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Effects of Ag and RE contents on
electrochemical performance of Pb-Ag-RE alloy anode
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Abstract: The oxygen evolution and corrosion behaviors of Pb-Ag-RE anodes with different Ag and RE contents were
investigated using galvanostatic polarization, chronopotentiometry, Tafel curves, scanning electronic microscopy (SEM)
and X-ray diffractometer (XRD). The results show that the reduce of the Ag content leads to the increase of the oxygen
evolution overpotential and corrosion rate. The addition of RE benefits to the formation of a dense anodic layer, and then
reduces the corrosion of metallic substrate. The RE addition facilitates the transformation of high resistance PbSO, and
PbO to a-PbO, and S-PbO,, which further helps to enhance oxygen evolution reactivity and reduce anodic overpotential.
In addition, RE can improve the compactness of the anodic layer, refine the grain and interdendritic boundaries of Pb-Ag
alloy and diminish the interdendritic corrosion of metallic substrate. Consequently, RE can effectively improve the
oxygen evolution reactivity and corrosion resistance, trace amounts of RE can partly replace Ag of Pb-Ag anode.
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Fig. 1 Schematic diagram of experimental device for alloy
samples preparation: 1—Argon gas bomb; 2—Water inlet; 3—
Gas inlet; 4—Governor; 5—Agitator blade; 6—Vacuum pump;
7—Gas outlet; 8—Water outlet; 9—Stainless steel cylinder

mould; 10—Thermocouple; 11—Temperature controller
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Fig. 2 Potential-time curves of different anodes during

galvanostatic polarization for 72 h
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Table 1 Average corrosion rates of different anodes after polarization for 72 h

Alloy anode my/g my/g my—my/g Veor/(gm ~h ")
Pb-Ag0.2%-RE0.015% 13.9666 13.9212 0.0454 6.305
Pb-Ag0.5%-RE0.015% 12.6767 12.6423 0.0344 4.778
Pb-Ag0.5%-RE0.030% 13.2262 13.1868 0.0394 5.472

Pb-Ag0.5% 20.0968 20.0397 0.0571 7.931
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Fig. 3 Morphologies of anodic layers formed on different anodes after polarization for 72 h: (a) Pb-Ag0.2%-RE0.015%;
(b) Pb-Ag0.5%-RE0.015%; (c) Pb-Ag0.5%-RE0.03%; (d) Pb-Ag0.5%
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Fig. 4 XRD patterns of anodic layers formed on different

alloy anodes after polarization for 72 h: (a) Pb-Ag0.5%; (b)

Pb-Ag0.5%-RE0.03%; (c) Pb-Ag0.5%-RE0.015%; (d) Pb-

Ag0.2%-RE0.015%
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Fig. 5 Morphologies of metallic substrates of different anodes after polarization for 72 h: (a) Pb-Ag0.2%-RE0.015%;
(b) Pb-Ag0.5%-RE0.015%; (c) Pb-Ag0.5%-RE0.03%; (d) Pb-Ag0.5%
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Fig. 6 Chronopotentiometry curves of different alloy anodes after galvanostatic polarization for 60 min
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Table 2 Reduction electric quantity Q of different components of anodic layers

o/IC
Alloy anode
PbO, PbOPbO-PbSO, PbSO, Total
Pb-Ag0.2%-RE0.015% 3.436 6.572 81.018 91.026
Pb-Ag0.5%-RE0.015% 1.795 4.058 43.565 49.418
Pb-Ag0.5%-RE0.03% 2.091 5.124 63.196 70.411
Pb-Ag0.5% 1.357 6.684 15.211 23.252
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Fig. 7 Tafel curves of different anodes after galvanostatic

polarization for 24 h
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Table 3 Slopes of Tafel curves shown in Fig. 7 obtained
through linear fitting

Alloy anode b/(mV-dec')  by/(mV-dec)
Pb-Ag0.2%-RE0.015% 148.9 275.1
Pb-Ag0.5%-RE0.015% 157.3 268.5
Pb-Ag0.5%-RE0.03% 150.1 2419

Pb-Ag0.5% 156.0 293.8
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