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Fig. 1 Schematic illustration of composite preparation
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Fig. 2 XRD patterns (a) and Raman spectra (b) of Si, Si/C, Si/rGO/C

F 1 Si/C A1 SirGO/C B &M B Ca, Na ) ICP -AES Mik4E 5

Tab.1 ICP-AES results of Ca, Na in the Si/C and Si/rGO/C composites

PR Ca (&5 H%) Na (5 &5 4%)
Si/C 0.31 0.015
Si/rGO/C 0.2 0.021
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Fig. 3 The TGA curves of nano-Si, Si/C and Si/rGO/C composites
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Fig. 4 SEM images of nano-Si (a, b), Si/C(c, d) , Si/rGO/C (e, f) and TEM images of Si/rGO/C (g, h)
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Fig. 5 The electrochemical properties of nano-Si, Si/C and Si/rGO/C composites
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Tab.2 Comparison of the cycling performance of the Si/rGO/C composites prepared by different methods

MARoFAE GREE, 78 B3 5 LA &

il 2% ik B o (mA - g BEIRFEZE/% S 3k
BRI 25 °C, 02A/g 300 645.0 82.1 [12]
W5 25 T Rik 25 °C, 0.1A/g 70 928.0 — [15]
TR IR B i3 25 C, 0.5A/g 100 749.0 85.2 [14]
FrHR 5 A 25 °C, 0.2 A/g 100 935.8 71.9 [13]

WK ER: 25 C, 1.0A/g 100 994.5 77.6 A
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Abstract: Silicon is generally regarded as one of the most promising anode materials for
lithium-ion batteries because of its high theoretical capacity (4200 mAh/g). However, the huge
volume change (> 300%), poor electronic conductivity seriously affect its electrochemical
performance and hinder its practical application. Herein, the Si /reduced graphene oxide/carbon
(SirGO/C) anode composite was synthesized by the alginate hydrogel process: the alginate
hydrogel was used as the stabilizer and carbon source, bundles both the Si nanoparticles and
graphene oxide (GO) together and transforms to the carbon layer after high temperature
carbonization. The structure, chemical composition and morphology of the composite were
characterized by powder X-ray diffraction (XRD), Raman spectrum, synchronous thermal analysis
(TGA), scanning electron microscopy (SEM) and transmission electron microscopy (TEM), and
the electrochemical properties of the composite were tested. The results show that inside the
Si/rGO/C composites, the rGO sheets is highly dispersed as a conductive network and the Si
nanoparticles are firmly locked on the rGO sheets by the carbon layer. The carbon layer and rGO
significantly improve the electrical conductivity of the composite, serve as a buffer for the large
volume change of Si nanoparticles. The Si/rGO/C composite used as anode material demonstrates
superior electrochemical properties. It delivers a high reversible capacity of about 1000.0 mAh/g

and 77.6 % capacity retention at 1.0 A/g current density after 100 cycles.
Key words: silicon-based composites; alginate hydrogel; reduced graphene oxide; anode

composites; lithium-ion battery





