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Elucidation of Reaction Mechanism of Silicon-Based Negative Electrode for
Next-Generation Lithium-lon Batteries

DOMI, Yasuhiro

3,300,000

Si
Si

Si
Si

Elemental Si has a high theoretical capacity and has attracted attention as

an anode material for high energy density lithium-ion batteries. Rapid capacity fading is the main
problem with Si-based electrodes; this is mainly because of a massive volume change in Si during
lithiation delithiation. Here, we report that combining an ionic-liquid electrolyte with a charge
capacity limit significantly suppresses Si volume expansion, improving the cycle life. We also
establish a method of analysis to Li concentration in Si phase using soft-X-ray emission
spectroscopy.
Some silicide electrodes maintain a high discharge capacity in an ionic-liquid electrolyte, whereas
they show poor cycling performance in an organic electrolyte. The superior performance results from
the high affinity for the transition metal that composes the silicide with Li. The obtained results
will provide significant insights into novel alloy-based active materials for negative-electrode in
lithium-ion batteries.
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Fig. 2 Cross sectional SEM images of 11th1ated Si active materlal layers with a charge capacity limit of 1000 mA h
g—1. Each blue-colored area indicates a Si layer. Each image was observed after (a and d) 10, (b and e) 50, (c, f,
and i) 100, (g and f) 300, (h and k) 600, and (1) 1400 cycles. (a—h) Si-alone and (i-1) P-doped Si electrodes were
cycled in (a—c) organic and (d-1) ionic-liquid electrolytes.
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Fig. 4 SXE spectra at measurement points of I-III. volume expansion ratio of Si and Li concentration.
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Fig. 6 Dependence of volumetric discharge capacity of
various silicide electrodes under the current rate of 50 mA
¢! on the cycle number in 1 M LiFSA/Py13-FSA.
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