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Fig.1 Preparation of carbon soot particles
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Fig.2 FE-SEM image of carbon soot particles (a), SEM images of Pb/1.5Cy composite anode (b), and particle size distribution of carbon

soot particles (c)
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Fig.3 FTIR spectrum of carbon soot particles
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Fig.4 CV curves of Pb/Cy composite anodes with varied Cy contents (a), pure Pb anode and Pb/0.75Ag anode (b) in zinc sulfate solution
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Table 1 Volt-ampere charge of different lead anodes materials

Anode Q/C c¢m™?
Pb 0.66
Pb/0.75Ag 0.59
Pb/0.1Cy 0.89
Pb/0.5Cy 0.94
Pb/1.0Cy 0.97
Pb/1.5Cy 0.98

AR, 7F 0.35~1.75 V FE AL AT 1 mV/s 9
AN [ 4 BE AR A Ak 3 AT BE AR AR AL, B 5 TR .
ME 5c AT LEME H, 7E 0.02 Alem?® (IR E R,
Cy &M 0.1%M N5 1.5%, & & BRI HT & B AL
(vs.MSE) Z#iB&A%, KUCH Pb/0.1Cy (1.47 V)
Pb/0.5Cy (1.43 V) . Pb/1.0Cy (1.40 V) . Pb/1.5Cy
(1.31 V) , Pb/L.5Cy B & FHAR AT A AL B BAK T
Pb/0.75Ag (1.52V) 4l Pb (1.56 V) FHHK, 7 5IF%
&7 210 mV. 250 mV. HtA K, Pb/1.5Cy & 4B
W AT A BRI, AR T AT, Ul B AR A
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Fig.5 LSV curves with insets of Tafel curves (a, b) and oxygen evolution potentials (c) of Pb/Cy composite anode with varied Cy

contents, pure Pb anode and Pb/0.75Ag anode
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Table 2 Oxygen evolution Kinetic parameters of different

lead anode materials

Anode alVv b/V dect  jdAem? gV
Pb 1.303 0.186 9.877x10%  1.061
Pb/0.75Ag 1.254 0.182 1.288x107  1.017
Pb/0.1CH 1.169 0.188 6.052x107  0.924
Pb/0.5CH 1.254 0.254 1.156x10°  0.923
Pb/1.0CH 1.253 0.274 2.673x10°  0.897
Pb/1.5Cy 1.240 0.289 5.121x10° 0.864
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Fig.6  Nyquist curves with inset of equivalent circuit (a-b) and Bode curves (c-d) of Pb/Cy composite anode with different Cy contents,

pure Pb anode and Pb/0.75Ag anode
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Table 3 Electrochemical impedance spectroscopy fitting data

of different lead anode materials

Anode Ry/Q-em’ RyQ-em’ Q/Q em?s" n  CylFem?
Pb 2.528 7.443 0.00270 0.96 0.0022
Pb/0.75Ag 2.566 4.423 0.01980 0.91 0.0141
Pb/0.1Cy  2.599 3.201 0.03669 0.87 0.0236
Pb/0.5Cy  2.618 2.824 0.05656 0.85 0.0360
Pb/1.0Cy  2.691 2.779 0.08353 0.82  0.0517
Pb/1.5Cy  2.636 2.541 0.10868 0.77  0.0605

FH7J. M Bode EIFTLLEH, BEE Cy S =M, E&
FHAR (1 HLZS 38 0, AHAL M WA A A2 3. 54l Pb
Al Pb/0.75Ag BAARAHEL, Pb/1.5Cy HIMEMEE %8, F W
R EERERE, XWMIEL T ZEAHMN S B
PEIT .
2.5 [EERRKENLZ

Bl 7 R T AN [ 4 BE AR A ORHE B R AR A6 20 h )
Prafads i, WE 7a TBLE |, XFF Pb/Cy EAFH
W, BEE CyEr=MIGN, BAHE TR, “YCyi®

1.8

—a&— Pb/0.1C,
—e—Pb/0.5C,,
4—a— Pb/1.0C,,
[ —e— Pb/1.5C,

=
u

=
o

Potential/V(vs.MSE)

&
2 g

15t

2 4

0 6 8 10 12 14 16 18 20

b

=
©

—=—Pb
—e— Pb/0.75Ag
—a— Pb/1.5C,,

=
i~

W

h

=
o

Potential/V(vs.MSE)

>

=
o

0 2 4 6 8 10 12 14 16 18 20
Time/h

Bl 7 ANF Cy & &1 Ph/Cy E A FHML . 4 Pb BHAR AN Pb/0.75Ag
FHAR A B AL 20 h 1 B A0 A% A4 it 22

Fig.7  Galvanostatic polarization curves of Pb/Cy composite

anode with different Cy contents, pure Pb anode and

Pb/0.75Ag anode materials after polarization for 20 h
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Preparation and Electrochemical Properties of Soot-Doped Lead-based
Composite Anodes

Zhang Chenpei®, Yang Changjiang®, Zhao Lvxing!, Li Can', Li Qikun®, Chang Jun?
(1. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. School of Materials and Chemical Engineering, Tongren University, Tongren 554300, China)

Abstract: A rapid and low-cost method was used to fabricate carbon nanomaterials-soot particles (Cu), and lead/soot (Pb/Cy) composite
anode materials were prepared by powder metallurgy and mechanical alloying techniques. Oxygen evolution of lead-based anodes was
improved due to high specific surface area and catalytic activity of carbon nanomaterials. Cy was characterized by field emission scanning
electron microscopy (FE-SEM), the Fourier infrared spectroscopy (FTIR), cyclic voltammetry curve (CV) and linear scanning voltammetry
curve (LSV). Results show that Cy exhibits a shape of many nanosized chains with abundant carbonyl and hydroxyl groups and serve as an
excellent transfer carrier of electron and proton. The overpotential of composite anodes decreases with increasing the content of Cyin
lead/soot materials. The apparent exchange current density of the Pb/1.5wt%Cy composite anode is increased by 3 and 2 orders of
magnitude compared to that of the pure Pb and conventional Pb/0.75wt%Ag anodes, respectively. The oxygen evolving overpotential of
Pb/1.5wt%Cx composite anode is lower than that of the Pb/Ag anode and pure Pb anode by 20 and 133 mV, respectively, under the
simulated zinc electrowinning conditions, showing excellent electrocatalytic activity of oxygen evolution.

Key words: soot; composite anode; oxygen evolution; zinc electrowinning
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