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A Study on Effect of Heat Treatment on Electrochemical
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Abstract Surface modification of the silicon-coated graphite was carried out at 200°C~800°C under hydrogen
atmosphere. The silicon-coated graphites were prepared by fluidized-bed spray coating method. The
components of silicon films prepared on the graphite consist of SiO, SiO, (1<x<2) and SiO;. The components
of silicon films at 200°C of heat treatment brought on the higher fraction of SiO and SiO; than that of SiO,.
However, inactive SiO, fraction increases with increase of the heat treatment temperature. The high content
of Si0 and SiOy in the silicon film on graphite leads to the higher discharge capacity in our experimental range.

Key words lithium ion batteries, anode, graphite, silicon, heat treatment.
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, SFG6 (synthetic flake graphite, <
6 um, Lonza Co)E WAEZE AME-3IAAT) Hel
A+A 2= DDS (dichloro dimethyl silane, Aldrich)
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Fig. 1. SEM photographs of surface-modified SFG6 (X 100 K)
: (a) bare SFG6, (b) silicon- coated SFG6.
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Fig. 2. Surface oxygen functional groups of carbon blacks
evolved as CO, CHy and CO, by TPD under heating rate of
10°C/min and He gas atmosphere.
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Fig. 3. Thermogravimetric curves for (a) bare SFG6, (b)
silicon-coated SFG6. Heating rate of 10°C/min under argon
atmosphere.
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Fig. 4. The XPS narrow scan spectra of (a) SiZp, (b) Cls, (c)

Ols of silicon-coated SFG6 after 200°C heat treatment
temperature under H2 atmosphere.
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Table 1. Surface elemental composition of silicon-coated
SFG6 after various heat treatment temperature
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Table 2. Discharge cap acities, coulomb efficiency and
capacity retention for SFG6-based cells

Sample Cls Ols Si2p Si component
\ (at%) (at%) (at%) & Area (%)
SiO 63.0
S1 89.91 6.23 3.86 Si0; 332
Si0, 38
Si0 37.0
S2 87.56 8.75 3.69 SiOy 56.1
Si0, 6.9
Sio 12.0
S3 97.30 2.45 025 SiOy 18.0
Si0, 70.0
30
E
S 2
o
g Vs
N 10

Z { Real )/ Ohm

Fig. 5. The AC-impedance spectra of SFG6-based cells treated
at various temperatures after 1st charge (The measured
frequency range is in the range from 10 mHz to 100 KHz). SO
is bare SFG6. S1, S2 and S3 represent silicon-coated SFG6 at
200°C, 500°C and 800°C of heat treatment temperature
respectively.
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Fig. 6. 10th charge-discharge curves of SFG6-based cells
containing 1 M LiPFy EC+EMC+DMC (1:1:1 in v/v)
electrolyte between 0.0~2.0 V at C/5. S0, S1, S2 and S3 are
as Fig. 5.
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Fig. 7. Change of discharge capacities of bare and silicon-
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in v/v) electrolyte between 0.0~2.0 V at C/5 during the cycle.
SO, S1, S2 and S3 are as Fig. 5.
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