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Abstract

Silicon-based materials are one of the most promising anode active materials in lithium-ion battery.
A carbon layer decorated on the surface of silicon particles efficiently suppresses the large volume
expansion of silicon and improves electrical conductivity. Carbon coating through chemical vapor
deposition (CVD) is one of the most effective strategies to synthesize carbon- coated silicon materials
suitable for mass production. Herein, we synthesized carbon coated SiOx via pilot scale CVD reactor
(P-Si0,@C) and carbon coated SiO, via industrial scale CVD reactor (I-SiO,@C) to identify physical
characteristic changes according to the CVD capacity. Reduced size silicon domains and local non-
uniform carbon coating layer were detected in I-SiO,@C due to non-uniform temperature distribution
in the industrial scale CVD reactor with large capacity, resulting in increased surface area due to severe
electrolyte consumption.

Keywords : Silicon suboxide; Carbon coating: Chemical vapor deposition (CVD).
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P-Si0,@C ¥ 1-Si0,@Cx AALAY-F

Fig. 1. Schematic diagram of the synthetic process for P-SiO,@C and

I-Si0,@C.
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Table 1. Conditions for pilot scale and industrial CVD process.

Flow rate of Flow rate of

Temperature[C]

Time [h] Volume [L]

Semells Ar [L min™] CH* [L min™]
P-Si0,@C 15 20 1000 14 20000
[-Si0,@C 17.5 30 1000 20 70000

E3A2du] 4 (Field Emission Transmission
Electron Microscope, FE-TEM; JEM-2100F,
JEOL, Japan)& &3f 7HE 389 59 £HF=XE
et al, TEM A&+ P-Si0,@C ¥ [-Si0,@
CE ogZolA #AAA &8 &4 S0 &
At S HolgE & 7| oA dRE XY
sto] MEDE APttt daEA7](Element
Analyzer, EA; EA1112 Thermo Electron
corporation, USA) ¥ EFHF-A|XEA 7]
(Thermal Gravity/Differential Temperature
Analyzer, TG/DTA; Seiko, Japan), XA &%
A} B33 (X-ray photoelectron spectroscopy,
XPS; Nexas G2, Thermo Fisher Scientific,
USA), BET £4(A Brunauer-Emmett-Teller
analyzer, BET; 3Flex, Micromeritics, USA)
2 2ut B337])(Raman Spectroscopy 532nm;
LabRAM HR Evolution, HORIBA, Japan)E &
o 72 REEe 48 9 AHAS BT
X-ray S|HEAH(X- ray Diffraction, XRD:;
X'Pert Pro MRD, PANalytical, Netherlands)
= &9 AEE 24 A71E A5

3. Zq Y nE
CVD capacity #to]o] @& P-SiO,@Cet
[-Si0,@Co FEH e&AZ0] ¥H F % |

Fig. 2. TEM images of (a) P-SiO,@C, (b) I-Si0,@C.
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P-Si0,@C (Figure 3a)9} 1-SiO,@C (Figure
3b)9] C 1s XPS =&Y EA A} 284 8,
285.6, 288.9 eV YA|oA mZE &5t L
o o]= Z}7} C-C, C-0, C=0& gt Aglo|c}
[26,28]. Table 20]4 &1 4= 91%°| P-SiO,@
C} I-Si0,@CoflA] C-0, C-C ¥ C=0, C-C T
9] HWAH|= & X}o]& Ho|X| %kl o= &

Fig. 3. C 1s XPS profiles of (a) P-SiO,@C, (b) I-SiO,@C.
(c) XRD patterns and (d) Raman spectra of P-SiO,@C
and [-Si0,@C. Adsorption/desorption isotherms of (e)
P-Si0,@C and (f) I-Si0,@C powders.
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L = Crystal size [nm]

K = 0.94 (Scherrer factor)

A =0.154 nm (X-ray wavelength)

B8 = FWHM [radian]

0 = Bragg-diffraction angle (peak position
in radians)
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Fig. 4. Thermogravimetric analysis for (a) P-SiO,@C and (b) I1-SiO,@C.
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Table 3. Average carbon contents and standard deviation of P-SiO,@C and [-SiO,@C via EA and TGAanalysis.

Carbon contents (TGA)
Sample Carbon contents(EA)
Average Standard deviation
P-SiOx@C 3.0 2.8663 0.09798
[-SiOx@C 3.0 2.7364 0.15173
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