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Introduction 
 
Polymer electrolyte fuel cell (PEFC) is a type of fuel cell 
mainly being used in vehicles due to its characteristics of high 
efficiency, small size, and low operation temperature. The 
authors have tried many approaches to simulate the adiabatic 
working condition of the cell installed in the stack of actual 
automobile at subzero temperatures. Heat insulating plates 
were inserted between electricity collectors and endplates, 
and heaters placed on the outside of the endplates were 
controlled to eliminate the temperature difference on both 
sides of the heat insulting plates. Rubber heaters and insulting 
plates were inserted between electricity collectors and 
endplates, and the heaters were controlled to simulate the 
calculated adiabatic temperature rise. Instead of using 
heaters, a new kind of cell with separators made of heat 
insulation materials was designed to meet the adiabatic 
demands. After appropriate adiabatic condition is achieved, 
the cell operation performance enhancing issues after cold 
startup remains to be solved for the popularity of fuel cell 
vehicles in the cold regions. Using the designed heat 
insulation cell, this study aimed to clarify how the water 
generated during cold startup affects the cell power increase 
in the subsequent normal operation. 
 
Outline of Experiments 
 
The procedure of the startup experiment consists of five parts: 
conditioning, gas purge, cooling, cold startup, and normal 
operation. In the conditioning, the cell voltage was kept 
constant, and high load and high gas flow rate operation were 
performed for 5 hours to improve the activity of catalyst. The 
gas purge was conducted by dry nitrogen gas to remove 
residual water, which largely affects the cold start 
characteristics. Then wet nitrogen gas purge was conducted 
to make polymer electrolyte membrane have certain water 
content for 3 hours until the cell resistance was kept steady. 
After the wet gas purge, the cell was cooled down in the 
thermostatic chamber. Cold startup was conducted at 0.04 
A/cm2 when cell temperature reached to -10 °C. The current 
density was increased to 0.07 A/cm2 through two-step loading 
after 30s, and was kept steady until cell temperature increased 
to the 4 °C. After the cell temperature exceeded 0 °C 
(successful cold startup) and when cell temperature increased 
to the target value, the current density was increased to 0.5 
A/cm2 instantly and the cell performance was investigated. 
For comparison, the cell was also started up at 0.5 A/cm2 from 
initial temperature 4 °C without the cold startup. The cell 
voltage, resistance and temperatures were recorded on a data 
logger at 1 second intervals. 

 
Results and Discussions 
 
Cold startup experiments were conducted to study the effect 
of the generated water on the following cell power increase 
above freezing point. Fig. 1 shows the changes of cell voltage, 
cell resistance and cell temperature for the case of cold startup 
from -10 °C: (a) from the startup to the shutdown and (b) 
around the current increase and the shutdown from 1050 s to 
1210. As shown in Fig. 1(a), the cell resistance decreases until 
around 110 s from the start of operation. This is because the 
water produced by cathode reaction humidifies the polymer 
electrolyte membrane, and the proton resistance decreases 
due to membrane rehydration. As for the cell voltage, it 
increases with a decrease in resistance until 110 s. The two-
step loading of current density makes cell voltage fluctuate at 
30 s.  
 

 
(a) Long time span 

 

 
(b) Short time span 

 
Fig.1 Change in cell voltage, resistance and Temperature at -

10 °C 
 
As shown in Fig. 2(b), the applied current density is increased 
to 0.5 A/cm2 at around 1160 s when the cell temperature 
reaches to 4 °C. Then the cell voltage decreases and starts 
fluctuating. It takes nearly 50 s to shut down, and reaches to 
0 V at around 1210 s. Besides, the cell resistance does not go 
up with the cell shutdown. This indicates that the shutdown 
occurred due to flooding. 



This was probably because generated water during the cold 
startup accumulated at the interface between the catalyst layer 
and micro porous layer, and caused the shutdown due to 
obstruction of oxygen supply in the subsequent normal 
operation above 0 °C. Further investigation on detailed 
mechanism is needed to improve the cold start ability of the 
cell. 
 

 
 
Fig.2 Change in cell voltage, resistance and Temperature at 

4 °C 
 
To make comparisons, cell startup without the process of cold 
startup was conducted at 4 °C. Fig. 2 shows the time variation 
of cell voltage, cell resistance, and cell temperature for this 
case. The applied current density was increased to 0.5 A/cm2 
during 30 s with decrease in the cell voltage. After 30 s, the 
cell voltage stabilizes at around 0.4 V, and this means that 
stable operation is possible at this condition. The comparison 
of power increase after cell start with initial temperature -
10 °C and 4 °C indicates that the water generated during cold 
startup have a great effect on the subsequent flooding, which 
makes the cell performance deteriorate in the normal 
operation. 
 
Conclusion 
 
This study attempted to figure out the effect of water 
generated during cold startup on power increase in normal 
operation by using the heat insulation cell. Shutdown 
occurred when the cell started up from -10 °C followed by the 
current increase to 0.5 A/cm2 at 4 °C, while the cell startup 
was succeeded at high current density 0.5 A/cm2 with initial 
temperature 4 °C.  These suggest that the water generated 
during the cold startup condenses easily in the cell, and can 
affect the subsequent flooding greatly. It may be considered 
that water moved to the interface between catalyst layer and 
micro porous layer during the cold startup, and the residual 
water obstructed the oxygen supply in the power increase 
process of the following normal operation, which resulted in 
the performance degradation. 
 
 

 
 

 


