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Abstract — Silicon is a promising next-generation anode material for lithium-ion battery, and it has been studied for
commercialization due to the high theoretical capacity. However, it has problems of the volume change during charge-
discharge and the poor electrical conductivity. To solve these problems, formation of SiO, and carbon coating on the
surface of silicon crystal were performed to protect the side reaction and enhance the electrical conductivity of silicon.
CNT and CNF were also added to mitigate the volume change and increase the conductivity. Physical properties of as-
prepared samples were analyzed by XRD, SEM, and EDS. Electrochemical characteristics were investigated by electrical
conductivity measurement, EIS, CV and cycle performance test. (Si/SiO,/C)+CNT&CNF showed high electrical conductivity
and low charge-transfer resistance, and the capacity was 1528 mAh/g at 1st cycle and 1055 mAh/g at 50th cycle with
83% capacity retention.
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Fig. 1. TGA curves of Si at the setting temperatures of 600 °C and
700 °C with 5 °C/min under air condition.
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Fig. 2. XPS spectra of (a) Si, (b) Si/SiO, heated at 600 °C for 2 h and
(c) Si/SiO, heated at 700 °C for 2 h.
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Fig. 3. X-ray diffraction patterns of (a) Si, (b) Si/SiO,, (c) Si/SiO,/
C, (d) (Si/SiO,/C)+CNT&CNF and (e) CNF.
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Element |Weight(%) | Atomic(%)

Si 96.3 923
(o] 1.00 1.68
C 270 6.06

Total 100.00 | 100.00

Element | Weight(%) | Atomic(%)

Si 60.2 39.8
(0] 3.54 4.11
C 36.3 56.1

Total 100.00 100.00

Element | Weight(%) | Atomic(%)

Si 90.9 83.6
(o] 5.91 9.54
C 3.19 6.87

Total 100.00 | 100.00

Element | Weight(%) [ Atomic(%)

Si 419 238
(o] 3.00 3.00
C 55.1 73.2

Total 100.00 | 100.00

Fig. 5. EDS analysis of (a) Si, (b) Si/SiO,, (c) Si/SiO,/C and (d) (Si/SiO,/C)+CNT&CNF.
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Fig. 6. Electrochemical impedance spectra of (a) Si, (b) Si/SiO,, (c)
Si/Si0,/C and (d) (Si/SiO,/C)+CNT&CNF electrodes after

50 cycles.
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Fig. 7. Cyclic voltammetry of Si, Si/SiO,, Si/SiO,/C and (Si/SiO,/C)+
CNT&CNF from 0.01 to 1.5 V at a scan rate of 0.5 mV/s after
1st cycle.
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Fig. 8. Cyclic voltammetry of Si, Si/SiO,, Si/SiO,/C and (Si/SiO,/C)+
CNT&CNF from 0.01 to 1.5V at a scan rate of 0.5 mV/s after
2nd cycle.
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Fig. 9. Electrical conductivity of Si/SiO,/C with C contents of 10,
30, and 50 wt% and (Si/SiO,/C)+CNT&CNF.
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Fig. 10. Cycle performances of Si-based composites of (a) Si and Si/SiO, with heat treatment of SiO, at 600 °C for 2h and at 700 °C for 2h, (b)
Si and Si/SiO,/C with C contents of 10, 30, and 50 wt%, (c) Si, Si/SiO,, Si/SiO,/C and (Si/Si0,/C)+CNT &CNF and (d) Si, Si/SiO,, Si/
SiO0,/C and (Si/SiO,/C)+CNT &CNF at 0.2 C-rate during S0 cycles.
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