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Fig. 1 Schematic diagram of preparation equipment for Al/Pb
alloy
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Fig. 2 Schematic diagram of anodic test sample
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4 Al/Pb-0.2%Ag FHRIRFE B WAL A 50 g/L
Zn*"\ 150 g/L H,SO, LA K & AN[AHE 85 F IR0+ 5+ 105
15 F1 20 g/L)EF v A AL 24 h, HLILEE LR 500
AM?, B SERFEE 35 CAidi. mfb2AIE =
LB A4 22 1 AL 2 T 136 (C S350, Corrtest, i) ik
17, CASESS P BHRRARAE S T ARtk Xl 6 em?
K4, 2 L s He, HgSOu/sat.K,SO4(MSE) HiH .
H AL SRR 50 g/L Zn*'y 150 g/L HoSO, LU &
AN AP PR PR A R, HAG A A T
WK B AT, B ORFRAE(3510.5) C.
6 R AR 22 it e 1) 13 4 i A7 X IR AR 1.4 Vo+1.9
V——1.4V (MSE), H1ii## 4 20 mV/s. Tafel [th£+1
AL 0.5 V—1.4 V(MSE), #HAfi#E N 0.5
mV/so BHRHAG IR 4 IX R 1.1 V—1.7 V
(MSE), A ZE N 0.5 mV/s. A FHFIAR A7 A
1.4 V(MSE), ZCWEAE R 5 mV, 3% 4 10° Hz—
10" Hz,

BHAR R T 44 2 R AROBL T 35 5 AR ZH B 23 m) FH A
i #1855 (SEM, XL30ESEM-TEMP, Philips, Holland) 1 X
SHEARTEHU(XRD, D8 ADVANCE, Bruker, Germany)
HEAT RN 5347 o
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2.1 BEIMARBMZGDT
WAk 24 h J5 AUPb-0.2%Ag FHAIREELE S AN
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Fig.3 CV curves of Al/Pb-0.2%Ag anode polarized after 24 h

in zinc electrolyte at different AI*" concentrations
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Fig. 4 Tafel curves of Al/Pb-0.2%Ag anode polarized after 24

h in zinc electrolyte at different AI** concentrations

&1 Ak 24 h 5 AUPb-0.2%Ag BHARIRFE (& AT AP H
SRR T PR S bt FELAST A R ok e YA

Table 1 Corrosion potential and corrosion current density of
Al/Pb-0.2%Ag anode polarized after 24 h in zinc electrolyte at

different AI** concentrations

ALY concentration/(g-Lfl) Oeor! V Jcm/(A-cmfz)
0 0.831 1.73X107°
5 0.824 3.82%X107°
10 0.792 136107
15 0.776 2.58%x107*
20 0.749 3.87x107*

FEE o BB . 2 1 A 1] 4 BEER fh 2 &
FFE B el e 0 B B o P A

W 1 A, BEAE R IR N, BRI
A7 UL T IEHTEN S, TR R R R A
U H B R R S. HRE IREE 0 g/L I, B
PRI T S KRB b B A R 5/ PR JB o P R
H 2> 30 AT RIS BH A RAT S5 B PR s e P, Ui
EAi Y S AP SRR A YA ) ES & e Pl Gk e
FERCES 1IN, 2 AR BHA K68 o

2.3 PARIRL B

Ak 24 h J5 Al/Pb-0.2%Ag FHIAREEAE S AN
AP RE B R BH AR AR AL - P 5 o

HE 5 w4, B APWRER TR, R GHT
AT S I WG K B E A T AR ) A
PIXTEAE 1.4 V1.7 V 2 [0], ESLX AT Tafel
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PRV T PR BF AR AR A 1 2
Fig. 5 LSV curves of Al/Pb-0.2%Ag anode polarized after

24 h in zinc electrolyte at different A" concentrations

M4l Tafel J5Fi:
n=a+blogJ 2)
A g ARSI AT a My Tafel EFEII#EGAE;
b N Tafel EIEIIRIZ, J ATERI S s 5, BURHAK
WA I Ze P ARARI BB . A A DU A5
(ST
n=E+0.640V—1.242V-JR, (3)

X E A BHIRRAR A it 22 v A A AN AR R VoK 23 L H
BT AL LA 5 0.640 VA MR R IV 7 2 L LA 114 F
WA 1.242 V IAE 50 g/L Zn*'\ 150 g/L H,SO4. A
[FR T APT(0. 5+ 104 15 120 g/L). i JE K 35 C
(R4 28 AR e 00 7 R R AT 8P i s Ry R
TAEHMN S 2 L 2 AR R B, & BER R A I
BEATE o 2 5 e R A AR R, n DGR I A8 i LA
e H SRR B T B SR A

DAL, df g DL B v USRS AL/Pb-0.2%Ag FHAK
[ Tafel £k (n—log/), FHiliiL Origin 8.6 £k [M])- 1]
DASRAS M e A FRL R, Iy TR 2 e Hr, 4
n=0 I, J@ L Tafel J7F2nf LIS B[R AP
(1) PR 2 T A8 e FRL AL 2 15 0

W 2 Piow, BEA AV THE, RWASH
WL Jo S BT RS APYRE N 0 g/L
I, FMATHHL IR E Jo(2.41 X 1077 Alem®) HAT e K
fii, 4 APRIER 20 g/L I, Jo flif/N5.29X 10"
Alem?)o KR EALSFERE, B AL R H AR 27 B (1
AL ) DU I A AT e L U B T R VE AL s —
FEOLE i Jo (E IR AR S et tl, rk
AT PESE my, HR N A S RAE,  HR R ARG
(s>

%2 WAL 24 h 5 AUPb-0.2%Ag FHARFESE S ANH AL
AT I B) )2 2
Table 2 Kinetic parameters of Al/Pb-0.2%Ag anode polarized

after 24 h in zinc electrolyte for at different AI** concentrations

Al3+
) . a/V.  b(V-dec™")  Jy/(A-em™?)
concentration/(g-L )

0 0.973 0.147 2.41X1077
5 0.99 0.139 7.41X10°8
10 1.001 0.139 6.29%X107°
15 1.019 0.137 5.93%X10°°
20 1.026 0.141 529%10°°

2.4 RIS

WAk 24 h J5 AUPb-0.2%Ag FHAIREELE S AN
AP R P AR 1A BT B 6 e fEA
ZIBHRBEMRE ST, WRRE R ZView 2.0 AT
PEIFEAIAERE 6 o B 6 o tE LA Bt 41 T3
31, fEF 6 1, RS L RN T 1 Fa b 2 1]
TCHLREL, R AR AR Ak 2% I R ¥ A A% 0T HLBHL, CPE
S FERRORI PR TR 2 () 1) S TR A A7 T8 o

HAW: 2 1T S A T B B BB mT LA S LR W 20
1) Pb—PbSO4;—a-PbO, ; 2) Pb—PbO—a-PbO,—
B-PbOPY ., WK 3 A, A S IR T, £
JHLBH R, FIS W HIRH Ry #E I H T 35 K& #s, iy
O Fl Cy ZILH T AR IS Co 2R JZHL 2%, ]
Ll 2 @A R

Qa=(Ca) (R '+(R) 1" ™ “4)
b N R H LA N MERE . X T8 Ra%,

3¢ —0 g/L A" (Experimental) ~—— Fitted
2.5 4—5g/L AP* (Experimental) ~— Fitted
<4—10 g/L AP* (Experimental) —— Fitted
2.0+ ®—15g/L AP* (Experimental) —— Fitted
E ®—20 g/L APP* (Experimental) — Fitted
1.5+
<
:lN 1.0
0.5r
0 I L 1 1 Rtl
1 2 3 4
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6 ik 24 h 5 AUPb-0.2%Ag FHIRFELE S A A APTH
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Fig. 6
Al/Pb-0.2%Ag anode polarized after 24 h in zinc electrolyte at

Electrochemical impedance spectroscopy of

different AI** concentrations
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F3 Mk 24 h )5 AUPD-0.2%Ag FIARRFELE S AN ) AL AR A2 i FELATE 2240045 Bl
Table 3  Fitting data of electrochemical impedance spectroscopy for Al/Pb-0.2% Ag anode polarized after 24 h in zinc electrolyte at

different AI** concentrations

A" concentration/(g'L ") Ry/(Q-cm?) RJ/(Qrem?) Oa/(Q "-em>s") N Cy/(F-em?)
0 0.605 1.632 0.101 0.898 0.076
5 0.715 2.205 0.093 0.912 0.065
10 0.844 2.255 0.091 0.886 0.063
15 0.915 2.582 0.081 0.926 0.061
20 0.965 3.625 0.074 0.917 0.057

N=1. 4 AP'IREER 0, ity Co (T AESE IR 7EL
A 3k B B AR SR TR BT A 2 I TR] P ) dn
HSO, /S0 . AT APTIIMENL R, AlPb-0.2%Ag
EEHB R T HKK Qo (B, XRWIBEI BRI
MEALTE TR LF . AEASEIR T, M IP AR S AP,
Al/Pb-0.2%Ag 4 PR B AT B b I i AT PE R S e
PERE .

2.5 XRD 2%

K 7 B Ak 24 h s AVPb-0.2%Ag BHHIRFE
) XRD 1%, tHE 7 v W, #4624 h J5 AIPb-0.2%Ag
FHAR IR 2R I A2 F 22 0-PbO,. -PbO,. PbSO,
1 Pb 4L bl AUYREEARAK, BRI AL Z 0%
FRPIARI AR SR R T 8 . a-PbO,(111)HTS ik
JEREA AP HRIE R TH i 2 0 I H R TR a3
0-PbO, HLATRIIT it L b, X &5 he) B AT SR B
F107 Qem) PASEE R HL T2 B 107 em® P, Ay
P a-PbO, IR AT LB iy FHAR R TH 48402 1 3 re Tk R
UbA, BEA APTHRIZRITHET, Pb(100)7 5 I 33 5 5 B

(1n ="—Pb

* A a *—a-PbO, 20 g/L AP*

1 15 g/L AP

I\ \ . 10 g/L AP

. " . 5 g/L AP

(100) A= 4-PbO,
. . *—PbSO, 0 g/L APP*
20 30 40 50 60 70
260/(°)
7 WAk 24 h 5 AUPb-0.2%Ag FHRRARFELE & AT AP ik
JE LV ) XRD %
Fig. 7 XRD patterns of Al/Pb-0.2%Ag anode polarized after

13+

24 h in zinc electrolyte at different Al concentrations

H R S KR ILGI RN TR AP R
Thi, O TR T SRR P B e, a0k i e
P iRk R T R

2.6 SEM &

Kl 8 Fizs Ak 24 h Jo AVPb-0.2%Ag BHH AL
{121 SEM 1%, & 8(a)~(e)Fl(a")~(e )Wk AP K
JELE 0. 5. 104 15 F120 g/L (¥ SEM 1.

WK 8 i, ik 24 h )5 Al/Pb-0.2%Ag P %
A Z MR R T R WAk, fEAE
APNEBL T, G2 R — AN AR ST B0 AL
BA W WAL ROR S (LE 8(a)). RPN
AP, SEAGZ RO —ANBAR 2 FLI O3, 8l
FEEE S UL W K I AL 8(b)~(e)). X FHILE
(16 Ji DRI AT RERT AL R [ 18 388 K7 3 9 1) e LS o
RO T HL A IR MR B FR AT G . fEmi B (LI
8(a)~(e"), FifidE APIREENIT R, K/NA], 4 b
RLUF ISR L. BhAh, 9 APTIRIEN S /L Y,
FHER R AL 2 BV 2 iR BoR R ik e b . &2
ik XRD 150 #T, XSGR 1Y) 32 FERL4) T g A2 PbSO4.

3 %t

1) BRI, BEE AP,
AUPb-0.2%Ag & %z BB IR A 480 v Ao 52 Bt 328 1 K
(A, R A V5 P DL R T s bk i 2 B0 L O3S 1
o EEAT AV BLR, PHARASELH T S5k 1 v dk
#ERE.

2) XRD 7T BiE AP T &,
0-PbO(111) A7 55 U6 (1) 5 J5 52 30 LR T 3% 7 R A1 11 s 34
TR T L2 ) T H P BE . Ph(100)47 5 e 52 20 L
T AR AR, PTREIE H T AL JE R
KA R RR SR T R I 38 KT AT SR (1) 5 B
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B9 AT AP HE A P AL 24 h 5 ALPb-0.2%Ag FHA AR ) 414t L i
Fig. 9 SEM images of Al/Pb-0.2%Ag anode polarized after 24 h in zinc electrolyte at different AP concentrations: (a), (a") 0 g/L
AP'; (b), (b)) 5 g/LAL; (¢), (¢') 10 g/L AP*Y; (d), (d)) 15 g/L A*"; (e), (¢') 20 g/L AI**
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Effect of aluminum ion on electrochemical properties of
Al/Pb-0.2%Ag alloy anode for zinc electrowinning

CHEN Bu-ming', YANG Jian', GUO Zhong-cheng" 2, HUANG Hui', YANG Hai-tao®

(1. Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
2. Kunming Hendera Science and Technology Co., Ltd., Kunming 650106, China;
3. State Key Laboratory of Multi-Phase Complex Systems, Institute of Process Engineering,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The electrochemical properties of Al/Pb-0.2%Ag (mass fraction) alloy anode after 24 h electrolysis in zinc

electrolyte containing different AI**

concentration was investigated. The corrosion behaviors and oxygen evolution of the
anode were investigated using cyclic voltammetry, Tafel curves, anodic polarization, and electrochemical impedance
spectra. The microscopic morphology and phase composition of the anodic oxide layers were charactered by scanning

1** concentration leads to

electron microscopy and X-ray diffraction, respectively. The results show that the increase of A
the increases of oxygen evolution overpotential, corrosion current density and charge-transfer resistance of the anodes
while this is contrary to the apparent exchange current density. In addition, the intensity of diffraction peak consisting of
a-PbO,(111) exhibits a decreasing trend, which is in contrary of Pb(100) diffraction peak. Furthermore, Al/Pb-0.2%Ag
alloy anodes exhibit a less uniform microstructure. The corrosion resistance and electrical conductivity of the anode are
decreased when zinc electrolyte containing AI*".

Key words: Al/Pb-0.2%Ag anode; corrosion resistance; aluminum ion; zinc electrowinning
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