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Introduction 
The aim of this work is to study the effect of the relative humidity (RH) on the 

temperature gradient and the polarization behavior within a 5 -5 segmented H2/air fuel cell 
operating under galvanostatic mode. Different RH values were applied ranging from 0 to 60% 
and the local temperatures in front of the cathodes of the segmented catalyst H2/air PEM fuel 
cell were measured and correlated with the performance of the five sub – fuel cells.  
Materials and Methods 

Anodic (Pt-Ru) and cathodic (Pt) catalysts of a surface density 1mg cm-2 was hot- 
pressed simultaneously in front of each other on five consecutive places of a Nafion 112 
membrane of dimensions of 16 x 9 cm2. Both anodic and cathodic catalysts are electronically 
disconnected forming 5 subfuel cells. 

The reference electrode was a reversible hydrogen electrode (RHE) with its own H2 
gas feed, and so it does not use the H2 that passes in front of the catalyst islands on the anode 
side. This is to assure a constant hydrogen gas concentration for the reference electrode. 

 The relative humidity (RH) of the hydrogen and air gases was changed from 0 to 
60% symmetrically, i.e., RH at anodes and cathodes are always the same.  

The temperature of the fuel cell compartment was controlled externally using a 
temperature controlling unit with two controlled-heating pads and a thermocouple embedded 
within the fuel cell to achieve the desired temperature of the fuel cell. For measuring the 
temperature gradient within the fuel cell, the thermocouple sensor was placed in front of the 
cathodic catalyst island for one minute until reaching a steady state reading.  

I – E curves were measured under galvanostatic mode. The polarization curves for 
the different subcells were recorded either in a separate mode while the other subcells are at 
open circuit potential or in a simultaneously mode while the other subcells are polarized at the 
same load. 
Results and Discussion 

Figure 1 shows the polarization behavior and the temperature profile for the five 
different subcells (CH 1 – 5) operating under an RH value of 35% and Tcell  is 65 oC at Subcell 
3 (CH 3). It clearly shows the temperature profile and the polarization behavior of each subcell 
is different from the neighbor ones regardless the measurements were done simultaneously or 
separately. The temperature recorded for any subcell is higher than the starting temperature as 
the ORR is an exothermic reaction but those recorded when the measurements were done 
simultaneously are always higher than those measured separately. Also, mode of measurement 
(separate or simultaneous) affects the order of subcells from the temperature point of view. 

However, for the polarization behavior, it does not affect the subcells’ order, where Subcell 3 
always showed the worst performance and Subcell 1 showed the best performance. 
 

 
Figure 1 Polarization curves (a&c) and temperature  profiles (b&d) of the five subcells at an 
RH value of 35% and Tcell of 65 oC. Subcells were polarized either simultaneouls (a&b) or 
separately (c&d). 
Significance 
The location of the subcell affects both the temperature profile and the polarization behavior of 
the different subcells. Subcell 3 always shows the worst polarization behavior and the highest 
temperature. This high temperature led to a state local dryness to the membrane at the location 
of Subcell 3.  
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