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ABSTRACT

An accurate knowledge of the minimum oxygen concentration(MOC) is important in developing
appropriate prevention and control measures in industrial fire protection. In this study, by using the
literature data and RSM(response surface methodology), the new equations for predicting the MOC
are proposed. The A.A.P.E.(average absolute percent error) and the A.A.D.(average absolute devia-
tion) of the reported and the calculated MOC for hydrocarbons were 3.48% and 0.37 vol%, respec-
tively and the correlation coefficient was 0.919. The A.A.P.E and the A.A.D of the reported and the
calculated MOC for halogenated hydrocarbons and hydrocarbons were 5.06% and 0.59 vol%, and the
correlation coefficient was 0.938. The values calculated by the proposed equations were in good
agreement with the literature data. Therefore, it is expected that this proposed equations will support
the use of the research for other flammable substances.

Keywords : Minimum oxygen concentration(MOC), Industrial fire, Prevention, RSM(response surface meth-
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Table 1. Reported and predicted MOC of hydrocarbons
Molecul Explosion O ‘ Reported Predicted
No.|  Compounds f(())rre:ll;l:r M. | limits [vol%) moles iif)ce (&En%js) M(l)cée
LEL UEL
1 Methane CH, 16 5.0 15.0 2 12 10 12,04
2 Ethane C,Hg 30 3.0 12.5 35 11 10.5 10.77
3 Propane C;Hg 44 21 9.5 5 11.5 10.5 11.59
4 n-Butane C:Hyo 58 1.9 8.5 6.5 12 12.35 12.36
5 iso-Butane C4H)o 58 1.8 8.4 6.5 12 11.7 12.09
6 n-Pentane CsH)» 72 1.5 7.8 8 12 12 11.95
7 iso-Pentane CsHy» 72 1.4 7.6 8 12 12 11.56
8 n-Hexane CsH4 86 1.1 75 9.5 12 10.45 10.64
9 n-Heptane CHj6 100 1.05 6.7 11 11.5 11.55 10.80
10 Ethylene C,H, 28 2.7 36.0 3 10 8.1 9.82
11 Propylene C;H, 42 2.0 11.1 45 11.5 9 11.19
12 1-Butene C;Hy 56 1.6 10.0 11.5 9.6 11.49
13 iso-Butylene C Hg 56 1.8 9.6 6 12 10.8 11.80
14 Butadiene C:Hs 54 2.0 12.0 5.5 10.5 11 11.83
15 | 3-Methyl-1-butene GCsHjp 70 1.5 9.1 75 11.5 11.25 11.73
16 Benzene CsHs 78 1.2 7.8 7.5 11.4 9 10.88
17 Toluene C;Hg 92 1.1 7.1 9 9.5 9.9 10.57
18 Styrene CgHg 104 09 6.8 10 9.0 9 9.65
19 Ethylbenzene CsHyo 106 0.8 6.7 10.5 9.0 8.4 9.08
20 Vinyltoluene CoHyp 118 0.8 11.0 11.5 9.0 9.2 9.13
21 | di-Vinylbenzene CioHjo 130 0.7 6.2 12.5 85 8.75 8.52
22 | di-Ethylbenzene CioHy4 134 0.7 6.0 13.5 8.5 9.45 8.83
23 Cyclopropane C;He 42 24 104 4.5 11.5 10.8 11.46
AAD, 0.85 0.37
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Table 2. Reported and predicted MOC hydrocarbons and halogenated hydrocarbons

Molecul Explosion 0, |R Predicted
No. Compounds fgrre:l?l:r Mw. limits [Vol%] molzes I?/Ip((;n(?d ((()Lzlratiz))ljs) lfi/l(];:Ce
LEL UEL
1 Methane CH, 16 5.0 15.0 2 12 10 12.34
2 Ethane C,Hg 30 3.0 12.5 35 11 10.5 11.83
3 Propane C;Hg 44 2.1 9.5 5 11.5 10.5 11.71
4 n-Butane CHyo 58 1.9 8.5 6.5 12 12.35 12.33
5 iso-Butane CsHyo 58 1.8 84 6.5 12 117 12.10
6 n-Pentane GH,, 72 1.5 7.8 8 12 12 12.17
7 iso-Pentane CsH), 72 1.4 7.6 8 12 12 11.79
8 n-Hexane CsH )y 86 1.1 75 9.5 12 10.45 11.08
9 n-Heptane C;H;¢ 100 1.05 6.7 11 11.5 11.55 11.49
10 Ethylene C,H, 28 2.7 36.0 3 10 8.1 11.13
11 Propylene CsHg 42 2.0 11.1 4.5 11.5 9 - 11.16
12 1-Butene C,Hy 56 1.6 10.0 6 11.5 9.6 1122
13 iso-Butylene C,H; 56 1.8 9.6 6 12 10.8 11.77
14 Butadiene CsHg 54 2.0 12.0 55 10.5 11 11.87
15 3-Methyl-1-butene CsHyp 70 1.5 9.1 7.5 11.5 11.25 11.87
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Table 2. Continued

Molecul Explosion o R Predicted
No. Compounds formula | M fimits VO] | rnoles Ii/lpgﬁced ((OI;IErIIglfs) f/lcl;:ée
LEL UEL
16 |- Benzene CsHg 78 1.2 7.8 75 11.4 9 10.52
17 Toluene C;Hg 92 11 7.1 9 9.5 99 10.81
18 Styrene CgHs 104 0.9 6.8 10 9.0 9 9.69
19 Ethylbenzene CgHjo 106 0.8 6.7 10.5 9.0 84 8.77
20 Vinyltoluene CoHy 118 0.8 11.0 11.5 9.0 9.2 9.25
21 di-Vinylbenzene CioHjo 130 0.7 6.2 12.5 8.5 8.75 8.17
22 di-Ethylbenzene CioHys 134 0.7 6.0 13.5 8.5 9.45 8.55
23 Cyclopropane C;Hg 42 24 10.4 4.5 11.5 10.8 11.84
24 n-Butyl Chloride C,.Hy(Cl 92.5 1.8 10.1 6.25 14 11.25 11.94
25 Methylene Chloride CH,(l, 495 13 23 1.5 19 19.5 19.09
26 Ethylene di-Chloride C,H.Cl, 99 6.2 16 3 13 12.6 13.62
27 1.1.1-Trichloro Thane | C,H;Cl; |- 133.5 7.5 12.5 2.75 14 20.63 14.31
28 Vinyl chioride C,H;Cl 62.5 36 33.0 275 134 99 11.83
29 Vinylidiene chloride CH,Cl, 85 6.5 15.5 25 15 16.5 13.57
AAD. 1.12 0.59
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Fig. 2. Comparison between the reported and predicted
MOC of hydrocarbons and halogenated hydrocarbons.
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