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Abstract: Although SiO anode has high specific capacity and reasonable working voltage, its
large-scale commercial application in lithium-ion battery (LIBs) is seriously restricted due to the
common problems of silicon-based anode materials such as low initial coulombic efficiency, large
volume expansion (~160%) and poor conductivity. Titanium oxides, among many metal oxides, anodes
have been reported many times in recent years for improvement in the electrochemical performance of
SiO due to their small volume change ( < 4%) during charge and discharge as well as excellent lithium
storage capacity and thermal stability after lithiation. Here, the composite modification strategies on
SiO and many metal oxides were briefly reviewed based on the microstructure and lithiation
mechanism of SiO. The research on titanium oxides modified SiO anode was then thoroughly
discussed, with a focus on the induction and analysis of TiO, and TiO, , modified SiO anodes. The
improvement mechanism of titanium oxides on the electrochemical performance of SiO as well as the
structure-activity relationship between modification process and electrochemical performance were
further summarized. Finally, the goal of achieving commercialization of SiO-based anodes with high
energy density was prospected: making full use of relevant software algorithms to simulate the system
with the lowest chemical complexity is conducive to in-depth analysis of reaction process and
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electrochemical mechanism, while strengthening the modification of SiO anode by new low-cost

titanium oxides (such as Ti,O;) is beneficial to promote the academic research and commercial

application of SiO-based anodes.

Key words: lithium-ion batteries; silicon monoxide anodes; metal oxides; titanium oxides; TiO,; TiO,_,
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SiO-pristine 4SiO+4Li" +4¢” — Li,Si0, +3Si (3)
5Si0+2Li" +2¢” = Li,Si,05+3Si (4)
7SiO+6Li" +6e~ — Li(Si,0,+5Si (5)
Si+xLi"+xe” = Li Si (6)
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Atomic model of amorphous SiO heterostructure:
The inner part corresponds to amorphous Si
clusters and the outer part is amorphous SiO,. Blue,
red, and green circles represent Si and O in
amorphous SiO, and Si in Si clusters, respectively
()P Schematic diagram of the microstructure of
SiO with SiO, interfacial phase (b)l*'?%;
Proportion of 5 components in amorphous SiO:
S-4Si and Si-40 are from Si cluster and SiO,
matrix while Si-(3Si, O), Si-(2Si, 20) and Si-(Si,
30) appear at the interfacial regions between Si
cluster and amorphous SiO, matrix (c)i*”
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Fig. 2 Mechanism diagram of SiO microscopic lithium
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