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1. Introduction 
The presence of organic dyes in aqueous environments such as livers and lakes can cause 
detrimental effects on such environments due to the reduction in light penetration and 
photosynthesis [I). Moreover, the presence of dyes in aqueous environments adversely 
affects their aesthetic nature [2). There are many technologies to remove organic dyes from 
industrial effluents including biological, adsorption, membrane, coagulation- flocculation, 
ozonation and advanced oxidation processes. Because of low biodegradability of organic 
dyes, conventional biological treatments are not efficient enough to degrade organic dyes 
and treat colored wastewaters; thus, organic dyes in aqueous solutions are degraded or 
removed through physicochemical processes (3). Among physicochemical treatment 
methods, the adsorption process using solid adsorbent has been found to be an efficient and 
economic method [3). Montmorillonite is one type of clay materials, which exists in most 
soils abundantly (4]. In recent years, the application of montmorillonite for treating polluted 
aqueous environments has been widely investigated by many researchers (5,6). According 
to above-mentioned statements, we studied the capability of montmorillonite for the 
adsorption of Basic Yellow 2 (BY2) dye. 
To vigorous ly evaluate the efficacy of the montmorillonite for the adsorption of BY2, 
response surface methodology (RSMi based on central composite design (CCD) was used 
to investigate the effect of diffeFt operational parameters including initial dye 
concentration, adsorbent dosage, temperature and reaction time on decolorization in batch 
flow mode reactors due to its advantages in comparison with conventional statistical 
approach. 

2. Experimental 
2.1.,Reagents 
The inorganic ctay, used in this study, was K-1 0 grade montmorillonite purchased from 
Sigma-Aldrich Co. (USA) with a surfllce area of 279.27 m2/g. The chemical composition 
(wt%) of the c\1)1 sample (main .clements) was detennined by Rigaku RIX-3000 X-ray 
fluorescence Jf!ctt.ometry (RigakU Corporation, Japan). The cation-exchange capacity 

(CEC) o~clay i\ determined by the ammonium acetate method [7] as 120 meq/100 g. 
The mont "llonite\:Jay with above-mentioned specifications was utilized to remove BY2 
from aque solutio~. The dye was purchased from Shimi Boyakhsaz Company, Iran and 
used witho any purl{ication. The characteristics of the dye are shown in Table I. All 
chemicals us in the ~esent investigation were of analytical grade purchased from Merck, 
Gennany. 
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2.2. General cedure 
To carry out adsorption experiments, I 00-mL glass-stoppered round-bottom flasks 
immersed in a thermostatic shaker bath were used. The initial pH was adjusted with 
concentrated HCI and NaOH solution and measured by a WTW inoLab pH meter (WTW 
Inc., Weilheim, Gennany). The pH meter was standardized with buffers before every 
measurement. At the end of each experimental run, the supernatant was withdrawn and 
centrifuged for 5 min at 6,000 min-I. The residual BY2 in the solution was measured with a 
YariJ!!! C~O UV spectrophotometer at A...,, of 432 nm. The color removal {%) by 
adsorption °'f' montmorillonite was estimated through Eq. (I): 

Color removal (CR(%)) • [ 1-(C/C, )) x 100 ( I) 

where C0 and Care the dye conc~ations at time 0 and t, respectively. 

2.3. Experimental design 
RSM based on CCD was used to optimize the removal of BY2 by the adsorption onto 
montmorillonite nanoclay. In recent decade, RSM has been util ized to assess interactive 
effects of different operational variables in various biochemical and chemical processes. For 
this reason, RSM method is very practical than the conventional one-factor-at-a-time 
strategy . To analyze the efficacy of the process for re moving BY2 through RSM, Design­
Expert software was applied. The effect of four main variables influencing the color 

\ 

removal was evaluated: the initial dye concentration (mg/L), the adsorbent dosage (g/L), 
temperature ('C) and reaction time (min). The number of experiments was calculated 

t
rough Eq. (2): 

N • 2• + 2k +Xo (2) 
here N, k and Xo are the number of experiments, the number of variables and the number 

of central points, respectively. According to Eq. (2), the total number of experiments was 
obtained to be 31 (k -4, x., • 7). The selected variables (X;} were coded as x.; according to 
Eq. (3): 

"t • (x;-X.,)/Sx (3) 
arc the values of xi 11 the center point and step change, respectively . The 
of the selected variables are represented in Table 2. 
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3. Results and Discussion 
3.1. Model results for the removal of BY2 by montmorillonite 
An empirical mutual relationship between the response (CR(%)) and independent studied variables 
was obtained using Design-Expert software and is shown through Eq. (4): 

Y (CR (%)) - 98.78- 0.S2x1+1 .6Sxi-0.063XJ+ 0.047x.a+ 1 . 13x1~ + 0.023x i:iu -O.OISx1x.t -

0.1 SXlXl - O.OSSXlX.t + 0.026XJx.t - 0.44x 1~ - 0.9lx~ + 0 .022x.1l - 0.043x..i~ (4) 

One of the most important approaches to test the adequacy and reliability of the statistical model is 
perfonning analysis of variance (ANOVA). Thus, AN OVA was per formed for the adsorption of 
BY2 onto nanoclay and its results are provided in Table 3. In this manner, the significance and 
suitabili ty of the model was controlled by the obtained correlation coefficient (R2) and adjusted R2 

between the experimental and predicted values of the CR (%). The closer the correlat ion coefficient 
value is to I, the better it predicts the detennined response. An obtained correlation coefficient of 
0.972 indicates that 97.2% of the variations for BY2 removal (%) are explained by the applied 
model and the model does not explain only 2.8% of the variations. Adjusted R2 is also a good tool 
to check the adjustment of the experimental results to the predicted values. According to Table 3, 
the value of adjusted R2 was found to be 0.949. Therefore, it seems that there is not a significant 
difference between R2 and corresponding adjusted R2• This indicates a good fitness between the 
predicted results by the models and corresponding experimental results. 

T$thh• .l. Annlysis of variance (ANOVA) for th~ awborp1iono ffiY:2 nnto mn ntmoritlonite. 

Sota-Cf' 
Rnmnf D•Jl'Onf 

Mf'~m sqmu'f' £..\'MIUf' p·vnhtf' 
~crunH ft'f'f'dom 

R~gtt'Slion 133.08 14 9 .S l 40 .73 <0.0001 
Residuals 3 .73 16 0.23 
Pure error 0.081 0.013 
Total 136.81 JO 

R= •0.9 72,adjuatf'<IR! - 0 .9.tP 

In addition, the significance and adequacy of the model can be checked by F-value and p-value. 
The larger F-value together with smaller p-value indicates the suitability of the models. The F­
value of 40.73 and the p-value of <0.0001 demonstrated the adequacy of the model for predicting 
the BY2 removal(%) as response (Table 3). 

3.2. Interactive effects of the studied variables 
Response surface and contour plots can be used to assess CR (%) according to a polynomial 
function. In this approach, two variables were constant and the other two variables would be varied. 
Three-dimensional surf.tee and contour plots are graphical representation of regress ion equation for 
the optimization of reaction conditions and are the most useful approach in revealing the conditions 
of the reaction system. The results of the relation between independent variables and dependent 
variable (response) are shown in Fig.I. 

Fig. t. The response surface (30) and contour (20) plots of the dccoloriz.ation efficiency(%) as the function 
of initial dye concentration (mglL), adsorbent dosage (gfL), temperature {°C) and reaction time (min). 
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