55 40 4 2 0] PR RFFR(BARFIR) Vol 40 No.2
2009 4 4 JJ Journal of Central South University (Science and Technology) Apr. 2009

= B E B AT PR R R = R 20
MR, 2IE, £ B, BER
(P kF LeAFEIRYR, b K, 410083)

O MR I IR LB R BRI AR, YRR As TR 6 /L MnF 12 gL 5, R
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g/L. HFLFET 56.2%%h. 88.3%4BBENPHALYE, 1 78.8%MIBHIE N AR . WA 3 d 5, ST FRIRIEM 45
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Effect of electrorefining with high current density on cathode copper

ZHENG Ya-jie, ZHAO Pan-feng, WANG Yong, LU Zhong-an
(School of Metallurgy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Sb concentration of copper electrolyte decreases from 0.65to 0.30 g/L, Bi from 0.15 to 0.07 g/L after As
concentration increases from 6to 12 g/L by adding copper arsenite to copper electrolyte. The removal rates of antimony
and bismuth are 53.85% and 53.33%, respectively. The cathode copper electrorefined from purified copper electrolyte
containing 45—50 g/L copper ion and 180—210 g/L sulfuric acid at 65 ‘C and 300 A/m? gets up to the high pure grade of
Chinese standard of GB/T 467—1997. The mass fraction of copper of cathode copper amounts to 99.996 0% and the
cathode current efficiency is 99.1% after continuous electrolysis for 7 d. The concentration of As, Sb and Bi of electrolyte
is 13.65, 0.36 and 0.075 g/L respectively after electrolysis. The 56.2% of Sb and 88.3% of Bi deposits in anode slime,
while the 78.8% of As dissolves in the electrolyte. The copper ion concentration increases from 45 to 51 g/L, sulfuric acid
from 210 to 175 g/L and the cell potential increases from 0.21 to 0.27 V after the continuous electrolysis for 3 d. The
electrolysis can be performed continuously by removing suitable copper sulfate and adding sulfuric acid.

Key words: copper electrolyte; purification; current density; electrorefining
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Table 1 Contents of electrolyte before and after purification

plgL™
Cu As Sb Bi H,S0,
LT 45 6 0.65 0.15 180
W s 45 12 0.30 0.07 180

12 KBRTSE

a. R AR o 1 TR R I N H i
A SRR A ) 12 g/, 7E 65 CHid: 8 h, it
V&, A HTIEI R BRI PRI B, TE BB R 1
Fr.

b. LA, FIRDACET B M BHAK P T 1 2 Sei, Ja
10% MR BTV Ve KI5 085 1 B BH AR A7 51
fiF R, N 800 mL i Ha fif i i FE (WY T-0~30 V/5
A RIE AR ) R . SR A HL-2B R4
PRI AP R, PR O BE Y 94 mm. H
il RS T 10% B RiE DEBI AR I, kT BRE
(TR

2 HEREHE

21 SHEBRERASEL

ey SR SN e e | AN & T s T E vl L)
PR AT SRR B O 12 g/ B, LA P B R R 1
FIE 2 I 0.65 F10.15 g/L 43 0.30 F10.07 g/L,
BRFIBR IR 2 bR 253 ik 2] 53.85%H11 53.33%

BRI As(IID) L AsO, TEAAEAE, Sb(IIT)LA
SO TEASTELE, Sb(V)LL HSb(OH), IE&SAFAE « {EMRYE
FUR, ENMHEAEN, BB IR ES, RN TS
Pl R0

3H,0+2HSO4 +3HAsO,+2SbO +4HSb(OH)s—>

Sb(OH),—O—[(Sb(OH);—(0—As(OH)—0—

Sb(OH)3);)—O—Sb(OH),-8H,0+H,S0,4. (1)
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RN SAEAAS, HE S 300 A/m? B B4
TR AR FEE T BRI 2 10 BT PRI R A 36 3 T
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BRI, TR /D FFE . BRRIRE R S, Cu®
PR, h Cu MR ZE8 R, IR ZE WAL KT

FEHILBAR A S o B S AT RN, O R R T
HIRE N 180~210 g/L.
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TATAL L R, A B ORI PR A S TR K
EHIE AT LG 75 °C I BRI B iR . Rk 2 A,
HOAR R K Z R IO, BRAERG AN, VAR IR o3 fift i
INPREEAFI LM . RIL, 35 B F AR 65 C.
23 ELEHET7dRE

M HLEE N 300 A/m® I, HEAT IS HUE S,
ESHE 7 d 5, PRI E 760 g, FHARE R 780 g.
SLRH R AR = B2 T o FA LT R AN 3R 6 TR .

HH 6 WIAN,  SEH T A3 R 2% Jot 2 s A AU 5t
T35 B i 4l B W AR (Cu-CATH-1) Frife, 2555 i
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Table 2 Effect of current density on surface quality of cathode copper

LU 1 /(A'm )

HUAR
260 280 300 320
A BRIECPEE, ok BIASTEE, LT WA, RiraE  RIIATEE, 58 hTrRE

2Eitd BmeHy, Ry ARIEDLH, Tk T

BTG, ok T, BORAL

UL PR S A S

F3 ABTREREAAMARE R Z 070

Table 3  Effect of cupric ion concentrate on surface quality of cathode copper
p(Cu)(gL™)
35 40 50 55
TR A S TR G £5/W A o UTTIID b /WY A g BTGP,
o LA T W B BIEHE RS LA 1K T
R4 RBREREA AR LD R Z G0
Table 4  Effect of sulfuric acid concentrate on surface quality of cathode copper
B TR (g L)
150 180 210 240
A A BRI TORE T, BORAL BRI G TORE T, BORAL B SFHE, TokL T
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Table 5 Effect of temperature on surface quality of cathode copper
L/ C
45 55 65 75
VR PN T A 3 PN A S BT -4, ] TR /50 VA P 4 6 24 A TR A

R 6 AR Z R BINTE

Table 6 Impurity distribution in cathode copper and copper appearance quality /107
o Se Te Bi Sb As Pb S Fe Ag Hfh RE AU
AR 04 20 11 27 16 09 60 62 99 92 40 BB, LITER T, HRRE&L
bR E 20 20 20 40 50 50 15 10 25 — 65 TCAEIERL T, KA v
KoK, YR T EA IS, FIARER THOR Tt 2 Bf E [] 240 0.36

SEK M . £E R E A 300 A/m” I, SESE AR 7 d
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ST TIE RPN/ S v & S 1V & S i SE WA F
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Fig.1 Effect of time on tank voltage and concentration of
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Fig.2 Effect of time on concentration of As, Sb and Bi
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EH T 0] P AR B AR A8 e T DI R,
HLf# 3 d Ji FARR B B T IR S A 51 g/l &
JISE 3% Tt P e R 2 A 5 LR P R 45 /L B
FUEREE N 210 /L I, AR TS 0.21 V. 1
A R =) Frs .

Ece:(¢a_(pc)+El+Econ+Ep° 4)

e B AR o WP oo R BT HAT ;
Ey RO B RS Eon N PAA EIHERE: E, WAl
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V) 8 A L B, b e B 5 305 R R PR R o0 A
5K, AHLIR R I, A AR R R S R AT 1R
] R LA % T 0 7 IOV FE R, M BRER VR B R R
Cu” WP LTHiE, raBHME R, R EFhs 2 ARk
Gy AR, FUARR HL I R F IR B UE, R T
TS R R . DRI, by AT H 45 2 LR,
e L YA B2 PR IS N R TT B R R IR, A 2
FURPE A I IR

AP 2 T, SELSE LR 7 d, FRARR R B R
JE M 11.96 /L 88515 13.65 /L, 146 Ak ) i Bk 15
43504 0.31~0.36 g/L 1 0.07~0.075 g/L, X il
P R A S P ARV PR R B8 R R IR B L BUAK
., AT 0k e B e (172, BT A, SR
TR 1444 I 1) AR BOREA T LA 2 TTAT 1)

Hif 7 d BT3B Ye 3L 8.13 g, 48 XRF 73#r,
FEEH WL T Fiw.

RT AL BEETRPTIFIRMREEZ R
Table 7 Content of anode slime /%

B BRI 55 A (R BE R 8 BT o

R8 [AMP AR, HhAebbed o
Table 8 Distribution of As, Sb and Bi from anode

m(As) w(As)/ m(Sb)/ w(Sb) m(Bi) w(Bi)/
mg % mg % mg %

HLf#)

HUA 13520 78.80  40.0 125 4.0 22
Fite#d 1.0 006 2.0 0.6 0.8 0.5
PHBZJE 2640 1504 179.0 562 1580 883

HAfth  99.0 580 98.0  30.7 16.0 9.0

M3k 1716 100 319 100 179 100

Fe Ni Cu Pb Zn Se

0.23 0.89 13.03 23.25 0.28 1.14

Te Au Ag As Sb Bi

0.90 0.111 5.32 3.25 2.20 1.95

B 7 RTA,  BHARA o g, BB A E N T
BHAS U o Loy 15 T AR 7= B A B e e oy B A — 3
BRI ey B B 553 N 0.22%, 0.041%,
0.023%, ZUH5, BHBATAMR SR B, Bh7E R

Vi SRR/ AR R A R P A K

He 8 TI 4, BHARAR FFF)f 78.8%3E N T HL MR,
15.4% AT T RHEN T BHARYE ;6. Btk N BHAR Y
RIS A 56.2%F11 88.3%, HE N HLAARVK (114571 o

3 % it

a. VR e 08 1 A ) P A I BB AN,
fR B TR TR Ry 12 /L INF, AT PR I 4 5 43 1)
1A% 53.85%F1 53.33%.

b. KA 5 L Oa A T U, M B T
WRER 45~50 g/L, BRIRTEMAL 180~210 g/L, Hifi#
WO RE 65 CIf, 8IS N 300 A/m® FE BN
FIR RS N f# 8 h, #3200 B ARAR H  Jo kL
T, BOA. HUE A B w2 B R AR B B HE(GB/T
467—1997).

c. HELHLAE 7 d PR IR AR T E
99.996 0%, BRI A 99.1%. HLARME P A, .
B SRR B2k 13,65, 0.36 A1 0.075 g/L. 1 HLfig
HFET, 56.2%BF1 88.3% 8t N T BHARYE, 1M 78.8%
FRIRIEE N T LR o

S 3k
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