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ABSTRACT

Li-ion batteries are widely used in portable electronics and electric vehicles nowadays, since they
have high energy densities and light-weighted designs. In pursuit of larger capacity, potential
alloy materials such as Si, Sn, and Sb have been introduced as alternative anode materials to
graphite. However, those electrodes experience irreversible mechanical degradation already after
few charge/discharge cycles due to high stresses. Those stresses arise from changes in lattice
dimensions and crystal structures, which are associated with overall volume changes and phase
transformation.

In this presentation, a Cahn–Hilliard-type diffusion model coupled with large strains is formu-
lated [1, 2]. Thereby the electrochemical reaction is modeled through a modified Butler–Volmer
equation to account for the influence of the phase change and mechanical stresses on the re-
action fronts. Moreover, concentration-dependency of the elastic moduli and the anisotropy of
the diffusivity are also covered. The 3D numerical simulations are carried out by isogeometric
finite element methods in order to treat the high order differential equations in a straightforward
sense. Illustrative simulation examples are demonstrated to reveal the electrochemical reactions
on particle surfaces and phase interfaces. Results show that the ratio between the timescale
of reaction and the diffusion can have a significant influence on phase segregation behavior, so
does the anisotropy of diffusivity. In turn, the distribution of the lithium concentration greatly
influences the reaction on the surface, especially when the phase interfaces appear on exterior
surfaces. The reaction rate increases considerably at phase interfaces, due to the large lithium
concentration gradient. In the next step, we introduce a fracture order parameter in the phase-
field formulation to incorporate the crack in the particle [2, 3]. Simulation results demonstrate
that the segregation of a Li-rich and a Li-poor phase during delithiation can drive the cracks to
propagate.
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