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Abstract : Durability of automotive polymer electrolyte membrane fuel cell (PEMFC) strongly
depends the startup/shutdown procedure. Formation of hydrogen/air boundary in the anode gas
channel, so-called reverse current condition, particularly induces fast degradation of the cathode.
Under the reverse current condition, high voltage is present at the cathode facing air in the
anode gas channel and is a function of residual oxygen concentration in the gas channels, that
increases with storage time and reaches 21% (air) eventually. In this study, effects of residual
oxygen concentration in a PEMFC on degradation of the PEMFC.
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Fig. 1. Reverse current condition induced by formation
of hydrogen/air boundary in the anode gas channel with
the cathode gas channel filled with air."
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Fig. 2. A schematic voltage profile for the startup/shutdown
cycling employed in this study.
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Fig. 3. i-V performance measured before and after 200,
600, 800, 1,200 startup/shutdown cycles represented in
Fig. 1; (a) with 1% O,+ 99% N, gas and (b) with air.
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Fig. 4. (a) Open circuit voltage and (b) current density at
0.6 V as a function of cycles obtained from the data in Fig. 3.



280 J. Korean Electrochem. Soc., Vol. 13, No. 4, 2010

= Initial
L | & 200cyche

600cycle
—w— B00cycle

“E 1.0
S e
N v v
Ja— e v,
05| ’,f L i i i
o - . v
| 7‘_I l._-\! N '
I. L
oo U ; | T - L
0.0 05 1.0 15 20 25 30
Z I gcm?
(a)
12 T T T T T T
w— Initial
® 200cycle
10h 600cycle J
v BOOcycle
1200c
8k J
e
& °r 1
N
Toal 4
vy— v
v v,
- L
2} . J
;‘;. . By X
¥
ofm B i v i :
0 2 4 6 8 10 12 14
Z Iaem’

Fig. 5. Nyquist plots measured before and after 200, 600,
800, 1,200 startup/shutdown cycles represented in Fig. 1;
(a) with 1% O, + 99% N, gas and (b) with air.
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Fig. 6. (a) Ohmic resistance and (b) charge transfer resistance
as a function of cycles obtained from the data in Fig. 5.
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Fig. 7. Cyclic voltammograms measured before and after
200, 600, 800, 1,200 startup/shutdown cycles represented
in Fig. 1; (a) with 1% O+ 99% N, gas and (b) with air.
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Fig. 11. Cross-sectional SEM images for the MEAs (a)
before and after 1,200 cycles with (b) with 1% O,+ 99% N,
gas, and (c) with air.
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