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Abstract 

In this study, we tried to present an efficient method for removal of Reactive red 241 (RR241) from aqueous 
media, using a modified carbon composite with GO sheets. The prepared nanocomposites were then 
characterized by commonly identical techniques involving FESEM, BET, and FT-IR. In removal studies, 
various parameters affecting the adsorption process including pH, time, adsorbent dose, temperature as well as 
the amount of GO in the construction of composite were studied by response surface method. The optimum 
conditions for 100 mg/L dye removal was pH of 5.0, 75 minutes' time, and the adsorbent dose of 1.47 g/L 
containing 4.15 wt.% of GO.  Also, under optimum conditions, the maximum, 96% removal, was achieved. 
Experiments showed that the adsorption was more consistent with the Langmuir equations, and the maximum 
adsorption under this model was 160 mg/g. The removal experiments showed that the amount of the adsorbent, 
GO content and pH had a significant effect on RR241 removal. BET analysis indicated that the addition of GO 
to the carbon composite structure improved the pore size, total pore volume, and effective surface area of the 
composite. Also, isotherms, kinetics, and thermodynamic studies of adsorption depicted that the Langmuir 
isotherm model, pseudo-second-order kinetic model, and self-adsorption are suitable models for RR241dye 
adsorption.  
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1. Introduction 

In today's world, color plays a vital role in cultivating human tastes and satisfying their aesthetic needs [1]. 

The use of dye in textile and decorative goods has been common since ancient times due to its beauty and effect 

on the human soul [2]. Many advances have been made in the field of dyeing and production of dyes for a long 

time. Today this industry has been able to offer the most desirable dyed goods to the market in various shades 

by using the latest dyeing techniques and different types of dyes [3]. In the dyeing process, four factors play 

major roles: dyes, goods, auxiliary chemicals, and machines [4]. Dyes used in the dyeing process are classified 

in two ways, one is based on chemical structure, and the other based on the type of application. In chemical 

class, dyes are classified into pigments, acidic dyes, azo dyes, anthraquinone dyes, vat dyes, indigo dyes, triaryl 

carbonium dyes, polymethine dyes, metallic dyes, Nitro and nitroso dyes and miscellaneous dyes [5]. Azo dyes 

are a group of reactive dyes that make up about 70-60% of all dyes used in various industries. These dyes are 

generally covalently bonded with textile fibers such as cotton. Due to their low degradability and widespread 

use, they have influenced conventional wastewater treatment in the textile industry in recent decades [6]. Today, 

the discharge of effluents from textile industries into natural waters has created serious problems. These color 

compounds are toxic to aquatic life [7]. They are visible in amounts less than one milligram per liter and cause 

unpleasant environmental scenery. It has also been shown that some azo dyes or compounds resulting from the 

degradation of color compounds are toxic, mutagenic, carcinogenic, and contain resistant compounds [8]. 

Therefore, it is very necessary for textile industries to have wastewater treatment before discharging effluents 

to the environment. Treatment of colored wastewater is relatively difficult by conventional biological and 

physicochemical processes due to the structure of the chemical complex of these dyes, especially azo dyes [9].  

So far, various methods such as ion exchange [10], chemical precipitation [11], reverse osmosis [12], 

membrane technologies [13], coagulation [14], electrochemical purification [15], which have problems such as 

the need for continuous recovery, preliminary treatment, extremely high cost, biological sludge, and strict 

operating conditions.   Coagulation, photolysis, and advanced oxidation are among the methods which have 

some disadvantages. High cost and time-consuming, low efficiency, high energy consumption and the need for 

reactive materials are some disadvantages of these methods. Among the various available methods, adsorption 

is one of the most effective processes for the removal that is both environmentally friendly and easy to operate 

[16]. The adsorption process has been suggested as an extensible process due to the low cost of design and 

operation, non-production of hazardous byproducts and the design simplicity to remove organic and inorganic 

compounds [17-18]. Over recent years, applications of graphene oxide (GO) in various fields have attracted the 

attention of scientists. GO is one of the graphene derivatives widely used as a potential superior adsorbent. Its 

excellent properties and the ability to control its properties through chemical functionalization have caused 

researchers to pay particular attention to it [19-20]. GO is a layer of graphite with numerous groups containing 

oxygen. GO, as a two-dimensional carbon allotrope has a lattice-like planar structure [21]. GO shows strange 

physical properties that have never been observed before at the nanoscale. High Young’s modulus (about 1000 

GPa), high fracture resistance (130 GPa), good heat conductivity (5000 W/mK), special surface area (2600 

m2g-1), and amazing transfer phenomena such as the quantum Hall effect, the ability to absorb some metal ions 

and soil pollutants, and the catalytic properties are remarkable properties of GO [22]. A large number of oxygen-

containing groups, such as epoxy, hydroxyl, and carboxyl groups at the plane structure of GO can be bonded 

with metal ions. In addition, the high surface of GO gives it a high adsorption capacity similar to that of carbon 

nanotubes [23]. The main limitation of the application of the GO is its separation from the solution after the 

adsorption process and the turbidity of the material in the sample [24]. Therefore, creating conditions for 

separation, optimum use of graphene, and transparent effluent production is an inevitable necessity. To 

overcome this limitation, several researchers have suggested modifying or merging it with other materials. 

Bhattacharyya et al. prepared a nanocomposite consisting of activated carbon graphene oxide as the adsorbent 

of methylene blue dye from the solution [25]. Martins et al. proposed a mixture of high superficial area carbon-
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based nanomaterial strategy to improve the removal of basic blue 26 (BB26) by blending porous carbon nitride 

(CN) and graphene oxide (GO). The CN/GO nanocomposite's ability to remove the BB26 dye was 21 times 

higher than those reported in the literature, indicating CN/GO composites as potential filtering materials for 

basic dyes [26]. In another study, Cao et al. reported a novel GO/PNIPAM composite system that had been 

rationally designed for the removal of organic dyes from polluted water in a new mechanism- an extraction-like 

mechanism. The system gives a phase transition to produce a solution phase and a gel phase at temperatures 

above the lower critical solution temperature (LCST) of PNIPAM. During this phase the GO sheets are fully 

transferred into the gel phase. [27]. Rostamian et al. have proposed an eco-friendly adsorbent based on poly 

(glycerol sebacate) (PGS), including PGS-graphene oxide nanoparticles (GO), PGS-graft-chitosan(CS), and 

PGS–CS–GO nanocomposites as efficient dye adsorbents for the wastewater treatment procedure [28]. 

This study aimed at of this study was to synthesizing a GO-based carbon composite (GO-CC) as a suitable 

and environmentally friendly adsorbent for the removal of Reactive red 241 (RR241) dye from aqueous 

solutions. The effect of various variables such as solution pH, contact time, amount of GO on carbon composite, 

and amount of carbon composite as adsorbent on removal efficiency was investigated. Statistical modeling and 

optimization of removal conditions were performed using response surface methodology (RSM). The reason 

for using statistical modeling of RSM were benefits such as simplicity, reduction in the number of samples 

tested, comprehensive study of the simultaneous effect of variables on response, reduction of time, manpower, 

and cost. In addition, the kinetic and equilibrium data of adsorption with pseudo-first and pseudo-second kinetic 

models and Freundlich and Langmuir isotherm models were investigated. 

2. Experimental 

2.1. Chemicals 

GO powder (Sigma-Aldrich, USA) and graphite powder (Merck, Germany) were used to prepare the carbon 

composite. The carbon composite was fabricated via sol gel using potassium trimethoxy silane (90% purity, 

Merck), methanol (99% purity, Merck), and hydrochloric acid (37% aqueous solution, Sigma-Aldrich). The 

removal experiments were performed on Reactive red 241 (RR 241,98% purity, Sigma-Aldrich) in a batch 

reactor. Its chemical structure is illustrated in Scheme 1. 

 

Scheme 1- Chemical structure of Reactive Red 241. 

The pH of the aqueous solutions was adjusted using a 0.1 M phosphate buffer consisting of phosphoric acid 

(85% purity, Sigma-Aldrich) and sodium hydroxide (purity of 98%, Sigma-Aldrich), and an Autolab model 827 
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pH meter was used to measure it. A Fartest magnetic stirrer (Model HPMA 700, Farzaneh Arman Ltd.) was 

used to disperse the adsorbent in aqueous solutions during the test. The carbon nanocomposites were separated 

from aqueous samples by an Eppendorf 5810 Centrifuge device (MiniSpin, Germany). The concentration of 

RR241 in aqueous solutions was determined using the Cary 100 UV-Vis spectrophotometers (Agilent USA). 

2.2. Preparation of the adsorbent 

The adsorbent used to remove the RR241 from aqueous solutions was a carbon-composite, which contained 

GO platelets, prepared by sol-gel method at ambient temperature. The fabrication way for this composite is 

derived from Esfandiary et al., which is briefly described below. To prepare the sol (4 mL), first 3 mL of 

methanol was mixed with 600 μL of deionized water, and then 100 μL of potassium trimethoxy silane was 

added to the mixture. The gelation process of the resulting mixture (siloxane condensation polymerization) 

began with the reduction of the solution pH to the range of 5.0-6.0. The process was accelerated by the addition 

of a few drops of hydrochloric acid. After the formation of three-dimensional polymer gels containing repeating 

SiO2 units, the sol color changed from transparent to milky.In the next step, 41.0 mg of GO powder was mixed 

with 1.0 g of graphite powder. Then, the sol-gel mixture prepared in the previous step was added to the carbon 

mass and gently homogenized with the spatula to produce a carbon paste. The resulting carbon paste was placed 

in a preheated oven at 60 °C for one hour. The composite powder was kept in desiccator until its subsequent 

usage in the adsorption experiments. 

2.3. Adsorption tests  

RR241 adsorption experiments were conducted in a batch reactor to investigate the effect of various variables 

such as the weight percentage of GO in the prepared composite, solution pH, the adsorbent dosage (i.e. amount 

of the composite) and reaction time on the dye removal efficiency using the GO-modified carbon composite by 

the models presented in Design of Expert (DOE) software. In the optimum conditions, 147 mg of the adsorbent 

containing 4.15 wt. % of GO was added to 100 mL of the buffer phosphate (0.1 M) containing 100 mg/L of 

RR241 with the pH of 5.0 for 75 min. After completion of the planned adsorption time, the composite was 

separated from the aqueous solution by centrifugation and the residual concentration of RR241 in the solution 

was measured using the uv-vis spectrophotometer. Finally, the dye removal efficiency (Re (%)) and the 

adsorbent adsorption capacity (qe) were calculated using Equations 1 and 2, respectively. 

𝑅𝑒 (%) =  
𝐶0−𝐶𝑒

𝐶0
× 100             (Eq. 1) 

𝑞 =  
(𝐶0−𝐶𝑒)𝑣

𝑚
             (Eq. 2) 

In these equations, C0 and Ce are initial and final concentrations of RR241 in mg/L, respectively, and V and 

m are solution volume (L) and the adsorbent absorbed mass in grams, respectively. 

2.4. Determination of isoelectric point of the prepared composite  

The pH of the isoelectric point of the prepared carbon composite was estimated by adding 1.0 g of GO-

modified carbon composite to bottles containing 50 mL of 0.1 M potassium nitrate, the pH of which was 

adjusted at a certain value in the range of 2.0–12.0 using the hydrochloric acid and sodium hydroxide. The 

mixture was agitated by the magnetic stirrer for 48 h. Then, the final pH of the solution was measured using an 

827 Autolab pH meter. The final pH was plotted against the initial pH and a line was also drawn where final 

pH = initial pH. The intersection point of the final pH-initial pH curve and a line where pH= initial pH was 

introduced as the pH of the isoelectric point. 
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2.5. Design of the studies and optimization of dye removal 

This study investigated the effect of pH, adsorption time, amount of GO used for fabrication of the carbon 

composite and amount of the carbon composite used for the RR241 removal, using Design of Expert (DOE) 

software. Sample size and a number of tests were calculated by response surface method (RSM) using central 

composite design (CCD). The efficiency of the dye removal was selected as the response in the design of 

experiments, as shown in Table 1. 

 

Table 1 Experimental range and levels of the independent variables 

Parameters Unit Symbol 
Levels 

α- -1 0 1 α 

pH - X1 2 4.25 6.5 8.75 11 

Time min X2 20 45 70 95 120 

GO content Wt. % X3 0.1 1.325 2.55 3.775 5 

Adsorbent (GO-

CC) g/L X4 0. 1 0.575 1.05 1.575 2 

After performing the tests and entering the response values in the software, the optimal model was selected. 

For data analysis, analysis of variance (ANOVA) was used. lack of fit data (Lack of fit), p value, F-value and 

R2 were determined. In analysis of the results, F-value is an index to evaluate the significance of the model. The 

larger the numerical value, the more significant the model is, and p-value less than 0.05 is approved by model. 

The response variable was presented as a function of independent variables in the form of the polynomial 

regression model shown in Equation 3. 

 

𝑌 = 𝑏0 + ∑ (𝑏𝑖
𝑛
𝑖=1 𝑋𝑖) + ∑ ∑ (𝑏𝑖𝑗

𝑛
𝑗=1 𝑋𝑖

𝑛
𝑖=1 𝑋𝑗)+∑ (𝑏𝑖𝑖

𝑛
𝑖=1 𝑋𝑖

2)    (Eq. 3) 

In the above equation, Y is the response variable, b0 is the intercept, bi is the regression coefficient calculated 

from the values obtained from Y and Xi of the levels encoded by the independent variables, the XiXj and Xi2 

parts comprise the interaction terms (interaction effect) and the quadratic effect, respectively.  

2.6. Studies of the adsorption kinetics and isotherm 

In order to study the kinetic behavior of dye adsorption on the proposed carbon composite, solutions with 

specific concentration of RR241 were prepared at pH = 5.0 and then 147 mg of GO-CC containing 4.15 wt. % 

of GO was added to them. At intervals of 5-120 min, the residual concentration of RR241 was measured 

(according to the procedure discussed before). 

The equilibrium adsorption behavior of RR241 on the synthesized composite was also fitted to the Langmuir 

and Freundlich isotherms models. For this experiment, solutions with initial concentrations of 30, 50, 80, 100, 

120, and 150 mg/L of the RR241 were prepared at pH = 5.0 and after adding 147 mg of the carbon composite 

containing 4.15 wt% of GO to them, the solutions were placed on a magnetic stirrer for 75 minutes (equilibrium 

time). The residual dye concentration in the solution was also determined using spectrophotometry. Langmuir 

and Freundlich isotherm models were used to analyze the data. The pseudo-first-order and pseudo-second-order 

kinetics were used to study the kinetics of the adsorption process. The rate constants of adsorption and the 

isotherms’ constants were extracted to interpret the results, capacity, type, and energy of the adsorption process. 
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2.7. Structural characterization of the adsorbent 

The morphology and surface porosity of the prepared carbon composites were studied using a Mira3 XMU 

model field emission scanning electron microscope (Tescan, Japan). Fourier transform infrared spectrometer 

(FTIR, Burker Alpha) was used to study the structural groups between composite and dye molecules. In this 

technique, the resolution of 2 cm-1 is used in the wavelength range of 4000-400 cm-1. The samples were 

completely powdered using KBr method and were prepared as discs by compression method. The textural 

properties of the prepared composite including porosity, average volume and pore size were explored with the 

aid of N2 adsorption/desorption isotherms using a Belsorp analyzer (BEL Japan Inc.) at 77 K. The specific 

surface area of the composites was also calculated using the Brunauer–Emmett–Teller (BET) method. 

3. Results and Discussion 

3.1. Characteristics of the suggested carbon composite as adsorbent 

3.1.1. Morphology 

FESEM images demonstrating the morphologies of the carbon composite before and after the modification 

with GO are shown in Fig 1 a-b, respectively. As shown in Figure 1, wrinkled GO sheets are present in the 

carbon composite (b), causing the surface area of the adsorbent, which interacts with the surrounding 

environment, especially, with the contaminant molecules in the solution, to be increased. This will be shown to 

be verified by examining the textural properties of both composites. This structure will be very effective in the 

process of adsorption of dyes from aqueous solutions. 

Figure 1. FESEM Images of the carbon composite a) before and b) after the modification with GO. 

3.1.2. Potential at isoelectric point 

The pH at the isoelectric point of an adsorbent is the point at which the number of positive and negative 

charges on the surface of the adsorbent are equal. In other words, the pH of the charge on the adsorbent surface 

is zero, referred to as the adsorbent isoelectric point or pHpzc. At pHs below pHpzc the adsorbent surface has 

a positive charge and at pHs above pHpzc the adsorbent has a negative charge. To determine this point, curve 

of the final pH of the solution containing the carbon composite is plotted against the initial pH of the solution, 

and the pHpzc is determined based on intersection of the curve with the line where final pH = initial pH, see 
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Figure 2. As shows the intersection point of the two plots is located at 5.7, indicating that the isoelectric point 

of the proposed adsorbent is 5.7, which is introduced as the potential at the isoelectric point. 

Figure 2. Diagram showing determination of potential at isoelectric point of the proposed adsorbent. 

3.1.3. Textural characteristics 

Textural characteristics including surface area, pore volume, and average pore size of GO-CC were 

determined by the BET method and were extracted from nitrogen adsorption-desorption isotherm diagrams 

(Fig. 3). For better comparison, the graphs of carbon composites without GO (CC) are also presented in the 

figure. The diagram shows that the presence of GO sheets in the carbon composite’s structure amplifies the 

volumetric pressure of nitrogen gas adsorbed in the relative area of 0.7 to 0.9 with a steep upward slope 

compared to the unmodified sample. This sudden increase could be due to the capillary density inside the 

structure of GO-CC.  

In addition, the calculations result of specific surface area, pore sizes, and average pore volume using BET 

are summarized in Table 2. The data in the table show that the texture characteristics of GO-CC are significantly 

higher than those (CC). The specific surface area and pore diameter of the GO-CC are 7.285 m2/g and 18.156 

nm, respectively. However, the values for CC are 1.92 m2/g and 9.67 nm, respectively. The pore volume of 

GO-CC is about 2.5 times greater than CC. Increasing the pore volume and opening the pore diameter help 

improve the absorption efficiency of dye molecules on the nanocomposite surface and effectively remove them 

from aqueous solutions. 

The results indicate that the integration of GO sheets with the activated carbon (graphite) and sol-gel process 

has caused the surface area, overall pore volume, and average composite pore size to be significantly increased. 

This may point out that the composite surface is more porous. In this way, it can be expected that the nano 

sheets can be easily separated from the solution by the formation of a porous and bulky composite through the 

stabilization of GO sheets in the composite matrix. 
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Figure 3. Nitrogen adsorption/desorption plot at 77.4 K for CC and GO-CC. 

Table 2 Textural properties obtained by N2 adsorption/desorption studies. 

Parameters Technique CC GO-CC 

BET surface area (m2/g) BET a 1.92 7.825 

Pore volume (cm3/g) BJH adsorption b 0.007 0.017 

Pore diameter (nm) BJH adsorption 9.671 18.156 

a Computed in the P/P0 range of 0.05–0.50. 

b BJH (Barrett Joyner Halenda) cumulative adsorption pore volume for pores having diameter in range of 0 and 50.0 Å. 

3.1.4. FTIR Study  

Figure 4 displays the FTIR spectra of GO-CC in the wavenumber range of the 4000-400 cm-1 before (curve 

A) and after absorption of RR241 (curve B), respectively. As can be seen, the functional groups present on GO-

CC surface include OH groups with their characteristic absorption band at 3406 cm-1 and stretching of epoxy 

group (C–O–C) showing absorption peak at 1151 cm-1 [37,38]. 

In spectra B, which is related to the composite after contact with the dye, in addition to the characteristic 

peaks of the intact composite, new peaks have emerged that are likely correspond to RR241 functional groups. 

These peaks occurred at 1768 cm-1 belonging to stretching of C=O group, 1598 cm-1 for bending of N-H bond, 

1498 cm-1 for stretching of N-O bond, 1417 cm-1 related to stretching of C-C bond in the aromatic ring, 1338 

cm-1 for stretching of C-N and 771 cm-1 belonging to C-Cl group pertinent to the phenyl ring. The presence of 
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these peaks confirms the presence of azo dye on the surface of the carbon composite matrix after contact with 

the dye solution. 

 

Figure 4. FTIR spectrums for GO-CC before (A) and After (B) adsorption of RR241.  

3.2. Efficiency of GO-CC in RR241 dye removal 

The efficiency of the GO-modified carbon composite in the removal of RR241 azo dye from its aqueous 

solutions was assessed by the central composite design route as a proper subset of RSM. The effects of pH, 

adsorption time, GO content in the composite and the adsorbent dose were investigated. The tests designed to 

optimize the removal conditions along with their responses are given in Table 3. 

3.2.1.  Statistical Findings 

A quadratic model was achieved by prediction of the efficiency of RR241 removal using the response surface 

statistical method and Equation 6, which shows the empirical relationship between the selected variables and 

removal efficiency. 

Re (%) = -118.446 + 29.6 X1+ 1.09 X2 +25.28 X3 + 50.91 X4 +1.90 X3X4 -2.12X1
2 -4.37X3

2 -

19.74X4
2                            ( Eq . 6) 

According to the results of the normal Probability of Internally Studentized Residuals (Figure 5), the model 

covers satisfactorily the ANOVA data. The residual values indicate the normal distribution of the operational 

variables near the mean values. Therefore, the regression model can be used to predict the removal efficiency 

of RR241 in the adsorption process. Figure 6 also shows the agreement between the experimental and the 

predicted values. 
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Table 3. Operational parameters and efficacy of dye removal after different runs. 

Run X1: pH X2: Time 

(min) 
X3: GO 

content 

(%wt) 

X4: Adsorbent 

(GO-CC) (g/L) 
Y: Re (%) 

1 6.5 70 2.55 1.05 82.75 

2 4.25 45 1.325 0.575 49.88 

3 6.5 120 2.55 1.05 70.55 

4 8.75 45 1.325 0.575 60.42 

5 8.75 45 3.775 0.575 61.46 

6 6.5 70 2.55 0.1 62.66 

7 6.5 70 2.55 1.05 87.98 

8 6.5 70 2.55 2 64.93 

9 4.25 95 1.325 1.525 62.07 

10 8.75 95 3.775 1.525 70.89 

11 8.75 95 1.325 1.525 72.80 

12 4.25 95 1.325 0.575 55.18 

13 8.75 95 3.775 0.575 62.14 

14 4.25 45 3.775 1.525 67.98 

15 6.5 20 2.55 1.05 61.85 

16 8.75 45 1.325 1.525 63.22 

17 11 70 2.55 1.05 36.52 

18 4.25 45 3.775 0.575 52.84 

19 6.5 70 0.1 1.05 49.26 

20 4.25 45 1.325 1.525 62.56 

21 6.5 70 5 1.05 61.46 

22 6.5 70 2.55 1.05 88.09 

23 8.75 45 3.775 1.525 77.31 

24 4.25 95 3.775 1.525 68.65 

25 2 70 2.55 1.05 40.57 

26 8.75 95 1.325 0.575 62.62 

27 6.5 70 2.55 1.05 96.10 

28 6.5 70 2.55 1.05 80.42 

29 4.25 95 3.775 0.575 58.10 

30 6.5 70 2.55 1.05 82.5 
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Figure 5. Normal probability distribution for residues of the RR241 removal by GO-CC. 

 

Figure 6. Relationship between experimental and predicted data (by RSM) of removal the RR241  

using GO-CC. 
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The validity of the presented model was assessed by ANOVA (Table 4). Analysis of variance obtained from 

RSM for the adsorption process of RR241 by the proposed composite adsorbent shows that the parameters, pH 

(X1), adsorption time (X2), GO content in the composite (X3), and the amount of adsorbent (X4) as well as the 

interaction effect of pH and the adsorbent (X1X4), GO content and adsorbent (X3X4), X1
2, X3

2, and X4
2 had 

significant effects on the removal efficiency. 

The predicted R-value of 0.89 has reasonable conformity with the adjusted R2 (0.932). Adeq adjusted 

measures noise, desirable values of which are more than 4. In this study, it was 9.61, which indicates a sufficient 

signal. Hence, this quadratic model can be used as a suitable spatial model for designing and optimizing the 

operational parameters. 
Table 4. Analysis of variance of the data obtained from RSM for the adsorption process of RR241 

dye by the composite adsorbent. 
Source Sum of 

Squares 
df Mean 

Square 
F Value p-value 

Prob > F 
 

Model 4725.29 14 337.52 5.098 < 0.0001 Significant 

X1-pH 561.68 1 561.68 6.81 0.1980  
X2-time 524.12 1 524.12 6.02 0.3276  

X3-GO ratio 601.63 1 601.63 7.65 0.1241  
X4-absorbent 793.70 1 793.70 11.69 < 0.0001  

X1X2 476.83 1 476.83 5.29 0.8664  
X1X3 477.08 1 477.08 5.34 0.8548  
X1X4 479.14 1 479.14 5.77 0.7841  
X2X3 492.22 1 492.22 5.35 0.5612  
X2X4 481.81 1 481.81 5.13 0.7194  
X3X4 495.08 1 495.08 5.41 0.5300  
X1^2 3655.98 1 3655.98 71.89 < 0.0001  
X2^2 882.82 1 882.82 13.56 0.0104  
X3^2 1657.27 1 1657.27 29.85 < 0.0001  
X4^2 1019.69 1 1019.6 16.44 < 0.0001  

Residual 713.24 15 47.54    
Lack of Fit 549.4694 10 54.94694 1.67 0.2956 not 

significant 
Pure Error 163.771 5 32.7542    
Cor Total 5438.536 29     

3.2.2. Effect of the variables on azo dye  removal 

The data presented in Table 4 and equation 4 indicate that amount of the carbon composite (X4) had the most 

effect on the removal process (coefficient of 50.91 and F value of 11.69) and adsorption time (X2) had the least 

effect compared to the other parameters (coefficient of 1.09 and F value of 6.02). The effects of independent 

variables on azo dye removal efficiency are illustrated in 3D plots of the response surface in Figure 7. In these 

diagrams, each factor except those involved in plots is fixed at a given value. 

Figure 7a shows the effect of the amount of carbon composite as adsorbent, and pH of the solution on removal 

efficiency, while the time and GO content of the composite were assumed to be constant at 66 min and 4.0 wt%, 
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respectively. As the 3D plots show, the best efficiency was obtained at pH of 6.5 and the efficiency diminishes 

at a pH above and below it. The removal efficiency improves by increasing the amount of the composite 

adsorbent to the optimum amounts by increasing the amount of adsorbent from 0.1 g/L to 1.5 g /L, the removal 

efficiency amplifies from 30% to more than 80%.  

The pH of solution is one of the contributing factors in the adsorption processes. Due to the presence of 

negative and positive species (OH- and H+) in the solution, pH changes can affect the adsorbent surface charge, 

the degree of ionization of various pollutants, the dissociation of functional groups on the active sites of the 

adsorbent and the structure of the dye molecule. Indeed, the solution pH affects the chemistry of the aquatic 

environment and the adsorbent surface groups.  

The pHpzc of the adsorbent (GO-CC) was obtained to be 5.7 (see section 3.1.2); this means that the adsorbent 

surface is negatively charged at higher pH values, and at pH values below 5.7 the adsorbent surface charge is 

positive. Consequently, it is expected that at pH values below 5.7, the removal rate is upward, since in this range 

the opposite charges reach their maximum value and electrostatic attraction occurs between the adsorbent 

surface and dye molecules. 

According to the findings of this study, amount of the carbon composite (or adsorbent dose) was the most 

contributing factor affecting removal efficiency. The effect of adsorbent mass is one of the most critical issues 

on the adsorption processes. According to the obtained results, removal efficiency improves with increasing 

adsorbent dose at constant concentration of RR241 dye. It can be stated that at a constant concentration of dye, 

as the adsorbent dose increases, the ratio of active sites present on the adsorbent surface to the number of RR241 

molecules grows, resulting in enhancement of the removal efficiency. Whereas at low adsorbent amounts, the 

ratio of active sites to the adsorbed material molecules is low and consequently, the adsorption efficiency is 

little. But the interesting point is that by increasing the adsorbent dose beyond its optimum value, the adsorption 

capacity decreases from its maximum value. As the total number of active sites available at the adsorbent is 

proportional to the adsorbent dose, all active sites available on the adsorbent are not fully utilized in this 

condition, thus reducing the absorption capacity. This phenomenon can be attributed to the use of the available 

surface in the unsaturated form of the adsorbent. 

The effects of time and the GO content of the carbon composite on the removal efficiency are shown in 

Figure 7b using a 3D graph of the response surface. As the graph shows, the removal efficieny increases with 

the elevation of GO content in the carbon composite matrix, so the removal efficiency increases from 30% to 

more than 78 % when the GO grows from 0.1 wt% to 3.8 wt%. If the GO content is kept in the same range and 

the time reaches 80 minutes, the removal efficiency is 84%. 

An important issue when applying the adsorption system is to provide an effective contact time under certain 

conditions. However, in this study, based on the analysis of variance; time had the least effect on the proposed 

model.  

For the concentration of 1.0 mM of the RR241, the adsorption process reaches equilibrium at 80 minutes 

and then exhibits a relatively constant trend. The effect of the contact time can be interpreted as the enhancement 

of the probability of collision of the contaminant molecules with the adsorbent surface by expansion of the 

contact time, and, as a result, the removal efficiency rises, and the amount of the dye residue in the solution 

diminishes. 

Chemical properties as well as the high contact surface area (in other words, the surface-to-volume ratio) of 

GO has made this organic compound a suitable option for the removal of toxic, metallic species and 

pharmaceutical compounds. Ideally, GO has a completely two-dimensional structure, which is a monolayer 

nanostructure of carbon atoms bonded by covalent bonds, so that forms a perfectly flat honeycomb network 

[38]. In this carbon network, carbon atoms with hybridization of SP2 form a two-dimensional plate with 

hydroxyl and epoxy groups being located on the carbon plate while carboxylic acid groups locating on the edges 

[40]. The presence of COOH and OH functional groups on GO sheet causes the contaminants to bond to the 

surface of the sheet by forming Van der Waals or electrostatic forces. However, in surface adsorption 
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applications, separation of the GO after the binding of the contaminants is difficult. In this study, two-

dimensional GO sheets were incorporated into the carbon composite matrix through the sol-gel process, which 

allows it to be separated from the solution by filtration using Whatman 42D filter paper.  

 

 

Figure 7- 3D surface plot for interaction effect of a) the pH and the adsorbent dose at constant adsorption time 

of 65 min and GO content of 4. 0 wt %. B) GO content and adsorption time at of pH 5.8 and adsorbent dose of 

1.3 g/L. 

 

Figure 7b shows that augmentation of GO content in the carbon composite improves the dye removal 

efficiency. This can be attributed to the increase in the available surface area, porosity, and the carbon composite 

pores due to the presence of GO, which was already mentioned in the study of the textural properties of the 

composite. Increment in the GO content can raise the pore diameter, increase the pore volume and improve the 

adsorbent surface area. 

3.2.3 Optimization of the dye removal by GO-CC 

The objective of optimization is to find a combination of variables that maximize removal. The RSM 

determines the best values for the process of variables, including pH, adsorption time, GO content and adsorbent 

dose. It is expected that this situation is considered as the best available conditions. 

In DOE software, the desirability coefficient was chosen equal to 1 for maximum removal efficiency. As a 

result, 97% efficiency for RR241 removal was predicted by the model under optimal conditions as: pH of 5.0, 

adsorption time of 75 min, GO content of 4.15 wt. % and the adsorbent dose of 1.47 g/L. 
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3.3 Adsorption Kinetics 

A study of the adsorption kinetics is suitable for the prediction of the adsorption rate and demonstration of 

the adsorption capacity over time and the type of adsorption mechanism. Hence, kinetic equations are used to 

describe the transfer behavior of the molecules adsorbed per unit time as well as to investigate the variables 

affecting the reaction rate. Two kinetic models of pseudo-first and second-order kinetic models were used to 

evaluate the kinetics of the dye adsorption. The pseudo-first-order kinetic model states that the diffusion process 

controls the reaction rate, while the pseudo-second-order kinetics states that the chemical absorption is the 

deceleration step of the reaction. Equations 7 and 8 give the pseudo-first-order and second-order kinetics, 

respectively: 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − 
𝑘1

2.303
𝑡                                 (Eq. 7) 

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
𝑡                                                              (Eq. 8) 

In the above equations, qe, qt, k1, and k2 represent the equilibrium adsorption capacity (mg /g), the adsorption 

capacity (mg/g) at time t, the pseudo-first-rate constant, and the pseudo-second-order constant, respectively. 

Figure 8 shows the curves for the pseudo-first and second-order kinetics of RR241 adsorption. The obtained 

kinetic data are also summarized in Table 5. 

 

Figure 8. Kinetic plots for RR241 adsorption on GO-CC according to a) Pseudo-First-order and b) 

Pseudo-second-order models. 
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Table 5. Kinetic parameters for RR241 adsorption from aqueous using GO-CC at initial 

concentration of 100 mg/L. 

Kinetic Model 

Pseudo-First-order Pseudo-second-order 

K1 (min-1) qe R2 K2 (min-1) qe R2 

0.034 21.67 0.9678 5.03 129.8 0.9923 

A comparison of the coefficients shows that the pseudo-second-order kinetic model (R2 = 0.9923) is more 

consistent and better suited to describe RR241 adsorption than the pseudo-first model (R2 = 0.9678). The 

pseudo-second kinetics model shows that the adsorption rate is controlled by chemical bonding and the 

adsorption capacity is proportional to the active sites of the adsorbent [41]. In other words, the equation of the 

pseudo-second-order kinetics is chemical adsorption, and the adsorption process is slowed down because 

chemical adsorption is based on the adsorption of the solid phase. The pseudo-first-order kinetic equation is 

based on the adsorption capacity. If the adsorption process is restricted as a reversible process through the 

adsorbent boundary layer, the process follows the pseudo-first-order kinetic model. However, different 

mechanisms are involved in the adsorption process, including electrostatic and chemical interactions between 

active adsorption sites and pollutants [41]. The pseudo-first-order kinetic model indicates that the bonds depend 

on the reaction rate at concentrations or different pressures between the contaminant and the adsorbent surface. 

Wang et al. developed a GO doped with porous chitosan as an adsorbent to remove the methyl orange. The 

results showed that the adsorption process is well suited to pseudo-quadratic kinetics [42]. 

3.4 adsorption isotherm  

Adsorption isotherms are equations to describe the equilibrium between the adsorbent and the pollutant. The 

most common models describing surface adsorption are the Langmuir and Freundlich models. The linear form 

of Freundlich and Langmuir isothermal models are expressed by Equations 9 and 10, respectively [43]. 

ln 𝑞𝑒 =
1

𝑛
ln 𝐶𝑒 + ln 𝐾𝐹                                          (Eq. 9) 

1

𝑞𝑒
=

1

𝐶𝑒𝐾𝐿𝑞𝑚
+

1

𝑞𝑚
                                        (Eq. 10) 

Where, qe refers to amount of dye absorbed per unit mass of adsorbent at equilibrium (mg/g), Ce is dye 

equilibrium concentration (mg/L), KF and n, reflect the intensity and capacity of adsorption, respectively. Also, 

in Langmuir equation, the qm, adsorption capacity (mg/g), and b as the Langmuir constant represent the 

adsorption energy. 

The isotherms diagram of Langmuir and Freundlich for the adsorption of RR241 using GO-CC is shown in 

Fig. 9. The values of the constants of Langmuir and Freundlich models with their correlation coefficients are 

presented in Table 7. Assessing the adsorption isotherms diagrams and comparison of correlation coefficients 

obtained from the two models express that the adsorption of RR241 on the modified carbon composite well 

fitted by the Langmuir model. Therefore, it can be said that the adsorption process of RR241 on the composite 

is monolayer and the maximum adsorption capacity is 160 mg/g. 
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Figure 9. Fitting of RR241 adsorption on GO- carbon composite with a) Freundlich and b) 

Langmuir isotherm. 

Table 7. Freundlich and Langmuir constants for adsorption of RR241 onto GO-CC. 

Isotherm model Parameters 

Freundlich KF 7.85 

1/n 0.716 

R2 0.9898 

Langmuir qmax 160 

KL 9.52 

R2 0.991 

 

In the Freundlich isotherm, as KF increases, the adsorption capacity for the adsorbent for adsorbing the 

adsorbed material increases, and so n value between 1 and 10 represents the appropriate adsorption process. If 

the value of n is close to 1, the heterogeneity of the surface becomes less important and if it is close to 10, it 

becomes more important. The relevant parameters and coefficients are summarized in Table 7. In this study the 



44 Zareei et al./ The Iranian Journal of Textile Nano-bio Modification (IJTNBM) 1 (2022) 27–47 

calculated value of KF is 7.85, and the numerical value of n is 1.40, which is between the specified intervals. 

Therefore, the adsorption process of RR241 dye on the adsorbent is suitable. 

3.5 Thermodynamics of the adsorption 

Thermodynamic parameters comprising enthalpy change (ΔH°), entropy change (ΔS°), and Gibbs free 

energy change (ΔG°) of RR241 adsorption are dependent on the coefficient of distribution of the adsorbed 

material between the solid and liquid phases. The thermodynamic parameters are expressed using Equations 

11-13 [44-45]: 

𝐾𝑑 =
𝑞𝑒

𝐶𝑒
                                        (Eq. 11) 

∆𝐺0 = −𝑅𝑇 𝐿𝑛 𝐾𝑑                                      (Eq. 12) 

𝐿𝑛 𝐾𝑑 = (
∆𝑆0

𝑅
) − (

∆𝐻0

𝑅𝑇
)                          (Eq. 13) 

In these equations, Kd, R, and T are the distribution coefficients, the universal gas constant (8.314 J/molK), 

and the absolute temperature in K, respectively. The values of ΔH° and ΔS° are obtained from the slope and 

intercept of the linear plot of LnKd versus 1/T. 

The results of the effect of temperature on the removal process of RR241 are illustrated in Table 8 and Figure 

10. The negative values of the ΔHº indicates that the adsorption process is exothermic and the dye removal rate 

decreases with increasing ambient temperature. The negative value of ΔGº also indicates the feasibility and 

spontaneity of the process. The negative ΔSº values also indicate that the adsorption rate on the solid-liquid 

interface decrease during the adsorption process. 

Table 8 - Thermodynamic parameters for the adsorption of RR241 by GO-CC. 

Ce (ppm) ∆H◦ 

(kJ/mol) 

∆S ◦ 

(kJ/molK) 

∆G◦ (kJ/mol) 

298 308 318 328 

200 - 29.830  - 0.0736 -7.714 -7.047 -6.183 -5.073 

 

 

Figure 10. Thermodynamic Model of RR241 Adsorption on GO-CC. 
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4. Conclusion 

The modified carbon composites with GO (GO-CC) were synthesized using sol-gel method. The structure 

and morphology properties of the prepared composites were investigated by BET, FTIR and SEM techniques. 

The prepared composites were used as an effective adsorbent for the removal of RR241 dye from aqueous 

solutions. The effect of different operational factors including pH, amount of GO in fabrication of the composite, 

amount of composite as adsorbent and the contact time were investigated by the response surface methodology. 

The removal experiments showed that the amount of the adsorbent, GO content and pH had a significant effect 

on RR241 removal. BET analysis indicated that the addition of GO to the carbon composite structure improved 

the pore size, total pore volume, and effective surface area of the composite. Also, isotherms, kinetics, and 

thermodynamic studies of adsorption were depicted that Langmuir isotherm model, pseudo-second-order 

kinetic model and self-adsorption are suitable models for RR241dye adsorption. 
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