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In this paper, we report the liquid petroleum gas (LPG) sensing of nanostructured
zinc oxide synthesized via the hydroxide route. Variations in resistance with exposure
of gas to the sensing element have been observed. The average sensitivities for different
exposure times of 2, 5, and 8 min to gas have been estimated. The maximum average
sensitivity observed is 7.81 MQ/min for an exposure time of 8 min to the sensor. Sensor
response (SR) as a function of exposure time to the gas has been calculated. Scanning
electron microscopy (SEM) and X-ray diffraction studies of samples have been carried
out. SEM images show that the material is porous and has a nanosheet-like morphology
before exposure to the LPG. The thicknesses of the nanosheets vary from 60-200
nm. Nanowires of different diameters of ZnO can be observed after exposure to LPG.
The diameters of these nanowires vary from 80-300 nm. XRD patterns reveal the
amorphous nature of the material. The sensor is quite sensitive to LPG, and the results
are reproducible. Furthermore, the LPG sensor reported is cost-effective, user friendly,
and easy to fabricate.

1. Introduction

Nanosized metal oxides have been used to produce low-cost gas sensing materials.()
Metal oxide semiconductors as gas sensing materials have been extensively studied for a
long time because of their important features such as stability, good sensitivity to ambient
conditions, and simplicity of fabrication.!¥ Several investigations have been carried out
to understand and improve the gas sensing properties, particularly for inflammable and
toxic gas detection, but only a few published reports are available on designing a sensor
for the detection of liquid petroleum gas (LPG).® Semiconductor gas sensors based on
the controlled electrical conductivity upon exposure to gases have attracted considerable
attention because of their compact size, which facilitates the miniaturization of electronic
circuits and simplifies the sensing method. Nanomaterials have been developed for
gas sensing in which metal oxides that are physically and chemically stable have been
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investigated extensively.*>

Metal oxide semiconductors are in vogue for the detection of combustible gases by
a change in the surface conductivity due to exposure to gas. ZnO, SnO,, TiO,, CuO, and
Fe,0, have been investigated as sensors for water vapour, O,, H,, NO,, EtOH, and LPG.¢®
One of the requirements of a gas sensor is low power consumption because the sensor
needs to work reliably and continuously. Among these materials, ZnO has promise to
fulfill these requirements. ZnO displays a variety of morphologies and a large range of
promising device applications. It is an n-type material of wurtzite structure. It has a
direct band gap of 3.37 eV at room temperature and a relatively high excitation energy
(60 MeV). ZnO-based elements have attracted much attention as gas sensors because
of their chemical sensitivity to volatile gases, their high chemical stability, suitability for
doping, lack of toxicity, and low cost.®'? Since we know that an ideal gas sensor should
have the ability to discriminate between various gases, with this in mind, ZnO behaves
like a good sensing material.> 13-20)

2. Materials and Methods

2.1 Synthesis

ZnO is prepared by a conventional precipitation method via the hydroxide route.?) A
pellet of ZnO powder with 10% glass powder as binder has been made using a hydraulic
pressure machine (MB Instruments, India) at a pressure of 30 MPa at room temperature.
The addition of a glass binder during the process plays an important role in promoting
adhesion of the material for pellet formation.

2.2 Characterization

Figure 1 shows a SEM image of the sensing material before exposure to LPG. A
nanosheet-like morphology of ZnO is observed. The thicknesses of the nanosheets vary from
60 to 200 nm. Figures 2(a)-2(c) show the SEM images of the sensing material after exposure
to the LPG at different scales and magnifications. After exposure to LPG, the nanosheet-like

Fig. 1. SEM image of ZnO before exposure to LPG at room temperature.



Sensors and Materials, Vol. 21, No. 2 (2009) 89

(@)

(b)

©

Fig. 2. SEM images of ZnO after exposure to LPG: (a) nanoscale, (b) 1 pm scale, and (c) 10 pm
scale.
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structures of ZnO change into nanowires having diameters from 70 to 300 nm.

Figure 3 shows the X-ray diffraction pattern of the sensing material. This image
reveals the amorphous nature of the material, and a major part of the material consists
of the ZnO nanophase. The major peaks identified are at 26 = 32° with ‘d’ spacing and
full width at half maximum (FWHM) of 2.82 A and 0.283°, respectively, corresponding
to plane (100), and at 20 = 34° with ‘d’ spacing and FWHM 2.61 A and 0.283°,
respectively, corresponding to plane (002). The other intense peak is at 260 = 36° with ‘d’
spacing and FWHM 2.47 A and 0.315°, respectively, corresponding to plane (101).

2.3 Experimental method
The schematic diagram of the experimental setup is shown in Fig. 4. The heart
part of the device is the conductivity-measuring pellet holder. It is fitted well in a glass
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Fig. 3. X-ray diffraction pattern of sensing material at room temperature.
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Fig. 4. Device assembly for gas sensing.
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chamber having inlet and outlet knobs for LPG. The inlet knob is associated with a
concentration measuring system along with a thermocouple. The pellet was placed in
the Ag-pellet-Ag electrode configuration. It was exposed to LPG in a specially designed
chamber under controlled conditions, and the corresponding variation in resistance with
the exposure time to LPG was recorded using a digital multimeter (VC 9808, India). The
sensitivity (S) is defined as the ratio of change in the resistance to the exposure time;

S=AR/At (MQ/min).
The sensor response of a sensing element is defined as
SR =R, - R,/R,,
where R, is the resistance of the sensing element in air and R, is the resistance in gas.
3. Results and Discussion

The resistance of the sensing material increases with time of exposure to the gas.
The variation in resistance with time of exposure to the gas through the sensing element
has been observed as shown in Fig. 5. In general, as the exposure time increases, the
resistance of the sensing element increases. For an exposure time of 2 min shown in
curve ‘a,” there is a regular increase in resistance with a slow sensor response. Curve
‘b’ shows a similar behavior with a slightly improved sensor response, and curve ‘c’
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Fig. 5. Variations in resistance of ZnO sensing element with exposure time.
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exhibits a marked increase in resistance with an exposure time of 8 min. The variation in
average sensitivity with different exposure times is shown in Fig. 6. The highest average
sensitivity of 7.81 MQ/min of a sensor was observed for an exposure time of 8 min.
The sensor response properties were studied. The sensor response curve for different
exposure times is also shown in Fig. 7. From the curve, it is clear that this sensing
element also has a maximum sensing response for an exposure time of 8 min.

The working principle of the semiconducting gas sensors is based on the change in
the electronic conductivity of the semiconducting material upon exposure to the gas.
The interaction of gas molecules with the surface of the pellet causes the transfer of
electrons between the semiconducting surface and the reducing gases. Atmospheric
oxygen molecules (O,) are adsorbed by the surface of the pellet of ZnO. They capture
the electrons from the conduction band of the sensing material as

O, @ T 4e — 20* (pellet surface).
Because of this, the electronic conductivity decreases, which increases the resistance of
the sensing material. When LPG reacts with the oxygen of ZnO, a complex series of
reactions take place. The reaction of LPG molecules with adsorbed oxygen is
CH,,,+20* < H,0+CH,,-O+e.
Here, C H,,., represents various hydrocarbons.??

Thus, a single molecule of LPG liberates le- in the conduction band of ZnO. As
the pressure of the gas inside the chamber increases, the rate of adsorption increases
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Fig. 6. Variation of average sensitivity with different exposure times to LPG.



Sensors and Materials, Vol. 21, No. 2 (2009) 93

Sensor Response

0 T T T 1
5 25 45 65 85

Time after exposure (min)

Fig. 7. Sensor response curves for different exposure times to LPG.

resulting in the withdrawal of electrons from the conduction band of the ZnO and the
development of a potential barrier to charge transport. Therefore, the resistance of the
sensing material increases with exposure to the gas.

4. Conclusions

The LPG sensor reported here shows the highest sensitivity of 7.81 MQ/min for
the maximum exposure time. Although the observations are in terms of exposure time
and not in terms of gas concentration, it is still very useful for the detection of liquid
petroleum gas. The leakage time is very important for disaster management purposes,
and that is the reason this study has potential commercial applications.
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