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Project Description

LiFePO4 is widely considered to be a
promising cathode material for Li-ion
rechargeable batteries. A number of nice
properties such as low cost, safety, envi-
ronmental friendliness, low toxicity, chem-
ical stability, and its reasonable theoreti-
cal electrochemical capacity of 170 mAh/g,
make it well-suited for large-scale battery
application. State of the art understanding
of the delithiation process in LiFePO4 , is

that it proceeds via first-order transforma-
tion processes, where a Li-rich phase trans-
forms into an Li-poor one. However, there
are a number of hints that multiple phases
appear during the cycle, such as certain
amorphous phases, solid solutions and dis-
crete compounds [1].

Figure 1: LiFePO4 orthorhombic olivine
structure exhibiting 1D Li diffu-
sion channels along the b axis.
The Fe octahedra are shown in
tan, P tetrahedra in purple, Li
atoms in green and O atoms in
red. [1]

In order to shed light on the delithia-
tion process in LiFePO4 -cathods, we de-
velop a continuum phase field model to
describe the dynamics of Li-intercalation
there. Within the phase field method mov-
ing phase boundaries, that occur between
different phases, are treated as diffuse in-
terfaces of finite width to avoid the neces-
sity of explicitly tracking them. Then, this
diffuse interface approach provides an ele-
gant way to incorporate also the compli-
cated effects that occur in these materials,
such as the highly anisotropic ionic mobil-
ity of the Li-ions in the crystal, the electro-
chemical reactions at the phase boundary,
stress and strain effects due to density dif-
ferences between the phases, and so forth
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[2]. Finally, this model at hand, we per-
form parameter studies, which provide in-
sights into the sensitive interplay between
the kinetics of phase transformations and
the electrochemical transport of the Li-ions
in the material.

Figure 2: Schematics of several proposed
growth models for the LiFePO4

- FePO4 phase transition. (a)
Isotropic shrinking-core model
Padhi et al., (b) Anisotropic
grothw model by Chen et al.,
(c) Anisotropic growth model by
Laffont et al. [1]

Initial Simulations

The lithium intercalation process was sim-
ulated for a rectangular particle. A over-
potential is applied to the top and the bot-
tom of the system to provide driving force
for Li insertion into an initially delithiated
particle. The FP → LFP phase transition
occurs by nucleation in the particle corners
being the most favored nucleation sites. A
supercritical LFP nucleus was placed at the
beginning of the simulation to initiate LFP
growth. The progressive movement of the
phase boundary was limited by diffusion. A
stady state velocity is arising and a station-
ary interface profile is obtained. The shape
of the front was caused by local lithium de-
pletion.

Figure 3: Particle discretized on a 200 x
200 mesh. The colours are rep-
resenting the Li+ concentration.
Snapshots: start condition and
during evolution.
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