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Abstract 
Composite hydrogels Graphite oxide (GO) /poly (acrylic acid – maleic acid) superabsorbent composites were containing 
different amounts of graphene oxide were synthesized by free radical polymerization of acrylic acid and maleic acid as a 
monomers, using N,N-methylenebisacrylamide as cross-linker and ammonium persulfate as initiator.  The synthesized 
composites hydrogels were characterized by Fourier transform infrared spectroscopy (FTIR), field emission scanning electron 
microscopy (FE-SEM), and UV-vis spectroscopy. The synthesis composite hydrogels were used as adsorbents for removal of a 
cationic dye, crystal violet (CV) from aqueous solution. The isotherm of adsorption and the effect of different experimental 
conditions such as graphene oxide content, pH of the solution, contact time, ionic strength and initial dye concentration on 
adsorption capacity were then investigated. Parameters related to isotherm models were calculated and discussed. It was found 
that adsorption is well described by Langmuir isotherm models. The synthesized adsorbents showed high efficiency in removal 
of crystal violet and a very high adsorption capacity. No significant loss of removal efficiency was observed even after five 
cycles of adsorption.  
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INTRODUCTION 
Synthetics dyes have been widely used in textile, food, 
cosmetics, pharmaceutical industries and with 
microbiological purposes as well. With the development of 
technology and industry, more and more attention has been 
paid to dyes as water pollutants. The total dye production 
exceeds the 700,000 tons per year and about 2% of this 
production is discharged in the effluent from manufacturing 
operations [1]. There are commonly about 10–15% of 
unused dyestuff entering the wastewater directly in the 
staining process but the loss of some reactive dyes in the 
dyeing process could reach 50% [2]. One of the major 
problems that water coloration entails is the reduction of 
sunlight transmission, which affects photosynthesis and 
harms aquatic ecosystems [3]. In addition, many of the 
synthetic dyes are toxic and carcinogenic [4]. 

In the last years, several wastewater treatment methods 
have been developed. Some examples of those techniques 
are coagulation, chemical oxidations, and biological or 
enzymatic treatment. However, most of them are not 
capable of achieving high quality treated water or carry 
high implementation costs [5]. Depending on the adsorbent 
source, adsorption technologies represent one of the most 
efficient and cheap alternatives towards the treatment of 
wastewater, which may contain several kinds of pollutants, 
for instance, dyes. Other advantages of these 
decontamination methods are the facile scaling-up, high-
efficiency sorption without releasing any co-product to the 
environment and the possibility of recovering the adsorbent 
once the treatment is finished in the case of liquid-solid 
adsorptions [6]. Several adsorbent materials have already 
shown the potential for dye adsorption [7, 8]. 

As a kind of novel polymer materials, polymer hydrogels 
have been widely applied in drug delivery systems, 
biosensors, sustained drug-release, and etc. [9-13]. However, 
its poor mechanical strength (toughness and crack 
resistance) greatly limited their applications [14-17]. In the 
past decade, many investigators have been devoted to 
improving the mechanical performance of the hydrogels. 
Added nanofillers (such as silica, carbon nanotubes) to the 
hydrogels is considered to be an effective way to enhance 
the mechanical strength of the hydrogels. For traditional 
hydrogel, three-dimensional (3D) network was usually 
formed by one-dimensional (1D) molecules aggregation 
(e.g. nanofibers and tubes). However, the framework of 
graphene-based hydrogels was different from traditional 
hydrogel since to the two-dimensional (2D) lattice structure 
of GO, and the various oxygen-containing groups 
(hydroxyl, epoxide groups and carboxyl groups etc.) on the 
basal planes and edges of modified graphene. Meanwhile, 
these oxygen-containing groups impart GO strong 
interaction with polar small molecules or polymers to form 
hydrogels. Therefore, the graphene composite hydrogel was 
always synthesized by the cross-linking of polymer chains 
driven by various kinds of non-covalent bonds (i.e., 
hydrogen bonding) [18-20]. 

In this article, GO/poly (acrylic acid-Maleic acid) P (AA-
MA) composite hydrogel was prepared, in which the P 
(AA-MA) acted as the cross-linker and the main driven 
force was various noncovalent interactions. This work 
demonstrated that the GO/P (AA-MA) hydrogels exhibited 
excellent mechanical strength and rapid dye adsorption 
capability. It can be expected that GO/P (AA-MA) 
hydrogels with excellent mechanical properties could play 
a more important role in adsorption field. 
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MATERIALS AND METHODS 
Chemicals and materials  
Natural graphite powders, potassium permanganate 
(KMnO4), sodium nitrate (NaNO3), concentrated sulfuric 
acid, hydrochloric acid, hydrogen peroxide (30%), acrylic 
acid(AA), maleic acid (MA), N,N--methylene-
bisacrylamide (MBA), ammonium persulfate (APS), crystal 
violet (CV) and Sodium hydroxide  were purchased from 
Kemiou Chemical Reagent Co, Ltd, China. All the reagents 
used were analytical grade pure with no further 
purification, and all the solutions were prepared with 
deionized water. 
Preparation of GO 
GO was prepared according to modified Hummers, method 
[21]. Briefly, 1.0 g of sodium nitrate was stirred with 1.0 g of 
natural graphite in an ice-water bath for 10 minutes. Once 
the mixture was well mixed, 46 mL of sulfuric acid was 
added gradually into the mixture. The mixture was kept 
between the temperature range of 0℃ to 5℃ in the ice-
water bath as a safety precaution. While maintaining 
vigorous agitation, 6.0g of potassium permanganate was 
added into the suspension gradually. The rate of addition 
was controlled to prevent the temperature of the mixture 
from exceeding 20 ℃. The mixture was kept mixing for a 
total of 2 hours with the temperature of the ice-water bath 
kept at ≤5℃. The ice-water bath was then removed and the 
mixture was stirred overnight at room temperature. As the 
reaction progressed, the mixture gradually thickened. After 
a night of stirring, the mixture became pasty and it became 
brownish grey in color. Thereafter, 135 mL of deionized 
water was slowly stirred into the paste and this resulted in 
violent effervescence and a temperature hike to 98℃. A 
watch glass was used to minimize evaporation and the level 
of the mixture was maintained at 250 mL with the 
periodical addition of deionized water for 1 hour. 
Subsequently, the heater was turned off and the mixture 
was then left to cool for 1 hour to room temperature. Once 
completed, 10 mL of hydrogen peroxide (30%) was added 
dropwise to reduce the residual permanganate and 
manganese dioxide to colorless soluble manganese sulfate. 
After the filtration of the mixture, the residue was washed 
with (10% HCl) solution four times and ultrapure water 
five times. The product was dialyzed with deionized water 
for one week. Then, it was dried at 60℃ and stored for 
further use. To prepare fully exfoliated GO nanosheets with 
different concentration (3-6 mg/mL), different amount of 
GO powder was dispersed into 100 mL deionized water, 
followed by an ultrasonic for 30 min to form a yellow-
brown stable GO solution. 
Preparation of GO/P(AA-MA) composite 
For the preparation of GO/P(AA-MA) composite, firstly, 2 
mL GO (3, 4, 5 and 6 mg/mL) water solution mixed with of 
AA(0.08 mol), MA(0.02 mol), MBA(0.032-0.22 mmol) 
APS(0.015g) were dissolved in double distilled water to 
total volume of 10 mL Then, the mixture was sonicated for 
10 min and became homogenized were poured into a glass 
container, heated slowly to 55 0C (over about 10 min) 
under a N2 atmosphere and kept at this temperature for 2 h . 
After being cooled down to room temperature, the resulting 
hydrogel was immersed in the deionized water and washed 

in excess deionized water 10 times to remove the soluble 
impurities in the hydrogel.  
Characterization of hydrogel and composites  
Fourier transform infrared spectroscopy (FT-IR)  
FT-IR spectrometric (Shimadzu 8400S, Japan) analysis was 
used to characterize the chemical structure of P (AA-MA) 
hydrogel and GO/P (AA-MA) composite. All samples were 
prepared as KBr Pellets and spectra in the frequency range 
(4000-400) cm-1.  
Field-Emission Scanning electron microscopy (FE-
SEM)  
The surface morphology of the composite and hydrogel 
were examined using Field-Emission scanning electron 
microscopy (FE-SEM) (Tescan MIRA3, Germany). 
Analysis of the GO/P(AA-MA) composites and P(AA-MA) 
hydrogel. The composite and hydrogel were coated with a 
thin layer of gold under reduced pressure and their FE-
SEM images were taken. 
Preparation Surface of composite   
The surface of the composite in powder forms was washed 
with excessive amounts of distilled water; several washings 
were performed to remove dust and soluble materials. The 
washed surface has then dried an oven at 40 oC for a period 
of 6 hours and kept in airtight containers. The surface was 
then ground and sieved by using different mesh sieve (100-
400) μ m. The particle size of 100 μm was used for the 
surface in all experiments of this work. 
Determination of Maximum Absorption (λmax) 
To determine the maximum wavelength of the CV dye, the 
ultraviolet-visible absorption spectra of the dye solution (20 
mg/L) was recorded within wavelengths of 200-800 nm. 
The maximum wavelength of the dye solution was 
determined from its highest absorption in the UV-Vis 
spectrum found at the wavelength λmax CV = 591.0 nm in 
Figure (1). 
 

 
Figure 1: UV-Visible absorption spectra 

 

Calibration Curves of CV dye 
Solutions of different concentrations of CV dye prepared 
by serial dilutions. Absorbance values of these solutions 
were measured at the selected λmax (591.0 nm) value for 
dye and plotted against the concentration values CV in 
Figure (2). The calibration curves in the concentration 
range that falls in the region of applicability of Beer-
Lambert’s law were employed. 
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Figure 2: Calibration curves of the CV dye 

 
Determination of the Optimum Amount of graphene 
oxide in the composite 
The different weight ratio of the GO (3-6) mg has been 
prepared in the composite. Then, added a constant weight 
of 0.05 g of each ratio to a volume of 10 mL of the CV dye 
solution at 25 oC put all the solutions in the shaker and start 
stirring for 120 min. The end is the separation of the 
solutions by the centrifuge at 6000 rpm for 15 min and 
measurement of absorbance after adsorption using a UV-
Visible spectrophotometer. 
Adsorption Isotherm 
The adsorption isotherms were determined by shaking 
0.03g of GO/P (AA-MA) composites into 10ml dye 
solutions, having concentrations ranging from (100-1000) 
ppm at pH≈ 7.0. After 120 min. of shaking, the 
suspensions were centrifuged at 6000 rpm for 10 min. The 
dye concentration was determined spectrophotometrically. 
The quantity of CV adsorbed was calculated according to 
the following equation [22]:- 
 
Qe or                                                         ……(1) 
 
Where:  
x : the quantity adsorbed. 
m : weight of adsorbent (g). 
Co : initial concentration (mg/L). 
Ce : equilibrium concentration (mg/ L). 
V : volume of solution (L). 
 
Effect of Contact Time 
Adsorption kinetic study was carried out by adding known 
amount (0.03g) of GO/P(AA-MA) composites into 10ml 
dye solutions (500 ppm). The solutions were centrifuged at 
a desired time intervals and the residual dye concentration 
was determined. 
Effect of Temperature 
Adsorption experiment was repeated in the same manner at 
temperatures of 15, 20, 25, 30 and 350C to estimate the 
basic thermodynamic functions. 
Effect of Ionic Strength 
The effect of (0.001-0.35 g) sodium chloride, potassium 
chloride and calcium carbonate solutions containing 500 
ppm concentration of CV in electrolyte solution were added 
to flasks containing (0.03g) of GO/P(AA-MA) composites. 

The procedure described for the adsorption experiment was 
followed. 
Effect of pH 
Adsorption experiment was carried out as mentioned 
previously as a function of pH using a fixed concentration 
of CV. Buffer solutions were used to adjust the pH range 
from 1.0 to 10.0. The pH of the suspensions at the 
commencement of the adsorption was measured as well as 
at the end of experiment using pH-meter. 
 

RESULTS AND DISCUSSION 
Characterization of graphene oxide 

The FTIR spectrum in figure (3) of pristine graphite 
exhibits no characteristic peak for the discernible functional 
groups. It only displays four peaks at approximately 1605, 
3444, 3010  and 1100 cm-1 attributed to the skeletal 
vibrations from graphite domains (the sp2 aromatic C=C) 
and the vibration of adsorbed water molecules (the O-H 
stretching), and correspond to the presence of a C-H and  
C-H bending bond respectively. After treating with 
oxidizing agents, the oxygenated graphene sheet could 
display a series of different absorption bands or 
characteristics peaks ranging from 900 to 3500 cm-1. The 
O-H stretching vibration at 3400 cm-1 (hydroxyl), the C=O 
(carboxyl and carbonyl) stretching vibration at 1720 cm-1, 
the residual sp2 skeletal vibration of un-oxidized graphitic 
fields (C=C) at 1620 cm-1, the C-O (carboxyl, C-OH ) 
stretching vibration at 1220 cm-1, the C-O (epoxy) groups 
stretching vibration at 1226 cm-1, the C-O (ring) stretching 
vibration at 1060 cm-1  and  C-H stretching at 2950 cm-1 [23-

25]. 

 
Figure (3: FTIR spectra of Graphite and Graphene 

Oxide 
 
The FTIR spectra of the P (AA-MA) hydrogel the presence 
ν(O-H, N-H) overlapping of  bonds at (3000-3440) cm-1  
and  C-H stretching at 2890 cm-1 and C=O stretching 
vibration absorption bonds in carboxylic groups at 1720 
cm-1 but C=O stretching vibration absorption bonds in 
amide groups at 1650 cm-1, O-H bending for –COOH at 
1400 cm-1, and C-O bending at 1560 cm-1 ,[26]  but the FTIR 
for GO/P(AA-MA)  showed the shift of the groups  bands 
reveals the interactions between the carboxylic groups on 
P(AA-MA) and GO platelets [27] given in Figure (4). 
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Figure 4: FTIR spectra of P (AA-MA) and GO/P (AA-

MA) 
 
FE-SEM a common technique used to identify the surface 
morphology of graphite, GO, P (AA-MA) and GO/P(AA-
MA).FE-SEM image of graphite sheets explain a closely 
aligned layered structure and be stack as layer thick. It also 
exhibits flaky appearance for the strong sp2 carbon-to-
carbon bonding in the plane. After oxidation, FE-SEM 
image of GO nanosheets indicate wavy frizzy appearance, 
the surface are bristly and the edges of the sheets are foggy. 
At higher concentration, the surface of GO shows coarse 
carpet which can due to the link of residual water 
molecules, carboxyl and hydroxyl groups with the sheets 
[28, 29] given in Figure (5) and (6). 
 

 
Figure 5: FE-SEM images of Graphite 

 

 
Figure 6: FE-SEM images of GO 

 
The FE-SEM images of P (AA-MA) hydrogel and GO/P 
(AA-MA) composite samples are shown in Figure (7) and 
(8) The P (AA-MA)  hydrogel shows a smooth and neat 
surface morphology, and after the introduction of GO 
platelets into the P (AA-MA)  hydrogel network, the 
surface morphology of the GO/P (AA-MA) composite 

sample becomes more rough and the GO/P (AA-MA) 
composite sample shows an irregular, plat-like structure [30]. 
A plate-like layer of GO platelets may induce the formation 
of such structure of GO/P (AA-MA). In addition, it can be 
seen that the GO platelets are well dispersed throughout the 
polymer matrix as individual platelets and no obvious 
aggregation was observed. Such a good dispersion of GO 
platelets into the polymer matrix has also been achieved in 
other polar polymer GO systems [31]. 
 

 
Figure 7: FE-SEM images of P (AA-MA) hydrogel 

 

 
Figure 8: FE-SEM images of GO/P (AA-MA) composite 
 
Adsorption Isotherm 
The adsorption of CV from aqueous solution on GO/P 
(AA-MA) composite has been studied at temperature 
(25˚C) and at other  temperatures (15,20,30 and 35˚C) at 
pH ≈7.0, where the quantities adsorbed on composite are 
plotted as a function of equilibrium concentration at the 
constant temperature. The results showed an increase in 
adsorptive capacities of composite as the concentration of 
crystal violet increased (figure 9) because higher dye 
concentrations provide greater driving force to overcome 
the mass transfer resistance of dye molecules from aqueous 
phase to solid phase [32]. However, the rate of increasing in 
adsorption capacity decreases and finally reaches to a 
constant value. Composite was found of reasonable surface 
activity in adsorption from solution of some materials and 
dyes [33]. CV is the cationic dyes contain functional groups 
=N+(CH3)2 in their chemical structure, but the GO / P (AA-
MA) surface, it contains negatively charged functional 
groups such as -COOH, OH, COC, C = O, which in turn 
will act as hydrogen bonding with dye as well as 
electrostatic interactions between positive and negative 
charges for both surface and interference as well as π-π 
Vandervals forces and thus increasing adsorption. 
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Figure 9: Adsorption isotherm of CV on composite at 

pH ≈  7.0 and constant temperature (25 oC) 
 
Langmuir and Freundlich models are two common 
isotherm models that are widely used to describe adsorption 
isotherms. In Langmuir isotherm, expressed by equation 
(2), adsorption occurs as monolayer coverage of adsorbate 
on homogeneous energetically equivalent adsorbent surface 
[34, 35]. 

………….. (2)                  
Where Ce is dye equilibrium concentration (mg.g-1), KL is 
Langmuir adsorption constant related to the energy of 
adsorption (L.mg-1), qm is maximum adsorption capacity 
(mg.g-1). Freundlich isotherm model considers adsorption 
as multilayer coverage of adsorbate on heterogeneous 
adsorbent surface and is expressed as follows: 

……….. (3) 
Where Ce is dye equilibrium concentration (mg.L-1), KF is 
Freundlich constant (L.g-1) and n is heterogeneity factor [36]. 
The plot of Langmuir and Freundlich isotherm models are 
shown in Figure (10), (11) and the parameters related to 
each model are listed in table 1. Coefficient factor (R2) for 
Langmuir and Freundlich isotherm models is 0.987 and 
0.768, respectively, indicating adsorption of CV on the 
prepared adsorbent is best fitted to the Langmuir isotherm 
model. According to this model, a high maximum 
adsorption capacity (qm) up to 84.74 mg g-1 was obtained 
for the prepared adsorbents. 

 
Figure 10: The linearized Langmuir isotherm for CV 

adsorption at 250C 

 
Figure 11: The linearized Freundlich isotherm for CV 

adsorption at 250C 
 

Table 1: Isotherm parameters for Langmuir and 
Freundlich models 

Langmuir equation Freundlich equation 
KL qm R2 KF n R2 

0.260 84.745 0.987 22.024 3.289 0.768 
 
Effect of Contact Time 
Contact time is an important parameter to determine the 
efficiency of an adsorbent as a rapid rate of adsorption 
indicates an efficient adsorbent. In order to determine the 
effect of contact time on the percentage removal of dyes, 
adsorption was monitored at particular intervals of time 
ranging from 1 to 280 min with an initial concentration of 
500 ppm , pH 7, and 250C using an adsorbent dosage of 
0.03 g . Figure (12) illustrates the effect of contact time on 
adsorption capacity of CV. As is apparent from the figure, 
the initial adsorption stage is rapid for adsorbent, which is 
due to the adsorption of the molecules on the external 
surface of the particles. The following stage is a slow 
adsorption process that the dye molecules slowly diffuse 
into the porous structure of the adsorbent because many of 
the available external sites have been occupied at initial 
stage [37]. It is attributed to adsorption capacity was 
increased with increasing the time to its maximum value 
(saturation state) at 120 min. 
 

 
Figure 12: Effect of contact time on CV adsorbed by 

GO/P (AA-MA) composite 
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Effect of Temperature and Calculation of 
Thermodynamic Parameters  
The study of adsorption of CV dye on the surface of the 
GO / p (AA-MA) at a different temperature 
(15,20,25,30,35) showed that the adsorption process 
increases with increasing temperature, i.e., the adsorption 
process is endothermic as shown in Figure (13). This is due 
to the increasing the temperature cause to an increase in the 
movement of the dye molecules and an increase in kinetic 
energy, due to the temperature that increases the rate of 
diffusion of dye molecules on the surface of the composite 
resulting in a decrease in the viscosity of the dye solution, 
Temperature affects the surface of the composite due to the 
increase in porosity of the surface as well as the increase in 
pore size [38]. 

 
Figure 13: Effect of temperature on the adsorption 

capacity of dye 
 

Thermodynamic parameters such as standard free energy 
change (∆G◦), standard enthalpy change (∆H◦) and 
standard entropy change (∆S◦) were estimated through 
calculating Xm values at different temperatures [39]. The 
Gibbs free energy change of adsorption process was 
calculated by using the following equations: 
∆G = - RT ln K                 ………………………. (4) 
Where K is the dependency of the equilibrium association 
constant (K = b, from Langmuir constant). T is the solution 
temperature. The heat of adsorption (ΔH) may be obtained 
from Van't Hoff equation:  

tcons
RT

HX m tanln +
∆−

=        …………………… (5) 

 Entropy change values of adsorption can be calculated 
from Gibbs equation [40]:   

S.THG ∆∆∆ −=                   ………………….. (6)  
Table (2) and Figure (14) demonstrate these calculations. 
The negative of ∆G values at given temperatures indicates 
the spontaneous nature of the adsorption and confirm the 
feasibility of the adsorption process. Generally, the change 
in adsorption enthalpy for physical adsorption is in the 
range of −20 to −40 kJ/mol, but chemisorption is between 
−400 and −80 kJ/mol [41]. The enthalpy change values were 
obtained 10.523 kJ/mol for CV. The positive value of ∆H◦ 

reveals the adsorption is endothermic and physical in 
nature. The enthalpy change value 10.523 kJ/mol indicates 
the uptake of CV dye on composite to be a physical 
adsorption. The entropy change values were obtained 
63.256 J/ (mol K) for CV. Positive ∆S◦ values of CV 
adsorption process indicates an irregular increase of the 
randomness at the solution interface during adsorption. 
 

 
Figure 14: Plot of ln Xm against reciprocal absolute 

temperature for adsorption crystal violet on composite 
surface 

  
Table 2: Thermodynamic parameters of adsorption CV 

on composite surface 
ΔH 

(kJ.mol-

1) 

ΔG 
(kJ.mol-

1) 

ΔS (J.mol-

1.k-1) 
Equilibrium 
Constant (K) 

10.523 -8.326 63.256 33.630 
 
Effect of Ionic Strength 
Commercial dye waste water generally contains high salts 
contents, it becomes crucial to study the effect of salt 
concentration on the percentage removal of CV from 
aqueous solutions using GO / p (AA-MA) composites. 
Figure (15) illustrates the effect of salts (NaCl, KCl and 
CaCO3) with variable weight ranging from 0.001 to 0.35 g 
on CV adsorption capacity by GO / p (AA-MA) 
composites. From Figure (3-13), it was observed that as the 
ionic concentration of salts increases, the percentage of 
adsorption decreases. The size of K+ and Ca2+is greater than 
that of Na+ therefore the decrease in adsorption percentage 
is greater while using KCl and CaCO3. Smaller ions occupy 
the vacant sites easily. Ca2+ has high positive charge than 
that of Na+. Therefore, it can mask two negative sites 
present on the surface of the adsorbent [42]. The decrease in 
adsorption percentage may be due to the electrostatic 
interaction between GO / p (AA-MA) composites and the 
CV molecules are less. According to McBride theory of 
diffuse double layer model, the ions that form outer-sphere 
surface complexes the adsorption decreases with increase 
in ionic strength. Ions that form inner-sphere complexes 
shows increase in adsorption with increase in ionic strength 
[[43]. It was found that GO / p (AA-MA) composites forms 
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outer-sphere complexes with ions. Therefore, adsorption 
capacity decreases with increase in ionic strength. 
 

 
 

Figure 15: Effect of ionic strength on CV adsorption on 
the GO / p (AA-MA) composite 

 
Effect of pH 
Since pH of the solution has a strong effect on dye 
adsorption, experiments were conducted in solutions with 
different pH adjusted by the addition of HCl or NaOH 
solutions (0.01 N). Adsorption of MB in solutions with pH 
range from 1 to 10 was investigated and the results are 
shown in Figure (16). There are many functional groups 
such as hydroxyl and carboxyl groups in the structure of the 
prepared adsorbent. In neutral or basic pH values, 
adsorption capacity is very high due to strong electrostatic 
interactions between adsorbent and dye molecules. 
However by decreasing pH to acidic ranges, functional 
groups of adsorbent become protonated which leads to a 
repulsion between adsorbent and positively charged dye 
molecules. Therefore, adsorption capacity decreases in 
lower pH values. 

 
Figure 16: Effect of solution pH values on CV 
adsorption on the GO / p (AA-MA) composite 

 
CONCLUSIONS 

(GO) /poly (acrylic acid – maleic acid) superabsorbent 
composites were used as an adsorbent to remove 
conventional cationic dyes (Crystal Violet) from aqueous 
solutions. Contact time, ionic strength, initial concentration, 

and temperature and solution pH played considerable role 
on the adsorption capacity of composites hydrogel. 
Langmuir isotherm equation model showed that it could 
describe the adsorption of CV on the composite hydrogel 
better than Freundlich model. Negative values of the free 
energy change, ΔG◦, showed that CV adsorption by 
composites hydrogel was spontaneous. Positive values in 
enthalpy change ΔH◦ represent that the adsorption 
mechanism is found to be endothermic. 
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