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1- Response Surface Methodology (RSM)
2- Design of Experiments (DOE)
3- Central Composite Design (CCD)
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1- Step Change
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Table 1. Range of independent variables used in the modeling processes.

TR 555 o o i
(Range and values) (Factor) (Independent variable)

-2 0 +2 Xi

2 6 10 X, (OH) <

1 13 25 %o (mgl™) (Cu concentration) .. <Ll

5 15 25 X3 (gl™)(Sawdust dosage) o, Sl =Lle

5 95 185 X4 (min) (Time) ol
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Table 2. Central composite design matrix for coded and uncodedvariables.

(Coded and uncodedvariables) W e #3155 0l 4S 5lis

(A)3) ot B> o o) S e o ki ol oled

Cu Removal (Tim) (Sawdust dosage) (Cu concentration) pH Run
83.08 0(95) 0 (15) 0(13) 0(6) 1
83.08 0(95) 0(15) 0(13) 0(6) 2
88.06 0(95) 0(15) -2(1) 0(6) 3
68.44 -1 (50) -1 (10) -1(7) 1(8) 4
73.94 0(95) 0 (15) 2(25) 0(6) 5
92.07 2 (185) 0 (15) 0(13) 0 (6) 6
81.09 1(140) 1(20) 1(19) -1(4) 7
65.90 -1 (50) -1(10) -1(7) -1(4) 8
63.52 -2 (5) 0 (15) 0(13) 0(6) 9
57.65 -1 (50) -1 (10) 1(19) -1(4) 10
94.03 0(95) 2(25) 0(13) 0(6) 11
83.08 0(95) 0(15) 0(13) 0(6) 12
69.50 1 (140) -1 (10) 1(19) -1(4) 13
61.13 -1 (50) -1 (10) 1(19) 1(8) 14
84.52 1 (140) -1 (10) -1(7) 1(8) 15
93.41 1 (140) 1(20) -1(7) 1(8) 16
73.76 1 (140) -1 (10) 1(19) 1(8) 17
83.08 0(95) -2 (5) 0(13) 0(6) 18
83.08 0(95) 0 (15) 0(13) 0(6) 19
84.82 -1 (50) 1 (20) -1(7) 1(8) 20
4359 0 (95) 0 (15) 0(13) 2(2) 21
79.87 -1 (50) 1(20) -1(7) -1(4) 22
83.08 0(95) 0(15) 0(13) 0(6) 23
78.24 -1 (50) 1(20) 1(19) 1(8) 24
86.12 1 (140) 1(20) 1(19) 1(8) 25
83.08 0(95) 0(15) 0(13) 0(6) 26
79.60 1 (140) -1 (10) -1(7) -1(4) 27
79.57 0(95) 0 (15) 0(13) 2(10) 28
87.93 1 (140) 1(20) -1(7) -1(4) 29
73.70 -1 (50) 1(20) 1(19) -1(4) 30
83.08 0(95) 0(15) 0(13) 0(6) 31

Min Glo3 g™ )l S lade g™ o CBale) ol it 0T a3l e Jslas ke (sl 58,0 =1 sloel s
*Numbers in parenthesis represent the real values of each variable (Cu concentration, mgl™; Sawdust
dosage, gl™’; Time, min)
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Cu Removal (%) = 83.079 + 4.464X, — 3.815X, + 5.275X; +

5.790X, — 5.479X? — 0.624X3 + 1.026X2 — 1.043X2 —

0.037X, X, + 0.298X, X, + 0.261X, X, + 2.597X, X5 — ()
1.418X,X, — 1.395X5X,

RZ2=90.8% R2; =82.7%
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Figure 1. Comparison between predicted values and experimental results of Cu removal
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Figure 2. Distribution of CCD model residuals.
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Table 3. Coefficient of the central composite design full quadratic model for prediction of Cu removal.

P o LI

T ol sl Jae gl el L s isu
(Pvalue) (T value) (Coefficients) (Model parameters) (Part of model)
0.000  47.37 83.079 Constant -
0.000™" 4713 4.464 pH _
0.001™  -4.028 -3.815 Cu Concentration P
0.000™  5.569 5.275 Sawdust dosage (Linear)
0.000™  6.303 5.970 Time
0.000™  -6.315 -5.479 pH x pH
0.483™  -0.719 -0.624 Cu Concentration x Cu Concentration i
0.164 " 1.457 1.026 Sawdust dosage x Sawdust dosage (Square)
0.120 ™ -1.644 -1.043 Time x Time
0.975™ -0.032 -0.037 pH x Cu Concentration
0.800 ™ 0.257 0.298 pH x Sawdust dosage »
0.825™  0.225 0.261 pH x Time o
0.009™ 3514 2.597 Cu Concentration x Sawdust dosage (Interaction)
0.020 : -2.360 -1.418 Cu Concentration x Time
0.021 -2.310 -1.395 Sawdust dosage x Time
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Cu Removal (%) = 83.079 + 4.464X, — 3.815X, + 5.275X; +
5.790X, — 5.479X2 + 2.597X, X5 — Q)
1.418X,X, — 1.395X5X,

Sawdust dosage x Time T i
CuConc x Time jmm 142
Cu Conc x Sawdust dosage | —— 7 77
pH x Time | 0.05
pH x Sawdust dosage 1 o006
pH x Cu Conc | 0.00
Time x Time jm 077
Sawdust dosage x Sawdust dosage [ 0.75
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Time 25.22
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e p SU A s
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Figure 3. Pareto graph analysis for independent variables of Cu removal.

1- Pareto analysis
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Figure 6. Response surface plots of the Cu removal as function of pH, contact time (min),
Cu concentration (mgl™) and sawdust dosage (gl™).
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Figure 5. Formation of metal complexes with the functional groups on the sawdust
surface (According to Taty-Costodes et al., 2003).
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Abstract

Background and objectives: The release of heavy metals into the environment,
especially to the water resources is one of the main environmental concerns of the
last few years. Copper is a common heavy metal in agricultural and industrial
activities which significantly contributes to the pollution of surface and ground
water resources. Since copper is a widely used material, its removal from aqueous
solutions is a main challenge in water purification. Sawdust as a cost effective and
locally available bioadsorbent, is a promising material for the removal of heavy
metals especially copper from aqueous solutions. The aim of this study was to
guantitative modeling of the effects of pH, copper concentration, sawdust dosage,
and contact time on the copper removal from aqueous solutions.

Materials and methods: In this study, the sawdust of Populus nigra with grain
size of 250-600 pum, was used as a bioadsorbent for the removal of copper from
synthetic agueous solution. Sawdust sample was washed with distilled water and
dried in the laboratory conditions. The sorption of copper on sawdust has been
studied by using the batch technique. The central composite design was carried out
with aqueous solution of copper containing various concentrations ranging from 1-
25 mgl-1 The ranges of variation for the other variables including pH, sawdust
dosage and contact time are 2-10, 5-25 gl-1, and 5-185 minutes, respectively. At
the end of the each experiment, the equilibrium concentration of the copper was
determined by atomic adsorption spectrometer and the removal percentage of the
copper was calculated from the difference between the initial and equilibrium
concentrations.

Results: The results of the central composite design model demonstrated the high
efficiency (R2= 0.907 and RMSE=3.34%) of the predictive model for copper
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removal by sawdust. Pareto analysis of the central composite design model
indicated that, among four variables, contact time, sawdust dosage, pH and initial
copper concentration shave the highest effects on the copper removal respectively.
Increasing of the pH at the range of 2 to 7, leads to the increase of the copper
removal. The copper removal was also increased at high contact times and sawdust
dosages. There was a negative relationship between the initial copper concentration
and the removal percentage of the copper.

Conclusion: It has been demonstrated that the Populus nigra sawdust can be
considered as a suitable bio adsorbent of heavy metals. The efficiency of the
copper removal by sawdust may be reach up to the 94 percent especially at low
initial concentrations of the copper. Adjusting pH of the solution at the range of 6
to 7 leads to the high efficiency of copper removal by sawdust. Considering the
low cost and availability of sawdust, it can be recommended as a bio adsorbent for
purification of water resources from copper pollution.

Keywords: Water pollution, Heavy metals, Bioadsorbent, Modeling
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