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Abstract : In order to address many issues associated with large volume changes of silicon, which has very low electrical
conductivity but offers about 10 times higher theoretical capacity than graphite (Gr), a silicon nanoparticles/hollow carbon
(SiNP/HC) composite having bimodal-mesopores was prepared using silica nanoparticles as a template. A control SiNP/C
composite without a hollow structure was also prepared for comparison. The physico-chemical and electrochemical properties of
SiNP/HC were analyzed by X-ray diffractometry, X-ray photoelectron spectroscopy, nitrogen adsorption/desorption
measurements for surface area and pore size distribution, scanning electron microscopy, transmission electron microscopy,
galvanostatic cycling, and cyclic voltammetry tests to compare them with those of the SiNP/C composite. The SiNP/HC
composite showed significantly better cycle life and efficiency than the SiNP/C, with minimal increase in electrode thickness
after long cycles. A hybrid composite, SINP/HC@Gr, prepared by physical mixing of the SINP/HC and Gr at a 50:50 weight
ratio, exhibited even better cycle life and efficiency than the SINP/HC at low capacity. Thus, silicon/carbon composites designed
to have hollow spaces capable of accommodating volume expansion were found to be highly effective for long cycle life of
silicon-based composites. However, further study is required to improve the low initial coulombic efficiency of SiINP/HC and
SiINP/HC@Gr, which is possibly because of their high surface area causing excessive electrolyte decomposition for the
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formation of solid-electrolyte-interface layers.

Keywords : Lithium-ion battery, Anode, Silicon, Mesoporous carbon
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Figure 1. (a) XRD patterns of SiNP, SiNP/C and SiNP/HC samples,
and (b) TGA profiles of SiNP/C and SiNP/HC
composites run in Air flow.
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Figure 2. (a) XPS spectrum (inset shows the Si 2p region) and (b)
Raman spectroscopy of SiNP/HC composite.
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Figure 3. (a) Nitrogen adsorption/desorption isotherms, and (b)
BJH pore size distribution (inset shows textual
properties) of SiINP/C and SiNP/HC composites.
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Figure 4. SEM images of (a) SINP/C, (b) SINP/HC, (c) SINP/HC at high magnification and (d) EDS spectrum (inset shows EDS element

composition) on image in (b).

Figure 5. TEM images of (a, b) SINP/C, and (c, d) SINP/HC composites at different magnification.
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Figure 6. Cyclic voltammograms of (a) SiNP/C and (b) SINP/HC composites.
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Figure 7. Cycling performances of SiNP/C and SiNP/HC composites (1 ~ 5 cycles at the current of 100 mA g™ followed by at 500 mA g cycled

with the cut-off voltage range of 0.02 ~ 1.5 V Li'/Li).
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Figure 8. SEM images of electrode cross sections of (a) SiNP/C pristine, (b) SiNP/C after cycle, (¢) SINP/HC pristine and (d) SINP/HC after

cycle.
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Figure 9. Charge/discharge voltage profiles of (a) SINP/HC and (b) SiNP/HC@Gr composites, and (c) cylcing performance
SiNP/HC@Gr composite.
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