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Durability of platinum-based cathode catalysts during
voltage cycling operation in polymer electrolyte fuel cells
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This study aims at improving the durability and lowering the cost of polymer
electrolyte fuel cells (PEFCs) by quantitative evaluation of the agglomeration
degradation of the catalyst layer. Thus, we focused on three objectives and
performed voltage cycling tests at 0.4—1 V, for up to 50000 cycles.

First, we elucidated the effect of humidity and oxygen partial pressure on the
agglomeration degradation of the Pt catalyst in the voltage cycling tests. Pt
agglomeration degradation proceeded readily under high-humidity conditions and
was remarkably accelerated under supersaturated-humidity conditions. In terms of
the O2 partial pressure, we concluded that water generation by the oxygen
reduction reaction (ORR) accelerated Pt agglomeration in the voltage cycling test
using Oa.

Second, we aimed to develop a method for measuring the dissolution of the
electrocatalyst metal during voltage cycling. Thus, we designed and developed a
special device and measured the amount of Pt dissolution during the voltage
cycling tests. The results showed that (1) Pt dissolution was suppressed at lower
voltage levels during voltage cycling; (2) 3.5 wt % of the initial Pt was dissolved and
90% of the dissolved Pt was re-deposited on the Pt catalyst particles during the
10000-cycle voltage cycling test over the range 0.4-1 V.

Finally, we examined the durability of Pt-Co/C in the voltage cycling tests. We
concluded that Pt-Co/C exhibited high ORR activity and durability during the tests
because the mass activity of Pt—Co/C was about twice that of Pt/C throughout the
50000 cycles. We attributed this phenomenon to the formation of a stable Pt
shell/Pt—Co core structure following the structural changes induced by voltage
cycling, based on the results of TEM observations and the measured dissolution
amounts of Pt and Co.



