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Abstract : Degradation of polymer electrolyte membrane fuel cell (PEMFC) that is facilitated by on/off cycles is
one of the most important issues for commercialization of fuel cell vehicles. When a PEMFC stack is shut down,
residual hydrogen and induce high voltage equivalent to open circuit voltage to the cathode side that might cause
sintering of Pt catalyst and facilitate formation of hydrogen peroxide at the anode side that might decompose
Nafion¢A membrane. In this study, degradation of PEMFC exposed to repetitive on/off cycles was investigated by
measuring i-V characteristics, ac impedance, cyclic voltammograms, gas leak, cross-sectional SEM images, and TEM
images. To prevent degradation of PEMFC caused by the residual gases, hydrogen was removed from anode gas
channel by gas-purging and by using a dummy resistance, that were found to be a very effective method.
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Fig. 1. The load cycle employed in this study.
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Fig. 2. Typical voltage responses to the load cycle in Fig. 1; (a) Hy/
Air, (b) air/air, (¢) Ny/air and (d) resistance/air.
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Fig. 3. Effects of hydrogen removal method on decreases in the cell
voltage measured at the end of (a) step 1 (OCY) and (b) step 3
(@600 mA/cm?).
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Fig. 4. Nyquist plots for the single cells measured before and after
every 10 cycles employing (a) hydrogen/air, (b) air/air (c) nitrogen/
air and (d) resistance/air.
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Fig. 5. Effects of the hydrogen removal methods on (a) ohmic
resistance and (b) charge transfer resistance of the single cells
obtained from the data in Fig. 4.
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Fig. 6. Linear sweep voltammetry for the single cells measured
before and after every 10 cycles employing (a) hydrogen/air, (b) air/
air (c¢) nitrogen/air, and (d) resistance/air.
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Fig. 7. Effects of the hydrogen removal methods on hydrogen
crossover current obtained from the data in Fig. 6.
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Fig. 9. XRD for the catalyst after S50 cycles; (a) anode and (b)
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Table. 1. Crystallite sizes of anode and cathode catalysts after
50cycles on/off cycle operation.

An (nm) Ca (nm)
Fresh catalyst 4.9 5.1
H.J/Air 9.5 10.1
Ait/Air 9.1 103
No/Air 9.6 10.9

Resistance/Air 8.8 10.4
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