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SnO,/CNT (CNT: carbon nanotube) composite electrode materials have been successfully synthesised using the Pechini method. The crystal
structures of SnO,/CNTs were identified by X-ray diffraction. The surface morphology and internal structure, as revealed by scanning electron
microscopy and transmission electron microscopy, indicated that SnO, nanoparticles were embedded in the CNT matrix or dispersed
homogeneously on the outer walls of the CNTs. Furthermore, the charge—discharge properties of SnO,/CNT composite electrode materials
showed that the reversible discharge capacities of the SnO,/CNT composite electrode materials were enhanced to 1062 mAh/g compared
with that of pure SnO, nanoparticles, and the capacity retention remained at approximately 91% after the 12th cycle, improving the

lifetime of the lithium batteries greatly.

1. Introduction: SnO,, an n-pattern semiconductor material with
broad band clearance, has been considered one of the most
promising cathode materials for lithium (Li)-ion batteries due to
excellent capacity [1-3]. However, pulverisation of the electrode
material occurs easily due to dramatic volume expansion during
the charging and discharging of the Li-ion battery, resulting in
deteriorating cycle performance. This problem is a large obstacle
to the wide use of SnO, in Li-ion batteries [4—6].

To overcome this disadvantage, many efforts have been under-
taken to improve the lifetime of Li batteries with several types of
modification methods. Composite tin oxide and other one-
dimensional nanostructures can improve the circulation character-
istics of tin materials [7-9]. Carbon nanotubes (CNTs) have a
well-defined arrangement of atoms at the molecular level. These
carbon nanomaterials can withstand high current and heat conduc-
tion due to stable mechanical and electrochemical properties. These
properties in combination with a high specific capacity for Li
storage can improve storage the performance and lifetime of Li bat-
teries. Qiu et al. [10] prepared multi-wall CNTs deposited on zinc
oxide by the chemical vapour deposition methodH to increase the
specific surface area and electrical conductivity of the resulting ma-
terial. Wu et al. [11] also fabricated an SnO, support surface for
CNTs by the multi-step hydrothermal method, which can obviously
improve the Li storage properties of SnO,. Noerochim ez al. [12]
reported that a single-walled CNT/SnO, (SWCNT/SnO,) compos-
ite was prepared by vacuum filtration of the SWCNT/SnO, mater-
ial. The specific capacity of SWCNT/SnO, is much higher than that
of CNT and SnO,. Such capabilities demonstrate that this model
holds great promise for applications requiring flexible and bendable
Li-ion batteries. Obviously, the SnO,/CNT composite materials
solve the problems to a certain extent. However, process complexity
and poor material uniformity become a new challenge in existing
research.

In this Letter, we report the Pechini method [13] to synthesise the
SnO,/CNT composite materials. The crystallographic structure and
microstructure of samples are investigated by X-ray diffraction
(XRD), scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). Furthermore, the electrochemical per-
formance and battery performance of the SnO,/CNT composite
materials are also investigated.
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2. Experimental: SnO,/CNT composite materials were synthesised
using the Pechini method. First, citric acid was dissolved in
deionised water. Then, hydroxypropyl cellulose was added to
obtain aqueous solution A. SnCl, was dissolved in anhydrous
ethanol to obtain solution B. Solution A and solution B were
mixed by stirring constantly for 2 h. The mixed solutions were
heated under refluxing for 3 h. The resulting sample was dried at
120°C until it became a sol. Finally, the sample was calcined at
700°C for 4 h to obtain the SnO,/CNT composite materials.

The as-prepared products were characterised by XRD (XRD,
PANalytical, Cu Ko A=1.5406 A), SEM (SEM, TFSEM-6330)
and TEM (TEM, Hitachi Model HF-2000). Charge—discharge mea-
surements (LAND CT2001A) were performed between 0.25 and
3.00 V against Li/Li". A three-electrode system was used
(samples as the working electrode, an Ag/AgCl electrode as the ref-
erence electrode and a platinum electrode served as the counter
electrode). Ethylene carbonate (EC) and diethyl carbonate (DEC)
(1:1 v/v) were used as the electrolytes.

3. Results and discussion: Fig. 1 shows XRD patterns of pure
CNT, SnO, powders and SnO,/CNT composite materials
prepared in this work. The peaks with 26 values of 26.6°, 33.9°
and 51.0° for the SnO,/CNT composite materials correspond to
the (110), (101) and (211) lattice planes of SnO, (JPCDS
88-0287), respectively [14]. The diffraction peak at 44° of the
SnO,/CNT composite materials can be indexed to CNTs. The
observed XRD patterns confirm that no structural changes took
place during the composite process. Furthermore, the composite
contains SnO, and CNT.

The typical SEM images and TEM images of SnO,/CNT com-
posite samples are shown in Fig. 2. As seen in Fig. 2a, clusters
of SnO, particles are obviously embedded in the CNT matrix and
dispersed homogeneously on the outer walls of the CNTs. The
actual structure is more clearly seen in the TEM images (Fig. 2b),
and we can see that SnO, uniformly appeared on the surface of
the CNTs. Moreover, due to the presence of the CNTs, there is
more space between the SnO, particles, which can improve the
Li-storage capacity of this material.

Figs. 3 and 4 show the result of charge and discharge tests. A
three-electrode system was used (samples as the working electrode,
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Fig. 1 XRD patterns of SnO,, CNT and SnO,/CNT composite materials

an Ag/AgCl electrode as the reference electrode and a platinum
electrode served as the counter electrode). EC and DEC (1:1 v/v)
were used as the electrolytes. The SnO,/CNT composite materials
demonstrate an increase in the first discharge capacity of 1062
mAh/g and a charge capacity of 298 mAbh/g in the first cycle com-
pared with those of pure SnO,, as shown in Fig. 3. This enhanced

Fig. 2 Typical SEM images and TEM images of SnO,/CNT composite
samples

a SEM images of SnO,/CNT composite materials

b TEM images of SnO,/CNT composite materials
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Fig. 3 Charge/discharge capacity of pure SnO; and SnO,/CNT composite
materials
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Fig. 4 Electrochemical properties of pure SnO; and SnO,/CNT composite
materials during the 12th cycles

charge capacity could be attributed to the formation of more space,
in favour of the electrolyte and Li-ion diffusion. On the other hand,
that enhanced charge capacity could also be attributed to the forma-
tion of solid electrolyte interface on the surface of the electrode
[15].

In Fig. 4, the performance of SnO,/CNT composite materials and
pure SnO, particles is shown for the first 12 cycles. On the second
charge/discharge cycle, the SnO,/CNT composite materials exhib-
ited reversible capacity with 99% capacity retention. Even at the
12th charge/discharge cycle, the reversible capacity still retains
91% capacity, which can greatly improve the Li battery life.
Moreover, the capacity of the SnO,/CNT composite material is
also much greater than that of SnO,. In addition to better diffusion
as mentioned above, this result may indicate that CNTs not only
work as a buffering and conductive matrix, but also perform as a
host matrix for Li, increasing the overall capacity of the composite.

4. Conclusions: In summary, the SnO,/CNT composite materials
have been synthesised by the Pechini method. Composite phases
of SnO,/CNT were identified by XRD. SnO, nanoparticles are
deposited on the outer walls of the CNT or embedded in the
CNT. Compared with pure SnO,, the discharge capacity of SnO,/
CNT composite was enhanced to 1062 mAh/g and a charge
capacity of 298 mAh/g. The capacitance retention of SnO,/CNT
is more than 91% at 12th cycles, which can improve the cycle
life of HLi-HionH batteries. Moreover, the capacity of the SnO,/
CNT composite material is much greater than that of pure SnO,
particles.
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