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Abstract: The principle of operation of the sensor is based on the fact that the electrophysical properties of its gas-
sensitive layer change in accordance with the content of the analyzed gas. The development of chemical
sensors for detecting methane and natural gas is crucial for ensuring safety and environmental protection

in various industries, including oil and gas,

mining, and urban environments. This paper presents the

design, fabrication, and testing of a novel methane and natural gas detection sensor. The sensor operates
based on a chemical sensing element that undergoes a change in its electrical properties in response to the
presence of methane and other natural gas components. The paper concludes with a discussion on the

sensor’s potential for use in real-time gas

leak detection and monitoring systems, emphasizing its

practicality for both industrial safety and environmental monitoring applications. The results demonstrate
that the sensor shows promising metrological parameters suitable for practical deployment.

1 INTRODUCTION

The interest in the sensor of methane, undoubtedly,
comes from its wide application in ecology and
industry to ensure the safety of equipment. At present,
thermocatalytic, semi-conductor and other chemical
sensors are used to monitor carbon dioxide, ammonia,
hydrogen sulfide, methane and other toxic and
explosive gases in the atmosphere. Mainly metal
oxides are widely used as sensitive elements of
semiconductor sensors. As a result of the research, it
was recommended to use a gas-sensitive film
consisting of zinc and cobalt oxide as a gas-sensitive
semiconductor layer for methane detection.
Therefore, the semiconductor methane sensor
developed in this work consists of semiconductor gas- 9
sensitive materials based on zinc and cobalt oxides
coated on spirals made of platinum microwire. The
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principle of operation of the sensor is based on the
fact that the electrophysical properties of its gas-
sensitive layer change in accordance with the content
of the analyzed gas. As a result of the conducted
research, a selective and sensitive semiconductor
sensor was developed that determines the
concentration of methane from the composition of
atmospheric air and gas mixtures. The metrological
characteristics of methane sensors made on the basis
of zinc and cobalt oxides were studied during the
studies, the purpose of which was to determine the
sensitivity, selectivity, expressivity of the sensor and
the dependence of its signal on concentration and
temperature.



2 MATERIALS AND METHODS

The development of a methane and natural gas
detection chemical sensor and signal processing
system involved the selection and synthesis of
suitable materials, as well as the determination of the
metrological parameters. Key materials used for
sensor fabrication include: Sensing Materials,
Fabrication of Sensor, Signal Processing System,
Metrological Parameter Determination,
Environmental Testing.

The primary sensing materials selected for the
chemical sensor were metal oxide semiconductors
(MOS), 90%Zn0+10%Co00. These materials were
chosen for their sensitivity to methane and natural gas
at low concentrations. The chemical sensor was
fabricated by coating the metal oxide thin films onto
a substrate, such as silicon or alumina, to form the
sensing element. The films were prepared using a sol-
gel method to ensure high surface area and uniform
thickness. The electrode system, which includes
platinum contacts, was integrated with the sensor to
facilitate electrical measurements and signal output.
A signal processing system was designed to convert
the chemical sensor's electrical signals into
measurable outputs. The system was calibrated to
detect and differentiate methane and natural gas
concentrations by analyzing the changes in the
sensor’s electrical resistance upon exposure to
different gas concentrations.  Several key
metrological parameters were evaluated, including
sensitivity, selectivity, response time, recovery time,
and detection limit.

3 RESULTS AND DISCUSSION

Effect of temperature on the sensitivity of a
semiconductor methane sensor.The rate of
adsorption, desorption and reaction of methane on the
semiconductor surface depends on the temperature.
The temperature of the gas-sensitive layer of the
methane sensor is controlled by changing the voltage
applied to it. The optimal temperature for heating the
gas-sensitive material is determined by the maximum
sensitivity of the sensor to gas. The temperature
dependence of the gas sensitivity of the ZnO-CH4
sensor was studied dynamically in the temperature
range from 200 °C to 500 °C with a difference of 50
°C. Figure 1 shows that there is an optimal
temperature (350 °C) that provides high sensitivity of
the ZnO and CoO-based gas sensors to CHa. At this
temperature, the signal value corresponding to the
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same CHa4 concentration of gas-sensitive materials
(GSM) based on SiO»/Zn0O increases with an increase
in the CoO content in the GSM composition to 1-10%
and reaches its maximum value in the GSM with the
composition SiO»/(90%Zn0+10%Co0).
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Figure 1: Temperature dependence of the resistance of gas-
sensitive materials composed of
Si02/(90Zn0O+10Co0)+PEG (polyethylene glycol) and
Si02/(90 ZnO+10Co0) during methane detection. (The
concentration of methane in the gas mixture is 1000
mg/m3).

At the optimum temperature (350 °C), the highest
signal for CHs was observed in the
Si02/(90%2Zn0+10%Co00)-based GCM. As a result
of studying the temperature dependence of the change
in sensor resistance based on
Si02/(90%Zn0+10%Co0), we see that the highest
signal of the LS-CH, for methane corresponds to a
temperature of 350-355 °C (Figure 1). A decrease in
the useful analytical signal was observed with a
deviation of the temperature from the optimum value.
If the optimum is large, the sensitivity decreases due
to a decrease in the adsorption of oxygen and gas.

The results of the study of the dependence of the
resistance of the GSM prepared on the basis of the
Si02/(90%2Zn0+10%Co0)+PEG nanocomposite on
the sensor temperature are presented in Figure 1. As
a result of the conducted studies, we find that the
optimal temperature value providing the maximum
signal of the GSM for methane when using
Si02/(90%2Zn0+10%Co00)  semiconductor  films
obtained with the participation of PEG is -280°C.
Thus, the use of the SiO,/(90%Zn0+10%Co0)+PEG
GSM leads to a decrease in the temperature value
providing the maximum signal of the methane
detection sensor from 350°C to 280°C, i.e., a decrease
of 70 °C. Temperatures of 280 °C and 350 °C on the



surface of the GSM were achieved by applying
voltages of 2.1 V and 2.8 V to the sensor.

Therefore, further experiments with sensors
prepared using SiO»/(90%Zn0+10%Co0)+PEG and
Si02/(90%Zn0+10%Co0) composites were
conducted at 2.1 V and 2.8 V applied to the sensor.
The change in the resistance of the NPS at different
temperatures is explained by the difference in the
adsorption of gases on the surface of the composite
and the different mechanisms of their interaction,
which can be used for the selective detection of CH4
in the presence of other gases.
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Figure 2: Dependence of the voltage of the semiconductor
sensors signal (CCHs -500mg/md).

Semiconductor sensors - check the dynamics of
CH, signal change. In methane detection, the time
required for the sensor signal to reach its maximum
value and return to the initial value is a dynamic
indicator of the sensor, characterizing the expressivity
of the sensor, and is the time required for it to reach
90% of the signal value obtained for a given
concentration. This time is denoted as ©09. The time
to return to its initial value (recovery) is the remaining
10% of the signal after the gas supply to the sensor is
stopped and is denoted as ttick or t01. During the
experiments, the dynamic indicators of the sensors
developed on the basis of SiO2/(90%Zn0+10%Co0)
Si02/(90%2Zn0+10%Co0)+PEG gas sensitive films
for methane detection at a temperature of 350 °C were
studied in detail. The results of this study are
presented in Table 1.

Table 1:The results of testing the dynamic indicators of the
methane-detecting semiconductor sensor.

The composition of Loudspeaker readings in
the gas-tight film seconds*
to1r | toes | too on | repe
ated
Si02/(90Zn0O+10%C | 3 6 10 | 11 | 18
00)+PEG
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Si02(90Zn0+10%C 3 7 12 15 23
00)
*tga-signal start, s. toes-time to reach 65%, s. too-
stabilization time, s. t.rn value of the signal, s.
trecovery- time for the sensor signal to recover (return to
t0.1), s.

It should be noted that the results observed in the
study are consistent with theoretical ideas about the
mechanism of change in the resistance of the gas-
sensitive layer, that is, a decrease in resistance is
observed when interacting with gas and a restoration
of resistance after the gas effect is stopped. The
experiments conducted show that the use of a gas
sensor based on spirit and cobalt oxides with the
participation of PEG for the express detection of
methane is highly promising, which allows the sensor
developed on the basis of a gas sensor to be used for
express monitoring of fire-hazardous situations in
closed environmental systems.

Study of the sensitivity of the semiconductor
sensor to methane.The sensitivity of a sensor is
expressed as a change in the resistance (R) or
electrical conductivity (o) of the material when
exposed to a known concentration of the analyzed
gas. In this work, methane-sensitive sensors were
obtained by adding zinc and cobalt oxide to the sensor
composition. Usually, one of the oxides (ZnO) is the
main one by mass. The second, that is, the one added
in a relatively small amount (CoO), improves the gas-
sensitive and selectivity properties of the oxide, and
in general, the performance characteristics of the
sensor. To obtain a complex gas-sensitive material,
the dopant was added at the stage of the transition
from sol to gel of the solution. The dopant was added
to the solution in the form of cobalt chloride. The
results of the study of the sensitivity of SiO,/ZnO-
CoO-based films with a CoO content of 1-15% in
methane detection showed that the gas-sensitive
material SiO2/(90%2Zn0+10%Co00) had a high
sensitivity to the detected component. The addition of
1% CoO to the SiO2/ZnO-based GCM led to a 1.5-
fold increase in the sensitivity of the sensor to
methane. Increasing the CoO content in the GCM to
5 and 10% increased the sensitivity of the sensor to
methane by 3.6 and 5.7 times, respectively. In
subsequent  experiments, the comparative
characteristics of the sensitivity of sensors based on
Si02/(90%2Zn0+10%Co0) films synthesized with
and without polyethylene glycol were studied. The
results of testing the sensitivity of films prepared on
the basis of Si0./(90%Zn0+10%Co0O) and
Si02/(90%2Zn0+10%Co0)+PEG in the process of
methane detection are presented in Figure 3.
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Figure 3: SiO2/(90%Zn0+10%C00)+PEG and Results of
studying the sensitivity of SiO2/(90ZnO+10Co00)-based
films for methane detection.

From the results presented in the figure, we see
that the linear range of the sensor signal during
methane detection starts from 80 mg/m3 for the
sensor prepared on the basis of the
Si02/(90%2Zn0+10%Co0) composite film and
corresponds to 30 mg/m3 for the sensor based on the
Si02/(90%Zn0+10%Co0)+PEG composite  film.
From these studies, it was observed that the
sensitivity of the film synthesized with the
participation of PEG to methane is 2.7 times higher
than that of the film obtained without polyethylene
glycol.

Dependence of the signal of a methane-detecting
semiconductor sensor on concentration. The study of
the sensor signal changes in response to different
concentrations of methane was carried out in a special
device. The sensitivity to methane at the optimal
temperature was determined by measuring the
resistance of the gas-sensitive material in the
environment of mixtures of methane with air at
different concentrations. From this, it was observed
that at the initial points of the experiment with a
methane concentration of up to 500 ppm, the
resistance of the sensor made of
Si02/(90%2Zn0+10%Co0) decreased to 280 kOhm
(from 3530 to 3250 kOhm). An increase in methane
to a further 1500 ppm leads to a decrease in resistance
to 260 kOhm (from 3250 to 2990 kOhm). In the
experiments, the methane concentration was 0.1-3.0
vol. The dependence of the signal of sensors based on
Si0,/(90%Zn0+10%Co00)+PEG and
Si02/(90%2Zn0+10%Co00) on the amount of gas
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mixture was studied in the % range. The results of this
study are presented in Figure 4.
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Figure 4: Semiconductor sensors signal 0.1-3.0 Hz.
Dependence on the concentration of methane in the %
range.

From the results obtained (Figure 4), we see that
the dependence of the sensor signal on the methane
concentration in the mixture in the concentration
range from 0.1 to 3.0% at a temperature of 350 °C has
a linear form.

The experiments, obtained at a temperature of 350
°C, showed that the signal has a linear dependence on
the methane concentration in the mixture in the range
from 0.1 to 3.0%.

In the course of subsequent studies, the main error
values in the methane detection process of a
semiconductor sensor based on
Si02/(ZnO+Co0)+PEG were determined.

Table 2: Error in methane detection using LSMS at
different temperatures and pressures (n=5; P=0.95, methane
concentration in the mixture, 2.85 vol.%).

Femperpressuf  Detected Error code Detected Error value
aturef e methane, % mat methane, %
S | R | xtAx  Pr<10°[*basicediion | XEAX Pr<10%|Avesis Pmybira
°C | mm .
: Si02/(ZnO+Co0) Si02/(Zn0+Co0)+PEG
ee the|
setti
ngs.
20 | 760 p.81+0.06f 1. [0.04 P.80+0.05( 1. [0.05
70 43
-10 | 760 p.79+0.07 2. |0.06 | 0.0 P.81+0.05] 1. [0.04 |0.01
01 2 43
10 |760 p.88+0.07 1. [0.03 | 0.0 P.81+0.07| 1. |0.04 | O.
95 1 99 01
35 |760 p.82+0.08( 2. [0.03 | 0.0 P.82+0.07) 2. (0.03 | O.
28 1 00 02
50 (760 p.87+0.07) 1. ]0.02 | 0.0 p.87+0.07[ 1. [0.02 | O.
95 2 96 03
20 (600 }.79+0.09] 2. [0.06 | 0.0 P.81+0.08| 2. [0.04 | O.
58 2 29 01
20 |[700 p.82+0.08( 2. [0.03 | 0.0 p.82+0.08] 2. (0.03 | O.
28 1 27 02
20 (800 }.88+0.06/ 1. [0.03 | 0.0 P.88+0.05| 1. [0.03 | O.
68 1 40 02




20 |900 .86+0.05| 1. [0.01 [ 0.0 p.88+0.05| 1. [0.03 | O

M 2 40 02

*Anasis.-basic absolute error value,Aaddition.- additional error
value arising from the influence of external parameters.
According to the requirements of the relevant state
standard, the additional error value arising from the
influence of external factors should not exceed 50% of the
basic error.

From the results presented in Table 2, we can see
that the additional error of the NAO in the
determination of methane caused by changes in
temperature and pressure is less than the main error
of the instrument in all points.

Checking the performance resource and signal
stability of semiconductor sensors -CH.. Signal
stability during continuous operation is one of the
most important indicators of gas sensors. The sensor
resource is closely related to the stability of its signal.
Long-term experiments were conducted to determine
the operational resource (service life) of a methane
sensor in real production conditions and the
possibility of its application in practice. In the
conducted studies, the dependence of the signal of a
sensor made on the basis of SiO»/Zn0-10%CoO+
PEG on the duration of the experiment was studied.
In the research process, a gas-air mixture with a CH4
concentration of 1500 mg/m® was used. For
comparison, a film with the composition of SiO»/ZnO
was taken. Gas sensors with a SiO»/ZnO-CoO
composition showed the highest sensitivity to
methane. The experiments were conducted at
temperatures of 280 °C and humidity values from 60
to 98%. The stability of the sensor signals prepared
on the basis of SiO»/Zn0-10%Co0O+ PEG was tested
in continuous experiments for 1000 hours. The results
of this experiment are presented in Table 3.

Table 3: Dependence of the signal of the sensor prepared
on the basis of SiO2/Zn0-10%Co0+ PEG on the duration
of the experiment (n=5, P=0.95, methane concentration
1500 mg/md).

Ne Time, Sensor signal, mg/m?
hour x+ AX S Sr-10?

1 1 1490+18 145 0.97
2 24 1495+13 10.5 0.70
3 240 1510+16 12.9 0.85
4 400 1486+17 125 0.90
5 500 1491£16 12.9 0.86
6 600 1481£19 15.3 1.03
7 700 1493+11 8.8 0.59
8 800 1485+16 13.0 0.91
9 900 1480+18 14.5 0.98
10 1000 1493+10 8.54 0.52
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During the two-month tests, the sensor was
exposed to CH4 gas for 16 hours a day. As a result of
these experiments, the sensor signal varied by +15
mg/m3 in the range of 1490-1510 mg/m®. The error
value resulting from such a change in sensor
parameters is very small and does not significantly
affect the analysis results. For a given timeA The
value of tg — variation is 3.9% (Table 4).

Table 4: The results of determining the maximum deviation
of the methane sensor signal.

Sensor Umax,, | Unmin, Atg According
mV mV to GOST

CCH4=1500 | 1510 1480 2 Upto5.0is
mg/m? allowed

Thus, the semiconductor sensor developed on the
basis of Si02/Zn0O-10%Co0O+ PEG is distinguished
by its signal stability.

Determining the selectivity of the methane-
detecting NAO. The ability to detect gases in a gas-
air environment is determined by their selectivity.
Therefore, the selectivity of gas sensors, on the one
hand, is one of the main parameters for these devices,
and on the other hand, it remains one of the most
difficult technological problems, since the signals
generated under the influence of various back gases
are similar. In sources where it is necessary to control
the concentration of methane, in addition to CHa,
hydrogen and carbon monoxide are also present.
During the experiments, the selectivity of the sensors
developed for methane was determined in the
presence of Hz and CO, which are found together with
methane in the composition of atmospheric air of
mines and gas stations. The effect of combustible
components (CO and H,) that may be present in the
analyzed gas mixture on the output signal of the LS-
CH4 sensor was studied as follows: A certain
concentration of methane was introduced into the
sensor and its analytical signal (resistance) was
recorded, then a mixture of methane and another
combustible component was introduced and the
corresponding signal was recorded. In order to ensure
the selectivity of the methane detection process in the
presence of hydrogen and carbon monoxide, the
electrical conductivity of the SiO,-ZnO+CoO
semiconductor films formed by adding cobalt oxide
in various amounts to the SiO,-ZnO-based gas-
sensitive layer was studied. The optimal temperature
ensuring high selectivity of the sensor was
determined based on the maximum sensitivity of the
sensor to the detected gas. The fact that the LS-CH4
sensor has different conductivity for different gases is
explained by their different adsorption and different
mechanisms of action depending on the temperature.



The sensor was tested with 5 replicates for each gas
mixture. The results of the experiments are presented
in Table 5.

Table 5: The results of the study of the selectivity of the
sensor for the detection of methane in the presence of
hydrogen and carbon dioxide.

Ne|  Amount of Sensor signal, mV
component  |iO,/(90%Zn0+10%Co[i0,/(90%Zn0+10
in gas+air O)+PEG %Co00)
mixtu re, X+ Ax Ahasis, Raddition X+ Abasis‘ Raddition|
mg/m?3 Ax
1 95 CH4 95.4+0 | 0.4 - 95.6+ | 0.
7 0.3 6
2 95CH,+150 95840 | 0.8 [ 04 | 97.1£ | 2. | 1.
H, 4 04 1] 5
3 95CH4+150 95740 | 0.7 [ 0.3 | 969+ | 1. | 1.
CcO 3 0.3 9| 3
4 | 95CH4+150 97.7+0 | 1.7 | 1.3 | 98.1£ | 3. | 2.
H,+150CO 3 0.7 1 1
From Table 5~ we see that the
Si02/Zn0+10%Co0 sensor obtained with the

participation of polyethylene glycol provides the
highest selectivity for methane in the presence of
hydrogen and carbon monoxide. According to the
results of the conducted research, the manufactured
sensor allows for continuous automatic detection of
methane in a wide range of concentrations in the
composition of combustion processes and automotive
exhaust gases in the presence of carbon monoxide and
hydrogen. The main metrological characteristics of
the semiconductor sensors (SCS-CH4) developed in
this way, used for methane detection, were evaluated.
SCS-CHyg is not inferior to existing analogues in terms
of speed, expressivity and detection limit, and in
some parameters (mass-dimensions, energy value,
speed, selectivity, etc.) it surpasses analyzers of this
type widely used in practice. The field of application
of methane-detecting semiconductor sensors is the
thermal power industry, the oil and gas industry,
housing and communal services, etc. Proposed areas
of application of the developed sensors include
thermal energy, oil and gas industry, and utilities.
timely detection of methane as a result of using
semiconductor sensors -CHa; to prevent the risk of
fire; to reduce dangerous situations in production; to
build an automated gas safety system; creation of a
microclimate system is achieved.

Natural gas is one of the most dangerous
components of atmospheric air in residential and
industrial environments. It forms explosive mixtures
with air. Therefore, it is of great importance to
improve existing methods of controlling the
concentration of natural gas in the air and to develop
new ones.
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On the basis of the NMS developed in the work,
an alarm was prepared that emits sound and light
signals when the concentration of natural gas in the
monitored environment reaches the specified limit.
The alarm is designed for use in closed environmental
systems and consists of: a microprocessor that
converts and processes information; selective
thermocatalytic sensor of methane; digital and voice
indicator controls; power source. The design of the
alarm allows you to adjust the zero and sensitivity
without opening the case. Checking and adjusting the
alarm device is carried out using standard mixtures of
natural methane gas in air. Setting the starting zero
point of the alarm and the limit values of the starting
points of the concentration at which the alarm is
triggered was carried out using mixtures of natural
gas with the appropriate concentration in air.

The results of checking the concentration
dependence of the alarm signal for the specified
concentration values are presented in Table 5.19. The
limit of the maximum value of the main presented
error in measuring the concentration of natural gas in
the air equal to 0.5-2.5 vol.% of the alarm is 1.6%.
When the concentration reaches each set value, the
alarm activation time does not exceed 2.0-3.0 s. The
duration of continuous operation of the alarm is 3
years.

Table 6: Dependence of the alarm device signal on the
concentration of natural gas in the mixture (measurement
range 0-2.5 vol.% . n=5, P=0.95).

Ne The |Concentrati The Alarm main error
amount on at which | concentrati | absolute| given
of gas in| the device | on signaled mistake error

the should by the
mixture | signal, device
is haj. %| value in (x+Dx),
vol.% vol.%

1| 050 0.50 0.53 0.03 0.6

2| 1.00 1.00 0.95 0.05 1.0

3| 200 2.00 2.08 0.08 1.6

4| 250 2.50 2.45 0.05 1.0

From the results of determining the additional

error of the alarm caused by changes in ambient
temperature in the range of 0-60 °C, we see that the
error value in the studied temperature range does not
exceed 0.04%, which is less than the permissible
basic error of the alarm.

The effect of pressure on the additional error was
tested at 600-800 mm. cm. above. The experiments
were conducted at 20+2.0 °C. The additional error
value due to the change in pressure of the signalizer
in the studied range does not exceed 0.03%.

In the experiments, the error of the detector
arising from changes in the humidity of the gaseous
medium was determined as the difference between



the signals corresponding to the humidified and dry
mixtures of the analyzed gas. The experiments were
carried out at a temperature of 20 + 2 °C, with
mixtures containing methane of 0.5 and 2.5%. To
study the effect of humidity, tests were carried out in
a humidity chamber brought to normal test
conditions. The results of determining the additional
error of the CH4 detector arising from the humidity of
the gaseous medium are given in Table 7.

Table 7: The results of detecting the additional error of the
methane detector caused by the change in the moisture
content of the analyzed gas mixture.

No.| Mixture Sensor signal, haj.% Additiona|
t/r [methane | Dry gas mixture | Wet gas mixture | | error,
content in _ _ olume %
vol.% | x+Ax | Basic | x+Ax | Basic
absolute absolute
error error
1| 1.00 ].06+0.02] 0.06 |1.04+0.03| 0.04 0.02
2| 250 Pp.57£0.05 0.07 [.5940.04| 0.09 0.02

From the data presented in Table 7, we see that the
value of the additional error caused by the humidity
of the gas environment does not exceed 0.02% and is
much less than the indicator determined by GOST.
Based on the results of research, the alarm system
fully complies with all the requirements set by GOST
for devices of this type.

In order to use the methane detector in residential
and industrial buildings, the change in its signal over
time (detector aging) was investigated. During the
research, mixtures of CHs with different
concentrations (from 0.0% to 0.5%) were used. The
experiments were conducted at 40 °C. During the
365-day experiments, the detector parameters
remained unchanged. The detector allows monitoring
the leakage and accumulation of natural gas in a wide
range of concentrations for a year. The detector has a
control signal for the electromagnetic valve.

The developed household alarm can be used for
continuous automatic monitoring of the leakage and
accumulation of combustible gas (natural gas,
propane-butane mixture) in closed environmental
systems (kitchens, apartments, residential buildings,
garages, car showrooms, basements, wells, boiler
rooms of various capacities), as well as for ensuring
fire and explosion safety in production buildings,
administrative buildings, underground structures,
warehouses, and technical equipment operating on
gas fuel.
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4 CONCLUSIONS

As a result of the research, a selective and sensitive
semiconductor sensor for monitoring methane in gas
mixtures was developed and its metrological
indicators were studied. The optimum temperature for
the SiO2/ZnO+CoO composite sensor, providing the
highest signal, is 350-375 °C. Changing the
temperature from the optimum value leads to a
decrease in the sensor signal. In the range of methane
concentration from 50 to 1000 mg/m3 the
dependence of the signal (Ggas/cair) ON the amount of
methane in the mixture has a linear character.

A highly sensitive household methane detector
has been developed using a selective thermocatalytic
sensor. The developed household detector is intended
for continuous automatic monitoring of the leakage
and accumulation of combustible gas (natural gas,
propane-butane mixture) in closed environmental
systems. The detector is also recommended for use in
various industries, in industry, administrative
buildings, underground structures, and gasified
vehicles to prevent the risk of fire and explosion by
detecting natural gas.
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