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Abstract — To use as an anode material of lithium secondary battery, graphite-silicon composite powders are prepared
by ball-milling with silicon nanoparticles (average diameter 100 nm, 0~50 wt%) and graphite powder (average diameter
15 pm) and their electrochemical properties are examined. As the silicon content increases, the graphite becomes smaller
by the ball-milling and amorphous phase appears whereas the silicon do not suffer the change of nanocrystalline phases
and embeds within the amorphous phase of graphite. Cyclic voltammetry at low scan rate reveals that typical oxidation
peaks of graphite and silicon appear at 0.2~0.35 and 0.55~0.6 V, respectively, with higher reversibility for repeated
cycles. In contrast, the high-scan-rate redox behavior is very irreversible for repeated cycles. High irreversible capacity
is exhibited in the initial charging-discharging cycles, but it diminishes as the cycle number increases. The saturated dis-
charge capacity achieves about 485 mAh g™! at 50th cycle for the composite of Si 20 wt%. This is due to the formation
of amorphous graphite morphology by the adequate composition (C:Si=8:2 w/w), which efficiently buffers the volume

change during alloying/dealloying between silicon and lithium.
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Fig. 1. The composition ranges of graphite-silicon composites pre-
pared by mechanical ball-milling with different milling con-
ditions [3,4,10]. Some representative capacity characteristics
such as reversible capacity are also indicated for comparison.
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Fig. 2. X-ray diffraction patterns of graphite-silicon composite pow-
ders.
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Fig. 3. Scanning electron microscopic images of graphite-silicon com-
posite powders.
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(a) Milled graphite
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Fig. 4. Transmission electron microscopic images of graphite-silicon
composite powders.
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Fig. 5. Scanning electron microscopic surface images of graphite-
silicon composite electrodes.
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Fig. 6. Cyclic voltammograms of graphite-silicon composite elec-
trodes, recorded at the scan rate of 0.2 C-rate (0.17 mV s™).
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Fig. 7. Cyclic voltammograms of graphite-silicon composite elec-
trodes, recorded at the scan rate of 10 C-rate (8.34 mV s™).
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Fig. 10. High-rate capability results of graphite-silicon composite elec-
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