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Silicon-based anodes prepared by gas-deposition method for next generation
lithium-ion battery
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As an anode of Li-ion battery, Si has a problem of a poor cyclability due to its
large volume changes during charge discharge and a resulting stress. We prepared composite thick-film
electrodes consisting of rare-earth metal silicides and elemental Si by a gas-deposition method, and
investigated their anode performances. Among various rare-earth silicides/Si electrodes, Gd Si/Si
electrode exhibited the most excellent cycling performance. We revealed that the excellent performance
was caused by four properties of Gd Si: a moderate Li-storage ability, a high electronic conductivity, a
high thermodynamic stability, and a more elastic property than other silicides. This elastic property
probably relaxes the stress during charge discharge.
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Fig. 1  Cycling performances of Ln-Si/Si

composite electrodes (Ln: La, Sm, Gd, and Dy).

Fig.2

Si Li Li

Li

=

N

o
T

1

100 |+ J

Gd-Si J
Sm-Si

(o)
o
T

60

o=
w0l bys S i

Discharge capacity / mA h g™

20 1 1 1 1 1
0 50 100 150 200 250 300

Cycle number
Fig. 2 Dependence of discharge capacity on
charge-discharge cycling for GD-film electrodes
of Ln-Si (Ln: La, Sm, Gd, and Dy).
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Table 1 Mechanical properties of various rare-
earth metal silicides (Ln-Si): reference breaking
strength for Ln-Si particles and indentation work
rate (n;) for Ln—Si thick-film electrodes. Values
in parentheses indicate the standard deviation
of the measured values.

Reference breaking

strength / MPa e/ %
Si 374 (£54.7) 13 (¢2.0)
La-Si 237 (£37.5) 31 (£2.1)
Sm-Si 206 (£26.1) 28 (+2.1)
Gd-Si 155 (£37.2) 41 (£3.2)
Dy-Si 196 (£17.3) 26 (22.2)
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Fig. 3 Cycling performances of thick-film electrode consisting of
Ni-P/Si particles prepared by ELD of Ni-P on etched Si surface

and by subsequent annealing at 800°C.
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Fig. 4 Cycling performances of electrodes consisting of annealed
Ni-P/(etched Si) in ionic liquid electrolyte (LITFSA/Py13-FSA)
and conventional organic electrolyte (LITFSA/PC). The charge
capacities were limited to 1000 mAh g-*.
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