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Estimation of Explosion Limits by Using Heats
of Combustion for Esters
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ABSTRACT

In order to evaluate the fire and explosion involved and to ensure the safe and optimized operation
of chemical processes, it is necessary to know combustion properties. Explosion limit is one of the
major combustion properties used to determine the fire and explosion hazards of the flammable sub-
stances. In this study, the lower explosion and upper explosion limits of esters were predicted by using
the heat of combustion. The values calculated by the proposed equations agreed with literature data
within a few percent. From the given results, using the proposed methodology, it is possible to predict
the explosion limits of the other ester flammable substances.
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Table 1. Comparison between Reported and Predicted LEL by Means of Heats of Combustion Using Several Correlation

for Esters
No. | Nomenclatures Molecular Heats of Combustion | LEL, LEL- LE.L .LEL
Fomulars [kJ/mol] [Vol%)] | [Suzuki] | [Hshieh] | [This Work]
1 | Methyl Formate C,H,0, 972.6 4.5 4.81 437 4.44
2 | Methyl Acetate C;HsO, 1592.2 3.1 3.17 2.82 3.07
3 | Methylacrylate C4HsO, 2069.3 2.8 2.50 222 2.45
4 | Vinyl Acetate C,HsO, 21514 2.6 2.41 2.14 2.36
5 | Ethyl Acetate C,H;0, 2238.1 2.0 2.32 2.06 227
6 | Isopropyl Acetate CsH;00, 2877.8 1.8 1.80 1.62 1.75
7 | Diethyl Phthalate CyH 40,4 5946.3 0.7 0.89 0.74 0.72
8 | Dibutyl Phthalate C16H2 0, 8597.7 0.5 1.28 0.45 0.51
9 | Ethyl Formate C;HsO, 1536 2.8 3.28 2.92 3.16
10 | Butyl Formate HCOOHC, Hy 2721 1.7 1.91 1.71 1.86
11 | Propyl Acetate CsH,00, 2721 1.7 1.91 1.71 1.86
12 | Butyl Acetate CH;COOC,Hyg 3286 1.7 1.55 1.42 1.50
13 | Isobutyl Acetate C¢H,,0, 3294 1.3 1.55 1.41 1.49
14 | Amyl Acetate CH;COOC;H;y, 4060 1.1 1.22 1.14 1.15
15 | Methyl Propionate CH;COOCH,; 2068 2.5 2.51 222 2.45
16 | Ethyl Propionate C,HsCOOC,Hs 2700 1.9 1.92 1.72 1.88
17 | Methyl Lactate C,H,OHCOOCH; 2516 22 2.07 1.82 2.02
18 | Benzyl Bezoate C¢Hs;COOC,H; 6688 0.7 0.91 0.64 0.65
Average Absolute Percent Error (A.A.P.E.) 19.1 8.9 7.0
Average Absolute Deviation (A.A.D.) 0.22 0.18 0.14
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Figure 1. Comparison between reported and predicted
lower explosion limits (LEL) for esters.
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Table 2. Comparison between Reported and Predicted UEL by Means of Heats of Combustion Using Several Correlation

for Ester
No Nomenclatures Molecular Heats of Combustion UEL,¢p. UEL UEL
’ Fomulars [kJ/mol] [Vol%] [Hanley] [This Work]
1 Methyl Acetate C;H¢O, 1592.2 16.0 14.24 16.37
2 Methylacrylate C4HcO, 2069.3 14.5 10.96 13.13
3 Vinyl Acetate C4H¢O, 2151.4 13.4 10.54 12.61
4 Ethyl Acetate C,H30, 2238.1 11.5 10.13 12.08
5 Isopropyl Acetate CsH;,0, 2877.8 8.0 7.88 8.99
6 Butyl Formate HCOOHC,Hy 2721 8.2 8.33 9.60
7 Propyl Acetate CsH;00, 2721 8.0 8.33 9.60
8 Butyl Acetate CH;COOC,Hy 3286 7.6 6.9 7.89
9 Isobutyl Acetate C¢H,,0, 3294 10.5 6.88 7.87
10 Amyl Acetate CH;COOC;Hy, 4060 7.5 5.59 7.94
11 Methyl Propionate CH;COOCH; 2068 13.0 10.97 13.14
12 Ethyl Propionate C,H;COOC,Hs 2700 11.0 8.4 9.69
Average Absolute Percent Error (A.A.P.E.) 15.5 9.98
Average Absolute Deviation (A.A.D.) 1.75 0.99
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Figure 2. Comparison between reported and predicted
upper explosion limits (UEL) for esters.
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