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Abstract — During start up and shut down of a proton exchange membrane fuel cells (PEMFC), the performance and
lifetime of PEMFC were reduced. In this study, effect of startup and shutdown were investigated in dead-end type
PEMFC using oxygen as a cathode gas with polarization curve, impedance spectroscopy (EIS), scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). Dummy load which eliminates residual hydrogen and
oxygen during startup and shutdown operation should be applied to mitigated the degradation of PEMFC performance.
At 50% relative humidity (RH) under the repetitive on/off cycling, the cell performance decayed faster than at 100% RH
because of corrosion of the cathode carbon support. Water suppling into cell reduced the degradation rate of dead-end
type PEMFC during start up and shut down cycling at 50% RH.
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Fig. 1. Schematic diagram of PEMFC system with dummy loader and
water feeder.
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Fig. 2. Variation of voltage during start-up and shut-down, (a) without
dummy loader, (b) with dummy loader.

Korean Chem. Eng. Res., Vol. 51, No. 5, October, 2013



542 o B R s s N - L R S ) -
1 -0.025 —
09 \ (@ —Initial | (a) — Initial
. +++2100cycle es++100cycle
0.8 \ — 200 4 ol -0.02 e - =200cycle
o \ cycle| / — .300cycle
— — -300cycle / X
206 : -0.015 o/
= = J E\
g 05 . 2 . B\
= N )
o B\
9 04 0.01 ’i/ 4\
0.3 \
0.2 -0.005 “
0.1 y v
0 0
0 500 1000 1500 2000 0 001 002 003 004 005 006
CurrentDensity(mA/cm?) 7'(a)
1
— -0.025
0.5 \ (b) —Initial (b) —Initial
seee cycle , ~ *+e+100cycle
100cycl . - -~ |
08 i — = 200cycle 0.02 RS So{— — 200cycle
0.7 ST ) \
S 06 o~ \N ".‘I \ \\
T Seol T _-0015 oo/ AN
2 0.5 = ~< - £ g / “. \
S 04 = i S o
> N L0.01 - ‘.. \
03 / , \'. \
0.2 $ 1 o. \
-0.005 . ! t
E / / } 3
H !
0 L
0 500 1000 1500 2000 0 H )
Current Density(mA/cm?) Y 0.02 0.04 0.06

Fig. 3. Polarization curves after start-up/shut-down cycles at (a) RH
100%, (b) RH 50%.
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Fig. 5. TEM images of Pt paticles in electrode (a) before SU/SD, (b) after SU/SD at RH 100%, and (c) after SU/SD at RH 50%.
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Fig. 4. Variation of impedance during start-up and shut-down at (a)

RH 100%, (b) RH 50%.
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Fig. 6. Voltage change of dead-end type PEMFC during start-up and
shut-down with dummy loader and water feeder at RH 50%.
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Fig. 7. Polarization curves of dead-end type PEMFC after start-up and
shut-down with dummy loader and water feeder at RH 50%.
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Fig. 8. SEM images of MEA in dead-end type PEMFC after start-up and shut-down with dummy loader at RH 50%, (a) without water feeder,

(b) with water feeder.
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