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ABSTRACT: Graphene, a new member of the carbon family, was used as an adsorbent due to  

its exceptional capability to remove Rhodamine B (RB) and Malachite Green (MG), two organic dyes, 

from aqueous solutions. Adsorption kinetics of RB and MG onto graphene and adsorption capacity 

of the adsorbent were studied. Also the effects of parameters, including pH, contact time, 

temperature, and adsorbent dosage were studied. The adsorption process was followed using  

UV-visible spectroscopy. The isotherm analysis indicated that Freundlich and Langmuir isotherms 

are suitable for RB and MG, respectively. Pseudo-first- and pseudo-second-order models  

were considered to evaluate rate parameters. The kinetic experimental results fitted well  

the pseudo-second-order model for the two dyes, with correlation coefficients being greater than 0.99. 

Thermodynamic studies indicated that the adsorption processes is spontaneous for both the dyes,  

and exothermic for RB and endothermic for MG. 
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INTRODUCTION 

Dyes are widely used in various industries such as 

textile, paper, rubber, plastic, leather, cosmetic, 

pharmaceutical, and food. Their discharge into water  

 

 

 

can cause environmental pollution, because most of the dyes 

used in industries are toxic and some are considered 

carcinogenic for human health [1]. Thus, treatment of  
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dye-contaminated household wastewater and industrial 

effluents has become a challenging topic in environmental 

science and technology. Hence, removal of hazardous 

dyes from wastewater has attracted much attention  

in the last few years [2]. Rhodamine B (RB) and 

Malachite Green (MG) are organic cationic dyes used  

in various industries, but 20–40% of them remain  

in the effluent water, causing environmental pollution.   

To remove dye pollutants from wastewater, many 

traditional physical methods have been used, such as 

adsorption, coagulation by chemical agents, reverse osmosis, 

precipitation, and ion exchange [3-6]. Among these methods, 

adsorption is most widely used because of its ease of 

operation and comparably low cost of application [7-9]. 

Various adsorbents, such as activated carbon derived 

from scrap tires [10], titania–silica mixed oxide xerogels [11], 

and graphene oxide [12], have been studied for 

adsorption of RB from aqueous solutions, and some  

of them showed good adsorption ability for this dye.  

In addition, different adsorbents such as carbon-based 

materials [13-15], minerals and biomaterials [16-19], 

modified clays [20], and hydrogels [21] have been used 

for removal of MG from aqueous solutions. 

Carbon materials such as activated carbon [14, 15, 22], 

fullerenes, and Carbon NanoTubes (CNTs) are well known 

for their high adsorption capacity. They have been proved 

to possess great potential as adsorbents for removing 

many kinds of environmental pollutants [23-27]. 

Graphene, which is considered as the basic building 

block of all graphitic forms, is a single-atom-thick,  

two-dimensional carbon material. In comparison with other 

graphitic forms, graphene has extraordinary mechanical, 

thermal, and electronic properties such as ultrahigh 

specific surface area, good thermal conductivity, and  

fast mobility of charge carriers [28-31]. To date, graphene 

has attracted much attention due to its widespread 

potential applications in different fields of chemistry due 

to its unique structure. For example, graphene served as  

a sorbent for the solid-phase extraction [31-36] and also 

used as a modifier of electrodes in electrochemical 

detection [37]. Recent studies have shown that graphene 

has excellent adsorption capacity for inorganic and 

organic compounds. Heavy metal cations such as Pb2+,Cd2+, 

and Zn2+ [38, 39] and anions such as F– [40] have been 

removed from aqueous solutions using graphene as an 

adsorbent. Moreover, this carbon-based material has been 

used for removal of organic compounds such as phenol [41], 

1-naphthol [42], and different dyes [12, 43] from aqueous 

solutions. 

  In this study, graphene due to its exceptional 

properties was used as an adsorbent to remove two 

organic dyes, RB and MG, from an aqueous solution.  

The effects of different parameters on the adsorption 

capacity were investigated in details. Finally,  

the thermodynamic and kinetic studies on the adsorption 

behavior of graphene were performed. 

 

EXPERIMENTAL  SECTION 

Materials 

All chemicals used in this study were of analytical 

reagent grade and were used without further purification. 

Analytical reagent grade RB and MG were purchased 

from Merck Co. (Germany). Stock solutions of RB and 

MG were prepared by dissolving an accurately weighed 

amount of each dye in distilled water to achieve  

a concentration of 500 mg/L and subsequently diluted  

to the required concentrations. Graphene was obtained from 

Neutrino Company (Iran), with the following specifications: 

purity>99.5%, thickness 4–20nm, layers<30, diameter 

5-10μm, and volume resistivity 4×10–4 ohm cm. Fig. 1 

shows the SEM and TEM spectra of obtained graphene. 

The figure exhibits SEM images of graphene, consisting 

of almost transparent carbon nanosheets with a thin 

wrinkled structure intrinsic to graphene. 

 

Apparatuses and Software 

Absorption measurements were carried out on a 

Shimadzu UV-2550 PC spectrophotometer, using 1.0 cm 

quartz cells. Measurements of pH were performed with  

a Metrohm 827 pH-meter, using a combined glass 

electrode. A shaker (Behdad, Iran) was used to shake  

the solution during the experiments. A JENWAY heater 

was used to control the temperature of solution. Data 

were handled using Microsoft excel 2007.  

 

Procedure 

A definite amount of graphene (0.02 g) was added  

to 10 mL of dye solutions of known concentrations.  

The pH of the dye solutions was adjusted with 0.1 M HCl 

or 0.1 M NaOH. The solution was stirred to get 

adsorption equilibrium. After centrifuging the solution, 

the remained dyes were determined spectrophotometrically 
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Fig. 1: SEM spectrum (a)  and TEM(b) spectrum of graphene nanosheets. 

 
at a suitable wavelength, using a calibration curve. The 

amount of adsorbed dye at equilibrium was calculated 

using Eq. (1): 

 o e
e

V C C
q

m


                                                           (1) 

Here, C0 and Ce are the initial and equilibrium 

concentrations of dyes (mg/L), respectively; m is the mass of 

graphene (g), and V is the volume of the solution (L).  

 

Experimental data analysis 

In order to find the best kinetic model that fits  

the adsorption experimental data, the pseudo-first-order and 

the pseudo-second-order models were examined. Linear 

forms of the first-and second-order models can be 

described using Eqs. (2) and (3), respectively: 

  1
e t e

K
Log q q Logq t

2.303
                                       (2) 

2
t e 2 e

t t 1

q q K q
                                                              (3) 

Where qe is the amount of the adsorbed dye at 

equilibrium per unit mass of the adsorbent (mg/g), and K1 

(1/min) and K2 (g/ mg min) are the rate constants of  

the adsorption in pseudo-first- (Eq. (2)) and pseudo-

second-order (Eq. (3)) reactions, respectively. 

Two famous adsorption isotherm models, Langmuir 

and Freundlich isotherms, were used in this work  

to simulate the adsorption isotherms. They differ in  

the basic assumptions, shape of the isotherm, and nature 

of the adsorbent surface. The Langmuir isotherm can be 

described using Eq. (4): 

e e

e max max L

C C 1

q q q K
                                                     (4) 

Where Ce is the equilibrium concentration of the 

solution (mg/L), qmax is the maximum adsorption capacity 

(mg/g), and KL is the Langmuir constant related to the 

affinity of the bonding sites and adsorption energy (L/g). 

The Freundlich isotherm model has the following form:  

e F e

1
Lnq LnK LnC

n
                                                   (5) 

Where KF and n are Freundlich constant 

characteristics of the system indicating the adsorption 

capacity and adsorption intensity, respectively. 

 

RESULTS  AND  DISCUSSIONS 

Effect of parameters on adsorption 

Effect of pH 

The pH of adsorption medium is one of the most 

important parameters to determine the adsorption 

property of an adsorbent. Fig. 2 shows the effect of initial 

pH on the adsorption of MG and RB, which were studied 

in the pH range of 3–9. It can be seen that RB removal  

is independent of pH in the studied range. On the other 

hand, MG removal is 11% at pH=3 and increases to 67% 

at pH=5, which may be attributed to the formation of 

more functional groups on the surface of graphene, 
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Fig. 2: Effect of parameter pH on dyes adsorbed by graphene, 

(a) MG (2mg/L) , (b) RB(10 mg/L). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effect of parameter dose on dyes adsorbed by graphene. 

(a) MG(2mg/L), (b) RB(10 mg/L). 

 
increasing their surface complexation capability [43].  

It seems that the adsorption efficiency of MG, which is  

a cationic dye, increases with an increase in the negative 

charge on the dye, which has been attained by increasing 

the pH. This reason is similar to that reported in  

the literature [10]. 

 

Effect of dosage 

Effect of adsorbent dosages on the percentage  

removal of RB and MG is shown in Fig. 3. As can be seen  

in the figure, the percentage removal of RB and MG 

increases with an increase in the adsorbent dosage from 

0.01 to 0.02 g, which can be attributed to the increases  

in the surface area and the number of active sites [43]. 

 

Effect of temperature 

Effect of temperature on the adsorption of RB and 

MG onto graphene was investigated at 298, 313, and 333 K. 

Adsorption of RB decreased with increasing temperature 

(Fig.4A). However, adsorption of MG appeared  

to increase with increasing temperature (Fig.4B).  

This might be attributed to the increase in the rate of 

diffusion of MG molecules across the external boundary 

layer and the number of active sites available for 

adsorption on the internal pore surfaces of graphene 

particles [42, 44]. 

 

Effect of contact time 

Effect of contact time on the adsorption of RB and 

MG was studied at room temperature by adding 0.02 g of 

graphene into their solutions (10 mL) at two different 

concentrations (10 and 15 mg/L for RB and 2 and 5 mg/L 

for MG). The results showed that (not shown here) 

adsorption gradually increased with the increase in 

contact time for both dyes. The time required to reach  

the equilibrium was 45 min for the studied concentrations 

of both dyes.  

 

Adsorption isotherms 

Several mathematical models are available for 

describing equilibrium studies of the adsorption of dyes 

on solid surfaces. Langmuir and Freundlich models  

are frequently applied to calculate the adsorption isotherms 

that can fit the experimental data. The Langmuir model 

assumes that adsorption occurs on a homogenous surface 

and there is no interaction between adsorbents in the 

plane of the surface. The Langmuir isotherm follows 

Eq.(4). The Freundlich model follows an empirical 

equation related to adsorption on a heterogeneous 

surface. This isotherm follows Eq. (5). 

In this work, both models were used to describe the 

experimental data obtained at three temperatures (298, 313, 

and 333 K). To evaluate the adsorption capacity and 

adsorption isotherms, 0.02 g graphene was added to 10 mL 

solution of RB or MG, with their concentrations ranging 

from 6 to 25 mg/L and from 2 to12 mg/L, respectively. 

In order to check the Langmuir model, Ce/qe was plotted 

against Ce for RB and MG; qmax and kL were evaluated, 

respectively, from the slope and the intercept (Tables 1 & 2) 

for both dyes. 

As can be seen in Tables 1 & 2, the maximum adsorption 

capacity of graphene is 111.11 mg/g for RB and 3.86 mg/g 
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Table 1: Isotherm parameters for the adsorption of RB onto graphene. 

T(K) 
Langmuir Freundlich 

q
max

(mg/g) K
L
(L/g) 

R
2

 
R

L
 1/n K

F
(L/g) 

R
2

 

298 111.11 26×10
-5

 0. 977 0.323 1.258 2.764 0.985 

313 85.87 2×10
-5

 0. 989 0.147 1.131 1.698 0. 995 

333 43.47 96×10
-5

 0.981 0. 23 1.015 1.083 0. 992 

 

Table 2: Isotherm parameters for the adsorption of MG onto graphene 

T(K) 
Langmuir Freundlich 

q
max

(mg/g) K
L
(L/g) 

R
2

 
R

L
 1/n K

F
(L/g) 

R
2

 

298 3.654 1.000 0. 998 0. 333 2.241 1.000 0. 939 

313 3.863 1.113 0. 992 0. 309 1.422 0. 999 0.978 

333 3.883 1.287 0.989 0. 279 1.697 0.915 0.901 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Effect of parameter  temperature(♦298■ 313 ▲333K) on dyes adsorbed by graphene for   

(a) RB (10 mg/L) and  (b) MG (2mg/L). 

 
for MG, indicating that graphene is a good adsorbent  

for removal of dyes from aqueous solutions. 

In addition, the Freundlich model was checked  

for both dyes. From the slope and intercept of the straight 

portion of the linear obtained by plotting Lnqe against 

LnCe (figure not shown), the values of Freundlich 

parameters were calculated and listed in Tables 1 and 2 

for RB and MG, respectively. The Freundlich isotherm 

model has higher determination coefficients (R2>0.98)  

for RB, and the Langmuir isotherm model has higher 

determination coefficients (R2>0.99) for MG. This 

indicates that the Freundlich model fit the experimental 

data well for RB and the Langmuir model for MG. It is 

clear the kF and n decrease as the temperature increases  

in each of the two dyes, indicating that adsorption  

is favorable at lower temperatures. 

Another parameter, RL, a dimensionless equilibrium 

parameter that is defined as follows [45]: 

L
L 0

1
R

1 K C



                                                             (6) 

Where KL is the Langmuir constant (L/g) and C0 is  

the highest initial dye concentration (mg/L). This parameter 

indicates whether the isotherm is unfavorable (RL>1), 

favorable (RL<1), linear (RL=1), or irreversible (RL=0) [45, 46]. 

In this work, the value of R was between 0 and 1 
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Table 3: Parameters of pseudo-second-order kinetic models of MG and RB. 

R
2

 q
e,cal

(mg/g) K
2 
(1/min) q

e,exp
(mg/g) C (mg/L) Dye 

0.9984 23.255 62×10-4 21.666 15 
MG 

0.9992 16.949 73×10-4 15.71 10 

0.9973 0.229 75×10-3 0.222 5 
RB 

0.9985 0.943 225×10-3 0.908 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Kinetic pseudo-second order model of A:MG and B:RB adsorbed by graphene,  

ca (▲:2 ppm ●:5ppm) and RB, b (▲:10 ppm ●:15ppm). 

 
for RB and MG, indicating that the respective isotherms 

used for the adsorption of RB and MG onto graphene  

was appropriate and favorable (Tables 1 and 2). 

 

Kinetic studies 

In order to investigate the controlling mechanism  

of the adsorption process, the pseudo-first-order equation 

(Eq. (2)) and the pseudo-second-order rate equation (Eq. (3)) 

were applied to analyze the experimental data at two different 

initial concentrations for RB and MG (10 and 15 mg/L, 

and 2 and 5 mg/L, respectively). As can be seen in Table 

3, the determination coefficient (R2<0.96) obtained from 

the pseudo-first-order model is very low for RB and MG. 

Therefore, plots of log(qe–qt) against time (t) do not give 

a straight line, indicating that adsorption of these two 

dyes onto graphene does not fit the pseudo-first-order 

model. 

Validity of the pseudo-second-order model was 

checked by the fitted straight line presented in Fig. 5.  

The corresponding kinetic parameters and determination 

coefficients are summarized in Table 3. The high 

correlation coefficients were obtained for pseudo-second-

order model of both dyes (R2>0.99). Also high 

correlation coefficients were obtained by plotting 

experimental capacities at equilibrium (qe,exp) versus   

the calculated capacities (qe,cal). These results show that 

the pseudo-second-order model fits the experimental kinetic 

adsorption data better than the pseudo-first-order model. 

 

Thermodynamic study 

Thermodynamic parameters were used to define  

the effect of temperature on the adsorption process of RB and 

MG onto graphene at 298, 313, and 333 K. Thermodynamic 

parameters such as Gibbs free energy (∆G0),  

enthalpy (∆H0), and entropy (∆S0) were calculated using 

the Eqs.(7) and (8): 

0
LG RTlnk                                                              (7) 

0 0

L

S H
ln k

R RT

 
                                                         (8) 

Here, R is the universal gas constant (8.314J/mol K), 

KL is the Langmuir constant (L/g), and T is the absolute 

temperature (K). ∆S0 and ∆H0 were calculated, 

respectively, from the intercept and slope of the plot of 
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Table .4: Thermodynamic parameters for MG and RB adsorbed by graphene. 

Dye T (K) ∆G0 (KJ/mol) ∆S0 (J/mol) ∆H0 (KJ/mol) 

MG 

298 -0.0018 

19.997 5.960 313 -0.280 

333 -0.700 

RB 

298 -2.519 

-65.225 -21.898 313 -1.278 

333 -0.222 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Visible spectra of spiked real samples forMG (a) and RB (b) Before(dotted line) and after (solid line) adsorption treatment. 

 
ln(KL) versus 1/T. Thermodynamic parameters for MG 

and RB are listed in Table 4. The negative value of ∆G0 

suggests the feasibility and spontaneous nature of the 

adsorption processes for both dyes. The decrease in ΔG0 

value with increasing temperature reveals that adsorption 

of MG onto graphene becomes more favorable at higher 

temperatures, but RB shows a completely opposite trend 

to that of MG. In general, the values of ∆G0 between  

0 and –20 KJ/mol indicate that the adsorption process is 

physisorption, while the values between –80 and –400 KJ/mol 

correspond to chemisorptions [47, 48]. Therefore,  

in this work, the adsorption process was physisorption  

in nature, for both dyes. The positive and negative values 

of ∆H0 for MG and RB indicate that the adsorption 

reaction is endothermic for MG and exothermic for RB, 

respectively. The positive valueof ∆S0 demonstrates 

increased randomness at the solid–solute interface and  

the affinity of the adsorbent for MG. 

Application of the proposed method 

The proposed method was applied to remove RB and 

MG from real sample. Real sample was wastewater of 

paper-making factory (Tabriz-Iran). This sample was spiked 

with different amount of two dyes. These solutions  

were treated under optimum conditions purposed for  

the removal of RB and MG. The spectra of solutions  

were recorded before and after of adsorption treatment using 

UV-vis spectrophotometer. Fig. 6 shows the visible 

spectra of real sample spiked with MG and RB before 

and after treatment. It is clear from the visible spectrum 

that absorbance of dyes reduced by treatment. 

Absorbance of compound was measured before and after 

adsorption treatment at their λ max  and the removal yields 

of 35 and 25 % were obtained for RB and MG, 

respectively. Results indicate that the proposed method 

can be applied for the removal of RB and MG from real 

sample. 
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CONCLUSIONS 

Results of this study showed that graphene is  

an effective adsorbent for removal of RB and MG from 

aqueous solutions. Batch adsorption experiments showed 

that the adsorption of MG and RB onto graphene was 

dependent on pH, adsorbent dosage, contact time, and 

temperature. The experimental data fitted well the 

Freundlich isotherm equation for RB and the Langmuir 

isotherm equation for MG. The pseudo-second-order rate 

model was applied to study the kinetics of adsorption. 

The results showed that adsorption of RB and MG onto 

graphene fitted the pseudo-second-order model. 

Thermodynamic investigations indicated that the 

adsorption reactions of RB and MG were exothermic and 

endothermic, respectively, and were spontaneous processes. 
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