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Abstract

Corrosion behavior of Pb—-Ca-Sn alloy of negative electrode for lead-acid battery has been investigated by mea-
surement of weight loss after dissolving corrosion product formed under various potential step cycling patterns
and by observation using in-situ analysis of electrochemical atomic force microscope (EC-AFM). No severe cor-
rosion was observed during potential step cycle at cathodic potential equal to or less noble than -140 mV, at
that equal to or noble than -20 mV vs. Pb/PbS0,/3.39 M H,SO,, or under constant potential condition from +20
to +60 mV without stepping, though severe corrosion was observed at cathodic potential ranging from -120 to
-40 mV and at anodic potential equal to or noble than +40 mV. The corrosion was decreased with periodical
reduction at high polarization of =160 mV. The mechanism of severe corrosion was verified to be caused by the
oxidation of Pb to PbSO, followed by its partial reduction of passive PbSO, film during each potential step cycle,

resulting in porous corrossion layer.
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Fig. 1 Potential step cycle pattern for the corrosion

test (1) of Pb alloy electrode.
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Fig. 2 Potential step cycle pattern for the corrosion
test (2) of Pb alloy electrode.
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Fig. 3 Potential step cycle pattern for the corrosion
test (3) of Pb alloy electrode.
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Fig. 4 Potential step cycle pattern for the corrosion
test (4) of Pb alloy electrode.
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Fig. 5 Schematic diagram of EC-AFM apparatus
for in-situ observation on the surface of Pb alloy
electrode.
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Fig. 6 Potential step cycle pattern for in-situ ob-
servation on the surface morphology of Pb alloy
electrode by EC-AFM.
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Fig. 7 Weight loss of Pb alloy electrode after po-
tential step corrosion test at 40 °C under the condi-
tion of various cathodic potentials from anodic po-
tential of +40 mV vs. Pb/PbS0,/3.39 M H,SO,.
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Fig. 8 SEM images of cross-sectional Pb alloy
electrode after potential step corrosion test at 40
‘C under the condition of anodic and cathodic po-
tentials of 40 and -80 mV vs. Pb/PbS0,/3.39 M
H,SO,, respectively.
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Fig. 9 Weight loss of Pb alloy electrode after po-
tential step corrosion test at 40 °C under the condi-
tion of various anodic potentials from cathodic po-
tential of -80 mV vs. Pb/PbS0,/3.39 M H,SO,.
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Fig. 10 Weight loss of Pb alloy electrode after po-
tential step corrosion test at 40 “C at various step
intervals under the condition of anodic and cathodic
potentials of +40 and -80 mV vs. Pb/PbS0,/3.39
M H,SO,, respectively.
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Fig. 11 Weight loss of Pb alloy electrode after po-

tential step corrosion test at 40 “C with cathodic po-
larization at =160 mV for 180 s at various frequen-
cies under its test condition of anodic and cathodic
potentials of +40 and -80 mV vs. Pb/PbS0,/3.39
M H,SO,, respectively.
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Fig. 12 Weight loss of Pb alloy electrode after
constant potential corrosion test at various poten-
tials at 40 C.
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Fig. 13 EC-AFM images of Pb alloy electrode
surface under various conditions of the first poten-
tial step cycle: (a) initial state; (b) after oxidation
at +40 mV; and (c) after reduction at -200 mV vs.
Pb/PbS0,/3.39 M H,SO,.
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Fig. 14 EC-AFM images of Pb alloy electrode sur-
face under various conditions of the seventh poten-
tial step cycle: (a) initial state; (b) after oxidation
at +40 mV; and (c) after reduction at -200 mV vs.
Pb/PbS0,/3.39 M H,SO,.
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Fig. 15 EC-AFM images of Pb alloy electrode sur-
face under various conditions of the seventh poten-
tial step cycle: (a) initial state; (b) after oxidation
at +40 mV ; and (c) after reduction at -80 mV vs.
Pb/PbS0,/3.39 M H,SO,.
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Fig. 16 EC-AFM images of Pb alloy electrode sur-
face under various conditions of the seventh poten-
tial step cycle: (a) initial state; (b) after oxidation
at +40 mV ; and (c) after reduction at -20 mV vs.
Pb/PbS0,/3.39 M H,SO,.
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Fig. 17 Schematic diagram of corrosion mechanism of Pb alloy electrode during potential step cycling with
different reduction potentials from +40 mV vs. Pb/PbS0,/3.39 M H,SO,.
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