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Abstarct: Gases have different active energy when adsorbing and reacting on the surface of sensitive materials. And the active energy will be changing along with temperature’s change. According to this thought, a new method of knowledge acquisition is presented in this paper to test the dynamic gas sensitive characteristics of gas sensor. This novel measurement can get characteristic curves for different gases, so that it is possible to Detect different gases with a single sensor by Dynamic Measurements
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1. Introduction

In recent years, gas sensors have been found more and more applications. Due to sensors’ sensitive mechanisms, it response to several reductive gases at the same time. The sensitive property of gas sensors is based on the adsorption and reaction of gases on the surface of gas sensors [1, 2]. The traditional gas sensitive measurements measure gas sensitive characteristics only by the change of resistance of the sensors before and after meeting gases, which can not reflect the whole dynamic process of gas adsorption and reaction. In this paper, we designed a novel temperature scanning measurement to test the dynamic gas sensitive characteristics of gas sensor, In which the working temperature of gas sensor keeps changing, so that the speed of reaction was influenced. Because the activation energy is different when the different gases react on the surface of gas sensitive materials, this novel measurement can get characteristic curves for different gases. Gases were clearly distinguished by analyzing the patterns Fast Fourier Transform (FFT).

2. Experiments

2.1 Specimen Preparation

SnO2 thin film gas sensor was prepared by sol-gel techniques as following steps. SnCl4·5H2O was mixed with C2H5OH, the concentration is about 1mol/l. Hydrochloric acid (HCl) was added to keep pH at about 2. The solution was refluxed for 6hr, then kept warm at 40(C for 24hrs. Then we got a light-yellow sol solution. No elements were doped in this case.

The SnO2 thin film was deposited on a thoroughly cleaned alumina substrate by dip-coating technique. The electrodes and RuO2 heater had been prepared on the substrate before. The film was heated in stove at a rate of 5(C/min to 650(C, held for 20 minutes, then cooled to room temperature.

2.2 Gas sensitive properties test

The basic circuit of the gas sensor testing apparatus was shown in Figure 1.
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Fig.1. The circuit of the gas sensor testing apparatus
The general difference between traditional testing method and dynamic testing method is that we use a changing heating voltage to make a fluctuating temperature, shown in Figure 2. The dynamic resistance changes of sensors were recorded. When gases were let in, the recorded curve changes, which reflects gas sensitive characteristics of sensors.
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Fig.2.Voltage curves used in dynamic gas sensitive test

3. Results and Discussions

Three gases, including CO, C2H5OH, Liquid petrol gases (LPG), were investigated by dynamic test, results were shown in Figure 3.
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(a) Pattern obtained in clean air.     (b) Pattern obtained in 200ppm CO.
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 (c) Pattern obtained in 200ppm C2H5OH. (d) Pattern obtained in 200ppm liquid petrol gas(LPG).

Fig. 3. Results of dynamic tests in different gases

Fig.3(a) is acquired in clean air, the testing condition is 5V heating voltage, 15s/10s heating/stop-heating cycle. For different gases, we use this same condition to compare their respondence. In Fig.3(a), when placed in clean air, we found the resistance of gas sensor (expressed as voltage) oscillated with the heating voltage periodicity. This oscillation is only the effect of temperature changes. In Fig.3(b), Fig.3(c) and Fig.3(d), different gases(CO, C2H5OH, LPG) were introduced, It were found that the shape of curves changed according to different gases. The curve of CO has a low slope section in front of the main peak. The curves of C2H5OH and LPG have a additional peak behind the main peak, but the position and intensity are different. We can distinguish these gases easily by these patterns. The shapes changes of curves were the co-effect of heating/stop cycle and surface adsorption and reaction of gases. This is a good result because in this way we can distinguish gases by their testing curves.

The testing condition is very important. In our experiments, the condition was adjusted carefully to got good shapes. The heating/stop cycle should be in a suitable ratio, and not too short, so that the sensor have enough response time. For different gases, the best condition was not same. By testing method and dynamic testing method is that experiments we select a condition for all three gases, so that it is easy to compare results.

When gases meet sensors, gas molecules adsorbed on the surfaces of sensors, and reacted with the O- on the surface, release electrons, increased conductivity, this is the general gas sensitive mechanism. The surface reaction will reach equilibrium, so that the resistance will decrease to a certain level, and keep stable, which depends on the gas characteristics and concentration. When in dynamic testing style, the reaction equilibrium keeps changing, which adds an additional peak on the basic pattern obtained in clean air. Because every reaction has its special equilibrium constant, every gases has its own pattern, we can identify by these patterns.

Using Microcal software Inc.’s software, Origin 5.0, Fast Fourier Transform (FFT) was used to analysis the patterns in Figure 3, the results were shown in Figure 4. The frequency was separated, which mean we can separate factors and study them one by one. In Fig.4(a), 4(b), 4(c), the results were complex, through these separated frequency we can study the influence of surface reactions of gases. These research works are in progress.

4. Conclusions

A novel dynamic testing method for gas sensors was developed. By this method, for one sensor, we can get different patterns when meet different gases. It is very useful because it means we can get a high selective sensor.

By analysis patterns we got by FFT, we studied the mechanism of gases adsorption, and attribute the difference to adsorption and reaction of gases on the surface of gas sensors.
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(a) The FFT results of patterns in Fig.3(b)
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(b) The FFT results of patterns in Fig.3(c)
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(c) The FFT results of patterns in Fig.3(d)

Fig. 4. The FFT results
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