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Abstract 

Background and purpose: Quick removal of dye from water and waste water is very important 

in the research related to eliminating pollutions; this is because of the spread of damaging effects 

of dyes in water on the human beings and the environment. Four different carbon nanostructures, 

namely graphene oxide, oxidized multiwalled carbon nanotubes, activated carbon, and 

multiwalled carbon nanotubes were applied as adsorbents for the removal of Indigo Carmin (IC) 

dye from aqueous solution. 

Materials and Methods: These carbon nanostructures were determined by X-ray diffractometer 

and scanning electron microscope. Batch adsorption experiments were then performed to 

investigate the effect of solution pH, concentration, contact time, and temperature on IC removal. 

To study the characteristics of IC adsorption process, adsorption constants were calculated by 

first-order and pseudo second-order models.  

Results: Adsorption equilibrium was indicated with Freundlich and Langmuir isotherm models. 

This study was the first research conducted on the removal of dye which uses four carbon 

nanostructures adsorbents.  

Conclusion: The results indicated better efficiency for GO in IC removal than other carbon 

adsorbents. The isotherm parameters for the Freundlich and Langmuir models were calculated. 

The kinetics research also revealed that the experimental data was well fitted by pseudo second-

order equation. 
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1. Introduction  

The dyes in water and waste water are 

causing major problems for human health 

and environment due to their harmful 

effects. Textile industry produces large 

amounts of waste that overall include large 

amounts of soluble salts, organic 

substances, and surfactants significantly in 

the form of dye molecules. Considering its 

intricate chemical structure, when released 

to the environment untreated, dyes are not 

simply decomposed by bacteria and stay for 

a long time in ecosystem. Indigo Carmine 

(IC) dye because of its contaminating effect 

on the environment is considered as a 

serious public and environmental problem. 

Hence, this dye and it scanner-causing 

properties can be fatal (1, 2). 

IC is an anionic dye. In addition, the use of 

IC can lead to severe damages to human, 

such as failure of liver, kidney, brain and 

genital tract. Significant parts of several 

million tons of dyes are usually drained into 

water systems contaminating them by dyes. 

So, it is essential to remove this organic 

contaminant via a suitable therapy method 

(3, 4).Several treatment procedures, such as 

coagulation, oxidative process, electrolysis 

sedimentation, and adsorption have been 

proposed for removing dye from effluent. 

Among these methods, the adsorption has 

been found to be very competitive into 

other processes due to its higher adsorption 

capacity, lower cost, and efficiency. Multi-

absorbent  methods are applied to remove 

dye from water and effluent, such as agro-

industrial chitosan, minerals, byproduct, 

bacterial, and fungal biomass, multiwalled 

carbon nanotubes (MWCNTs), Oxidized 

multiwalled carbon nanotubes (Oxidized 

MWCNTs), activated carbon(AC), and 

Graphene oxide (GO) (3-6). 

 

 

Recently, graphene and graphene oxide 

(GO) are strongly developed to have a 

unique range of properties. Graphene is a 

fundamental building block for graphitic 

materials, and can be turned to other forms 

of carbon nanostructure. The CNTs 

functionalized by different reagents that 

have various degrees of oxidation is a well-

known method among functional groups on 

Oxidized multi-walled carbon nanotubes. 

Compared with CNTs, GO has the sp2 

hybrid carbon nanostructure and more 

particular surface area that couldbe 

achieved from graphite via an easy 

chemical redox method (7, 8). MWCNTs, 

Oxidized MWCNTs, AC and GO are 

newfound carbonaceous nanosized, whose 

electronic properties and special structures 

cause them to have robust reactions with 

organic molecules, through non-covalent 

forces as intermolecular force, hydrophobic 

interactions, electrostatic forces, and 

hydrogen bonding (9, 10). 

Their nanoparticle structures also cause 

some advantages, such as high adsorption 

capacity, effectiveness in wide pH range, 

and quick equilibrium rates (11).In the 

present research, GO, Oxidized MWCNTs, 

AC, and MWCNTs were applied for the 

removal of Indigo Carmin (IC) molecules 

from aqueous solution. Hence, the effects 

of different parameters were studied. The 

Freundlich and Langmuir isotherms were 

also applied to fit the equilibrium data. 

Finally, the adsorption kinetics was 

investigated. 
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2. Materials and methods  

2.1. Preparation of carbonaceous 

materials 

The chemical structure and absorption 

spectrum of IC is shown in Figure 1. The 

adsorbent materials applied in this study, 

commercial MWCNTs, and AC were all 

procured from Merck (Darmstadt, 

Germany). 

 

 
Figure 1. Absorption spectrum and chemical 

structure of IC 

 

2.2. Oxidation of MWCNTs 

MWCNTs with inner diameter 5–15 nm, 

outer diameter 60–90 nm, length 5–20μm, 

and purity≥95 were applied. For oxidation, 

3 g MWCNTs were put in a 1 L round 

bottom flask with reflux condenser. Then, 

300 mL concentrated nitric acids (65%) 

were added to it. The blend was then 

refluxed for 50 h at 120oC. After that, the 

mixture was cooled to room temperature, 

and 500 mL double-distilled water was 

added. Then excess water is poured and 

solid to dry it was placed in vacuum-

filtered. Wash was duplicated until the 

water pH got closer to 7, and then it was 

pursued by drying in vacuum oven at 110oC 

(12).The Brunauer–Emmett–Teller (BET) 

was used toestimate SSAs. A surface area 

was obtained by theory of BET that 

measured at 77 K. This is a standard method 

for computing the SSA of sample (13). The 

results displayed that the SSAs of oxidized 

MWCNTs and MWCNTs were 158 and 

115m2g-1, respectively. The Barrett–

Johner–Halenda Method was also used for 

measuring the pore size of oxidized 

MWCNTs and MWCNTs. The pore 

volume and average pore diameter were 

0.25 cm3 g-1 and 38 nm for oxidized 

MWCNTs, and 0.18 cm3g -1 and 30 nm for 

MWCNTs, respectively. 

2.3. Preparation of activated carbon 

Double distilled water is kept in flacons. 

Then, carbon is digested on the H3PO4 5N 

solution and heated in 90o C for three hours. 

Mixture is then cooled, and afterward, it 

was washed many times with water until 

soluble impurities are eliminated. The AC 

is also exposed to air oven at a temperature 

of 130oC for two hours (14). Then, the BET 

isotherm is applied; the VTOTAL and SBET 

were estimated to be 0.065 ml/g and 66.75 

m2/g, respectively. The volume of 

micropores (Vmic) was computed to be 

0.015cc/g, and via subtracting the 

VTOTALfrom the Vmic, the Vmeso was 

documented to be 0.048ml/g. In this 

research, about 71 percent of the total pores 

volume in the AC was linked to the Vmeso; 

so, for the adsorption of adsorbate to 

molecular dimensions of 25nm and less, the 

produced AC was found suitable. 

2.4. Synthesis of graphene oxide  

To apply the modified Hummers Method, 

graphite oxide (GO) was readied with 

natural graphite powder (15). A blend of 

concentrated sulfuric acid (150 ml), 

graphite (2.5 g), and NaNO3 (1.5 g) within 

an ice bath were stirred for 40 min. Through 

severe stirring, KMnO4 (9 g) was then 

added to the mixture. The speed of addition 

was intently controlled to hold the reaction 

temperature below 15oC. Later, the mixture 

was stirred for two hours and transferred to 

ice bath to 30° C. Then, 250 mL of H2O was 
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added. The reaction temperature which was 

enhanced to 95oC was then steadied for 2 

hours. In this stage, the mixed color gently 

turned brown. Afterward, 500 ml of water 

was added to the system. To reduce the 

remaining permanganate, 30 ml of H2O2 

(30%) was also applied. At that time, the 

color mixture gently changed into yellow. 

The mixture was then washed and 

centrifuged to 6% HCl. Next, deionized 

water was added for many times until the 

pH became neutral. After the mixture was 

filtered and vacuum dried for 12 h, a solid 

and dry GO was achieved (16).  

2.5. Batch adsorption experiments 

For batch adsorption experiments solution, 

the initial concentration of IC was provided 

and pH of solution was adjusted with 1N 

sodium hydroxideor 1N hydrochloric acid 

solutions in the range of 2 to 8.After adding 

adsorbent to soluble, the samples were 

placed on shaker at 180 rpm for 15 min. 

After filtration, the absorption rate of each 

solute was computed by UV-visible 

spectrophotometer at λmax= 645 nm and 

sorption efficiency (%), and the amount of 

IC adsorbed by Eqs. (1) and (2), 

respectively: 

Sorption efficiency (%)=  
C0−Ce

C0
× 100  (1) 

qe =  
(Co−Ce) V

m
                                        (2) 

Where Ce and C0 (mg/L) are the 

concentrations of IC at equilibrium and 

initially, respectively. qe (mg/g) is the 

amount of adsorbed IC at equilibrium, m is 

the weight of adsorbent (g), and V is the 

volume of the solution (L) (17). The 

Removal percentage of IC was also 

estimated by this Equation: 

R(%) =
C0−Ce

C0
× 100                            (3)  

 

2.6. Error Analysis 

For calculating the maximum stable 

isotherm and kinetic models in the 

experimental data, Chi-square test and Sum 

of Square Error (SSE%) were used:  

SSE% = √((qe,exp − q(e,cal)/N)        (4) 

X2 = (q(e,exp)−q(e,cal))2/q(e,cal)         (5) 

 

Where qe,cal and qe,exp are the values of the qe 

predicted by the model, and experimental 

measured qe and N is the number of qe,exp  

(18).  
 

 

3. Result  

3.1. Characterization of carbon 

nanostructures 

The structures and morphologies of GO, 

AC, MWCNTs, and Oxidize –MWCNTs 

were observed with a SEM. The XRD was 

also measured by x-ray diffractometer. The 

SEM clearly showed the crystal tubular 

structure of nanotubes. The GO film was 

also lucid because of its irregular edge and 

single atom layered structure (Fig. 2A). The 

surface of Graphene oxide had lots of 

crumpling due to the navigation of GO 

sheets. The surface of AC was also 

documented to be very bristly and many 

pores were seen on it (Figure 2B). Pure 

MWCNTs was a hollow cylinder with 

random state and lengthy caliber (Figure 

2C). Figure 1D clearly shows the crystalline 

tubular structure of oxidized MWCNTs. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwioi9ydsKvRAhUCXBoKHcZ4CEsQFggiMAE&url=http%3A%2F%2Fbritton.disted.camosun.bc.ca%2Fcarbon_nano%2Fcarbon.html&usg=AFQjCNH2DIhH3AeoY3UPg0r1njHIYDlxJQ&bvm=bv.142059868,d.d2s
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwioi9ydsKvRAhUCXBoKHcZ4CEsQFggiMAE&url=http%3A%2F%2Fbritton.disted.camosun.bc.ca%2Fcarbon_nano%2Fcarbon.html&usg=AFQjCNH2DIhH3AeoY3UPg0r1njHIYDlxJQ&bvm=bv.142059868,d.d2s
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Figure 2. SEM images of (A) GO, (B) AC, (C) MWCNTs and (D) Oxidize –MWCNTs 

 

The XRD characterization is used to 

provide information on the degree of 

nanotube alignment in addition to 

calculation on the amount of graphitization. 

The XRD of GO Nano-sheets are shown in 

Figure 3A. The diffraction peak 

corresponding to 2θ= 26.74 in the spectrum 

was related to 002 planes of Graphene 

oxide. The distances between layers of 

Graphene oxide may also be due to the 

existence of oxygen functional groups, such 

as carboxyl, hydroxyl, and epoxy. 

According to the results on XRD, it can be 

stated that graphite powder was fully 

oxidized. The form of diffraction 

background and the lack of sharp peak 

activated carbon showed an often 

amorphous structure in AC nature (Figure 

3B). Diffraction background corresponding 

to 2θ=24.98° has also indicated 002 plane 

of AC structure (19). Figures 3C and 3D 

display the comparison between the XRD 

of the Oxidize MWCNTs and MWCNTs. 

The peak of the Oxidize MWCNTs display 

high severs peak at 2𝜃 = 24.72°, and a low 

intense peak at 2𝜃=43.9°, corresponding to 

the (002) and (100) reflections, 

respectively. Additionally, the pattern of 

the MWCNTs indicated a high intense peak 

at 2𝜃=25.12°, and a low intense peak at 2𝜃 

=44.0°, respectively (20). 
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Figure 3. XRD patterns for (A) GO, (B) AC, (C) MWCNTs, and (D) Oxidize -MWCNTs 

 

3.2. Effect of pH on the removal of dyes   

The pH of the system to use deep 

penetration on the adsorptive nature of dye 

molecules,  maybe due to its effect on the 

surface properties of the carbon 

nanostructures adsorbents and dissociation/ 

ionization of adsorbate molecule. The 

changes in removal of dye at different pH 

levels are presented in Figure4. As is shown 

there, the adsorption level of IC was 

enhanced by increasing the pH value of 

solution from 2.0 to 7.0. Both GO and 

Oxidized MWCNTs were observed to have 

very high removal efficiencies of 67.24–

90.38% for GO and 61.81–88.49% for 

Oxidized MWCNTs, respectively. Also, 

the dye removal efficiency by AC and 

MWCNTs were found to be49.77-82.84% 

for AC and 53.31-82.58% for MWCNTs, 

respectively in the studied pH range.  
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Figure 4. Effect of pH on IC adsorbed by GO, Oxidized MWCNTs, AC, and MWCNTs. 

 

3.3. Effect of temperature on the removal 

of dyes   

To investigate the effect of temperature, the 

adsorption experiments were performed at 

the range of 15–50oC.The results are shown 

in Figure 5. The removal efficiencies for 

GO, Oxidized MWCNTs, AC, and 

MWCNTs were found to be94.39, 93.44, 

89.19, and 88.01 which were achieved in 

20oC, 35oC, 30oC, and 35oC temperatures, 

respectively. Thus, the adsorption capacity 

reduced with temperature increase. This 

reduction in the absorption rate with 

temperature increase may be due to the 

factors of weakening the forces of attraction 

between the enabled sites of the adsorbents, 

the kind of adsorbate, as well as the 

adjacent molecules of the adsorbed phases. 

 
Figure 5. The effect of temperature on IC by GO, Oxidized MWCNTs, AC, and MWCN 

 

3.4. Effect of concentration on the 

removal of dyes   

In the present study, the kinetics of adsorption 

was investigated at different initial IC 

concentrations. The results indicated that the 

adsorption of IC molecules by GO, Oxidized 

MWCNTs, AC, and MWCNTs enhanced with 

any increase in concentration resulting in 

equilibrium values of about 12 mol/L, 10 

mol/L, 15 mol/L, and 12 mol/L, respectively. 

The effect of concentration on the removal of 

IC is illustrated in Figure 6. The GO and 

Oxidized MWCNTs have seen to experience 

more removal ratesof93.44%, and 89.67% for 

GO and Oxidized MWCNTs, respectively 

(Figure7). Also the dye removal rate by AC and 

MWCNTs were found to be82.58% and 

77.39% for AC and MWCNTs, respectively.  
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Figure 6. The effect of concentration on the IC by GO, Oxidized MWCNTs, AC and MWCN 

 

 
Figure 7. The effect of concentration on removal of IC by GO, Oxidized MWCNTs, AC and MWCN 

 

3.5. Effect of Contact Time  

The effect of contact time on the removal of 

IC dye by the four adsorbents in solution is 

shown in Figures 8 and 9. The results 

indicated that in all concentrations used, 

when the contact time between the four 

adsorbents and the dyes enhanced, the 

absorption rate was also increased. The 

maximum IC removal efficiencies were 

done in the 0-55 minute distance for GO, 

Oxidized MWCNTs, AC and MWCNTs. 

This could be due to the available number 

of vacant binding enabled sites for IC at the 

start of reaction and quantized coverage of 

the binding sites, which reduced the 

adsorption rate, until finally the equilibrium 

is achieved. In the residual concentration, 

the systems were nearly unchanged and not 

experiencing many adsorptions. Also, GO 

had high removal rate because of its 

individual atom layered structure for rapid 

absorption of IC molecules (24). 
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Figure 8. The effect of contact time on the IC by GO, Oxidized MWCNTs, AC and MWCN 

 

 
Figure 9. The effect of contact time on removal of IC by GO, Oxidized MWCNTs, AC and MWCN 

 

4. Discussion 

4.1. Adsorption isotherms 

The adsorption isotherm is to provide 

certain relationship between the 

equilibrium concentration of adsorbate and 

the rate of adsorption on the surface. 

Langmuir adsorption model indicates that 

maximum adsorption corresponds to single 

layer of molecules on the surface of 

absorbent, without interaction with 

molecules to be absorbed. The Langmuir 

isotherm is hence applied in most single-

layer adsorption methods. Langmuir Model 

is expressed by the following equation: 

qe =
Q0bCe

1+bCe
                                             (6) 

 

The Langmuir equation can be explained in 

linear form: 
Ce

qe
=

Ce

qm
+

1

qmb1
                                      (7) 

Where b1 is Langmuir constant (L/mg), Ce 

is IC concentration at equilibrium in 

solution (mg/l), qm is IC concentration 

when single layer forms on adsorbent 

(mg/g), and qe is IC concentration at 

equilibrium onto one of carbon adsorbents 

(mg/g). The basic features of Langmuir 

isotherm can be displayed by the separation 

factor of RL that is expressed by the 

following equation (8): 

RL =  
1

1+bC0
                                            (8) 
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The RL value indicates the kind of isotherm 

that contains undesirable (RL> 1), linear 

(RL< 1), irreversible (RL =0), or optimal 

sorption (0< RL<1).The Freundlich 

isotherm can also be used as undesirable 

absorption on inhomogeneous surfaces and 

multilayer sorption. The Freundlich 

equation is presented as follows: 

qe = KfCe
1/n

                                            (9) 

Where, n is Freundlich constant, and KF is 

the Freundlich constant (L/mg). The values 

of n> 1 indicate an optimum absorption 

condition (25). To calculate the constants n 

and Kf, Freundlich equation can be used in 

a linear form: 

lnqe =
1

n
lnCe + lnKf                                   (10) 

Based on the findings, the removal 

efficiency of IC increased from 40.11 to 

93.05% with any increase in adsorbent dose 

from 0.001 to 0.04 g, and the most 

adsorption rate was obtained at 0.04g (not 

shown in here).This could then be due to a 

rise in the surface area and having many 

enabled sites for adsorption. So, in this 

study, 0.02, 0.025, 0.03, and 0.025 g of GO, 

Oxidized MWCNTs, AC and MWCN were 

respectively selected as adsorbent dose due 

to the acceptable sorption capacity and 

higher sorption efficiency. Checking the 

equilibrium data was very useful for 

assessing the adsorption properties of GO, 

Oxidized MWCNTs, AC and MWCNTs 

adsorbents. Figure 10 shows that the 

adsorption isotherm experiments of IC onto 

four adsorbents were fitted to Langmuir and 

Freundlich models.  

The results further showed that the removal 

efficiency changed related to the type of 

adsorbent and dye used. It was also 

observed that the correlation coefficient 

values calculated from the Langmuir 

isotherm model is more appropriate to 

characterize IC adsorption onto adsorbents. 

The related parameters are evaluated and 

listed in Table 1. According to the table, RL 

value was in the range of 0-1 suggesting 

that the IC molecules adsorbed on the 

adsorbent under the conditions used in this 

study was desirable. In the Langmuir 

isotherm model it is assumed that the single 

layer adsorptions are on the adsorbent 

surface with the same finite number of sites 

while all sites had equivalent energy. 

According to the results, the adsorption of 

IC by the four adsorbents was done in a 

single layer adsorption. At the same time, 

Freundlich constant (n) depended on the 

severity of adsorption and the values of n>1 

indicated that the adsorption process was 

desirable. As is shown in Table 1, the 

evaluated value of n>1 was obtained, which 

showed that under the conditions used in 

this study, the adsorption of IC molecules 

on adsorbents is desirable. The results 

demonstrated that Langmuir isotherm and 

pseudo-second-order Model are better than 

pseudo-first-order and in agreement with 

those reported in the literature (19, 23).  

 

Table 1. Isotherm parameters of adsorption of IC onto four adsorbents 

Adsorbent  Langmuir Freeundlich 

 b qm RL R2 KF n R2 

GO 50.00 0.013 0.286 0.994 150.64 4.97 0.945 

OMWCNTs 37.04 0.016 0.351 0.994 129.85 4.40 0.937 

AC 11.12 0.024 0.645 0.984 148.09 2.81 0.951 

MWCNTs 12.34 0.020 0.618 0.987 132.82 2.52 0.950 
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Figure 10. (a) Langmuir and (b) Freundlich isotherms for the adsorption of IC onto GO, Oxidized 

MWCNTs, AC and MWCNTs 

 

4.2. Sorption kinetics 

In order to analyze the kinetic data, the first-

order and pseudo-second-order kinetic 

models were used. The Lagergren’s 

equation for the first order kinetics is 

presented as follows: 

 

ln(qe − qt) =
lnqe−k1t

2.303
                                                 

(11) 

 

Where qt (mg/g) is the amount of adsorbate 

adsorbed and k1(min−1) is the rate constant. 

The qe and k1 are computed from the slope 

and intercept of the plot which are listed in  

 
 

Table 2.The results indicated that the first-

order model did not fit well. It was also 

observed that the qe Cal values did not agree 

with the qe exp values. This indicated that 

the absorption of the absorbent IC in lower 

concentrations did not follow the first-order 

kinetics. It was also revealed that the 

absorption ofIC on carbon adsorbate did not 

follow this model. Pseudo-second-order 

model is given as follows(25):  
t

qt
=

1

k2qe
2 +

t

qe
                                                  

(12) 
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Where the k2 (g/mg min) second-order 

constant and (qe) the equilibrium sorption 

capacity can be calculated from the 

intercept and slope of plot t/qt versus t 

(Figure 11). Commonly, at lower dye 

concentrations, the adsorption rate was 

faster. Although, at each studied 

concentration, the correlation coefficient 

was higher for GO than other adsorbents. 

The results also indicated that the 

experimental values (qe(exp)) for the 

adsorption capacities well fitted with 

calculated values (qe(cal)), implying that 

the pseudo-second-order model was 

appropriate for IC adsorption kinetics by 

the GO, Oxidized MWCNTs, AC and 

MWCNTs (Figure 11). At the same time, 

the low rate of constant (k2) suggested that 

adsorption rate was reduced by enhancing 

in time, which corresponded to the number 

of unoccupied sites provided in Table 2. 

Thus, the electrostatic attraction helped in 

IC being adsorbed by AC, GO, and 

MWCNTs. With a number of aforesaid 

privileges, such as great sorption capacity, 

stronger chemical-nanotub interactions and 

fast equilibrium rates, Oxidized MWCNTs 

were raised as premier sorbents for 

inorganic pollutant and organic chemicals 

than the AC (26). The findings of the 

current research were found to be in line 

with the results of a study carried out by 

Zhang et al. on water treatment using 

oxidized MWCNTs, and a study carried out 

by Ghaedi et al. on alizarin red S and more 

in removal using Multiwalled carbon 

nanotubes(6, 7). Also, the results of this 

study were observed to be consistent with 

the results of a research conducted by Yang 

et al. on the adsorption of Ni (II) on 

oxidized multi-walled carbon nanotubes 

(10).  

 

 

Table2. First-order and pseudo-second-order kinetic model parameters for the adsorption of IC 

molecules onto GO, Oxidized MWCNTs, AC and MWCNTs 

                           First-order model Pseudo-second-order model 

 qeexp qeCal K1 SSE% X2 R2 qeCal K2 SSE% X2 R2 

GO 116.6 34.98 0.025 2.72 190.44 0.370 118.0 0.032 0.36 0.017 0.997 

OMWCNTs 91.4 29.31 0.018 2.27 131.53 0.295 90.9 0.030 0.20 0.003 0.997 

AC 73.9 25.37 0.023 2.01 92.83 0.330 76.9 0.024 0.52 0.117 0.991 

MWCNTs 85.3 24.86 0.018 2.24 146.94 0.222 83.3 0.144 0.41 0.048 0.986 
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Figure 11. (a) First-order kinetic and (b) pseudo-second-order kinetic plot for the adsorption of IC 

onto GO, Oxidized MWCNTs, AC and MWCNTs 

 

 

4.3. Error Analysis  

In this research, the statistical analysis 

methods, such as correlation coefficient 

(R2), Chi-square test (X2), and sum of 

square error (SSE%) were applied to 

examine the fitness of various models to the 

achieved experimental data and determine 

the premier  model for predicting the 

adsorption process, the results of which are 

shown in Table 2 and Figure 12. According 

to the results, the pseudo-second-order 

model had the best fit and higher R2 and 

lower X2. Also, SSE% for grapheme oxide 

indicated that its precision was better than 

the other three adsorbents.  
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Figure 12. Comparison of different kinetic model precisions 

 

 

4. Conclusion 

Four carbon nanostructures, such as the 

GO, Oxidized MWCNTs, AC, and 

MWCNTs were studied for IC removal 

from aqueous solutions. The adsorbents 

represented a porous structure and well-

developed surface that was useful for 

treating wastewater contaminated dye. Four 

carbon nanostructures adsorbents displayed 

a high adsorptive capacity for IC under the 

conditions used in this research. The results 

also indicated better efficiency for GO in IC 

removal than other carbon adsorbents. 

Furthermore, the isotherm parameters for 

the Freundlich and Langmuir models were 

calculated. The kinetics research 

demonstrated that the experimental data 

was good fitted by pseudo-second-order 

equation. 
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