Operando Investigation of Structural Evolution in Iridium-decorated Titanium-based PEMWE Catalysts
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Reducing iridium loading while maintaining long-term durability remains one of the major challenges for proton exchange membrane water electrolysis (PEMWE). Titanium-based conductive supports have been proposed to improve iridium utilization, however, their stability under highly oxidative anodic conditions remains poorly understood.
Here, we investigate the degradation behavior of Ir nanoparticles supported on TiO2, TiN, and TiC under accelerated PEMWE conditions by combining operando small- and wide-angle X-ray scattering (SAXS/WAXS) with comprehensive post-mortem analysis. Membrane electrode assemblies were subjected to a square-wave accelerated stress protocol between 0 and 2.0 V, while structural evolution was monitored in real time.
Operando SAXS revealed limited changes in the size of Ir nanoparticles during cycling, indicating that particle growth is not the dominant degradation pathway under the investigated conditions. In contrast, pronounced support transformations were detected by WAXS and confirmed by post-mortem XPS, XAS, electron microscopy, and elemental analysis. TiC and TiN supports progressively oxidized toward TiO2-like phases, accompanied by structural degradation and migration of titanium species through the membrane electrode assembly. Among the investigated materials, TiN exhibited higher resistance to oxidation, whereas TiC showed the most extensive degradation.
The combined operando and post-mortem results demonstrate that catalyst durability is governed primarily by the stability of the titanium-based support rather than by iridium dissolution or agglomeration. These findings provide direct insight into support-induced degradation mechanisms in PEMWE anodes and establish operando X-ray scattering as a powerful tool for linking catalyst structural evolution to electrochemical stability under realistic operating conditions.
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