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In this study, antimony doped tin oxide �lms were deposited on multiwall carbon nanotube buckypaper and
Cr coated stainless steel substrates using a radio frequency magnetron sputtering process in a mixed oxygen/argon
(5/95) gas environment. The depositions of antimony doped tin oxide on the multiwall carbon nanotube buckypaper
and stainless steel substrates were carried out using the parameters organized as: target composition antimony
doped tin oxide (SnO2:Sb = 90:10 wt%); total system pressure 1 Pa; sputtering power (RF) 100 W. The surface
morphology of the antimony doped tin oxide �lms was investigated by �eld emission scanning electron microscopy.
The crystallographic structure of the samples was determined by X-ray di�raction. The electrochemical properties
of antimony doped tin oxide and antimony doped tin oxide�multiwall carbon nanotube nanocomposite anodes
containing CR2016 cells were measured by galvanostatic charge�discharge experiments.
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1. Introduction

With the development of portable electronics, numer-
ous studies have focused on the anode materials that have
higher Li+ storage capacities than the carbonaceous ma-
terials [1�3]. Tin oxide is an attractive material as a po-
tential substitute for the conventional graphite anode in
Li-ion batteries, because the theoretical capacity of SnO2

(1494 mAh g−1) has been estimated to be superior to that
of graphite (372 mAh g−1) [4�7]. However, a major prob-
lem of anode materials for lithium-ion batteries is the
signi�cant volume change (ca. 300%) occurring during
the alloying and de-alloying processes, which may induce
damage to the anodes and cause very poor long-term
cyclability. Moreover, the formation of amorphous Li2O
matrix causes a huge irreversible capacity during the �rst
cycle [8�10]. Many e�orts have been devoted to avoid the
capacity fading. The Sb doping was found to increase the
electrical conductivity and mechanical stability of the an-
ode, thereby leading to improved electrochemical proper-
ties [11]. The incorporation of carbon nanotubes (CNTs)
is one of the most well-established methods to reduce the
volume expansion as well as to improve the electronic
conductivity of the electrodes [12, 13].
It is well known that increasing the electrochemical

performances of the metal oxide anodes can be achieved
by producing nanosized grains, thin �lms, mesoporous
structures and nanocomposites, containing bu�er com-
ponents. In this study, it is aimed to provide all the
above mechanisms to produce high reversible capacity
with long cycle life. To achieve our purposes Sb doping
was targeted to decrease grain size of SnO2 with a thin
�lm and mesoporous structure which emanated from a
skeleton like multiwall carbon nanotube (MWCNT) net-
work. MWCNTs were aimed to produce as buckypapers
to provide load transfer from the antimony doped tin ox-
ide (ATO) matrix caused from the volume increase dur-

ing insertion of Li ions. The top surfaces of the MWCNTs
were aimed to coat the active materials of ATO whereas
the bottom of the buckypaper is thought to get bare
MWCNTs to provide high conductivity as a current col-
lector.

2. Experimental

MWCNTs (production by scalable CVD method, pu-
rity: MWCNTs > 95%, diameter > 50 nm, length
> 5 µm) were purchased from Arry International Group
Limited (Germany). MWCNTs were heated in air at
350 ◦C for 2 h and then soaked in hydrochloric acid for
24 h. The precipitate was rinsed with deionized water
and dried at 40 ◦C. MWCNTs were chemically func-
tionalized by ultrasoni�cation in a mixture of sulfuric
acid and nitric acid (3:1) for 8 h. Functionalized mul-
tiwall carbon nanotubes (fMWCNTs) were washed with
deionized water and dried at 40 ◦C for 24 h. fMWCNTs
(20 mg) were dispersed with 100 mg of SDS in 50 mL of
deionized water and sonicated for 1 h. PVDF membranes
with a pore size of 220 nm were used in vacuum �ltration
(Fig. 1). Then the MWCNT buckypapers were separated
from the PVDF membrane, further compacted, and dried
at 40 ◦C for 24 h. The average thickness of the produced
MWCNT buckypapers is approximately 50 µm and their
diameter about 16 mm.
The coating process has been performed in a mul-

tifunctional magnetron sputtering PVD unit equipped
with RF units. ATO �lms were deposited on Cr coated
stainless steel and MWCNT buckypaper (Fig. 1) using
RF magnetron sputtering. The target was a SnO2:Sb
disc (SnO2:Sb = 90:10% in weight). The RF power was
100 W. ATO �lms were deposited under O2/Ar (5/95)
gas mixture at a constant working pressure of 1.0 Pa.
The �ow rate of Ar and O2 gases was �xed by a TDZM-
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Fig. 1. ATO anode and ATO-MWCNT nanocompos-
ite anode.

-III mass �ow controller. The substrate was not heated
deliberately and not measured.
The morphology of ATO and ATO-MWCNT

nanocomposites was examined by scanning electron
microscopy (FESEM) (JEOL JSM-7000F). The crys-
talline structures of ATO, MWCNT and ATO-MWCNT
nanocomposites were characterized by X-ray di�raction
(XRD) technique. The XRD patterns of ATO, MWCNT
and ATO-MWCNT nanocomposites were obtained by
an X-ray di�ractometer (Rigaku D/MAX 2000 with
a multipurpose attachment) using Cu Kα radiation
(λ = 1.54056 Å). The scan rate used was 1◦/min and
the scan range was from 10◦ to 90◦. The mean grain
size as calculated by Scherrer's formula [14]:

D =
0.9λ

B cos θ
,

where D is the mean grain size, λ is the X-ray wave-
length, B is the corrected full-width at half maximum
(FWHM), and θ is the Bragg angle.
Coin-type (CR2016) test cells were assembled in an

argon-�lled glove box using the ATO and ATO-MWCNT
materials as the working electrode, a lithium metal foil as
the counter electrode, a microporous polypropylene (PP)
membrane (Cellgard 2300) as the separator, and 1 M so-
lution of LiPF6 in ethylene carbonate (EC) and dimethyl
carbonate (DMC) (1:1 by weight) as the electrolyte. The
cells were aged for 24 h before measurements. The elec-
trochemical performance of ATO-MWCNT nanocompos-
ite anodes was evaluated by galvanostatic discharge�
charge measurement using a computer-controlled battery
tester between 0.05 V and 3.0 V.

3. Results and discussions

Figure 2a shows FESEM images of ATO nanoparti-
cles deposited by RF magnetron sputtering on Cr coated
stainless steel. It can be clearly seen that the ATO thin
�lms have a relatively smooth and dense surface. Fig-
ure 2b shows FESEM images of ATO nanoparticles de-
posited by RF magnetron sputtering on MWCNT bu-
ckypaper. The ATO nanoparticles is covering the sur-
face of the MWCNTs continuously and uniformly in the

SnO2:Sb�MWCNT samples. Chemical functionalization
of MWCNTs is expected to play an essential role in tailor-
ing the properties of material. Compared with pristine
surface of MWCNTs, nanoparticles are easy to attach
nanotube surfaces with functional groups (such as car-
boxylic and hydroxyl groups). It has been reported that
functional groups on carbon nanotubes can act as nucle-
ation centers for metal ions [15].

Fig. 2. Surface FESEM images: (a) ATO coating on
stainless steel and (b) ATO coating on MWCNT bu-
ckypaper.

ATO-MWCNT nanocomposite electrode materials
with large surface areas have led to multiple advances in
the performance of Li ion batteries by providing shorter
path lengths for both electron and Li ion transport,
higher electrode/electrolyte contact area, better accom-
modation of the strain of the Li ion insertion/extraction,
and much easier conductive pathways via the MWCNTs.

Fig. 3. The XRD patterns of ATO, ATO coated
MWCNTs, and MWCNT buckypaper.

The crystallographic structure of ATO �lms deposited
at 100 W RF power and 5% oxygen partial pressure
was presented in Fig. 3. The di�raction peaks indi-
cate that tin oxide exists in cassiterite tetragonal (ru-
tile type) structure (JCPDS card number 00-041-1445).
The (110), (101), and (211) di�raction peaks were ob-
served for the ATO �lms. Figure 3 shows XRD pattern
of fMWCNT buckypaper. The characteristic peaks of
the (002) and (101) re�ections are observed at about 26◦

and 43◦ for the MWCNT. The XRD patterns of ATO-
-MWCNT nanocomposites show cassiterite structures.
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The di�raction angles 26.2◦, 33.8◦, and 51.7◦ can be as-
signed to (110), (101), and (211) planes of the cassiterite
structure of SnO2, respectively. The average grain size
of ATO �lm deposited on the MWCNT buckypapers was
6.72 nm. The average grain size of ATO �lm deposited
on the stainless steel substrate at 10% O2 partial pressure
and 100 W RF power was 10.78 nm.

Fig. 4. The discharge/charge curves of anode materi-
als: (a) ATO anode, (b) ATO-MWCNT nanocomposite
anode.

Figure 4a shows the discharge and charge curves for
cell made from the ATO anode material. First discharge
capacity was 1486 mAh g−1 for ATO anode. The ATO
anode demonstrated a discharge capacity of 158 mAh g−1

in the 50th cycle. The discharge and charge curves
of ATO-MWCNT nanocomposite anode are given in
Fig. 4b. The initial discharge capacity of ATO-MWCNT
nanocomposite anode was 1506 mAh g−1. The discharge
capacity of ATO-MWCNT nanocomposites anode de-
creased from 1506 mAh g−1 to 666 mAh g−1 after 100
cycles.

Fig. 5. The cyclic performances of ATO anode and
ATO-MWCNT nanocomposite anode.

Figure 5 shows the cycling performances of ATO anode
and ATO-MWCNT nanocomposite anode. The cycling
performance of ATO-WMCNT nanocomposite anode is
also better than ATO anode in 50 cycles. ATO anode
displayed a fast capacity fading and the discharge capac-
ity was reduced to below 160 mAh g−1 after 50 cycles.
This poor cycling performance has long been understood

as a sequence of particle aggregation and electrode pul-
verization.

4. Conclusions

The ATO-MWCNT anode shows high speci�c dis-
charge capacity and very stable cycling stability up to
100 cycles compared to ATO anode. The MWCNT buck-
ypaper provides �exible mechanical support with high
electric conductivity. The advantage of using MWCNT
buckypaper for a battery is not only their high electrical
conductivity also it has extremely large surface area so it
is easy for liquid to permeate to the inside.
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