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Polymer electrolyte membrane fuel cells with their high gravimetric energy density face a water 
balance problem especially under variable loads, e.g. in automotive operation. The excess product 
water needs to be removed from the fuel cell while maintaining a humidified membrane. 
The gas diffusion layer (GDL), which also provides contact to the electrochemically active 
components, is responsible for the internal passive water management of the cell. They typically 
consist of a conductive medium, a carbon based powder in the microporous layer (MPL) or carbon 
felt/fibres/cloth in the macroporous backing, and a hydrophobicity impregnation agent like 
polytetrafluoroethylene (PTFE). The ratio determines the overall hydrophobicity and a fine 
adjustment is crucial for performance and stable operation. 
In the presented work, the MPLs were modified with laser irradiation to form a structured, non-
uniform hydrophobicity, thus introducing more hydrophilic evasion pathways for water while 
maintaining more hydrophobic areas to assure sufficient gas transport to the catalyst. The effect of 
the modification is mostly due to a local removal of PTFE. 
Appropriate modifications can result in considerable performance improvement, in particular under 
high loads, and more homogeneous current density.  
 
 

 
Figure 1: SEM image of a laser patterned microporous layer (~ 600x800 µm). 
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