction with the polymer as well as role of filler
that occupied void space within the polymer network,
which in return led to a more compact gel and
hindered the swelling process.
DYE ADSORPTION STUDY
Contact time, initial dye concentration, and
properties of adsorbents are three important
variables that can influence the adsorption
properties of adsorbents.59 Among them, contact
time is an important parameter. If the contact time
is not sufficient, only a fraction of dye will be
removed by adsorbents.
The study of the contact time can reveal the rate
of removal of dye as well as the equilibrium
adsorption time. The composition of adsorbents is
another important factor that may affect the
adsorbing capacity. Cationic dyes containing
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ammonium groups can adsorb onto adsorbent
containing anionic centers through electrostatic
interactions. So, the content of anionic groups of
the adsorbents is an effective parameter that can
influence the dye adsorption speed and capacity.
The nanocomposite hydrogels were left in dyes
solutions and their capacities were determined at
specified time intervals to investigate the time
dependency of the adsorption capacity. Figure 9 and
10 show the effect of contact time on the adsorption
capacity of MB and BR by the nanocomposite
hydrogel with different clay amounts. Saturation was
observed approximately within 1 day for BR in
nanocomposites at 1% of nanoclay, but Nanocomoposite at 4%, saturation was observed withinin
13 days. In the dye solution containing MB, the
saturation was observed in 10 days for all
nanocomposites hydrogels with 1%, 2%, and 4% of
clay, equilibrium adsorption capacity was found to be
about 492.5 mg/g for NC at 4% of clay. Here are
many different functional groups such as hydroxyl,
sulfonate and amide groups present in the structure of
polymeric matrix of hydrogels as well as other
functional groups present in the structure of Laponite
clay. These functional groups can interact with dye
molecules and adsorb them by electrostatic
interactions and hydrogen bondings. Porous structure
of the hydrogels also facilitates diffusion of the
solution into the hydrogels and makes adsorption
faster and more efficient.

Fig. 9 – Plots of the adsorbed BR dye amounts by the nanocomposites hydrogels versus time.
Adsorption conditions 300 mg/l initial dye concentration, 25°C.
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Fig. 10 – Plots of the adsorbed MB dye amounts by the nanocomposites hydrogels versus time.
Adsorption conditions 300 mg/l initial dye concentration, 25°C.

This high rate suggests that the adsorption
occurs mainly on the polymer surface. The
adsorption behavior of dyes is directly related to
some experimental factors such as characteristics
of the adsorbent, dimensions of the dye molecule.
The quite high adsorption capacities and higher
adsorption rates of hydrogel nanocomposites will
provide an important advantage for using of these
materials in basic dye solutions.

(a)

(c)

Figures 11 and 12 show photos of the nanocomposites hydrogels in the dye solutions before
and after adsorption.
Adsorption kinetics
The effect of the initial dye concentration on
the adsorption capacity was investigated by the
experiments carried out at various initial dye
concentrations (10–300 mg/L).

(b)

(d)

Fig. 11 – Photographs of hydrogel nanocomposite in dye solution (BR), (a): solution of BR before adsorption, (b): after adsorption,
(c): dried nanocomposite hydrogel before adsorption, (d): nanocomposites hydrogel after adsorption in dye solution.
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(a)
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(b)

(c)

(d)

Fig. 12 – Photographs of hydrogel nanocomposite in dye solution (MB),(a): solution of MB before adsorption, (b): after adsorption,
(c ): dried nanocomposite hydrogel before adsorption, (d):nanocomposites hydrogel after adsorption in dye solution.

Dye adsorption capacity of nanocomposite
hydrogels product increased with the increasing
initial dye concentration until saturation (Figures
13 and 14). Results obtained from the adsorption
isotherm were evaluated by means of Langmuir
adsorption model.60
Basic assumption of the Langmuir adsorption
model is that adsorption takes place at specific
homogeneous sites within the adsorbent. Langmuir
isotherm is represented by the following equation:

Ce
1
Ce
=
+
Qe bQmax Qmax

(4)

where Qe(mg/g) is the amount of the adsorbed dye
per unit mass of adsorbent at the final equilibrium
concentration of the dye solution (Ce, mg/L). The
Qmax signifies the maximum adsorption capacity
(mg/g) and b is related to the energy of adsorption
(L/mg). The essential characteristic of the
Langmuir equation can be expressed in terms of
the dimensionless separation factor R, which is
defined by
R=

1
bCO

(5)

where C0 is the highest initial dye concentration
(mg/L) and b is the Langmuir constant. The value
of r indicates the type of the isotherm either to be

unfavorable (R>1), linear (R = 1), favorable
(0<R<1), or irreversible (R = 0).
The isotherm data were applied to Langmuir
isotherm model for the hydrogels nanocomposite at
4% of nanoclay. The correlation coefficient r
model and the low value of R indicate a favorable
adsorption (Table 4).
Effect of Nanoclay Content
on Cationic Dye Adsorption

For the adsorption studies of dyes, the NC
hydrogels were placed in aqueous solutions of the
cationic dyes consisting of BR and MB, allowed to
equilibrate for 13 days. The mechanism of dye
adsorption by the hydrogel is mainly due to the ion
exchangeability and the physical interactions such
as dipole–dipole interactions and hydrogen bond
formation between the dye molecules and
hydrogels. As is well known, the modified
Laponite clay contains anionic charges on its
surface and, after the incorporation of the clay into
polymer. The numbers of anionic groups in the
nanocomposite are increased. Therefore, the
nanocomposite hydrogels have many anionic
groups that allow for the increased interaction
between the cationic groups of the dyes and
anionic groups of the NC hydrogels. Figure 15
shows the adsorption of the two different dyes onto
the nanocomposite hydrogels with different
amounts of nanoclay.
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NC4%
NC2%
NC1%
500

Qe (mg/g)

400
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100
0
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Fig. 13 – Equilibrium adsorption values of the BR onto hydrogels nanocomposite
at different concentration of clay.

Fig. 14 – Equilibrium adsorption values of the MB onto hydrogel nanocomposite
at different concentration of clay.

Table 4
Isotherm parameters for Langmuir model
Langmuir Constants
NC 4%
BR
MB

Qmax (mg/g)
500
500

b (L/mg)
5.872
14.108

R
0.0005
0.0002

r2
0.9957
0.9997

Nanocomposite hydrogels
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0

1
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4

Fig. 15 – Equilibrium dye uptake amounts of (PAAm/Laponite) NC hydrogels.

Fig. 16 – Equilibrium removal efficiency of nanocomposites hydrogels into dyes MB and BR.

The equilibrium dye uptake behavior of
hydrogels may be influenced by the size, chemical
structure, polarity, and solubility parameter of
dyes, and the nature of hydrogels. The dye uptake
behavior similar for the two dyes. Organic cations
can bind to the nanocomposite hydrogels in
different ways. Through ion exchange, the cations
on the hydrogel surface can be exchanged by the
dye cations, and this result in a neutral complex
between the dye cation and the negative site
present on the nanocomposite surface. At low
nanoclay content, clay is easily ionized and
dispersed into the polymer gels, thus improving the
hydrophilicity of the NC, which favors the
adsorption of cationic dyes. At a higher amount of

nanoclay, more clay particles act as an additional
network point, and then the reaction occurs
between –OH groups on the surface of nanoclay
and functional groups of polymer. The values of
the equilibrium swelling degree (Qe) in the dye
solutions follow the order: MB > BR.
The calculated dye RE % values for the NC with
different nanoclay contents are given in Figure 16.
While the removal efficiency is 95% for NC at 4% of
clay, it is only 80% for nanocomposite with the
lowest clay content. The data show that the rate of
dye removal is increased by higher clay content. By
introducing the Laponite into hydrogel, because of
negative surface of the clay, the negative charge
density would be increased. The higher the content of
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Laponite in the nanocomposite, the higher negative
charges would result in the nanocomposite
hydrogel.61
It can be seen that the RE % for MB is above
98.5 % but for BR is 96 % at 4% of nanoclay. This
result indicates the difference between the two dye
structures. The synthesized NC is efficient
materials for the removal of cationic dyes from
water. This may be due to the greater physical
Interaction of the dyes toward the NC probably
because of higher interaction of the groups of dyes
with groups in NC hydrogel due to hydrogen bond.
The most important adsorption is observed at 4%
of nanoclay with dye MB.

Thus, nanocomposite hydrogels can be used as
an adsorbent for the treatment of wastewater
containing pollutants such as cationic dyes, which
is an important problem for the textile industry.
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