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Abstract 

Porous nanocomposite hydrogels were prepared using CaCO3 particles as solid porogens. The 

hydrogels were prepared by polymerization and grafting of acrylamide and 2-acrylamido-2-

methylpropane sulfonic acid onto the starch in the presence of CaCO3 and graphene oxide. 

CaCO3 solid porogens were then removed by washing with acid and porous structures were 

obtained. The prepared hydrogels were used as adsorbents for methylene blue as a model 

cationic dye; and a very high adsorption capacity, up to 714.29 mg g-1, was obtained. Kinetic 

and isotherm of adsorption and the effect of porosity of hydrogel as well as other 

experimental conditions were also investigated. The prepared adsorbents were recovered and 

reused for several cycles, and high removal efficiency was observed even after five cycles of 

adsorption. 
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Introduction 

Removal of pollutants from industrial wastewater has become an important problem 

attracting much attention in recent years.1,2 Extensive use of dyestuffs in different industries 

such as textile, paper, leather, cosmetics and plastic, has made dyes as one of the main 

pollutants of water.3-5 Discharge of these wastewaters without treatment can cause serious 

environmental and health problems. Methylene blue (MB) is a very common cationic dye that 

is generally used as colorant for cotton, wool, and silk. MB can cause problems for eyes, skin 

and respiratory system.6 Different methods such as adsorption,7 coagulation/flocculation,8 ion 

exchange,9 membrane filtration,10 and photodegradation11 have been used for removal of dyes 

from water; among which, however, adsorption is the most attractive one because of its 

simplicity, cost effectiveness and high efficiency. 

A variety of materials have been prepared and used as dye adsorbent such as activated 

carbon,12 carbon nanotubes (CNT),13 zeolites14 magnetic nanoparticles.15 Polymeric materials 

are also very interesting since they can possess a wide range of functional groups and their 

properties can be tailor-made. Polymeric dye adsorbents with different compositions, 

structures and sizes have been synthesized. Depending on the functional groups present in the 

structure of polymers, they can be able to adsorb specific cationic, anionic or both cationic 

and anionic dyes.16-18 Natural polymers are also very interesting for dye adsorption since they 

are inexpensive, nontoxic, and biodegradable and contain many functional groups on their 

chains.19-21 

Polymeric hydrogels have been shown to be very effective in dye adsorption.22,23 Porous 

structure of hydrogels let the dye solution to diffuse rapidly into the polymeric network and 

interact with its functional groups. Although polymeric hydrogels have porous structure, 

there are other methods to increase their porosity. One method is to use solid porogens that 

are temporarily incorporated into the structure of hydrogel. By removing the solid porogens, 
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void spaces will result in the positions that already were occupied with solid particles and as a 

consequence a more porous structure will be obtained.24 

Recently, graphene has attracted much attention in different fields of applications such as 

electronics, sensors and biomedicine.25,26 The specific two-dimensional and sheet like 

structure of graphene and its high specific surface area make it appropriate for adsorption 

applications as well.27 However, because of strong π-π interactions and their hydrophobicity, 

the graphene sheets tend to agglomerate in aqueous media. Graphene oxide (GO) is the 

oxidized form of graphene which contains many different functional groups such as 

hydroxyl, carboxyl and epoxy on its surface.28 Due to the presence of these polar groups, GO 

can be readily dispersed in water. 

Since GO possess many polar functional groups in its structure, incorporation of GO in the 

polymeric network of hydrogels can increase efficiency of dye adsorption, as we found in our 

previous work.29 Adsorption can be promoted by attractive interactions between functional 

groups present in the structure of dye molecules and GO, including electrostatic attractive 

forces, hydrogen bonds and π-π interactions. GO can also act as a reinforcing filler for 

polymeric matrix of hydrogels and enhance its physical and mechanical properties.30 

Herein we report synthesis of porous GO-hydrogel nanocomposites and investigate their 

ability for adsorption of dyes. The nanocomposite is composed of starch, polyacrylamide 

(PAAm) and poly (2-acrylamido-2-methylpropane sulfonic acid) (PAMPS) in which GO 

sheets are incorporated. In order to increase the porosity of hydrogels, calcium carbonate 

particles were also used as solid porogens in the structure of nanocomposites. After washing 

with HCl the solid porogens was removed and a porous structure was obtained. The effect of 

the amount of solid porogens on porosity of nanocomposite and adsorption capacity is also 

studied. 
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Experimental 

Reagents and Analysis 

Graphite flakes were obtained from Aldrich. 2-Acrylamido-2-methylpropane sulfonic acid (AMPS) 

and acrylamide (AAm) were purchased from Merck and used as received.  Hydrochloric acid 

(HCl, 37 wt%), ammonium persulfate (APS), N,N'-Methylenebisacrylamide (MBA), calcium 

carbonate and starch all were obtained from Merck and used without further purification. 

Fourier transform infrared (FTIR) spectra were collected on an ABB Bomem MB 100 

spectrophotometer. The samples were pressed into KBr discs and the spectra were recorded 

in the range of 4000 to 400 cm-1. The morphology and surface structure of the particles were 

examined with Philips, XL30 scanning electron microscope (SEM). X-ray diffraction (XRD) 

patterns were recorded on a Siemens D5000 (Germany) diffractometer with 

monochromatized Cu Kα radiation. Thermogravimetric analysis (TGA) was conducted using 

a Perkin Elmer Pyris1 instrument from 30 to 600 °C with heating rate of 10 °C/min under 

nitrogen atmosphere. Absorption studies were performed using Perkin Elmer lambda 25 UV-

Vis spectrophotometer. BET specific surface area was measured by Belsorp mini II 

instrument at 77 K. 

Synthesis of GO 

GO was synthesized using an improved hummers method.31 Typically 1 g graphite, 120 mL 

H2SO4 and 13 mL H3PO4 were added to a round bottom flask and 6 g KMnO4 was gradually 

added while stirring at 50 °C. After 12 hours, the flask was cooled to 0 °C and 200 mL water 

and 3 mL H2O2 were added, respectively. The flask content was centrifuged and washed three 

times with HCl (5% wt) and five times with water and then dried at 50 °C. 

Synthesis of GO-hydrogel porous nanocomposites 

0.04 g GO was added to a flask containing 10 mL water and sonicated for 20 min. Then, 0.3 

g starch, 1.5 g AMPS (neutralized with NaOH), 0.5 g AAm, 0.05 g MBA and a known 
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amount of CaCO3 were added and the mixture was stirred vigorously using a mechanical 

stirrer. The flask was placed in an oil bath at 70 °C and 0.05 g APS was added to it. After 1 h 

polymerization, hydrogels were formed and the flask was cooled to room temperature. 

In order to remove calcium carbonate particles, the prepared hydrogels were exposed to a 

solution of HCl (0.1 M) for 2 h. The excess HCl was removed by repeated washing using 

water. Then, the hydrogels were deswelled in acetone, dried in an oven at 50 °C and sieved 

through a 50-mesh sieve. 

Dye adsorption 

Adorption of MB from aqueous solution was performed by a batch process. For this purpose, 

10 mg of the sieved nanocomposites was added to 40 mL dye solution (100 mg L-1) and the 

mixture was stirred. The concentration of dye at different time intervals was determined by 

UV-Vis spectroscopy at λmax of MB (664 nm). 

Adsorption capacity (qe) and removal efficiency (R) were calculated using following 

equations: 

�� = ������	

�                                       (1) 

� = �����
��

∗ 100                                  (2) 

Where qe is adsorption capacity (mg g-1), C0 and Ce are initial and equilibrium concentration 

of dye (mg L-1), respectively, V is volume of the solution (L), and m is the mass of the 

adsorbent (g). 

Results and discussion 

Synthesis of adsorbent 

Nanocomposite hydrogels were synthesized by free radical polymerization of AMPS and 

AAm in the presence of starch and GO and using MBA as a crosslinking agent. The 

monomers used here, AMPS and AAm, contain sulfunate and amide groups respectively, 
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which can interact with dye molecules. PAMPS and PAAm were grafted onto the starch and 

crosslinked to form a 3D network. As an inexpensive non-toxic natural polymer, the presence 

of starch not only makes the hydrogels more biodegradable and environmentally friendly but 

also provides more functional groups in the structure of hydrogels and facilitates dye 

adsorption. The polymeric matrix of the resulting nanocomposites contains many functional 

groups such as sulfunate, amide and hydroxyl groups which are able to interact with dyes 

through electrostatic interactions and hydrogen bonds. GO was also used in the structure of 

hydrogels to increase adsorption efficiency and improve its physical properties. Dye 

adsorption should be increased by using GO because of its high specific surface area and 

presence of a large number of functional groups such as carboxyl, hydroxyl and epoxy 

groups.29 In order to obtain porous nanocomposites, calcium carbonate particles as solid 

porogens were first incorporated in the structure of hydrogels and then removed by dissolving 

in HCl solution. Three different hydrogel nanocomposites containing 0, 4 and 12 wt% 

calcium carbonate were prepared and named as HCC0, HCC4 and HCC12, respectively. Acid 

treated HCC4 and HCC12 samples were also named as ATH4 and ATH12, respectively. The 

schematic illustration of the synthetic rout is depicted in Fig. 1. 
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Fig. 1 Preparation of porous nancomposite hydrogel. 

 

Characterization 

FTIR spectra of GO, CaCO3, and the synthesized hydrogels are shown in Fig. 2. The 

spectrum of GO shows peaks at 3400, 1730, 1250 and 1050 cm-1 which are related to O-H, 

C=O, C-O-C and C-O stretching vibrations, respectively. The peaks appeared in the spectrum 

of the synthesized nanocomposites (HCC0, Fig. 2-b) are related to numerous functional 

groups such as hydroxyl, carboxyl and amide groups present in the structure of the 

nanocomposites. The peak appeared at 871 cm-1 in the spectrum of HCC4 (Fig. 2-d) is 

characteristic peak of carbonate bending vibration. This peak which is also present in the 

spectrum of neat calcium carbonate (Fig. 2-c) indicates that CaCO3 particles are entrapped in 

the structure of nanocomposite. It is observed that the peak at 871 cm-1 disappeared after 
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treatment of nanocomposites with HCl (Fig. 2-e) which confirms CaCO3 was completely 

removed from the nanocomposites. 

 

 

Fig. 2 FTIR spectra of GO (a) HCC0 (b) CaCO3 (c) HCC4 (d) ATH4 (e).  

 

XRD patterns of CaCO3 and nanocomposites are shown in Fig. 3. XRD pattern of CaCO3 

(Fig 3-a) shows peaks appeared at 2 theta values about 23, 29, 34, 36, 39.5, 43, 48, 49, 58, 61, 

and 65° which are related to calcite phase.32 These characteristic peaks are also appeared in 

the XRD pattern of HCC12 (Fig. 3-b) confirming the presence of CaCO3 in the prepared 

hydrogels. XRD pattern of GO (Fig 5-c) shows one peak at 2 theta value of 12° which is 

related to interlayer d-spacing of 8 Å. However, this peak is not observed in the XRD pattern 

of neither HCC0 (Fig. 3-b) nor HCC12 (Fig. 3-d) because of exfoliation and intercalation of 

GO nanosheets by polymeric networks. The characteristic peaks of CaCO3 are also 

disappeared in the pattern of ATH12 indicating CaCO3 was completely removed from 
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hydrogel after washing with HCl (Fig. 3-d). The hydrogel nanocomposite is amorphous and 

no peak is observed in its XRD pattern. 

 

 

Fig. 3 XRD patterns of neat CaCO3 (a), HCC12 (b), GO (c) and ATH12 (d). 

 

TGA curves of CaCO3, HCC0 and HCC12 are shown in Fig. 4. Thermal degradation of 

calcium carbonate starts at 600 °C and about 45 wt% of the sample is lost up to 675 °C. The 

weight loss of samples at 100-150 °C is due to the removal of adsorbed water. HCC0 

undergoes a two-step degradation which occurs at 200 and 300 °C and about 80 wt% is lost 

up to 800 °C. TGA curve of HCC12 shows one more degradation step occurs at 600 °C 

which is due to the thermal decomposition of CaCO3 present in the structure of the 

nanocomposite. It is also observed that about 68 wt% of the sample is lost after heating up to 

600 °C indicating about 12 wt% of the HCC12 is composed of calcium carbonate. The 

overall weight loss of HCC12 after heating up to 800 °C is 75 wt%.  
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Fig. 4 TGA curves of CaCO3 (a), HCC12 (b) and HCC0 (c). 

 

SEM and TEM images of GO (Fig. S1) show a sheet-like, wrinkled and folded structure. The 

prepared GO sheets have large lateral dimensions and their thickness is just a few nanometer. 

The results indicate that well-exfoliated GO nanosheets were successfully synthesized.  

SEM image of the hydrogel without calcium carbonate (HCC0) is shown in Fig. 5-a. It is 

observed that the surface of the hydrogel is smooth and no pores are present in its structure. 

SEM image of HCC4 (Fig. 5-b) shows angular, coarse particles of calcium particles present 

the structure of the prepared hydrogel nanocomposites. SEM image of ATH12 (Fig. 5-c) 

shows that more porous and rough structure was obtained in comparison with the 

nanocomposites represented in Fig. 5-a. These results indicate that the porosity of the 

hydrogels increases after removal of calcium carbonate. CaCO3 particles are first entrapped 

into the polymer matrix and by removing them in the next step, a porous structure will result 

in. The porosity of adsorbent is a very important parameter in adsorption process since it 

increases surface area and facilitates diffusion of dyes into the adsorbent. 
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Fig. 5 SEM images of HCC0 (a) HCC12 (b) ATH12 (c). 

 

BET analysis of ATH12 was performed and the obtained N2 adsorption-desorption isotherm 

is depicted in Fig. S2. Specific surface area of the adsorbent is 33 m2 g-1 which is relatively 

high in comparison with many other typical polymer composites.33,34 

As is represented in Fig. S3-a, EDX analysis of the HCC12 confirms the presence of calcium 

into the nanocomposite which is due to the entrapment of calcium carbonate particles in the 

structure of the hydrogel. Ca mapping of the prepared nanocomposites (Fig. S3-b) also 

indicates that calcium carbonate particles are dispersed and distributed in the matrix of the 

hydrogel. On the basis of the results obtained by EDX analysis, about 12 wt% of the prepared 

nanocomposite is composed of calcium carbonate.  

Dye adsorption 

The prepared hydrogels were used as adsorbents for a cationic dye, MB which its structure is 

shown in Fig. S4. Dynamic equilibrium adsorption of MB on HCC0 is shown in Fig. 6. Due 

to the presence of different functional groups such as sulfunate, amide and hydroxyl groups 

in the structure of polymeric network, the prepared adsorbents could adsorb MB. Adsorption 

takes place through physical interactions between dye molecules and adsorbent surface. So, 

any attractive interaction between dye and adsorbent can facilitate and increase dye 

adsorption. Electrostatic interaction is the most prominent interaction that strongly affects 
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adsorption of dyes on the adsorbents. The charge of the adsorbent was determined by Zeta 

potential measurement. It was found that the Zeta potential of the adsorbent is – 52 eV 

confirming the adsorbents are highly negatively charged. This high value of negative charge 

mainly originating from sulfonate groups of polymer chains provides a strong attractive 

interaction with positive charges of MB molecules. The amide and hydroxyl groups present 

in the structure of polymer matrix can form hydrogen bonds with amine groups of MB. There 

are also aromatic rings in the structure of MB which are able to interact with aromatic rings 

of GO through π-π interactions. The whole of these attractive forces makes high adsorption 

capacity of dye molecules possible. The effect of such functional groups and attractive 

interactions are also discussed in other reports in the literature.35,36   

Dye removal was performed rapidly at the initial stages of adsorption and then its rate 

decreases and finally reaches to a constant value. The equilibrium adsorption capacity of MB 

on HCC0 is 331.6 mg g-1. Dye adsorption was also performed using hydrogels without GO 

and it was found that in this case the adsorption capacity decreases to 322 mg g-1. This result 

which is in accordance with our previous finding can be due to the interaction of dyes with 

functional groups present in the structure of GO and adsorption on its surface.29  

The effect of porosity of the hydrogel on dye adsorption was then investigated. Porous 

structures were prepared by temporary incorporation of calcium carbonate particles into the 

hydrogel and subsequent removal of it. Therefore, hydrogels with different porosity were 

obtained by varying the initial amount of CaCO3. The results of dye adsorption for two 

different hydrogels are also shown in Fig. 6. Adsorption capacity for HCC4 and HCC12 are 

375.08 and 396.16 mg g-1, respectively, which are more than that of HCC0. The results show 

that dye adsorption increases by using CaCO3 in the hydrogel and then dissolving it. 

Adsorption capacity also increases by increasing the initial amount of CaCO3, which is due to 

the formation of a more porous structure. Increasing the porosity of hydrogels causes an 
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increase in adsorption capacity, since dyes can diffuse through the polymeric matrix more 

easily and interact with functional groups of hydrogel. Porosity also increases adsorbent 

surface area which is an important parameter affecting dye adsorption. However, we found 

that further increasing of the porosity of the polymer decreases mechanical strength of 

hydrogel significantly so that the adsorbents collapse in the water. Considering the results 

obtained here, we used ATH12 for all further experiments in the next sections. 

 

Fig. 6 Adsorption capacity of MB on HCC0, ATH4, ATH12 and HCC0 without GO with time. 

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 3 to 11 was investigated and the results 

are shown in Fig. 7. There are many functional groups such as hydroxyl, sulfunate and amide 

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 
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become protonated which leads to a repulsion between adsorbent and positively charged dye 

molecules. As a consequence, adsorption capacity decreases in lower pH values. 

 

 

Fig. 7 The effect of pH on equilibrium adsorption capacity. 

 

Effect of initial dye concentration 

In order to investigate the effect of initial dye concentration on adsorption capacity, 

measurements were performed in solutions with different initial dye concentrations. As is 

shown in Fig. 8-a, by increasing initial dye concentration in the range of 30 to 250 mg L-1, 

adsorption capacity increases continuously from 118.86 to 641.22 mg g-1. This is because 

higher dye concentrations provide greater driving force to overcome the mass transfer 

resistance of dye molecules from aqueous phase to solid phase.37 However, the rate of 

increasing in adsorption capacity decreases and finally reaches to a constant value. 

Effect of adsorbent dosage  

The influence of adsorbent dosage on dye adsorption was also investigated and the results are 

shown in Fig. 8-b. It is observed that adsorption capacity decreases significantly by 

increasing adsorption dosage from 10 to 50 mg, which may be attributed to the splitting effect 

of flux or concentration gradient between dye molecules and adsorbent.38 
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Fig. 8 The effect of initial dye concentration (a) and adsorbent dosage (b) on equilibrium adsorption 

capacity. 

Adsorption kinetic 

Adsorption kinetic describes the rate of uptake of dye on the adsorbent. We used pseudo-

first-order and pseudo-second-order kinetic models to analyze experimental data. Pseudo-

first-order39 and pseudo-second-order40 kinetic models are generally given as equations 3 and 

4, repectively: 

log��� � ��	 = log �� � � ���
�.����                      (3) 

�
��

=  
�!��!

" �
��

                                                   (4) 

Where qe and qt are adsorption capacity (mg g-1) at equilibrium and at time t (min) 

respectively. k1 and k2 are pseudo-first-order constant (min-1) and pseudo-second-order rate 

constant (g mg−1 min−1), respectively.  

The plots of pseudo-first-order and pseudo-second-order kinetic models are shown in Fig. S5. 

The kinetic parameters for the two models were calculated from the slops and intercepts of 

the plots and are listed in table 1. The results show that the coefficient factor for pseudo-first-

order kinetic model is very high (R2=0.999) and calculated adsorption capacity (qcalc=396.16 
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mg g-1) is in good agreement with experimental value (qexp=400 mg g-1), indicating 

experimental data are better fitted with pseudo-second-order kinetic model. 

 
Table 1 Kinetic parameters for pseudo-first-order and pseudo-second-order models 

Kinetic model 

 Parameters 

K1 min-1 K2 g mg-1 min-1
 qe mg g-1 R2 qexp mg g-1 

Pseudo-first-order 0.0507  429.93 0.958 396.16 

Pseudo-second-order  0.0023 400.00 0.999 396.16 

 

Adsorption isotherm  

Langmuir and Freundlich models are two common isotherm models that are widely used to 

describe adsorption isotherms. In Langmuir isotherm, expressed by equation (5), adsorption 

occurs as monolayer coverage of adsorbate on homogeneous energetically equivalent 

adsorbent surface.   

 
��

=  
��#$�%

"  
�%

                                   (5) 

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: 

 log �� = log &' "  
( log )�                         (6) 

Where Ce is dye equilibrium concentration (mg L-1), KF is Freundlich constant (L g-1) and n is 

heterogeneity factor. 

The plot of Langmuir and Freundlich isotherm models are shown in Fig. S6 and the 

parameters related to each model are listed in table 2. Coefficient factor (R2) for Langmuir 
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and Freundlich isotherm models is 0.980 and 0.754, respectively, indicating adsorption of 

MB on the prepared adsorbent is best fitted to the Langmuir isotherm model. According to 

this model, a high maximum adsorption capacity (qm) up to 714.29 mg g-1 was obtained for the 

prepared adsorbents. 

 

Table 2 Isotherm parameters for Langmuir and Freundlich models 

Isotherm model 

Parameters 

KF mg g−1 (L mg−1)1/n KL L mg-1 qm mg g-1 n R2 

Langmuir  0.737 156.25  0.980 

Freundlich 265.09   4.127 0.754 

 

RL is an essential factor of Langmuir isotherm model that indicates whether adsorption is 

unfavorable (RL>1), linear (RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0). This 

dimensionless factor is expressed as follows: 

�* =  
 +K$��

                            (7) 

Where KL is Langmuir adsorption constant and C0 is initial dye concentration. As shown in 

Fig. S7, the value of RL for all used initial dye concentrations was obtained between 0 and 1 

(0<RL<1), indicating that adsorption of MB on the adsorbents is favorable. 

Recycling study 

The ability of recycling and reusing of an adsorbent is an important feature that should be 

considered in adsorption process. The photographs of dye solution before and after 

adsorption process are shown in Fig. S8. It can be seen that the supernatant solution is almost 

colorless after adsorption and the adsorbent can be readily separated from solution by simple 

filtration. In order to study the reusability of the adsorbents, the particles were separated from 

the solution, dispersed in 10 mL HCl solution (0.5 M) and stirred for 2 h to desorb dyes. 
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Then, the adsorbents were separated and dried at 50 °C. The recycled adsorbents were used 

for next runs and their ability for dye adsorption was investigated. Recycling experiment was 

performed for five cycles of adsorption-desorption and the results are depicted in Fig. 9. In 

the first run, a very high removal efficiency of MB up to 99 % was obtained. As is shown in 

Fig. 9, removal efficiency does not change significantly and is still very high, even after five 

cycles of adsorption-desorption. The results indicated that the prepared adsorbents can be 

easily recovered and reused for several cycles of adsorption without any significant loss of 

dye removal efficiency. 

 

Fig. 9 Reusability of the adsorbents. 

 

Comparison with other adsorbents 

Many adsorbents with different structures and compositions have been prepared and used for 

removal of different dyes. Thus, it is worth comparing the adsorbent prepared here with some 

other adsorbents recently used for adsorption of MB. Maximum adsorption capacity (qm) for 

some adsorbents are listed in table 4. The results show that the adsorbent prepared in this 

study has a very high adsorption capacity which is much higher than the other adsorbents. 

The results indicate that the prepared adsorbent is very effective for removal of MB from 
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aqueous solution. Moreover, About 13 wt% the prepared hydrogels are composed of starch 

which makes them more environmentally friendly and economically cost-effective.  

 

Table 3 Comparison with other adsorbents 

Adsorbent qm mg g-1
 Reference 

Graphene oxide/calcium alginate composite 181.81 41 

Modified mesoporous clay 100 42 

Polyacrylamide/cellulose nanocrystals 326 43 

Starch-humic acid composite hydrogel 110 44 

Xylan/poly(acrylic acid) magnetic nanocomposite 438.60 45 

Polymethacrylic acid grafted cellulose/bentonite composite 371.67 46 

Graphene-modified magnetic polypyrrole nanocomposite 270.3 47 

Porous GO/hydrogel nanocomposite 769.23 This study 

 

Conclusion 

Porous GO-hydrogel nanocomposites were prepared and used as dye adsorbents. The 

hydrogels were prepared by graft copolymerization of AMPS and AAm onto the starch using 

MBA as crosslinking agent and in the presence of GO nanosheets and calcium carbonate 

particles. The entrapped calcium carbonate particles were then removed from the hydrogel by 

dissolving in HCl solution and a porous hydrogel was obtained. The prepared hydrogels were 

used as adsorbent for MB. The results showed that equilibrium adsorption capacity of MB 

increased by increasing porosity of the hydrogel. Kinetic and isotherm of adsorption as well 

as the effect of other experimental conditions such as pH, adsorption dosage and initial dye 

concentration on dye adsorption was also studied. Adsorption of dyes were well-described by 

pseudo-second-order kinetic model and Langmuir isotherm model. The recycling study 
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revealed that the adsorbent can be used for several cycles of adsorption without any 

significant loss of activity. 
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