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ABSTRACT

Material degradation challenges at the interface between mechanics, chemistry and materials
science are hindering the energy transition. Examples include the degradation of Li-Ion batter-
ies and the embrittlement of metals exposed to hydrogen. New experimental insight, increasing
computer power, multi-physics modelling paradigms and the development of techniques capa-
ble of handling evolving interfaces (e.g., phase field) have opened new horizons in the simula-
tion and prediction of these technologically relevant phenomena. In this talk, I will overview
some of our recent work in developing theoretical and computational models capable of pre-
dicting degradation phenomena in the areas of hydrogen embrittlement and Li-Ion batteries
(conventional and all-solid-state). Hydrogen is being hailed as the energy vector of the future
but has a dark side; metals experience a dramatic drop in ductility and fracture resistance in the
presence of hydrogen (of up to 90%). This phenomenon, termed hydrogen embrittlement, con-
tinues to challenge scientists and engineers and constitutes a major threat to the development
of hydrogen infrastructure. I will show how mechanistic multi-physics phase field formulations
can accurately predict hydrogen assisted failures in laboratory experiments and real-scale ap-
plications [1, 2]. Similarly, I will discuss how phase field-based deformation-diffusion-fracture
models can be used to gain insight into Li-lon battery degradation and to predict cracking at
the microstructural, particle and electrode levels [3]. Moreover, 1 will show how the phase
field paradigm can be used to model voiding in the Li metal anode of all-solid-state batteries,
mapping the conditions that prevent dendrite nucleation and enabling an all-solid-state battery
breakthrough. Large-scale case studies of engineering interest will also be addressed to demon-
strate the potential of phase field multi-physics modelling in enabling Virtual Testing in the
energy sector.
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