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Cost and power density of the PEM fuel cell are critical 
aspects for its application in the automotive power train. 
A broad commercialization of this technology requires its 
cost to be lowered to a competitive level compared to 
internal combustion engines. The required price reduction 
cannot be achieved by economies of scale alone, 
significant advances in material cost and material 
consumption are also necessary. A major lever in this 
direction is the optimization of areal power density of the 
fuel cell stack to minimize material consumption as well 
as stack volume and weight at a given required power 
output.  
 
As will be shown in this study, one of the major limiting 
factor in regards to further increasing the areal power 
density is the limitation in the oxygen transport from the 
flowfield channels to the catalyst site. To improve power 
density, it is key to understand and break down the 
contributions to mass transport limitation that arise from 
different effects between channel and catalyst layer.  
 
In this study we will present different ex-situ and in-situ 
characterization methods, that allow the determination of 
mass transport characteristics for the different layers.  
For the characterization of molecular diffusion in the gas 
diffusion layer in the through-plane and in-plane 
direction, an ex-situ flow cell has been developed, that in 
contrast to published methods [1-2] allows for direct 
measurement of oxygen diffusivity, even for wet samples. 
A similar, slightly modified method can be applied to 
characterize gas diffusivity inside the catalyst layer ex-
situ. This method however only accounts for bulk 
diffusivity inside the catalyst layer, and diffusion through 
ionomer or water layers surrounding the catalyst particles 
cannot be accounted for. 
 
Therefore, the results of this ex-situ studies are compared 
to in-situ results generated with limiting current  methods 
[3-5], that allow characterization and break-down of mass 
transport effects by applying different oxygen 
concentrations, pressures and temperatures. In addition to 
the ex-situ methods, these in-situ measurements can also 
access the contribution of mass transport through ionomer 
and water films around the catalyst agglomerates.  
 
Although conditions are not totally comparable between 
in-situ and ex-situ measurements, it becomes clear that 
the correlation between both is very straight-forward.  
The major contribution to oxygen concentration loss is 
thus following the results of this study the molecular 
diffusion inside the cathode gas diffusion layer. However, 
another significant mass transfer effect, that is often not 
accounted for, is the concentration drop inside the gas 
flow channel. Simulation results show that this effect 
becomes especially critical if landings have a rounded 
shape instead of a rectangular profile.  
 
Based on the results of this study, different approaches for 
improvement of PEM fuel cell areal power density can be 

derived. Improving the oxygen diffusivity inside the gas 
diffusion layer is one of the key levers. Optimizations of 
the flowfield structure and shape however can also have a 
significant impact.  
 
          
 
[1] Kramer, D.; Freunberger, S.A.; Flückiger, R.; Schneider, I.A.; 

Wokaun, A.; Büchi, F.N.; Scherer, G.G.: Electrochemical 
diffusimetry of fuel cell gas diffusion layers, Journal of 
Electroanalytical Chemistry, Vol. 612 (2008), No. 1, p. 63-77 
 

[2] Flückiger, R.; Freunberger, S.A.; Kramer, D.; Wokaun, A.; 
Scherer, G.G.; Büchi, F.N. : Anisotropic, effective diffusivity of 
porous gas diffusion layer materials for PEFC, Electrochimica 
Acta, Vol. 54 (2008), No. 2, p. 551-559 

 
[3] Baker, D.; Wieser, C.; Neyerlin, K.C.; Murphy, M.W.: The use of 

limiting current to determine transport resistance in PEM fuel 
cells, ECS Transactions, Vol. 3 (2006), No. 1, p. 989-999 

 
[4] Baker, D.R.; Caulk, D.A.; Neyerlin, K.C.; Murphy, M.W.: 

Measurement of oxygen transport resistance in PEM fuel cells by 
limiting current methods, Journal of the Electrochemical Society, 
Vol. 156 (2009), No. 9,  p. B991-B1003 

 
[5] Nonoyama, N.; Okazaki, S.; Weber, A.; Ikogi, Y.; Yoshida, T.: 

Analysis of Oxygen-Transport Diffusion Resistance in Proton-
Exchange-Membrane Fuel Cells, Journal of The Electrochemical 
Society, Vol. 158 (2011), No. 4, p. B416-B423 

 
 
 
 
 

Abstract #1621, 224th ECS Meeting, © 2013 The Electrochemical Society


