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a b s t r a c t
Although graphene oxide (GO) showed excellent adsorption capacities for a few model dyes and 
heavy metals, its application is limited due to high dispersibility in an aqueous system. In this article 
preparation of non-dispersible calcium alginate-graphene oxide (CA-GO) composite, its characteriza-
tion and application for adsorption of an industrial dye have been presented. The CA-GO composite 
was prepared by adding a mixture of GO with sodium alginate and CaCO3 (SA:CaCO3:GO = 10:2.5:1) 
to 2% HCl. The prepared composite was characterized by scanning electron microscopy, X-ray 
diffraction and Fourier transform infrared spectroscopy analysis. The surface charge of the com-
posite was also determined by zeta potential analysis. The adsorption properties of the compos-
ite were investigated for an industrially used cationic dye, Maxilon Blue (GRL) (MBG). Effects of 
dye concentration, contact time, adsorbent dosage, pH of dye solution and temperature on adsorp-
tion capacity of the composite were studied. The equilibrium of the process preferably followed 
the Langmuir model. The theoretical maximum adsorption capacity was 1,253.13 mg/g at pH 7.0. 
For the mechanism of dye adsorption, the data fitted perfectly with a pseudo-second-order kinetic 
model. Thermodynamic studies revealed that the adsorption of MBG on CA-GO composite was 
spontaneous and physical in nature. The exhausted adsorbent was regenerated by simple treatment 
with 2% HCl followed by washing with demineralized water and the regenerated composite showed 
almost similar adsorption capacity.
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1. Introduction

Bangladesh is the second-largest readymade garments 
exporter in the world and employs about 4.2 million peo-
ple, mostly women. As a result, this sector has a significant 
impact on the national gross domestic product (GDP) of 
Bangladesh. The current export value of textile products 
is nearly 28 billion USD per year and is expected to rise to 
50 billion USD by 2021 [1,2]. As the demand for textile prod-
ucts has been increased due to the increased population, the 

discharge of textile wastewater has also increased propor-
tionally, causing severe water pollution. During the textile 
dyeing process 10%–15% of the dyes remain unused and 
about 2% of them enter into the effluent directly [3–5]. These 
dyes are persistent in nature as they are non-degradable, 
very stable to light and other environmental conditions. 
Ultimately some dyes enter into the food chain, cause harm 
to living beings due to several health risks such as toxicity, 
impairment of the human immune system, skin irritation, 
sneezing and asthma [6, 7]. So, it is essential to remove these 
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coloring materials from textile effluents before disposal. 
Some techniques such as biodegradation, adsorption, ion 
exchange and catalytic degradation are applied to remove 
dyes from wastewater. However, so far the most used one 
is the adsorption technique due to its simplicity and high 
effectiveness [8]. Recently we reported graphene oxide (GO) 
as an excellent adsorbent for Reactive Blue 21 [9] and previ-
ously many researchers documented that graphene oxide, 
graphene and their derivatives showed high adsorption 
capacities towards heavy metals and dyes from aqueous 
solutions [10–15]. GO has some remarkable properties such 
as high specific surface area, good chemical stability, etc. 
In the structure of GO, there are many hydrophilic polar 
groups [16]. So, it is highly dispersible in water and its sep-
aration and recycling are difficult. Thus immobilization of 
GO with a suitable polymer would be beneficial. Sodium 
alginate (SA) is a naturally occurring linear polysaccharide, 
which is water-soluble and possesses poor mechanical prop-
erties and thermal stability. These disadvantages of SA can 
be overcome by incorporating organic or inorganic nanopar-
ticles into the SA matrix [17] and cross-linking with bivalent 
metal ions. Thus cross-linking with Ca2+ and simultaneous 
incorporation of GO afforded water-insoluble and stable cal-
cium alginate-graphene oxide (CA-GO) composite, which 
was successfully used as an adsorbent for Methylene blue 
[18]. CA was also used to immobilize activated carbon [19], 
carbon nanotubes [20] and used as adsorbents for heavy 
metals and organic pollutants. To the best of our knowledge 
previously developed CA-GO adsorbents were applied 
to a few model dyes only, not for any industrial dye.

In the present investigation, a CA-GO composite was 
prepared, characterized and applied to the adsorption of an 
industrial dye namely Maxilon Blue (GRL) and extremely 
high adsorption capacity of the prepared composite at 
neutral pH was observed.

2. Experimental

2.1. Materials

Maxilon Blue (GRL) (MBG) dye was obtained from 
Interstoff Apparels Ltd., Gazipur, Bangladesh. The chemical 
structure of the dye is shown in Fig. 1. Here graphite powder 
was oxidized to prepare to GO. To oxidize graphite pow-
der, H2SO4 (98%), HNO3 (65%), NaNO3, KMnO4 and H2O2 
(30%) were used. H2SO4 and HNO3 were bought from Active 
Fine Chemicals (Bangladesh), NaNO3 was obtained from 
Unichem (China), while KMnO4 from Merck (Germany), 
H2O2 and graphite powder from Merck (India) and sodium 
alginate from Research Lab (India) Fine Chem Industries.

2.2. Preparation of graphene oxide and its composite

GO was prepared by modified Hummers’ method 
mentioned elsewhere [9]. Briefly, graphite powder (10.0 g), 
KMnO4 (30.0 g) and NaNO3 (5.0 g) were added slowly over 
a period of 2 h to a flask placed in a water bath containing 
H2SO4–HNO3 (3:1 ratio, 50 mL) under vigorous stirring 
in a magnetic stirrer and left overnight. Then deionized 
(DI) water (200 mL) was added and stirred for 3 h until a 
deep brown mixture was formed. To the mixture, DI water 

(200 mL) and 30% H2O2 (50 mL) were added with continu-
ous stirring followed by the addition of 5% HCl (500 mL) to 
afford GO as a suspension. The mixture was washed with 
DI water to adjust the pH at 7.0.

To prepare the composite, graphene oxide (500 mg) 
was dispersed in DI water (250 mL) and sonicated. Then 
Na-alginate (5 g) and CaCO3 (1.25 g) were mixed with it and 
the mixture was added dropwise to 2% HCl which produced 
effervescence and afforded CA-GO composite. The compos-
ite was washed with distilled water.

2.3. Characterization methods

The presence of functional groups in the composite was 
determined with Fourier transform infrared spectroscopy 
(FT-IR) (Prestige-21, Shimadzu, Japan). A scanning elec-
tron microscope (JSM-6010PLUS/LA) was used to study the 
morphology of the composite. X-ray diffraction (XRD) was 
also measured (Ultima IV, Cu Kα radiation, 40 kV, 1.64 mA, 
λ = 0.154 nm, 5°–100°). The surface charge of the composite 
as a function of pH was also measured by Malvern Zetasizer 
(Nano-ZS analyzer).

2.4. Adsorption of MBG on CA-GO composite

2.4.1. Calibration curve

At first, a stock solution of the dye MBG of 1,000 mg/L 
was prepared. Then standard dye solutions of 5, 10, 25, 50 
and 75 mg/L were prepared by dilution. Absorbances of 
the standard solutions (for calibration), test solutions and 
solutions after adsorption were measured at 554 nm in a 
spectrophotometer (UV-1700 Pharma Spectrophotometer, 
Shimadzu, Japan). The calibration curve was obtained by 
plotting concentration vs. absorbance.

2.4.2. Effect of pH

To determine the effect of pH on the adsorption capac-
ity of the composite, experiments were carried out at 5 dif-
ferent pH. For this, 10 mL of 700 mg/L dye solutions were 
taken in five different conical flasks and pH was adjusted 
from 2–10 using dilute HCl or NaOH. Then 9 mg of CA-GO 
composite was added to the solutions. Then mixtures were 
shaken for 60 min at 200 rpm. After shaking the mixtures 
were filtered and the concentration of the filtrates was calcu-
lated using the calibration curve. The adsorption capacities 
at different pH were calculated using Eqs. (1) and (2).

q
C C V
W

t�
�� �0  (1)

Fig. 1. Molecular structure of Maxilon Blue.
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where C0, Ce, Ct represent the dye concentrations at the ini-
tial stage, equilibrium stage and at time t, respectively. 
V and W are the volume of dye solution (L) and mass (g) of 
the adsorbent, respectively.

2.4.3. Effect of adsorbent dosage

To determine the optimum dosage of CA-GO compos-
ite for the adsorption of MBG, 4 experiments were carried 
out. In each flask, 10 mL of 1,000 mg/L dye solution was 
taken and pH was adjusted at 7. Then 5–20 mg of the com-
posite were added to the solutions and shaken for 60 min 
at 200 rpm. After shaking, the mixtures were filtered and 
the concentrations of the filtrates were calculated using the 
calibration curve. Then the adsorption capacities and % of 
removals were calculated using Eqs. (1) and (3), respectively.

% removal =
−( )

×
C C
C

t0

0

100 (3)

2.4.4. Effect of dye concentration and contact time

To study the effect of contact time and dye concentra-
tion on the adsorption of MBG on CA-GO composite, a 
set of 7 experiments were carried out. For this, 10 mL of 
500 mg/L dye solution was taken in each conical flask and 
pH was adjusted at 7. Then 9 mg of the composite were 
added to each solution and left under shaking at 200 rpm 
in various intervals of time ranging from 10–90 min. After 
shaking the mixtures were filtered and the concentrations 
of the filtrates were calculated using the calibration curve. 
The adsorption capacities at different times were calcu-
lated using Eq. (1). Effect of dye concentrations on adsorp-
tion was carried out in a similar fashion using 600, 800 and 
900 mg/L of the dye solutions in the same intervals of time.

2.5. Adsorption isotherms

Both Langmuir and Freundlich isotherms were used 
to analyze the dye molecule distribution on the adsorbent 
surface [21,22]. The linear form of the Langmuir isotherm is:

C
q q b q

Ce

e m m
e� �

1 1  (4)

where Ce is equilibrium concentration and b is Langmuir 
constant. qe and qm are equilibrium adsorption capacity and 
theoretical maximum adsorption capacity, respectively.

Theoretical maximum adsorption capacity qm was cal-
culated by plotting Ce/qe vs. Ce according to the Langmuir 
model.

The value of separation factor RL was calculated to deter-
mine the favorable nature of the adsorption process. RL 
value was calculated using Eq. (5).

R
C bL
m

�
�

1
1

 (5)

where Cm is the maximum initial dye concentration in the 
experiments.

Freundlich isotherm assumes multilayer and non- uniform 
distribution of the adsorbate molecules. The linear form of 
Freundlich isotherm is:

ln ln lnq K
n

Ce F e� �
1  (6)

where n is Freundlich constant and KF is maximum 
theoretical adsorption capacity (mg/g).

2.6. Adsorption kinetics

In this study pseudo-first-order and pseudo-second- 
order kinetic models were also studied [23,24]. The pseudo- 
first-order model was studied by plotting log(qe – qt) vs. t 
according to Eq. (7).

log log
.

q q q
K

te t e�� � � � 1

2 303
 (7)

where qe and qt are equilibrium adsorption capacity and 
adsorption capacity at time t. K1 is the rate constant (1/min) 
for pseudo-first-order adsorption.

The pseudo-second-order model was tested by plotting 
t/qt vs. t according to Eq. (8).

t
q K q q

t
t e e

� �
1 1

2
2  (8)

where K2 is the rate constant (g/mg min) for pseudo- second-
order adsorption.

2.7. Thermodynamic analysis of the adsorption process

The thermodynamics of the adsorption process was 
studied by carrying out the adsorption of MBG on CA-GO 
at three different temperatures (303, 313 and 323 K). For 
each temperature, 10 mL of 900 mg/L MBG solution were 
taken in 7 different conical flasks and pH was adjusted 
at 7. Then 9 mg of CA-GO composite was added to each 
flask and left under shaking for different time periods 
ranging from 10–90 min. The solutions were filtered and 
the absorbance of each solution was measured and the 
remaining dye concentrations were obtained using the 
calibration curve.

The Gibbs free energy change (ΔG°) was calculated 
according to Eqs. (9) and (10).

�G RT kd� � � ln  (9)

where R = universal gas constant (8.314 J mol–1 K–1), kd = the 
distribution constant for the equilibrium sorption and T = the 
absolute temperature (K).

k
q
cd
e

e

=  (10)

The van’t Hoff equation [Eq. (11)] was used to calculate 
the average standard enthalpy change (ΔH°) and entropy 
change (ΔS°). The linear form of van’t Hoff equation is:
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By plotting lnkd vs. 1/T, a straight line was obtained. 
The value of ΔH° and ΔS° were obtained from the slope and 
intercept, respectively.

2.8. Regeneration of the adsorbent

50 mg of the exhausted CA-GO was soaked in 2% HCl 
(20 mL) and left for 30 min under shaking. The material 
was separated by filtration and washed with DI water until 
neutralization. The regenerated adsorbent was then dried 
in an oven at 50°C for 2 h, cooled in desiccators and stored 
for further adsorption study.

3. Result and discussion

3.1. Preparation of calcium alginate-graphene oxide composite

Graphene oxide was synthesized by oxidizing graphite 
powder with a mixture of concentrated H2SO4 and HNO3. 
To complete the oxidation KMnO4, NaNO3 and H2O2 were 
also added. During the oxidation process, the oxygenated 
functional group (–COOH group) was introduced into 
the GO structure [25] and simultaneously layer separa-
tion of graphite powder took place and exfoliated GO was 
obtained.

CA-GO composite was prepared by adding a mixture 
of Na-alginate, GO and CaCO3 drop-wise into 2% HCl. 
SA is hydrophilic and water-soluble and has gel-form-
ing properties, however, during the composite formation 
sodium ions are replaced by bivalent calcium ions and a 
good cross- linking occurred between linear polysaccha-
ride chains of alginate [17,26] and due to this cross-linking 
a three- dimensional scaffold resulted. GO was attached to 
the scaffold through H-bonding and thus CA-GO compos-
ite was formed (Fig. 2). During the process, the reaction of 
calcium carbonate and HCl liberated CO2 gas, which was 
escaped as bubbles and made the composite porous.

3.2. Characterization of CA-GO composite

3.2.1. FT-IR spectroscopic analysis

From the FT-IR spectrum of CA-GO composite (Fig. 3)  
vibrational peaks were observed at 3,403; 1,615 and 
1,076 cm–1 corresponding to the presence of –OH, aromatic 
C=C and C–O–C groups, respectively. In GO spectrum, 
the peak observed at 3,431; 2,919; 1,720; 1,615; 1,405 and 
1,068 cm–1 which are attributable to stretching vibrations in 
O–H, C–H, C=O, aromatic C=C and C–O–O functionalities 
respectively [26–28]. In the case of SA characteristic peaks 
at 3,417; 1,636 and 1,075 cm–1, are assignable to –OH, car-
boxylate group (symmetric and asymmetric vibrations) and 
C–O–C vibrations. It is worth noting that for the CA-GO 
composite a significant shift of O–H took place, which 
confirms the occurrence of H-bonding in the composite [26].

3.2.2. Scanning electron microscopic observations

The morphology of the CA-GO composite was studied 
with scanning electron microscopy (SEM). Previous SEM 

studies of SA films revealed smooth and homogeneous 
morphology, while the composite had rough morphology 
[25]. In the case of our composite, wrinkled GO sheets were 
observed in the CA-GO composite (Fig. 4), which supports 
the embedded GO sheets into the composite.

3.2.3. XRD analysis of SA and CA-GO composite

The XRD peaks of sodium alginate (SA), GO and 
CA-GO is presented in Fig. 5. SA showed two broad peaks 
at 2θ = 13.38° and 20.98° corresponding to the interlayer 
spacing of 6.61 and 4.23 Å and indicates a rather amorphous 
structure of SA. For the CA-GO composite, peaks were 
nearly identical to that of SA, suggesting that incorporation 
of GO did not change the amorphous structure of SA [26].
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Fig. 2. Structure of CA-GO composite showing the interaction 
between GO-alginate cross-linking with Ca2+.
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3.2.4. Zeta potential value of CA-GO composite

Zeta potential represents surface charge, which is 
a significant characterization of functional materials to 
demonstrate the adsorption capacities of different analytes. 
In the present investigation, the zeta potential of CA-GO 
composite as a function of pH (2–10) was also studied. For 
this study, CA-GO composite was dispersed in DI water 
and pH was at the range of 2–10 by using dilute HCl or 
NaOH. The results showed that (Fig. 6) the zeta potential 
values of the composite were negative (–4.93 to –45.9 mV) 
over the whole pH range with an increase of pH from 2 
to 10. It is thus evident that the negative surface charge 
suddenly increases from pH 2 to 6 and then it remains 

at a value of around –40 mV on a further increase of pH. 
This trend of zeta potential value suggests the ionization of 
the –COOH group of the GO moiety in the composite.

3.3. Adsorption of dye MBG on CA-GO composite

3.3.1. Effect of pH

The effect of pH on adsorption of MBG by CA-GO 
composite was studied at the pH range of 2–10 and add-
ing 9 mg of composite for 10 mL 700 mg/L dye solution. 
The minimum adsorption capacity of the CA-GO compos-
ite was found to be 338.57 mg/g at a pH of 2. The adsorp-
tion capacity sharply increased until pH of 6 and was 
almost constant up to a pH of 10. The maximum adsorption 
capacity was 795.10 mg/g at a pH of 10 (Fig. 7).

At low pH, some of the carboxyl groups of GO moi-
ety of the composite get protonated (Fig. 8), as a result 
the positive charge developed on the –COOH group [29] 

Fig. 3. FT-IR spectrum of SA, GO and CA-GO.

Fig. 5. XRD patterns of SA, GO and CA-GO composite.

Fig. 6. Zeta potential value of CA-GO at different pH.

Fig. 4. SEM image of CA-GO composite.
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although the overall surface charge is slightly negative. 
Thus the cationic dye MBG was less attracted at the low 
pH and led to lower adsorption. With the increasing pH, 
carboxyl groups got dissociated extensively and the sur-
face became highly negatively charged [30], which caused 
strong electrostatic attraction of the cationic dye and 
led to high adsorption capacity.

Here, the adsorption capacity remained steady at a pH 
range of 6–10 as it was assumed that at pH of 6 most of the 
carboxyl groups of GO got deprotonated to form carboxyl-
ate ion (–COO–) and showed the maximum adsorption and 
further increase of pH did not increase the extent of depro-
tonation [31] significantly and thus adsorption remained 
almost constant.

3.3.2. Effect of adsorbent dosage

The effect of CA-GO dosage on adsorption of MBG was 
studied at pH 7 and adding 5–20 mg of CA-GO composite 
into 10 mL of 1,000 mg/L dye solution. It was apparent that 
the adsorption capacity decreased with the increase of adsor-
bent dosage. But percentage removal of dye increased with 
the increase of adsorbent dosage (Fig. 9). This observation is 
due to the fact that with the increasing dosage, the amount 
of adsorbate per unit mass of adsorbent decreased and 

demonstrated adsorption capacity [32]. The point of inter-
section of the values of adsorption capacities and % removals 
was considered as optimum dosage. The dosage 9 mg/10 mL 
solution demonstrated the best adsorption capacity and the 
best percentage removal. So, the dosages of 9 mg/10 mL 
dye solution were maintained throughout the study.

3.3.3. Effect of dye concentration and contact time

The effects of dye concentration and contact time on 
adsorption of MBG by CA-GO composite were studied tak-
ing 10 mL of dye solutions in 7 different 25 mL conical flasks 
and 9 mg of CA-GO were added in each flask and left for 
10–90 min at pH 7. Four concentrations such as 500, 600, 800 
and 900 mg/L were employed to observe the effect of con-
centration and time. It was observed that within 30 min the 
adsorption reached almost the highest value. In the begin-
ning, more active sites of adsorbent were available and with 
increasing time these sites became saturated, so CA-GO 
showed high adsorption capacities initially until it reached 
equilibrium and became constant (Fig. 10). High initial dye 
concentration also resulted in high adsorption capacity due 
to the high concentration gradient of the dye between the 
adsorbent surface and in the bulk solution [33], leading to 
high mass transfer.

Fig. 7. Effects of pH on adsorption capacity of composite 
(700 mg/L dye concentration; 9 mg CA-GO/10 mL dye solution 
at 303 K temperature).

Fig. 9. Effects of dosage of CA-GO composite (mg/10 mL 
1,000 mg/L dye solution), pH was 7 and temperature was  
303 K.
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Fig. 8. Effect of pH on the surface charge of CA-GO composite.
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3.4. Adsorption isotherms

To get an assumption, about the distribution of dye 
MBG molecules on the CA-GO surface both Langmuir and 
Freundlich isotherm models were used. Langmuir model 
was tested by plotting Ce/qe vs. Ce according to Eq. (4) and a 
linear relation between Ce/qe and Ce was observed (Fig. 11a) 
with an excellent regression factor (R2 = 0.9982).

The theoretical maximum adsorption capacity, qm 
calculated from Langmuir isotherm was found to be 
1,253.13 mg/g. The separation factor RL is calculated using 
Eq. (5) and the value was 0.040, which indicates a very favor-
able monolayer adsorption process [13].

The experimental data were also tested for the multi-
layer adsorption mechanism employing the Freundlich 
isotherm by plotting lnCe vs. lnqe according to Eq. (6) and 
a linear relationship was observed (Fig. 11b) with a good 
regression coefficient (R2 = 0.984). The value of n was also 

calculated using Eq. (6) and was found to be 2.58 which 
showed that the adsorption was moderate to good [13].

The values of Langmuir isotherm and Freundlich iso-
therm parameters are represented in Table 1 and it was 
evident that the adsorption of dye MBG on CA-GO prefer-
ably followed the Langmuir model. The adsorption capac-
ity of the composite CA-GO synthesized in this study is 
compared with previous works and provided in Table 2.

To ascertain the benefit of using the CA-GO composite, 
a comparison of adsorption capacities was made with pure 
sodium alginate (Fig. 12). The comparison was made by 
using the same dosage of 9 mg/10 mL of CA-GO and sodium 
alginate into the dye solutions of concentration 800 mg/L and 
at pH 7. Both the experiments were left for the same contact 
time of 60 min. From Fig. 12, it is evident that the CA-GO 
composite showed much-more higher adsorption capacity 
than that of sodium alginate.

3.5. Adsorption kinetics for adsorption of dye MBG on 
CA-GO composite

In this study, first-order and second-order models were 
employed to understand the underlying mechanism of 

Table 1
Theoretical values of qm, b, RL, n, KF and R2 of CA-GO composite 
for dye MBG

Model Parameters Results

Langmuir isotherm

q (mg/g) 1,253.13
R2 0.9982
b (L/mg) 0.027
RL 0.040

Freundlich isotherm
R2 0.9840
n 2.58
KF (mg/g) 141.43

 
(b) (a) 

Fig. 11. Langmuir isotherm (a) and Freundlich isotherm (b) at 303 K.

Fig. 10. Effect of dye concentration and time on adsorption 
capacity of CA-GO (9 mg/10 mL dye solution) pH was 7 at 303 K.
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dye adsorption on the composite. The pseudo-first-order 
model is obtained by plotting log(qe – qt) vs. t according to 
Eq. (7) (Fig. 13 a). Whereas t/qt vs. t was plotted to obtain 
a pseudo- second-order model (Fig. 13b).

From the plots, the kinetic parameters were calcu-
lated and presented in Table 3. It was clear that for the 
first- order model the R2 value is low. Moreover, the cal-
culated adsorption capacities are much lower than the 
experimental values. While for the second-order model 
the R2 value is very high and the calculated adsorp-
tion capacities match well with the experimental values. 
Thus it is conclusive that the adsorption process is con-
trolled by pseudo-second- order kinetics indicating that 
the overall process proceeds through sharing of electrons 
between adsorbent and adsorbate [37].

3.6. Thermodynamic analysis for adsorption of dye MBG on 
CA-GO composite

Thermodynamic analysis such as the feasibility and 
spontaneity of the adsorption process was carried out by 
calculating standard free energy change, enthalpy change 
and entropy change. Data were accumulated by conducting 

Table 2
Adsorption capacities of different adsorbents with optimum pH and time

Name of adsorbent Optimum pH and time (min) Adsorption capacity (mg/g) Reference

Commercial activated carbon pH = 7.4, 35 min 980.3 mg/g for Methylene blue [34]
Graphene oxide pH = 9, 90 min 1.939 mg/mg for Methylene blue [35]
Magnetic graphene oxide pH = 10, 500 min 64.23 mg/g for Methylene blue [14]
Superparamagnetic graphene oxide pH = 3–10, 30 min 167.2 mg/g for Methylene blue [10]
Thermally reduced graphene pH = 6.2, 60 min 89.3 mg/g for Methyl orange [13]
Multi-walled carbon nanotubes pH = 10, 120 min 260.7 mg/g for Maxilon Blue (GRL) [36]
CA-GO composite pH = 7, 30 min 1,253.13 mg/g for Maxilon Blue This study

Fig. 12. Comparison of adsorption capacity of SA and CA-GO 
composite.

(a) (b) 

Fig. 13. First-order (a) and second-order kinetics (b) at 303 K.
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adsorption experiments at three different temperatures 
(303, 313 and 323 K). Gibb’s free energy change (ΔG°) was 
calculated according to the Eq. (10) and van’t Hoff equation 
[Eq. (11)] was used to obtain the standard enthalpy change 
(ΔH°) and entropy change (ΔS°) of the adsorption pro-
cess. The value of ΔH° was found to be –47.39 kJ/mol and 
ΔS° was found to be –0.139 kJ/mol K. The values of ΔG° at 
different temperatures are listed in Table 4.

The values of ΔG° were negative over the range of tem-
perature and it was evident that the adsorption of MBG on 
CA-GO is spontaneous. ΔG° values of 0 to –20 kJ/mol indi-
cates that the adsorption process is physisorption, while 
the values –80 to –400 kJ/mol indicate the chemisorption 
process [13, 38]. The ΔG° values of the current investigation 
supported that the adsorption of MBG on CA-GO is a phy-
sisorption process.

The value of ΔH° of the process was negative and the 
process is considered as an exothermic one which was 

supported by the fact that the adsorption capacity decreased 
with an increase in temperature (Fig. 14).

3.7. Plausible mechanism for adsorption of dye MBG on CA-GO

Well-established mechanisms for the adsorption of 
organic dyes on graphene-based materials are hydrogen 
bonding, electrostatic and π–π interactions [39]. At pH above 

(a) (b) 

Fig. 14. The adsorption capacity of MBG on composite at different temperature (a) and van’t Hoff equation (b).

Table 3
Kinetic parameters for the adsorption of MBG on CA-GO

Models Parameters C0, mg/L

500 600 800 900

Pseudo-first-order

qe,exp (mg/g) 520.56 622.10 796.94 874.26
qe,cal (mg/g) 293.56 266.26 233.40 139.28
K1 (1/min) 0.149 0.189 0.040 0.033
R2 0.9162 0.9226 0.9002 0.906

Pseudo-second-order

qe,exp (mg/g) 520.56 622.10 796.94 874.26
qe,cal (mg/g) 526.32 666.67 833.33 909.09
K2 (g/mg min) 0.0019 0.00049 0.00029 0.00045
R2 0.9998 0.9989 0.9993 0.9996

Table 4
Thermodynamic parameters for the adsorption of MBG on 
CA-GO

Thermodynamic  
constant

Temperature (K)

303 313 323

ΔG° (kJ/mol) –5.27 –3.75 –2.55
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5 carboxyl groups of GO moiety of the composite got dis-
sociated and formed a negatively charged surface (Fig. 8). 
As a result, the composite showed strong electrostatic inter-
action with MBG (Fig. 15), which is a cationic dye and 
demonstrated very high adsorption capacities.

3.8. Regeneration and reuse of the CA-GO adsorbent

To develop an effective adsorbent it is necessary to 
confirm that the adsorbent can be regenerated and recy-
cled without severe loss of its adsorption capacity. In this 
study, the exhausted CA-GO adsorbent was treated with 
2% HCl followed by washing with deionized water until 
pH reached 7. Then the regenerated CA-GO composite was 
dried and used for further adsorption. It was assumed that 
in acidic solution the adsorbed cationic dye was replaced by 
H+ ion and resulted in desorption of the dye molecules [38]. 
A comparison of fresh CA-GO and regenerated one is shown 
in Fig. 16. Fresh CA-GO showed the adsorption capacity 
of 874.26 mg/g while the regenerated CA-GO showed the 
adsorption capacities of 683.27, 667.84, 664.31, 653.43 and 
657.38 mg/g of 1st, 2nd, 3rd, 4th and 5th recycle (Fig. 16) 
respectively.

4. Conclusion

In the present investigation, CA-GO was synthesized 
and characterized with the help of infrared spectroscopy, 
XRD, SEM and zeta potential analysis. The composite was 
then employed as the adsorbent for a cationic textile dye and 
found extremely high adsorption capacity. The adsorption 
data fitted with both Langmuir and Freundlich isotherm 
models, however, it fitted best with the Langmuir model 
and the adsorption capacity was 1,253.13 mg/g at a pH  
of 7. Kinetic studies showed that the process is controlled 
by a pseudo-second-order kinetic model. Thermodynamic 
studies revealed that the adsorption process was sponta-
neous and physical in nature. The exhausted CA-GO was 
regenerated by treating with 2% HCl and recycled without 
significant loss of adsorption capacities up to fifth recycle.
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