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Synthesis and electrochemical properties of WO3/C for lithium ion
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Abstract

WO3/C nanorods were prepared by a combination of hydrothermal synthesis method and the solid phase
reaction method, using (NHy) 10H2(W207)s, H2C2042H;0 and glucose(carbon source) as raw materials.
The effects of different proportions of glucose on the morphologies and electrochemical properties of the final
products were systematically investigated. The results showed that the WO3/C nanorods prepared with the 10
wt.% glucose as carbon source exhibited the highest reversible specific capacity (807 mAh g™1) at current
density of 50 mA g'! and the best cycle performances among all samples. Besides, it behaved good rate
performance. It indicated that WO3/C nanorods could be promising electrode materials for lithium ion
battery application.
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Abstract: WOs/C nanorods were prepared by a combination of Higdraal
synthesis method and the solid phase reaction methsing (NH)i0H2(W207)s,
H,C,04-2H,0 and glucose(carbon source) as raw materials.effeets of different
proportions of glucose on the morphologies andtelebhemical properties of the
final products were systematically investigatede Tasults showed that the WO
nanorods prepared with the 10 wt.% glucose as oasbarce exhibited the highest
reversible specific capacity (807 mAR"gat current density of 50 mA§and the
best cycle performances among all samples. Besidefehaved good rate
performance. It indicated that WA nanorods could be promising electrode
materials for lithium ion battery application.

1. Introduction

The need for high-performance rechargeable lxestefor portable electronic
devices has led to the development of lithium-iattdry (LIB). Li-ion batteries (LIBS)
are considered as important power sources forutued. Such as electric cars, hybrid
electric vehicles (HEVs) have prompted numerousaesh efforts toward developing
new high-performance electrode materials for nextegation LIBs(1-2). In recent
years, a world-wide effort has been made to firsd lexpensive and environmentally
benign transition metal oxides. As an importanypetsemiconductor, W{was used
in a wide variety of applications such as chemsmisors, photocatalysis and smart
windows(3). The width of band gap (2.6eV) makes IS an ideal candidate for
electronics and nanodevice applications(4). It lsage theoretical capacity (~700
mAh g%, low cost, enhanced safety because of its highingetemperature and
mechanical stability. Besides, a very high volumetapacity can be expected
considering its high theoretical density of 7.6dng>. Nevertheless, W§as an anode
material suffers from large structural and volumariation during the
charge/discharge processes, which lead to mechatigiategration and the loss of
electrical connection between the active materiadl @urrent collector, severely
decreasing the cycling ability of electrodes. Bugre are few reports on application of
nano-WQ in the Li-ion battery. Previously, Kumagai et dlave shown that
monoclinic WQ dense particles obtained by moderate heating @f®} exhibited
enhanced cycling performance (5-9). Since the rldetmaterials react with lithium



ECS Transactions, 62 (1) 9-18 (2014)

by an intercalation mechanism, the diffusion of im the host lattice plays an
important role. In consequence, the morphologibalracteristics of the materials are
regarded as particularly important in affectingithedectrochemical properties, and
the morphology strongly depends on the preparatiethod and condition (10-20).
Recently, much attention has been paid to contigplihe shape and size of the
nanoparticles (21-26).

In this work, WQ/C nanorods composite was prepared by a combination of
hydrothermal synthesis method and the solid phasaction method, using
(NH4)10H2(W207)s, HoC04-2H,0O and different proportions of glucose as reactants
The electrochemical performances of Was an anode material for the lithium ion
battery were investigated. The outstanding eleb&otcal properties of the WY(T
suggested that W{hanorods could be a promising anode materialgpfieations of
lithium ion battery in the near future.

2. Experimental
2.1. Synthesis and characterization of the samples

All chemicals were of analytical grade and aevemsed without further
purification. The WQ@C composite was prepared by using @NbH2(W20)s,
H,>C,04-2H,0 (in molar ratio of 1:3 ) and glucose ( 10 wt 20, wt.% and 30 wt.%
to WOsrespectively) as reactants. The glucose was used as the caoboce, which
was expected to generate the carbon coating ifintdeproduct(WO;3;) to obtain the
WO3/C composite. In a typical experimental proceduffdHs)10H2(W-207)s and
H2C,04- 2H,0 were dissolved in 20 ml deionized water &egt stirring for 30 min ,
10 ml polyethylene glycol was added dropwise in d@beve solution under stirring
vigorously and kept stirring 5 min. The solution swghen transferred into a
Teflon-lined stainless steel autoclave and heatd®@ °C for 24 h, then cooled down
to room temperature naturally. The product wasectdld, washed with deionized
water and ethanol, and dried in air at 80 °C. TW4#D; anddifferent weight ratio of
glucose ( 10wt .%, 20wt.% and 30wt.% W8O; respectively) were dissolved in
ethanol and kept stirring for 10 min, then drieduen at 70 °C in the open air. After
that the precursor was heated in a tubular furea@&d0 °C under Argon atmosphere
for 5 hours, and then cooled slowly to the ambientperature, marked as WO-10,
WO,/C-20 and W@C-30, respectively.

The crystal structure of the WO composite was characterized by X-ray
diffraction (XRD) using Cu K radiation (Bruker AXS, D8 diffractometer). The
morphologies of the samples were observed by segrelectron microscopy (SEM,;
JSM, 7100F). Raman measurements were taken atteaperature on a Jobin Yvon
HR800 Raman spectrometer attached to a CCD camihaan Ar laser (514.4 nm)
as the excitation source.

2.2. Electrochemical measurements
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Electrochemical performances of the produatsewested in a model test cell
system. Positive electrodes were prepared by mgssmixture of the active material
(65%), acetylene black (25%), and polytetrafludngktne (PTFE) (10%) onto a
nickel grid. Prior to being used, the electrodesendried at 125 °C in a vacuum
furnace for 24 h. The electrolyte was a solutiori bf LiPFg in ethylene carbonate
(EC) and diethyl carbonate (DEC) (1:1 by volumd)eTeparator was Celgard 2400
porous polypropylene. The counter and referencetrelges were lithium foil. The
model test cells were assembled in an argon-filede box. Charge-discharge tests
were carried out at different current densitiesthe range of 0.01 V to 3.00 V.
Electrochemical impedance spectroscopy (EIS) emparis were conducted in the
frequency range of 0.01-100 kHz using a CHI 60Gk&bchemical work station.

3. Results and discussion

3.1. Structure and morphology characterization
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Fig 1. XRD patterns of the four samples: \A(@), WQ/C-10(b), WQ/C-20(c) and
WO3/C-30(d).

Fig 1. shows the XRD pattern of the WONGO,/C-10, WQ/C-20 and
WO,/C-30 samples. The peaks of \}(&) can be well indexed to orthorhombic phase
of WOs (JCPDS# 75-2187), with lattice constants a=7.3@438.888 A. Whereas, the
peaks of WQ@C-10(b), WQ/C-20(c) and WQC-30(d) can be well indexed to
monoclinic phase of WO (JCPDS# 75-2072). In WHC-20 and WQC-30
composites, the peak of carbon at about 26° isrebde No other impurity peaks
were detected on the XRD patterns. With the in&eaisthe carbon source, the
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diffraction peaks gets sharper. It indicates theaeeement of the crystallinity. It can
be proved that the WO WGO,/C-10, WQ/C-20 and WQ@C-30 samples were
synthesized successfully by this method.
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Fig 2. TG curves of We)C-10 composite.

The TG curve of the WYIC-10 composite is shown in Fig 2. It can be séan t
from 400 to 600/, the carbon was oxidized, and part of the weighttre
composite was lost. Over the temperature of_.600/O; was very stable. From the
TG curve, the carbon content in the composite @ieh16%.
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Fig 3. XPS of W@C-10 composite

The XPS of WQC-10 composite is shown in Fig 3. The spectraltedudrom
W4f, W4ad, C1s,W4p and O1s could be observed irB3Fighe bind energies at 35.15
and 37.25 eV were correspond to Wy 4dnd W 4§, orbital, respectively. It is
consistent with W(VI) in W@C composite.

13



Voltage(v)

Voltage(v)

=)
=)

S

=

ECS Transactions, 62 (1) 9-18 (2014)

Fig 4. SEM patterns of the four samples: W®B), WOs/C-10(C,D),
WO,/C-20(E,F) and WEC-30(G,H), and TEM images of W(@-10(1,J) sample .

Fig 4. presents SEM micrographs of the 3W@/O;/C-10, WQ/C-20 and
WOQO3/C-30 composites. As shown clearly in Fig 4. , thierography of pure Wgls
nanobelts. Howevewith the increase of the carbon source, the natelmcome
nanorods, and the length of the nanorods getseshantd more aggregate with the
enhance of the carbon content. Meanwhile, thesMY@30 (G,H) samples are consist
of aggregate and shorter nanorods. The TEM imafj@&®/C-10 are shown in Fig 4.
(1,J). It could be observed that the WO-10 composite still kept nanorods
morphology, which is in agreement with the SEM g@®s shown in Fig 4. (C,D),
and the diameter of the nanorod is about 100nm.

3.2. Electrochemical properties
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Fig 5. Typical charge/discharge curves of the samplessi&D WO5/C-10(B),
WQO3/C-20(C) WO4/C-30(D)
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Fig 6. Cycling performance of th&vOs(a), WOs/C-10(b), WOs/C-20(c), WO3/C-30(d)

The electrochemical performances of the8&mples were measured via coin
cell testing. Fig 5. shows the charge and dischaygke profiles of the electrodes at a
current density of 50 mA§in the voltage range of 0.01~3.0 V at room temjpeea
respectively. It can be seen that all these digghaurves exhibit one plateau about
0.8V. The initial discharge capacities of the W&, WO3/C-10(B), WO3/C-20(C),
WO5/C-30(D) were 659.6, 998.82, 922.7 and 761 mAtsgparately.

Cycling performances of the samples at a otrdensity of 50 mA ¢ are
shown in Fig 6. It is obvious that the WQO-10(b) WOs/C-20(c) WO5/C-30(d)
shows much improved electrode performance with drigdpecific capacities at the
same cycle with the same current density, as cardpaith the WQ samples. From
these, a large irreversible capacity at the figsleis observed. The specific capacity
of thewO; andwOs/C-20showed an obvious decrease with cycling, from 6%9 @22
mAh g* for the first cycle to 178 and 414.9 mAR dor the 50th cycle, respectively.
The WQ/C-10 delivers a larger initial capacity of 998/82h g and shows a high
reversible capacity of 807 mAh/g for the secondeytt still retains a high capacity
of 631.25 mAh @' after 50 cycles.
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Fig 7. The cycling performance of the WA-10 electrode at various current
densities.

To better understand the electrochemical behaf the WQ/C-10 nanorods,
we also investigated its rate performance as showAig 7. The WQ@C-10 electrode
was cycled at various current densities (50-500 giiA The cell shows good rate
capability with average discharge capacity of 7398.1.75, 417.13and 254.52 mA h
g, when the current density increased stepwise @080 200 and 500 mA™§
respectively.Upon altering the current density back to 50 mA @n average
discharge capacity been as high as 731.74 mAhcguld be recovered. This
demonstrates that the WIG-10 nanorods structure has great potential als-faite
anode materials in lithium-ion batteries. The namoposite shows obvious improved
cyclability and rate capability, which could be digethe unique W@C nanorods
architecture. The carbon coated composite could amy effectively enhance
transport behavior of electrons but also effecivaleviate the volume expansion of
WO; during charge/discharge cycles.
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Fig 8. Electrochemical impedance spectra (EIS) of the W& WG/C-10(b),
WOQO3/C-20(c) and W@C-30(d).

Fig 8. presents the EIS spectra of the eldesaconstructed from the WO
WQO,/C-10, WQ/C-20 and WQ@C-30 samples synthesized by the hydrothermal
method. It can be observed from Fig 8. that theiceste of the WQ/C-10,
WO,/C-20 and WQ@C-30 samples are decreased in comparison witk\i@e sample,
especially the semicircle of the WIG-10, which indicates that the W@-10
electrode possesses lower contact and charge dramspedance. Based on the
preceding models, every value can be calculatedhbynon-linear least squares
method. The double layer capacitance is modeled bgnstant phase element. The
charge transfer resistance, Bf the WQ/C-10, WQ/C-20 and W@C-30 electrodes
are 28.090, 50.62, 67.1@fcn?, which are significantly lower than that for the
WO5(103.10 Q/cn? ). These facts indicate that WO would have better
electrochemical properties as anode material floiulin-ion batteries.

4. Conclusions

In summary, WEC compositehas been successfully synthesized through
hydrothermal method. When used as an anode materidllBs, the as-prepared
WO,/C-10 nanorods show a high specific discharge égpaood rate capability, and
excellent cycling stability. The WAC-10 nanorods electrode behaved an initial
capacity of 998.82 mAh~§ at a current density of 50 mA’g After 50 cycles, the
sample still retained a high capacity of 631.25 m@h Particularly, WQ/C-10
nanorods electrode shows good rate capability. irhproved electrochemical

17
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performance enables such W@anorods to be a promising anode material for
next-generation, high-power lithium-ion batteries.
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