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Abstract: Freezing of water in a polymer electrolyte membrane fuel cell (PEMFC) may cause severe problems in
driving a fuel cell vehicle during the winter time. Characteristics of PEMFC which suffered low temperatures below
zero degree was examined with the thermal cycles from 80 %6.-With the thermal cycles, the cell performance

was degraded due to the phase transformation and volume changes of water. Effects of freezing of water in PEMFC
on the electrode structure and polarization resistance were examined by BET analysis, cyclic voltammetry, and AC
impedance spectroscopy.
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Fig. 1. Effects of thermal cycles from 80 to -TC on current-voltage
curves measured at a cell temperature of 8G.
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Fig. 2. Effects of thermal cycles from 80 to -C on the OCV and

current density measured at a cell voltage of 0.6V and at a cell

temperature of 80°C.
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Fig. 3. Effects of thermal cycles from 80 to -FC on the pore size
distribution measured by the nitrogen adsorption and BET analysis.

=40
_I
20 ——
-+ o J.
E D III T el | ___F"'-‘
P i
‘:E o F K F
= oENr | § !
||I o
B of | i
E ] . i
E B0 1=t
& 2
S
BO ah
=200 0 200 £00 §00 B0 1000 1200 1400 1600

Pobertial ! mi'

Fig. 4. Effects of thermal cycles from 80 to -PC on cyclic
voltammograms obtained at 80C. Scan rate was 50 mV/s.
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Table 1. Effects of the thermal cycles on peak area and roughness

factor for the electrodes calculated from the cyclic voltammograms
given in Figure 4.

Number of Peak area Roughness
thermal cycle (mA/cm? X mV) factor
0 1919 36.55
1 1828 34.82
2 1664 31.70
3 1649 3141
4 1450 27.62
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Fig. 5. Effects of the thermal cycles from 80 to -2G on Nyquist
plots measured at the applied potentials of (a) 0.7 and (b) 0.8V ata
cell temperature of 80C. For AC impedance measurement, applied
frequency was varied from 1 mHz to 50 kHz with an excitation
voltage of 5 mV (peak-to-peak).

Table 2. Effects of the thermal cycles on ohmic resistance and
charge transfer resistance of the single cell calculated from the data
given in Figure 5.

Applied Number of

Ohmic resistance Charge transfer

potential (V) thermal cycle (Qcm?) resistance@cnr)
0 0.26 0.16
1 0.34 0.17
0.7 2 0.48 0.24
3 0.56 0.27
4 0.65 0.28
0 0.26 0.60
1 0.33 0.62
0.8 2 0.52 0.87
3 0.66 0.90
4 0.90 0.91
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