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a b s t r a c t

Tin is a promising high-capacity anode material for lithium-ion batteries, but it usually suffers from the
problem of poor cycling stability due to the large volume change during the charge–discharge process. In
this article, porous nano-sized Sn@C/graphene electrode material with three-dimensional carbon net-
work was designed and prepared. Reducing the size of the Sn particles to nanoscale can mitigate the
absolute strain induced by the large volume change during lithiation–delithiation process, and retard
particle pulverization. The porous structure can provide a void space, which helps to accommodate the
volume changes of the Sn nanoparticles during the lithium uptake-release process. The carbon shell
can avoid the aggregation of the Sn nanoparticles on the same piece of graphene and detachment of
the pulverized Sn particles during the charge–discharge process. The 3D carbon network consisted of
graphene sheets and carbon shells can not only play a structural buffering role in minimizing the
mechanical stress caused by the volume change of Sn, but also keep the overall electrode highly conduc-
tive during the lithium uptake-release process. As a result, the as-prepared Sn@C/graphene nanocompos-
ite as an anode material for lithium-ion batteries exhibited outstanding cyclability. The reversible specific
capacity is almost constant from the tenth cycle to the fiftieth cycle, which is about 600 mA h g�1. The
strategy presented in this work may be extended to improve the cycle performances of other high-capac-
ity electrode materials with large volume variations during charge–discharge processes.

Crown Copyright � 2014 Published by Elsevier B.V. All rights reserved.

1. Introduction

Lithium-ion batteries are the most widely used rechargeable
batteries because of their superior energy density, no memory
effect. However, the energy density of lithium-ion batteries still
lies behind the demands of consumers. To improve the energy den-
sity of lithium-ion batteries, many high-capacity anode materials
have been exploited, such as metal oxides, silicon and tin [1–11].
Among the reported anode materials, metallic tin (Sn) is one of
the most promising anode materials for high performance
lithium-ion batteries because of its high theoretical specific capac-
ity (992 mA h g�1), and environmentally benign nature [11–13].
However, the lithiation and delithiation reactions (Sn + 4.4Li+ +
4.4e�M Li4.4Sn) are accompanied by a large volume change
[10–13], which lead to the pulverization of the particles and the

electrical disconnection of the electrode [14,15]. This is the major
reason for the poor cycle performance of metallic Sn, which ham-
pers its application in lithium-ion batteries. Reducing the size of
the Sn particles to nanoscale can mitigate the absolute strain in-
duced by the large volume change during lithiation–delithiation
process, and retard particle pulverization [16–18]. Nevertheless,
the nanoparticles tend to aggregate into large particles, especially
during the charge–discharge process [18,19].

Many efforts have been devoted to improving the electrochem-
ical performance of metallic Sn, such as carbon-coating, nanocom-
posite and porous structure [10–15,20]. Among the reported
approaches, the cycle performance of metallic Sn can be consider-
ably improved by dispersing nano-sized Sn into a carbon matrix
which acts as both a structural buffer and an electroactive material
[10,17,21]. Graphene, a new two-dimensional carbon material,
exhibits a number of intriguing unique properties, such as ultra-
thin thickness, superior electronic conductivity, good mechanical
properties, large reversible specific capacity [22–26]. Therefore,
graphene is an ideal carbon nanostructure which can be used to
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design high performance electrode materials. In the past four
years, Sn/graphene nanocomposites with various structures and
morphologies have been explored as anode materials for lithium-
ion batteries, such as Sn/graphene [27–30], carbon coated Sn/
graphene and Sn@CNT/graphene nanocomposites [12,31–33].
Although the graphene sheets in these reported Sn/graphene nano-
composites can act as a barrier to prevent the aggregation of nano-
particles to a certain extent, the nanoparticles on the same piece of
graphene still tend to aggregate into large particles [18,19]. In
addition, the pulverized Sn particles fall off the graphene sheets
during the charge–discharge process [12]. Therefore, the cycle per-
formances of these reported Sn/graphene nanocomposites are not
satisfactory [27–30]. Carbon coated Sn/graphene and Sn@CNT/
graphene nanocomposites can avoid the exfoliation of the pulver-
ized Sn particles from current collector to a certain extent [12,31–
33]. However, most of these reported carbon coated Sn/graphene
and Sn@CNT/graphene nanocomposites were prepared using
SnX2/graphene oxide (X = O or S) nanocomposites as raw material

[12,31–33] (Fig. 1a). The aggregated SnX2 particles still exist in the
raw material (SnX2/graphene nanocomposite), which would be re-
duced to large Sn particles during thermal treatment process, lead-
ing to the heterogeneous distribution of tin in the carbon matrix. In
addition, the carbon was not only deposited on the surfaces of Sn
particles but also those of graphene sheets during the carbon coat-
ing process, which is adverse to the electrochemical properties of
the graphene component.

In this study, porous nano-sized Sn@C/graphene electrode
material with three-dimensional (3D) carbon network was de-
signed and prepared (Fig. 1b). The tin particles were fixed on the
graphene sheets with carbon shells, which can not only suppress
the aggregation of nanoparticles but also avoid the exfoliation of
the pulverized Sn particles from graphene sheets during the
charge–discharge process. The porous Sn@C/graphene nanocom-
posite can provide a void space, which helps to accommodate the
volume changes of Sn nanoparticles during the lithium uptake-
release process. Most importantly, the preparation method of the

Fig. 1. Schematic illustrations of the synthesis route for (a) the traditional Sn@C/graphene composite, and (b) the porous Sn@C/graphene nanocomposite with 3D carbon
network.
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