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Abstract: In order to reduce the energy consumption of copper powder electrowinning, enhance the corrosion resistance
of anode and improve the product quality, the Pb-based porous anodes with different pore sizes and various Ag and Ca
contents were prepared by counter-gravity infiltration, and compared with plate anodes in following aspects: anodic
potential, anodic corrosion rate, morphology and composition of the anodic oxidation film, purity and morphology of
cathodic product. The results show that the porous anode can reduce the real anodic current density and decrease anodic
oxygen evolution overpotential. For example, the oxygen evolution overpotential of Pb-Ag porous anode (pore diameter
of 1.0-1.25 mm) is 131 mV lower than that of Pb-Ag plate anode, which can significantly decrease the energy
consumption. Besides, the anodic oxidation film of porous anode changes from loose, powdery form into denser, flatter
flaky form, which can enhance the anodic corrosion resistance, reduce the Pb content of copper powder and then improve
the product quality.

Key words: copper powder electrowinning; porous anode; Pb-alloy; anodic potential; corrosion rate

Pk SRR AR Ak, HRLIL RS RER, SRR AR,
DU U ATERE . T TRTERE . TOMAVESRHE R Forb, ARSI TR T BAT R OB
SN IR A PR ] VRAE. RS R AR AL RS T R R AT

EEWE: EEX T RS RIRE(2012BAA03B04):  [F K A RFL#IL4 I H (51204208)
WimBH: 2012-07-17; 1EITHER: 2013-03-20
WIEEE: HRY, YHm, it Hig: 0731-88830649; E-mail: lxjiang@csu.edu.cn



1324 A G A R

201345 H

M Tl A T 2 R B AR

HLH 27305 1 A AR AR L P Cu R A
6], S M R R VLD FE T T R A
BHAR , 30 o 0 AR P 9 e 78 o 1) Cu™*, I AE
BB TR S JE ARy o HORRVDR AN T A, BERR 2
FLRAE Oy AT H S, T8 Jo FRUAR AT A K 4 Cu®
WEERE . HAT, B PAMEE R rAd 2 il &4k,
AL BAG AP AR . 2% 00 A i P e v A 8 P
Ky LAWK AR s T ARV ) — Rl &
Jik, BAKLTH Cu MG, Tl ™= k. 5730
JEAN T 2RI, B TR R Rk,
AT A Ay BRI AR A= 7= A b i R AR B ) Ak s DA
AT A MR — AR I B 2 i )T I Y v 6 A Ky
P T R 2R, DRIk sz 21 AU,

SR, HRWISRH Pb & & PARPA R, 2B~ i
WEREAE 1000 A/m® DL b o B THT AR HL A g B
IELG, #ik AR BHAR G Hfrak 1.5V BLE, B2 1t
B IS FEREAT 2 000 kW-ho B4R, TRIHITRSEE S
SRR R, R e v G IR Ry, S
atn it e DA R T £ T R A A 1
TRV H

AR B, e i B R T, ZFLEHAR
T HABRKRI LRI, ol E SR st 5 N 3R
PRI BH AR L S A 2 B, 3/ PR AR AL R, A
T B AR AERE . 32 S PR TR e o7 S AR ™ i ot
HIE M. AVEFHZ AL Pb & A PR S | N TR
MAE = A, R RCGE BB A& T AN H A
LR P G4 2 LB, MBHBR AT . Bl
F RIS DA S B B AR ot JO 55 5 THD 554 4 i
IFAK PR S FH AR A T T B o

1 I8

1.1 ZFLERtRAYHI&

S I AR R s I o NI I a5
(Pb-0.24%Ag-0.1%Ca(J5i &7 £) M Pb-0.8%Ag). AN
FLEJEH(0.8~1.0 mm. 1.0~1.25 mm. 1.25~1.43 mm.
1.43~1.6 mm. 1.6~2.0 mm F1 2.0~2.5 mm)f1 £ fL 54,
B2 FLA R V)3 A 10 mm X 10 mm X 10 mm H) 577
A, IR T A 5 AR IR 2 3, R4S LTI AR
10 mm X 10 mm (¥ HAK o

1.2 BENRESH
TR ET, 22 FLRHBAE P E R . A LR v 4k

FE, 2020 ¢ HIZHE. 100 ¢ NaOH
HT 1000 mL 2818 7K v c i T ) 22 B R R A A Ak
JEE, 25 B F7KIEvE. T FH T 0T EE RSP AR BH AR <A
BEFENLEEE. S0OG)S, BEATRRMALEE . Si4h, dHTH
AERHT, FSK A AR AE—10 mA/em? [ HLIR 2
FE AL 10 min, PAFE4r PR AR ALY, &%
HOBH L .

PN rAL IR B — AR R AT, DI
WAL K Pb 42 FLEHAR AR BB, SF Rk 10
mm X 10 mm ] Cu Hifl, ZxLGHIAR A BER MR H 7R
HLER (SCE) (5 e il Ui B, AR5 BT A7 () B AR Ha v 3
525 SCE [RIAHXHE) « Wl LA CuSO4-H,SO4
R Z(Cu* 15 g/L, H,SO, 140 g/L), HLEBAAFR A 1000
mL, BRI HH-1 8 e ye K B (i
(35+0.5) ‘C. HLBHSFIH GPS—18300 fH L4l
PETE N 1800 A/m*, FIHEIYI A 30 min'?l,

53 BT JUAN 7 TP 22 FL R R A B Ry oA it
PN VERE, I 5 PRI T X L .

1) BHAR LA

BB AT A SN T PHAR AEFED), 2l Bl A
MEZZH AT 2SN B AR AT 75 (1 BH
WA, I W% B B sk g, B R AR Rk
>4 1 min.

2) FARK B A

Jo Tl Al B AR AT — s A A i, T ELAABH AR
YA R I PO, #0937 HO AR s g A [ AR T
W, B TR A LR T I s B B AR T e e T
FIRR AR, s ARk ) P ST . A
W, BHAR B A S DR BHAR () o — N B R bR, Bl
MG, FHM AT A ar G, BIARAR i) Pb %
R B, MTEE i BIRR ™ Shi S s, H ICP
TESCRTI R P AR, Rl DUR R
TR ke
- AcppV +14000wamc 1)

t
KA Coor NG IZE, mg/(cm™h); Ace, A HLAFI
o POP IR IE AL, me/L; VO HURRUSAAR, L
wpp A BIARAR T ) Po 5, Y%r me A BRI A £
W, g A NIRRT, cm®; ¢ Sy HFERTTA], he

3) BRI A AR TESL

MO e T, ORI A, 2 B KT
Pet- 5 A R, SR TEE RS . FIH
FIti b BABI(H A JEOL /A5, JSM—-6360LV 7)
MRG0T L AR AR 1 A A JEE AR SO T35

4) FRRR AR

c




523 %5 5

KHI ICP St S ik v i) Pb &5kt R
L SR I REAT TE ST BT o

2 FHR51R

2.1 PAtRELL

B 1 BT b A TR A3 RS ) FLA% 1 22 L BH AR
CuSO,—H,SO, HLfF 1 [ 1 800 A/m® HLIf 2 % T e
AT ZE . N 1 AT LLE & SR A AR AR A )
I N — AN S AR, R 5 B B[R] ) I AR
ke, f&tass. 2P, 1E iR AT
T Pb BERHBR T AL g 4 B-PbO, BL A2 PbSOy4.
FLAEAT I PbSO, IVIH T F, MG AR PR JEE FELRELR, B
PR AL HLA e o B LA FRI2EA T, PbSO4 33T 7] PbO,
AR, AR BT, B i i g v s, B
W LA NS o RO BT N B o > AR RO A BHAR
AR S A LR > ) 5 S AR T B e i
BNV, WA HE A R E . DRI, AL
Y53 AR s ARG e, Mraad sy . R HL PR AR
AN R, R A T RE . T iue
(1) E AR AT 50 e B A B v B AR AL o bl TR FEAR
Tk R e AR AN, 08 S 4 T T 2 7 v BH A AN B I
W), WORE AR LA A& PH AR REFER) L V. R
BHBR FOAS LG, AR SR REREBR /N o AL T TLL Y,
Pb-Ag-Ca P 1 BB FoL A7 1 HL A% 400 min J5 4 BEAA
FIFE (UL 1(a)), 1M Pb-Ag FHAR FIFR s I 1] HL 7 200
min Zc A7 (L] 1(b)), BB FEAL PR e A R T g
REMLEy, Ui Pb-Ag 25 FLIPH AR Th S0 i 5 ¢
Sk, AR T BHAR G e g A o

MW 1B TG, 0TS A LAR I 2 FLBHAR,
BHER A7 3 Bt B TR AR A oA i e 3y, TP A
WA XFIING . EdR RS A, B 2R A
IR K Oy BT HE o Z LI —Fh = 4 i, Hitk
P Rl R A A RO . BT LR — R
AN, HHRR A BN R R A A S ), AR P AR
JSIET Oy A2 KB — 58 AR FR 5 A B AL TEH HH < 3X
P35 AN A P 25 3 P AR R T AR AR 4k, A
A AR R T LR 8 BEANRRE , SBR[ % 3 o

VI PH AR AR BHAR Fa A, L& AT 1,
M1 LR, %2 FLIER 1S BH AR H A7 35 LU AH )
B G B B AR BH AR R RS e FHAR A A, HLI) & 4k
53 22 SLIH AR PR A AR LA Bt A FLARR R 3 K A2 S PG
Ja Tt . Wi Po-Ag 2 FLFHAR A e BHAR Fo A 7
FLIRA 1.0~1.25 mm RIS 5/ME,  HE 2 FLRHRR 1) 5

TR, 55 2L Po G FIRRAE sBARGE] A HA0 1) B A 1 1325
2.04 | (a) 1 —Flat plate
2—0.8-1.0 mm
3—1.0-1.25 mm

1
4—1.25-1.43 mm
5—1.43-1.6 mm

2.00F,

Anodic potential (vs SCE)/V

1.96
) 76
2
5
1.92F 4
1 1 1 1 1 5
0 100 200 300 400
Time/min
2.101(® 1 —Flat plate
> 2—0.8-1.0 mm
o 3—1.0-1.25 mm
8 4—1.25-1.43 mm
» 5—1.43-1.6 mm
z 2.00 | 6—1.6-2.0 mm
s | 7—2.0-2.5 mm
= \ 1
L
2 :
3 190 \‘\\“’«““V\"‘s
g \ YN
<
<
1.80 | i i
0 50 100 150 200 250
Time/min
B 1 ARG FIA R FLAR ) 2 FLIBH R HA Rl I 1] A8 4k

ith 2k

Fig. 1 Anodic potential-time curves of porous anodes with
different Ag and Ca contents and various: (a) Pb-Ag-Ca anodes;
(b) Pb-Ag anodes

F 1 A PHRRAEATRY AT R AR BHAK Fe A7
Table 1 Stable anodic potential of anodes for copper powder

electrowinning

Stable anode potential(vs SCE)/V

Pore diameter/mm

Pb-Ag anode Pb-Ag-Ca anode
Flat anode 1.947 2.004
0.8-1.0 1.845 1.941
1.0-1.25 1.816 1.914
1.25-1.43 1.824 1.928
1.43-1.6 1.845 1.929
1.6-2.0 1.864 1.950
2.0-2.5 1.861 1.951

KAEAELFEN 2.0~2.5 mm BHFEK T 45 mV, LA PH
W R e BHAR H AT BRAR T 131 mV.e —J5 18, 2 ALBH#K
T BA LR A R 2 I LE R A, AR )
FLSCHIGUH LR, ekl T r AR I R RE R, A
1 2A LR AR AR (A BH AR A . 55— T,
2 SLBH AR BEAR HUAT IR 52 O, Frge HH BEL RN BH AR LA
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Table 2 Average corrosion rate of anodes for 48 h copper

powder electrowinning

_ Corrosion rate/(mg-cm h ")
Pore diameter/mm

Pb-Ag-Ca anode Pb-Ag anode

Flat anodes 0.885 0.621
0.8-1.0 0.845 0.530
1.0-1.25 0.836 0.533
1.25-1.43 0.875 0.519
1.43-1.60 0.859 0.527
1.60-2.0 0.888 0.506
2.0-2.5 0.878 0.556
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Table 3 Anodic corrosion rate of Pb-Ag-Ca anodes in various time quantum

Pore diameter/mm

Corrosion rate/(mg-ecm h ")

0—4h 4-8h 8-12h 12-16 h 1620 h 20—24h 24-48h
Flat anodes 2.115 1.273 0.82 0.719 0.712 0.715 0.711
0.8-1.0 3.360 1.812 1.007 0.521 0.462 0.443 0.423
1.0-1.25 3.317 1.815 0.978 0.503 0.430 0.435 0.426
1.6-2.0 3.56 1.869 1.123 0.636 0.458 0.444 0.429

A *‘Q" - : ' Y W  Soxiy
B 2 Pb-Ag-Ca T BH AR 2 FLEH AR (1) 2 1H A2 A B 351

Fig. 2 Morphologies of surface oxidation film of Pb-Ag-Ca plate anode and porous anode: (a), (b) Pb-Ag-Ca porous anode; (c), (d)

Pb-Ag-Ca plate anode
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Fig. 3 Morphologies of surface oxidation film of Pb-Ag plate anode and porous anode: (a), (b) Pb-Ag porous anode; (c), (d) Pb-Ag

plate anode
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I, 2 ALRHAR b b ot L PR BH AR b PR 8k it
2, DRI A S g m, (Rl —E iRz
Jei s ZALBHAR F AR it JO e i LSRR BH B b P Ry
AR AT, 1X 5 Pb-Ag-Ca BHARAE S 1) B B s fé
TR AR B, B0 BRI 3 2 52w 9] AR
Kb Pb e ) E N

H i BB A SR FH 5 A A A ) B R 5
e, Elhx GB/T 5246—2007 A5, Ki'5 4 FTDI [
ARy A% UG 3 Pb A KT 0.04% . ZALIIRZ
It 48 h AG)S, Ak Pb i AL FTDL S
PRt o

B FFLAR RN R 5 o 1) 22 FLFHAR FL AR 48 h
FTAS I BRI R WO AE — IR G350 5, DI

1 Pb &, HEFRE 5 Fiy. IhFE S5 JLEH,
B BEAR A= 1 B B 1) P 2 i 1% T 0.04%, 3l
JEEFRXS FTD1 5 Uik i 2ok . [FR, T 48

F 4 Pb-Ag-Ca FHIRAEA RN (8] £ f A 1Y) P 75 &
Table 4
Pb-Ag-Ca anode different times

Pb content of copper powders prepared with

Pore Pb content of copper powders/%
diameter/mm 4 h 8h 12h 16h 24h 48h
Flat anode 0.03230.021 3 0.020 10.01980.01920.019 3
1.0-1.25 0.04130.03340.02120.016 50.011 70.010 6

RS BBIBRDI 48 h Prodtidky h s &

Table 5 Pb content of copper powders after 48 h electrowinning

Pb content of copper powders/%

Pore diameter/mm

Pb-Ag-Ca anode Pb-Ag anode
Flat anodes 0.022 0.012
0.8-1.0 0.013 0.009
1.0-1.25 0.016 0.006
1.25-1.43 0.012 0.008
1.43-1.6 0.014 0.005
1.6-2.0 0.015 0.007
2.0-2.5 0.012 0.003
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Fig. 4 Morphologies of copper powders prepared by Pb-Ag plate anode and porous anode: (a), (b) Pb-Ag plate anode; (c), (d)

Pb-Ag porous anode
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