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Abstract

Recently, high electrochemical performance anode materials for lithium ion secondary batteries are of interest.
Here, we present silicon-carbon-graphene (Si-C-GR) composites for high performance anode materials of lithium ion
secondary battery (LIB). Aerosol process and heat-treatment were employed to prepare the Si-C-GR composites using
a colloidal mixture of silicon, glucose, and graphene oxide precursor. The effects of the size of the silicon particles
in Si-C-GR composites on the material properties including the morphology and crystal structure were investigated.
Silicon particles ranged from 50 nm to 1 xm in average diameter were employed while concentration of silicon,
graphene oxide and glucose was fixed in the aerosol precursor. Morphology of as-fabricated Si-C-GR composites was
generally the shape of a crumpled paper ball and the Si particles were well wrapped in carbon and graphene. The size
range of composites was about from 2.2 to 2.9 um. The composites including silicon particles larger than 200 nm in
size exhibited higher performance as LIB anodes such as capacity and coulombic efficiency than silicon particles less
than 100 nm, which were about 1500 mAh/g at 100 cycles in capacity and 99% in coulombic efficiency, respectively.
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YA fH(Xiao et al. 2010). oW HrlHog A
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Figure 1. FE-SEM images of the Si particles with different sizes of (a) 50 nm, (b) 100 nm, (c) 200 nm and

(d) 1 pm,
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Figure 2. Schematic illustration of the formation Si—C—GR composites via aerosol process and post

heat treatment.
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Figure 3. FE-SEM images of the Si—-C—GR composites prepared at different Si sizes of (a) 50 nm, (b) 100
nm. (c) 200 nm and (d) 1 um (@ Si: 0.3 wt%. Glucose: 0.2 wit%. GO: 0.2 wt%).
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4. Particle size distributions of the Si—-C—GR composites prepared at different Si sizes of (a) 50 nm,
(b) 100 nm, (c) 200 nm and (d) 1 um (@ Si: 0.3 wt%. Glucose: 0.2 wt%, GO: 0.2 wt%).
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Figure 5. XRD of the Si—-C—GR composites prepared at different Si sizes of (a) 50 nm, (b) 100 nm, (c) 200
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0.3 wt%. Glucose: 0.2 wit%. GO: 0.2 wt%).
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Figure 6. Raman of the Si—-C—GR composites prepared at different Si sizes of (a) 50 nm, (b) 100 nm, (c)
200 nm and (d) 1 um (@ Si: 0.3 wit%. Glucose: 0.2 wt%, GO: 0.2 wt%).
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