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Preparation and Lithium Storage Properties of Silicon/Reduced Graphene Oxide
Nanocomposites
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Abstract: Silicon has attracted wide attention due to its high theoretical specific capacity. However, the huge volume change and poor
reaction kinetics in the lithiation process lead to a serious deterioration of its structure, a continuous capacity attenuation and a poor
magnification performance, thus restricting its practical application. To solve these problems, silicon/reduced graphene oxide
(Si/rGO) nanocomposites with a three-dimensional cage-like conductive structure were designed by an in-situ electrostatic
self-assembly and hydrothermal reduction method with commercial Si nano-particles with the size of 60 nm and natural flake
graphite. The lithium ion storage performance and energy storage mechanism of Si/rGO nanocomposite were investigated. The results
show that Si nano-particles are uniformly encapsulated into a three-dimensional cage-like conductive network structure of rGO,
effectively limiting the volume expansion of nano-Si particles and providing the more ion transport channels in the process of lithium
ion intercalation/detachment. The specific capacity of Si/rGO nanocomposites is 1 246 mA-h/g at 0.1 A/g. The Coulomb efficiency is
98.2% and the capacity retention is 95.5% from fifth cycle, indicating that the nanocomposite has a fast stability behavior. The
reversible capacity remains 852 mA-h/g, the Coulomb efficiency is 99.9%, and the capacity retention is 68.4% after 200 cycles.

Keywords: silicon/reduced graphene oxide nanocomposite; three-dimensional conductive network structure; lithium storage
performance; anode material
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Fig. 1 Flow chart of the preparation of Si/rGO nanocomposite
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Fig. 2 XRD patterns, special surface area distribution and
pore size distribution of rGO, Si and Si/rGO
nanocomposite
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Fig.4 TEM images of Si/rGO nanocomposites
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Table 1 Fitting parameters of equivalent circuit

Specimen Ry/Q Zw/Q Rer/Q
SirGO 7.6 8.4 51.9
rGO 53 59 24.4
Si 9.2 154 93.2

Rs: Intersection of the EIS spectrum and the X axis represents the solution
impedance; Rcr: Semicircle radius in the high frequency region
represents the charge transfer impedance; Zy: Linear slope in the low
frequency region represents the Warburg impedance caused by the

diffusion of Li" in solid active materials.
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Fig. 5 Electrochemical performance of rGO, Si and Si/rGO nanocomposites
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Table 2 Comparison of Si/rGO nanocomposites prepared by different preparation methods

BHO LA B TTIAF] 1 516 mA-h/gP? . TEARFR S,

Si source Si Particle size /nm Carbon content/ % Cycle stability /(mA-h-g™") Preparation method Reference
SiO, 10 20.9 1165 (2.1A-g,100) Sol-gel and Magnesium reduction [13]
SiO, 20 36.2(rGO) 450 (0.1 A-g™', 100) Template-sacrificing method [27]
SiO, 20 352 894 (0.2A-g ™, 100) Magnesio thermic reduction and template method [14]
SiHy 50 40 1060 (1.4A g, 150) Chemical vapor deposition [15]
Montmorillonite Close to 100 5.2(rGO) 1548 (0.2A-g', 100) Magnesiothermic and Hydrothermal method [28]

Si -35%10° 75.1 494 (0.1 A-g™', 100) Reactive Spray Drying [29]

Si (Industrial waste) Close to 100 42.2(rGO) 885 (0.2A-g ', 100) Uniform self-assembly supported by surfactants [30]

Si 50-150 46.0 780 (0.4 A g™, 50) High energy ball milling and heat treatment [18]

Si powder 80 11(rGO) 975 (1.0A-g™", 300) rGO film reduced directly by precoated Ni template [31]

Si 40-50 43.31(rGO+C) 1516 (0.1A-g ", 100) Ball milling [32]

Si 20-50 37(C+rGO)) 1002 (0.1A-g",100) Electrostatic assembly and heat treatment [33]
Commercial Si 60 60 852 (0.1A-g", 200) Electrostatic self-assembly and hydrothermal reduction This study
3 B SE L
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