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Process optimization and electrochemistry study of electrical
replacement for cadmium extraction based on orthogonal experiments

HE Jing, QI Chun-ping, DUAN Liang-hong, YE Long-gang, ZHANG Jia-wei, WANG Xia-yang

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

Abstract: A new process of cadmium extraction under micro-current was proposed. In order to determine the optimum
process parameters, five main effect factors were investigated by an orthogonal experiment. Electrochemical experiments
of the cathodic behavior of Zn?*, Cd*" in mixed solution of CdSO,+ZnSO, were conducted. The results show that the
influence factors on extraction rate decrease in such an order: temperature, pH, polar plate distance, current density, plate
area ratio. The optimal conditions are obtained at pH of 1, polar plate distance of 3 cm, current density of 400 A/m?,
temperature of 90 C and plate area ratio of 1:2. The maximum extraction rate is 79.31%. Cadmium is prior to precipitate
than zinc. The concentration of Cd*" in solution decreases to the minimum of 0.528 mg/L while zinc begins to deposit.
The apparent activation energy of deposition is 6.379 kJ/mol. The diffusion-controlled is the dominant process at
temperature ranging in 60—90 C.
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Table 1 Chemical compositions of primary leaching solution

(mg/L)
Zn Pb Cd Ni Bi Fe
93600 19.0 33820 72.6 7.5 508.2
Cu S Co As H
0.4 60828 443 11.8 6.5
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Zn+Cd*"=Zn*"+Cd (1)
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Zn+H'=Zn*"+H, 3)
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PERIAR, BIE Zn &8 >99%M04E Fr, B A K7 4k
W, AN INGRl. FEELE pH A, Bledh. MR
T PSE RN BEAR T AR LEAE T Z 40 R R 5 . 1
B S P EE 4 KT Lyo(@) IE AR R, FLET 16 4138
5. BARMSRI 2 HE R 2 Pl

Table 2 Factor levels of orthogonal test of electrical replacement for Cd extraction

Level No. A, pHvalue B, Polar plate distance/cm  C, Current density/(A'm %) D, Temperature/’C  E, Plate area ratio
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 4.5 9 400 90 1:1
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Table 3 Orthogonal test results of electrical replacement of Cd extraction

Factor )
Test No. B, Polar plate C, Current density/ . . EXtraCthI; e
A, pH distance/em (Am™) D, Temperature/'C  E, Plate area ratio of Cd/%
1 1 3 100 30 1:4 39.10
2 1 5 200 50 1:3 40.37
3 1 7 300 70 1:2 67.87
4 1 9 400 90 1:1 78.81
5 2 3 200 70 1:1 56.36
6 2 5 100 90 12 72.98
7 2 7 400 30 1:3 27.93
8 2 9 300 50 1:4 34.54
9 3 3 300 90 1:3 75.51
10 3 5 400 70 1:4 60.03
11 3 7 100 50 1:1 15.40
12 3 9 200 30 12 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
I 226.15 215.53 170.75 117.00 175.26
Il 191.81 197.63 164.04 134.87 187.08
I 176.66 152.79 202.17 227.53 211.13
Y 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
Ky 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. 1 Relationship among effect factors and

extraction rate of Cd for electrical replacement
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Table 4 Confirmation test results of electrical replacement for

cadmium extraction

Test No. Extraction rate of Cd/%
1 84.15
2 76.34
3 77.43

Average 79.31
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Fig. 2 XRD pattern of sponge cadmium
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Table 6 Concentration of Cd*" in solution when zinc

depositing at different temperature

Temperature/ 'C Concentration of Cd*"/(mg-L™")
60 8.060
70 2.945
80 5.519
90 0.528

Temperature/ ‘C ocdV 0!V
60 —0.515 —0.652
70 —0.491 —0.647
80 —0.486 —0.637
90 —0.433 —0.625

B2 6 H A, FEEET AT TR S TR O
BRERAC, HBEEREMNTE S, Cd™ A SR 2B
AT, UL R, BRE AR IR e 4
222 MR 2

B S s TR A e AN [ 4 %0k 30
mV/s ISR L PR 22 1 2

B S@)rT s, BT, BT U 4f Hapy
b2 SU R A 1 el (VAR N R 5 SN LR ) A A 2] !
W el e k. B S(o) LA B, BldE T
BIARATT A iy IR, HOR VBRI,
90 ‘CH, FEES T IR JEU e 5 S0 i s B S
SENEAEX S BT m, WA N Bk
SN P FL A AR S 3 I

TR AT R e, BRI Wb
RN RE . A N D SRR A R, A
FRRAN

E
2.303RT

lgJ = B- 6)

s JONHRRUEE, Am’s E NEMWIELEE, J/mol;
TS, Ko B NASRIRE R 1gg 5 7 4
KRR, gkl 6 fr.

Kl 6 L2 1 [R1)H(R=0.9861)73 21 :

3
1gJe:136364-033166lg¢ (7)

g4 (6) M (7) T LA SR Wi 1k g E=6.379



3525 B3 4 W il #,
30
@) 4
24| i
1— 60 °C /
2—170°C /3
18 3—80°C i
< 4—90°C /
g
= O 12F
6L
0 -
1.0 1.1 1.2 1.3 1.4 1.5 1.6
@ (vs SCE)/V
0.1
(b)
O -
0.1
<
~
-02} ;
1—60°C
-03r ki e ,,’ 2—70°C
] S S 3— 80 :C
-1.0 -0.8 -0.6 -0.4 -0.2
@ (vs SCE)/V

5 ARFENEEE T 33.82 g/L CdSO4+93.60 g/L ZnSO, VR A%
WL AR 22 1t 25

Fig. S LSV curves of mixed solution of 33.82 g/L CdSO4+
93.60 g/L ZnSO,4 under different temperatures: (a) Anode;
(b) Cathode

2.8

291418  2.83166  2.75368
T-/103K!
E6 BN 1g/—T " ik

Fig. 6 Curves of lg/~T" " during cathodic reaction

3.00165

kl/molo WERMIEALRENRT R, BR S B AE %14 i Avr
¥1 A J IR AR A

A BT IEACR IR ) B R AR T AU R A AT oY

1069

223 Tafel i

Tafel {2k b HUA A1 PRI R Setk X 551)%
XS IEIR X o BEFE IR IX SRR A s Al 4k
AR, Bl #22120/m=60 mV(n W B FEON, &

4 Tafel A=

2303RT 2303RT
J20RT g+ 301ylg] (8)

ankF’ an

7 Hi7s k) CdSO4+ZnSOL VR AV TRAE AN FNEEE R
HHEEZE K 5 mV/s A K] Tafel 2k .

lg(I/A)
A

_8_

03 06 09 12 15
@ (vs SCE)/V

7 ARFENEEE T 33.82 g/L CdSO4+93.60 g/L ZnSO, VA%
H Tafel 14k

Fig. 7 Tafel curves of mixed solution of 33.82 g/L
CdS0,4+93.60 g/L ZnSO, under different temperatures

-06 -03 0

MEL7 FTELE H, B E-0.11~-0.01 V Z [A]H,
ek BIRUFI EZ SRR, HLSL LM (R=0.99) 7
g ()R E T 1A% 18 R A o A S H it 35
& Jo, HGERWEK 7 Pro.

RT KWL N IV A% ik R E o MAZH I FE Jo
Table 7 Transfer coefficient ¢ and exchange current density

Jy of cathodic reaction under different temperatures

Temperature/'C Tragsfer Exc.hange currer}t2
coefficient, density, Jo/(LA'm )
60 0.295 2.779
70 0.273 8.503
80 0.281 9.002
90 0.229 12.42

[ B, AZAE 0.17~0.27 V Z RISk B SI8 TR
1o R B o IR Jy, g Rk 8 frsil,
t 7 F1 8 vl 4, B ERIF 5, BHFHARAS e
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Table 8 Transfer coefficient ¢ and exchange current density

Joof anodic reaction under different temperatures

Temperature/ 'C Tragsfer EXC.hange currerztz
coefficient, & density, Jo/(LA'm )

60 0.197 3.089

70 0.172 5635

80 0.170 7366

90 0.144 10.65
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