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Abstract 

Fuel cell electric vehicles powered by hydrogen offer zero emissions while maintaining the driving performance 

and range of conventional vehicles. Given the present emissions reduction targets for the transportation sector, 

the global interest in hydrogen fuel cells for heavy duty vehicles is growing rapidly, as they provide a scalable 

solution for vehicles with high energy requirements that are otherwise difficult to electrify. However, the fuel 

cell durability requirements for heavy duty bus, rail, and truck applications are three or four times greater than 

for light duty passenger vehicles, which poses a significant challenge for fuel cell developers. The research 

conducted at Simon Fraser University’s Fuel Cell Research Laboratory (fcrel.ca) addresses this challenge in 

close collaboration with the fuel cell industry cluster in the Metro Vancouver region and international partners. 

Our research focuses on advancing the state-of-the-art material durability of the membrane electrode assembly 

(MEA), which is the heart of the fuel cell where the electrochemical reactions take place. In the present talk, I 

will demonstrate visualization guided fuel cell membrane durability improvements accomplished by tuning the 

design and fabrication of the membrane electrode assembly. This research leverages a specialized methodology 

developed by our group for in-situ X-ray computed tomography (XCT) visualization of miniaturized fuel cells 

subjected to accelerated stress testing. Given its non-invasive nature, the XCT methodology enables unique 

experimental workflows for 4D in-situ visualization by periodic, 3D identical-location imaging of fuel cells as 

a function of degradation time [1]. Results obtained from post-processed 4D image sets are used to determine 

the failure mode, root cause of degradation, and other influential factors throughout the progression of a given 

degradation process [2]. Knowledge gained from such experiments are subsequently used to develop mitigation 
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 strategies for durability improvement, which are then demonstrated and evaluated by repeat testing of aptly 

modified MEA designs. Specific examples will be given for improved mechanical [3], chemical [4], and chemo-

mechanical [5] membrane durability. 
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