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Abstract

The leaching of Cu from waste PCBs was investigated with electro-generated chlorine as an oxidant. The leaching exper-
iments were carried out according to the design of experiments to analyze quantitatively the effect of parameters on copper leach-
ing. From the analysis of variance (ANOVA) it was suggested that the effective parameters were current density, temperature,
concentration of HC), and the interaction between the concentration of HC1 and temperature. Especially, the effect of current den-
sity was analyzed to contribute to the interpretation of result for copper leaching up to 95.7%. A multiple regression model
obtained from the analysis of effective parameters explained 99% of leaching results. From the model equation, it was found
that the effect of HCl concentration on copper leaching increased with temperature.
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Table 1. Chemical composition of the sample for Cu leaching

Elements I I
wiw (%) wiw (%)
Cu 329 £ 22 354 + 2.8
Al 10.1 = 1.2 20 £03
Zn 103 + 0.5 86 + 1.2
Sn 1.3 £ 0.1 1.3 02
Pb 38 +03 0.8 + 0.1

I: Before 3 moV/L HCI leaching
II: After 3 mol/L. HCI leaching
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Table 2. 3 factors 2 level factorial design for Cu leaching from
waste PCBs using electro-generated chlorine

- Level | omaton
1 2 1 2
A. Temperature (°C) 25 50 -1.0 1.0
B. HCl (mol/L) 2 4 | 10| 10
C. Current density (mA/ecm?)| 40 80 | -1.0 | 10
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Fig. 1. Half normal probability plot of experimental results.

Table 3. Factorial design and experimental results of Cu leaching

Run order Temperature (°C) [HCI] (mol/L) Current density (mA/cm?)| Total leached Cu (g)
1 50 2 40 6.49
2 50 4 40 7.94
3 25 4 40 7.70
4 375 3 60 11.82
5 50 2 80 13.16
6 25 2 80 15.25
7 25 4 80 14.53
8 50 4 80 15.63
9 25 2 40 7.17
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Table 4. Influence power of factors on Cu leaching

Term Stdized Effects % Contribution
A -0.36 0.23
B 0.94 1.56
C 7.32 95.70
AB 1..03 1.89
AC -0.14 0.03
BC -0.06 6.651x107
ABC 0.57 0.58
Lenth's ME 2.62 -
Lenth's SME 6.27 -
A: temperature (°C)
B: HC1 concentration (mol/L)
C: current density (mA/cm?)
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Fig. 2. Effect of main factors on leaching of Cu. ((a) temperature, (b) HCI concentration, (c) current density).
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Table 5. ANOVA for main factors and interaction

Factor S:umar‘e’: foeg:;zn‘l’f ;‘:ﬁ:e Ep F(0.10) F(0.05) p-value
A 026 1 026 113 5.54 10.1 0.3696
B 175 1 175 7.61 5.54 10.1 0.0706
C 107.08 1 107.08 465.57 5.54 10.1 0.0002
AB 211 1 2.11 9.17 5.54 10.1 0.0567
E 0.69 3 0.23
Total 111.89 7
A : temperature (°C)
B : HCI concentration (mol/L)
C: current density (mA/cm?)
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Table 6. ANOVA for multiple linear regression model

LB A7 2AE A A

Source of Sum of DE® Mean F, F(0.05) F(0.01) p-value
Variation Squares square
Model 111,19 4 27.80@ 120.28 9.1 28.7 0.0012
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Root MSE 0.48
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