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Abstract: Silicon, as a new generation anode material for high—energy—density lithium—ion batteries, is a key
technological path for its commercial application by combining it with carbon materials to construct core—shell
silicon—carbon materials. Achieving precise control over the morphology of silicon grains is one of the challenges in
the current industrial-scale mass production of silicon—carbon materials. Silicon was uniformly deposited into a
porous carbon matrix via chemical vapor deposition (CVD), followed by modulating the crystallinity of silicon
through controlled carbon encapsulation temperatures. Systematic characterization revealed that Raman
spectroscopy exhibits superior sensitivity and accuracy over X-ray diffraction in quantifying silicon crystallinity.
The carbon encapsulation temperature was found to exert a significant influence on the crystallinity of silicon, with

elevated crystallinity levels markedly degrading the overall electrochemical performance. Specifically, elevation of
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carbon encapsulation temperature from 550°C to 800°C induced a 55.7% capacity loss (1599—709 mAh-¢™') and

10.65% efficiency decay (91.62%—80.97%) in initial cycling, quantitatively demonstrating the crystallinity—

dependent degradation mechanism in silicon—carbon anodes. These findings confirm that Raman spectroscopy

serves as a precise diagnostic tool for optimizing CVD process parameters, enabling high—precision consistency

control in the mass production of high—performance, low—crystallinity silicon—carbon anodes.

Keywords: electrochemistry; composite materials; powders; silicon anode; CVD silicon—carbon; Raman

spectroscopy; lithium—ion batteries
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Fig.1 Schematic diagram of the preparation of silicon—carbon

composite materials via CVD: (1) The process involves flowing
silane gas, thermally decomposing it, and depositing silicon into
the porous carbon structure; (2) Thermally driven carbon
deposition from a gaseous precursor to form an encapsulating

layer
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Fig.2 SEM images, EDS elemental mapping, and TEM characterization analysis of silicon—carbon materials
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Table 1 Particle size of silicon—carbon
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Fig.4

(a) The XRD patterns of Si@C; (b) Powder electrical resistivity; (c) Raman spectroscopy; (d) Deconvolution and fitting of the

first—order Raman characteristic peak of silicon; (e) The crystallization rate of silicon; (f) The I,/I, ratio of carbon in silicon—carbon
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Table 2 Coulomb efficiency of silicon—carbon at different

charging voltages
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Si@C-550°C 1599 79.98%  86.96%  91.62%
Si@C-600°C 1586 79.02%  85.83%  91.04%
Si@C-700°C 1354 75.34%  82.98%  88.68%
Si@C-800°C 709 64.77%  73.94%  80.97%
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Fig.6

(a) dQ/dV curve of the first charge—discharge cycle; (b) EIS Nyquist plot; (¢) GITT curves and D ; (d) and (e) the D, vs voltage

profiles during discharge and charge, respectively
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