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Coal resources are an important strategic resource in China. The safety situation of coal production is quite
serious, and the foundation of coal mine risk prediction is weak. In this paper, the identification and
concentration detection of CO and CHa released during coal oxidation or oxidative spontaneous combustion
are detected by electronic nose (e-nose) gas sensing technology. The influence of temperature and humidity
on gas sensors is studied, and the correlation between the degree of coal oxidation and the output frequency
of gas sensors is analyzed. The experimental results show that the sensitivity of the five kinds of e-nose gas
sensors to CH4 is almost the same as that of CO, and the sensitivity of 112AJ sensor is the best. The e-nose
gas sensors can capture the tiny changes of odor release in the initial stage of coal oxidation, and the artificial
neural network analysis method is applied to the gas sensor array, which greatly improves the ability of coal
mine risk prediction.

1. Introduction

Coal mine risk refers to the risk that occurs in the production scope of coal mining enterprises and may cause
losses in personnel, property, environment or equipment, and the Fire and gas explosion are the causes of
major accidents (Chen et al., 2016; Sun et al., 2018; Palei et al., 2009; Yang et al., 2018). There are countless
gas explosions in the coal industry around the world. With the increase of mining depth, the increase of mining
intensity and the emergence of high-yield and high-efficiency working faces, the danger of underground coal
mines is increasing (Ghasemi et al., 2014). Early mine risk prediction and forecasting are important measures
to avoid risks, and they are increasingly favored by scholars from all over the world (Mohapatra et al., 2015,
Lorenzen et al., 2013; Song, 2018). Anomalous temperature in the coal mine, release of CO gas or special
odor can be used as a sign to judge the occurrence of danger. When the temperature reaches a certain point
or the gas concentration reaches a certain value, the danger will occur under the interaction of the two (Li et
al., 2016).

Currently, the main detection methods for coal mine risks include gas analysis, temperature measurement
method, photoelectric method, ionization method, smoke method and magnetic prediction method, etc.
(Aghababaei et al., 2015; Christopher et al., 2016; Zuo, 2018). With the development of e-nose sensor
technology, e-nose sensor technology can clearly determine the concentration of each gas, combined with the
temperature measurement method, we can grasp the actual situation of underground coal mine in real time,
S0 as to realize early detection, early warning and early processing, and avoid the occurrence of coal mine risk
accidents (Liang and Wang, 2017). Sensors used in e-nose testing technology include metal oxide sensors,
conductive sensors, piezoelectric sensors, field effect sensors, and optical fiber sensors. Among them, metal
oxide sensors are the most widely used sensors (Zhang et al., 2016). In view of the situation of frequent coal
mine risk occurrence, this paper uses e-nose technology to detect the gas in underground coal mines, and
uses the temperature measurement method to predict the underground coal mine risks. The application of e-
nose technology is of great significance to coal mine safe production.
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2. Gas product characteristics during calefactive oxidation of coal
2.1 Formation law of gas products during calefactive oxidation of coal

The gas products of spontaneous combustion of coal include coal spontaneous combustion oxidizing gas and
coal spontaneous combustion adsorption gas, and the main gas components are methane and carbon dioxide
(Jin et al., 2016; Qi et al., 2014). Due to the low concentration of air and oxygen, CO is first generated in the
process of oxidation, the formation of CO runs through the whole process of coal oxidation or spontaneous
combustion. It has been found that there is a single incremental relationship between the oxidation
temperature of coal and the concentration of CO gas, and it satisfies the exponential relationship (Oraee et al.,
2016). Figure 1 shows the relationship between the CO incidence rate of typical coal samples and coal
temperature. It is obvious that the CO incidence rate is very small before 100 °C, when the temperature
exceeds 150 °C, the CO incidence rate increases rapidly. Furthermore, the critical temperature values of CO
for lignite and gas coal are lower, followed by long flame coal and fat coal, and the coal with the highest critical
temperature value is the lean coal. In addition to CO, the presence of olefins and alkenes can be detected,

and olefin gases are produced by the oxidative decomposition process of coal.
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Figure 1: The relationship between the incidence rate of CO in typical coal samples and coal temperature

2.2 E-nose gas sensors and their influencing factors

E-nose gas sensors are various in types and functions. In order to identify the types of gas in coal mines and
to determine their concentrations, for the e-nose sensors (Daniels et al., 2016), this study selects five different
types of sensors (models including 151AJ, 183AK, 353AN, 453AA, and 112AJ). Humidity has a great
influence on the e-nose gas sensors. Figure 2 shows the influence of moisture on the e-nose gas sensors. It
can be seen that the e-nose sensors have a linear relationship with humidity. The linear slope of the 112AJ
gas sensor is larger, it's more sensitive to humidity, followed by 353AN gas sensor, 453AA gas sensor, 183AK
gas sensor and 151AJ gas sensor. Therefore, ensuring humidity environment of underground mine is very
important for the e-nose gas sensors.
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Figure 2: Influence of humidity on e-nose sensors
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3. Detection experimental conditions of e-nose gas sensors
3.1 The sensitivity of e-nose sensors to single component of typical fire gas

The oxidation of coal is an important source of gas. The gases produced include CO, CO2, CHa, etc., among
which CO and methane are colorless and odorless gases. The human sense of smell cannot measure the
diffuse air component in space, therefore we must rely on the e-nose gas sensors. Figure 3 shows the
sensitivity curve of the e-nose gas sensors for the single component of CO. It can be clearly seen that the
sensitivities of the 151AJ, 183AK, 353AN and 453AA gas sensors are roughly equal, and the sensitivity is
much smaller than that of the 112AJ sensor. Figure 4 shows the sensitivity curves of the e-nose gas sensor
for the single component of CHa4. The sensitivities of each e-nose gas sensor to CHa4 are roughly the same as
that of CO. The curve is roughly divided into three segments: steeper curve segment — smooth middle curve
segment — steep curve segment.
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Figure 3: E-nose gas sensor sensitivities to the single component of CO
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Figure 4: E-nose gas sensor sensitivities to the single component of CH4

3.2 E-nose detection experimental conditions

The e-nose detecting device of this test includes a flow controller, a program temperature control box, a coal
sample chamber, and a gas sensor. During the experiment, the particle size of the coal sample was selected
to be 30-60 mesh, the weight of the coal sample was 40 g, and the gas supply amount was 100 ml/min. Pre-
drying the coal sample will result in distortion of the experimental results, if the pretreatment is not performed,
the water will be dissipated during the heating process, resulting in a large humidity affecting the sensitivity of
the gas sensor. Figure 5 is the coal sample program heating curve. The experiment process first raises the
room temperature to 30 °C, then stabilizes for 5 min. When the odor component of the gas flowing out of the
coal sample chamber is the same as that of the gas-collecting vessel, the temperature rises to 150 °C. In the
experiment process, it is necessary to ensure that the coal sample tube connection gas path is sealed. After
the experiment is completed, the gas path and the temperature control box power supply should be cut off, the
coal sample tube should be taken out, and the equipment should be cleaned with clean water for later use.
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Figure 5: Coal sample program heating curve

4. Gas sensing characteristic parameters during coal heating process

4.1 Radar image characteristics of e-nose sensors

Table 1: Gas sensitivity characteristic parameters of representative coal samples with different coal qualities

Curve characteristics Lignite coal Gas coal Coking coal Lean coal

1# 2# 3# 4A# 5# 6# T# 8# 9# 10#
Rising starting temperature 36 30 26 33 19 26 30 33 23 41
First inflection point 44 38 38 43 27 27 39 54 60 54
Second inflection point 57 85 79 86

(g) 7# Coal sample (h) 8# Coal sample

(i) 9# Coal sample (k) 10# Coal sample

Figure 6: Radar images of e-nose gas sensor output frequency at 110°C for test coal sample /KHz
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In this test, 10 coal samples from different coal mine producing areas in China were selected, of which 1#-5#
coal samples were lignite, 6# and 7# coal samples were gas coal, 8# coal sample was coking coal, 9# and
10# coal samples were lean coal. Using the e-nose gas sensors to conduct heating oxidative odor detection
and gas analysis experiments on the 10 coal samples, there will be two inflection points in the whole sensor
output frequency process. Table 1 shows the gas sensitivity characteristic parameters of representative coal
samples with different coal qualities, it can be seen that the initial temperature of the coal sample is not much
different from the temperature of the first inflection point. After the first inflection point temperature appears,
the frequency of the gas sensor increases rapidly; coking coal and lean coal do not show obvious second
inflection point temperature, the curves of lignite and gas coal tend to be gentle after the second inflection
point temperature. Figure 6 are radar images of the output frequency of the e-nose gas sensors at 110 °C. It
can be seen that the radar images of the output frequency of the five gas sensors are similar, and the 10
experimental coal samples have large differences, their radar images are quite similar, and the shapes of the
radar images don’t change regularly with the coal samples.

4.2 Artificial neural network identification technology for odor detection of coal mine risk prediction
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Figure 7: Misidentifications, squared error sums, and Figure 8: Coal test neural network analysis output
learning times value curve

By judging the output frequency of the e-nose gas sensors, the concentration changes of the gas in the coal
mine can be judged, and the odor characteristics of different materials can also be analyzed. Applying the
artificial neural network analysis method to the gas sensor array can greatly improve the prediction ability of
coal mine risks (Kadri O., Mouss, 2017; Ren, 2017). When applying neural network analysis method
identification technology, the more the number of learning times, the higher the accuracy of recognition. Figure
7 shows the relationship between the number of misidentifications, the sum of squared errors and the number
of learning times. It can be seen that when the number of learning times exceeds 30 times, the number of
misidentifications approaches zero. In order to judge the application of artificial neural network identification
technology in gas sensor arrays, coal, rubber, wood and engine oil were used as experimental samples, and
the gas sample test method was the same as the coal sample test method. Figure 8 shows the output curve of
the coal test neural network analysis. It can be seen that when the temperature is higher than 40 °C, the odor
of the coal is completely different from that of wood, rubber and engine oil, and the coal can be completely
recognized.

5. Conclusion

In this paper, the e-nose technology is used to detect the gas in the underground coal mine, and the
temperature measurement method is used to predict the underground coal mine risks. The specific
experimental conclusions are as follows:

(1) The sensitivity of the e-nose gas sensors to CHa is roughly the same as that of CO. The curve is roughly
divided into three segments: steeper curve segment — smooth middle curve segment — steep curve segment.
(2) The radar images of the output frequency of the five kinds of e-nose gas sensors are similar. The 10
experimental coal samples have large differences, and the radar images are quite similar. The shapes of the
radar image don’t change regularly with the coal samples.

(3) The artificial neural network analysis method is applied to the gas sensor array, which can greatly improve
the prediction ability of coal mine risks. When the coal temperature is higher than 40 °C, the odor is completely
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different from the smell of wood, rubber and engine oil, and the coal can be fully recognized.

References

Aghababaei S., Saeedi G., Jalalifar H., 2015, Risk analysis and prediction of floor failure mechanisms at
longwall face in parvadeh-i coal mine using rock engineering system (res), Rock Mechanics & Rock
Engineering, 49(5), 1-13, DOI: 10.1007/s00603-015-0884-x

Chen L., Feng X., Xie W., Xu D., 2016, Prediction of water-inrush risk areas in process of mining under the
unconsolidated and confined aquifer: a case study from the gidong coal mine in china, Environmental
Earth Sciences, 75(8), 706, DOI: 10.1007/s12665-016-5533-5

Christopher M., Michael G., 2016, Evaluating the risk of coal bursts in underground coal mines, International
Journal of Mining Science and Technology, 26(1), 47-52, DOI: 10.1016/j.ijmst.2015.11.009

Daniels WL., Zipper CE., Orndorff ZW., Skousen J., Barton CD., Mcdonald LM., 2016, Predicting total
dissolved solids release from central appalachian coal mine spoils, Environmental Pollution, 216, 371-379,
DOI: 10.1016/j.envpol.2016.05.044

Ghasemi E., Ataei M., Shahriar K., 2014, Prediction of global stability in room and pillar coal mines, Natural
Hazards, 72(2), 405-422, DOI: 10.1007/s11069-013-1014-2

Jin K., Cheng Y., Wang W., Liu H., Liu Z., Zhang H., 2016, Evaluation of the remote lower protective seam
mining for coal mine gas control: a typical case study from the zhuxianzhuang coal mine, huaibei coalfield,
china, Journal of Natural Gas Science & Engineering, 33, 44-55, DOI: 10.1016/j.jngse.2016.05.004

Kadri O., Mouss L.H, 2017, Identification and detection of the process fault in a cement rotary kiln by extreme
learning machine and ant colony optimization, Academic Journal of Manufacturing Engineering, 15(2), 43-
50.

Li M., Wang H., Sun L., Zhao G., Huang X., 2016, Application of electronic nose for measuring total volatile
basic nitrogen and total viable counts in packaged pork during refrigerated storage, Journal of Food
Science, 81(4), M906-M912, DOI: 10.1111/1750-3841.13238

Liang Y., Wang S., 2017, Prediction of coal mine goaf self-heating with fluid dynamics in porous media, Fire
Safety Journal, 87, 49-56, DOI: 10.1016/j.firesaf.2016.12.002

Lorenzen PC., Walte HG., Bosse B., 2013, Development of a method for butter type differentiation by
electronic nose technology, Sensors & Actuators B Chemical, 181(5), 690-693, DOI:
10.1016/j.snb.2013.01.034

Mohapatra P., Panigrahi S., Amamcharla J., 2015, Evaluation of a commercial electronic nose system coupled
with universal gas sensing chamber for sensing indicator compounds associated with meat safety, Journal
of Food Measurement & Characterization, 9(2), 121-129, DOI: 10.1007/s11694-014-9200-9

Oraee K., Oraee N., Goodarzi A., Khajehpour P., 2016, Effect of discontinuities characteristics on coal mine
stability and sustainability: a rock fall prediction approach, International Journal of Mining Science and
Technology, 26(1), 65-70, DOI: 10.1016/j.ijmst.2015.11.012

Palei SK., Das SK., 2009, Logistic regression model for prediction of roof fall risks in bord and pillar workings
in coal mines: an approach, Safety Science, 47(1), 88-96, DOI: 10.1016/j.ss¢i.2008.01.002

Ren C.L., 2017, Research on application of semi — active suspension control and performance testing system,
Academic Journal of Manufacturing Engineering, 15(2), 72-80.

Song S.L., 2018, Application of gray prediction and linear programming model in economic management,
Mathematical Modelling of Engineering Problems, 5(1), 46-50, DOI: 10.18280/mmep.050107

Sun G.Z., Zhang R.L., Tian K.Y., 2018, The dynamic evolution model and experimental study of gas
permeability under multiple factors, International Journal of Heat and Technology, 36(1), 49-55, DOI:
10.18280/ijht.360107

Yang C., Liu S., Wu R., 2016, Quantitative prediction of water volumes within a coal mine underlying
limestone strata using geophysical methods, Mine Water & the Environment, 36(1), 1-8, DOI:
10.1007/s10230-016-0394-4

Yang M., Dong P., Wang Y., Yang Z., 2018, Application of high density electrical method in detecting goaf
water in coal mines, Chemical Engineering Transactions, 66, 97-102 DOI:10.3303/CET1866017

Zhang P., Scott P., Dan N., Scott W., Ryan MG., Joe P., 2016, Geotechnical risk management to prevent coal
outburst in room-and-pillar mining, International Journal of Mining Science and Technology, 26(1), 9-18,
DOI: 10.1016/j.ijmst.2015.11.003

Zuo B., 2018, Simulation analysis and experiment on energy transfer characteristics of photovoltaic energy-
drivenice storage air conditioning system, Chemical Engineering Transactions, 66, 595-600,
DOI:10.3303/CET1866100





