Operando Studies of Catalyst Degradation in Fuel Cells and Electrolysers
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Understanding the degradation mechanisms of electrocatalysts under realistic operating conditions such as elevated temperature, controlled humidity, and applied potential remains a critical challenge for the development of durable fuel cells and electrolysers. While significant progress has been achieved using ex situ methods and accelerated stress tests, these approaches often fail to capture the complex structural and chemical dynamics occurring during operation.
In our work, we combine electrochemical methods with synchrotron-based techniques, particularly X-ray absorption spectroscopy (XAS) and small- and wide-angle X-ray scattering (SAXS/WAXS), to probe electrocatalysts across multiple length scales. The development of dedicated operando electrochemical cells enables measurements under realistic conditions and allows for the direct correlation of structural changes with electrochemical performance.
These approaches provide insights into fundamental degradation processes, including nanoparticle growth and dissolution, alloy dealloying, carbon support corrosion, and morphological restructuring. Furthermore, by comparing operando and ex situ measurements, it becomes possible to elucidate the limitations of conventional testing protocols and to capture transient phenomena occurring under dynamic operation.
By bridging insights from the atomic to the mesoscale, operando approaches contribute to a more comprehensive understanding of catalyst degradation, ultimately supporting the rational design of more active and durable electrocatalysts for energy conversion technologies.
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