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Research progress of coal mine gas detection technology in China

LIANG Yuntao"*? , TIAN Fuchao'** , FENG Wenbin' ,SHAO Zhenlu®, MENG Xiangning' , CHEN Chengfeng'

(1. State Key Laboratory of Coal Mine Safety Technology ,CCTEG Shenyang Research Institute , Shenfiu Demenstration Zoue 113122, Chinas 2. School of Safe-
ty Engineering, China University of Mining and Tecknology , Xuzhou 221116, China; 3. College of Emergency Management and Safety Engineering , China U-
niversity of Mining and Technology ( Beijing) ,Beijing 100083, China)

Abstract ; The gases in underground coal mines are composed of multiple components characterized by necessity , disas-
ter triggering and early warning. The quantitative measurement of coal mine gases is of significance for the early identi-
fication of hazardous sources,the accurate warning of relevant secondary disasters, and scientific decision-making for
emergency rescue. Firstly, the principles and research progress of commonly used gas analysis techniques are presen-
ted,i. e. ,gas sensors ( catalytic combustion type ,thermal conductivity type,optical interference type and electrochemi-

cal type) , chromatographic analysis technology, Fourier transform infrared spectroscopy , non-dispersive infrared spec-
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troscopy and tunable diode laser absorption spectroscopy. The field application of the above-mentioned gas detection
technologies is summarized. Secondly ,the extreme working conditions in coal mines including large atmospheric pres-
sure and temperature variation , high relative humidity and dust concentration, as well as strong electromagnetic inter-
ference are pointed out. The technical applicability of different detection technologies is also compared from the aspects
of applicable gas,pros and cons, application fields,and representative instruments. Then,on the basis of cross-interfer-
ence analysis, some suggestions for single gas detection (such as CH,,0,,CO,C,H,,C,H, and H,) and multi-compo-
nent gas mixture online monitoring as well as in-situ analysis of toxic gases in explosive environments during emergen-
cy rescue are put forward. When selecting a detection method under the premise of measurement accuracy and range,
some comprehensive considerations should be given to cost performance , background interference ,and zero drift. Final-
ly ,the bottleneck problems such as the low detection limit of trace gas, cross-interference of multi-component gas mix-
ture , high cost of specific wavelength laser and high-performance detector are presented,which shows the research di-
rection for realizing the in-situ quantitative analysis and dynamic monitoring of coal mine gas.

Key words : coal mine gas;detection technology ; sensor; chromatographic analysis ; spectral analysis ; cross-interference
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Fig. 1 Structure of catalytic element'”
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Fig.2  Two-value problem of catalytic combustion methane
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Fig.3 Schematic diagram of thermal conductivity gas sensor
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Fig. 4  Detection principle of optical interference gas sensor
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Fig.5 Peak exiraction and Gaussian fitting curve' !

0.10
0.08 -
0.06 -
§ 823_ P~ A / m \ o _ %~ °
X F % \ / [ A~ A
A 0r \:xv\A
oK / (N Y
= 002 ¥
e
g -0.04 -
~0.06 - —u—0.494% CH,; ——0.994% CH,
~0.08 I —4—1.490% CH, 3.940% CH,
-0.10 1 L I I L )
0 2 4 6 8 10 12
WA

B 6 4 FlORRMABUM B0 B e b i 4 % iR o
Fig. 6 Absolute error analysis of methane standard gas

with four different concentrations! '’

We iy e BB IR ISR, S SR
Bl 7 BRI AR G B 2 A0 0B SR S
e~ FELRIRL P, 0T AR R AR X v AR it i 4 7 H
P T PR B P SV T R 2 W B A i A i, 7
S B A RSN HE LR

,

N i
b B
i
T
o
R S
i

/

Bl 7 bR A s T A s
Fig. 7 Principle of electrochemical gas sensor
B AL AG Ba i H T O, IRBL B0 &, 20
20 80 AEAX P, BB i Z RN R A B A 3 AR
T B AL 22 A IR R C T &, BT R I AR AR
PESHEEME . TR SR S5, i b2 AR s 32
FHTHEHT 0,,C0,H,S, S0, LS, LhFE

[20]

I O FAR U A — 2 AL 1), (B i 45 2R 5 52
L EE R, 308 R I R R A M2 ) O FOR PR UE T
YEA L ; [ I A~ A2 SR 5 2 A2 B Al Ui B
P, FEOBE IR BORRE R AR T v
AbFE

2 BIESWTEAR

T A3 A2 R FH AR DU AR v AS ] AR 53 7 [
SEAN TN SAR H R B 25 SR S B RAr B 1Y
R R AR 22 MR A i PO s i 2R 0 7 B AT
PE AT, A i 06 T AR e o A T B AT

20 22 70 AR, U B 2= BT S B P 43
R o L N G s TR A A s M W £ NG /T
B R TR I MR e MR B
WL IR EATE I e 45 R G0, Tl B VA T 4% | Kt
BT ARSI ER | TR ARAS IR | AR R 2 , AT
RIS B — Wk gE BE X 0,, N,, CO, CO,, CH,, C,H,,
C,H,,C,H, FZH /M A7T e M 553, 20 i
20 80 AR LIK , T [E XA 4k BIF A& T ZS32F U b Ifi 4
T WS 2R 45120 JSG8 I (a3 o A W R 451
1 ARAE 2R G0 IR A b T T A B AT, IR
K MARF BT 5 3] 0. 5x107°°, (iR R KRR
TR EES SRS TRE ), iR T IR EE R A 2R
S KN FAR A

OIS HORBA REJE & I B A € w8 UER
AL, BATC 2B E A SRR K bR AR T
I AE T H TR . (BB 1% 58 3 7
BrEe AR BB S AR B, IO T ARG 8 5 7 33 8
fm T 150 °C A iR B — R 360 °C, Joik FL% N
FHEIIE T SR LRGBS PRET s LLAN , A R R RS A B
Argroufe A EFHERAERT B 2, SORE LS N R 22
TCiaE o T AR I I I 2 RO (R o AT, A iR
o) L, i 5 0 AR [ A e T AR T e TS A
AL (1B 8) M N AN (A i A8 W R ¢, 43 B
[E]/NF 3 min, Tl B4R B4

B Atk E

LRI L

S g

AR M L B A

JEAF R

B8 A B R

Fig. 8 Schematic diagram of intrinsic safety gas chromatogram"*’



www.chinacaj.net

Goim V% FREREAT ARG I BRI T 1705

3 LISMIES TR

CLAMETE R T AR SR Tl AT 1 T R
25 J 75 1) 6 28 TR g () A2 2T AN B, A3 T £ ot i
VR 1A R AT A7, 30 3 X6 L A AR SR I 15 W e g
ST AN R B, ARG I S A I AR B i
RS sy W N I o REEN - i U RE | R CEN i U S R A
WO 1% SR o B B AR A2 45 FTIR, NDIR F1 TDLAS
R SR AN MO RS A AR AN 9 PR

0.4

e

3778 47710

0.3

0.2

W

0.1

,0‘1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000

WA/ em™
B9 MG SRLLI IO 43 A
Fig. 9 Infrared absorption spectrogram of coal mine gas
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peaks of 10 polar gases in underground coal mines'*"!
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Fig. 11 Characteristic fingerprint absorption peaks of alkane gas in coal mine
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Fig. 12 Typical analysis system of NDIR gas sensor’’
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Table 3 Environmental parameters and change ranges of

extreme working conditions in coal mines!®*!

FHIESEL A Ak

KA T1/kPa 80~116
IR/ °C 15~35

AHXS IR/ % 70~ 100

MR R/ (mg » m™?) 50~1 000

FL % 58 i/ M Hz 148~ 168
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Table 4 Electrochemical cross interference between

several common coal mine gases

F5 o HEEUE IR
1 H,S S0,,C,H,
2 NH, H,S,50,,C,H,
3 co H,,C,H,,C,H,
4 S0, €0,NO,NO, ,C,H,
5 NO H,S,NO, ,C,H,
6 NO, H,S,S0,
7 H, €0,NO,C,H,,C,H,
8 BA(c-H)  CH,, CH,, H,S, €O, SO,, NO,

NO, ,H,

T C-HY 4R CH, , CoHy oM, AUk
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e AP RS R BRI, 3% 5 XA TR ARSI
AR MGE FHA B s R4 A CE A L
HEAT T XA, DA ARG A R] T A 4% ik
BAE SRR I A

5 SERNEARRE

5.1 B—5k&m
XFF CH, , @R G T ¥ 15 NDIR 7% . TDLAS
2ok 0, BUCR H Ak X F co, HRT#Ew-



1710 # 2

www.chinacaj.net

F #® 2021 4E4 46 %

Wi R G s Ak 2g ik o 3 TDLAS 3 oh %, 6T
PR AATEAERHUBOC A R | 07 Bk G b ke 28 S MR T
P X C,H, , BEBCR A HL Ak 2475 T TDLAS 325, ff
LA T %R CO, G H, S SRS, ok i
LTAMNE BOBOGRS I % e as U RIS, IR T 22

@RS 3T CH, , BB A TDLAS 325, ik #%
WA 1 590. 2 nm, i FF HAth K 2 S AR Y 28 A3
P H,, #BCR ARk 2E %, T % 1& co,C,H,,C,H,
I AR (AR % B SRR IS 4T CO,,
Tk GG Tk AR A

x5 ARSKERME RIS

Table 5 Contrastive analysis of different gas detection technologies
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