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A B S T R A C T

Graphene-based nanocomposites have been widely investigated as promising anode materials because
of the high specific capacity and good rate capability. However, effective distributing the nanomaterials
into graphene conductive network still remains some challenges. In this study, the supercritical carbon
dioxide (SC-CO2) route as a good strategy is developed to prepare SnS2/reduced graphene oxide (RGO)
nanocomposites, which integrates the complementary effect of ultrasmall SnS2 nanopaticle and RGO
nanosheet in the nanocompositions. The SnS2/RGO nanocomposite exhibits high initial discharge
capacity of 1466.1 mA h g�1 (100 mA g�1), good capacity retention of about 492 mA h g�1 (100 mA g�1)
after 70 cycles and good rate capacity as an anode material for lithium ion batteries. These results
demonstrate that supercritical CO2 (SC-CO2) possess significant technological value to enhance the
energy storage properties of other two-dimensional (2D) nanocomposites.

ã 2016 Elsevier B.V. All rights reserved.

1. Introduction

Rechargeable lithium ion batteries (LIBs) with high energy
density, stability and environmentally friendly is playing a critical
role in portable electronic devices, electric vehicles and hybrid
electric vehicles, which have been widely studied for power source
[1–6]. Graphene has been used for the application of lithium ion
battery due to its unique two dimensional (2D) single layer
structures, high thermal conductivity and high surface area [2,7,8].
However, the relatively low theoretical capacity (372 mA h g�1) of
graphite can not fully meet the requirements for high-power
rechargeable LIBs application, which cause the rise of alternative
higher capacity materials, such as SnO2, MoS2, SnS2, WS2, etc.
[1–3,9]. Among them, SnS2 has attracted much attention as anode
material of LIBs battery via hydrothermal, solvolthermal and reflux
synthesis techniques [1,4,8–12]. Nevertheless, the electrical
conductivity and rate capability of SnS2 are restricted from the
volume expansion and capacity fading in the process of ion

insertion and extraction [8,12–15]. Thus, the graphene with unique
properties can be used as a conductive matrix to enhance electron
transport and buffer the volume expansion, resulting in the rapid
development of graphene-based nanocomposites [8,14–20]. The
typological nanocomposites are supposed to maximize structure
compatibility and obtain greater capacity than the individual
components [14]. In addition, the simple, fast, cost-effective and
environmentally friendly synthetic method still is a challenge [8].

Herein, the supercritical carbon dioxide (SC-CO2) route as a
good strategy has been developed to synthesis SnS2/RGO nano-
composites, owing to its advantages, such as low viscosity, low
interfacial tension, outstanding wetting of surfaces and high
diffusion coefficients. Meanwhile, the SC-CO2 also possesses near-
zero surface tension and excellent penetration ability, which can
help to prevent the restacking of RGO nanosheets and to reinforce
the contact between the SnS2 nanoparticles and RGO nanosheets
[7,21,22]. These characteristic can be fully utilized to control of the
solubility of a solute in SC-CO2 by changing the pressure and
temperature [21]. The formation of SnS2/RGO nanocomposites
using these reactants of SnCl4�5H2O, RGO and thiourea via SC-CO2

process can be seen in Scheme 1. The SnS2/RGO nanocomposites
exhibit high irreversible initial discharge capacity and a higher
reversible capacity as anode materials for lithium ion batteries. The
superior performance and good rate capacity demonstrate that the
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SC-CO2 synthesis techniques for the formation of SnS2/RGO
nanocomposites are believed to function synergistically energy
storage of the anode material.

2. Experimental details

2.1. Preparation of SnS2 and SnS2/RGO nanocomposites

All chemical reagents were analytical grade and used without
further purification. SnCl4�5H2O and thiourea were all purchased
from Aladdin Industrial Corporation. GO was made by the modified
Hummers method, and exfoliated using a high pressure homoge-
nizer, then annealed at 300� C for 3 h under Ar atmosphere. The
final product is called reduced graphene oxide (RGO).

In a typical reaction, the solution used to prepare SnS2/RGO
nanocomposites was first composed of 0.1753 g SnCl4�5H2O,

0.0952 g thiourea, 0.0292 g of RGO. The solvent was 30 mL ethylene
glycol. The mixture was transported to a preheated (100 �C)
stainless steel reactor (50 mL), and CO2 was charged into the
reactor to the desired pressure (15 MPa). The mixture was reacted
in the SC-CO2 for 120 min. Subsequently, the products were cooled
at room temperature, separated by centrifugation, washed several
times with distilled water, and then dried in a vacuum at 60 �C for
4 h.

2.2. Materials characterizations

Field emission scanning electron microscopy (JSM-7000F) was
used to determine the morphology of the samples. Transmission
electron microscopy (TEM) and high-resolution transmission
electron microscopy (HRTEM) images were obtained using a JEOL
model JEM2100 instrument at an accelerating voltage of 200 kV.

Scheme 1. The formation of SnS2/RGO nanocomposites using SC-CO2 route.

Fig. 1. (a) and (b) SEM images of SnS2/RGO nanocomposites, (c) TEM image of SnS2/RGO nanocomposites and (d) Its HRTEM image.
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