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Auxiliary equations  

The following correlation is suggested for ionic conductivity of the (PBI) membrane [26] 
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where x – the doping level, 7119.02363.12111.0012.0 23 +++= mmmx ; m – H3PO4 

concentration; km – the proton conductivity. Relative humidity in the membrane is   
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Saturation pressure is 
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For a linear concentration profile in the membrane, partial pressure in MEA is calculated as  
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For the cathode catalyst layer, the concentration of oxygen in the liquid phase is  
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For the anode catalyst layer, the concentration of hydrogen in the liquid phase is  
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For oxygen-H3PO4 system, Henry constant is 
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For H2-H3PO4 system, Henry constant is 
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Parasitic current is calculated by equations 
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The local mass transfer coefficient in the porous layer is calculated by equation 
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The local heat transfer coefficient in the porous layer can be calculated using Chilton-Colborne 

analogy  
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where Nuw - Nusselt number for catalyst layer; Shw - Sherwood number; Scw - Schmidt number;  

Prw - Prandtl number.  



Equilibrium potential differences 

The overall reaction of the anodic hydrogen oxidation in acid solution is given by Kordesch and 

Simader (Kordesch, K., & Simader, G. (1996). Fuel cells and their applications (Vol. 117). 

Weinheim: VCh.) 

eOHOHH ads +→+ +

32,25.0                                             (S.12) 

The anodic equilibrium potential differences is 
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where Eeq- the theoretical potential of reaction (S.33); 2H

cata  - hydrogen activity in the anode catalyst 

layer, [mol/L], 222 /1000
HH
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H
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cata 2  -  water activity in the cathode catalyst layer, 

[mol/L], 12 =
OH

cata . 

The overall reaction of the cathodic oxygen reduction in acid solution is (Kordesch, K., & 

Simader, G. (1996). Fuel cells and their applications (Vol. 117). Weinheim: VCh.) 
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The cathodic equilibrium potential differences is 
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where Eeq- the theoretical potential of reaction (S.35); 2O

cata  - oxygen activity in the cathode catalyst 

layer, [mol/L], 222 /1000
OO
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cata 2  -  water activity in the cathode catalyst layer, 

[mol/L], 12 =
OH

cata . 
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