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Polymer electrolyte membrane (PEM) fuel cells are expected to play an integral role as low-emission energy
converters in a future energy economy. Although technological maturity of these cells has been demonstrated,
the challenge remains to achieve high power performance at drastically reduced platinum loading. So far, the
attempts to reduce the platinum loading have been thwarted by severe voltage losses. A possible origin of
these losses is the water flooding of porous gas-transport media. The optimal water balance is of particular
importance for the operation of the cathode catalyst layer (CCL), wherein liquid water is needed for efficient
proton transport and high activity of the oxygen reduction reaction [1], whereas excessive water accumulation
in pores (i.e., flooding) would block the porous pathways needed for the gaseous supply of oxygen. An optimal
design of porous electrode media PEM fuel cells should thus account for heterogeneous wettability effects in
them.

Conventional CCLs possess an agglomerate structure with a bimodal porous network morphology [2]. Pri-
mary pores (1-10 nm diameter) exist in the carbon support, which has platinum particles (1-5 nm diameter)
attached to its surface. Secondary pores (10 -50 nm diameter) form the space between Pt-loaded carbon. An
ionomer-subphase is dispersed in this structure, forming a thin, skin-like layer that partially covers the surface
of Pt/C particles or their agglomerates.

The CCL exhibits a highly heterogeneous wetting behavior. Various models [3, 4] account for the impact of
the mixed wettability, parametrizing contact angles and fractions of hydrophilic/hydrophobic parts indepen-
dently to match experimental data. We propose a novel approach that harnesses the correlations between
the wetting behavior and the structure and composition of the layer. The main distinction is made between
ionomer-penetrated and ionomer-free pores. The impact of the Pt particle density on the support is also explic-
itly considered. Moreover, a peculiar ionomer inversion effect that had been seen in previous experimental
results plays a crucial role: where ionomer covers the Pt/C surface, previously hydrophilic surfaces turn hy-
drophobic [5]. Consequently, we developed a set of descriptors, including a statistical density function for
wetting properties. Our analysis of the relations between structure, composition, wettability and performance
supports the following hypothesis: lowering the Pt loading via reducing the Pt:C ratio evokes hydrophilic wet-
ting behavior in secondary pores, leaving the CCL highly susceptible for flooding. Based on this finding, we
derive design strategies to match low-Pt-loading with flooding-resistant wetting behavior. The results of this
work are embedded in larger framework of a comprehensive, structure-based model to link CCL recipe and
material choices with performance.
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