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Synthesis and Properties of Sn;,Co,,C,, Ternary Alloy Anode Material
for Lithium Ion Battery

Liu, Xin“ Xie, Jingying*” Zhao, Hailei**“ Wang, Ke” Tang, Weiping”
Pan, Yanlin” Feng, Zhenhe” Lv, Pengpeng”
(“ School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083)

(® Shanghai Institute of Space Power Sources, Shanghai 200245)
(° Beijing Key Lab of New Energy Materials and Technology, Beijing 100083)

Abstract With the development of advanced lithium ion batteries, electrode materials with higher capacity are urgently in
demand. With respect to the anode materials, Sn-based alloy materials with high theoretical capacity (990 mAh/g) have the
potential to replace the traditional, low capacity carbon-based materials. However, the practical application of Sn-based an-
ode materials is severely retarded due to the poor cycling stability of electrode, which is believed to be caused by the pul-
verization of active particles resulting from the large volume of Sn during lithiation/delithiation process. The Sn-Co-C ternary
alloy with amorphous or nano microstructure can overcome this problem and therefore display attractive electrochemical
performance, including high capacity and good cycle stability. In the present work, amorphous Sn;yCo3oCyg alloy material
was synthesized through a simple and scalable two-step method (carbothermal reduction-high energy ball milling method).
CoSnj, alloy was firstly prepared by the carbothermal reduction route from low cost metal oxide and activated carbon. Then
the prepared CoSn, were mixed with metal cobalt and graphite in a molar ratio of 3 : 3 I 8 via a high energy ball milling
process to synthesize the final Sn;yCo3oCyo material. The preferential synthesis of CoSn, alloy was important to get
Sn30Co3¢Cy49 material with much smaller CoSn grain dispersed in carbon matrix and thus critical to the better electrochemical
performance. XRD, SEM, TEM, HR-TEM, S-TEM and electrochemical tests were used to evaluate the structure and electro-
chemical performance of the CoSn, and Sn;;Co3oC,o materials. The synthesized Sn;yCosoC,9 material displayed micro-sized
particle morphology, which in fact was composed of 10 nm CoSn grains distributed well in amorphous carbon matrix. The
Sn3Co30C4 material showed high specific capacity of 550 mAh/g with an initial coulombic efficiency of 80%, good cycling
stability and excellent rate-capability. The specific capacity of 430, 380, 280 mAh/g could be achieved at the rate of 1 C, 2 C
and 5 C, respectively.

Keywords Sn;yCo3(Cyg; carbothermal reduction-high energy ball milling; electrochemical performance; alloy anode; lith-
ium ion battery
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Figure 1 Schematic illustration of the preparation process of Sn;yCo30C4o material
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Figure 2 XRD pattern (a) and SEM image (b) of CoSn, alloy prepared
by carbothermal reduction method
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Figure 3 XRD pattern (a) and SEM image (b) of Sn;,Co30Cy4y material
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Figure 4 TEM (SAED pattern in the inset) (a), HR-TEM (b) and S-TEM (c) images of the Sn;oCo30Co material
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Figure 6 SEM images of Sn;yCo3Cy electrode before cycling test (a) and after 100 cycles (b) and the electrochemical impedance spectrum of

Sn30Co30Cag electrode at different cycles (c)
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