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Abstract Based on the tunable diode laser absorption spectroscopy ( TDLAS), a fuzzy adaptive proportional-
integral-differential cycle control algorithm is introduced to achieve precise control of temperature and pressure inside
the cavity, and the simultaneous measurement of stable carbon isotopes in ' CH, and * CH, gases has been achieved
by utilizing TDLAS via monitoring the near infrared absorption line at 1658 nm. Examination of gas samples from
various coal seams and differing locations in coal mines allows for differentiation of gas source and elucidation of the
origin type of the gas based on the observed isotope abundance. The detectable concentration range for the
methodology is 0.94%-83.91%, and the isotopic abundance varies from —66.75% to —48.32%,. This technology

lays the foundation for distinguishing coal seam gas sources and judging the gas types according to the isotopic
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abundance, and provides a valuable tool for areas such as gas transport channel in mine, early warning for gas

disaster source, coalbed methane research, and environmental atmospheric studies.

Key words spectroscopy; tunable diode laser absorption spectroscopy; coalbed methane; methane concentration;

carbon isotope; genesis type
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Molecule Wavelength /nm Wavenumber /em ' Intensity /(cme*molecule ') Ew/cm™!

1658.62986 6029.07268 7.794X 10 * 62.8787

Y CH, 1658.62535 6029.08908 7.802X10* 62.8797

1658.62018 6029.10787 1.283X10 % 62.8811

2CH, 1658.77264 6028.55373 2.692X10 % 104.7728
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Table 2 List of sampling positions

Number Sampling position Number Sampling position
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SM-1 5# U-type borehole height in 912 air way SM-6 )
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SM-2 Bedding hole in 912 air way SM-7 ) o
east-wing of No. 3 mining area
1#-1 fire prevention observation points in 7, 35 42 groups of 1 # holes in 1 # extraction way of
SM-3 ) SM-8 ) o
retain roadways east-wing of No. 3 mining area
1#-2 fire prevention observation points in 7, 35 43 groups of 1 # holes in 2# extraction way of
SM-4 4 SM-9 _ -
retain roadways east-wing of No. 3 mining area
) ) ) 35 groups of 1# holes in 2# extraction way of
SM-5 36 # bedding hole in west 7,35 air way SM-10 ) o
east-wing of No. 3 mining area
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Fig. 7 Signal spectra of methane isotopic gas samples using proposed system.
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