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Abstract

Automotive manufactures have been trying the development of idling-stop vehicles capable of improving fuel
efficiency with easier systems and lower cost than the case of EVs and HEVs to reduce carbon dioxide discharge
as countermeasures against the global warming. The battery in idling-stop vehicles, however, is usually used
under PSOC (Partial state of charge) condition for the purpose of its effective charging. Accordingly, it becomes
obvious that negative plate lugs of vented lead-acid battery are corroded, and the battery life performance is
deteriorated under that condition. Thus, the corrosion rate of Pb-Sn alloy has been investigated by potential
step cycles under specific potential condition around equilibrium potential in the range of +40 to -80 mV vs. Pb/
PbS0,/3.39 M H,SO,. The corrosion rate turned out to be drastically suppressed with Pb-Sn alloys more than or
equal to 10 mass% of Sn content. Moreover, we successfully developed new vented lead-acid battery with main
three technologies: Pb-Sn rich alloy layer formed on negative lug surface, higher density positive active mate-
rial, and moderate amount of carbon additive for negative active material. This battery was verified to have a

good cycle life performance under idling-stop pattern test.
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Fig. 1 Current profile of idling—stop life test for lead-
acid battery according to SBA' S 0101.
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Fig. 2 Current profile of light load endurance test
for lead-acid battery according to JIS D 5301.
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Fig. 3 Change in 1 s—discharge voltage of conven-
tional SLI 55D23 type lead-acid battery at 300 A
during idling-stop life test according to SBA S 0101.
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Fig. 4 Representative failure mode analysis of con-
ventional SLI lead-acid battery after idling—stop life
test.
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Fig. 5 Representative outside view of plates of
conventional SLI lead-acid battery after idling-stop
life test.
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Fig. 6 Representative cross-sectional view of neg-
ative strap and lugs in conventional SLI battery after
idling-stop life test.
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Fig. 7 Representative potential behavior of nega-
tive lug for lead-acid battery during idling-stop life
test according to SBA S 0101.
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Fig. 8 Representative potential behavior of nega-
tive lug for lead—acid battery during light load endur-
ance test according to JIS D 5301.
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Fig. 9 Schematic diagram of corrosion mechanism
of negative lug for lead—acid battery during idling-
stop life test.
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Fig. 10 Potential step cycle patterns for the corro-
sion test of Pb-Sn alloy electrode for lead-acid bat-
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Fig. 12 Representative change in 1 s-voltage at
300 A discharge for newly developed idling-stop
vented lead-acid battery (4) and conventional SLI
one () during idling-stop life test according to SBA
S 0101.
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Fig. 13 Representative failure mode analysis of
newly developed idling-stop lead-acid battery after
idling-stop life test.
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Fig. 14 Representative outside view of plates for
newly developed idling-stop lead-acid battery after
idling—stop life test.
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Fig. 15 Representative cross-sectional view of
negative strap and lugs for newly developed idling-
stop lead—-acid battery after idling-stop life test.
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