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Extraction of cadmium from leaching solution of
Cu-Cd slag through electrically enhanced replacement process

YANG Jian-guang, LEI Jie, PENG Si-yao, HE Jing, QI Chun-ping, WANG Xia-yang, LI Jun-yuan

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Cadmium was extracted from the leaching solution of Cu-Cd slag by electrically enhanced replacement
process using zinc plate as anode and titanium plate as cathode. The effects of process parameters, such as temperature,
pH value, polar distance, current density and the electrode area ratio of cathode to anode on the cadmium extraction
efficiency and the resultant sponge cadmium grade were investigated by orthogonal and single factor experiments. A
maximum cadmium extraction rate of more than 97% and sponge cadmium grade of 85% were obtained under the
optimized condition of temperature of 40 °C, pH of 1, polar distance of 5 cm, current density of 200 A/m? the electrode
area ratio of cathode to anode of 1:3. The resultant sponge cadmium can be subjected to briquetting of fine cadmium
directly.
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Fig. 2 Schematic diagram of using zinc powder to replace cadmium
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Table 1 Chemical composition of Cu-Cd slag leach solution
(g/L)

S Zn Cd Cu Mn Mg Pb Al

60.828 93.6 33.82 0.004 6.716 1.774 0.019 0.249

P Ni Co Fe Si Na Ca K

0.039 0.073 0.044 0.508 0.149 1.646 0.492 0.079

©
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Zinc
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Fig. 1 Schematic diagram of Cd extraction device through

electrically enhanced replacement process: 1—DC regulated
power supply; 2—Cathode (titanium plate); 3—Anode (zinc
plate); 4—Sponge cadmium; 5—Valve; 6—Filter press (or
centrifuge); 7—Leach solution of Cu-Cd slag
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Table 2 Electrode potential of some metals in aqueous

solution at standard state

Electrode symbol A
Mg*'/Mg -2.375
Mn*/Mn -1.029
Zn>"/Zn —-0.7628
cr/Cr -0.74
Fe?'/Fe -0.4402
cd*/cd -0.4026
Pb**/Pb -0.1263
Fe**/Fe -0.036
Cu*’/Cu +0.3402
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Table 3 Factor levels of orthogonal experiment of Cd extraction by electrically enhanced replacement process

B, polar distance/

C, current density/

D, temperature/ E, electrode area ratio between

Level No. A, pH cm (Am™) C cathode and anode
1 1.0 3 100 30 1:4
2 2.0 5 200 50 1:3
3 3.0 7 300 70 1:2
4 45 9 400 90 1:1
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Table 4 Orthogonal experiment results of Cd extraction by electrically enhanced replacement process

Experiment B..’ polar < cu1trent D, E, . Extraction efficiency of
No. A, pH distance/ dens1E}27/ tempeo:rature/ electrode area ratio cadmium/%
cm (Am™) C between cathode and anode

1 1.0 3 100 30 1:4 39.10
2 1.0 5 200 50 1:3 40.37
3 1.0 7 300 70 1:2 67.87
4 1.0 9 400 90 1:1 78.81
5 2.0 3 200 70 1:1 56.36
6 2.0 5 100 90 1:2 72.98
7 2.0 7 400 30 1:3 27.93
8 2.0 9 300 50 1:4 34.54
9 3.0 3 300 90 1:3 75.51
10 3.0 5 400 70 1:4 60.03
11 3.0 7 100 50 1:1 15.40
12 3.0 9 200 30 1:2 25.72
13 4.5 3 400 50 1:2 44.56
14 4.5 5 300 30 1:1 24.25
15 4.5 7 200 90 1:4 41.59
16 4.5 9 100 70 1:3 43.27
[ 226.15 215.53 170.75 117.00 175.26

I 191.81 197.63 164.04 134.87 187.08

il 176.66 152.79 202.17 227.53 211.13

v 153.67 182.34 211.33 268.89 174.82

K, 56.54 53.88 42.69 29.25 43.82

K, 47.95 49.41 41.01 33.72 46.77

K; 44.16 38.20 50.54 56.88 52.78

K, 38.42 45.58 52.83 67.22 43.70

R 18.12 15.68 11.82 37.97 9.08
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Fig. 3 Relationship between time and cadmium extraction

rate of cadmium at different temperatures
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Fig. 4 Relationship between time and cadmium extraction

rate of cadmium under different pH values
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Table 5 Zinc and cadmium content of sponge cadmium and

solution after extraction in combined tests

Cadmium Mass fractionin ~ Extraction
Combined .. sponge cadmium/% efficiency of
concentration in .
test No. solution/(g-L ™) " " cadmium
g Zn Cd /%
1 0.48 3.24 85.6 98.58
2 0.87 3.26 89.4 97.43
3 0.79 3.92 86.4 97.67
:l: A
3 zl:l 1’1?
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