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Fig.8 LSV curves (a) and Tafel fitting curves in the low oxygen evolution zone (b) of various lead-carbon anodes

F 1 SLEMHBRERTE XA Tafel LS EHE
Table 1 Tafel fitting data of various lead-carbon electrodes in low oxygen evolution area

Electrode material a/lV b/V-dec™ Jo/A-em? n/vV
Pb/CNTs-NH, 1.112 0.181 7.18 X107 0.877
Pb/C60-SWCNTs 1.122 0.163 1.31x 107 0.910
Pb/SWCNTs 1.126 0.156 6.05x10° 0.923
Pb/MWCNTs 1.129 0.152 3.74%x 10 0.931
Pb/C60 1.142 0.148 1.92x 10 0.949
Pb/rGO 1.154 0.141 6.54% 107 0.971
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Fig.9 EIS and equivalent circuit diagram of various lead-carbon anodes: (a) Nyquist diagrams; (b, ¢c) Bode diagrams; (d) equivalent

circuit diagram
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Table 2 EIS fitting data of various lead-carbon anodes at 1.5 V

Electrode material RJ/Q-cm’ Ry/Q-cm’ 0/Q " cm™s" n Ca/F-cm™
Pb/CNTs-NH, 2.291 1.99 0.04914 0.89 0.0341
Pb/C60-SWCNTs 2.185 2.396 0.04513 0.89 0.0312
Pb/SWCNTs 2.11 2.246 0.03796 0.88 0.0245
Pb/MWCNTs 2.467 2.719 0.02631 0.91 0.0188
Pb/C60 2.123 3.05 0.02204 0.91 0.0154
Pb/rGO 2.563 3.355 0.02057 0.92 0.0151
5 B L s R, BB 0 ey 380, 150 _
R FLAL T 4 W 1 B, JFAE 10 h Jola TAE . X2 T PICA0-SWONTs
N \ N ; . ~ 1.73F S
1 T AT FL AR R T Pb SO, (PR AR i, HLBK HLA %4 T POMWONTS
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R BB, 2 PbSO4 5 PbO, HIZE HAL T3 2 5o
AT R R A Ik B S O AR L K 5 ™
Pb/CNTs-NH, (1.4995 V)<Pb/C60-SWCNTs (1.5049 V) " sor
<Pb/SWCNTs (1.5098 V)<Pb/MWCNTs(1.5134 V)<< 145 ) ) ) ) ) ) )
02 5 8 11 14 17 20

Pb/C60(1.5216 V)<Pb/rGO (1.5348 V). [FI, 44K
FARE S5 22 IR B e () PR AT P 052 5 R AR 17 LA
HALAHEZE P BHAR R BT 96 mV L L. Mo, 23
A K (CNTs-NHy) nJ BE& B T- D Refb 3t 7 I ih
YUOKBEAMEL, BT N T 1355%, R AL
BB MEAAEE, WS 80d fAr %, HaE

Time/h

K10 AYBEBHARAE 50 mA/cm® (I HLI B B R M4k 20 h FIfE H
it iy 2%

Fig.10 Constant current curves of various lead-carbon anodes

polarized for 20 h at a current density of 50 mA/cm?
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Fig.11 SEM morphologies of varies lead-carbon anodes after corrosion for 20 h: (a) Pb/C60; (b) Pb/rGO; (c) Pb/C60-SWCNTs;
(d) Pb/CNTs-NHa; (e) Pb/SWCNTs; (f) Pbo/MWCNTs
# 3 BAMBBEFARIE 50 mA/cm’ B BT E TR 1L 20 h BOE ThiE R

Table 3 Corrosion rates of various lead-carbon anodes polarized for 20 h at a current density of 50 mA/cm?

Electrode material my/g molg A/m? t/h CR/g-(m*h)’!
Pb/CNTs-NH, 3.4851 3.4664 10 20 9.35
Pb/C60-SWCNTs 3.3016 3.275 10 20 13.3
Pb/SWCNTs 3.2724 3.2377 10 20 17.35
Pb/MWCNTs 3.3296 3.2913 10 20 19.15
Pb/C60 3.2285 3.1673 10 20 30.6
Pb/rGO 3.3318 3.2584 10 20 36.7
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Electrochemical Behavior of Nano-Carbon Materials Enhanced Pb Anodes
for Zinc Electrowinning

Zhao Lvxing, Yang Changjiang
(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Based on the electro-catalysis of nano-carbon materials for oxygen evolving reaction (OER), 6 typical 0-dimensional,
1-dimensional, and 2-dimensional nano-carbon materials were used as the catalytic enhanced phase to prepare lead-based composite
anodes. The electrochemical behavior of the composite anode was studied by cyclic voltammetry, anodic polarization, EIS and corrosion
resistant test under simulated zinc electrowinning conditions. The results show that nano-carbon materials enhanced Pb composite anodes
show excellent electrocatalysis for OER and their stable overpotential are lower than that of pure Pb anode by more than 96 mV at the
current density of 500 A/m. The electrochemical catalytic performance of 2-dimensional nano-carbon materials is not as well as that of
0-dimensional nano-carbon materials, and the 1-dimensional ones have the best performance among them. After modified with functional
groups or decorated with functional particles on the surface of 1-dimensional nano-carbon materials, the increase of electrochemical
catalytic performance is significant.

Key words: OER; nano-carbon materials; zinc electrowinning
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