Effect of Mechanical Deformation on Structure and Transport in Nafion 117 from Molecular Simulations
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Nafion is commonly used in polymer electrolyte membrane fuel cells (PEMFC) due to its high proton conductivity and thermal, chemical, and mechanical stability. However, high fuel crossover and cost, along with reduced performance under low humidity and high temperature conditions, have dampened enthusiasm towards Nafion. Studies of Nafion have heavily focused on the relationship between nanophase-segregated structure and transport, revealing that proton mobility is enhanced in more developed nanophase-segregated structures. Recently, hydrated Nafion membrane was uniaxially stretched in experiment, which showed an improvement of transport properties, including higher power densities and reduced methanol crossover. In this study, mechanical properties of Nafion membrane are investigated using molecular dynamics simulation methods. Specifically, the deformation of Nafion is conducted with various water contents to characterize its effect on the structure and transport of hydrated Nafion membrane. First, Nafion 117 membrane is equilibrated at various hydration levels through an annealing procedure. The simulated characteristic correlation length and the diffusion coefficient of water and hydronium are analyzed for comparison with those observed in experiments. Then, the equilibrated Nafion membrane is deformed uniaxially with a constant strain rate up to 300% of strain. The change in nanophase-segregation of hydrated Nafion during the deformation process is characterized using characteristic correlation length as well as the pair correlation function to achieve a fundamental understanding of the relationship of the structural change as a function of strain. We report increased characteristic correlation length and water transport following mechanical deformation.
