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Gas Group IIB, IIA, and I

Yongtae Kim*:Kihyo Jung"
*School of Industrial Engineering, University of Ulsan

Abstract

Determination of explosion reference pressure is important in designing and testing flameproof
enclosures (Ex d). Although relative humidity affects to explosion pressure, its effect is not well
investigated for the gas group IIB, IIA, and I. This study tested explosion pressure for Ethylene (8 vol.%),
Propane (4.6 vol.%), and Methane (9.8 vol.%), which are the representative gas of the gas group IIB, IIA,
and I, at ambient temperature and atmospheric pressure (1 atm) under different relative humidity (0% ~
80%). Ethylene— and Propane—air mixed gases generally tended to decrease as the relative humidity
increased; however, explosion pressure was largely dropped at 20% of relative humidity compared to 0%
and 10% of relative humidity. On the other hand, Methane—air mixture gas showed similar pressures at 0%
and 10% of relative humidity; but no explosion occurred at more than 20%. The results of this study can
be used in setting a testing protocol of explosion reference pressure for designing and testing a flameproof
enclosure.
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<Table 1> Concentration of gas—air mixtures for

determination reference pressure

Equipment Representative Number
vol. %

group gases of test
I Methane (CH,) 9.8 £ 05 3
1A Propane (CsHyg) 46 £ 0.3 3
1B Ethylene (CoHy) 8.0 £ 0.5 3
e Acetylene (CoHy) 14.0 £ 1.0 5
Hydrogen ((Hs) 31.0 £ 1.0 5
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[Figure 1] Schematic diagram of the explosion apparatus
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<Table 2> Explosion pressure of CoH;(8.0 vol. %) —air
explosion mixtures at various relative humidity

Relative humidity (% R./) | Explosion pressure (kPag)
0.9 600.5
0.6 597.4
0.6 611.0
0.4 604.2
0.3 671.3
10.0 554.3
9.9 528.2




54 AEE uE A IF 1B, IIA, 19 Zugts 84

AR R I

Relative humidity (% R.A) | Explosion pressure (kPag) <Table 3> Average and standard deviation of explosion
10.1 549.1 pressures at various relative humidity for CoH, (8.0 vol. %) —air
101 5979 explosion mixtures
10.2 558.4 Level of Explosion pressure
20.0 380.8 relative e 0 D
20.0 363.6 humidity* | Average | endard
20.2 105.6 deviation
19.9 1997 0 616.9 30.8
19.8 388.7 10 543.6 14.6
998 130.0 20° 392.3 22.7
998 304.9 30° 385.8 55.1
905 390.7 40° 341.8 19.3 172.69 | <0.001
296 362.2 501 239.0 33.9
296 1113 60¢ 193.4 5.4
106 3191 70 192.1 6.3
101 3395 80¢ 192.5 11.9
40.0 315.9 * Alphabet letters indicate significant differences at @ = 0.05
39.2 367.7
39.2 3438 70
50.0 295.3 S 600 o
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49.5 203.8 ﬁ 400 i
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59.9 195.8 o 300

59.8 199.9 s

59.9 193.7 I3

59.9 192.5 2100

60.1 185.1

70.0 181.2 ’ 0 10 20 30 40 50 60 70 80
69.9 192.5 Relative Humidity (% R. H.)

69.8 197.2 [Figure 2] Explosion pressure (pey) at various relative
2:2 1:2; humidity for CoH;(8 vol. %) —air explosion mixtures
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<Table 4> Explosion pressure of CsHg(4.6 vol. %) —air
explosion mixtures at various relative humidity

Relative humidity (% R./) | Explosion pressure(kPag)
0.0 239.9
0.0 234.7
0.0 234.5
0.0 245.8
0.0 222.6
10.0 234.1
10.2 253.6
9.9 240.3
9.6 273.2
9.7 237.1
20.0 192.4
20.0 205.5
20.4 188.9
20.1 198.9
20.0 182.9
29.8 181.1
30.2 178.5
30.3 152.4
30.2 152.4
30.0 171.0
40.2 165.5
40.1 140.9
40.0 169.7
40.3 148.8
40.0 148.8

<Table 5> Average and standard deviation of explosion
pressures at various relative humidity for C3Hg (4.6 vol. %) —air
explosion mixtures

Level of | Explosion pressure (kPag)
rela.lti.ve Average Standard r D
humidity* deviation
0k 235.5 8.6
107 247.7 16.1
20° 193.7 8.8 55.61 [0.000
30¢ 167.1 13.9
40¢ 154.7 12.3

* Alphabet letters indicate significant differences at @ = 0.05
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[Figure 3] Explosion pressure at various relative humidity
for C3Hg(4.6 vol. %) —air explosion mixtures
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<Table 6> Explosion pressure of CH;(9.8 vol. %)—air
explosion mixtures at various relative humidity

Relative humidity (% R./) | Explosion pressure (kPag)
0.0 198.6
0.0 208.5
0.0 196.5
0.0 197.3
0.0 199.1
10.0 196.6
10.0 199.1
10.0 199.4
9.9 195.3
10.0 191.2
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<Table 7> Average and standard deviation of maximum
explosion pressures at various relative humidity for CH; (9.8
vol. %)—air explosion mixtures
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relative o Standard F D
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[Figure 4] Explosion pressure at various relative
humidity for CH;(9.8 vol. %) —air explosion mixtures

4, EQ U A&

2 AT A= 7|E A9 ARH ddisEr 5
gk Hiotelo] Yholx]= 7 o YERITE Q) et al.
[20] 2 Wang et al. [21]& 71" =7]9] &l
AEEe JEks ATeiglon, s Ert S
whe} Zakeke o] vrolx|= A o % Wit o] gt 73
A2 2714 Rle ot A o= siME = itk A A,
FEO| T7H= & AN HEE el T o

N
ol

>,
g
|t

of §7] U} MHS-BY Pl FEE ALA. BA, 5
F71e gl 2] el AP 319 §7)o14 o
W AL F5E 5 9k ueh BUT L5 231
AIGES] F71 O, H, OHst 28 2eizg 7l
3 ENES B EaS F5e) el £k
Zaerelo] Zhagicha Mg 5 Uk

Eeg-37] Ekae viEk- 3] ERTka A

F57F50 % oVdT 20 % o) el Fto] wAEkA] ok
kTt ol st Av= Al Ert 7S FukeAd
| AsEchs 71E A2 Avfe} Fgsch[22]. ey
a7} 2o WA/A A v]go] ol 4] WS
B3 dilo] Jtste] Fketgo] k4 4= Qo [26].
2 AT FEV)= (2.3 L) Ul -
(20 cm) 7} AAA)E] o] glof AA/AA v]go] =kt 1=
o18)), Zkeleo] Al 0 7 trolx Zlof I Q3 A3
7F Ao R ke HEoa] vhlEkA] ¢igks 4 Qlck
wpEpA] 2 Aol A sfetEl FHto] WMAEEA] o= A
= 8719 A7)ef uEt e < Qlo] o] A
S A7 Fasi
B A= 7k E 1B, 1IA, 19] thiErpagl ojgd,
<, wgte] ofsl gl ieel whe et S Algst
ol A2, 719 atm) )& SE3(8 vol. %) —, 2=
(4.6 vol. %) —, WEHO9.8 vol. %) —+7] Eg7}~e] =
P2 AEErt S7FEE st o] Thashs 74
FS BT 53], 2 A2 FAREA] Ayl w= o
F—37] E37kaE AdEE7E 10 % oA
%= S7F w FHakke ito] ajol7b AA YEksk
o} sl HE—37] E3TEAE 0 %S} 10 %ol Zaet
2 3o zto|7h Gl A0 YEREAL 20 %ol dellAE
Fto] Jojux] ekgttt. ofelgt Fkgteof oJ3kS )|
T AP RS A, oAE -7 EF7Fe o
Sk 7] AT [22] of| A s AAPIUEE 10 % 2 20
%} FARSE 0l Flog mhetE| Q.
U220 A% A 9 UaES 9
HEde) 2443 AtEErt SAlE AdElelA o]
A= Zo] F T 1 AFRe] Aol w2, )
7} 10 % oVdo] =W FHxkgieo] |A|s] AJstsAnt =
o] MHAYSHA] ¢k& 4= Q). whEbA] uibiERe] e
A8 Al AZ7](Dryer), Al5A (Silica gel), 5541
£ AAJEte] EF7EAS] AUFEE 10 % o= SAls)

o

b
o oy & okt

rr

m

32

z
<

flo

o
38

i

o0

’

\)
(@]

o
f
)
T

r
d
ol o

(LT g OIS 157

i
I
<,

2,
> r

.

=
& Zlo] Agsi.

B Qo) A3ke Ak sl 27b Sw
FEAT7E Beste A, B A UG W
wE Hr) Bueree) Jae 98 Sal AT,
e Bl S S ] mhe St

N

Azl that A A7k Aesit A4, &



J. Korea Saf. Manag. Sci. Vol. 25 No. 1 March 2023
http://dx.doi.org/10.12812/ksms.2023.25.1.051

ISSN 1229-6783(Print) 57
ISSN 2288-1484(Online)

T FRNHE 7|} A BI1E AR, 1
e} F38719] 2717k o WA/AS ulgo] oA
Fagleo] 4 4 9lek web Y] e H
Qe 54 Brk FHH0E Pk A T
3 2719 Bug7lel vhek ¥4 Aol Aash

5. References

[1] J. Y. Choi, S. H. Byeon(2020), “A study on
complementary method for hazardous area extent
by IEC 60079—10-1 edition 2.0.” Journal of Korea
Safety Management & Science, 22(2):73—82.

[2] P. Michorczyk, K. Zenczak, R. Niekurzak, J.
Ogonowski(2012), “Dehydrogenation of propane
with CO2—a new green process for propene and
synthesis gas production.” Polish Journal of Chemical
Technology, 14(4):77-82.

[3] B.Su, Z. Luo, T. wang, J. Zhang, F. Cheng(2020),
“Experimental and principal component analysis
studies on minimum oxygen concentration of
methane explosion.” International Journal of
Hydrogen Energy, 45(21):12225—-12235.

[4] C.Jang, J. W. Kwon, M. H. Hwang(2017), “A study
on explosion risk management for oil heater.” Journal
of Korea Safety Management & Science, 19(3):
1-10.

[5] Y. J. Kwon, J. H. Byeon(2020), “A study on the
management plan through performance maintenance
analysis of explosion—proof facilities.” Journal of
the Korea Society of Safety, 35(2):8—16.

[6] IEC 60079—14(2014), Explosive atmospheres—
Part 1: Equipment protection by flameproof
enclosures d. International Electrotechnical
Commission IEC), Geneva, Switzerland.

[7] IECEx Certificates, Search, Filters(2022), IEC
Standard (IEC 60079—1). Retrieved July 20, 2022
from https://www.lecex—cert.com/#/search

[8] OSHCI(2022), Statues of safety certificates on
explosion—proof electric machines, tools and parts.
Retrieved July 20, 2022 from https://miis.kosha.or.
kr/oshci/busi/ListExpSafetyCheck.do?searchType
=D

[91 M. Mitu, V. Brinzea, A. Musuc, D. Razus, D.
Oancea(2011), “Deflagration parameters of propane—

(10]

[15]

(18]

[19]

air mixtures in a closed cylindrical vessel.”
University Politehnica of Bucharest Scientific
Bulletin series B—Chemistry and Materials Science,
73(3):17-26.
C. Movileanu, V. Gosa, D. Razus(2012), “Explosion
of gaseous ethylene—air mixtures in closed
cylindrical vessels with central ignition.” Journal
of Hazardous Materials, 235—236:108—115.
D. Razus, V. Brinzea, M. Mitu, D. Oancea(2009),
“Explosion characteristics of LPG—air mixtures in
closed vessels.” Journal of Hazardous Materials,
165:1248—-1252.
D. Razus, C. Movileanua, D. Oancea(2007), “The
rate of pressure rise of gaseous propylene—air
explosions in spherical and cylindrical enclosures.”
Journal of Hazardous Materials, 139:1—8.
G. Ciccarelli, Q. Li, C. Metrow(2018), “The
three—dimensional structure of a detonation wave
propagating in a round tube with orifice plates.”
Shock Waves, 28(5):1019-1030.
L. Q Wang, H H. Ma, Z. W. Shen(2019), “On the
explosion characteristics of hydrogen—air
mixtures in a constant volume vessel with an orifice
plate.” International Journal of Hydrogen Energy,
44:6271-6277.
K. Cashdollar, I. Zlochower, G. Green, R. Thomas,
M. Hertzberg(2000), ‘Flammability of methane,
propane, and hydrogen gases.” Journal of Loss
Prevention in the Process Industries, 13(3—5):
327-340.
A. Pekalski, H. Schildberg, P. Smallegange, S.
Lemkowitz, J. Zevenbergen, M. Braithwaite, H.
Pasman(2005), “Determination of the explosion
behaviour of methane and propene in air or oxygen
at standard and elevated conditions.” Precess
Safety and Environmental Protection, 83(B5):
421-429.
D. Razus, V. Brinzea, M. Mitu, D. Oancea(2010),
“Temperature and pressure influence on explosion
pressures of closed vessel propane—air
deflagrations.” Hazardous Materials, 174:548—555.
Y. Cao, J. Guo, K. Hy, L. Xie, B. Li(2017), “Effect
of ignition location on external explosion in
hydrogen—air explosion venting.” International
Journal of Hydrogen Energy, 42:10547—-10554.
H. Moradi, F. Sereshki, M. Ataei, M. Nazari(2020),



58

AEE uE A IF 1B, IIA, 19 Zugts 84

AR R I

[20]

[22]

“Evaluation of the effect of the moisture content
of coal dust on the prediction of the coal explosion
index.” Rudarsko—geolosko—naftni  Zbormik,
35(1):17-26.

S.Q, Y. Dy, P. Zhang, G. Li, Y. Zhou, B. Wang(2017),
“Effects of concentration, temperature, humidity,
and nitrogen inert dilution on the gasoline vapor
explosion.” Hazardous Materials, 323:593—601.
S. Wang, D. Wu, H. Guo, X. Li, X. Pu, Z. Yan, P.
Zhang (2020). “Effects of concentration, temperature,
ignition energy and relative humidity on the
overpressure transients of fuel—air explosion in
a medium—scale fuel tank.” Fuel, 259:116265.
Y. T. Kim, K. H. Jung(2022), “Relationship analysis
between relative humidity and explosion pressure
of hydrogen—air and acetylene—air mixtures in
flameproof enclosure.” Journal of Korea Safety

AR} 270

(23]

[24]

Management & Science, 24(4):101—-107.

I[EC 60079-1(2014), Explosive atmospheres—
Part 1: Equipment protection by flameproof
enclosures d. International Electrotechnical
Commission IEC), Geneva, Switzerland.

ISU/IEC 80079—20—-1(2017), Explosive atmospheres—
Part 20—1: Material characteristics for gas and
vapour classification—Test methods and data.
IEC 60079—-2(2014), Explosive atmospheres—
Part 2: Equipment protection by pressurized
enclosure p. International Electrotechnical
Commission(IEC), Geneva, Switzerland.

G. Harris, P. Briscoe(1967), “The effect of vessel

size and degree of turbulence on gas phase

explosion pressures in closed vessels,” Combust
and Flame, 11:17-25.




