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Research Progress of Tin — Metal Oxide Composite for Anode
Materials in Lithium Ion Batteries
LIU Yuxuan, ZHANG Hanyin, LU Zhongchen, HU Renzong, ZHU Min

( Guangdong Key Laboratory of Advanced Energy Storage Materials, School of Materials Science and Engineering,
South China University and Technology, Guangzhou 510640, China)

Abstract : As a candidate anode material for lithium ion batteries, tin (Sn) has attracted many research attentions because of its
much higher specific capacity and safety than those of commercially used graphite. This article firstly introduces the lithium stor-
age properties of Sn — based anodes and their key issues which needed to be solved for practical application. It has been
pointed out that combining Sn with other materials, as well as tuning the composition, dimension and dispersion of the pha-
ses, are important strategies to enhance the cycling performance of Sn — based anodes. We review the recent research pro-
gress on Sn — metal oxide multi — phase composite anode materials, focusing on the influence of synergistic effects between
Sn and metal oxides on the electrochemical properties of electrodes. Finally, it has been emphasized that the initial Coulom-
bic efficiency of the Sn — metal oxide composite anodes need to be paid more attention and further improved.
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Fig. 6 Secondary electron SEM image of the Sn — Fe;0,@ C composite powder (a) ; High magnification SEM image showing a small zone of the

Sn - Fe;0,@ C powder (b) ; Selected area electron diffraction patterns (c¢) ; HRTEM image of the Sn — Fe; 0, @ C composite powder (d) ;

Cycling performance of the unmilled Sn - Fe; O, — C, the DBDP —
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Table 1  Electrochemical properties of tin and metal oxide composite anode materials
‘ , o Initial Maximum
Component Microstructure Current density  Voltage range  Capacity after L number of cycles Reference
(mA/g) (V) 30 cycles(mAh/g) efficiency Cyeles Capacity
(mAh/g)

Sn - Sn0O, - (1C) 0.01 ~1 510 35.42% 40 485 [32]
Sn - Sn0, - C - 78. 1 0.01 ~2 350 51.85% 50 320 [76]
Sn -Sn0, - C Nanofibers 40 0.01 ~3 570 64.39% 30 546 [39]
Sn -Sn0, - C - 78 0.02 ~2 420 47.71% 100 350 [77]
Sn -=Sn0, - C Porous carbon 100 0.005 ~2.5 500 33.50% 50 451 [36]
Sn -Sn0, - C - 100 0.01 ~3 720 61.54% 60 670.9 [37]
Sn -Sn0, - C Nanofibers 100 0.005 ~3 550 58.59% 100 591 [40]
Sn -Sn0, - C - 250 0.01 ~1.5 500 55.24% 70 430 [44]
Sn - Sn0, - C Nanofiber membrane 800 0.01~3 800 58.70% 200 712.2 [41]
Sn - Sn0, - C wxﬂﬁﬁﬁm (0.25C) 0.5~3 820 34.67% 100 624 [35]
Sn - 5n0, - C Nanofibers 30 0.01 ~2 480 65. 00% 40 470 [38]
Sn -Sn0, - C Core — Shell (0.1C) 0.05~1.5 340 47.06% 50 278 [42]
Sn - TiO, - C - 100 0.01 ~2.5 680 74.23% 100 610 [52]

Sn - TiO, Nanowire array (150 mA/cm’) - (1240 mAb/em®)  68.75% 300 (1006) [53]
Sn - TiO, - C Core — Shell 335 0.01~3 490 66. 30% 160 459 [55]

Sn - TiO, Core — Shell (10) 0.1~2.5  (0.038 mAh/cm®)  61.76% 30 (0.038) [57]

Sn -TiO,_, -C Nanofibers 100 0.01~3 800 66. 90% 200 957 [54]
Sn —Fe,0; - C - 810 0.01 ~2.7 1050 68. 66% 100 820 [67]
Sn - Fe; 0, —-C Carbon coating 200 0.01 ~3 680 73.20% 240 793 [68]
Sn —In,0; - C - 100 0.01 ~2 700 69. 17% 100 670 [69]
Sn - MgO - C - 100 0.02 ~1.5 300 50. 42% 50 150 [73]
Sn —=MnO -C Carbon coating 50 0.01 ~3 580 70. 80% 280 684 [71]
Sn - CoO, Nanohollows 50 0.01 ~2 887 48. 00% 30 887 [70]
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Fig. 7 Initial Coulombic efficiency of different compounds
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