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Abstract.  In this paper, we report the performance of a 

volatile organic compounds identification system based on 

a commercial metal-oxide gas sensor array. Analyses of 

five volatile organic compounds (heptane, pentane, 

isooctane, isopropyl alcohol, and tetrachloroethylene) 

Have been performed with these unselective sensors. The 

device consists of three MOX commercial sensors (AS-

MLN, AS-MLK, AS-MLC), The behavior of these sensors 

was measured at different ranges of temperature. Principal 

component analysis (PCA) was applied in order to identify 

the target gases. We obtained a high classification of the 

five VOCs by temperature modulation. The final aim of this 

research is to improve the selectivity of commercial sensors 

based on metal oxide to classify different VOCs.  
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1. Introduction 

The measurements of volatile organic compounds 

(VOCs) are becoming more important due to stringent 

environmental regulations and increasing health concerns 

[1], also Human breath includes many volatile organic 

compounds (VOCs) that can be used as biomarkers for 

diseases. Therefore, breath-monitoring diagnostic methods 

are desirable as diagnostic tools because they are fast and 

non-invasive [5]. Consequently, many researchers have 

attempted to develop breath-monitoring systems [6–7]. 

Metal oxide (MOX) sensors are well known as 

multifunction materials and employing MOS in detecting 

VOCs is one of the most studied areas [3], [4]. The 

advantages of metal oxide sensors in comparison with 

sensors based on other materials are well known like low 

costs, short response time and versatility. Currently, these 

sensors are sufficiently sensitive for most applications [8–

11]. However, the use of them is limited due to their lack of 

selectivity. which has stimulated researchers to look for 

different strategies to overcome this drawback, Recent 

works have shown that temperature modulation of metal 

oxide sensors improves selectivity [2],[13–19]. The 

kinetics of adsorption and desorption are modified when 

the temperature of the sensor is modulated, and the sensors 

have specific response patterns to different gases [12]. 

Usually, an electronic nose measures the stationary 

response of the sensors working at one constant 

temperature, but because the response of a sensor depends 

on its working temperature, the combination of the 

standard approach and a temperature stepping increases the 

number of signatures specific to each gas without 

increasing the number of sensors. The improvement of 

selectivity is investigated and reported in this paper by 

using a portable device consists of three metal oxide 

commercial gas sensors (AS-MLN, AS-MLK, AS-MLC) 

with modulation of the heating voltage to classify and 

identify different volatile organic compounds. We 

performed principal component analysis (PCA) to analyze 

the data extracted by exposing different VOCs during the 

temperature change. 

2. Experimental: 

The analyzed data sets were gathered from the 

portable gas detector Fig.1 which was made and equipped 

with three commercial conductivity gas sensors (Applied 

Sensor) with different MOX thin sensing films: AS-MLN 

sensitive mainly on NO2, AS-MLC sensitive mainly on 

CO, and AS-MLK sensitive mainly on CH4 [20].  

 

 

 

 

 

 

 

                    Fig.1 Portable gas detector [20] 

These sensors require low heating power 30 - 45 mW. Due 

to their low thermal capacity, these sensors react quickly to 
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the temperature changes of the heating plate. The sensor 

with dimensions 2 x 2 x 0.38 mm is placed in the metallic 

case TO-39-4. Two pins relate to the gas sensor layer for 

the measurement of its resistivity changes, two other pins 

are for the heating element (Fig.2). The sensor AS-MLN 

based on the WO3 film has the sensitivity of 0.1 ppm – 2 

ppm of NO2 at the temperature of 270°C. The sensor AS-

MLK based on the SnO2 film has the sensitivity of 0.01% 

to 4%. of methane at the temperature 320°C. The sensor 

AS-MLC based on the SnO2 film has the sensitivity 

0.5ppm to 500ppm of CO at the temperature 270°C. The 

detector measures the sensor resistivities and the heating 

elements resistivities for the temperature regulation. The 

measurement was made at the constant flow of prepared 

gas mixtures with different concentrations and 

temperatures during several cycles. The flow meters and 

regulators kept the specified gas concentrations of specific 

gases in the carrier gas. The purging of the sensing 

chamber has been realized in each cycle. 

 

 

 

 

 

 

                     

 

 

 

 

 

 

 

 

              

 

                Fig. 2 Sensor AS-MLX (The case and detailed view.) [20] 

 

3.       Results and discussion: 

3.1     Characterization of gas sensors: 

The sensor Characterization was initially obtained by 

exposing  five volatile organic compounds (VOCs) to an 

array of sensors in the temperature range of (50 –260) ° C, 

Fig.3 presents the response of the three commercial metal 

oxide sensors AS-MLN, AS-MLK, AS-MLC to five 

volatile organic compounds, the result showed that the 

sensors have very good sensitivity to the target gases, 

sufficiently stable and have good reproducibility which is 

very important for most  of  the applications . 
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      Fig. 3 the response of the three sensors AS-MLN, AS-MLK, AS-MLC to five 

             volatile organic compounds in the temperature range of (50 –260) ° C 

 

3.2   Discrimination of the target gases: 
 

        In order to obtain more information about the system, 

PCA was performed to discriminate among five 

compounds.  

 

 

         Fig.4 Discrimination of five compounds by three MOS commercial sensors in 

the temperature range (60 to 120) °C 

 

Fig.4 presents the result of applying PCA on the dataset 

which extracted during increasing the temperature in the 

range of (60 to 120) °C, The first principal component 

describes 86.3% of data variation and PC2 describes 9.8% 

of data variation which is neglected in comparison with 

PC1,so we will focus in our comparison on the variation of  

PC1, Fig.4 shows an overlap between heptane, pentane, 

and isooctane which they have approximately the same 

influence on PC1 and also overlap between Isopropyl 

alcohol and Tetrachloroethylene. The system has poor 

classification with a low range of temperature. However, a 

high classification of the five compounds in clearly 

separated clusters is obtained in Fig.5 with a temperature 

range of (160 to 220) °C The experimental results of this 

work points out that the capability for gas identification is 

hugely improved for commercial sensors by temperature 

modulation. 

 

 
        

 

 

             Fig.5 Discrimination of five compounds by three MOS commercial sensors  

                                     In the temperature range (160 to 220) °C 

   

4.    Conclusions: 

 In this work, we studied the ability to carry out gas 

analyses with a metal-oxide sensor array, the advantages of 

these sensors are their high commercial availability and 

low cost. PCA was performed as a pattern recognition 

method in order to identify different compounds (heptane, 

pentane, isooctane, isopropyl alcohol, and 

tetrachloroethylene). The results  pointed out that sensors 

have very good classification in a higher range of 

temperature, also pointed out to the importance of a sensor 

temperature programming procedure and confirm that 

different temperatures give more information about the 

chemical response.In spite of the low selectivity of MOS 

sensors, the improvement of gas identification is realizable 

with cheap sensors and a simple temperature programming 

method. 
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