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Abstract: WO3; nanoplates were synthesized by a hydrothermal method. Morphology and structure of the WO3 nanoplates were
analyzed by SEM and XRD, respectively. Gas sensing properties of the as-prepared WO3; sensor were investigated by a static
gas-sensing system. The results show that the WO3 nanoplates reveal good crystallinity with mean edge length of 200~300 nm and
wall thickness of about 50 nm. The optimal operating temperature of the WO3 sensors is 300 <C. At this operating temperature, the
WO; sensor exhibits ultra-fast response (2~4 s) and fast recovery time (4~16 s) for ethanol detection, and high selectivity to other
gases such as methanol, benzene, dichloromethane and hexane, which indicates its excellent potential application as the gas sensor

for ethanol detection.
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Electronic nose is a complex electronic system, which tries
to emulate the mammalian nose by employing an array of
chemical gas sensors that can simulate mammalian olfactory
responses to odours™?. In recent years, electronic nose has
become a powerful tool in the identification and quantification
of hazardous chemicals™. Currently, many semiconductor
metal oxides, such as SnO,, TiO,, ZnO, and WO, have been
most widely used in electronic nose systems for the detection
of hazardous chemicals because they possess a broad range of
chemical and physical properties that are often highly sensitive
to the changes of their chemical environment®®. Among them,
tungsten oxide, as an n-type semiconductor with a band gap of
2.7 eV, has attracted considerable attention because of its great
potential applications as gas sensors, field emission devices and
photocatalysts'”. Generally, high gas response for detecting trace
gases is accomplished by employing  well-defined
nanostructures’®. Therefore, various morphologies of tungsten
oxide like nanorods™  nanowires™®™  nanofiberst?*¥,
nanotubes™ ™ and microspheres™®” have been synthesized
and they are used to prepare high sensitive gas sensors.
However there are few reports on two-dimensional (2D) WO,
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nanostructures. Moreover, in many cases, 2D nanostructures
have specific properties superior to those of 1D and 3D ones 2.
2D nanoplates with flat surfaces and regular shapes have
attracted tremendous attention in various disciplines because of
their promising electrical and optical properties, which makes
them better choices for gas sensors™. In the present work, we
synthesized WO; nanoplates using a simple hydrothermal
method, investigated the morphology and structure characte-
ristics of the WO, nanoplates, and further evaluated their gas
sensing properties and potential applications in ethanol detection.

1 Experiment

1.0 g Na,wW0, 2H,0 and 0.5 g citric acid were added to 50
ml of distilled water under stirring, and 10 mL HCI solution (4
mol/L) was added dropwise to the above mixture. The mixture
was sealed in a Teflon-lined stainless steel autoclave of 100
mL capacity and heated at 160 <C for 12 h, and then cooled to
room temperature. The resulting precipitates were collected by
centrifugation and washed three times by deionized water and
ethanol to remove possible impurities, and subsequently dried
at 60 °C for 4 h.
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X-ray diffraction (XRD) patterns of WO; were recorded
using a D/Max-2400 diffractometer (Cu Ko radiation, A
=0.154055 nm) in a range of diffraction angle 26 from 20° to
80° to analyze the diffraction peaks of WO,. The morphology
of WO; was observed by SEM (Philips XL30 FEG).

WO, nanoplates were mixed with several drops of ethanol
to form a slurry, and then the slurry was brush-coated onto the
surfaces of an alumina tube with two Au electrodes and four
Pt wires. A Ni-Cr heating wire was inserted into the alumina
tube and used as a heater. The alumina tube was then welded
onto a pedestal with six probes to obtain the final sensor unit.
Gas sensing tests were performed on a WS-30A static
gas-sensing system (HanWei Electronics Co., Ltd, Henan,
China) using ambient air as the dilute and reference gas. The
test gas with a calculated volume was introduced into the test
chamber by a microsyringe.

2 Results and Discussion

2.1 Morphology and Structure of WO; nanoplates

Fig.1 shows the XRD pattern of the WO; sample. All the
diffraction peaks are indexed to a monoclinic WO, phase
according to the JCPDS card No. 83-0950, and no other peaks
arising from tungstic acid or other phases are observed®. The
morphology of the WO; sample is shown in Fig.2. The WO,
sample exhibits the morphology of nanoplates with mean edge
length of 200~300 nm and wall thickness of about 50 nm.
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Fig.1 XRD pattern of the WO3 sample

Fig.2 SEM image of the WO3 sample

2.2 Gas sensing properties of WO; sensor

Gas sensing properties of the WO; sensor towards 100 pL/L
ethanol were studied at different temperatures in order to find
out the optimum operating temperature. As shown in Fig.3, the
response increases with operating temperature rising and
reaches a maximum of 5.6 at 300 °C, which indicates that the
high response can be obtained by improving the operating
temperature. However, when the operating temperature is too
high, the response decreases sharply. Therefore, the optimal
operating temperature of 300 °C is chosen for gas sensing tests.

Fig.4 displays the response of the WO; sensor to 20~300
mg/L ethanol at the optimal operating temperature of 300 °C.
As observed, the response increases sharply at the initial stage
with the increasing of ethanol concentration, and gradually
reaches a saturation state as the ethanol concentration exceeds
200 mg/L. It may be ascribed to the fact that less active sites
are available to react with ethanol molecules at high ethanol
concentration?”. Fig.5 shows the response- recovery curves
the WO; sensor to ethanol with concentrations ranging from 20
to 300 mg/L at 300 . The WO, sensor exhibits fast response
and recovery for ethanol detection, and the response and
recovery times are 2~4 s and 4~16 s, respectively. Such a rapid
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Fig.3 Response of the WO; sensor at different operating
temperatures
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Fig.4 Response of the WO; sensor to different ethanol
concentrations
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Fig.5 Response-recovery curves of the WO3sensor to different
ethanol concentrations
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Fig.6 Response of the WO3 sensor towards various gases

sensing performance can be attributed to the fact that the
diffusion of ethanol and its oxidation with O" or O are very
rapidly in nanoplates structures.

In order to evaluate the selectivity of the WO; gas sensor,
the responses towards 100 mg/L of methanol, benzene,
dichloromethane and hexane are obtained. As shown in Fig.6,
the WO; sensor demonstrates higher response to ethanol than
to other gases, indicating the WO; nanoplates have great
advantages in ethanol detection.

3 Conclusions

1) We have synthesized WO; nanoplates using a simple
hydrothermal method.

2) The response of the as-prepared WO; sensor to 100 mg/L
ethanol increases with operating temperature rising and then
reaches a maximum.

3) The WO, sensor demonstrates ultra-fast response (2~4 s)
and fast recovery time (4~16 s) towards 20~300 mg/L ethanol,
and high selectivity to other gases at the optimal operating
temperature of 300 °C, implying the WO, nanoplates are
promising gas sensing materials for ethanol detection.
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