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Abstract

In this study, scarp of PCB containing copper and precious metals was manufactured as an anode, and electrorefining exper-
iments were conducted on change of H,SO, concentration and current density. Through electrolytic refining experiments, the
concentration of Cu and slime recovered from each electrode was analyzed, element behavior was confirmed, and current effi-
ciency was also calculated. As the H,SO, concentration was increased, the current efficiency and the purity of Cu decreased,
but the precious metals in the anode slime were maximally concentrated with 2.0 M H,SOy,. In addition, as the current density
was increased, the current efficiency decreased and the purity of Cu showed a tendency to increase, and the precious metals in
the anode slime were maximally concentrated with 300 A/m>. As a result of the pilot scale experiments, the Au content was
8,705 mg/kg, the Ag content was 35,092 mg/kg in the anode slime. As compared with the initial content, Au was concentrated
16 times and Ag concentrated 14 times.
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Fig. 1. Photographs of the (a) PCB used in this study and (b) copper anode made from PCB.
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Table 1. Concentration of the copper anode used in this study
Au Ag Pb Ni Fe Sn Cu
Element N
[mg/kg] [mg/ke] [mg/ke] [mg/ke] [mg/ke] [mg/ke] [%]
. 433~643 2,132~2,511 | 16,421~19,687 | 18,368~25,744 | 30,614~60,293 | 42,846~76,463 76.8~84.8
Concentration ¥ * * * . ¥ *
(538) (2,322) (18,029) (22,056) (45,456) (59,654) (80.8)
*() is mean value
H,S0, 948 A3l (44 x48x02cm)e & 247 A& Pilot
scale AFe] A% Hald &l S0 e Hall=xol
22. Lab scale 2™ =21 ¥ 4§ FX FEH =52 40em HACE AASaL bl lab-

=

Lab scale A3 o]8§¥ X BT Fig. 2a9)
Zown, 3 L 2719 As|zolx PCB 7|k ZF(I=
x A2 x T =9x15x1 cm)yS FFOZ AL
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S AsA godlo] ol JE Asizel FFH TS
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Fig. 2. (a) schematic diagram for lab scale reactor and (b) photograph of the pilot scale reactor used in this study.
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Fig. 3. Dependency of current efficiencies and Cu concent-
rations as a function of H,SO, concentration.
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Table 2. Quantitative analysis of the anode slime after electro-refining as a function of H,SO, concentration

Element Copper anode H,SO, concentration
0.5 M 1.0 M 1.5 M 20 M 3.0 M 50 M
Cu [%] 84.8 5.8 6.1 6.4 6.8 7.2 7.9
Au [mg/kg] 643 3,325 4,161 4,649 5,694 4,480 4,273
Ag [mg/kg] 2,445 12,805 11,288 13,770 13,092 13,046 3,284
Pb [mg/kg] 19,687 93,543 117,437 140,526 188,521 144,283 173,845
Ni [mg/kg] 12,532 37,700 46,263 58,877 57,847 64,306 58,761
Sb [mg/kg] 1,757 10,768 4,924 9,390 7,328 7,402 7,626
Zn [mg/kg] 5,462 1,747 441 1,023 1,481 968 825
Fe [mg/kg] 32,812 144,910 189,178 275,091 235,727 290,354 241,222
Sn [mg/keg] 42,846 243,088 219,103 158,827 92,596 104,823 25,243
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Table 3. Quantitative analysis of the anode slime after electrowinning as a function of the current density

Current density
Element Copper anode
50 A/m? 150 A/m> 300 A/m? 500 A/m?
Cu [%] 84.8 55 5.8 6.0 6.4
Au [mg/ke] 643 3,827 5,694 6,275 3,347
Ag [mgkg] 2,445 1,369 10,203 13,092 3,347
Pb [mg/ke] 19,687 133,268 177,594 188,521 141,440
Ni [mg/kg] 12,532 61,747 60,673 57,847 51,595
Sb [mg/kg] 1,757 13,425 6,889 7,328 8,672
Zn [mgkg] 5,462 1,537 1,724 1,481 1,022
Fe [mg/kg] 32,812 266,966 237,916 235,727 226,273
Sn [mg/kg] 42,846 71,635 85,800 92,596 110,826
& AEE 5 9 FFEY dagE EA4S Yok S 100 I;Zf;‘;';f;':;‘y’fﬁ“ie"“y‘ B
Qg A9g st WA dsAe] H,S0, F=°l S Ll & ”
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| - ]
7 AsFHE sk Fig. 5914 B vle} 73] £ A 3
AP 53 SFNNE Cug 35T 5 e S 2f {o6
e dEHE SIS st . . . . o
Fig. 6ol A H,80, T W3l w2 HAFSE 0.0 0.5 1.0 15 2.0
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35d Cwl AsHo R A8E=o] Cu 3|59l A7}
A= lab scale A3 A} AXSIATE ES 0.3,

Fig. 6. Current efficiencies and copper cathode purity as a
function of the H,SO, concentration in pilot reactor.
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Fig. 5. Photographs of (a) copper cathode and (b) anode slime.
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Table 4. The resultant voltage, temperature, evaporation of electrolyte as a function of H,SO, concentration

H,S0, conc. (M) 02 03 0.4 0.5 1.0 1.5 2.0
Final voltage (V) 34.8 26.5 16.3 94 43 2.8 22
Final Temp. (°C) 79 68 55 53 34 29 30
Evaporation (L/hr) 1.40 1.17 0.62 0.50 0.19 0.15 0.12

96.94%, 95.82%% UERon, H2s0491 w7} 27}
G52 Cuo R Zade A
As|de] Tt S7VEFE Sn T 7&% EEEE9
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AgES JPT F gle 2o =gee] 48S 5
20 M H,S0, ZZdME HE A

T 30°C, A7 0.12 L] Asjdo)
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747} 8,705, 35,922 mg/kg, 18.3%=2 YERGTH H,S0,
9] BT} FINEEE Ay, Ag, Cudl o) Frtske
AgS Yellor o]zfdt A= lab-scale A3 A}
9} §AFEIAEL. Pb, Ni, Sb, Zn, Fe, Sno| B ¥
& ztz} 157,295, 3,323, 38,606, 9276, 20,221,
299,718 mgkgl & VERFOH, H,80,8 H%7F 7}
S5 e w4 el Tleke AEE vERd v
A Sn 1.0 M H,SO7HA] Hsfjele] Fwrt F7Hgtol
w2k Sn ol S7FRAIRE Al w7t 1.5 M
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dlE 2 o5 FolA Sn
o] 7448 Ao Woherh

wZhA] pilotscale A4S F3 CuE £ T2
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Table 5. Concentration of the anode slime after electro-refining as a function of H,SO, concentration.in pilot reactor

H,SO, concentration

Element Copper anode
03 M 04 M 05 M 1.0 M 1.5 M 20 M
Cu [%] 80.9 12.02 13.77 14.20 15.41 16.46 18.25
Au [mg/kg] 527 3,575 3,201 3,891 4,415 6,510 8,705
Ag [mg/kg] 2,511 4,417 6,557 9,463 16,878 32,922 35,092
Pb [mg/kg] 18,297 95,484 93,581 104,689 121,508 238,326 290,183
Ni [mg/kg] 25,744 1,328 2,075 2,763 3,341 5,764 4,669
Sb [mg/kg] 5,881 37,490 35,168 38,376 42,012 40,157 38,434
Zn [mg/kg] 11,103 6,075 5,679 7,162 8,356 12,735 15,646
Fe [mg/kg] 30,614 13,770 9,718 12,463 17,829 24,196 43,347
Sn [mg/kg] 67,169 346,294 321,936 331,617 338,887 243,170 216,403
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