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A 3D hollow Sn@C-graphene hybrid material (HSCG) with high capacity and excellent cyclic and rate performance is fabricated
by a one-pot assembly method. Due to the fast electron and ion transfer as well as the efficient carbon buffer structure, the hybrid
material is promising in high-performance lithium-ion battery.

1. Introduction

Metallic Sn has long been considered as a promising anode
material for lithium-ion batteries (LIBs) due to its high
theoretical specific capacity [1, 2]. However, Sn is plagued
with a rapid capacity fading because of volume expansion
induced pulverization during the lithiation and delithiation
reactions, leading to the breakdown of electrical connection
of anode particles [3, 4]. Generally, reducing the particle
size to nanoscale is an effective way to minimize the volume
change [5, 6]. In order to further decrease the volume change
of Sn in the electrochemical reactions, hollow Snnanospheres
(NSs), whose tensile stress is ∼5 times lower than that of Sn
solid NSs with an equal volume, are proven to be a better
choice in electrochemical reactions [7–10].

Besides aforementioned routes, many researches also
indicate that dispersing Sn NSs into carbon matrix is another
effective approach to improve and stabilize the cyclability,
where the carbon matrix restricts the volume expansion of
Sn andmoreover acts as an electron conductor to increase the
conductivity [11–14]. A Sn core/carbon shell nanostructure is
a typical structure to combine the advantages of carbon and
Sn from above consideration, in which the carbon coating
layers not only enhance the conductivity of electrode and

buffer the volume variation but also help form a stable solid
electrolyte interface (SEI) film.

Aggregation, which hinders the fast Li+ transportation,
is another problem for nanomaterials in real applications.
Many latest results have shown that graphene nanosheets
(GNs) are ideal substrates to well disperse NSs, which can
also construct a flexible network through a “plane-to-point”
mode to bridge the activematerial particles and form effective
ion and electron transfer networks [15–18]. Furthermore, it
is expected that such soft carbon layer could endure the
volume change of the metal NSs and reduce the mechanical
stress within the electrode to prevent its disintegration [10, 19,
20].

Herein, we integrate the above concerns into one hybrid
structure, and a three-dimensional hollow Sn@carbon-
graphene hybrid structure (abbreviated as HSCG) is
obtained. In such an HSCG, hollow Sn NS was encapsulated
in a carbon shell to form a core-shell sphere structure (hollow
Sn@C) and these NSs are uniformly anchored onto the flexi-
ble GNs. On one hand, hollow Sn NSs are formed to decrease
the intrinsic volume variation, and the carbon shell acts as
a buffer layer to restrict the volume changes of Sn NS, which
also improves the conductivity and helps the formation of sta-
ble SEI film. On the other hand, GNs are used as the substrate
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Figure 1: Scheme for the assembly process of hollow Sn@C-graphene hybrid nanostructure (HSCG).

to fix and isolate the NSs to avoid the aggregation and the
presence of NSs prevents the restacking of GNs, which ensure
the open ion transportation channels retention.The interlac-
ing of GNs in the hybrid forms an interconnected conducting
network, and the NSs are in a good contact with the GNs,
which guarantee the electron transfer between the two com-
ponents and the fabricated electrode. Furthermore, the GNs
endure the volume change of the NSs at some extent. There-
fore, the hybrid structure has combined the three above dis-
cussed characters, defined as fast ion transfer, interconnected
conducting network, and efficient volume variation control in
electrochemical performance improvement, and is a promis-
ing anode candidate for high performance LIBs [21, 22].

2. Experimental

2.1. Preparation of 3D Hollow Sn@C-Graphene. In a typical
preparation process, 20mL ammonia (26wt%) was added
into 20 vol% ethanol aqueous solution, and 2.4 g hexade-
cyltrimethylammonium bromide (CTAB) was then dissolved
into the above solution with continuous stirring for 20min.
After that, 10mL ethanol and 10mL tetraethyl orthosilicate
(TEOS) containing 5 g SnCl

2
were dropwise introduced into

the above solution under stirring for 48 h and the obtained
mixture solution was denoted as Mixture A. Mixture B was
obtained by sonicating 1 g glucose and 400mggraphene oxide
(GO) in 400mL DI water with a probe sonicator (JY92-N,
China, 300W) for 1 h. Mixtures A and B were mixed under
continuous stirring for 5 h followed by an overnight storage at
room temperature. After dried at 120∘C, the obtainedmixture
was calcined at 800∘C for 4 h under N

2
and then treated with

HF followed by washing with ethanol and DI water. Finally,
the HSCG was obtained after dried at 120∘C (Figure 1).
2.2. Structure Characterization. XRD measurements were
conducted at room temperature using a specular reflection
mode (Bruker D-8, Cu K𝛼 radiation, 𝜆 = 0.154056 nm).
SEMandTEMobservationswere performed by usingHitachi
S-4800 (Hitachi, Japan) and JEM 2100F (JEOL, Japan),

respectively. Nitrogen cryoadsorptionwasmeasured by using
BEL mini-instrument, and the specific surface area was
obtained by Brunauer-Emmett-Teller analyses of the adsorp-
tion isotherm. Elemental mapping was performed using
energy-dispersive X-ray spectroscopy (EDX) in conjunction
with a TEM.Thermogravimetric analysis (TGA) was carried
out using TG 8120 (Thermo Plus) with a heating rate of
10∘C/min in a range of 25–900∘C under air flow.

2.3. Electrochemical Performance Measurement. First, the as-
prepared sample as active material was ground into fine
powders. 80wt% activematerials, 10 wt% Super P, and 10wt%
PTFE were well mixed in ethanol solution to make uniform
mixture slurry under sonication.Then, themixture slurrywas
spread uniformly on nickel foam and dried at 120∘C for 12 h
under vacuum to obtain a loading density of active material
in the range of 2.2–2.5mg cm−2. Finally, coin cells (CR2032)
were assembled in Ar filled glove box and the lithium foils
were used as the anode, and 1M LiPF

6
mixture solution

(1 : 1 (v/v) of ethylene carbonate (EC) and dimethyl carbonate
(DMC)) as the electrolyte.

The coin cells were tested at room temperature using
battery tester (Lixing, China) and electrochemistry worksta-
tion (Gamry Instrument, USA). Note that the charge and
discharge processes were conducted at the same current
density with the voltage range of 0.006V–2.5V.

3. Results and Discussion

X-ray diffraction (XRD) analysis was performed to indicate
the reduction process from Sn2+ to metallic Sn. As shown in
Figure 2(a), the identified diffraction peaks that are located
at 30.7∘, 32.1∘, and 44.9∘ are attributed to the tetragonal
Sn (200), (101), and (211) planes, respectively (JCPDS Card
no. 04-0673). Obviously, the initial Sn2+ was reduced into
crystalline Sn by carbon at high temperature. According to
the energy-dispersive X-ray (EDX) analysis, the residual SiO

2

weight fraction is lower than 3%, indicating that SiO
2
has
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Figure 2: (a) XRD patterns of HSCG and crystalline Sn; (b) typical FESEM and (c and d) TEM images of HSCG. Inset of (d) shows eggs with
an egg support, which is similar to HSCG nanostructure where a core-shell Sn@C is supported by planar graphene sheets.

mostly been etched off (Figure S1, ESI, available online at
http://dx.doi.org/10.1155/2014/974285).

The morphologies of the HSCG were examined with
field-emission scanning electron microscope (FESEM) and
transmission electron microscope (TEM). Figure 2(b) clearly
shows that NSs, which are with a narrow size distribution
of 100∼200 nm, are uniformly anchored onto the surface of
GNs. These NSs acting as the spacers prevent the restacking
of GNs and stabilize the individual GNs in single or few
layers, inducing the retention of open ion transportation
channels. Additionally, the separated NSs guarantee the fast
and sufficient contact of electrolyte with the active sites.
As revealed in the SEM image, the soft two-dimensional
GNs bridge the active NSs through a “plane-to-point” mode,
in which a flexible conducting network is essentially con-
structed in electrochemical reactions. The obtained sample
shows a typical IV N

2
adsorption-desorption isotherm with

a significant hysteresis loop, indicating that HSCG possesses
a mesoporous and macroporous structure (Figure S2, ESI).

The specific surface area of HSCG is 29.51m2 g−1 calculated
by Brunauer-Emmett-Teller method.

The TEM images (Figures 2(c) and 2(d)) further confirm
the formation of aforementioned structure. As revealed in
Figure 2(d), the carbon shell with a thickness of ∼20 nm fully
encapsulates the hollow Sn core to form a core-shell NS
with the diameter of about ∼200 nm. These NSs are tightly
anchored onto the GNs even though a strong sonication
treatment is used during the sample preparation for the TEM
observations, suggesting a strong interaction between the
NSs and GNs. Besides, the carbon shell is tightly attached to
the Sn core, which is beneficial for mechanical reinforcement
of the carbon buffer to restrict the volume expansion and
enhance electronic conduction. Moreover, the void space
of the hollow Sn@C is large enough to endure the volume
changes during the electrochemical reaction. Such a hybrid
structure, where core-shell Sn@C is supported by planar
GNs, is similar to the structure of nonyolk eggs with the
protection of egg support as shown in Figure 2(d) (inset).
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Figure 3: Electrochemical performance of HSCG. (a) CV profiles of the first and second cycles; (b) galvanostatic profiles at a current density
of 50mAg−1 with a cut-off potential between 5mV and 2.5 V; (c) cycling profiles; (d) rate performance profile.

In order to determinate the carbon and tin fractions in
HSCG, thermogravimetric analysis (TGA, Figure S3, ESI)
was carried out under air atmosphere, and the result shows
that HSCG contains about ∼70wt% tin and ∼27wt% carbon.

To reveal the advantages of HSCG, its lithium inser-
tion/extraction process is characterized with cyclic voltam-
metry in the range of 0.005 to 2.5 V at a scan rate of
0.1mV s−1 [23]. The CV behavior shown in Figure 3(a) is
consistent with the previous reports [10, 24], indicating a
similar electrochemical reaction occurred. It is found that
the cathodic current in the first cycle is obviously larger
than that of the 2nd cycle, especially from 1.5 to 0V, which
is mainly due to the reduction of electrolyte on the HSCG
surface to form a SEI film and the irreversible reduction

of the tin oxide (SnO
2
) impurity. The broad cathodic peaks

at 0.3–0.7 V are attributed to the multistep electrochemical
reduction reactions (lithiation) of Sn with Li ion to form
various Li-Sn alloys. The anodic peaks at 0.4–0.8V originate
from the delithiation process (from the formed Li-Sn alloy
phases). Based on the above discussion, it is found that the
HSCG electrode shows excellent anodic reversibility.

Figures 3(b) and 3(c) show the discharge-charge voltage
profiles at a current density of 50mAg−1. The voltage profiles
are consistent with that of Sn-based anodes. It is clear that
the first discharge/charge capacities of the HSCG are ∼
1710.2 and 922.7mAh g−1, respectively. The key point for
such high capacity properties is derived from the synergic
effect of hollow Sn@C structures with planar graphene sheets.
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The hollow Sn@C structure accommodates the volume
variation and prevents pulverization of Sn and it also acts as
the spacer to avoid face-to-face aggregation of GNs. At the
same time, the graphene interlinked with each other andwith
the carbon shell form a continuous conducting network. The
initial irreversible loss (787.5mAh g−1) is mainly attributed to
the formation of SEI film due to a relatively large interfacial
surface of HSCG. At the second cycle, the HSCG anode
still shows a large reversible capacity of about 853.9mAh g−1,
revealing a high capacity retention of 92.6%with a coulombic
efficiency of 88.8%.The charge/discharge property at the first
two cycles is well consistent with the reactions observed
from CV curves shown in Figure 3(a). After 10, 20, and
50 cycles, the reversible capacities are preserved at about
758.2, 710.0, and 659.5mAh g−1, respectively, indicating a
capacity retention of 82.1%, 76.9%, and 71.5%. To the best
of our knowledge, the capacities are amongst the highest
values reported for Sn/C hybrid structure (see Figure S4)
[22, 25, 26]. The enhanced performance of HSCG is derived
from its unique infrastructure. Other than preventing the
Sn NSs from aggregation, carbon shell and GNs both play
the role of buffer in this hybrid to mitigate the large vol-
ume change of Sn particles associated with a conversion
reaction electrode. The hollow structure of Sn also con-
tributes to a reduction of the intrinsically large volume
change.

The HSCG also shows a good rate capability and stability.
As shown in Figure 3(d), at higher current densities of
100mAg−1 and 200mAg−1, the specific discharge capacities
can also reach 759.2mAh g−1 and 647.4mAh g−1. When
the current density goes back to 50mAg−1, the discharge
capacity returns to 788.7mAh g−1, which is comparable to the
initial capacity at 50mAg−1, indicating the electrode is stable
andhas high reversibility.Thepromotion of the rate capability
is attributed to the open channels and formed conductivity
network mentioned in the structure discussion. Moreover,
the hollow Sn shell with improved surface-to-volume ratio
and reduced transport lengths for both mass and transport
further improves the rate performance.

4. Conclusion

In summary, a novel 3D hollow Sn@carbon-graphene struc-
ture was designed and prepared by a one-pot assembly
method. Such a unique hybridized nanostructure, which
is similar to non-yolk eggs within a rigid egg support,
is proved a highly active hollow metal@carbon structure
attached on flexible and high-strength conductive GNs plane.
The synergic effects, resulting from the combination of
three kinds of selected infrastructures, contribute to a high
reversible specific capacity of 922.7mAh g−1 and excellent
cyclic performance, while an outstanding rate capability is
also achieved simultaneously due to the fast ion and electron
transfer characteristic. This hybrid structure provides us a
promising model for the design of high-performance anode
material for LIBs.
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