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CHARACTERIZATION AND STIMULATION OF CRACK PATTERN

FORMATION IN LITHIUM-ION BATTERY ANODES
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Abstract: The capacity, cycle-life and life time of silicon Li-ion batteries are closely dependent on the ability of its
electrodes to avoid cracking or delamination due to large volume expansion brought by de/lithiation during
charging/discharging cycles. In this paper we study the effect of different parameters, especially the film thickness,
on the formation of crack patterns systematically. Applying the Cohesive Zone Element on the film/substrate
interface, as well as within the film, a developed numerical model has been carried out under plane strain
condition, the whole expansion and fracture process of silicon film is documented, details of the morphology,
stress distribution and crack length are observed and discussed. With the growth of the film thickness, the crack
spacing length is on rise, which is in good qualitative agreement with former experimental and other analytical
results. Two distinctive crack patterns are found and the transition from one to the other is analyzed with the
variation of the film thickness. Results show that for each specific set of parameters, there exists a critical film
thickness in which the transition happens. This work may help guide the development of silicon anodes for
lithium-ion batteries with enhanced mechanical durability and identify battery operating conditions, thereby
increasing cell life.
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