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Abstract : Electrochemical regeneration of the iron chloride waste solution from PCB etching reduces environmental contami-
nation and produces copper as by-product, so the economic feasibility is high. But iron chloride waste solution contains iron and
copper and the reactions occurring in the electrolytic cell are complicated. In this work, the oxidation of iron chloride and copper
deposition were examined through batch electrolysis and the optimum conditions of the process parameters were found. The
oxidation of ferrous chloride was achieved easily to the desired level. The copper deposition efficiency was high in the reaction
using the carbon cathode when the copper density was 12 g/L with the electric current density of 350 mA /em’, and the ratio of the
Fe’" ion was high. In addition, the possibility of the scale-up was confirmed in continuous operation of bench reactor using the
optimum conditions obtained.
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Figure 1. Electrolytic regeneration of FeCl; etchant.
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1. DSA electrode(+)
2. Carbon electrode(-)
3. Anion exchange membrane

4. Power supply
5. Water bath
6. Thermometer

Figure 2. Schematic of lab reactor.
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Table 1. Possible oxidation-reduction reactions on electrodes

No. | electrode reaction E° (V vs. SHE)
1 Fe*' —Fe +¢ +0.77
2 2CI —Cl, +2¢ +1.36
3 anode | 2H,O —4H' + O, +4¢” +1.23
4 Cu —Cu*' +¢ +0.15
5 2H,0 +2¢ —H, + 20H" -0.83
6 Fe’* + e —Fe* +0.77
7 Cu'+¢ —Cu +0.52
8 Cu*' +2¢ —Cu +0.34
9 cathode | Fe*' +2¢ —Fe -0.44
10 2H +2¢ —H, 0
11 Cu”'+e—Cu' +0.15
12 0, +4H' +4e —2H,0 +1.23
0.25
2C1 — Cl, + 2e
0.20 1
0.15 4
Cu* — Cu2* + e Fe2r — Fe3* + e
_. 010
<
S 0.05
o 0.00 1
-0.05 4
Fe?* + 2e" — Fe
-0.10 Cu?* + 2e- — Cu
0.15 T T T T

-1.0 0.5 0.0 0.5 1.0 15 20
Potential vs. SHE (V)

Figure 3. Cyclic voltammogram of iron chloride waste water (coun-
ter electrode Pt, working electrode carbon, reference elec-
trode Ag/AgCl, scan rate = 20 mV/s, temperature =25 C).
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Figure 4. Analysis result of deposited copper by SEM EDAX.
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Figure 5. Effect of anion exchange membrane (catholyte cu’' 12 g/L,
Fe’' 80 g/L, HC1 0.5 N, current density 350 mA/cmz).
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Figure 6. Effect of ferrous ion concentration in catholyte (catholyte
cu®' 12 g/L, Fe’' 0 g/L HC1 0.5 N, current density 350
mA/em?).
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Figure 7. Effect of ferrous ion content in catholyte (catholyte Cu**
12 g/L, total Fe*" ion 80 g/L, HC1 0.5 N, current density
350 mA/em?).
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Figure 8. Effect of current density (catholyte Cu®' 12 g/L, Fe** 80
/L, HC1 0.5 N).
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Figure 9. Effect of cupric ion concentration in catholyte (catholyte
Cu' 0 g/L, Fe*" 80 g/L, HCL 0.5 N, current density 350
mA/em?).
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Figure 10. Effect of cupric ion content in catholyte (catholyte total
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Figure 11. Effect of HCI concentration in catholyte (catholyte Cu®*
12 g/L, Fe** 80 g/L, current density 350 mA/cm’).
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Figure 13. Schematic of bench scale cell.
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Figure 14. Result of continuous bench scale reaction (catholyte Cu
12 g/L, Fe*" 80 g/L, anolyte Cu 62 g/L, Fe*" 110 g/L, Fe**
10 g/L, HC1 0.5 N, current density 350 mA/cm’).
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