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Synthesis and Lithium Storage Performance of Porous
Silicon/Carbon Composite Material from SiCl,

FENG Xue-Jiao YANG Jun® NULI Yan-Na WANG Jiu-Lin
(School of Chemistry &Chemical Technology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Porous silicon/carbon composite was prepared via a mechanochemical reaction between Lij;Siy, and
SiCl; under ball milling. Specific surface area of silicon/carbon composite can be adjusted by controlling the
particle size distribution of Lij;;Si,. Effects of the carbon weight, specific surface area and active mass loading on
the electrochemical performance were investigated. The results indicated that the composite material which
combined specific surface area of 100.9 m?: g™ and chemical vapor deposition method (CVD) carbon coating with
25.3wt% (ca.6 nm in thickness), exhibited a considerably high reversible capacity of 1 900 mAh-g™ and an
excellent cycling stability with only 7.6% capacity decay after 50 cycles at a current density of 300 mA g™
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Fig.1 XRD pattern of the Si/SP1 composite
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Fig.2 (a) A SEM image and (b) a TEM image of Si/SP1 composite
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Table 1 Weight ratio of Super P and CVD carbon coating on porous Si

Sample No. Super P / wt% CVD carbon / wt% Total carbon / wt%
Si/SP1 10.5 10.5

Si/SP1/C1 8.9 14.9 23.8

Si/SP1/C2 74 25.8 332

Super P

Si
-~ Super P

10 nm

Silicon

3AA(111) —~//«-

33.2wt%

Ip/l6=0.75

I/16=0.86

1500 1800
Raman shift / cm!

a:5i/SP1;b:Si/SP1/C1;¢:Si/SP1/C2)and (d) Raman spectra of carbon on Si/SP1/C1 and Si/SP1/C2
Kl 3 IR 2 fLaE /B S5 B ORL 20 BER TEM IR T

Fig.3 HR-TEM images of porous silicon/carbon composite with different weight ratios of carbon coating
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Fig.4 (a) Initial charge-discharge profiles and (b) cycling performances of porous silicon/carbon electrodes

with different weight ratios of carbon
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Fig.5 SEM images of the lithium silicon alloy (Li;;Siy) with different particle size distributions
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Table 2 Specific surface area and pore analysis of Si/SP composites
Sample No. Particle size distribution of Li;;Si, / pm  Surface area / (m*+g™) Pore volume / (cm®-g™) Average pore size / nm
Si/SPO 1~25 49.0 0.32 26.4
Si/SP1 1~15 73.9 0.60 33.0
Si/SP2 1~10 100.9 0.45 15.6
Si/SP3 1~5 266.6 0.86 14.8
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Fig.6 Galvanostatic charge-discharge profiles of silicon/carbon electrodes
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Fig.7 Cycling performances of porous silicon/carbon (Si/
SP2/C) electrodes with different mass loadings
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Fig.8 Cycling performance and Coulombic efficiencies of
original and prelithiated Si/SP1/C2 electrode at a
current density of 100 mA - ¢!
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