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Dual Sol-Gel One-Pot Synthesis of Silicon Suboxide/Carbon Anode for Lithium-ion Batteries

LI Zhaolin', LV Pengpeng', ZHAO Hailei', FENG Zhenhe®, XIE Jingying®
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. State Key Laboratory of Space Power-Sources Technology, Shanghai Institute of Space Power-Sources, Shanghai 200245, China)

Abstract: A SiO,/C composite with an embedded-structure was prepared by a dual sol-gel one-pot method and subsequent heat
treatment. Based on the analysis by scanning electron microscopy, SiO, nanoparticles are fully embedded in an amorphous carbon
matrix. The results by electrochemical test indicate that as anode material for Li-ion battery, the optimized SiO,/C composite
demonstrates a high specific capacity, an excellent cyclic performance and a rate capability. A reversible specific capacity of
710 mA-h/g is achieved without an obvious decline of the capacity for 100 cycles at a current density of 0.1 A/g, and a specific
capacity is 380 mA-h/g at a current density of 1.6 A/g. The excellent electrochemical performance is attributed to the well-designed
embedded-structure, which can effectively accommodate the volume variation of SiO, during charge/discharge process and therefore
ensure the structural integrity and cyclic stability of SiO,/C electrode.
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Fig. 3 SEM images of pure SiO,, SiO,/C-1 and SiO,/C-2 samples
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Table 1 Comparison of cycle performance of SiO,/C materials prepared via wet-chemistry routes
. Current density/ . . O . .
Composite A Voltage range/V  Cycles Specific capacity/(mAh-g ) Capacity retention/%  Reference
‘g
Si0,/C 0.100 0.01-2.50 100 710 ~100 This work
Amorphous SiO,/C 0.100 0.01-3.00 100 830 66 [27]
Apple-shaped SiO,@C 0.050 0.01-3.00 150 630 77 [28]
Porous SiOC 0.036 0.01-3.00 50 607 82 [29]
Si-O-C microspheres 0.100 0.01-3.00 200 454 75 [30]
Si0,/C composite 0.100 0.01-3.00 100 753 91 [31]
Hierarchical structured SiO,/C composite 0.100 0.01-3.00 100 675 84 [32]
800
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Fig. 7 SEM image of SiO,/C-2 electrode after 100 cycles
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L. is inductance; R, is ohmic resistance; Ry is resistance of SEI; R is charge

transfer resistance; W is Warburg impedance; C; and C; are capacitors.
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Fig. 8 Electrochemical impedance spectra of SiO,/C-1 and
Si0,/C-2 electrodes after different
equivalent circuits of SiO,/C-1 electrodes

cycles and
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Table 2 Fitting values of the electrochemical impedance spectra of SiO,/C-1 and SiO,/C-2 electrodes after different cycles

R/Q R/Q R/Q
Electrode
Istcycle 2ndcycle Sthceycle 10thceycle Istcycle 2ndcycle Sthceycle 10thceycle 1stcycle 2ndcycle 5Sthceycle  10th cycle
Si0,/C-1 1.9 2.0 1.8 1.9 415 69.5 81.5 111.3 570.0 407.5 233.8 248.2
Si0,/C-2 23 4.1 23 2.1 44.8 40.2 54.3 62.0 201.0 242.4 197.1 180.0
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