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Nanosized particles of SnSb alloy were coated on the surface of multiwalled carbon nanotubes (CNTs)
by reductive precipitation of metal chloride salts within a CNT suspension. The SnSb-CNT nanocomposite
showed a high reversible capacity of 480 mAh g-1 and stable cyclic retention until the 50th cycle. The
improvement of reversible capacity and cyclic performance of the SnSb-CNT composite is attributed to
the nanoscale dimension of the SnSb alloy particles (<50 nm) and the structural advantages of CNTs as
a framework material. The CNTs could be pinning the SnSb alloy particles on their surfaces so as to
hinder the agglomeration of SnSb particles, while maintaining electronic conduction as well as
accommodating drastic volume variation during electrochemical reactions.

Introduction

In the lithium-ion battery field, much attention has been
paid to nanostructured materials such as nanowires,1 nano-
tubes,2 and nanocomposites3 because of the significant
advantages of their kinetics during the lithiation and delithia-
tion processes. In fact, the nanostructured electrode materials
have shown enhanced Li+ storage and electronic conduction,
which may accelerate the development of high-energy-
density lithium-ion batteries. In this respect, many nanosized
alloys have been investigated that are capable of capacities
far in excess of that of commercial graphite (for LiC6, 372
mAh g-1).4-6

Nanosized SnSb intermetallic alloys are a promising group
of high-capacity alloys that offer three advantageous design
features: (1) both Sn (Li4.4Sn, 990 mAh g-1) and Sb (Li3-
Sb, 660 mAh g-1) elements contribute to the specific capacity
of Li+, but at different stages in the electrochemical discharge
process;7,8 (2) the large volume variations of the cycled alloys

due to the insertion/extraction of Li+ can be effectively
accommodated by a highly dispersed ductile Sn phase;9 and
(3) nanosized powders can lead to the enhanced kinetic
properties during electrochemical reactions.10,11Despite these
desirable features, the practical capacity and cycling perfor-
mance of these alloys are often limited by the agglomeration
in nanoscale form. This can reduce the alloy’s ability to
restrain volume variations and lead to cracking and crumbling
of the electrode.5,10 Recently, the demand for stable cyclic
performance of nanosized SnSb alloys have highly stimulated
the research for nanocomposites with carbonaceous materials
such as graphite,9 MCMB,10 and amorphous carbon.12

However, the agglomeration of nanosized alloys is still
considered as the predominant barrier to the practical
application of these nanoscale alloys.

On the other hand, carbon nanotubes (CNTs) have also
been extensively investigated as a nanoscale framework
material for electronic devices because of their extraordinary
thermal and mechanical stability and high electronic
conductivity.13-15 Compared to other carbonaceous elec-
trodes, CNT electrodes can react at a lower potential and
accommodate more Li+ because of their widerd-spacing
(CNT, 0.34 nm; graphite, 0.33 nm) and larger surface to
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volume ratio.16 It can be a promising candidate for reducing
electrochemical degradations induced by the agglomeration
of nanosized SnSb alloys.17

In this study, the nanosized SnSb alloy particles were
simply coated on the surface of CNTs by reductive precipita-
tion of metal chloride salts within a CNT suspension. By
using this method, we avoided the drastic volume variation
and agglomeration of SnSb alloys, which resulted in a
significant improvement in electrochemical performance of
the electrode. The structural and electrochemical properties
of the SnSb-CNT nanocomposite are presented and char-
acterized with the aim of application for lithium-ion batteries.

SEM observation shows a general view of SnSb-CNT
nanocomposite compared with normal CNTs. Images a and
c of Figure 1show randomly aligned normal CNTs with an
outer diameter of approximately 50-100 nm and a length
of 200-300 µm at different magnification levels. The
morphology of the SnSb-CNT nanocomposite was also
observed in order to confirm the morphological changes after
the reductive precipitation process as shown in images b and
d of Figure 1, which clearly show the uniform distribution
of SnSb nanoparticles on the surface of the CNTs.

The weight percent of Sn, Sb, and CNTs was estimated
to be 24.91, 22.69, and 52.40 wt %, respectively, and there
was no evidence of Cl- in the obtained nanocomposites
according to an elemental analysis using selected area energy-
dispersive X-ray spectrometry (EDS). This result reveals that
the composition of SnSb nanoparticles in the composites can
be assumed to be Sn1.05 Sb0.95 phase, which is in excellent

accordance with the X-ray diffraction patterns in Figure 2a.
All reflections of the SnSb-CNT nanocomposite correspond
to the â-SnSb phase (JCPDS #33-0118), which belongs
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Figure 1. Microstructure of SnSb-CNT nanocomposite and normal CNTs: (a, c) field-emission SEM images of normal multiwalled CNTs; (b, d) field-
emission SEM images of SnSb-CNT nanocomposite prepared by reductive precipitation of metal salts at different magnification levels.

Figure 2. (a) X-ray diffraction patterns and (b) room-temperature Raman
spectrum of SnSb-CNT nanocomposite compared to the normal multiwalled
CNTs.
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to the space group R-3m (166). The lattice parameters of
coated SnSb alloy area ) b ) 4.3251 Å andc ) 5.3376 Å
in a rhombohedral structure. There was no evidence of any
kind of Sn-related or other phases apart from the (002) and
(101) peaks of CNTs.

The room-temperature Raman spectra show a difference
in the crystallinity of CNTs before and after the reductive
precipitation process. It is well-known that CNTs possess
two peaks at 1354 cm-1 (D band) and 1581 cm-1 (G band).
After the reductive precipitation, theIG/ID ratio of the CNTs
has been changed from 1.22 to 0.87, as shown in Figure 2b.
The decrease in the ratio indicates that the atomic ordering
or crystallinity of the CNTs was reduced, and suggests that
the precipitation of polycrystalline SnSb involved the forma-
tion of some chemical bonds with the CNTs surfaces, rather
than only physical adsorption.18,19

The destructive nature of precipitation could be also
confirmed by X-ray photoelectron spectroscopy (XPS)
analysis. Figure 3a shows the C 1s spectra for CNT and
SnSb-CNT nanocomposite. The C 1s binding energy of the
CNT used for the SnSb-CNT nanocomposite was about
284.6 eV, which corresponds to the typical binding energy
of C-C bonding. On the other hand, the C 1s spectrum
indicated that the binding energy was convoluted from
various types of bonding, such as C-C bonding and Sn-C
bonding (283.4 eV). Because the electronegativity of Sn is
1.8 and that of carbon is 2.5, the carbon atom localizes the
electrons around Sn-C bonds. Therefore, the C 1s binding
energy for Sn-C bonding tends to show a negative chemical
shift. The existence of Sn-C bonding was clearly proven
by the bonding states of Sn atoms as determined from the
Sn 3d5/2 spectrum. As shown in Figure 3b, the Sn 3d5/2

spectrum is composed of two main peaks located at 484.3
and 486.9 eV. Because the Sn 3d5/2 binding energies for Sn-
Sn bonding and Sn-C bonding have been reported to be
about 484.6 and 486.3 eV, respectively, we could conclude
that at the interface between SnSb and CNT, Sn-C bonding
was evolved from the destruction of C-C bonding.20,21This
chemical bonding would change the surface topography of
the materials and produce additional highly reactive defects
sites such as dangling bonds and pores. It was also found
that the surface area of the CNTs increased from 55.12 m2

g-1 to 61.36 m2 g-1 because of these defects and the presence
of the SnSb nanoparticles on the surface of CNTs.

Figure 4 shows typical TEM images of the SnSb-CNT
nanocomposite at various magnification levels. As shown
in Figure 4a, the selected area diffraction (SAD) pattern
(inset) indicates that the composite consists of CNTs and
polycrystalline SnSb nanoparticles. From the figure, it can
be observed that the SnSb alloy particles with a size of 30-
50 nm on average are well-coated onto the CNTs. In the
higher-resolution image of Figure 4c, it is made clear that
the average grain size of the SnSb alloys is less than 10 nm
with a d-spacing of 0.53 nm, thus confirming their poly-
crystalline nature.

It is well-known that if the particle size of SnSb alloy is
less than 100 nm, the particles would be agglomerated
because of the overwhelming driving force to reduce their
surface energy.5,10 However, in our samples, the agglomera-
tion of SnSb alloys was adequately prevented by the
formation of a SnSb-CNT composite. It is surmised that
the additional induced defects like dangling bonds acted as
nucleation sites on which the alloy particles were precipitated.
In this way, the Sn2+ and Sb3+ ions would substitute for C
atoms at an atomic level to act as seeds at the initial stage
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Figure 3. (a) XPS C 1s narrow scan spectra for multiwalled CNTs (black line) and SnSb-CNT nanocomposite (red line); (b) XPS Sn 3d narrow scan
spectra for SnSb-CNT nanocomposite (for a comparative purpose, XPS O 1s spectra for CNTs were displayed.)
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of the precipitation. Therefore, we can suggest that the
reductive precipitation method is appropriate to pin SnSb
nanoparticles onto CNTs, preventing the agglomeration of
the SnSb nanoparticles.

The anodic performance of the SnSb-CNT nanocomposite
was tested in the potential range from 0.05 to 1.5 V (vs Li/
Li +). For comparative purpose, normal CNTs were also
examined under the same conditions. As plotted in Figure
5a, the SnSb-CNT nanocomposite showed an initial dis-
charge capacity of 1408 mAh g-1 and an irreversible capacity
of 728 mAh g-1 in the galvanostatic voltage profile for the
first cycle. It should be noted that the SnSb-CNT nano-
composite showed an initial coulombic efficiency of ap-
proximately 48.30%, which was notably higher than that of
the normal CNTs, 34.75%. The improvement of the initial
coulombic efficiency can be attributed to the SnSb phase,
which would react with Li+ during the electrochemical
reaction. The charge-discharge reactions of the SnSb-CNT
nanocomposite electrodes were reversible over cycles without
any significant capacity fading induced by agglomerations

in the nanosized SnSb alloy.5 This was because the network
structure of CNTs is fit not only for pinning SnSb alloy
nanoparticles, but also for maintaining the electronic conduc-
tion around the active phases, in spite of their enormous
volume variation during Li+ insertion or extraction. However,
there was a clear tradeoff between the initial coulombic
efficiency and cyclic retention because the adoption of CNT
as the supporting material for SnSb involved the augmented
initial irreversible capacity induced by trapping Li+ in its
inner holes or defects.

To identify all of the electrochemical reactions, the
differential charge-discharge capacity vs voltage profiles
of SnSb/CNT nanocomposite are presented in Figure 5b. The
first differential discharge profile shows a major reduction
peak around 0.75 V derived from Li3Sb formation when Sb
phase reacts with Li+ according to eq 1 below, and numerous
small peaks from 1.5 to 0.75 V, which were evolved by
electrolyte decomposition or solid electrolyte interphase (SEI)
film formation. The apparent peaks at 0.2 and 0.55 V seem
to be formed by an irreversible reaction between Li+ and
defects or buckled layers of CNTs. These reactions definitely
involve an irreversible process, because the peaks disap-
peared in subsequent cycles. The reversible alloying and
dealloying reaction of SnSb due to reaction with Li+ is
described in eq 2 below.6 Graphically, this process is clearly
represented from the second cycle by the reduction peak at
0.85 V and the oxidation peak at 1.1 V. The other pairs of

Figure 4. (a) TEM image and selected area diffraction (SAD) pattern (inset)
of SnSb-CNT nanocomposite, (b) TEM image of an individual SnSb-
CNT nanocomposite at a high magnification level, and (C) HRTEM image
of SnSb alloy nanoparticle coated on the surface of a CNT.

Figure 5. Anodic performance of the SnSb-CNT nanocomposite: (a)
galvanostatic voltage profiles between 0.05 and 1.5 V; (b) differential
charge-discharge versus potential plots at the first, second, fifth, and tenth
cycle between 0.05 and 1.5 V for the SnSb-CNT nanocomposite.
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reduction peaks between 0.25 and 0.7 V during discharging
and oxidation peaks between 0.4 and 0.8 V during charging
are related to the formation of various LixSn alloys as
described in the eq 3.3 Both reduction and oxidation peaks
below 0.2 V are correlated with the intercalation and
deintercalation of Li+ into the CNTs.

The SnSb-CNT nanocomposite exhibits good cyclic per-
formance, a high reversible specific capacity (>480 mAh
g-1), and high coulombic efficiency (>95%) up to the 50th
cycle, as shown in panels a and b of Figure 6. This indicates
that the nanosized SnSb alloy contributed to the increases
in Li+ storage, whereas randomly distributed CNTs contrib-

uted to maintaining the electronic conduction around the
SnSb alloy particles, as well as accommodating the volume
variation that was mainly induced by the reaction between
Li + and SnSb. From the viewpoint of electrochemical
properties, CNT is apparently superior to other carbonaceous
materials such as graphite,9 MCMB,10 and amorphous
carbon.12 Because the structure of CNT is more adaptable
to the homogeneous dispersion of SnSb nanoparticles than
other carbonaceous materials, loading a large amount of SnSb
particles into the composite can achieve a higher capacity.
There is evidence to believe that CNTs more effectively
prevent the agglomeration of nanosized SnSb particles and
therefore retain the enhanced electrical properties of the SnSb
alloy in nanoscale form. On the basis of this result and
discussion, it could be concluded that the reversible capacity
loss or electrical disconnection induced by the agglomeration
of nanosized SnSb alloy could be effectively reduced in the
SnSb-CNT nanocomposite prepared by the reductive pre-
cipitation process.

In summary, we have fabricated SnSb-CNT nanocom-
posite by means of reductive precipitation of metal chloride
salts. The CNTs were a sort of framework used to pin
nanosized SnSb particles on the surface and, as a result,
hinder the agglomeration of SnSb nanoparticles. Several
structural analyses clearly showed that SnSb particles were
homogeneously precipitated on CNT with the help of Sn-C
bonding between SnSb and CNT. SnSb-CNT nanocom-
posite showed an enhanced reversible capacity (>480 mAh
g-1) and stable cyclic retention because the drastic volume
variation due to the agglomeration of SnSb alloy particles
was effectively reduced during the electrochemical reaction.
It could be clearly seen that CNTs were suitable for pinning
nanosized SnSb particles and preventing their agglomeration,
as well as maintaining the electrical connection around the
SbSb particles. However, there was a unique drawback, that
the increased initial irreversible capacity caused by the
trapped Li+ in the inner holes or defects of CNT. Finally,
careful attention to the design and fabrication of these types
of complex nanocomposites may lead to their full potential
being exploited in commercial lithium ion batteries.
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Figure 6. Anodic performance of the SnSb-CNT nanocomposite: (a)
cyclic performance of SnSb-CNT nanocomposite and normal CNTs up to
the 50th cycle at the same current density, 100 mA g-1; and (b) the
coulombic efficiency of SnSb-CNT nanocomposite electrode up to the 50th
cycle.
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