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Table 1 Main chemical compositions of high arsenic-

containing copper electrolyte

Composition Concentration/(g'L™")
Cu 3.34
As 13.25
Sb 0.91
Bi 0.10
H,SO4 270.00

1.2 LRI

JEI AR i RO AR T, F AR R R R s
SRR UL AR, BRIR T IR ZEMAL, 158 rT LA
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[, R ANBA IR A 3R OE, 7E @ IR F AR R A i S e
ik S TR e O VT s <N e = N = il L A
KA S, B FLDURN S I R AR Ak I I R
BREPT, e AR R fp o R AR A BN R

Cu*"+2e—Cu €))
H;As04+2e+3H —> AsO'+3H,0 )
AsO"™+2H"+3e—>As+H,0 3)
BiO'+2H +3e—>Bi+H,0 4)
SbO"+2H"+3e—>Sb+H,0 (5)
YyAsO +xCu” +ne+H' —>Cu,As,+H,0 (6)
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Fig. 1 Pictures of cyclone electrowinning cell: (a) Laboratory-

scale reaction devices; (b) Pilot plant

2 SRS

2.1 EREE X USRS R A PR A 20

TE LA 4 Ly AR A& 250 L/h, H
FRBFIA] 12 he FERVEE 25 C. BSR4 5N 400,
500+ 600 1 700 A/m® F2& 4, HIF 5t LI 25 B e 4 K
Tl Bh BRBURRRCR BRG], HLAE RAn i 2 F1 3 s

5.0
100 y— P —y
=— Cu

X 80r *e— As |
3 i—Sh 4.5 %
8 v— Bi &
é 60 - . E
8 140 &

40

20 1 1 1 1

400 500 600 700

Current density/(A-m™2)
2 AU RERT % 0 3R MR M FL S ) 5 )
Fig. 2 Effect of current density on removal rates of As, Sb, Bi

and Cu and cell voltage
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Fig. 3 Effect of current density on finish concentrations of As,
Sb, Bi and Cu
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Fig. 4 Effect of inlet flow rate on cell voltage and removal

rate of As, Sb, Bi and Cu
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Table 2  Finish concentration of high arsenic-containing

copper electrolyte and removal rates of impurities

Initial Finish

Element concentration/ concentration/ Removal
(g.L’l) (g~L’1) rate/%
Cu 3.34 0.01 99.62
As 13.25 1.25 90.56
Sb 0.91 0.01 98.90
Bi 0.10 0 99.99

H& 2 WLAEH, BRGRE, e T IRERI
F0.01 g/L LL'F, HikRAIL 99.62%, S kR L
99.99%LA Fo [FJEF, fadil AR A AR r ARV R T
WEE 1~3g/L I, FANER I I BR 2 A3 3] T BRI &
TEA S TS SRR, BORIBA IR 2 20 il 4 v 22
90.56%#11 98.9%.

H% 3 WTLAEH, BEi AR B e it = ) 2
B S AL 1) T 3R 32 B R L R/ B R B RN
Hfh g EiA 3 59.37%, HEEHN 29.13%, BEE

T4 R AR B BRI T E A

=3 B RSY
Table 3 Chemical elements of black copper slag (mass

fraction, %)

As Cu o As Bi S Pb Mg

5937 29.13 5.08 455 096 054 025 0.12

N 4.55%, HAEECN 0.54%. HREEA 0.50, KT
I IR 5.60 ARG AN 311157, [,
FH ARV o T LAE IR R BB A R R A
SEERENE T, TC AsH SRR, B T AsHy S
MRS e ARG, 57 B IR 545 B OR A 25

3 HASEWRERSITIR

K FH e FELRRK v e AR VR A T 5, B
FELIAL S P DB B B 21 I T o B A S8 R P 5
T AR PR . BR BLBEIR E AR SIS T2 AR
x4,

51 98— 7 I ) BOORE U 5 v e R R e, B
A IR AL . AR SEER 264 MR, B BRABLBR %
T P4 FEE BB BT R AR A 1 0 22 it 22 LI 6.

B 6 RI AT, BEA RO RGN, BB
REGZ N, (ERFEEN 800 A/m’ i, HAN 36 h
Ji o TEBRER I JBE R 26 20 1A B B K AH 59.30%- 78.00%
H199.00%. PEtL, AT 45 25 e A s f Bib it B 26 9 12k
PRE R L

S5PF 3 F0 4 BSRIR A IR, MR RN 3500
L/h B, B R 2 AE AT 40 h J5 10U 47.00%, %6+
BAEHAN 40 h JEMEERZE 30N 55.00% 95.00%. 1M
TEAEH RN 6000 L/h B, bR R A2 R 36 h J5 1A
59.30%, . BL7EHLAN 36 h SRR R 43 h 78.00%,
98.80%. [FJ I 7 S AR A R B, 44 v LU
BEAT AR, RS A 2 AR KEASE R,

Table 4 Experimental process conditions of removing As, Sb and Bi from high arsenic-containing copper electrolyte

Condition p(Cu)/ p(As)/ p(Sb)/ p(Bi)/ . J/ Flow rate/
3 2 2 4 Time/h o .
No. (gL™) (gL (gL (gL™) (Am™) (L-h)
1 2.10 13.26 1.05 0.10 60 600 3500
2 2.10 13.26 1.05 0.10 40 700 6000
3 2.10 13.26 1.05 0.10 36 800 6000
4 2.10 13.26 1.05 0.10 40 800 3500
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Fig. 6 Variation of removal rate of As, Sb, Bi and concentration of copper under different conditions: (a) Condition 1; (b) Condition

2; (c) Condition 3; (d) Condition 4
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Fig. 7 Variation of removal rate of As, Sb and Bi
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I3 SIiEF] 89.30%- 80.00%+ 99.99%. fHf{IIK T FAALE
1.42 g/L, BREAZE 021 g/L, #KE/NT 0.00001
g/L, VR AR R AR B e

4 ZEip

1) 38 I R IR s BT B ZE A R AN
Jig It F AR B AR RS A 280t B e et F AV P e
BREEZRRR, BRCE A AsHy S, SUSRBELT R, .
WESRIESE, BN T RIHERE RS ET
B, BIKTAERA, $EE T AT .

2) WiE T A AR U R AR L B B S
WML BIREE N 500 A/m®, GRS
N 250 L/h, 485 FIRERN 1~3 g/L. fEMMRAEMT,
filty 6. BRBLER R 5K 90.56% 98.90%. 99.99%.

3) e T e e R AR VB A RSB AR B 1 R
otk T4 HREE 800 A/m®, 1§ &
6000 L/h, HES TUKE 0.5~3 g/L. fEMARAL T 2444
T, BmAL16h 5, . B BBLERER A 89.30%.
80.00%. 99.99%.

4) TENER AR 14 SR AR, H A LR
0.50, il HL AR AR TR A B R FNE T, LS
T R EEW . BAE T LEE A T, B, )
MFEHL, 4 T IX SRR TE RGN R .
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Remove impurity from high arsenic-content copper electrolyte by
cyclone electrowinning technology

TIAN Qing-hua"2, ZHANG Zhen"?, LI Xiao-jing" % LI Dong"? GUO Xue-yi"?

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Cleaner Metallurgical Engineering Research Center, Nonferrous Metal Industry of China, Changsha 410083, China)

Abstract: The cyclone electrowinning technology was used to remove As, Sb and Bi from copper electrolyte with high
impurity and low copper content. The effects of current density, flow rate and copper concentration on the removal rates
of As, Sb and Bi were investigated. The lab test, with a electrolyte volume of 4 L, shows that the removal rates of As, Sb,
Bi can reach to 90.56%, 98.90% and 99.99%, respectively, under the conditions including current density of 500 A/m?,
cycling flow rate of 250 L/h, concentration of copper ranging from 1 to 3 g/L. And the ratio of copper and arsenic of
black copper sludge is as low as 0.50. The enlarge test , with a electrolyte volume of 600 L, shows that the removal rates
of As, Sb, Bi can reach to 89.30%, 80.00% and 99.99%, respectively, under the conditions including current density of
800 A/m?, cycling flow rate of 6000 L/h, concentration of copper ranging from 0.5 to 3 g/L. Removing the impurity from
high-content copper electrolyte by cyclone electrowinning has advantages of reducing the loss of copper, avoiding the
generation of AsH; and achieving high removal rate.

Key words: cyclone electrowinning; copper electrolyte; arsenic; antimony; bismuth; remove impurity
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