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Lithium-ion batteries are currently the most prominent electrochemical energy storage sys-
tems for everyday mobile devices and also large-scale stationary applications. One reason for the
decreasing performance of a battery over its lifetime is mechanical stress in the electrode ma-
terial. An inhomogeneous lithium distribution due to phase separation causes high mechanical
stresses, which can induce particle fracture and thus loss of capacity.

We consider our previously developed Cahn–Hilliard-type phase-field model coupling lithium
diffusion, large deformations and phase separation based on a thermodynamically consistent
transport theory, see [2,3]. Limitations for the numerical investigation aremainly due to the strongly
varying spatial and temporal scales of the underlying phase field model, which require a very fine
mesh and time resolution, however, solely at specific stages in space and time.

To overcome these numerical difficulties, we present our general-purpose hp-adaptive finite
element solution algorithm with variable-step, variable-order time stepping [1].

We show the functionality of the hp-adaptive solution algorithm at the example of the chemo-
mechanical particle model and demonstrate the computational savings for an increasing local
polynomial degree range. In particular, we compare the developedmethod to one with fixed spatial
degree and observe reduction of the computational cost.
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