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Abstract. The octahedron Zn,SnO, was prepared through a facile hydrothermal method for
ethanol gas-sensing application. The synthesized material was characterized by scanning
electron microscopy (SEM) and powder x-ray diffraction (XRD). The gas-sensing characteristics
were measured at various concentrations of ethanol at temperature ranging from 350 to 450 °C.
The gas response exhibits good linear relationship with increasing ethanol concentrations in the
range of 50 -250 ppm. Gas-sensing measurements demonstrated that the synthesized octahedron
Zn,Sn0O, showed n-type semiconducting behavior, where the sensor resistance decreased upon
exposure to ethanol. The findings pointed out that the sensors showed the highest response value
at operating temperature of 400 °C. The sensor response value was 30 at 250 ppm ethanol. Such
outstanding gas sensing property might be attributed to the morphology of the octahedra which
provided large contact area between Zn,SnO, and target gas. The synthesized octahedron
Zn,SnQy is potential for detecting traces of ethanol.
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1. INTRODUCTION

Ethanol is an important organic solvent used in industrial and pharmaceutical processes.
However, ethanol is highly volatile and flammable and long-term exposure to ethanol can cause

# Presented at the 11™ National Conference on Solid State Physics & Materials Science, Quy Nhon 11-2019.


doi:%2010.15625/2525-2518/58/2/14019
doi:%2010.15625/2525-2518/58/2/14019
mailto:mhchu@itims.edu.vn

Nguyen Hong Hanh, et al.

central nervous system disorders. Therefore, to detect the ethanol gas timely becomes a very
important question considering the physical and production safety [1-6]. To date, many
researchers hav’e dedicated their works on development of ethanol gas sensor using different
metal semiconductor oxides such as ZnO [1], SnO, [2], SnO,/ZnO [3], TiO, [4], In,Os [5, 6],
WO; [7]. However, they suffer from some limitations such as low sensitivity, poor selectivity
and instability. In recent years, the complex oxides are of great interest as gas sensitive materials
because they have many advantages over the common binary oxides including the chemically
inert, thermal stable, as well as environmentally friendly. The complex oxides extensively used
as sensor materials are ZnFe,O, [8, 9] and Zn,SnO, [10, 11] because of their multi-functional
characteristics. Thanks to it advanced characteristics such as high electron mobility, high
electrical conductivity, Zn,SnQ,, as an interesting transparent conductive oxide material with a
wide band gap of 3.6 eV [12], has been applied in various fields, such as photocatalysis [13], Li-
ion batteries [14], solar energy conversion [15], and gas sensors [16-18]. Sensors based on
Zn,Sn0O, materials with different morphologies such as nanoparticles [19], nanowires [16],
nanospheres [20], lamellar micro-spheres [21] have been tested over many gases including
ethanol. An et al. fabricated Zn,SnO, nanospheres for ethanol gas sensor [20]. Recent studies
also pointed out that the gas-sensing performance of metal oxides is highly depended on their
morphologies, crystalline size, porosity, defect level etc. [22]. Therefore, preparation of Zn,SnO,
nanostructures with novel morphology to further improve the response speed, selectivity and
stability of devices is still challenging.

In this study, we developed a simple and inexpensive hydrothermal method to prepare
octahedron Zn,SnO, for gas sensor application. By using common chemicals available in the
market, we could synthesize octahedron Zn,SnO, with high quality and high crystallinity. The
synthesized material is effective ethanol gas sensor towards industrial application.

2. EXPERIMENTAL

The octahedron Zn,SnO, material was synthesized by a facile hydrothermal method. The
synthesis of octahedron Zn,SnO, was summarized in Figure 1.
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Figure 1. Process for the hydrothermal synthesis of octahedron Zn,SnQ,.

In a typical synthesis, ZnSO,.7H,0 (99.5 %) (8 mmol) and SnCl;.5H,0 (99 %) (4 mmol)
were dissolved in a mixture of 30 ml of deionized water and Pluronic P-123 (99 %). After
stirring for 15 minutes, 50 mmol NaOH (96 %) was added to this system, then continued stirring
for 20 minutes until the pH value was about 13. After that, the above turbid solution was
transferred to the 100 ml of inox autoclave at 180 °C for 24 hours. After natural cooling to room
temperature, the precipitate was centrifuged and washed with deionized water several times. The
precipitate in the flask was rinsed several times with deionized water and two times with ethanol
solution with a centrifuge 4000 rpm. Finally, the white product was obtained and dried in an
oven at 60 °C for 24 hours and calcining at 550 °C for 2 hours in air atmosphere. The synthetic
materials are characterized by X-ray diffraction (XRD; Advance D8, Bruker) and emission field
scanning electron microscope (FE-SEM), respectively.

3. RESULTS AND DISCUSSION

3.1. SEM images of the synthesized octahedron Zn,SnO,

The morphology and microstructure of the synthesized octahedron Zn,SnO,; were
characterized by SEM observation. As shown in Figure 2A, a low-magnification SEM image of
the as-prepared Zn,SnO, reveals that the sample contains numerous octahedral blocks with
different sizes ranging from 4 um to 6 um. In addition, there are many small sheets covered
around those octahedral blocks, possibly due to the fragments of the sample.

-

Figure 2. (A) Low and (B) high magnification SEM images of the synthesized octahedron Zn,SnQ,.

A high-magnification SEM image (Figure 2B) of the octahedron Zn,SnQ, architecture
shows that the small sheets have an average size of 400 nm in diameter and less than 100 nm in
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thickness. Anyhow, these SEM images confirms the successfully synthesis of octahedron
Zn,SnQ, by the hydrothermal method.

3.2. XRD pattern of the synthesized octahedron Zn,SnO,

The XRD pattern of the synthesized octahedron Zn,SnO, was shown in Figure 3. It is
clearly that all diffraction peaks are in good agreement with the profile of inverse spinel phase of
cubic Zn,Sn0O, (JCPDS: 24-1470). No impurity peak is detected that indicates the as-prepared
sample is of high purity [23] or single phase of Zn,SnO,4 with the accuracy of XRD. The
intensity of (311) peak is strongest indicating the preferred growth orientation of the Zn,SnO,
crystals. The crystal size of the Zn,SnO, crystal calculated by Scherrer formula via the
prominent peak (311) to be about 25.77 nm. This value is much smaller than the size of
octahedron Zn,SnQ, estimated by SEM image, suggesting that the octahedron is composed of
nanocrystals, but not a single crystal.
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Figure 3. XRD pattern of the synthesized octahedron Zn,SnQ,.
3.3. Ethanol sensing characteristics the synthesized octahedron Zn,SnO,

The ethanol sensing properties of the octahedron Zn,SnO, based sensor were investigated
at various working temperatures and ethanol concentrations. The transient resistance versus time
upon exposure to different ethanol concentrations measured at temperatures ranging from 350 to
450 °C are shown in Fig. 4A-C. The based resistance of the octahedron Zn,SnO, decreases as the
temperature rises and represents an obvious negative temperature coefficient of resistance in the
measured range. With the increase of working temperature, the thermal energy excite electron
from valent band to conduction band thus decreases the initial resistance of sensor. The base
resistance of the sensor in the air are 403 kQ, 182 kQ, and 120 kQ for temperatures of 350 °C,
400 °C, and 450 °C, respectively. Upon exposure to ethanol, the sensor resistance decreases
rapidly, indicating the fast response characteristic. When the analytical gas flow was stopped,
the sensor resistance recovered to their original values confirming the total recovery phenomena.
Such those characteristics display the reversible reaction of ethanol over the Zn,SnO, surface.
The reversible adsorption of the gas molecules on the sensor material surface is very important
in the practical application and reusability of the gas sensor. The response of the sensor as a
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function of ethanol concentrations for different working temperatures is shown in Fig. 4D. It is
clear that the sensor response increases with increasing the concentration of ethanol from 50 to
250 ppm. This effect is more clearly when the sensors operate at the temperature of 400 °C. At
each ethanol concentration, the sensor response toward ethanol at 400 °C is the highest
comparing to the working temperatures at 350 °C and 450 °C. This is possibly due to the
competition between the adsorption and desorption of gas molecules on the surface of sensing
material [24]. At temperatures below 400 °C, the adsorption of ethanol on the surface of
Zn,SnQ, increases with an increment of temperate due to the increase of pre-adsorbed oxygen
species. However, at temperature higher than 400 °C, the desorption process is accelerated by
thermal temperature, thus decreases the sensor response. As a result, the sensor showed the
highest response values at a working temperature of 400 °C. Therefore, we selected the working
temperature of 400 °C to investigate other properties in the following experiments.
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Figure 4. Ethanol sensing characteristics the synthesized octahedron Zn,Sn0O,: (A,B,C) transient
resistance vs time upon exposure to different ethanol concentrations measured at various temperatures;

(D) sensor response; (E) response and recovery time as a function of ethanol measured at 400 °C.

Specifically, the response value increases from 9.9 to 30 when the ethanol concentration
increases from 50 to 250 ppm at a measured temperature of 400 °C. Table 1 compares our result
with recent studies about ethanol sensor using diffident materials and/or morphologies. The
octahedron Zn,SnO, showed the highest response value to ethanol among others. It is clearly
that the materials and morphology strongly influence on the sensitivity of the sensor because
different morphologies have different specific surface areas, and adsorption sites for gas
molecules to adsorb. Herein, the excellent gas-sensing performance of the octahedron Zn,Sn0O,
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structure might be attributed to its relatively high specific surface area. It leads to improve the
effective adsorption sites, and gas diffusion into inside the gas sensing material to enhance the
sensitivity [25-28].

Table 1. Comparative Ethanol gas response of different metal oxide sensors.

. S
Metal oxide sensors Temp. (°C) G?s;r?sc' (RJRy) Ref.
Zn,Sn0O, nanoparticles 275 100 6 [25]
flowerlike SnO, nanorods 400 100 16 [26]
ZnO nanoplate 450 100 4 [27]
SnO; hollow sphere 450 100 5 [28]
Zn,SnO, octahedron 400 250 30 This work

Figure 4E shows the response and recovery times of the sensor, which measured at
different concentrations of ethanol at 400 °C working temperature.. When ethanol gas
concentrations increase from 50 to 250 ppm, the response time shortens because of reduced time
for ethanol adsorption on active sites of octahedron Zn,SnO,; whereas, the recovery time
increases due to the longer time required for ethanol gas desorption process. When the
concentration of ethanol increases, while the response time declines, recovery time of the
sensors enhances. The response time decreases from 13 s to approximately 3 s when the
concentration of ethanol increases from 50 ppm to 250 ppm, respectively. In contrast, the
recovery time of approximately 239 s at 50 ppm of ethanol increased to approximately 296 s
when the concentration increases to 250 ppm.

4. CONCLUSIONS

We have introduced a facile hydrothermal synthesis of octahedron Zn,SnO, for effective
ethanol gas-sensing applications. The obtained particles performed a good crystallinity and
dispersing level. The obtained octahedron Zn,SnO, exhibit excellent gas sensing properties to
ethanol, in terms of high response, fast response and recovery times. The sensor response value
of 9.9 at 50 ppm level ethanol was obtained. The results also show that octahedron Zn,SnO, can
be a potential candidate for high performance ethanol gas sensing material.
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