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Review for measuring hydrogen sulfide content in coal seams

DENG Qigen'>’, XIANG Sisi', ZHOU Yinzi', LI Shuai', ZHANG Zhecheng'

(1 School of Safety Science and Engineering, Henan Polytechnic University, Jiaozuo Henan
454003, China; 2 State Key Laboratory Cultivation Base for Gas Geology and Gas Control ,
Henan Polytechnic University, Jiaozuo Henan 454003, China;3 Collaborative Innovation
Center of Coal Safety Production of Henan Province, Henan Polytechnic University,

Jiaozuo Henan 454003, China)

Abstract;: In order to develop the measurement of hydrogen sulfide content in coal seams towards
informatization, intelligence, and automation, it is necessary to innovate the measurement equipment and
technical methods. By analyzing the adsorption characteristics of H,S in coal seams, the achievements in
the development and application of hydrogen sulfide determination devices in recent years were summarized
from the aspects of the convenience and accuracy of the construction of hydrogen sulfide determination
devices. The current research status of methods for measuring hydrogen sulfide content in coal seams both
domestically and internationally was elaborate. Finally, in view of the limitations of the equipment and

methods for measuring hydrogen sulfide in coal seams, the future development direction of coal seam
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hydrogen sulfide measurement technology was discussed, and a technical system for improving the

calculation error of coal seam hydrogen sulfide loss was proposed. An integrated coal sample underground

crushing and desorption system, an automated desorption gas metering system, an intelligent monitoring

and automated data analysis and processing system are constructed. The results show that the coal mine

underground sampling method with internal and external double drill pipes, the loss of hydrogen sulfide

during drilling and sampling is compensated. The measuring device is equipped with underground direct

crushing equipment, filters, negative pressure vacuum tanks, and sensors for direct underground gas

extraction and analysis, improving the accuracy of measuring hydrogen sulfide content in coal seams.

Keywords: coal seam hydrogen sulfide content;

measurement methods;

0 3| &

M ] ) S R ISR T ORI Sy
SR E 2T A R RS FRIE R RETR BT
IRASH HAT MR ERE R A0 A RRAE . AR
I 22 5 JEE MBE UL IS DU R, T3] 2050 4F,
BEHAD T Y F BRI SR~ BE R
PAF e ] 3 DA oA be ke B fE S0 U 5
PSR, B EC A A F AR TR |
P CHR DO N S 25 ) 2 RS X R
FEESEE D, R AR EE T T
W BT AR AF A A BOTRIEE AN BE AR 8y i, B ik
SR AR 9 S S B PR
FAOTS) AR S ] IR 7 DY 23 R A3 S
i, S AT 2. 5% BRSO S e BB, T
S BRI A2, S R SRR TR AR R K
B R W R AL SR A T A
FRTIEXS R 2 A 7 BA R X

HAT, E AR S R AT R Z 1
REME T RIRAEG, B 3T KRR
P GIRE Ty ik A R, il 08 F FIE Bl % i
I 3 R L DR I S I ST Y W 3 T B
F IR IELBARRY , S Mok KM S T
e E R eI, TR AR X LR A
H S AN AT R T G A T S DR 0 E R
FoE e, BRKAE BRI TR A s R
AL S R i R R A BRI S AR
A, Horb AL SR B R 2% U R
SR AE R AR [ EC S 4 R 4 AR
X AR FE I K B ERAFAE 22 57, B~y [ 45O 4
152 G I TR S MRV K I8 5% 8 I ] 484 Jim kb £ 1
A PO 2R B, AR R AE T R BB — e
VR BT S0 i W A A R Y 20 B AN 0% i R FL i T

loss amount ;

measurement devices ;

intelligentization

AR 3 AP B A B BER T SRR {HR
HATRESBT . ROk EFRY BMRAT A
FE 0 A3 Pl TR ST AR AL U it AR e
IEHERAR Y = 2% P8 HURE oo 7 ) e IS X fige A AL
TR0 B2 M) AR X 5 22 i % B3 A 11 S e sl )
o BATAL ARG AT 5 I E T EA
AET AL PR PR I A ) B, HL S I PO R 3e %
W ARSEBL F Bk, e BN E S IR ZE R
AL, S B BOE REALH™ A B TT [ ANAT

YA I 5 R AR AL 0 B H AT R AT L 2
g — AN HARE | R AT AL A RO A
ARTBR A0, L 0 B o i P L S R B A
W22 e e Gl SRR T R R S T
K B e e S SO I E AT A 1 22 TR A
PR , 2825 40008 1o o BT B AL S8 7 A= P A IR R
BRI A S 0 2 B K T A I TS BUIR 95
P AR A R 25 F, DA el R T R — MRl
A I 2R G il I IR I B AR 4 R RE AL M
5 A SHEEE AT AL BE R G2 4E S8 IR B AL S A
RATHARZZ B , LU X H v 5 B AL =
N R SRR TT I RS

1 U SERE R IR i

B —FhZ AL T, R AR IR RS
AT IS 2R S i 2 KIS, R
JEH R RBIR S AU, DU e R AR
SR B REEZ RS R TP S A AR, X
PR R RE 7 5 555 MR T A 0 e TR R, L
P A AT T e R AR RR A U,
H=60.33 °C, 32 WM B 8L A0 20 UM BE g 5t T Y
e o TEFREARATT , 73 A A A 30 R U A 1 1
PN R R 3 R L R A N L
364107 m”  BEXT B 1 S0 B BE ) 5 LIS B3k 2



49 4]

XRAF AR A MR BRAL A

B E R TR SRR - 101 -

PR HYOR R ke R I, RZ A
LA AP, B A7 A — 02 K LU
o RN RE J 26 0F R BMR R IS A2
REPRAF B F-, 45 BOA A R RERL YA VR AR AfE
S22 e R E A SRR G R L R A Ak
SR I BRI 5 T TS AR TR BE KA AF IR
BB AR AL ZBR TS b DU S 25
FAEASHIERAAE ™ Bl SR 5 3 Tk
T IRER IR, HAE K B9 A S5 249 2 — SR AL B 119
2.7 % HVERY 93 A7, By T K IR PE A5 R T HE
KL E A IR IE R, AL, Bk A 1 o
R At v A 2 S TR & JE P B (A
) S A B, PR 23 5 A SUBORE K 3
KA ROV, A B L N E AN i 2
RTINS A R I A 2

2 RERULSSENEREARINR

1990 4F, PHILLIPS %:°Y HF & T —Fl 41 28
(AT AT B 5 2 0 ke I 5 B )2 vp i B A &, SOk
[32 ] FESLILmt B AR T oot it 7 — A48 XAk
SRS, ANl 1 TR, AT BT B R AR T AR T I B
Y2 RER SR, RE A A0 M5 R A e i 2 v A W SRR
AR aR%E L A I R R A AR e A
JE Rz SR I S P AL AR S i, X LA
A S A BAR EC, TR T SR o A ol R L E 2R
i 7 ok D A SRR 2 Soh, R Bk
LA BT

B1 REBRRENEEXSESHR

Fig.1 Drum tumbler system and portable gas analyser

2014 4 X1 B 2% S5 B AT R I E A o
TR AR B ARl 2 T, 120K A b T
MR S PR ARE o i A A , 0 o L2 A AR A
TR B TSR A . LR AR e
AT BT DG LR AR T B A U
i T, 2D R IR A T

2018 4F, Az AR it — o o AR R L
JeZ&AF P oA SR I E R GE, 2 E AR RE S

;‘é]‘“

T - IR 48 s 2V ARG AE s 3R A s 4R K
S5—idUERS ;6T Tl 7- 1] 8-H BBl 9-HAS % 510,13,
15,16 18— =3[ 5 11-FEL 2300 12-W S 14 173028,
19 85 ;20— SRR B 21 - TR B s 5 s 22 - RO
B2 HEEMILESSa=ENEEE

Fig.2 Measurement device for H,S content in coal seams

FEFE SN HERN AR 4 35553, & 3 fiis . &3
V)3 Ao A R ) ) v B A B i A,
o7 F A S R B S 2T AR T R TR AR
BRI G KA, H R e 2 B AR T
LR I RO SR A R 1 AN [+ 1 2 8 s ]
AN S, HL 32 BB A0 S0 A S A 1) B 77
HE—E IR,

154

23

1 —JRERE B 5 2~ SRR RE 53— ST IO E 5 4~ AL 5 ST A% ; 6T 25
TR 8 =T 9~ Z2 BELR s 10~Fih R s 11 - U B
12~ JRERERE S 5 13~ JRERERE T UM 5 14— SURRIEE A
LSS RERE S 5 Lo~ SUREREE UM 5 17— SURRIE 1 <R 5
18— Joj 7 1145 5 19— 2 IO B HE 1 B 5 20— S o7 e HE A4 5
21~ [ W EHE TR 5 22~ 55— AR AT 5 2345 T 245 =
BB 2511 I 5 26~ BB AT ;27 -5 DU ; 28~ S
Y11 529 TokHE
B3 ESTEERMULSESESEREFNERSE
Fig.3 Rapid determination system for hydrogen sulfide

gas content in coal seam under normal conditions

2019 48 A 2 A1 A A 1 — i FH T D0 A
AL S B 2 B, ORI — D BT =S TR A
B, R e P ROk B U, IR AT 3 0
2020 4F, T DT R T — R0 R K R AL



hoE e B o

- 102 - China  Safety

343
20244F

Science  Journal

i B R A TR T BRI 2 A T 1
Jr KB SN K i RIS B T R B
AE | — 7 IR G AR L SR B U R 1 A
T JE ok % A5 N ARMEEE , 55 — Ty 1 kit B R B o At
SR G IR R R 22 . H B R K TR 2
B —E 25, T HZ I 2 25 SR R HERf P

2021 4F | I 45 58 WE e — ok 1 AR X0 B
PRSI ER T e 4 FEL S R, %% B it iR
Sy AL AL PR 33 BB T B B b S s
I 2 3k AR UE R AR T R i U Ok
2022 4, BRAEE 4 K W T —Fh DL R SRRV A
T 5 X G () R 2 A DR 2 A AR
24 MEE BRI E I, LA R 3% 2 Ak B A P 0 FH T o g A
ARk, bR E TR TR R B DA E e AN
[FIZ80R:8 e 0] 1PN

1K TRA ;21 05 s 3- E4 4 B 3, S-E RS
6-% B 9E 7T IR 8- KA,
H4 BEERUSSENTEE

Fig.4 Measuring device for H,S content in coal seams

26

ﬁ |25

1-8 [A] ] 4591 K8 s 10K PR 5 11ROk ) s 12— R 13-
T 5 14— B 28 5 15— B0RHAR 5 16— TR BN AL AL 5 178 30 5 18— 434
19— B0, 2012 UE 2 & ;21 - s ; 22— N Shiih ; 23 - K3 ARAR
24-RI Vi ;25— FE P50 ;269K Bh HLAIL ; 27— S AR 5 28— T4k 5
29— ; 30~ BT ;31 -8R F 5 3238 WAL 5 33 =il 4%

B 5 EREE R EREREN B E
Fig.5 Sectional view of measuring device and internal

view of the storage box

Zi bl WL, H AT 2538 w2 3002 6k
ST I E R R e — RS DR A
AR, TR EIRIEA G B ; QU2 % B 270
B IETE 2 33 M RS W E LR ARG |

M eI . T B R BB AL S e, 45
X R B AL S I B B AR Ve R E RS
THRESR I, T AN WS I T AL S
TERHE

3 RERULSEENEA ZARIANR

HAT, 2 Ak S I Ty ik 2 AR 5 T
V2 BLAT B S DU T vk, 0 g D 3 2 B3 Oy [ B2k
BRI E
3.1 HIEE

BHEME SRR i, R s
JE X AR AZ B 00 7 6 R B S A7l L BR300 A
FERLAL U IORE IR s AR AP AL S 5 1, B
JEREIAS ) HH A Fm T A A 4
R OFFFLIBOR: ; @ 52 AL 20 53 R W i 5 B
AR i ; @7 b LR OB AR I I g i, P
IRy R AR A Th Ak A R 2 AR K R HY B
VR EE TR 2 1), TR DA R B T I 30 2 0 e W2 U 5 TG 1Y)
P B S A A AR AR R O A ik R R 5
e, Fi I 5 J A TP AR A A AL S AT S by
BHE .

R0 8 LR BOIT S B R O vk 2
A S & I E Ik e SR sual v R T —
B e T o 38 3k 3037 e W Ak S A = DA
KA E 2k i e I E AL S r =, BT
T Ak S AR AN [R) P JoT i VR R P T i B 11 A2 b
EHATTH R IR % IR Tk P fe R
AR R ST B A 2 i B A e U
R K T, T b, ISR N R A R
B, MZRAEL B AL HUR &, M T
W S35 T A AT ASC b A Ak S0 R b TR A 2R e, HLpE
TP 5 5 D )2 Ak I 25 SR AT s, A
U, Rl il v 4 B 2 A S AR R R AN
B, LB 7% 5 B[R] A 35 , JCAE X 52 22 AT e 2 94
0 JE w1y e #e, 3X o T B il W AR pH
{H A I R K TR AL S SR 0 1 TK A ASCHE
B K AT R B A R T A
R BRI, 101K it Z ik R o P e fl . AR,
MR —FPRRR ) Z LA BT, B SRR A e
PERSR T R BRI 2 i B sz 2 AR FL
BREGHAE LR WL 062 B BH 1 a2 R
PR R AN T e A8 | {H AT 438 2 o B30 78 gl /D X
XER BT, ) BRI AR B b A R R A



49 4]

XRBAF AR A R A S D e Ky ik R - 103 -

TR HERIE O RR Z — . R, ey 4 J
PRERETE I T A WA T 174 2% i I 1] R i/t b S i 2 2
S H T B 00 R A ) S R i —
AT H R o0 i S 0 X B AR Ak S 2k B
NI A
3.2 [E#EE

(] 4223000 5 7k 32203 S B 5 5 52 0 2 il
2 43, RO B A SR I B A S SR, ELA
B SR ARG AL BT 3 FL S AR O R
2 A 7 5 TR A 1 22 2B 0 A R R I
ARy 1 ) s Bka e 5 ¥ 0 3R 97 I
BRABWCHE R & A E SRR R B S g S AT 24 0 03
Br, i SE PR JE A A U I3 T[] R 337 i
o AR 6 28 20 2 EAT T 43 BT L R R 8 B AL
Bt 580 A |, 5 44 WA AT 5 BSOR I 2 Ak S5 AR A
FHA® IR (Langmuir ) J5 & BV A] 15 21 W B 1 =07
it A PR D B L B 3R 5 43 e B AT A5 303 2 AL
Y,

Ef T E N, AL S AR, 54
J& BBV S A BOBE I e b A I i S T
RIS 2 Rk 2 Ak
RS AR (HMER TAER R, B TEZOR
o W 2 e iR 25 K FE BRI AN, I AN 3
FERED I AR 5E | A Rt BR B4 ) 422
Ve R e s NP VA3 RN 1 B0 Bl b Y 1| 1
AL R S B E T AR R kR,
ASAEAE RS A, ) 5 5 0 5 LS A 250K
4 B E

MU 5T, B AR T BB, 2 S BT
HRE 2 400 TSR AT < S8 IR R P B DR s 5
Zoad N AP E AN WTR R I A U B
EREARITECEA THRERE, Hl Trife st
FTRegk N A 10 J22 A T S 1 2
AR Ty 5 S BRI AN 58 4 Ve e . 2R
SEBAL SRR B T S AT R 5T A R i
SRR 4 aoh R v R A A U 2 B 0 o o B i
FISEVEROCHE PRI, 15k b A o 3 R i AL S
i R SR A, e H TR 2 A P I R
Jila),

1) SEBMREm AL S PR AR 22 B B AR
Fo HETR S BN EREEL T 0y iy 21, 65T
FUT AN AR v L 2 e AR i e AR )R
2B X T e S BG4 mi AL S R TR B, AT

Hey S B I ) 4 A S B A T AR R Bl
AR R AL S O i, R E A M A A AR R Y
TPk bR A ARG T EAR I E Ty ik
AR B A S R | HORE A 2 B AN SR A7 i AL
AR E h s R P R R AL S
I E R HERE

2) WFAIE W H L B2 AL S B P i
— A R, T H R I E e 2
B IR 2 8 BORE R R HARZE R, ST
BEZHE AL Al i 2k AR BB A B , F K 1
FHF RN /N REAL I 2 {0 . e e ml
& I B AR A, [R5 i DR AR D i A 442
3 — g2k 60U L2 e S T BRI, e i
FEM AR B BRI AT TSR A 1) UM, e T B
JEBRAL R BE RN SRR, i A5 B R B AL =05
R, eAh, ST HAL S A R, D A
JE I B DU o

3) WRFEIRAH TR E T BT i, BT A
(¥ BURE 7 1 8 P I AR IBURE 564 T A7 7 JURE:
AP GG i R AR T R A ), S EOUITR A
AR BT 2 e 45 O 7 HiE HL G PRt A S A5
Ko WL, AR HIAANSUEFT LS, RIZNTBEE
23 Bl TG PP SR e Gl AT 52 BRXU B0 7 3 S PR i
SE RUIBORE () rf 13 B2 R B KRR B 7, 0l N
PEJE SR FLEE Z R A BE 52, JF A28 B AN B — 2
JHFV S TR (R 18, AR gt HE AL 1
[F N IR ARRRE AR T Al s 114 0L, e A 2 M R AP BB
AR BEREARAL SRS YRR

4) RS B RO Y BB R, T U
AR RS TR ISR AL R A A B
PR, A7 Wb BRI FEA (R PR IE T 194 A 82 R A LA 5 45
SdE AT S B S R R R ] )
Bt WA R BR AL U I O AL, LU B
e EREA A S AL Y T B B Al U O A IURE
TR, E Sz il i W i 2121 i it
WA T, A ShBEA T e AL S TS ol A AL A
BT LS B0, TS R s I 2 i A =

5 & it

1) BEZ B AL S5 R/ NE I 9CH B 1 5
fil, MR SRR B AL S e A A B AL =AY
B, FAT M2 B0 AL 05 BRG] S i A 7
22 INXE

2) WERRINE IR B S S, 7 I RE 2



- 104 -

hOoE % e B % ¥R H34:
China  Safety Science Journal 20244

BRI IR T T o A R e B A F Al 3) FEARIURE 4z id e r AR B AL A0 Ok 1O
b ATHEBRBOK I ORI T IR aRe i BINER, AT ORI AL R T R R 2R
ARG SRR A SR RS RIS A BEOR IR SR RO T A& | SR L

B T AL B AR G4 SRR B A& R
2 % X #
(1] EBUT, KB, KM, &5 RERSRHTREFGIECRAMRERSREEL]]. BRFR, 2022, 47(1):

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

(15]

297-322.

WANG Enyuan, ZHANG Guorui, ZHANG Chaolin, et al. Research progress and prospect on theory and technology for
coal and gas outburst control and protection in China[ J]. Journal of China Coal Society, 2022, 47(1). 297-322.
Bk, &R B OXTIFERCSSEBIEANBRLI]. RRNZRA, 2018, 46(9): 170-175.
YANG Hongwei, GAO Hong. Comprehensive treatment method and effect of hydrogen sulfide in coal mining face[ J].
Coal Science and Technology, 2018, 46(9) . 170-175.

LIU Mingju, DENG Qigen, ZHAO Fajun, et al. Origin of hydrogen sulfide in coal seams in China [ J]. Safety Science,
2012, 50(4) . 668-673.

BN, XFR, NEEE. B RENRESHIBLI]. BREAR, 2014, 33(10): 269-272.

WEI Junjie, DENG Qigen, LIU Mingju. Hazards of hydrogen sulfide and control measures in coal mines[ J]. Coal
Technology, 2014, 33(10) . 269-272.

SRR, BEENRMIHESSSES O], RRDEIRZZR, 2003, 25(4): 219-294.

MA Dongmin. Synthetical analysis on adsorbing characteristic experiment of coal seams[ J]. Journal of University of
Science and Technology Beijing, 2003, 25(4) . 219-294.

CHOU Chenlin. Sulfur in coals; a review of geochemistry and origins [ J]. International Journal of Coal Geology,
2012,100; 1-13.

FU Xuehai, LIU Aihua, WANG Kexin, et al. Prevention and origin of exceptional deleterious gas compositions in coal
mine[ J]. Procedia Engineering, 2011, 26. 424-430.

DENG Qigen, YIN Jingping, WU Xifa, et al. Research advances of prevention and control of hydrogen sulfide in coal
mines[ J]. The Scientific World Journal, 2019.DOI.10. 1155/2019/8719260.

SPEARS D A, RIPPON J H, CAVENDER P F. Geological controls on the sulphur distribution in British carboniferous
coals: a review and reappraisal[ J]. International Journal of Coal Geology, 1999, 40(1). 59-81.

TAN Bo, SHAO Zhuangzhuang, WEI Hongyi, et al. Status of research on hydrogen sulphide gas in Chinese mines[ J].
Environmental Science and Pollution Research, 2020, 27(3) . 2502-2 521.

GAO Fei, JIA Zhe, XIA Ji, et al. Study on H,S occurrence in low sulfur coal seams [ J]. Adsorption Science and
Technology, 2022. DOI.10. 1155/2022/5455101.

ME. KRSPHEACINETTEBILNLI]. EDITITE, 2018, 27(3): 92-95.

LIN Min. Comparison of determination methods of hydrogen sulfide in natural gas[ J]. Chemical Analysis and Meterage,
2018, 27(3) . 92-95.

TR, WS, BHK, F. KINRBOEANERRSPRCSSENAR[I]. BRECBAZZR . EXRNZEMR,
2022, 44(1). 181-188.

DING Sijia, LIU Hong, YANG Yabing, et al. A study on the determination of hydrogen sulfide in natural gas by
ultraviolet absorption method [ J]. Journal of Southwest Petroleum University: Natural Sciences, 2022, 44 (1).
181-188.

2K, RIVES, asx, 5. WBANRRE H,S SE[1]. PELZERZZFR, 2015, 25(2): 101-105.

LIANG Bing, YUAN Xinpeng, SUN Fuyu, et al. Determination of hydrogen sulfide content of coal by drilling cutting
method[ J]. China Safety Science Journal, 2015, 25(2). 101-105.

BiE. H OB RANERSTSELIMIEERSLIHATLD]. HIN.PEY WK, 2016.

WANG Bin. Experimental research on influencing factors of the gas content in the coal bed with the method of drilling
desorption[ D]. Xuzhou; China University of Mining and Technology, 2016.



%901 AR AL 2 B 2 O - 105 -

(16] ®BTE, 6068, WHI, & DS SEBNEPRAREEUTEDEANLROIMI]. EREAR, 2016,
35(11) . 161-163.
YANG Shouguo, QIU Yang, LI Shugang, et al. Comparative analysis of gas loss calculation methods in directly
determination of gas content[ J]. Coal Technology, 2016, 35(11). 161-163.

(17] ZWE, XM, £ET, § BERZARHSENEERERMEITHARI]. BRFIR, 2020, 45(1):
189-196.
LI Chengwu, WANG Yilin, WANG Qijiang, et al. Experimental study on accuracy of direct gas content determination[ J].
Journal of China Coal Society, 2020, 45(1). 189-196.

(18] EF8& HH HWSEERREIARRTENALID]. PS5 TIERAKE, 2017.
WANG Yufeng. Research and engineering application of hydrogen sulfide treatment by injecting lye into coal seam in
Tiexin mine[ D]. Huludao: Liaoning Technical University, 2017.

[19] AN BEMRICISENTEERNNAARLD]. FIF. TEETKZE, 2015.
WEI Junjie. Research on hydrogen sulfide content test device and test method of coal seam[ D]. Jiaozuo: Henan
Polytechnic University, 2015.

[20] S35 SHRVBEERCIBGIERNMETGRAMRLD]. IR ERNZHRRET, 2020.
GAO Xinhao. Study on the occurrence law and prevention technology of hydrogen sulfide in coal seam of Wudong
mine[ DJ. Beijing: China Coal Research Institute ,2020.

(21] HARVEY T J M, CORY S, KIZIL M S, et al. Mining through H,S seam gas zones in underground coal mines[ C]. 100"
Annual General Meeting of CIM, 1998. 3-7.

[22] 20k, ik, XN, &F. BLLWERRINEOMNRIESTAL)]. BRER, 1997, 22(3) . 225-228.
WU Chonglong, YANG Qi, LIU Gang, et al. Principles and methods of thermodynamics for analysis of coal
metamorphism[ J]. Journal of China Coal Society, 1997, 22(3). 225-228.

(23] HUANG Liuke, WU Yuliang, FAN Kaixiang, et al. Formation and transport mechanism of hydrogen sulfide in coal
seam[ J]. Materials Science Forum, 2016, 863. 149-153.

[24] MENG Ya, LI Zhiping. Experimental comparisons of gas adsorption, sorption induced strain, diffusivity and permeability
for low and high rank coals[ J]. Fuel, 2018, 234. 914-923.

[25] YANG Shengbo, WANG Haichao, FU Xuehai, et al. Hydrogen sulfide occurrence states in China’s coal seams[J].
Energy Exploration and Exploitation, 2022, 40(1). 17-37.

[26] K'Y, F5, HIH, F FHBREIBMMEDRD IS DA RRNABL]. UL 2SR, 2021,
43(1). 97-100,107.
JIN Yongfei, YAN Hao, XU Yaqi, et al. Research and application of the evaluation method of source separation and
classification of hydrogen sulfide hazards in mine[ J]. Mining Safety and Environmental Protection, 2021, 48 (1)
97-100,107.

[27] XB&R, THME, REXR, & BU REMSRAATHEL]. RESIR, 2018, 36(2) . 81-87.
DENG Qigen, WANG Yingnan, WU Xifa, et al. Research progress of prevention and control technology of hydrogen
sulfide in coal mines [ J]. Science & Technology Review, 2018, 36(2). 81-87.

(28] NRZE, @XA, BRE, & ZRAGAZONXELFEEEVAcBNERRAERALI]. BRIE,
2020, 52(11) . 70-74.
LIU Zhongquan, HUANG Guangli, MA Lingjun, et al. Migration law and control of harmful gas in coal mining face
affected by abandoned oil well[ J]. Coal Engineering, 2020, 52(11). 70-74.

[29] BSE, TXE, F&t, 5 FE/\—U RHP H,S SEEEREDMTI]. BRFIR, 2006, 31(2):
206-210.
FU Xuehai, WANG Wenfeng, YUE Jianhua, et al. Genesis analyses of H,S gas abnormity in gas of Bayi coal mine in
Zaozhuang[ J]. Journal of China Coal Society, 2006, 31(2) . 206-210.

[30] BERE, OW, XNJUWE, F SERFTRUABRIIEERATE H,S SENFIIMRELRMRDHLI]. PEER
IR, 2015, 27(1) . 28-30.
FU Xuehai, HE Ye, LIU Xiaohui, et al. In-situ coal seam gas H,S content influencing factors and genetic analysis in
Xishan minefield, Urumqi, Xinjiang[ J]. Coal Geology of China, 2015, 27(1). 28-30.

(31] PHILLIPS R, SMITH J] W, BYRNES R. Hydrogen sulphide gas occurrence at southern colliery[ CJ. Bowen Basin

Symposium, 1990. 91-97.



- 106 -

hOoE % e B % ¥R H34:
China  Safety Science Journal 20244

[32]
[33]
[34]
[35]
[36]
[37]
[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

GILLIES A D S, KIZIL M S. Drum tumbler testing for H,S coal seam gas measurement, definitions and procedures| RJ.
Department of Mining, Minerals and Materials Engineering, University of Queensland, 1997.

GILLIESA D S, KIZIL M'S, WU H W, et al. Modelling the occurrence of hydrogen sulphide in coal seams[ C]J.
Proceedings of the 8" U.S. Mine Ventilation Symposium, 1999. 709-720.

XBEE, BEFR, Tk, F REMRKCISENERE: PE, CN104007041A[P]. 2014-08-27.

BRE, X, MEE, & BEMEESESEBNERFLNUETSA: PE, CN1090605%0A[P]. 2018-12-21.
B, 8%, HiER, F —WRTNERAPHRICSSEIVERE: PE, CN110208421A[P]. 2019-09-06.
TiRig, BA%E, BiE, 5 —PERKPRECSSENNEREREMTIE: PE, CN111896708A[ P].
2020-11-06.

Tielg, BX%E, BiE, 5 —PIRREPRICISEVRE: (PE, CN113655197A[P]. 2021-11-16.
KM, ROE, I8, F —NEERESSERRNEEERNUETSA: PE, CN115112595A[P]. 2022-09-27.
NEE=, ZEE, HANI M, F. B S SAEMEZEARINI]. BRFR, 2011, 36(6): 978-983.

LIU Mingju, LI Guoqi, HANI M, et al. Genesis modes discussion of H,S gas in coal mines[ J]. Journal of China Coal
Society, 2011, 36(6) . 978-983.

BT, 2K, BB, IBRIELETY USRI RIURSEREL)]. T WLZESIMR, 2017, 44(6): 88-91.
XIANG Yanbin, CHENG Bo, HE Fuquan. Research status and progress of diffusion characteristics of gas from coal
particles [ J]. Mining Safety and Environmental Protection, 2017, 44(6) . 88-91.

BY, THT, 0RE, 5 BaESRARSDREPRERNGHRI]. PEZENZZIR, 2022,
32(3). 58-64.

JIA Wenlong, LI Xiaoyu, CHENG Tingting, et al. Study on erosion wear mechanism of choke valves at outlet of ultra-
high pressure sour natural gas wells[ J]. China Safety Science Journal, 2022, 32(3) . 58-64.

FRATD, B WHEEEEHMSENEAMALY]. 18U Z%, 2008,39(12) . 79-82.

CHEN Dali, CHEN Yang. A review of the methods for determining the gas content of coal seams in China [ J]. Safety in
Coal Mines, 2008,39(12) . 79-82.

B, RERASEERNEEFERARFRIEREL]. T IWZEDMR, 2021, 48(4): 113-117.

DENG Nan. Research status on direct measurement and sampling technology for coal seam gas content J]. Mining Safety
and Environmental Protection, 2021, 48(4). 113-117.

ik, BEFMREDIOSBEREERITSENEREEALI]. B L%, 2022, 53(6): 96-100,107.
CHAL Jianlu. Sampling technology for measuring gas content in broken soft coal seam based on comb-shaped directional
borehole[ J]. Safety in Coal Mines, 2022, 53(6). 96-100,107.

b, EXE, XNk, F. LGARUDIERUEH@BERSTNINAR]. PEZEETRZERAR, 2022,
18(5). 122-128.

SI Shasha, WANG Zhaofeng, LIU Shuaiqiang, et al. Experimental study on gas desorption characteristics of coal core in
freezing coring process[ J]. Journal of Safety Science and Technology, 2022, 18(5). 122-128.

EERIN: AR (1979—), B VLV SRL N Wt #o, EZNFAD IO (i
) KEI S PR . E-mail : dengqigen@ hpu. edu. cn,





