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ABSTRACT
The hydrogen gas sensing properties and the electrical conductivity of SnO2-CuO composites
were investigated at the temperature range of 125 - 400 oC in air and in 200 ppm H2 gas. Four
composite samples of SnO2:CuO with the ratio of 4:1, 3:2, 2:3 and 1:4, respectively, were
fabricated in the pellet form by mechanically pressing and sintered at 800 oC for 3 h in air.
The electrical conductivity of the composites was found to increase with the increasing
content of CuO and the SnO2:4CuO composite showed the highest conductivity value. On the
other hand, 2SnO2:3CuO composite was found to have the highest sensitivity to 200 ppm H2
gas and may be suitable for use as a H2 gas sensor.

INTRODUCTION
The single-oxide semiconductors such as SnO2 and ZnO are widely used as sensing materials.
Gas sensors made from these materials have been extensively investigated for detecting
reducing gases such as H2 or CO because they offer a simple sensing mechanism [1,2].
Sensing mechanism of the sensors are based on the changes in electrical resisitivity of sensors
induced by the absorption and reaction of gas molecules on their surface. However, the main
problems of such semiconducting oxides are insufficient gas selectivity, inability to detect
very low gas concentrations, and changes in sensing properties caused by surface
contamination [3].
In order to overcome the sensing problems inherent in the single-oxide semiconductor gas
sensors, sensors consisting of mixtures of two or more oxides, which usually reffered to as a
composite-type sensor, were proposed and extensively investigated [4]. For example, ZnOSnO2 composites which content more ZnO in their composition range were found to be more
sensitive to CO gas at all temperatures than pure ZnO [5]. The 25% SnO2 : 75% ZnO
composite was reported to have high sensitivity to ethanol vapour [6].
In this study, SnO2-CuO composite sensors were fabricated in a pellet form of various
compositions. Current-voltage (I-V) characteristics of the sensors are tested in air and in 200
ppm H2 gas. The effect of composition on sensitivity and electrical conductivity of the
sample will be examined and discussed.
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MATERIALS AND METHODS
SnO2-CuO composite samples with different composition were prepared by using high purity
commercial SnO2 and CuO powders (Aldrich, 99.9 %). Powders were mixed in the molar
ratios of SnO2 to CuO equal to 4:1, 3:2, 2:3 and 1:4 in order to get four type of composite
samples. The mixed powders were ground and then pressed into pellets and subsequently
they were sintered at 800 oC in air for 3 h. The sintered pellets have approximately 12.95 mm
in diameter and 1.75 mm in thickness.
For measurement of electrical properties, both side of flat surfaces of the sample was
clamped by two plates of the sample holder. Current-voltage (I-V) characteristics of the
samples were examined in air and in 200 ppm H2 gas by using a potential method. The
applied voltage was varied from –10 to 10 V and the temperature was varied from 125 oC to
400 oC. Current values were measured sequentially after equilibrating the samples for 20 min
in air and 15 min in H2 gas. Gas sensitivity was determined by the ratio of Igas/Iair, where Igas
and Iair denote the current values in reducing gas and in air, respectively.

RESULTS AND DISCUSSIONS
The I-V plots for all the composite samples investigated in this study are nearly linear in the
range of the tested temperatures, showing ohmic behaviour. For example, Figure 1 shows the
I-V plots of 2SnO2:3CuO sample at 225 oC and 325 oC either in air and in 200 ppm H2 gas.
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Fig. 1. I-V characteristics of 2SnO 2 :3CuO at 225 o C and 325 o C in air and 200 ppm H 2 , respectively.

As can be seen that increase in current was higher when the sample was being exposed to H2
gas compared with that in air, and also it increased with the increasing temperature either in
air or in 200 ppm H2 gas.
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Figure 2. shows the electrical conductivity of the single-oxide SnO2 and composite samples
as a function of temperature ranging from 125 oC to 400 oC in air and in 200 ppm H2 gas.
Among all the samples, SnO2:4CuO has the highest electrical conductivity. However, this
sample shows no significant change of conductivity value upon exposure to H2 gas as shown
by the nearly overlapped curves with that in the air. While the other samples, eventhough
they have lower electrical conductivity but they show a significant change of conductivity
values upon exposure to H2 gas. It is also shown that the conductivity of all composites are
inclined to increase with the increasing content of CuO. However for SnO2, above 350 oC, its
conductivity decreases both in air and in 200 ppm H2 gas. This could be due to the change of
adsorbed gas species with temperature as was reported in [7].
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Fig. 2. Temperature dependence of electrical conductivity of the single oxide SnO2 and SnO2CuO composites in air and 200 ppm H2.

Figure 3. shows the sensitivities of the composite samples measured after 15 min exposure to
200 ppm H2 gas as a function of temperature. The 2SnO2:3CuO, 3SnO2:2CuO and 4SnO2:
CuO composite samples have the maximum sensitivity of ~9 at 225 oC, ~4.8 at 250 oC and
~4.6 at 275 oC, respectively. The sensitivity of SnO2 sample is also shown in Figure 3 for
comparison which has maximum value of ~3.9 at 350 oC. Thus, the 2SnO2:3CuO has the
highest maximum value of sensitivity compared with that of the others. This behaviour may
be associated with the amount of the formation of p-n contacts in the 2SnO2:3CuO which
could be more compared with the other composite samples. On the other hand, no significant
difference of the sensitivity values of SnO2:4CuO upon exposure to 200 ppm H2 gas with
increasing temperature and thus was negligible. It is also shown that the addition of CuO up
to 60 mol % lowered the temperature of the maximum H2 gas sensitivity and increased the
sensitivity to H2 gas. This is expected to be due to CuO acted as a catalyst.
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Fig. 3. Temperature dependence of H2 sensitivity (200 ppm) of SnO2-CuO composites.

Although in this study only a low concentration of H2 gas (200 ppm) was used, but most of
the composites, particularly the 2SnO2:3CuO sample, showed a significantly good response
to H2. Consequently, this composite sample may be suitable for use as a H2 gas sensor.

CONCLUSIONS
The electrical conductivity and H2 gas-sensing characteristics of SnO2-CuO composites were
studied. The conductivity of all composites was found to increase with temperature and the
increasing content of CuO. The SnO2:4CuO composite was observed to have the highest
value of conductivity among all samples. Addition of CuO up to 60 mol% lowered the
temperature showing the maximum H2 gas sensitivity and increased the sensitivity of the
sensors to H2 gas. The 2SnO2:3CuO composite showed the highest H2 gas sensitivity than
that of the other composites.
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