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Synergistic Construction of Ion/Electron Conductive Networks via Solid-Phase
Mechano-fusion and CVD to Achieve Highly Stable Silicon Oxide Anodes

CHEN Lifu, YANG Lezhi, LIU Xiaoxiong, GU Zhengguo, WANG Shuang, CHEN Tao, LIU Yunfeng, YU Gangjie
( Changsha Research Institute of Mining and Metallurgy Co., Lid., Changsha 410012, Hunan, China)

Abstract: Silicon oxide (SiO,, 0<x<2) anode suffer from low inirinsic conductivity, unstable solid electrolyte

interphase (SEI) , and mechanical stress failure caused by volume expansion during cycling. To tackle these challenges,
a modification strategy was proposed, featuring the synergistic regulation of a surface fast-ion coating layer and an in-situ
constructed three-dimensional (3D) carbon nanotubes ( CNTs) conductive network. Nano-sized Al,O; was uniformly
coated on the surface of SiO, via solid-phase mechano-fusion technology, and also converted into a fast ionic conductor
layer with high ionic mobility during electrochemical activation. Subsequently, a 3D CNTs conductive network was
constructed on the outer layer of the material via chemical vapor deposition ( CVD). Structural and morphological
characterizations reveal that the in-situ grown CNTs are tightly interwined on the particle surfaces and within the
interstices, establishing efficient electron transport pathways. The synergistic effect of LiAlO, and CNTs greatly enhances
interfacial ion transport capacity and overall electronic conductivity. Electrochemical measurements indicate that the
modified SiO @ Al,0,@ CNTs material exhibits outstanding electrochemical performance. It delivers discharge specific
capacities of 1283.2, 1255.4, 1236.4, 1201.0 and 1 165.8 mAh/g at current densities of 0.2C, 0.5C, 1C, 2C and
4C, respectively. Furthermore, it retains a high specific capacity of approximately 1 000 mAh/g after 200 cycles at
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0.1C, far exceeding 552.3 mAh/g of unmodified SiO,. This study has verified the synergistic enhancement of

ion/electron conductive network, and provides a promising technical solution for development of high-energy-density and

highly stable silicon-based anode materials.

Key words: lithium-ion battery; silicon-based anode material ; chemical vapor deposition (CVD) ; silicon oxide ; in-situ

construction; carbon nanotube (CNT) ; coating modification
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Fig.1 SEM images and EDS mapping of materials
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Table 1  Variation of pore parameters of materials

before and after coating

BET tbRWB,  FLIARY

KM AR (n? - &) (e’ - g ) AR/ nm
Sio, 0.674 1.636x1073 5.880
Si0, @ Al,0, 2.209 5.773x1073 12.120
Si0, @ Al,0,@ CNTs 1.523 3.803x1073 6.079

(a) SiO,,TEM; (b) Si0,@ Al,0, ,TEM;
(¢) Si0,@ Al,0,@ CNTs, TEM; (d) SiO,@ Al,0,@ CNTs figi¢ {4l
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Fig.2 TEM images and EDS mapping of materials
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Fig.5 Initial charge-discharge curves
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Table 3 Initial charge-discharge specific capacities
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Fig.6 Rate performance curves of materials
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