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Highlights 
 The set of sensors used showed a good repetition when exposed to the vapour of Libyan olive oil and a good response to 

the vapour of Libyan olive oil in a short time. 
 We obtain a good and a clear stability after identifying the vapour of Libyan olive oil. 
 A new parameter was found (fingerprint), special fingerprint of Libyan olive oil, to distinguish the mentioned oil from 

the rest of the oils of other countries. 
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In this research, a set of gas sensors (Tagushi Gas Sensors) which consist of three sensors 
[TGS2611- TGS2612-TGS2620] were used. This set was then exposed to the Libyan olive oil 
vapor to identify it and to derive the special physical parameters (R0-S-SRV- tr). We noticed 
that this set showed a very good response to olive oil vapor in a short time. The parameter 
FPS (Fingerprint Sensor) which is the most important physical parameter can be used to 
distinguish and/or investigate several kinds of vapors. 
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1. Introduction: 

Olive oil is one of the most important oils in the world, as it 
contains a low percentage of fatty saturated acids, so it is used 
profusely. The quality of olive oil can be determined by the fatty 
acids found in it. A good olive oil must contain a little fatty acid 
and volatile materials. We have found a physical method (which 
can be a common method of the usual chemical method) to identi-
fy several kinds of oils in general and the Libyan olive oil in par-
ticular. 

Many researchers have formed a set of gas sensors to identify 
many kinds of oils. For example, Maznouk et al. (2009) were able 
to make gas sensors. These ensors were made of a pure tin oxide 
SnO2 and a mixture of tin oxide and tungsten oxide (SnO2: WO3 = 
50:50) to identify the Syrian olive oil. The researcher noticed that 
the sensors, which were made by different oxides, identified the 
Syrian olive oil faster than the sensors made of pure oxide. 
Dakkak et al. (2009) managed to form a set of gas sensors to dis-
tinguish between several kinds of Syrian olive oil in several re-
gions of Syria. This set has shown an excellent ability to separate 
different kinds of Syrian olive oil. Moreover, Penza et al. (2000) 
formed a set of sensors consisting of four sensors used to distin-
guish between olive oil and corn oil. 

2. Material and Methods 

2.1. Gas Sensors (Tagushi Gas Sensor) 

We dealed with three gas sensors (TGS2611-TGS2612-
TGS2620), which were connected to each other to form the set 
used to identify the Libyan olive oil. The sensitive material con-
tained in all sensors is made of (semiconductor). We chose these 
kinds of sensors because they have many specifications, including 

their low energy consumption, long working life, their price is 
cheap and the circuit characterization is easy to apply. Work has 
been divided into several stages: 

2.2. Gas Sensors Characterization Circuits 

Fig. 1 shows the Gas Sensors Characterization Circuits (2611, 
2612, 2620), where VC is the circuit voltage, VH is the heater volt-
age and VRL is the load resistance voltage. 

 

Fig. 1. Characterization circuit for sensors 2611-2612-2620 
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2.3. Connecting the circuits of sensor characterization with 
each other 

All the sensor circuits are connected to each other to form a 
set that will be sensitive to the Libyan olive oil vapor. Fig. 2  shows 
the final circuit of this set, which is shown in Fig. 3. 

 

Fig .2. The final circuit of the sensors set 

 

Fig. 3. The operation circuit of the gas sensors set 

2.4. Method of olive oil vaporization 

A small amount of olive oil was placed in an open surface con-
tainer. The sensors set was then placed on the surface (Omar et 
al., 2003; Corcoran et al., 1994). The base was closed as shown in 
Fig. 4 and then a container was placed on a heating device at 50 °C 
to vapor the oil. 

 

Fig. 4. Method of olive oil vaporization for the sensors set. 

3. Results and Discussion: 

3.1. Characterization of gas sensors: 

It is known that when exposing a set of gas sensors to a refer-
ence vapor such as olive oil, the resistance of the sensors will de-
crease because the olive oil vapor molecules will react with the 
oxygen molecules that are addicted on the sensitive layer, thereby 

oxidizing and reducing oxygen contacts. The density of the free 
electrons in the sensitive material will increase. Thus, reducing 
the voltage barrier that obstructing the flow of electrons. This is 
leading to increasing the mobility and decreasing the resistance. 
Fig. 5 shows the decrease of resistance of the sensors with time 
when exposed to the vapor of olive oil. 

 

 

 

Fig. 5. The resistance of sensors against the exposed time 

According to Fig. 5, one can obtain an equation in the form: 

𝑅 = 𝑅𝑡0
+ 𝑎. 𝑒

−𝑡
𝑏                                                                                           (1) 

Eq. (1) is an exponential formula that has special constants for 
each sensor (Table 1). 

Table 1 

Constants for the three sensors 

TGS2620 TGS2612 TGS2611 Sensor 

4.65 5.32 6.31 R0  (kΩ) 

-0.1289 -0.063 -0.027 a  (kΩ) 
-788.3 -1217.6 -779.2 b (sec) 
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3.2. Study of the physical parameters of the sensors set 

Several physical parameters of the sensors set were studied 
and their detailed description is outlined below: 

3.2.1. R0 (Reference Resistance) 

The parameter R0 is the resistance given by the sensor before 
exposure to any vapor. This parameter is an important character-
istic of the sensitivity. When several consecutive measurements 
were done for each sensor, the results are shown in Fig. 6. We 
concluded that all sensors showed good repetition in their work. 
We can observe that the difference in the resistor values for each 
sensor separately is somewhat small and this indicates the quality 
of these sensors (Endres et al., 1995). 

 

 

 

Fig. 6. Repetitive of the sensors represented by the physical parameter R0 

3.2.2. Sensitivity (S) 

Sensitivity (S) is an important physical parameter (Khadayate 
et al., 2007) which can be calculated from the following equation: 

𝑆 =
𝑅0 − 𝑅𝑠

𝑅0
                                                                                                  (2) 

This parameter distinguishes each sensor as well as vapors from 
each one.  

 

 

 

Fig. 7. Sensitivity response changes of the sensors set by time 

As shown in Fig. 7, initially the sensitivity increase with time, 
then as the time increase the sensitivity response reaches stability 
at one value. This indicate that, the three sensors were able to 
identify the oil vapor. 

3.2.3. Sensitivity Response Velocity (SRV) 

Sensitivity Response Velocity (SRV) is defined as the rate of 
change in resistance with time when the sensors set is exposed to 
vapor. Fig. 8 shows that, the parameter (change of resistance by 
time) decreased exponentially with increasing number of reading 
and then stability at one value. This is normal because the sensors 
after a certain number of reading have been identified the vapor 
under studied. This explain why the sensitivity response velocity 
has been established. 

3.2.4. Sensitivity Response Time (tr) 

This parameter expresses the time taken by the sensor to 
identify the studied vapor or can be expressed as the time when 
the sensor has stabilized at a constant value either for resistance 
R or for sensitivity response S. Table 2 shows the sensitivity re-
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sponse time for each sensor after exposure to the vapor of Libyan 
olive oil. 

Table 2 

The sensitivity response time for each sensor for Libyan olive oil 

2620 2612 2611 Sensor 

960 960 720 tr (sec) 

 

 

 

 

Fig. 8. Changes in the response velocity of the sensors set for the number 
of readings 

It is clear from Table 2 that all sensors reacted to vapor of Lib-
yan olive oil. The two sensors (TGS2612-TGS2620) have same 
sensitivity response time while the sensor (TGS 2611) has lower 
sensitivity response time. 

3.2.5. Fingerprint Sensors (FPS) 

All the vapors or gases can be distinguished from each other 
by having their own fingerprint for a particular set of sensors 
(Alhamed et al., 2012). In this research, we were able to find a 
special fingerprint for olive oil vapor for a set of three gas sensors. 
Fig. 9 shows the fingerprint of the sensitivity response parameter 
S. 

In this study, we determined that the three axes (1-2-3) 
shown in Fig. 9 which represent the three sensors (2611-2612-
2620) respectively. All axes have the same gradients, so when 
drawing any parameter, it will show us that this parameter is 
placed on the three axes (which will display the values of this pa-
rameter for each sensor) and thus we will get a special form that 
distinguishes vapor or gas. This is a fingerprint for the parameter 
S. 

 
Fig. 9. A fingerprint for the sensitivity response parameter of Lib-
yan olive oil vapor 

A fingerprint for olive oil vapor can also be found for all previ-
ous parameters [R0- SRV- tr]. Note from Fig. 9 the best direction 
was toward axis (3) which is towards sensor 2620. 

4. Conclusion 

The sensors set, which consist of three gas sensors that were 
formed to identify the Libyan olive oil vapor, showed a clear re-
sponse to this vapor. The physical parameters that we analyzed 
indicated that this sensor set gave a clear stability to the sensitivi-
ty response. This set was indented to this vapor in a short time, 
not more than 16 minutes. We also created the fingerprint of this 
oil for the physical parameter S, which will be used as a distin-
guishable parameter to other olive oil vapor from several coun-
tries. 
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