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Proton Exchange Membrane (PEM) fuel cells are often 
operated at low temperatures (<80oC) and 100% relative 
humidity (RH). However, PEM fuel cells operated at 
elevated temperatures (>100 oC, atmospheric pressure and 
therefore low RH) have significant advantages over low 
temperature PEM fuel cells as CO poisoning at the anode 
is effectively alleviated. However, the change of 
temperature and RH will also influence many parameters 
of a PEM fuel cell, such as cathode catalytic activity, and 
membrane and electrode resistance. Therefore, it is very 
instructive to understand these changes before further 
improving the performance of a PEM fuel cell. 
Electrochemical impedance spectroscopy is a powerful 
method for investigating the electrical behavior of 
different interfaces. In fuel cells, considerable 
applications have been focused on measuring membrane 
resistance1. There are few studies that measure electrode 
resistance and evaluate oxygen reduction kinetics. In this 
study, impedance spectroscopy was applied to measure 
electrode resistance and catalytic activity at various 
temperatures and relative humidities. The obtained 
information will help us further understand higher 
temperature operation.                   
 
Figure 1 shows impedance data at 100% RH with various 
temperatures. There are four semi-arcs, which represent 
four conditions: 60/60/60oC (Tcell/Tanode humidifier/Tcathode 

humidifier), 80/80/80oC, 100/100/100oC and 120/120/120oC. 
All four measurements were taken at 0.3V over-potential. 
All four semi-arcs have almost the same low intercepts, 
which indicate membrane resistance does not change 
much with cell temperature at 100% RH. However, the 
high intercepts are quite different for these four 
conditions; as the cell temperature increases, the high 
intercept decreases. The difference between the low and 
high intercept gives cathode polarization, which is a 
measurement of oxygen reduction kinetics. The lower the 
cathode polarization resistance, the faster the reaction. 
From 60 to 120oC, the reaction rate is much improved. In 
comparison to membrane resistance, cathode polarization 
resistance is predominant. 
        
Figure 2 shows impedance spectroscopy at 80oC with 
different RH. The four arcs correspond to 35% RH 
(80/56/56oC), 50% RH (80/64/64oC), 72% RH 
(80/72/72oC), and 100% RH (80/80/80oC), respectively. 
All four measurements were taken at 0.9V cell voltage. 
The electrolyte resistance increases as the RH decreases, 
as reflected in the low intercepts. The cathode 
polarization resistance decreases sharply when the RH is 
first increased, then changes little after the RH is above 
70%. This indicates catalytic activity increases with RH 
in the range of 0~70%. This tendency can be explained by 
changes of proton activity and platinum surface area with 
RH2. It is also shown that, at low RH 35% and 50%, the 
low intercept has a 45 o slope. This slope is due to the 
cathode ionic resistance. This 45o slope will be eliminated 
by decreasing the catalyst loading in an on-going study.  
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         Figure2 AC impedance as a function of RH at 80oC.     
         Measurements were taken at 0.9V. Amplitude: 10mV.  
         Frequency: 0.1-105Hz   

 
       Figure1 AC impedance as a function of cell temperature  
         at 100%RH. Measurements were taken: 0.92Vat  60oC,   
         0.9V at 80oC, 0.87V at 100oC and 0.84V at 120oC.     
         Amplitude: 10mV. Frequency: 0.1-105Hz    


