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Abstract- The main aim of this study is to utilize the response surface methodology for adsorption optimization of the Basic 
Red 46 dye using a novel adsorbent (functionalized multi-walled carbon nanotubes). According to the optimization model, 
the predicted value of the selected parameters for optimum conditions (maximum Basic Red 46 removal efficiency) were as 
follows: contact time= 76 min, initial pH= 9, adsorbent dose= 0.05 g/L and initial dye concentration= 105 mg/L. Under this 
condition, the dye removal efficiency was predicted to be 96.3%, which was relatively close to the experimental results 
(95%). Based on the analyses of variance results, the model presented a high R2 value of 95.12% for adsorption of the 
selected dye using multi-walled carbon nanotubes, which confirmed the model reliability. 
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I. INTRODUCTION 
 
Synthetic dyes are among important types of water 
pollutants considering their large scale production, 
usage and toxic/ mutagenic nature [1, 2]. Basic Red 
46 (BR46) is a synthetic basic dye imparting red 
color in aqueous solutions. BR46 a suspected 
carcinogen, is widely used in textile, paper and 
printing industries. Like other synthetic dyes, BR46 is 
also discharged into the surface waters both during its 
manufacture and from the dyeing industries, which 
endangers both water consumers and the 
environment. Human exposure to BR46 may cause 
dermatitis, it also has harmful health effects to the 
fauna [3]. 
 
There are a lot of methods that can be used for dye 
removal from dye-containing wastewater. Among 
them, adsorption process is most preferable due to its 
convenience, ease of operation and design simplicity 
[4]. Different types of adsorbents including: mixtures 
of dried sewage sludge and sewage sludge ash [4] 
activated carbon from pomegranate residue [5], pulp 
and paper sludge [6], wood waste [7] and natural 
untreated clay [8] were used for dye removal from 
aqueous solutions. 
 
The low adsorption capacity of used adsorbents for 
dye adsorption have made researchers look for new 
kinds of adsorbents. In recent years, researchers 
claimed that nano adsorbents have a magnificent 
adsorption capacity for dye adsorption [9]. Carbon 
nanotubes are among new nano adsorbents, which 
their superior hydrophobicity, high specific surface 
area and hollow and layered structures make them 
particularly promising adsorbents [10]. There are 
some investigations toward the BR46 adsorption by  

 
different kinds of adsorbents. Among them, only 
Moradi [19] evaluated the capacity of nano 
adsorbents for BR46 adsorption by single-walled 
carbon nanotubes. So far, there is no available 
information in the literature about using multi-walled 
carbon nanotubes for BR46 adsorption. 
 
Numerous types of experimental design methods 
have been employed in multivariable process 
optimizations. The experimental design method 
provides statistical models for process variable 
optimization that help comprehend the interactions 
among the process variables and their influence on 
the dependent variable. Another significant advantage 
of using statistical models in process optimization is 
that it demands a fewer experiments to be done, in 
this regard, required time and cost is minimized [11]. 
These techniques include comprehensive 
mathematical principles in designing the processes 
and analyzing the process results. Response surface 
methodology (RSM) is a practical method for 
studying the effect of several variables affecting the 
responses by varying them instantaneously and 
performing a limited number of experiments [12,13]. 
According to the best of our knowledge, there is no 
information available in the literature regarding the 
optimization of BR46 adsorption by functionalized 
multi-walled carbon nanotubes, having covalent 
attachments of carboxylic groups (MWCNT-COOH). 
Therefore, we have undertaken the study of the BR46 
dye adsorption by MWCNT-COOH adsorbent 
through the experimental design and optimization of 
the process variables using the response surface 
methodology (RSM) approach. The operating 
variables including: contact time, solution pH, 
adsorbent dose and initial dye concentration were 
optimized in the present study. 
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II. MATERIALS AND METHODS 
 
In this study, the MWCNT-COOH was purchased 
from the Neutrino Corporation in Tehran, Iran. The 
characteristics of this adsorbent are as follows: the 
outer diameter=10-20 nm, the inner diameter=5-10 
nm, maximum length=30 µm, carboxyl functional 
group percentage (wt) = 2%, purity>95%, the ash 
percentage (wt) <1.5% and specific surface area=200 
m2/g [14]. The dye solution was prepared by 
dissolving Basic Red 46 which was purchased from 
the Alvan Sabet Company, Iran, and is extensively 
used by textile, paper and printing industries in Iran. 
The chemical structure and characteristics of BR46 
are presented in Table 1. 
Table 1: The Basic Red 46 chemical structure and 

characteristics 

 
 
A 1000 mg/L dye stock solution was prepared in 
double-distilled water and then diluted to obtain the 
desired concentrations. The solution pH was adjusted 
using 1N HCl or 1N NaOH. pH measurements were 
carried out using a 340i/SET pH-meter (WTW-
Germany). 
Adsorption experiments were performed by adding 
100 ml of the dye solution to 250 ml Erlenmeyer 
flasks. Then, the flasks were put into an ultrasonic 
bath device (SW1H, Sonoswiss Company, Swiss) for 
3 min in order to disperse the MWCNT-COOH. After 
that, solution and adsorbent were agitated by a 
standard shaker (Edward Buhler Company, Germany) 
at 150 rpm agitation speed. All samples were 
centrifuged at 6000 rpm for 10 min prior to analysis 
using a centrifuge (EBA21, Hettich Company, 
Germany). The dye concentrations were measured 
using a HACH spectrophotometer (DR/4000, USA) 
at 530 nm corresponding to the maximum absorbance 
for BR46. The dye removal percentage was 
calculated by the equation (1): 

 
where, 0ܥ and ݂ܥ mg/L are the initial dye 
concentration and concentration at time t, 
respectively, and R is the dye removal percentage. 
The adsorption studies were carried out at room 
temperature (25±1 (˚C)). 
The optimum dye removal condition was determined 
using a central composite design (CCD). According 

to 24 full factorial CCD, 31 experiments including 16 
factorial experiments, 8 axial experiments and 7 
replicates were carried out. The α value for 
rotatability is based on the point's number in the 
design factorial portion, which is given in equation 
(2) [5,6]: 

 
where NF is the number of points in the cube portion 
of the design (NF=2k, k is the number of factors). 
According to the experimental pretests, a precise 
range of contact time, initial pH, initial dye 
concentration and adsorbent dose prior to 
experimental designing were determined to reach the 
maximum BR46 removal efficiency. Experiments 
were carried out through altering a single parameter 
while all other factors were kept fixed. According to 
the obtained experimental data, levels of the 4 main 
parameters are presented in Table 2. 
Table 2: The parameter's levels for experimental 

design by RSM 

 
 
For statistical calculations, the variables Xi were 
coded as xi according to the following equation (3) 
[15,16]: 

 
where X0 is the value of Xi at the center point and ܺߜ 
represents the step change. The response for the 
quadratic polynomial is described in equation (4) 
[17,18]: 

 
where, Y is the predicted response (BR46 removal 
efficiency in the present study), b0 is the constant 
coefficient, bi are the linear coefficients, bii are the 
quadratic coefficients, bij are the interaction 
coefficients and xi, xj are the coded values of the 
variables. The experimental design results were 
studied and analyzed by statistical software, Design-
Expert 7.0.0 to optimize the variables in the 
adsorption process and reach the maximum dye 
removal efficiency. The model statistical significance 
was justified through analysis of variance (ANOVA) 
for the polynomial model with 95% confidence level 
and residual plot was used to examine the integrity of 
model's fit. The fit polynomial model quality was also 
expressed with the coefficient of determination, R2. 
 
III. RESULTS AND DISCUSSION 
 
In order to study the parameters’ effects, the 
experiments were done based on different 
combinations of the parameters using statistically 
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designed experiments. The experimental results 
corresponding to the BR46 removal efficiency are 
presented in Table 3. 

 
Table 3: The RSM design and results 

 
 
The assessed regression coefficients and 
corresponding P-values for the BR46 removal 
efficiency were acquired using experimental data are 
presented in Table 4. 

Table 4: ANOVA and the RSM design and 
experimental results 

 
 
Based on the RSM results, an empirical relationship 
between the response and independent variables was 
attained and presented by the following polynomial 
equation (5). 

 
As shown in Table 4, the experimental design 
regression analysis for MWCNT-COOH indicated 
that the significant terms were as follows: x1, x2, x4, 
x12, x22, x42, x12x2 and x1x22 (P < 0.05). Analysis 
of variance (ANOVA) was also done to validate the 
adequacy of the model. ANOVA for the quadratic 
model for BR46 dye removal is shown in Table 4. At 
close to 1, R2-value is acceptable and ensures a 
quadratic model satisfactory adjustment of the 
experimental data. Based on the ANOVA results, the 
model presents high R2-value of 95.3% for the BR46 
dye removal using MWCNT-COOH and indicates 
that the accuracy of the polynomial model was 
desirable. Also the adjusted R2-value was 92%, 
which was high and close enough to the R2-value that 
guarantee a satisfactory adjustment of the polynomial 
model for the experimental data. Fig.1. shows the 
predicted values versus the experimental values for 
the dye removal. As shown in Fig.1. the predicted 
values were quite close to the experimental values, 
indicating that the used model in this study was 
successful. 
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Fig.1. Predicted versus experimental dye removal efficiency 

 
The fitted value versus residual plot and the normal 
probability plot for MWCNT-COOH are also 
presented in Fig.2. The normal probability plot is a 
convenient graphical method for judging the residuals 
normality [6]. Based on Fig.2(A). the normality 
assumption was reasonably satisfied as the points in 
the plot formed a fairly straight line. Moreover, the 
model fit reliability was inspected by the fitted value 
versus residual plot. Fig.2. was also depicted to 
demonstrate that the model is acceptable to describe 
the BR46 removal by MWCNT-COOH using 
response surface methodology. 
 

 
Fig.2. Normal probability Plot (A) and Residuals versus Fitted 

Value (B). 
 
In order to have an explanation of the independent 
variables and their interactive effects on the dye 
removal, 3D plots are shown in Fig.3. At a constant 
initial dye concentration (150 mg/L) and 0.2 g/L of 
the adsorbent, when the contact time and initial pH 
increased, the dye removal efficiency increased 
(Fig.3(a).). Moreover, as displayed in Fig.3(b). BR46 
removal efficiency increased with the increase of the 
adsorbent dose. In contrast, as initial dye 

concentration decreased, BR46 removal efficiency 
increased (Fig.3(c).). 

 
 

Fig.3. Surface plots as a function of contact time and pH with 
adsorbent dose of 0.2 (g/l) and initial dye concentration of 150 

(mg/l) (a); contact time and adsorbent dose with pH=8 and 
initial dye concentration of 150 (mg/l) (b); contact time and 

initial dye concentration with pH=8 and adsorbent dose of 0.2 
(g/l) (c). 

 
CONCLUSION 
 
In this research, an experimental design (response 
surface methodology) was carried out to investigate 
the optimum conditions for the BR46 dye removal 
from aqueous solutions using multi-walled carbon 
nanotubes, having carboxylic functional 
groups (MWCNT-COOH). The effect of four 
adsorption variables including: contact time, initial 
pH, adsorbent dose and initial dye concentration was 
examined and the optimum conditions were predicted 
by the model as follows: contact time= 76 min, initial 
pH= 9, adsorbent dose= 0.05 g/L and initial dye 
concentration= 105 mg/L along with dye removal 
efficiency of 96.3%. Finally, the model presented a 
high R2 value of 95.12%. Consequently, it can be 
concluded that RSM is a powerful statistical method 
for modeling and optimization of the BR46 
adsorption using a novel functionalized MWCNT-
COOH. 
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