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Influence study of coal dust composition on the lower explosion limit of

hybrid mixture of gas and coal dust
WANG Yan',QI Yingquan' , WEN Xiaoping®, WANG Wei' ,GAN Xiangyang',PEI Bei',JI Wentao'

(1. College of Safety Science and Engineering ,Henan Polytechnic University , Jiaozuo 454000, China ;

2. School of Mechanical and Power Engineering , Henan Polytechnic University , Jiaozuo 454000, China )
Abstract : The combined explosion of gas and coal dust is one of the main forms of explosion disasters in coal mines. Studying the lower
limit change law of the gas/coal dust composite explosion is an indispensable condition for effective prevention of coal mine explosion dis-
asters.In order to study the effect of coal dust composition on the lower explosion limit of hybrid mixture of gas/coal dust,two different
components of coal dust (bituminous coal and anthracite coal) were selected. According to EN 14034 standard, the minimum explosion
concentration of the two kinds of coal dust,lower explosion limit of methane and the lower explosion limit of methane and coal dust mixtures
were measured by using a 10 kJ chemical ignitor in a standard 20 L spherical explosion container. The results show that the minimum ex-
plosion concentration of bituminous coal is 50 g/m’ , and that of anthracite is 70 g/m’respectively ,and the lower explosion limit of methane
is 4%. When 1% 2% 3% and 4% was injected into coal dust,the minimum explosion concentration of bituminous coal were reduced to 40
g/m’ 20 g/m’ ,5 g/m’and 0 g/m’ respectively,and the minimum explosive concentration of anthracite coal were reduced to 50 g/m* 20

g/m’,5 g/m’ and 0 g/m’ respectively. According to the measured results listed above , the lower explosion limits of hybrid mixtures of the
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two kinds of coal dust and gas were measured in a 20 L spherical explosive device.Based on the measured results, the effects of coal dust

components on the lower explosion limit of hybrid mixture of gas and coal dust were analyzed. Simultaneously, the applicability of three dif-

ferent models (Le Chatelier, Bartknecht, Jiang) for predicting the lower explosion limit of hybrid mixture to gas/coal dust mixtures was dis-

cussed.It is shown that the minimum explosion concentration of the two types of coal dust decreases with the increase of gas concentration,

but the coal dust with low volatile content decreases more,that is,the effect of gas on the minimum explosion concentration of low volatile

coal dust is more significant. The predicted value of the Jiang model is far from the actual measured value; the predicted value of the Le

Chatelier model is higher than the actual measured value, and the error increases with the increase of gas concentration; the Bartknecht

model is relatively applicable ,and more suitable for low—volatile gas/coal dust composite system.

Key words: gas; coal dust; hybrid explosion; lower explosion limit; prediction model
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Fig.3 Coal dust scanning electron microscope
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Table 1 Analysis results of coal dust composition
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Table 2 Lower explosion limit of coal dust and gas

A B4 PR FRIET IR
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Table 3 Lower explosion limit of gas—anthracite

mixture and gas—bituminous mixture
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volatile coal dust with methane concentration

128

IR RERE R AR KE T B Y BT A AR
T/ MEEWRER ARG Z 5, TR A B
P 3R PR A R R M T 2 AR BT CHL, L C,
H¢ H, .CO MR IA 5= IREG T IIFE
FOEAGRE I AR, R BE BT L B AT RS
PR BRI, AN LAAERR A R (545 T — e Tk
JEFUHT TR TN = T TR AR TR B 2 o A v
B ATE IR BB 10 K, A S EURIE M R A
23 BALANWMESBETREZMAERES T

B 4 38 0] LRI, 2 LR B B K =
2%VAJE 2 FIREA () e /MR VE VR FE B T AH ], a2
DRI Ay DR AS ST I FAATT 0 45 43 3R A T ) SRR R
BN o B FUIT R B B0 412 T, B 0m 32 i 76
AR I R ke S SV T T R A 2 A3 A [
AP AR R BEE T BRZ 0] 1 22 50800

{2, T 2 FPE A (900 1R e /N K TR AN TR
(KA .50 g/m? , TEHHHE . 70g/m” ), UAH R AR AR 43 %
FULHTT S 2 FlvRE 2 d5 /N B O VA 8 1 A AT T AR ]
RIS AN [R]2H 0 e e 2 007 X6 JH g /DN R 3 1)
WM EA 222, A T2 M gl 5 X B
Wi/ WAL A KT BRI 1) 22 51, DIREAR VR ¢
SHE/NBIEWRTE ¢ W AR o/c, TR FL 51
S A bR ASE) 2 FlOA [) 2 430 2 A /N R K vk B i
FUWHARRU M BT B, Nl 5 s

1.0

0 i > 3 4
I BEARR H0%
B5 7 RAE R M /N o M BE AR 9 R (L x
Fig.5 Comparison of minimum explosion concentrations of

different volatile coal dust with methane concentration

H 1 5 7T, AR () B2 ) LT 75 5 JC AR B /)
HER N V) I AT M 2 5K, VAR ] 4% R 23 50 L S8 o)
TCHARRE S/ N KR L OS2 MR B 35 DR R R R
BEAS R TR AT Hh 4 K o3 EAT B SRR B B
WA 53 B 5 W) B 30/ I A 5 M O AR P Y i
HEPRR, RIS BN AR R TR S
FUO AR IERR M B2 R R, 3R 2 T B
TEMU MR A 03 &5 12 13.9% , 328 KT T H 4 1Y)
FER I G 2.3% , PRI, FUST R o /N K ik 2
PR HIE) 3555 T O AR



F MR ARG B R A R TR BRAGZ IR A5

www.chinacaj.net

2020 4F55 2 #

2.4 TNEBERMSH
UL A PR A R A8 0T BR PSS LA
3 fifr
Le Chatelier’s #5812,
c |y

—+ =1 (1)
Cm yl

Bartknecht #5722 .

2
SE) W
m 1
Jiang FEAY P24

Ksi
i _ (}’ ~ lj (1,12:0,03)70 (3)

Cn N

Kb e WERGERPHATERE, o/m sy HES
PR Z P RTS8, %0 5 ¢, OB 2B o /N T
JE,g/m’ sy ATRUASRNE T IR, % s Ko AR 2R
FRIFAR B K USRI ETR AL

PL /¢, F y/y, 0 AR bl 75 21 3 Al kT R T
W2 AR g £ 25 5T e, s 6 B, 6
RPN 7k A4 it 2 AL bR T 3 O 2 A IXC BRIV 2R
TIT AR DRI 2 BT A AT

1.0

0.81

0.6

IR ;7 SN
047 o
— Le Chatelier \\‘\
021 ___ Bartknecht S :
of = Jiang  TE=alI

clen

K6 BMETRIAMERE T EELR A
AT A AR R & 4 Rt
Fig. 6 Comparison of the lower explosion limits

between measured results and predictive values

HI L 6 AT, S8 S HLY 2 A LI/ B A PR AR AR
FRIENET FRIGALT Jiang BEAS AR XN, H -5 0
EmZER AR, B Jiang B2 AU T 48 F L HUT 2 FhRC
W/ BEAPIARR RIARTE ], B A il 25 Rl L
BT Le Chatelier BERIFGAEMRIX P, R 2Z(EH
AHEE Jiang ALFRIAS /N H L Bl 25 PR AR 1A 28 v HR g i
BTt O 22 (E AR R R, {HXF Bartknecht
BEAY P90 25 R 0 T AT 4 XN, B Bartknecht
*Eﬁ”?ﬁ{'ﬂ' BRI TORSE . Bl PIARA Z v e i

21 T = B, Bartknecht A5 750 750000 K5 v B ok
o 2 MURIRIE K o3 AR AH T, & A AR & o A
5 AR 28 B SEBRAB S I 3 F FMAE , Bl Bartknecht

PR SE T R/ IR R I R
T

ZEA T, 3 RIS AS TR BT AS REORS Af Y B i/
WA AP VE T R, /B Bartknecht #5550 58 FH 4 AH %
AT, HHE T RO/ AR R A 2 A R T IR
T, PR A BT Y BUT /R A A T BRI
B ELA WA B | LB A5 A 5 23 2 R AR 2R 21 43 X B
W/ WA A B E T BRAS L B 5

3 & it

BT HhRE 20 L BRIBIRKEZS RS , 70 06 A [R) 20 4
SRR 5 IO 52 B BRI R BR AT DU I, XF B 23 A e
A TRNE T RSB SR 258 .

1) FUHT Y 45 0 ] S BOBRE A e /MR VR TR R 3%
REARR , BIAER T K T PR A B 300 AR T 5 /N U e 2
AR IR Z SRR B 1B Efa ke 1

2) HER R LA S T, ﬁfﬁkéﬂ%"‘ﬂ‘d\
RV B IR S, BV RGBT X I 4% e B e/ IS
BN AN ISR 8

3) 3 b I AL 1Y 45 AN BEORS Aff T BL 4/ 2R 52
EEE TR, Ml EE Le Chatelier £ 7Y Fl Jiang #5574 |
Bartknecht curve F7YE HMEELS, H G FH:J:Eﬂ;ﬁ/
AR LR G GIRR,

5% 30k ( References) ;

A BIETIR

[1] SONG Y,NASSIM B,ZHANG Q. Explosion energy of methane/ de-
posited coal dust and inert effects of rock dust[J]. Fuel, 2018,
228.112-122.

[2] CHEND L,SUN J H,WANG Q S, et al. Combustion behaviors and
flame structure of methane/coal dust hybrid in a vertical rectangle
chamber [ J]. Combustion Science and Technology, 2008, 180
1518-1528.

[3] YIN W,FU G,YANG C,et al. Fatal gas explosion accidents on
Chinese coal mines and the characteristics of unsafe behaviors:
2000-2014[J]. Safety Science,2017,92.173-179.

[4] ENGLER K O V. BEITRAGE Zur KENNTNISS Der Staubexplosionen
[J].Chemische Industrie,1885:171-173.

[5] CASHDOLLAR K L. Coal dust explosibility[ J]. Journal of Loss
Prevention in the Process Industries, 1996,9(1) :65-76.

[6] XIS, Pha&fE BRARZE, 5. Wii-BAE SRR PR IE
TR )], e E5HE¥R,2007,7(4) :129-131.
LIU Yi,SUN Jinhua,CHEN Dongliang, et al. On lower limit of ex-
plosive coal dust in coal dust mixture with methane[ J]. Chinese
Journal of Safety and Environment,2007,7(4) :129-131.

[7] ZHzZ. RS TR AT ETIR(T]. B S
ik ,2018,38(4) :913-917.

LI Runzhi. Minimum explosive concentration of coal dust cloud in
the coexistence of gas and coal dust [ J]. Explosion and Impact,

2018,38(4) :913-917.
129



2020 4F55 2 1A

www.chinacaj.net

HEMFHA

548 4

[8]

[10]

[12]

[13]

[14]

[15]

130

FE Mz B A AR SRR B A BRAE A AR
BRFFE[T]. hESE,2016,25(4) :87-90.
WANG Lei, LI Runzhi. Experimental study on the variation law of
explosion limit under the coexistence of gas and coal dust [ J].
China Mining Industry,2016,25(4) :87-90.
FEM. AR RE P A A N RS A T[T ). R
4,2017,48(2) :26-32.
WANG Zhepeng. Experimental study on the explosion limits
change laws under gas and coal dust coexisting conditions [ J].
Safety in Coal Mines,2017,48(2) :26-32.
CAO W,HUANG L,ZHANG J,et al. Research on characteristic
parameters of coal — dust explosion [ J]. Procedia Engineering,
2012,45:442-447.
WL R AR REC, S B A R b O L
FEUELT]. B KES i 2014 ,34(5) :586-593.
CAO Weiguo, XU Sen, LIANG Jiyuan, et al. Characteristics of
flame propagation during coal dust cloud explosion [ J].
Explosion and Impact,2014,34(5) :586-593.
MITTAL M. Limiting oxygen concentration for coal dusts for ex-
plosion hazard analysis and safety[ J]. Journal of Loss Prevention
in the Process Industries,2013,26(6) ;1106—-1112.
NORMAN F,BERGHMANS J, VERPLAETSEN F. The dust ex-
plosion characteristics of coal dust in an oxygen enriched atmos-
phere[ J]. Procedia Engineering,2012,45(2) ;399-402.
fafstie. P AR S TR R BT 1] &
45,1996,12(3) :5-6.
HE Zhaoyuan. Study on the explosion risk under the coexistence
of gas and coal dust [ J]. Safety in Coal Mines, 1996, 12
(3):5-6.
AJRASH M J,ZANGANEH J,MOGHTADERI B . Effects of igni-

tion energy on fire and explosion characteristics of dilute hybrid

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

fuel in ventilation air methane[ J]. Journal of Loss Prevention in
the Process Industries,2016,40.207-216.

ADDAI E K,GABEL D,KRAUSE U. Lower explosion limit of hy-
brid mixtures of burnable gas and dust[ J]. Journal of Loss Pre-
vention in the Process Industries,2015,36:497-504.

KHALILI I, DUFAUD O,POUPEAU M, et al. Ignition sensitivity
of gas — vapor/dust hybrid mixtures [ J ]. Powder Technology,
2012,217:199-206.

SANCHIRICO R,RUSSO P, DI Sarli V,et al. On the explosion
and flammability behavior of mixtures of combustible dusts[ J].
Process Safety and Environmental Protection,2015,94.410-419.
BRITISH Standard EN 14034. Determination of explosion charac-
teristics of dust clouds[ S]. UK,2004.

W R, 28 30T, Ihas R AR e A AT AR TR TR R AE
TR AR T] . HRKE 5 ehik,2017,37(6) :924-930.

YU Jianliang,JI Wentao,SUN Huili,et al. Summary and prospect
of research on theory and technology forcoal mine dust control in
China[ J]. Explosion and Impact,2017,37(6) :924-930.
CASHDOLLAR K L, HERTZBERG M. 20-1L explosibility test
chamber for dusts and gases [ J]. Review of Scientific Instru-
ments, 1985,56(4) :596-602.

BARTKNECHT W. Explosions; course , prevention , protection [ M ].
Berlin ; Springer Science & Business Media,2012.

JIANG J,LIU Y,MASHUGA C Vet al. Validation of a new for-
mula for predicting the lower flammability limit of hybrid mixtures
[J].Journal of Loss Prevention in the Process Industries, 2015,
35.52-58.

JIANG J,LIU Y,MANNAN M S. A correlation of the lower flam-
mability limit for hybrid mixtures[ J]. Journal of Loss Prevention

in the Process Industries,2014,32.120-126.





