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ABSTRACT

In this work, adsorption feasibility of a cationic dye, methylene blue (MB), onto an anionic
hydrogel nanocomposite was investigated in detail. Firstly, the hydrogel nanocomposite
was synthesized via a simple solution copolymerization of acrylic acid and 2-acrylamido-2-
methylpropanesulfonic acid monomers in the presence of montmorillonite (MMT) by using
ammonium persulfate as an initiator and methylene bisacrylamide as a crosslinker. Then,
the effects of agitation time, MMT content, pH, initial dye concentration, adsorbent dose,
and temperature were optimized with respect to the dye adsorption capacity of nanocom-
posites. The thermodynamic parameters such as changes in standard free energy, enthalpy,
and entropy demonstrated that dye adsorption onto the hydrogel nanocomposite was spon-
taneous and endothermic, and especially more effective at high temperatures. Moreover, the
results indicated that the equilibrium adsorption isotherm data of the hydrogel nanocom-
posite better fit to the Redlich–Peterson than to the Langmuir, Freundlich, and Temkin
models. The experimental results also fit to pseudo-first-order, pseudo-second-order, and
intraparticle diffusion kinetic models. The results indicated that the adsorption of MB
followed pseudo-second-order kinetics.
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1. Introduction

Several industries, such as textile, cosmetics,
leather, paper, and plastic, use various dyes in order to
color their products which generate large amounts of
colored wastewater. These synthetic dyes cause
considerable environmental pollution. Therefore, dye
removal from wastewaters is a research area of increas-
ing interest due to environmental importance. Among
the numerous physical, chemical, and biological

methods of dye removal, adsorption process is one of
the most suitable and superior technique for decolouri-
zation of wastewaters because of its simplicity and
regeneration capability [1–8]. In this regard, many
adsorbents had been used previously such as agricul-
ture and industrial waste materials, naturally available
inorganic minerals, and bioadsorbents. Sharma et al. in
a review reported an extensive list of adsorbents
obtained from different sources [9]. Some of the
reported adsorbents for the elimination of residual
dyes from wastewaters were summarized in Table 1.
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Hydrogels, which have been used as an adsorbent
in this work, are three-dimensional polymeric net-
works capable of imbibing large quantities of water in
their structures [10]. Polymer hydrogels have gained
biomedical applications due to their unique water
absorption along with its retention capacity [11–13].
The use of hydrogels, however, is restricted in some
applications because of their poor stability and
mechanical properties. Polymer/clay nanocomposite
hydrogels have been studied to improve these proper-
ties of hydrogels [14–18]. These materials are com-
monly defined as combination of polymer matrix and
additives that have at least one dimension in the
nanometer range. Among clays, montmorillonite
(MMT) was extensively used as a reinforcing filler in
the preparation of hydrogel nanocomposites [19,20].

In this work, poly(acrylic acid-co-2-acrylamido-2-
methylpropanesulfonic acid) hydrogel nanocomposite
as an anionic adsorbent was tested to remove methy-
lene blue (MB) as a cationic dye. The molecular struc-
ture of MB dye is depicted in Fig. 1.

2. Experimental

2.1. Materials

Acrylic acid (AA, from Fluka), 2-acrylamido-2-
methylpropanesulfonic acid (AMPS, from Merck),
methylene bisacrylamide (MBA, from Fluka), ammo-
nium persulfate (APS, from Merck), and sodium
montmorillonite (NaMMT, from Southern Clay) were
of analytical grade. The basic dye, MB, was obtained
from Sigma-Aldrich and used without purification.
Distilled water was used for preparation of all experi-
mental solutions.

2.2. Preparation of adsorbent

The hydrogel nanocomposites were prepared via a
simple free-radical copolymerization. The feed compo-
sitions and reaction conditions are listed in Table 2.
Briefly, certain amounts of AA (2.0 mL) and AMPS
(2.0 g) monomers were added to a three-neck reactor
equipped with a mechanical stirrer (Heidolph RZR
2021, three blade propeller type, 300 rpm) including
30 mL double-distilled water. The reactor was
immersed in a thermostated water bath preset at 70˚C.
After 15 min, an appropriate weight of the MMT nano-
powder (0.1–1.0 g) was added to the reaction mixture
and was stirred for 120 min. Then, a definite amount
of APS solution (0.1 g dissolved in 1 mL H2O) was
added to solution. After adding APS initiator,

Table 1
Some of the most used adsorbent materials for the adsorption of various dyes

Adsorbent type Example Dye References

Agriculture waste materials Activated carbon Congo red [37]
Rice husk MB [38]
Wheat barn Remazol red F3B [39]
Sludge ash MB [40]

Fruit wastes Orange peel Direct red 23 [41]
Banana pith Methyl orange [42]
Olive pomace Reactive red 198 [43]
Jack fruit peel Basic blue 9 [44]

Plant wastes Activated desert plant MB [45]
Sawdust Methylene violet [46]
Jute stick powder Rhodamine B [47]
Sawdust-oak Acid blue 25 [48]

Natural inorganic materials Sepiolite Reactive blue 221 [49]
Zeolite Reactive red 239 [50]
Perlite Methyl violet [51]
Modified bentonite Crystal violet [52]

Bioadsorbents Cellulose Reactive Blue 2 [30]
Alginate Crystal violet [53]
Chitosan Acid red 18 [54]
Chitin Reactive yellow 2 [55]
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Fig. 1. The chemical structure of MB.
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methylene bisacrylamide solution (0.05 g dissolved in
1 mL H2O) was added to the reaction mixture. After
180 min, the reaction product was allowed to cool to
ambient temperature and neutralized to pH 8 by addi-
tion of 1 M sodium hydroxide solution. The hydrogel
was poured into excess non-solvent ethanol (200 mL)
and kept for 3 h to remove absorbed water. Then etha-
nol was decanted and the product was cut to small
pieces. Again, 100 mL of fresh ethanol was added and
the hydrogel nanocomposite was stored for 24 h.
Finally, the filtered product was dried in an oven at
60˚C for 10 h. After grinding by mortar, the powdered
hydrogel nanocomposite was stored by protecting
from moisture, heat, and light.

2.3. Batch adsorption experiments

Dye adsorption experiments were carried out at
25˚C using a batch technique. Adsorption studies were
conducted at 400 rpm by mechanical agitation for
10 h. The hydrogel nanocomposites (0.1 mg) were
added into 50 mL of dye solution. The amount of
residual dye in the solution at any time was deter-
mined from absorbency as measured using a UV–Vis
spectrophotometer (Perkin-Elmer Lambda 35) at
664 nm, which was the maximum wave length for MB
dye.

The adsorption capacity (qe) of the hydrogel nano-
composites was calculated by using the following
equation:

qe ¼ ðC0 � CeÞ � V

W
(1)

where qe (mg g−1) is the amount of dye adsorbed by
hydrogel nanocomposite, C0 (mg L−1) is the initial con-
centration of MB in the solution, Ce (mg L−1) is the
equilibrium concentration of MB in the solution, V (L)
is the initial volume of the dye solution, and W (g) is
the dry weight of the hydrogel nanocomposite.

It should be pointed out that in dye adsorption
experiments using hydrogels; however, water

molecules will also be adsorbed in addition to dis-
solved dye molecules. This method for dye absor-
bency measurements is a well-known simple method
to evaluate the absorbency. This method is given in
most of the hydrogel-related reports [1,2]. Swelling of
hydrogel in water leads to an enhanced removal of
dye molecules. However, for the application of the
synthesized hydrogels on industrial scale, water mole-
cules should be removed. For this purpose, the
swelled hydrogel was generally immersed in excess of
non-solvent ethanol for 24 h and therefore the
adsorbed water molecules were removed by ethanol.
Moreover, this “dewatering” can be a kind of “purify-
ing” if the impurities are totally water-soluble and the
dewatered particles are as small as possible. Since our
product or procedure (scissoring to small pieces) has
the mentioned specifications, we are sure about the
efficiency of our purification method.

3. Results and discussion

3.1. Adsorbent synthesis

The main goal of this study is to synthesize a novel
anionic copolymer hydrogel nanocomposite adsorbent
for removal of cationic MB from aqueous solutions.
Acrylic acid and 2-acrylamido-2-methylpropanesulfon-
ic acid as anionic monomers were copolymerized in
the presence of an initiator and a crosslinker (Fig. 2).
Sodium MMT as nanofiller reinforcement was also
intercalated within the hydrogel network resulting in
hydrogel nanocomposite.

The prepared negatively charged hydrogel nano-
composite comprising carboxylate and sulfate func-
tional groups leads to electrostatic interactions with
the positively charged MB dye molecules as shown in
Fig. 3.

3.2. Effect of contact time on dye adsorption capacity

Fig. 4 shows the effect of agitation time on the MB
adsorption. It is observed that the uptake of dye onto
the hydrogel (S0) and the hydrogel nanocomposites

Table 2
Feed compositions and preparation conditions for the hydrogel nanocomposites

Sample code

Feed components

Reaction temperature (˚C) Reaction time (h)AA (mL) AMPS (g) MMT (g) MBA (g) APS (g)

S0 2 2 0 0.05 0.1 70 3
S1 2 2 0.1 0.05 0.1 70 3
S2 2 2 0.5 0.05 0.1 70 3
S3 2 2 1.0 0.05 0.1 70 3
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(S1, S2, and S3) increased with contact time. It is obvi-
ous that increase in reaction time provides better
opportunity for interaction between the adsorbent and
the adsorbate. Moreover, the hydrogel nanocomposites
have higher adsorption capacity than the hydrogel
sample. This may be due to the negative charges in
the hydrogel nanocomposites. In fact, nanoclays are
already reported as good adsorbents for various mate-
rials due to its large specific surface area and high
negative charge density [21]. So strong interactions

between MMT layers and hydrogel nanocomposite
network will be affecting the adsorption capacity. Fur-
thermore, the incorporation of low amount of clay into
the hydrogel increased the absorbency due to hydro-
philic surfaces of MMT [22]. But the lower dye
adsorption capacity of sample S3 can be attributed to
the higher content of MMT nanoclay (see Table 2). In
fact, high MMT content in sample S3 decreases the
swelling capacity and therefore the adsorption ability
due to the crosslinking role of nanoclays [23]. This

Fig. 2. Schematic illustration of the formation of hydrogel nanocomposite.

H. Hosseinzadeh and N. Khoshnood / Desalination and Water Treatment 57 (2016) 6372–6383 6375



trend (adsorption capacity: S2 > S1 > S3 > S0) was
observed when the effect of other parameters on
adsorption behavior was considered.

3.3. Effect of pH on dye adsorption capacity

The synthesized hydrogel nanocomposites are com-
prised of sulfate and carboxylate functional groups,
which are affected by the pH of the dye solution. So
the effect of pH as an important parameter on the
adsorption capacity was investigated (Fig. 5). The
increase in MB removal was observed when pH was
increased from 2 to 10. Adsorption decrease of MB
under highly acidic conditions could be attributed to
the presence of excess H+ ions that competes with the
cationic dye molecules for adsorption sites on the
hydrogel nanocomposite. During adsorption, existence
of anionic carboxylate and sulfate groups are necessary
for interaction of the hydrogel nanocomposite with
positively charged MB molecules. So, the increase in
dye adsorption at basic solutions may be attributed to
the strong electrostatic interactions between these neg-
atively and positively charged groups that enhanced
the adsorption capacity. With further increase in pH to
a highly basic solution (pH ≥ 12), however, adsorption
capacity was decreased. The reason of the adsorption

loss for the highly basic solutions is “charge screening
effect” of excess Na+ in the adsorption media which
shields the anionic functional groups and prevents
effective negative–positive interactions of adsorbent
and adsorbate.

It is necessary to mention that the pKa value of
sulfate functional groups is −1.9. So, these pendants
functional groups in the hydrogel structure are com-
pletely dissociated in the overall pH range and there-
fore, show pH-independent swelling behavior [24]. In
fact, in the overall pH range, these sulfate groups are
in dissociated form. Therefore, the effects of pH on
dye adsorption capacity were originated only by car-
boxylate functional groups of acrylic acid moieties.
The pKa of the poly(acrylic acid) is 4.2. If the pH
increases above 4.2, the carboxyl groups of the hydro-
gel nanocomposites become deprotonated, leading to
strong charge repulsion between them. This leads to
increase of the swelling capacity and therefore the dye
adsorption ability of the nanocomposites.

3.4. Effect of adsorbent dose on dye adsorption capacity

In order to evaluate the effect of adsorbent dosage
on MB removal, the amount of hydrogel nanocompos-
ites (S1, S2, and S3) was varied from 20 up to 120 mg.
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Fig. 3. Electrostatic interactions between negative and positive functional groups of hydrogel nanocomposite and MB dye
molecules.
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As shown in Fig. 6, the dye adsorption is increased
when increasing the adsorbent dose until 80, 100, and
90 mg for S1, S2, and S3, respectively, and then begins
to level off. Initial increment in dye adsorbent can be
attributed to higher surface area and more availability
of adsorption sites on the nanocomposites.

3.5. Effect of initial MB concentration on dye adsorption
capacity

Various MB concentrations (10, 30, 60, 90, 120, and
150 mg L−1) were used to depict the effect of initial
dye concentration onto adsorption capability of the
hydrogel nanocomposites. It is clear from Fig. 7 that
the dye adsorption capacity increased initially with an
increase in the MB concentration. This is attributed to
the greater availability of dye molecules in the vicinity
of the hydrogel nanocomposites. The increase in the
dye concentration beyond 90 mg L−1, however, did
not affect significantly the adsorption capacity.

3.6. Effect of temperature on dye adsorption capacity

The effect of temperature on removal of MB dye
was carried out at four different temperatures (25, 35,
45, and 55˚C). As shown in Fig. 8, the dye adsorption
considerably increased with an increase in tempera-
ture for all samples. As temperature increases, the rate
of MB diffusion within the hydrogel nanocomposite
network increases, indicating that the adsorption pro-
cess is endothermic.

In order to demonstrate this fact, the thermody-
namic parameters including enthalpy (ΔH˚), entropy
(ΔS˚), and change in free energy ΔG˚ have been calcu-
lated from the following equations [25]:

lnK ¼ DS�

R
� DH�

RT
(2)

DG� ¼ DH� � TDS� (3)

where K equal to (qe/Ce) is adsorption affinity, R is
the gas constant (8.314 J mol−1 K−1), and T is the tem-
perature in Kelvin. The values of ΔH˚ and ΔS˚ are
obtained from the slope and the intercept of the plot
of ln K vs. 1/T, respectively (Fig. 9 and Table 3). The
ΔG˚ values are then calculated from Eq. (3). Results of
the calculations are shown in Table 4. For all samples,
the values of ΔG˚ at all temperatures are negative dur-
ing the adsorption process. This confirms that the
adsorption is thermodynamically favorable and spon-
taneous. The positive values of ΔH˚ and ΔS˚ also dem-
onstrate that the adsorption is endothermic with
probability of a favorable adsorption [26].

3.7. Adsorption isotherm modeling

Equilibrium relationships, generally known as bio-
sorption isotherms, are mathematical models which
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describe how adsorbates interact with adsorbents.
Various adsorption isotherm models are available, and
here we analyzed the experimental data according to
the four nonlinear models: Langmuir, Freundlich,
Temkin, and Redlich–Peterson. In this work, all the
model parameters were calculated by nonlinear
regression technique to avoid any linearization errors
in the correlation coefficients (R2).

The Langmuir model, the most widely used iso-
therm, assumes that adsorption occurs at specific
homogenous sites of the adsorbent and all sites are
equivalent. It is expressed as [27]:

Ce

qe
¼ 1

qmKL
þ Ce

qm
(4)

where Ce (mg L−1) is the equilibrium concentration of
MB solution and qe is the amount of equilibrium
adsorbed dye (mg g−1). qm (mg g−1) is the theoretical
maximum adsorption capacity and KL (L mg−1) are
Langmuir isotherm constants. These constants could
be determined from the slope and the intercept of the
plot of Ce/qe vs Ce (Fig. 10(A)). So, the maximum
monolayer adsorption capacities were found to be
172.41, 192.31, and 153.85 mg g−1 for S1, S2, and S3,
respectively. Results are tabulated in Table 5.

The Freundlich isotherm provides no information
on the monolayer adsorption capacity. This model
assumes neither homogenous sites nor limited levels
of adsorption. The Freundlich isotherm equation has
the following form [28]:

ln qe ¼ lnKF þ 1

n

� �
lnCe (5)

where KF and n are Freundlich constants which is
related to the adsorption capacity and adsorption
intensity, respectively. These constant values for
nanocomposites can be achieved from the intercept

y = -10742x + 36.417
R2 = 0.9669 (For S1)

y = -17794x + 60.451
R2 = 0.9658 (For S2)

y = -9797.4x + 32.819
R2 = 0.9262 (For S3)
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Fig. 9. Plot of ln KL vs. 1/T.

Fig. 10. The Langmuir (A), Freundlich (B), and Temkin (C)
isotherm models for adsorption of MB onto the hydrogel
nanocomposites.

6378 H. Hosseinzadeh and N. Khoshnood / Desalination and Water Treatment 57 (2016) 6372–6383



and the slope of ln qe against ln Ce (Fig. 10(B) and
Table 5).

The Temkin isotherm describes the indirect adsor-
bent/adsorbate interactions. This model expressed as
follows [29]:

qe ¼ B lnKT þ B lnCe (6)

where B is the Temkin constant related to the heat of
adsorption and KT is the equation binding constant

related to the maximum binding energy. From the
slope and the intercept of the plot qe vs. ln Ce

(Fig. 10(C)), we could be obtained the Temkin con-
stants as shown in Table 5.

Finally, the Redlich–Peterson isotherm uses three
parameters by combining elements from both the
Langmuir and Freundlich isotherms. In this model,
the adsorption mechanism does not follow ideal
monolayer adsorption and can describe the adsorption
process over a wide range of concentrations [30]. It
can be represented by the following formula [31]:

qe ¼ KRPCe

1þ ACb
e

(7)

where KRP (L g−1) and A ((L mg−1)b) are Redlich–
Peterson constants, and b is the isotherm exponent
indicating the heterogeneity of the adsorbent ranging
between 0 and 1. The adsorbent parameters of this
model are also listed in Table 5.

The fits of experimental data to the above men-
tioned isotherm models were finally evaluated by the
nonlinear coefficients of determination (R2). The val-
ues of R2 for all isotherm models are also presented in
Table 5. The R2 values depict that Redlich–Peterson
isotherm (from 0.997 to 0.999) has the best correlation
to the experimental data than the other models (from
0.9148 to 0.9747). The R2 values of both the Langmuir
and Redlich–Peterson models, however are greater
than the Freundlich model, which implies that the
adsorption isotherm follows monolayer adsorption
(for b = 1, the Redlich–Peterson equation reduces to
Langmuir form). Moreover, the results in Fig. 11 indi-
cate that the Redlich–Peterson isotherm best fits the
experimental data (difference of qmeasured − qmodel) for
MB adsorption on S2 sample. In this figure, the theo-
retical plots for all isotherms have been compared
with the experimental data.

3.8. Adsorption kinetics

One of the most important parameters to evaluate
the adsorption efficiency of adsorbent materials is
kinetic of dye removal. In fact, it is very important to
understand kinetics of adsorption process for practical
applications including process design and scale-up
procedures. In order to investigate the adsorption
kinetics and to study the time dependence of adsorp-
tion process and further investigate the adsorption
mechanisms, various models have been used. In this
study, we used three well-known kinetic models, i.e.
pseudo-first-order, pseudo-second-order, and intra-
particle to fit the adsorption date.

Table 3
ΔH˚ and ΔS˚ for the adsorption of MB onto hydrogel
nanocomposites

S1 S2 S3

ΔH˚ (kJ mol−1) 44.2 55.8 63.1
ΔS˚ (J K−1 mol−1) 107.4 185.4 198.2

Table 4
ΔG˚ values for the adsorption of MB onto hydrogel
nanocomposites at various temperatures

T (K)

ΔG (kJ mol−1)

S1 S2 S3

298 −1.2 −2.5 −3.9
308 −1.9 −3.2 −4.5
318 −2.4 −4.3 −5.5
328 −3.4 −5.1 −7.4

Table 5
Parameters of the Langmuir, Freundlich, Temkin, and
Redlich–Peterson isotherm models for adsorption of MB
onto the hydrogel nanocomposites

Isotherms Parameters

Hydrogel
nanocomposite

S1 S2 S3

Langmuir KL 0.21 0.09 0.58
qm 172.41 192.31 153.85
R2 0.9367 0.9726 0.9356

Freundlich KF 36.24 54.91 44.52
n 0.368 0.376 0.467
R2 0.9148 0.9189 0.9259

Temkin KT 1.632 2.465 0.894
B 200.54 236.25 155.54
R2 0.9747 0.9592 0.9549

Redlich–Peterson KRP 0.936 2.451 1.344
A 0.14 0.28 0.39
R2 0.997 0.999 0.995

qe,exp (mg g−1) 185 215 168
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The pseudo-first-order rate equation is given by
the following equation [32]:

ln ðqe � qtÞ ¼ ln qe1 � k1t (8)

where qe and qt are the amounts of dye adsorbed at
equilibrium (mg g−1) and at contact time t (min),
respectively. qe1 and k1 show the theoretical equilib-
rium adsorption and rate constant of pseudo-first-
order kinetic model, respectively. The values k1 and
qe1 can be determined from the slope and the intercept
of the plot of ln (qe− qt) against t (Fig. 12(A)) and pre-
sented in Table 6.

The rate of the pseudo-second-order model
depends on the amount and the quantity of dye
adsorbed on the surface of adsorbent [33]. The
pseudo-second-order rate can be expressed as follows
[34]:

t

qt
¼ 1

k2ðqe2Þ2
þ t

qe2
(9)

where k2 (g mg−1 min1) is the pseudo-second-order
rate constant and qe2 is the theoretical adsorbed dye
(mg g−1). In this case, the slope and the intercept of
the plot t/qe vs. t (Fig. 12(B)) gives k2 and qe2 values
as presented in Table 6.

Else, the initial biosorption rate, h (mg g−1 min−1),
is assessed by Eq. (10):

h ¼ k2 ðqe2Þ2 (10)

The aforementioned kinetic models could not describe
the biosorption diffusion mechanism. So, the intra-
particle diffusion was also used as expressed by
Eq. (11) [35]:

qt ¼ kidt
1=2 þ c (11)

where c is the intercept (mg g−1) and kid
(mg g−1 min−1/2) is the intra-particle diffusion rate
constant, which can be obtained from the slope of the
plot of qt vs. t

1/2 (Fig. 12(C)). The obtained kp and c
values are also shown in Table 6. In Eq. (11), c is the
intra-particle diffusion constant, which is directly pro-
portional to the boundary layer thickness.

According to Fig. 12 and Table 6, it is revealed that
for all samples a good agreement of the theoretical
adsorption capacity with the experimental data are
obtained by using the pseudo-second-order kinetic
model as the correlation coefficients (R2) are closer to
1 than those of kinetic models. For the pseudo-second-
order model, this coefficient varies from 0.9966 to
0.9997. Moreover, the qe2 values for the second-order
kinetic is closer to the experiments (qe,exp). So, this set
shows that the rate-limiting step is likely the surface
adsorption for the dye removal process by a chemical
sorption involving valence forces between adsorbent
and adsorbate [36].

For the pseudo-first-order model, however, the low
correlation coefficients (from 0.9377 to 0.9564) sug-
gested the poor agreement of pseudo-first-order kinet-
ics with the experimental data. Moreover, the plot for
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Fig. 11. Comparison of the adsorption equilibrium
isotherms of MB onto the hydrogel nanocomposite (S2
sample) with the experimental points.

Table 6
Kinetic parameters of the pseudo-first-order, pseudo-second-order, and intra-particle models for MB adsorption by the
hydrogel nanocomposites

Pseudo-first-order Pseudo-second-order Intra-particle

qe,expk1 qe1 R2 k2 qe2 R2 kid R2 c

S1 0.011 122 0.9377 0.003 182 0.9997 2.57 0.9489 −7.4 185
S2 0.015 155 0.9564 0.007 209 0.9971 3.01 0.9613 +9.1 215
S3 0.013 105 0.9518 0.009 161 0.9966 2.21 0.9571 −16.1 168
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the intra-particle diffusion model (Fig. 12(C)) did not
pass through the origin implying that the intra-particle
diffusion was not the rate-limiting step.

4. Conclusions

In this work, the efficient adsorption of MB dye
from aqueous solutions using a novel anionic hydro-
gel nanocomposite was studied and the following
main results were obtained:

(1) It was observed that the specific interactions
between cationic dye and anionic monomers
in the hydrogel network affected the dye
binding capability of the hydrogel nanocom-
posite.

(2) The maximum dye adsorption capacity
(215 mg g−1) was achieved under the optimum
conditions that found to be: Agitation time
120 min, MMT content 0.5 g, pH 10, initial
dye concentration 90 mg L−1, adsorbent dose
100 mg, and temperature 55˚C.

(3) Thermodynamic parameters indicate that the
dye adsorption is spontaneous and endother-
mic in nature.

(4) The adsorption of MB onto the hydrogel
nanocomposites fitted well with the Redlich–
Peterson isotherm model.

(5) The sorption data were also demonstrated that
the adsorption of MB follows pseudo-second-
order kinetics.

Overall, this novel hydrogel nanocomposite adsor-
bent with a satisfying adsorption capacity, high
adsorption rate, simple preparation method, and
finally low production cost can be used for removal of
various cationic dyes from aqueous solutions.
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