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Abstract: In the process of China’s coal mine engineering, underground coal mining will encounter gas from
the coal body. This kind of gasis usually called mine gas, and its main components are methane, other hydro-
carbons and carbon dioxide. The disaster of coal mine gas directly restricts the safety production of coal mine.
In the past ten years, there are nearly 70 explosion and accidents caused by coal mine gas. Many accidents oc-
cur because that the concentration of coal mine gas is not detected correctly, which leads to gas explosion,
causing a large number of casualties, and damaging underground production and safety facilities, and affect-
ing the normal production progress. It can be said that in the process of China’s coal mine engineering safety
work, the mine gas problem has always been a key and difficult problem. At present, China’s coal mine gas
problem has been widely valued by the State Coal Mine Safety Supervision Bureau. Therefore, in order to
better control the coal mine gas disaster, it is necessary to fully analyze the effective technical application of
gas detection of the main components of coal mine gas in coal mine engineering. That is, to detect the main
component of methane in coal mine gas, and analyze the concentration of methane gas in coal mine engineer-

ing. It also has a certain guiding role for the effective application of coal mine methane detection technology.
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1. Introduction

Gas disaster is the main problem leading to coa mine
production safety accidents, and methane is the main
component of gas, so in a narrow sense, the common
coal mine gas mainly refers to methane, and the detec-
tion of coal mine gas is mainly for methane detection.
Methane is essentially a colorless and odorless gas that
can be burned and exploded. For human beings, methane
can affect the normal respiratory function and cause as-
phyxia. In essence, methane is a kind of gas that is easy
to diffuse. Its diffusion speed is 1.34 times that of air,
and its permeability is 1.6 times that of air. Therefore, it
often appears in the cavity of roadway roof. Moreover,
the chemical property of methane itself is not active, it
hardly produces biochemical compounds with other sub-
stances, and it is also difficult to dissolve in water. As
far as the concentration of gas is concerned, when the
volume percentage is between 5% and 16%, it will di-
rectly cause gas explosion when encountering high tem-
perature fire source, and when the volume percentage is
between 9.1% and 9.5%, the explosion power is the
strongest. Generally speaking, methane gas detection
applied in coal mine engineering is mainly used to time-
ly know the situation and changes of methane concentra-
tion in coal mine environment, so as to ensure the safety
of coal mine production according to the rules and regu-
lations of coal mine engineering safety production. At
present, the common methane gas detection methods are
mainly divided into catalytic combustion method, ther-

mal conductivity method, optical interference method
and non dispersive infrared spectroscopy according to
the differences of physical and chemica properties. In
the process of studying different principles of methane
detection methods, we can better understand the applica-
tion and environmental conditions of different gas detec-
tion methods in coa mine engineering, so as to better
explore the applicable methane gas detection methods in
different situations, and ensure the production safety of
coal mine engineering.

2. Common Methane Gas Detection Meth-
odsand Their Functions

2.1. Catalytic combustion method

The catalytic combustion method mainly uses the cata-
lyst to reduce the ignition temperature of methane to
200 C - 400 °C. Generally speaking, the initial working
temperature of this catalytic element is about 400 C.
When the methane in the environment diffuses into the
gas chamber, it will burn in the form of flameless under
sufficient oxygen conditions. The heat generated by
combustion will cause the temperature of the coil in the
catalytic element to rise, increase the resistance and
cause the change of electrical signal. In this way, the
concentration of methane in the environment can be de-
tected by measuring the change of resistance. At present,
many places are also adding different proportion of cata-
lyst to adjust the catalytic activity. The advantage of this
method lies in its relatively high measurement accuracy,
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fast response speed and long service life. At present, itis
a common technical form among methane gas detection
methods in China’s coal mine engineering. This method
is aso used to build a widely used catalytic combustion
gas sensor. However, this methane gas detection tech-
nology is mainly suitable for methane gas with concen-
tration between 0% and 4%. It is difficult to detect me-
thane gas for a long time under harsh conditions. More-
over, when the catalyst on the surface of the element
contacts with non combustible gas, there will be reaction
and it will lead to catalyst poisoning.

2.2. Thermal conductivity method

The thermal conductivity method is mainly based on the
thermal conductivity of methane and air, which respec-
tively is 0.029 and 0. 024. Thus when the sensor is heat-
ed by current, the sensor can reach a certain temperature
level. When methane enters the air chamber, the temper-
ature of the sensing element will drop because the heat
dissipation capacity of methane itself is higher than that
of air. The resistance value decreases, which leads to the
change of output voltage. At this time, Wheatstone
bridge can be used to measure the tissue change and
obtain the current concentration level of methane gas.
This method is mainly applied to the detection of high
concentration of methane gas. Generaly speaking, the
range of high concentration of methane gas is main-
tained between 4% and 100%. However, the detection
accuracy and sensitivity of this method are easily affect-
ed by many factors, such as the temperature of the sensi-
tive element, the temperature of the environment, hu-
midity and so on. Once the temperature of the sensitive
element is abnormal due to the external environmental
conditions, the accuracy of the measurement will be
affected. Therefore, in order to reduce the measurement
uncertainty caused by various factors in the detection
process, it is necessary to compensate the application of
this method in the form of software or hardware. Gener-
aly speaking, the constant temperature detection tech-
nology of variable current source will be used to replace
the constant current detection of constant current source,
S0 as to better maintain the temperature of sensitive ele-
ments, understand the thermal conductivity through the
current change value, and detect the concentration of
methane. Some scholars also use neural network ago-
rithm to carry out fitting analysis on the nonlinear error
caused by temperature change to realize temperature
compensation and calculate the methane concentration
after compensation. The heat conduction gas sensor
based on the thermal conductivity method is often used
in conjunction with the catalytic combustion sensor, so
as to better adapt to the detection needs of different con-
centrations of methane.

2.3. Optical interferometry method

The main theoretical base of optica interferometry is
that the refractive index of methane and air are different,
and the path of light in the two gas media is also differ-
ent. Therefore, it will cause the interference pattern to
move, which can be known by observing the offset. The
refractive index level of light in the gas changes and is
related to the concentration level of methane. That is to
say, the movement path and optical path difference of
light in different gas media will cause the interference
pattern to move, and the offset has a good linear rela-
tionship with the gas concentration, which is applied to
the detection of gas concentration. Interference gas sen-
sor constructed based on this principle uses Michelson
interferometer to divide the light from the same light
source into two beams. After these two beams of homol-
ogous light are transmitted through methane and refer-
ence gas, because different concentrations of methane
will cause different refractive index, the optical path
difference of two beams of light will be affected and the
two beams will form interference fringes. And the in-
formation related to gas concentration is displayed in the
fringes, and the gas concentration is calculated through
the change of interference fringes. However, for carrier
catalysis, the application of optical interferometry has
higher accuracy, wider measurement range and better
stability. However, in the practical application of optical
interferometry, there are higher requirements for the
design of interference system and the acquisition of
CCD signal, which leads to higher cost and complex
structure, It is suitable for large-scale detection envi-
ronment. At present, many coa mine methane gas detec-
tion in the application of optical interference method set
the initial interference fringe through the construction of
optical interference methane detector, and through the
increase of compensation prism or plane mirror and the
base of 55 degrees angle after adjustment. However,
because the detection of methane concentration needs to
read the scale position of the stripes to calculate the spe-
cific concentration, there is certain subjectivity in the
reading process, making it difficult to use the objective
standard to standardize the reading of the scale position.

2.4. Non dispersive infrared spectroscopy method

In the application process of infrared absorption spec-
troscopy, the selective absorption of gas molecules can
be expressed as different gases. When the gas molecules
absorb different wavelengths of light, they will cause the
energy attenuation of specific wavelengths of light and
produce absorption spectra. Therefore, generally speak-
ing, the gas concentration level will be known by detect-
ing the change of the transmitted light intensity or the
reflected light intensity of the gas, Because each kind of
gas molecul e has specific absorption spectrum character-
istics, the light intensity will change after absorption.
When the matter is irradiated by the infrared beam, it
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will absorb part of the light energy and convert it into its
own kinetic energy, producing molecular vibration ener-
gy level and rotation energy level, so as to redize the
transition from the ground state to the excited state. In
the spectral lamp, methane will have a strong absorption
peak at 3.33 um, and the absorption level is closely re-
lated to the concentration level of methane gas itself.
Therefore, in the detection process, we can know the
concentration of methane gas by measuring the attenua-
tion level of infrared light signal. The application of this
method has high selectivity, because each kind of gas
has different characteristics of infrared absorption fre-
guency, and the use of optical signal detection. The ex-
isting interference signal is small. Once the concentra-
tion changes, it can respond immediately. It has high
sensitivity, and is not easy to be affected by harmful
gases. But correspondingly, if the absorption level is
very weak, the signal will hardly appear attenuation
phenomenon, resulting in large error. At present, the
application of infrared absorption spectroscopy is to
correct the phenomenon of overlapping absorption by
introducing neural network multi parameter model and
least square algorithm, so as to reduce the nonlinear er-
ror caused by temperature, humidity, pressure and other
factors. After algorithm compensation, the gas concen-
tration measurement results have higher accuracy and
stability.

3. Application of Methane Gas Detection in
Coal Mine Engineering

Based on the analysis of the influence of coal mine envi-
ronment on methane detection technology, through the
comparative study of coal mine underground technology
application, it is found that catalytic combustion method
uses the combustible characteristics of methane and is
suitable for detecting methane with less than 4% volume
fraction, but not suitable for the underground environ-
ment with low oxygen concentration, high methane con-
centration or sulfur-containing gas, the therma conduc-
tivity method is suitable for detecting methane with vol-
ume fraction of more than 4% by using different charac-
teristics of air thermal conductivity with different con-
centrations of methane, and is not suitable for under-
ground environment such as low methane concentration
and high carbon dioxide concentration; light interference
method, which uses the different characteristics of the
refractive index of the air containing different concentra-
tions of methane, is suitable for most of the underground
environment, but not suitable for the underground envi-
ronment with high concentration of carbon dioxide; in-
frared spectroscopy is suitable for most underground
environments because of the selective absorption of me-
thane gas. The non dispersive infrared spectroscopy is
interfered by water vapor and alkane gas, so it needs to
optimize the algorithm to reduce the error.

From the application of several common methane gas
detection methods in coal mine engineering, many de-
tection methods based on optical devices and principles
have a wider range of measurement, and can realize full
range measurement, with higher relative detection accu-
racy, faster response speed and higher selectivity and
continuous measurement. For example, optical interfer-
ometry method and dispersive infrared spectroscopy
method have good application effect. At present, in the
gas detection system widely used in domestic coal mine
engineering, the main applied catalytic combustion has
the shortcomings such as the sensor is relatively narrow
in the detection range, and the sensitive element is easy
to poisoning and aging, and its response speed is rela-
tively slow, basically can only carry out single point
measurement. But it also has certain advantages. That is,
the catal ytic combustion sensor mainly adopts the sensor
module pediatric design, so it will be more convenient in
maintenance, and its volume is relatively small and the
safety level is higher. In the process of analyzing the
principle and process of catalytic combustion probe, the
components of catalytic combustion method will also
have higher stability and anti medium toxicity. In the
aspect of output linearity, there will aso be a large in-
crease, which is more suitable for the detection of me-
thane gas in severe environment.

4. Conclusion

In general, athough the methane detection in China’s
coa mines basically meets the daily detection needs of
coal mines in terms of sensor technology and spectral
absorption technology, facing the complex application
environment of high temperature, high humidity, strong
electromagnetic interference and mixed gas interference
in coa mine, it is necessary to strengthen the practical
application effect investigation of various methane gas
detection technologies in coal mine according to differ-
ent detection application scenarios, Therefore, it can
achieve the rapid quantitative detection of methane gas
in the full range, and provide basic support for the effec-
tive prevention of disasters and secondary disasters
caused by coal mine gas overrun.
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