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4- Chemical precipitation

5- Electro-coagulation-flotation
6- lon exchange

7- Reverse 0smosis
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2- Response Surface Modeling (RSM)
3- Central composite
4- Box-Behnken
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1- Sorption
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6- Quadratic
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Table 1- Values and ranges of design parameters
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1- X-Ray Fluorescence

2- X-ray diffraction (XRD)
3- NaNOs

4- Kinetics

5- Shimadzu
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Table 2- The chemical analysis of sepiolite

mols  SiO2 ARO3 CaO K20 MgO NaxO P20s MnO SOz TiO2 Ni LOI*
(%) 5299 0.16 081 0.09 267 0.09 0 0 0 0 0.11 1.3
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Figure 1- X-ray diffraction pattern of the studied sepiolite

1.13*C+2.29*D+0.93*A*B-0.76*A*C+3.40*A*D-
3.55*A2-1.03*C?
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1- Predicted R-squared
2- Adequate Precision
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Table 3- Box-Behnken design results for sorption of Cd and Pb by sepiolite

o A C D Y1
oAlojl o lows chle B Sg o yad paodls RN
Number of Concentation ! lonic strength <y (Cd) Sobtion
experiment (mg.L*) PH (mol.L%) (Pb) (mg.g*)
1 0 4.5 0.06 Pb 0
2 0 4.5 0.06 Cd 0
3 100 3 0.06 Cd 20.69
4 100 4.4 0.03 Pb 23.28
5 100 3 0.06 Pb 21.62
6 200 6 0.03 Pb 44.59
7 100 4.5 0.03 Pb 23.36
8 100 4.5 0.03 Cd 21.0
9 200 3 0.03 Cd 27.81
10 100 4.5 0.03 Cd 21.72
11 0 6 0.03 Pb 0
12 100 6 0.06 Cd 17.99
13 100 6 0.06 Pb 22.06
14 0 4.5 0.01 Cd 0
15 0 3 0.03 Cd 0
16 100 3 0.01 Pb 22.72
17 200 4.5 0.06 Pb 41.50
18 100 4.5 0.03 Pb 23.13
19 0 4.5 0.01 Pb 0
20 100 4.5 0.03 Pb 23.44
21 200 4.5 0.01 Pb 43.61
22 100 4.5 0.03 Cd 21.50
23 200 4.5 0.06 Cd 26.41
24 0 6 0.03 Cd 0
25 100 6 0.01 Cd 22.40
26 100 4.5 0.03 Pb 2341
27 100 3 0.06 Cd 16.41
28 100 6 0.01 Pb 24.35
29 200 45 0.01 Cd 30.36
30 200 3 0.03 Pb 42.52
31 200 6 0.03 Cd 33.19
32 100 4.5 0.03 Cd 21.08
33 100 4.5 0.03 Cd 20.99
34 0 3 0.03 Pb 0
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Table 4- Results of analysis of variance for second order model of the Cd and Pb sorption by sepiolite

&0 Olago gm0l an ;s Olage ulibe  Foylol Pa bl
Source Sum of squares df Mean square  Fvalue P value
J 5787.96 13 445.23 186.02  <0.0001
Model

A:con clle 5256.78 1 5256.78 2196.32 <0.0001
B:pH wal 10.24 1 10.24 4.28 0.0518
CIS g a8 20.55 1 20.55 8.59 0.0083
D:Element ,ole 179.07 1 179.07 7482  <0.0001
AB 6.93 1 6.93 2.89 0.1044
AC 4.58 1 4.58 1.91 1817/0
AD 185.25 1 185.25 77.40  <0.0001
BC 0.22 1 0.22 0.091 0.7662
BD 1.29 1 1.29 0.54 0.4719
CD 3.19 1 3.19 1.33 0.2620
A2 105.54 1 105.54 4410  <0.0001
B2 0.48 1 0.48 0.20 0.6587
c2 8.74 1 8.74 3.65 0.0704

Residual esle 3L 47.87 20 2.39
Lack of fit _jl, s 47.36 12 3.95 62.56  <0.0001

Pure Error _sslas glas 0.50 8 0.063

Cor-total S ze> 5835.83 33
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Table 5- Results of coefficient of the Cd and Pb sorption by sepiolite

3595 il .
et o dilear,y s
Factor Coefficient (af) Error
estimate

Intercept lus jl jo,e 22.19 1 0.42
A:con clale 18.13 1 0.37
B:pH ayal 0.80 1 0.37
CIS g yié -1.13 1 0.37
D:Element ,ols 2.29 1 0.25
AB 0.93 1 0.53

AC -0.76 1 0.53

AD 3.40 1 0.37

A? -3.55 1 0.51

C? -1.03 1 0.51
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Figure 2- Contour plots of Cd and Pb sorption by sepiolite, (a): the combined effect of pH and concentration at constant ionic
strength 0.03 mol.L™, (b): the combined effect of ionic strength and concentration at constant pH: 4.5, (c): the combined
effect of pH and ionic strength at constant concentration:100 mg.L*
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Figure 3- Cd and Pb sorption from aqueous solutions by sepiolite at pH: 4.5 and ionic strength: 0.03 mol.L™!
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Introduction: Some of the heavy metals such as cadmium (Cd) and lead (Pb) are toxic and represent

hazardous pollutants due to their persistence in the environment. These metals have adverse effects on human
health, which include growth retardation, cancer, damage to the nervous and heart system. Heavy metals can
cause malfunctioning of the cellular processes via the displacement of essential metals from their respective
sites. Mainly heavy metals discharge into the environment from industrial and urban sewage. There are different
methods to reduce water pollution and the removal of heavy metals from water that one of them is sorption by
using organic and inorganic adsorbents such as sepiolite. The low cost of sepiolite along with the high specific
surface area, chemical and mechanical stability, and layered structure have made these clay minerals as excellent
adsorbent materials for the removal of heavy metals from wastewaters. This study aims to investigate the
sorption of Cd and Pb by sepiolite asan inorganic absorbent and optimize process variables (initial
concentration, pH and ionic strength) using Response Surface Methodology (RSM) and Box—Behnken design
(BBD).

Materials and Methods: Response Surface Methodology (RSM)is a statistical method that uses
quantitative data from appropriate experiments to determine regression model equations and operating
conditions. RSM is a collection of mathematical and statistical techniques for modeling and analysis of problems
in which a response of interest is influenced by several variables. A standard RSM design called Box-Behnken
Design (BBD) was applied in this work to study the variables for sorption of Cd and Pb by sepiolite from
aqueous solution using a batch process. BBD for three variables (initial Cd and Pb concentrations, pH and ionic
strength), each with two levels (the minimum and maximum), was used as an experimental design model.
Sepiolite sample used in this study was taken from a mine in Fariman region, northeastern Iran. In the
experimental design model, initial concentration (0-200 mg L), pH (3-6) and ionic strength (0.01-0.06 mol L)
were taken as input variables. Design-Expert program was used for regression and graphical analysis of the data
obtained. The optimum values of the selected variables were obtained by solving the regression equation and by
analyzing the response surface contour plots. The variability independent variables were explained by the
multiple coefficients of determination, R? and the model equation was used to predict the optimum value and
subsequently to elucidate the interaction between the factors within the specified range.

Results: The results showed that the sorption of Cd and Pb intensified by increasing initial concentration and

pH but ionic strength had an inverse effect. The sorption of Pb and Cd ions onto the sepiolite minerals were
lowest at pH =3 and 1S=0.06 but increased with an increase in pH and initial concentration of the solution. High
value for R? (0.99) and adjusted R? (0.99) showed that the removal of Cd and Pb can be described by the
response surface method. One-way ANOVA showed (p< 0.0001) that the quadratic model is the best model for
determining the interaction variables. According to optimization results, the sorption of Cd and Pb are
maximized when pH: 6, concentration: 200 mg.L™? and ionic strength :0.02 mol.L%. The predicted adsorption at

these settings for Pb and Cd are 44.4 and 34.28 mg.g?, respectively. It was found that the initial concentration is

the most effective parameter in the sorption of Cd and Pb by sepiolite. Sepiolite adsorbed more lead ions than
cadmium ions from aqueous solution.

Conclusion: Response surface methodology using BBD, proved a very effective and time-saving model for
studying the influence of process parameters (pH, initial concentration and ionic strength) on response factor
(sorb). This model significantly reduces the number of experiments and hence facilitating the optimum
conditions. The experimental values and the predicted values are in perfect match with an R? value of 0.99. The
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high correlation coefficient between the model and experimental data (R>=0.99) showed that the model was able
to predict the removal of Cd and Pb from aqueous solution by using sepiolite. The model revealed that
concentration, metal type and pH were the most effective parameters on the response yield (adsorption by
sepiolite), respectively. According to the results, sepiolite showed a greater efficiency for sorption of Cd and Pb
from aqueous solution, also usage of sepiolite as an inorganic absorbent due to its low cost and abundance can be
economically justified.
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