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Objectives: Increasing use of colored materials in various industries and their discharge into 
the environment through industrial wastewater, can create many problems for humans and 
other beings. In the present study, the effect of removing Reactive Blue 21 (RB 21) dye using 
Multi-Wall Carbon Nanotubes (MWCNTs) as adsorbent is studied.

Materials & Methods: The research was carried out on a laboratory scale and in a discontinuous 
system. Factors affecting dye removal such as pH, adsorption dose, concentration of dye and 
contact time were investigated. Also two Langmuir and Freundlich isotherms were studied 
in different concentrations of dye. UV-visible spectrophotometer was used to determine the 
dye removal. It should be noted that all experiments were carried out at 25°C.

Results: Regarding the results in an environment with pH=3, in 30 minutes time, with 0.05 g/L 
of adsorbent (MWCNTs) to remove 50 mL of RB 21 dye with a concentration of 40 ppm, the 
best adsorption and maximum dye removal was obtained as 81%.

Conclusion: According to the results of the experiments, it was found that MWCNTs are very 
suitable for comparison with other synthetic adsorbents used to remove RB 21 dye.
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1. Introduction

he entry of dyes waste from various in-
dustries such as textiles, paper, leather 
and plastics is one of the environmental 
problems. Toxicity of this group of sub-
stances brings irreparable damage to the 

environment, humans and other living organisms [1, 2]. 
In addition, the effluent produces irreparable effects by 
preventing the penetration of light into the water and 

disturbing the photosynthesis process in aquatic eco-
systems [3]. Due to their toxic properties, mutagenesis 
and carcinogenicity, some of the colors or their com-
binations resulting from their decomposition require 
further research to be removed from the environment. 

Reactive dyes are one of the most widely used dyes in 
the textile industry. Reactive dyes have high molecular 
weight and aromatic rings. As a result, they have more 
stability, and their removal from wastewater is more 
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difficult [4, 5]. So far, various chemical, biological, and 
physical methods have been used to separate dyes from 
different types of wastewater [6].

The most commonly chemical methods used to remove 
dyes include coagulation, preconcentration, advanced 
oxidation, and electrochemical. One of the problems of 
chemical methods, such as coagulation is the high solubil-
ity of colors in aqueous solutions [7]. Also, the removal ef-
ficiency is usually low in biological methods that use fungi 
and bacterial types. Among the physical methods, absorp-
tion is the most important one which is used for removal 
dyes [8]. In this method, various adsorbents such as acti-
vated carbon [9, 10], bentonite [11], nanoclays, chitosan 
[12], montmorillonite [13] and carbon nanotubes [14-21] 
have been used to remove dyes. In the present work, for 
the first time, Multi-wall Carbon Nanotubes (MCNTs) was 
used for removal of reactive blue 21 and studied the effec-
tive factors on the adsorption of this type of dye on the 
surface of the nanotubes.

2. Materials and Methods

The reactive blue 21 dye was investigated in this study 
with a molecular weight of 1079.549 g /mol and the 
chemical formula C40H25CuN9O14S5 (provided by Alvan 
Company of Hamadan, Iran). The chemical structure 
of this material is shown in Figure 1. MWCNTs was pur-
chased as adsorbent with purity greater than 95%, 20-
30 nm in diameter, specific surface of about 1315 m2/g, 
inter-shell distance of about 0.34 nm and in the planer 
sheet about 0.142 nm (from American Cheap Tubes Inc.). 

In order to investigate the effect of pH on the dye re-
moval rate, the pH meter of Zag Chemieh Company from 

Iran was used. For pH adjustments, the sulfuric acid 0.1 
M and sodium hydroxide 0.1 M (purchased from Merck 
Company from Germany) were used. The digital scale ex-
tend model of Taiwan was used to measure the material 
with a precision scale of 0.001 g. In order to homogenize 
the solutions, the Heater Stirrer (made in USA) was used. 
To isolate from the centrifuge, the EBI20 model of the 
Hettich Company in China was used. A single-radiation 
UV-visible spectrophotometer (UV-2100PC, JENUS, Chi-
na) was used to determine the amount of dye removal.

Calibration curve

In order to prepare the standard solution, the first 
mother solution (1000 ppm) was made, then other so-
lutions were prepared by diluting this solution. For the 
curve calibration, solutions containing concentrations 
of the stock solution were made (Figure 2). For each so-
lution, the adsorption displayed on the UV-visible spec-
trophotometer was read at maximum wavelength (The 
maximum wavelength for the RB 21 dye was obtained 
at 343 nm). Also, to determine the percentage of dye 
removal efficiency of aqueous solutions using MWCNTs, 
Equation (1) was used:

(1) %R=[ ]×100 
(Cp-C0 )

C0

Where R is dye removal efficiency, Cp is the concentra-
tion of residual dye after addition of adsorbent and is 
the primary dye concentration in aqueous solution.

The RB 21 adsorption capacity was calculated by 
Equation (2):

(2) qe= ×V
(C0-Ce)

M
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Figure 1. Chemical structure of reactive dye blue 21
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Figure 2. Calibration curve for RB 21 dye in a concentration range 
of 10 to 100 ppm
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Where Ce is equilibrium concentration, M is MWCNTs 
in mg/mg and V is the volume of solution required.

Investigating isotherms of the dye removal process by 
adsorbent

The adsorption isotherms are used to describe how pol-
lutants react with adsorbent materials. Isotherms usually 
indicate the relation between dyes adsorbed mass at 
constant temperature with adsorbent mass in equilibri-
um. The isothermal equations used to analyze the exper-
imental data and describe the equilibrium in adsorption 
are Langmuir and Freundlich isotherms. These models 
are usually used to provide a view of the mechanism, 
surface properties and adsorption tendency. Equation 
(3) was used to calculate Langmuir isotherm:

(3) 

Where qe is the equilibrium adsorption capacity, Ce is the 
equilibrium concentration, qmax is the maximum adsorption 
capacity and b is the correlation coefficient [22].

Also equations (4) and (5) was used to calculate the 
Freundlich isotherm.

(4)

(5)

Where Kf and n are the Freundlich constants that relate to 
the adsorption capacity and the adsorption intensity [23].

Investigating surface adsorption kinetics

In order to provide information on the factors affecting the 
reaction speed, it is necessary to determine mechanisms for 

controlling the adsorption process, such as surface adsorp-
tion, chemical reaction and kinetic evaluation penetration 
mechanisms. First and second order kinetic models are wide-
ly used in resources for the adsorption process. The first-or-
der kinetic model shows that penetration occurs from within 
a layer and based on solid capacity while the second-order 
kinetic model shows that the chemical adsorption is a mod-
erator speed step which controls the adsorption processes 
and based on adsorption on a solid phase. The kinetic model 
of the first-order equation is as follows:

(6) 

Where qe is amount of absorbed material on MWCNTs 
in equilibrium (mg/g), qt is the amount of adsorbed mate-
rial at t time and K1 is equilibrium constant kinetic of the 
first order (L/min). The kinetic model of the second order 
equation is as follows:

(7) 

Where K2 is equilibrium constant kinetic of the second 
order (L/min) [24].

3. Results 

Effect of pH on dye removal

One of the parameters that can effect on the dye removal 
rate of the adsorbent is the pH of the test solution. There-
fore, to evaluate the effect of pH, 50 mL of RB 21 dye solu-
tion (40 ppm) was used. By adding the appropriate amounts 
of HNO3 and NaOH 1.0 M solution, the pH of solutions was 
adjusted within the range of 2 to 10. Then, the amount of 
0.05 g of MWCNTs as adsorbent was added to each of the 
desired solutions and each of the solutions was placed on a 
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Figure 3. The effect of pH on the percentage of removal of RB 21 
dye (40 ppm) by MWCNTs (0.05 g)
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Figure 4. Effect of MWCNTs dosage on the percentage of removal 
of RB 21dye (40 ppm)
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magnetic stirrer for 60 minutes at the laboratory tempera-
ture. The samples were then separated by centrifuge and fil-
tered with filter paper. Finally, the adsorption of all solutions 
was measured by UV-visible spectrophotometer and com-
pared with the initial absorbance (before adding adsorbent 
to color solution). Then the removal percentage was plotted 
as a function of pH in the range of 2-10 (Figure 3). 

Effect of adsorbent dosage on dye removal

The effect of adsorbent dosage on different levels of MW-
CNTs (0.1, 0.2, 0.04, 0.06, and 0.07 g) was investigated on RB 
21 dye. In each experiment, 50 mL of dye solution with an 
initial concentration of 40 ppm was used. The experiments 
were carried out at room temperature at constant stirring 
speed for 60 minutes. The results are shown in Figure 4. 

Effect of initial dye concentration on dye removal

To investigate the effect of dye solution concentration 
on dye removal efficiency by MWCNTs as adsorbent, 5 

samples of 50 mL solution of dye solution at concentra-
tions of 40, 80, 100, 150 and 200 ppm were prepared. 
All experiments were carried out at ambient tempera-
ture (25°C) with a constant stirrer for 60 minutes. 

Effect of contact time on dye removal

Another factor influencing the amount of dye re-
moval by adsorbent is adsorbent contact time with 
dye solution. The contact time effect on the dye ad-
sorption process was carried out at 0.05 g of adsor-
bent at ambient temperature (25°C) on 50 mL of 40 
ppm solution of RB 21 dye with a constant stirrer for 
5 to 90 minutes. 

Investigating isotherms of the removal dye process by 
adsorbent

The two models were used to examine the isother-
mal adsorption of RB 21 dye on MWCNTs (Figures 7 
and 8). 
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Figure 6. Investigating the effect of contact time on RB 21 dye re-
moval (40 ppm) by MWCNTs (0.05 g)
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Figure 8. Freundlich isotherm chart for RB 21 dye removal by MW-
CNTs
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Figure 5. Effect of the concentration of dye RB 21 on dye removal 
by MWCNTs (0.05 g)
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Investigating surface adsorption kinetics

By drawing the diagram ln (qe-qt), in terms of time, the 
constancy and R of the equation were calculated. Figure 9 
represents the graph of the first-order equation. By draw-
ing t/qt in terms of the time constants and R equation were 
obtained through the second-order model (Figure 10).

4. Discussion

According to the results, the best removal rate of dye 
at pH=3 was obtained and the highest adsorption effi-
ciency was in acidic pH. In addition, with the increase in 
the pH value, the efficiency of the adsorption process 
decreases significantly. It seems that the OH groups play 
an important role on the MWCNTs surfaces. So that in 
a pH of higher than 3, the bond between OH groups 
on the MWCNTs surfaces increases. This leads to an in-
crease in negative charge at the MWCNTs surfaces and, 
as a result, reduces the efficiency of dye removing at a 
pH higher than 3 [25].

Based on the results, when the amount of MWCNTs 
ranged between 0.01 and 0.05 g, the dye remove percent-
age increased from 60% to 81.5% and after that, no sig-
nificant change was found. So the optimal amount in this 
experiment was 0.05 in each sample. By increasing the ad-
sorbent dosage, the removal efficiency increased (Figure 
4), because the number of active sites that can eliminate 
the molecules of dyes increase. According to Figure 5, the 
dye removal efficiency decreased with increasing dye con-
centration. At a concentration of 40 mg/L, the highest dye 
removal percentage was observed (81.5%). Because the 
adsorbent active sites are fixed, the percentage of adsorp-
tion decreases by increasing the dye concentration. 

The results are shown in Figure 6. Whatever the con-
tact time between the adsorbent and dye is longer, the 
dye substance finds more time to create more effective 
collisions, resulting in increased adsorption. In 30 min-
utes, the highest removal efficiency was obtained (81%). 
Based on the obtained results for this dye, the change 
in time from 30 to 90 minutes did not have a significant 
effect on dye adsorption [26]. By drawing the Langmuir 

Figure 9. First-order order equation graph
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Table 1. Constants parameters and correlation coefficients (R2)

LangmuirFreundlich

abR2nkfR2

0.0272000.99251.511.90.9908

Table 2. Constants of kinetic absorption equations

qeKR2Equation

0.780.810.044First-order equation

35.080.0120.99Second-order equation
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and Freundlich curves and calculations performed using 
relationships the coefficients of these isotherms can be 
calculated for comparison. These coefficients are pre-
sented in Table 1. According to the calculated coefficients 
(R2) in Table 1, the removal of dye matter by multiple car-
bon nanotubes follows Langmuir’s isotherm. In Table 2, 
the constants of linear kinetic forms have been reported 
for the first and second order equations.According to 
the values of R2 obtained from the experimental results 
summarized in Table 2, the kinetic adsorption process 
has a good fit with the second order equation. 

5. Conclusion

Due to the adsorption efficiency of the reactive Blue 
21 dye by multi-wall carbon nanotubes in a discontinu-
ous system depends on the process variables such as 
pH, adsorbent amount, contact time, and initial dye 
concentration. The best dye removal conditions were 
calculated by changing each of the listed variables (one 
at the time method). The results were showed that the 
highest removal of RB 21 dye for 50 mL of solution dye 
with concentration of 40 ppm at pH=3 with adsorbent 
dose of 0.05 g and contact time of 30 minutes at labo-
ratory temperature was 81.53%. According to the re-
sults of the experiments, it was found that MWCNTs 
are very suitable as compared to other natural adsor-
bents used to remove the RB 21 dye. In this study, two 
Langmuir and Freundlich isotherms were investigated 
in different concentrations. The results showed that 
dye adsorption follows Langmuir model. Also, the re-
sults of the kinetic adsorption process showed that it 
followed the second-order model.
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