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Deterioration Mechanism of SiO Negative Electrode
for Lithium-ion Batteries with High Energy Density
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Abstract

Deterioration mechanism of SiO negative electrode was investigated in terms of charge-discharge cycleability of a
test cell consisting of SiO/Graphite and Li(Ni,Co,Mn)O, as negative and positive electrodes, respectively. Discharge
capacity of the test cell steadily decreased in a charge-discharge cycle test. A half cell with the negative electrode,
however, showed that its discharge capacity slightly increased during initial 50 cycles, and then decreased. In order
to investigate morphological change of the SiO particle by the test, cross—section image of the particle was ob-
served by FE-SEM, and formation of fine cracks were observed. These cracks found to increase from surface to in-
ternal with growth by repetitious charge-discharge cycles. Furthermore, crystallization of amorphous-LiSi to
Li,5Si, after 50 cycles was confirmed by XRD measurement. These phenomena suggest increase of reaction site by
formation of fine cracks with crystallization during the initial 50 cycles, and electrical isolation by growth of cracks
during the following cycles. Therefore, the capacity fading of the test cell during the initial 50 cycles seems to be
not due to inactivation of the negative electrode, but irreversible capacity caused by repetitive formation and de-

struction of SEI layer on SiO particles with increase of reaction site given by the crack formation.
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Fig. 1 Change in discharge capacity of test cells
consisted of (—) SiO/Graphite and (- -) graphite nega-
tive electrode and Li(Ni, Co Mn)O, positive electrode
at 25 °C.

Charge: At constant current of 1 CmA to 4.2 V fol-
lowed by retention at the constant voltage of 4.2V,
for 8 h over the entire period.

Discharge: 1CmAto 2.75Vor2.0V.
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Fig.2 Change in discharge curves of initial (O), after 50 (A) and 150 ([]) cycles during charge-discharge cycles of
test cells consisted with SiO/Graphite (a) or graphite (b) negative electrode and Li(Ni, Co, Mn)O, positive electrode.
Charge: At constant current of 1 CmA to 4.2 V followed by retention at the constant voltage of 4.2 V, for 8 h over

the entire period.
Discharge: 0.2 CmAto (a) 2.75V or (b) 2.0 V.
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Fig. 3 Change in BET surface area of negative elec-
trode of test cells consisted with SiO/Graphite mixture
negative and Li(Ni, Co, Mn)O, positive electrode.
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Fig.4 Cross-section FE-SEM images of SiO/Graphite
negative electrodes sampled from test cells consisted
of the negative and Li(Ni,Co,Mn)O, positive electrodes
(a) before test, (b) after 50 and (c) 150 cycles.
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Fig. 5 Charge-discharge profiles of negative elec-
trode obtained from test cells consisted of SiO/Graph-
ite negative and Li(Ni, CO, Mn)O, positive electrode
during charge-discharge cycling test of (—) initial , (-)
after 50 and (—) 150 cycles tests. The inset focuses on
the plot up to 100 mAh g~' of charge profiles.
Electrolyte: LiClO,/ (EC:DEC=1:1)

Charge: At constant current of 1 CmA to 0.02 V vs. Li/
Li* followed by retention at the constant voltage of
0.02 V vs. Li/Li*, for 8 h over the entire period.
Discharge: 0.2 CmA to 2.0 V vs. Li/Li".
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Fig. 6 XRD patterns of SiO/Graphite negative elec-
trode charged at 0.02 V vs. Li/Li* state obtained from
test cell consisted of the negative electrode and Li(Ni,
Co, Mn)O, positive electrode of (=) initial and (—) after
50 cycles.
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Fig.7 Cross section STEM images of SiO particle charged at 0.02 V vs. Li/Li" state obtained from test cell consisted
of SiO/Graphite negative and Li(Ni, Co, Mn)O, positive electrode of (a) initial and (b) after 50 cycles.
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Fig. 8 (a),(d) Dark-field STEM images and EELS maps of SiO particle cross section of (b),(e)Si_L and (c),(f)Li_K. The
particle is charged at 0.02 V vs. Li/Li" state obtained from test cell consisted of SiO/Graphite negative electrode
and Li(Ni, Co, Mn)O, positive electrodes of (a),(b),(c) initial and (d),(e),(f) after 50 cycles.
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Fig. 9 (a) Dark-field STEM image and EELS maps of
SiO particle cross section of (b) Si_L and (c) Li_K. The
particle is removed from test cell consisted with SiO/
Graphite negative electrode and Li(Ni, Co, Mn)O, pos-
itive electrodes after 50 cycles.
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