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ABSTRACT 

There are many chemical indicators of drinking water pollution. These include heavy metals, radioactive 

materials, inorganic chemicals, organic chemicals, disinfectants, and disinfectant additives. Common methods for 

removing these contaminants from aqueous solutions include chemical precipitation, membrane processes, ion 

exchange processes, biological processes, adsorption, and chemical reactions. Each of these methods has 

limitations in application. Many studies have been performed on the use of graphene in filters. Graphite oxide 

(GO) platelets were prepared using a modified Hummers method. By employing GO platelets, GO/poly (acrylic 

acid – maleic acid) superabsorbent composites were synthesized by a free radical polymerization of acrylic acid 

and maleic acid as a monomer, using N, N -methylenebisacrylamide as cross-linker and ammonium persulfate as 

initiator. The well-dispersed GO platelets in the polymer networks result in a significant improvement in 

absorbencies in distilled water solutions. The superabsorbent nanocomposite also exhibits a superior water-

retention ability compared with the control under the same conditions. GO/P(AA-MA) composite was investigated 

using felid emission scanning electron microscopy (FE-SEM) and Fourier transform infrared (FTIR); GO/P (AA-

MA) composite is a highly effective absorbent of crystal violet (CV) and can be used to remove CV from aqueous 

solution. The kinetics of dye adsorption has been studied in terms of pseudo-first-order and pseudo-second-order 

rate expression. The results indicated that the adsorption process followed two models and demonstrated that 

intraparticle diffusion plays a significant role in the adsorption mechanism.  
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INTRODUCTION 

By the growth of urbanization and the rapid industrialization of cities, the problem of industrial pollution in the 

ecosystem has raised concerns in many parts of the world. Removal of these pollutants from water and sewage 

has received much attention due to strict laws in many countries to control water pollution. Dyes are organic 

colorant compounds that are extensively used in many different industrial fields such as textiles, tanning, paper, 

food, and cosmetics (Mahmood et al. 2005; Anastasi et al. 2010; Singh & Arora 2011; Banimahd Keivani 2018). 

Discharge of dyes into the environment can contaminate underground water and cause serious health and 

biological problems. Crystal violet (CV) is a common cationic dye, which belongs to the triphenylmethane group. 

This dye is widely used as a colorant, biological stain, and veterinary medicine. CV has been found to have 

harmful effects on humans and has been suspected of causing cancer (Zhang et al. 2014). Therefore, it is very 

important to separate and remove dyes from wastewater. There are many different methods for removal of dyes 

from water such as adsorption (Arulkumar et al. 2011), photodegradation (Tian et al. 2012), coagulation (Verma 

et al. 2012), ion exchange (Greluk & Hubicki 2010), and membrane filtration (Cheng et al. 2012). However, 

adsorption is the most attractive method because of its high efficiency, ease of operation, and cost-effectiveness. 

A wide range of different organic and inorganic adsorbents such as activated carbon (Mezohegyi et al. 2012), 
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clays (Bhatt et al. 2012), carbon nanotubes (Mishra et al. 2010), and polymeric materials (Yavuz et al. 2011; 

Shukla et al. 2012) have been prepared and used for dye adsorption. However, in many cases, the prepared 

adsorbents have a low surface area, low adsorption capacity, and weak mechanical strength in severe conditions.  

Therefore, it is still necessary to develop mechanically strong adsorbents with high efficiency. Polymeric 

hydrogels are very attractive for dye adsorption since water can easily diffuse through the hydrophilic polymer 

network, and dissolved dyes can interact strongly with numerous functional groups present in the structure of 

polymer chains. The adsorption of dyes strongly depends on the structure and composition of the hydrogels. 

Polymeric hydrogels with different compositions have been used for the adsorption of cationic and anionic dyes 

(Li et al. 2011a; Li et al. 2011b; Panic et al. 2013; Aljeboree & Alshirifi 2018). Hydrogels with negative charges 

in their structures are effective in the removal of cationic dyes, while positively charged hydrogels are appropriate 

for the removal of anionic dyes (Panic et al. 2013). Zwitterionic hydrogels can be used for both cationic and 

anionic dyes (Shukla et al. 2012). However, the weak mechanical strength of the hydrogels is one of their 

drawbacks that limits the application of hydrogels, especially for repeated cycles of adsorption. In many cases, 

hydrogels are filled with inorganic materials to improve their mechanical properties. Clays (Chang et al. 2010) 

and carbonaceous materials such as carbon nanotube (Chatterjee et al. 2010) and graphene (Zhang et al. 2011) 

have been used for this purpose. It was also found that the presence of inorganic materials increases the adsorption 

capacity of dyes (Metin et al. 2013). Graphene oxide (GO) is a carbonaceous material that has attracted much 

attention in recent years (Zhu et al. 2010; Chen et al. 2012). GO is produced by oxidation of graphite, which leads 

to introducing different oxygen-containing functional groups such as hydroxyl, epoxy, and carbonyl groups. These 

functional groups can interact with dye molecules through hydrogen bonds and electrostatic interactions. These 

properties make GO a good candidate for dye adsorption. Incorporating GO into hydrogels leads to the formation 

of nanocomposite adsorbents with high mechanical strength (Fan et al. 2013). The presence of GO not only 

improves the physical properties of hydrogel but also increases its adsorption capacity. Although it has been shown 

that GO itself and also polymeric hydrogels can be used as dye adsorbents (Liu et al. 2012), synthesis of GO-

based nanocomposites can combine properties of both GO and hydrogels. As a result, adsorbents with high 

mechanical strength and adsorption capacity could be obtained. Although GO and its polymeric nanocomposites 

have been studied extensively in recent years, there are few reports in the field of GO–hydrogel nanocomposites 

for dye adsorption (Pourjavadi et al. 2013). Herein, we report the synthesis and characterization of a novel 

composite hydrogel containing GO. The composite has consisted of the hydrogel in which GO sheets. The 

polymeric network of the hydrogel is composed of acrylic acid and maleic acid. The synthesized composite was 

used as a dye adsorbent, and its ability for removal of CV was studied. The effect of different experimental 

conditions on dye adsorption was also investigated. 
 

 

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 the modified Hummers method (Marcano et al. 2010). 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 ranges of 0 ºC to 5 ºC in the ice-water bath as a safety precaution. While maintaining vigorous 

agitation, 6.0 g 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 ºC. The mixture was kept mixing for a 

total of 2 hours, with the temperature of the ice-water bath kept at ≤ 5 ºC. The ice-water bath was then removed, 

and the mixture was stirred overnight at room temperature. As the reaction progressed, the mixture gradually 
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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 ºC. 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 ºC and stored for further 

use. To prepare fully exfoliated GO nanosheets with different concentration (3-6 mg mL-1), 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, at first, 2 mL GO (3, 4, 5, and 6 mg mL-1) water solution mixed 

with AA (0.08 mol), MA (0.02 mol), MBA (0.032-0.22 mmol) APS (0.015 g) were dissolved in double distilled 

water to the 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 ºC  (over about 10 min) under an N2 atmosphere and kept at this 

temperature for two hours. After being cooled down to room temperature, the resulting hydrogel was immersed 

in the deionized water and washed in excess deionized water ten 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 the 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), followed by analyzing the GO/P(AA-MA) composites and 

P(AA-MA) hydrogel.re analyzed. 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 was then dried in an oven at 

40 ºC for a period of 6 hours and kept in airtight containers. The surface was then ground and sieved using a 

different mesh sieve (100-400 μm). The particle size of 100 μm was used for the surface in all experiments of this 

work. 
 

Determination of Maximum Absorption (max) 

To determine the maximum wavelength of the CV dye, the ultraviolet-visible absorption spectra of the dye 

solution (20 mg L-1) 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 (Fig. 1). 
 

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 

(Fig. 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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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, we 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. 

 
 

 

Fig. 1. UV-Visible absorption spectra. 

 

 
 

 

                   Fig. 2. Calibration curves of the CV dye. 
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Calculate the quantity adsorbed  

The quantity of dye adsorbed was calculated according to the following equation:  

𝑥

𝑚
=

𝑉(𝐶𝑜 − 𝐶𝑒)

𝑚
                                          (𝟏) 

                                  

where x : the quantity adsorbed; m : weight of adsorbent (g); Co: initial concentration (mg L-1); Ce: equilibrium 

concentration (mg L-1); V : volume of solution (L). 

 

Kinetic Studies 

The effect of contact time was determined by adding 0.03 g of adsorbent into 10 mL dye solution, with initial 

concentration (500 mg L-1) under shaking. The temperature of the solution was held constant at 25 ºC with a 

thermostatic shaker. After different time intervals, the solutions were centrifuged, and volumes of  3 mL 

supernatant were taken for spectrophotometric measurements of dye content.  

 

Swelling studies of composite 

The swelling properties of the composite hydrogel were performed by gravimetric analysis. Briefly, 0.1g of dry 

composite hydrogel was immersed in 500 mL of the swelling medium pH (7 and 1) at 25 ºC. At regular time 

intervals, the gels were removed from the medium, the weight of the swollen composite hydrogel was determined 

after the removal of the surface water through blotting with filter paper. The measurements were continued until 

the weight of hydrogels reached a constant value. The swelling ratio (SR) was calculated by the following: 

𝑆𝑅 =
(𝑊𝑡 − 𝑊𝑑)

𝑊𝑑

                           (𝟐) 

where Wt is the mass of the swollen hydrogels at t, and Wd is the initial mass of dry hydrogel.  

 

RESULTS AND DISCUSSION 

Characterization of graphene oxide 

The FTIR spectrum in Fig. 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 by 

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 stretches vibration at 3400 cm-1 (hydroxyl), the 

C=O (carboxyl and carbonyl) 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) at 1220 cm-1, the C-O (epoxy) groups at 1226 cm-1, the C-O (ring) 

at 1060 cm-1 and C-H at 2950 cm-1 (Alwan et al. 2018). 

The FTIR spectra of the P (AA-MA) hydrogel the presence ν(O-H, N-H) overlap bonds at 3000-3440 cm-1  and  

C-H stretching at 2890 cm-1 and also  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.  However,  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 (Lee et al. 2014) 

given in Fig. 4. 

FE-SEM, a common technique was used to identify the surface morphology of graphite, GO, P (AA-MA), and 

GO/P(AA-MA). FE-SEM images of graphite sheets explain a closely-aligned layered structure and be stack as 

layer thick. It also exhibits a flaky appearance for the strong sp2 carbon to carbon bonding in the plane. After 

oxidation, the FE-SEM image of GO nanosheets indicates a wavy frizzy appearance, the surface is bristly, and 

the edges of the sheets are foggy. At higher concentrations, the surface of GO shows coarse carpet, which can due 

to the link of residual water molecules, carboxyl, and hydroxyl groups with the sheets (Aunkor et al. 2015) given 

in Figs. 5 and 6. The FE-SEM images of P (AA-MA) hydrogel and GO/P (AA-MA) composite samples are shown 

in Figs. 7-8. 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 rougher, and the GO/P (AA-MA) composite sample shows an irregular, plat-like structure. The 
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formation of such a structure of GO/P (AA-MA) may be induced by a plate-like layer of GO platelets. 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 (Wan et al. 2016). 

 

 
Fig. 3. FTIR spectra of Graphite and Graphene Oxide. 

 

 
Fig. 4. FTIR spectra of P (AA-MA) and GO/P (AA-MA). 
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Adsorption Kinetic Models 

To determine the equilibrium time for the maximum uptake of the dye, the adsorption of crystal violet on GO/P 

(AA-MA) composite was studied as a function of contact time, and the results are shown in Fig. 9. It can be 

concluded that the rate of dye uptake on GO/P (AA-MA) composite is higher during the initial stages and 

gradually decrease and become almost constant after a period of 120 min, which could be due to the high number 

of available adsorption sites at the beginning of the adsorption process, which then later became saturated. 

 

 
Fig. 5. FE-SEM images of Graphite. 

 

 
Fig. 6. FE-SEM images of GO. 
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Fig. 7. FE-SEM images of P (AA-MA) hydrogel. 

 

 
Fig. 8. FE-SEM images of GO/P (AA-MA) composite. 

 

 
 

 

Fig. 9. The effect of contact time on adsorption capacity. 
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Several kinetic models are available to examine the controlling mechanism of the adsorption process and to test 

the experimental data. The rate constants of the dye removal from the solution by GO/P (AA-MA) composite 

were determined using first order and pseudo-second-order equations. 

The Lagergren first-order rate equation was used to fit the experimental results. The linear form of the Lagergren 

equation is: 

𝐿𝑛 (𝑞𝑒 − 𝑞𝑡) = 𝐿𝑛𝑞𝑒 − 𝑘1𝑡                               (𝟑) 

where qe (mg g-1) is the equilibrium sorption capacity, and qt (mg g-1) is the amount of dye adsorbed at time t 

(min). Values of k1 for CV-GO/P(AA-MA) composite system was obtained from the slope of the plot of 

𝐿𝑛 (𝑞𝑒 − 𝑞𝑡) vs. t (Fig. 10). The adsorption kinetic parameters from Fig. 11 are indicated in Table 1. 

The adsorption data were also analyzed in terms of a pseudo-second-order mechanism. The linear form of the 

equation is: 

𝑡

𝑞𝑡

=
1

𝑘2𝑞𝑒
2

+ (
1

𝑞𝑒

) 𝑡                                            (𝟒) 

where k2 (g mg -1 min-2) is the rate constant of the pseudo-second-order adsorption. If the initial adsorption rate is 

h = k2 qe
2. Then equation 4 becomes: 

𝑡

𝑞𝑡

=
1

ℎ
+ (

1

𝑞𝑒

) 𝑡                                            (𝟓) 

By plotting t/qt versus t, Fig. 10, a straight line could be obtained, and qe, k2, and h can be calculated. The 

adsorption kinetic parameters from Fig. 11 are listed in Table 1. 

 

 
 

 

Fig. 10. Pseudo-first order kinetics for adsorption CV. 
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Fig. 11. Pseudo-second order kinetics for adsorption of CV. 
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Swelling studies  

The swelling ratio of the GO / P (AA-MA) was investigated for pH functions 7.0 and 1.0 because of its importance 

in the field of hydrogel applications such as adsorption. The results showed the extent of dependence the 

percentage of swelling on the pH function is very high (Fig. 12). It is observed that swelling rates are high at pH 

= 7.0 in comparison with pH = 1.0. This is due to the presence of hydrophilic groups in the chemical structure of 

the composite such as COOH, OH, C = O, pH = 7.0, which attributed to carboxyl groups on the composite became 

ionized but showed low swelling at acidic pH = 1.0. It is due to a high content of carboxylic acid groups that 

remain un-ionized at this pH, while the degree of swelling increases as the pH of medium elevates due to the 

availability of more carboxyl groups for ionization. As a result, electrostatic repulsion increases along the chain, 

which causes an expansion of the chain. After confirming the swelling effect at low and high pH, we were further 

interested to see the swelling as a function of crosslinking agents’ concentration. Swelling decreases with 

increasing concentrations of cross-linker due to the increase in the degree of cross-linking between polymer 

chains, which prevents their expansion. 

 

CONCLUSION 

GO/P (AA-MA) composites were synthesized via a free radical polymerization using GO platelets. Our results 

show that the incorporation of GO platelets into the polymer network leads to a remarkable improvement in the 

absorbencies of the resulting superabsorbent composite in distilled water solution, which may be due to the fact 

that the good dispersion of GO platelets in the polymer matrix and in turn the formation of a more intact polymeric 

network structure, and then the network has additional space to allow more water to be held. The GO/P(AA-MA) 

composites could be employed as adsorbents in wastewater treatment for the removal of crystal violet dye. The 

process of adsorption is relatively fast, and the kinetic adsorption data fitted well to the second-order kinetic 

model, indicating an intra-particle diffusion mechanism. 
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Fig. 12. Swelling ratio of GO P (AA-MA) composite hydrogels at 25 ºC. 
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