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Table 1 Comparison of Theoretical and Measured Arsenic

Contents in Cast Impure Copper Anode

Theoretical value/ wt.% 0.01 0.015 0.02 0.03
Measured value/ wt.% 0.0106 0.0157 0.021 0.0312
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Table 2 Composition of the simulated electrolyte

Component Cu?* H2S04
Concentration/(g/L) 50 180
K M Dimenson ICON 2 J5 -5~ /7 & Rl B 0f FL 8 i £
FHAR R T = 4E TSt AT 3 4, JF S8 vk S Ak a4 X
ST 5 e B 2 R0 R TR P o B B D BE A A A it 28 0
BlJa B 5 £ AR AR R T A B, Il 8 A a4
e T Al 7K R e 3 R il 2 AR AF o R B AR A
REHEAT X BT 26AT 44 (D8-ADVANCE) 43 #7, i
Fl o 5°~90°, F#A KN 0.02°. KH] ISM6700F 37
KT BB JE RS . KA Thermo
Fisher-K-Alpha % X I 2856 it B 1 ) B4 JBE B 7 8k
(v

AHIE BT ) 266 He T AR b3t A =424t 3
WA CHAR 12 B, B #HR 81 Bt C 4tk 137 B, D 4
BR 36 o SR FH R T80 FRL o 3 v o TN 2% 4 BH AR 325 47 B
O3 T o FEAEFR 2R () T b 24 5 BH B A A% BE AL Y —
PO RE AT T A AR Ak ri Ak 2 S50 . SR 95% &
13 X )L A e AL R - B4k BRE 2 XN 5 B AL 20 fi
LR E 95%E M XA LR, i LREET 28t
AR PR AR HEAT T 5

2. ZER57e

2.1 ERZ4E PARAR X BHAR 4L 1T A RS20

B 1 8 Tl 2% 4 FH A 1) AL 2 BE AR AR Al 2, HH
B 1 AT R BT FE A =AY B TETE TR R X
AR, PRI E M, B ERE BT S
Pk B AL AL HEN IR R IX, B R T 46 K
AL, R B SRR B A NS BAL X,
S B i, 34 e 5 1 K AH P 2 FE AR A AN KDY, B N
0.03 wt.% M 2 8 FHAR S AL Ay By, N 131V filiy
BN 0.01 wt.%MEi L ALK, 4~ 0.78V; HEi{bH
frBE A B & RS T b, RHEEHR TS &
M, R PR AL BT R R A Ry, A AT A
[PV P i . fERR R BEALIX 1 JE B, FHARER A
W B 5T Bl Ak — VA AR AL I RE DRI B AR B Ak it £
WIS, MR s B

25
Critical Passivation Zone 0.01 wt.%
—0.015 wt.%
201 —0.02 wt.%
(]
g
e 15 1 N
s 1£
1095 1l | oo -_
= 2
)
s{ gy |7 T
2

0 1 2 3 4 5
®(vs.SCE)/V
P 1 A [ i % 0 IS AR R AR BB A st 2

Fig.1 Anode polarization curves of mixed copper anodes with
different arsenic content

HEHL 0.5V GEPEE XD, 0.8V Il Fatifb XD 7
A FHFATEE B AN LR, SR 2 fEBEB AL
M. HEmH, HEoy 0.8V i, fEEAN 0.03
wt. %% [ BH AW 37 15 T AR I T e 1, D9 225 il 5 809 0.01
wt. % ¥ BH AR 3 5 I A B5e R, 9 65, XM BH AR AW A 1 2



1] TRADPE: B oC 3O 4 R RS MR FE A AR AT U IR R

TR PH AR PR R R, B AT D B A
HR” A R — B By 0.5V I, S H B R 2
WA, 1X 2 Ry BH A 2 T ) A MR 25 AN B2 5 T T B
1

EHL 15A/dm? R X D). 20A/dm> (il S 4t
X)) PAS IR B AT R AR, B 2ER A
i & 3 fios. IRAEE 3 A%, fEHREEN
15A/dm?2I , BH AR I 14 5 i N TR R 0.03 wit.% (152s)
>0.02 wt.% (114s) >0.015 wt.% (87s) >0.01 wt.%

(828). £ 20A/dm? (1) HL L5 FE R, [H A v 1 5 g I 1)
WIAFF G, S &N 0.03 wt.% 1 BHAR 75 7
Vo5 AR BN T B K o 3 5 BH AR AR A it 2 R AR 5 R — 2

A BE AR R T R AR RN, AR AL TE T
Vi FR T (] BT 2 300, % A 4 O A Hh e R
XoF B B B A 1 0 ok 4 P B 5 o 3 R SCRR[ 18]+ R BF 5
SER— G WM R TR SR, RS A
1 BH AR EE AR08,

20

10+ (@)

—0.01 wt.%
—0.015 wt.%
—0.03 wt.%
—0.02 wt.%

JI(A/dm?)

W H~r U &N O 0 O
T S D .

(\1\14'
£ 12]
=10+
=

(b)
181

16+

—0.01 wt.%
— 0.015 wt.%
— 0.02 wt.%
—0.03 wt.%

0 200 400 600 800 1000 1200
Time/s

0 200 400 600 800 1000 1200
Time/s

P 2 A [ i 4% i T AR ) 1 PR 35 S A 26

Fig.2 Constant-potential oxidation curves of mixed copper anodes with different arsenic concentrations:(a) 0.5V; (b) 0.8V
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Fig.3 Constant-current oxidation curves of mixed copper anodes with different arsenic content:(a) 15A/dm?; (b) 20A/dm?
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Fig.4 Macroscopic morphology of arsenic-containing anodes during electrolysis
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Fig.5 XPS spectrum of the passivation film on the surface of arsenic-containing anodes: (a) Cu2p3/2;(b) Cu LMM Auger spectrum
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Fig.6 XRD pattern of the passivation film on the surface of arsenic-

containing anodes
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Fig.7 Surface 3D morphology after arsenic-containing anode
electrolysis:(a) 0.01 wt.%; (b) 0.015 wt.%; (c) 0.02 wt.%; (d) 0.03
wt.%
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Table 4 Average surface height difference after arsenic-

containing anode electrolysis

Copper Coin Average elevation difference/nm
0.01 wt.% 151

0.015 wt.% 120
0.02 wt.% 39.4
0.03 wt.% 17.9
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Table 5 Surface roughness after arsenic-containing anode

electrolysis
Copper Coin Ra Rq
0.01 wt.% 133 179
0.015 wt.% 129 163
0.02 wt.% 79 97.7
0.03 wt.% 58.1 73.3
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Fig.8 XRD pattern of arsenic-containing anode surface sludge
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Fig 10 Electrochemical test results of different industrial copper plates:(a) Anodic polarization curve; (b) 0.7 V; (c) 15 A/dm?
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Fig 11 Analysis of arsenic content in industrial copper plates: (a) Passivation-prone copper anode;(b) Passivation-resistant copper anode
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Table 6 Electrochemical passivation parameters of different industrial copper plates

Industrial Copper Anode Passivation Potential/V

Potentiostatic Passivation Time/s

Galvanostatic Passivation Time/s

A Copper Anode 0.88 90 140
B Copper Anode 0.9 102 218
C Copper Anode 0.95 300 422
D Copper Anode 0.94 158 300
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Table 7 Statistical Table of Arsenic Passivation Data for Industrial Copper Plates

Industrial Copper Anode

Average As Concentration/ wt.%

Passivation Threshold Compliance Rate/%

A Copper Anode 0.026
B Copper Anode 0.01
C Copper Anode 0.18
D Copper Anode 0.074

33.3%
100%
99.3%
100%
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Effect of Arsenic on the Passivation Behavior of Anodes in Copper Electrolytic
Refining

Xu Yangtao'>3, Ban Yanpeng!?, Wang Yi*, Yang Guiyan®, Xu Peng?, Shi Tian®
(1. State Key Laboratory of Advanced Processing and Reuse of Non-ferrous Metals, Lanzhou University of Technology, Lanzhou 730050,
China
2.School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China
3. Gansu Natural Energy Research Institute, Lanzhou 730030, China
4. School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China
5. Jinchuan Group Copper and Precious Metals Co.,Ltd.., Jinchang 737100, China)

Abstract: Mixed copper anodes have become the inevitable choice for industrial electrolytic refining, but the anode passivation issues
caused by impurity elements severely impact industrial production and cathode copper quality. The mechanism by which arsenic effectively
suppresses anodic passivation remains unclear. This study investigates the influence of arsenic on anodic passivation behavior and its
inhibition mechanism by analyzing the anodic polarization curve, constant-current oxidation curve, and constant-potential oxidation curve
during the electrolysis of cast arsenic-containing mixed copper anodes. The anodic surface is characterized using AFM, while the passivation
film and anodic sludge undergo XRD, SEM, and XPS characterization. The results indicate that an increase in arsenic content within the
anode leads to a significant rise in its passivation potential and active dissolution time. Dissolution at the anode surface becomes more
uniform, and the inhibitory effect on anodic passivation becomes increasingly pronounced. The passivation film primarily consists of Cu-0,
while the anode sludge mainly comprises As20s and CusAs. The H" ions generated by arsenic dissolution lower the pH at the anode surface,
inhibiting the formation of the Cu:O passivation film. Higher arsenic content in the anode results in a more porous anode sludge structure
that is prone to detachment. The lower passivation threshold for arsenic is 0.02 wt.%; below this value, the anode exhibits increased
passivation tendencies. Copper scrap anodes with higher arsenic content are less prone to passivation.

Key words: Copper; Electrolytic refining; Mixed copper anodes; Arsenic element; Passivation behavior
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