Computational Investigation of Charge and Mass Transport Mechanisms at the Interface Between Water Dissociation Catalysts and Polymer Membranes
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Bipolar membranes (BPMs) present an interesting innovation for water electrolysers (WEs), where BPMWEs incorporate a cation exchange layer, an anion exchange layer, and a water dissociation (WD) catalyst between the cation and anion exchange layers. To date, BPMWEs have incorporated conventional components from proton exchange membrane (PEM) and anion exchange membrane (AEM) water electrolysers, revealing limitations in terms of both durability and performance. Therefore, optimisation of BPMWEs may require incorporating novel materials with enhanced performance and durability, further necessitating extensive experimental testing and a deep understanding of the water dissociation reaction and charge transport mechanisms at the molecular level. For example, the benchmark catalyst in BPMWEs is TiO2, but use of novel catalysts requires they possess optimal wetting properties and compatibility with polymers used in the cation and anion exchange layers so that WD rates remain high and water and charge transport near the interface can occur efficiently. The distribution of water near the catalyst-membrane interface, the resulting morphology of polymers assembled at this interface, and the charge and mass transport mechanisms can be difficult or impossible to probe experimentally due to the short length scales, and therefore atomistic simulations can prove essential in providing insight into these processes. In this presentation, we use classical molecular dynamics (MD) and ab initio molecular dynamics (AIMD) to unravel charge and mass transport mechanisms, as well as the polymer self-assembly, morphology, and water distribution at the interface between water dissociation catalysts and polymer membranes. We present the results from studies on benchmark materials – Nafion as the PEM, PiperION as the AEM, and TiO2 as the WD catalyst – as well as preliminary results on novel WD catalysts and fluorine-free polymer membranes. The presentation will help elucidate the role of wetting and polymer assembly at the catalyst interface in charge and mass transport, and provide an outlook on the incorporation of novel materials into BPMWEs. 




