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Table 1 Characteristics of PLS sample taken from
processing plant

Parameter Value
Cd (mg/1) 1.5
As (g/) 4
pH 4.5
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ZPregnant Leach Solution
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Fig. 1 Electrocoagulation unit pilot image: 1.Tickner
overflow, 2. Reactor, 3. Anode input, 4. Voltage
meter, 5. Cathode input, 6. Ampermeter, 7. Power
supply, 8. Sludge, 9. Recovered water
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Table 2 The range of independent variables and
their levels

Numerical variable

Variable (unit) Level
-1 0 1
X,, Ph 5 7 9

Xj, Electrolysis time
(min)

X3, Current density
(A/m?)

30 75 120

10 40 70

*alpha: £1.4142
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Table 3 Process using BBD with answers
Run Xi X2 X3 rerr(lj(‘)jval
No. (min) (A/m?) %)
1 40 75 7 92.14
2 40 30 9 80.22
3 10 75 9 87.31
4 70 30 7 90.37
5 70 75 9 91.32
6 70 120 7 96.88
7 40 75 7 90.41
8 40 120 5 79.41
9 40 75 7 90.76
10 10 75 5 74.62
11 40 30 5 72.51
12 10 30 7 84.91
13 40 75 7 92.04
14 10 120 7 89.67
15 70 75 5 83.43
16 40 75 7 92.55
17 40 120 9 87.65
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Table 4 Variation analysis of cadmium removal process for grade model in surface response

Source Sum of df Mean F-Value p-value Prob Comment
Squares Square >F
Model 719.76 9 79.97 76.06 <0.0001 significant
A-pH 166.81 1 166.81 158.64 <0.0001
B-Time 81.92 1 81.92 77.91 <0.0001
C-Current 81.22 1 81.22 77.24 <0.0001
density
AB 0.070 1 0.070 0.067 0.8035
AC 5.76 1 5.76 5.48 0.0518
BC 0.77 1 0.77 0.73 0.4217
A? 338.03 1 338.03 32148 <0.0001
B? 30.07 1 30.07 28.60 0.0011
C? 10.12 1 10.12 9.62 0.0173
Residual 7.36 7 6.27 R;? 0.9899
Cor Total 727.12 17 Adj. Ry? 0.9769
Std. Dev. 1.03 C.V.% 1.18
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Normal Plot of Residuals
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Cadmium Removal
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Fig. 2 Distribution diagrams of the normal

probability of internal residues of cadmium removal
efficiency (%)

Predicted vs. Actual

100 | Color points by value of
Cadmium Removal:
Iqﬁ 88
o5 | W72.51
m
90 —
5
T 85
2
o /
a
80 —
(=}
75 —
70 —
T T | I I I T
70 75 80 85 %0 [ 100

Actual
2 oS i 5 $8ly £ O b (Ko T IS
() pysasls B3> ylansl,

Fig. 3 Linear correlation between actual and
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Fig. 4 Effects of a) initial pH and electrolysis time

(current density: 40 A/m?) and b) initial pH and
current density (time: 75 minutes) on cadmium

removal efficiency(/.)
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Abstract

In the present study, the electrochemical coagulation process (electrocoagulation) in the mining industry
was investigated in order to remove one of the heavy metals, cadmium, from the leaching solution of the
copper processing plant. The response surface methodology (RSM) was used to optimize the factors
affecting the removal of this metal in the electrocoagulation process. For this purpose, Behnken Box
Designv(BBD) was used to optimize the experiments. The effects of three independent parameters such as
pH (X1), electrolysis time (X>), current density (X3) were investigated in order to investigate the removal of
cadmium from the leaching solution. The quadratic model was used to respond to the cadmium removal
efficiency. The most important independent variables and the interaction between them were evaluated using
ANOVA test. This study showed that the optimal operating conditions for cadmium removal are 96.96% at
initial pH: 6.83, electrolysis time: 116 min and current density: 69.262 A/m?. The results showed that the
ability of electrocoagulation process can be considered as a reliable method to remove cadmium from
industrial effluents, especially in mineral processing plants.

Keywords: Cadmium; Electrocoagulation; Heavy Metals; Removal.
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