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ABSTRACT

The improvement of cold start capability is one of the most challenging tasks to be solved for
commercialization of fuel cell vehicle. In this study, cold start test and ice blocking test(IBT) of fuel cell
stack were carried out under various operating conditions. This fuel cell stack can be thawed from -20C
within 25s and the voltage change was found to be comprised of 4 steps; the first step is the voltage
decrease by overpotential, the second step is the voltage increase by the cell temperature increase, the third
step is the voltage decrease by ice blocking, and the last step is the voltage increase by thawing. Boot-
strap startup was failed after shutdown at temperature under 40C because of much condensed water in the
fuel cell. Quantitative estimation of cold start capability have been demonstrated by ice blocking test(IBT).
In the results, it was found that cold start capability was improved double every 10C from 30C to 65C
and enhanced by 30% at the condition of SR 3/4 compared to SR 1.5/2.0 and enhanced by 20% with dry
purge condition compared to with RH 50% purge condition.
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Nomenclature 1. N £

MEA : membrane-electrode assembly SEA A3)E AR A (polymer elecrolyte mem-

GDL : gas diffusion layer brane fuel cell, PEMFC)&= 49 4t4k9] A7)
SR : stoichiometry ratio gl3tA M-S B3l AU E BT BA=E, T
HP : hydrogen pump 2 Feje] dsAdA | vlE] E&o] =i, AFEUE
IBT : ice blocking test 2 28 Ugy} 3n AEA| 7] B SAld 1
RH : relative humidification A ANAL 27 fBe AaA 2do] A 9
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Fig. 3 Normal behavior of cell voltage and temperature during
ice blocking test(IBT).
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2.4 Ice Blocking Test (IBT)
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Fig. 4 Time evolution of cell voltages and temperature during
cold startup from -20C.
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Fig. 5 Normal behavior of cell voltage and temperature during
cold startup of PEMFC.
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Fig. 6 Cold startup results of PEMFC after operating at (a) 30C
and (b) 407C.
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Fig 7 Cold startup results of PEMFC after operating at (a) 55°C
and (b) 65C.
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Table 1 Detailed results during cold startup at 20A ~ 100A
Lowest Time at lowest
Load(A) voltage(V) voltage(s)
1 20 0.249 134
2 40 0.214 60
3 70 0.246 26
4 100 0.076 24
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Table 2 Detailed results using ice blocking test
eration condition Purge condition ative pr e
S?{p Temp.(C) time(s) ) RH(%) fee blocking ms(s) Cmvj;ie;(r;g;l;%uc
1 3/4 30 30 50 42 39.2
2 3/4 40 30 50 94 87.8
3 3/4 55 30 50 244 2279
4 1.5/2.0 55 30 50 198 184.9
5 1.5/2.0 55 10 50 186 173.7
6 1.5/2.0 65 30 50 248 2346
7 1.5/2.0 65 30 0 290 270.9
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