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Abstract Single-walled Carbon Nanotubes (SWCNTs) used as absorbents to remove Acid Red 88 (AR88) dyes 

from wastewater have been investigated here because they are effective in removing organic pollutants. The 

adsorption process was affected by various experimental conditions such as pH, contact time and biosorbent 

concentration. Maximum dye removal was observed at pH 3 and 0.25 g/L o biosorbent concentration. Adsorption 

equilibrium was established in 75 min. Experimental data were fitted well to the Langmuir isotherm model. The 

maximum dye removal percentage was determined as 97.5%. The negative values of free-energy change confirmed 

the feasibility of the process and the spontaneous nature of adsorption. Furthermore, from the magnitude of ΔH, the 

process was found to be endothermic physisorption. 
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Introduction 

Industrial effluents are one of the major causes of environmental pollution because effluents discharged from dyeing 

industries are highly colored with a large amount of suspended organic solid [1-2]. Dyes are colour organic 

compounds which can colorize other substances [3,-4]. These substances are usually present in the effluent water of 

many industries, such as textiles, leather, paper, printing, and cosmetics [5-6]. The complex aromatic structures of 

dyes make them more stable and more difficult to remove from the effluents discharged into water bodies [7-8]. 

Dyes can be classified as anionic (acid dyes), cationic (basic dyes), and non-ionic (disperse dyes) [9]. Acid dyes are 

organic sulfonic acids; the commercially available forms are usually sodium salts, which exhibit good water 

solubility [10]. In sequence of their importance, acid dyes are mostly used with certain fiber types such as 

polyamide, wool, silk, modified acrylic, and polypropylene fibers as well as blends of the aforementioned fibers 

with other fibers such as cotton, rayon, polyester, regular acrylic [11-12]. 

Effluent from the dyeing industry contain highly coloured species; such highly coloured wastes are not only 

aesthetically displeasing but also hinder light penetration and may in consequence disturb biological processes in 

water-bodies [13-14]. In addition, dyes are toxic to some organisms and hence harmful to aquatic animals. 

Furthermore, the expanded uses of dyes have shown that some of them and their reaction products such as aromatic 

amines are highly carcinogenic [15-16]. Therefore, removal of dyes before disposal of the wastewater is necessary. 

Most of the used dyes are stable to photodegradation, biodegradation and oxidizing agents. Currently, several 

physical or chemical processes are used to treat dye wastewaters [17-18]. However, these processes are costly and 

cannot effectively be used to treat the wide range of dye wastewater [19-20]. Adsorption has been found to be 

superior to other techniques for treating wastewater: it is low-cost, highly efficient, simple, easy to perform and 

insensitive to toxic substances [21]. Moreover, liquid-phase adsorption has been demonstrated to be highly efficient 
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in removing dyes from waste effluent. Hence, adsorption was selected herein as the approach used to treat reactive 

dye wastewater [22-23]. 

Carbon nanotubes (CNTs), with nano-sized diameter and tubular microstructure, have been the worldwide hotspot 

of study since their discovery because of their unique morphologies and various potential applications. Because of 

their relatively large specific surface areas and easily modified surfaces, much attention has been paid to the 

adsorption by CNTs of contaminants such as Zn
2+

, Cd
2+

, Pb
2+

, also fluoride and antibiotics [24-29]. Therefore, 

CNTs might be ideal sorbents for the removal of dyes from water. The aim of this research was to use of SWCNTs 

for adsorption AR88 dye from the aqueous environments. The effect of various parameters Such as pH, contact 

time, adsorbent dose, initial dye concentration and temperature was studied on the dye removal efficiency. 

 

Materials and Methods 

Materials: Acid Red 88 dyes dye was purchased from AlvanSabet Co (Iran). The chemical structure and 

characteristics of AR88 are presented in Fig 1 and Table 1, respectively. Other chemicals including citric acid, 

sulfuric acid and sodium hydroxide were provided from Merck Co (Germany).   

SWCNTs provided from Research Institute of Petroleum Industry (RIPI), Tehran, Iran. On the basis of the 

information provided by the manufacturer, the SWCNTs were synthesized by catalytic chemical vapor deposition 

(CVD) method. The size and morphology of SWCNTs were examined by scanning electron microscope (JEOL JSM 

6500F) and transmission electron microscopy (TEM) (using a Philips XL30). 

 

Adsorption experiments  

The adsorption experiments were conducted in a batch system at room temperature (25 
o
C) with 100 mL of the dye 

solution (100 mg/L) into a 250 mL Erlen Myer and agitated by an orbital shaker (180 rpm for 3 hr) at pH 7. After 

agitation, the suspensions were centrifuged (3600 rpm for 15 min) and the clear solution was analyzed for dye by an 

UV-Vis spectrophotometer (DR-5000 Hach) at maximum absorbance wavelength of 503 nm. All the experiments 

were conducted in duplicates and the mean values were applied. The removal efficiency and sorption capacity of the 

SWCNTs were determined by Eq. (1) and (2), respectively [30-32]: 

qe = (C0 − Ce) 
𝑉

𝑀
 

R% = 
𝐶0−𝐶𝑒

𝐶0
×100 

Where; R (%) and qe (mg/g) are the removal efficiency and adsorption capacity, respectively. Co (mg/L) is the initial 

dye concentration, Ce (mg/L) is dye concentration at the equilibrium, m (g) is the mass of the sorbent and V (L) is 

the volume of the dye solution. 

Table 1: General characteristics of Acid Red 88 

Generic name Chemical formula Molecular weight  λmax (nm) EC number 

Acid Red 88 C20H13N2NaO4S 400.39 (g/mol) 503 216-760-3 

 

 
Figure 1: The chemical structures of AR88 

Results and Discussion 

Figures 2a and 2b show the SEM and TEM images of SWCNT S. The size of the outer diameter for theSWCNTs 

was 7–20 nm. The length of SWCNTs was 10 μm. Furthermore, specific surface area of SWCNTs was more than 

712.5 m
2
/g, and the mass ratio of the amorphous carbon of SWCNTs was less than 5%. 

 

Effects of pH and adsorbent dosage 

The effect of pH for the adsorption of AR88 onto SWCNTs at 20 8C is shown in Fig. 3. It can be seen that the 

adsorption of AR88 was pH-dependent. The results show that the amount of adsorbed dye onto SWCNTs decreases 

as the pH increases from 3 to 11. This situation can be related to the surface charge of the adsorbent. SWCNTs has 
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negatively charged adsorption sites, but it is positively charged at low pH values. Therefore the electrostatic 

interactions between negatively charged –SO
-3

 groups in the dye molecule and the positively charged adsorbent 

increase [33-35]. As a result, the amount of dye molecules onto the modified bentonite increases at lower pH values. 

In order to determine the effect of the biosorbent dosage on the biosorption efficiency of AR88, the amounts of 

biosorbent added into the biosorption medium were varied from 0.05 to 0.5 g/L and the results are presented in Fig 

4. With increase in the biosorbent dosage, from 0.05 to 0.25 g/L, the percentage decolorization of AR88 increased  

from 36.40% to 97.5%, which is the maximum value obtained as the number of possible binding sites increased [36- 

37]. Further increase up to 0.5 g/L did not change the maximum AR88 biosorption capacity of the biosorbent and it 

almost stayed constant (p>0.05). This is because, at higher biosorbent concentrations, there is a very fast biosorption 

onto the biosorbent surface that produces a lower solute concentration in the solution than when the biosorbent 

concentration is lower [38-40].  

 
Figure 2: Micrographs of SWCNTs (a) SEM and (b) TEM 

 

.  

Figure 3: Effect of pH on AR88 removal (dose= 3 g/L, C0 = 50 mg/L, time 90 min, temp= 28 ± 2 °C) 

 

 

Figure 4: Effect of adsorbent dosage on AR88 adsorption. (C0 = 100 mg/L, time = 90 min, pH = 3, temp= 28 ± 2°C) 

 

0

0.1

0.2

0.3

0.4

0.5

0

20

40

60

80

100

3 4 5 6 7 8 9 10 11

R
e
m

o
v
a
l%

pH

C
e/

C
0

0

100

200

300

400

500

600

700

0

20

40

60

80

100

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

%
 R

em
o

va
l

Adsorbent dose(g/L)

% Removal qe

q
e(

m
g/

g)



Balarak D et al                                                                           The Pharmaceutical and Chemical Journal, 2016, 3(3):64-70 

 

          The Pharmaceutical and Chemical Journal 

67 

 

Adsorption Isotherm  

Adsorption isotherm models were widely applied to investigate the adsorption process. To better elucidate the 

mechanism of AR88 adsorption onto SWCNTs, three adsorption isotherms including Langmuir, Freundlich and 

Temkin isotherm models were used to fit the  experimental equilibrium adsorption data [41-44]: 
𝐶𝑒

𝑞𝑒
 = 

1

𝐾𝐿𝑞𝑚
×

𝐶𝑒

𝑞𝑚
 

Ln qe = ln KF +
1

𝑛
 ln Ce 

qe = 
𝑅𝑡

𝐵
 ln KT+  

RT

b
 ln Ce 

Where qe (mg/g) and Ce (mg/L) are the equilibrium concentrations of AR88 in the liquid and solid phases, 

respectively; KL (L/mg) represents the Langmuir isotherm constant that relates to the affinity of binding sites which 

describes the intensity of the adsorption process; qm (mg/g) is the theoretical maximum adsorption capacity; KF 

(mg/g) and n are Freundlich isotherm constants which can be regarded as adsorption capacity and intensity, 

respectively; A (L/g), R (8.314 J/mol K), and T (K) are Temkin constant related to equilibrium binding constant, gas 

constant and absolute temperature, respectively. b is heat of sorption, B= RT/b. 

The temperature influence is an important controlling factor in the real applications of the dye removal process. The 

adsorption parameters of Langmuir, Freundlich and Temkin adsorption isotherms models at different temperatures 

of 20 °C, 30 °C and 40 °C were listed in Table 1. The experimental data on AR88 equilibrium adsorption onto 

SWCNTs were fitted by above mentioned three isotherm models. It was apparent that the Langmuir isotherm was 

found to fit quite well with the experimental data of the AR88 on SWCNTs in comparison with Freundlich and 

Temkin isotherm, also having the highest correlation coefficients (R
2
), reflecting that the  adsorption process belong 

to the monolayer adsorption and the adsorption sites are evenly distributed [45-47]. These facts confirm that the 

adsorption of AR88 onto the internal and external surface of SWCNTs involves the monolayer adsorption coverage 

of the AR88 on the surface of the adsorbent. 

The adsorption capacity increased with increase of the temperature, indicating that the adsorption is endothermic, 

which was further explained by evaluation of thermodynamic parameters. The thermodynamic parameters, including 

standard Gibbs free energy change (∆G
0
, kJ/mol), standard enthalpy change (∆H

0
, kJ/mol) and standard entropy 

change (∆S
0
, kJ/mol K) were calculated to gain further insights into the adsorption mechanism of AR88 on the 

SWCNTs. The thermodynamic parameters of adsorption are expressed as [48-49]: 

∆G
0
 = −RT ln K 

ln(K) = 
∆S0

𝑅
 -  

∆H0

𝑅𝑇
    

Thermodynamic parameters were listed in Table 2. It can be seen that the positive values of (∆H
0
 confirmed the 

endothermic nature of the adsorption process. The negative values of ∆G
0
 indicated the adsorptive performance of 

AR88 on the SWCNTs were feasible and spontaneous. 

 

 

 

 

 

 

 

 

Table 2: Thermodynamic parameters for the adsorption of AR88 

 

 

 

 

 

 

 

 

 

Table 1: The adsorption isotherms constants for the removal  AR88 dye 

Tem (°𝑲) Langmuir model Freundlich model Temkin model 

qm KL R
2
 n KF R

2
 B KT R

2
 

293 

303 

313 

214.32 

219.48 

223.71 

0.172 

0.294 

0.375 

0.997 

0.999 

0.995 

2.38 

2.89 

3.45 

45.11 

56.37 

64.25 

0.922 

0.894 

0.907 

69.44 

106.2 

141.5 

0.061 

0.077 

0.095 

0.899 

0.915 

0.937 

Temperature (K) ∆G
0
 (kJ/mol) ∆H

0
 (kJ/mol) ∆S

0
 (kJ/mol K) 

293 -1.85  

12.74 

 

0.014 303 -2.74 

313 -3.36 



Balarak D et al                                                                           The Pharmaceutical and Chemical Journal, 2016, 3(3):64-70 

 

        The Pharmaceutical and Chemical Journal 

68 

 

Conclusion 

The decolorization potential of textile dye AR88 by SWCNTs sorbent has been investigated as a function of initial 

pH, contact time, biosorbent and temperature in a batch system. Maximum dye adsorption capacity at 412.7 mg/L 

was observed at pH 3 and 0.25 g/L of sorbent concentration. The equilibrium data followed Langmuir, Freundlich 

and Temkin isotherm models at 20, 30 and 40 °C. An increase in the biosorption capacity of SWCNTs with 

temperature showed that the decolorization process is endothermic. Results indicated that SWCNTs was an effective 

candidate for textile dye AR88 removal from aqueous solutions. 
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