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Abstract. The urgent need to reduce CO₂ emissions associated with fossil‑fuel consumption represents 

a critical challenge for all sectors. Consequently, the expansion of electric vehicles (EVs) is 

accelerating and driving research and development of higher performance batteries with increased 

energy density. Silicon based composite materials are attracting significant interest due to their 

lithium‑storage capacity, which is nearly ten times higher than that of conventional graphite anode 

employed in today’s EVs market. However, this significant advantage of silicon materials comes at the 

cost of severe volumetric expansion [2] of particles during lithiation, which induces high mechanical 

stress and leads to rapid electrodes degradation such as formation of cracks in both the active materials 

[2] and the viscoplastic binders. As result, the cell capacity is loss and battery lifetime is reduced. 

 
Figure 1: Crack propagation (a) without diffusion and (b) under diffusion 

The development of next generation batteries is therefore hindered by several scientific challenges: 

large inelastic deformation, coupled chemo thermo-mechanical effects, and ductile damage associated 

with breathing and swelling of silicon active particles during lithiation–delithiation. Existing literature 
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still lacks a comprehensive Multiphysics [3] framework capable of capturing these phenomena under 

finite strains. 

To address these limitations, we develop a ductile phase field model formulated in finite strains and 

coupled with viscoplasticity and chemically driven expansion. Damage evolution is driven by both 

elastic and plastic contributions to the free energy [1], ensuring a thermodynamically consistent 

description of the progressive degradation of silicon composite materials during cycling. 

Representative simulations demonstrate the ability of the framework to predict the evolution of plastic 

dissipation and the growth of damage under chemo mechanical coupling. 

The model provides a general tool for analysing ductile damage in electrode materials undergoing 

finite strains and paves the way for future extensions including cyclic fatigue degradation. 
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