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A Study on Explosive Limits of Flammable Materials
- Explosive Limits of Temary System by Means of Solution Thermodynamics and
MRSM Model -
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Abstract : The research on the explosive limits is one of fundamental fields of combustion process, and information
on the explosive limits of mixture of fuel and oxidant, with or without additives, is very important for the prevention
in industrial fire and explosion accidents. Explosive limits of all compounds and solvent mixtures can be calculated
with the appropriate use of the fundamental laws of Raoult, Dalton, Le Chatelier and MRSM(modified response
surface methodology) model. In this study, the reference values of lower explosive limits(LEL) of the ethanol + toluene
+ ethylacetate system were compared with the calculated values by using the solution thermodynamics and the MRSM
model, respectively. The values calculated by the proposed equations were a good agreement with literature data within
a few percent. By means of this methodology, it is possible to evaluate reliability of experimental data of the lower
explosive limits of the flammable mixtures. Also, from given results, it is possible to predict explosive limits of the other
flammable liquid mixtures used in the chemical process by the use of the proposed equations.
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Table 1. Antoine constants and explosive limits for pure sub-

stances
\Pr\o;:rties N B c | LEL [ UEL
Componen! (vol%) | (vol%)
Ethanol 8.11220 | 1244.951 | 226.184 | 3.28 19
Toluene 6.95087 | 1342.310 | 219.187 1.27 7
Ethylacetate 7.10179 | 1244951 | 217.881 | 2.18 16
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Table 2. Comparison of experimental and estimated lower
explosive limits by using reduced model for ethanol
(X5)+oluene(X2)+ethylacetate(Xs) system

Mole fraction LEL(vol %)
Xi X2 X; Exp. Reduced model

1.000 0.000 0.000 3.28 3.28
0.000 1.000 0.000 1.27 1.27
0.000 0.000 1.000 2.18 2.18
0.110 0.220 0.670 1.88 2,12
0.111 0.359 0.530 1.76 2.03
0.111 0.501 0.388 1.64 1.91
0.208 0.156 0.636 2.04 221
0.210 0.288 0.502 1.87 2.13
0.211 0.422 0.367 1.78 2.03
0.393 0.196 0411 2.06 231
0.393 0.396 0.208 1.83 2.17
0.662 0.165 0.173 2.33 2.60

AAPE - 1021

AAD - 0.192
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« RSM model

Model1: LEL, = a+bz, +cz, +da’ +eal (10)

Model2: LEL, =a+bx, +ez,+do? +exi+frm,  (11)

Model 3: LEL,, =a+lxr1+cx2+dxf+ex§ +fz,z, +gmfz2
(12)
Model 4 : LEL, =a+bx, +cx,+dr] +exs+ fr,z, + (13)

2 2
gx1%y + ha,z;

Model 5 : LEL, = a+bz, +cz,+dz’ +exd + fr,z, + (14)
griz, +ha, 2k +kalzl

Model 6 : LEL, = a+br, +cz2+dxf+e:c§+fmlx2+gx§x2
+hz]x§ + k:'cfxg +lz‘?

(15)
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Model 7 : LEL =a+bx, +cx, +do} +exd +fz 3, + g2z,
+ha, 2l + krlad + i +ma
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Table 3. Comparison between reported and estimated low
explosive limits for ethanol-toluene-ethylacetate system
by RSM and MRSM models

odel RSM models MRSM mode!
Para? Maodel | Model | Model [Model| Model | Model | Model | Para- Model
meers 1 2 3 4 S 6 7 | meters
a 2,188 {2174 {1 2.176 | 2.176] 2.181 | 2.179 | 2.180 | LI 328
b -0.398| -0.204 | 0.007 |-0.050{ 0.266 | 0.813 [ 0.922 | L2 |1.269
¢ -1.146 | -1.080 | -1.571 [-1.582-1.768 | -1.997 | -2.182 | L3 {2179
d 1470 | 1.294 | 1.100 {1.157] 0.835 |-2.020 | -2.559 | AlI2 |-1.959
[ 0.230 | 0.181 | 0.666 |0.667] 0.856 | 1.088 | 1.785 | Al3 |-0.782
f <0461 | 1.612 |2.037( 0.020 | 0.199 | 0.863 | A23 [-0.532
g -3.869 |-4.182|-1.351 | 3.023 | 3.013 | BI2 |-1.740
h -0.516| 5.151 ] 5.539 | 3.328 | BI3 |-0458
k -10.4911-17.875{-15.766| B23 |0.795
1 2297 | 2470
m -0.496

AAPE | 1216 | 1.112 | 0.568 [0.575] 0.411 | 0328 | 0.489 |A.AP.E.[0.582
AAD. [0.024 | 0.022 | 0.011 10.011 0.008 | 0.006 | 0.008 | A.AD. |0.010
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Table 4. Comparison of experimental and estimated lower ex—
plosive limits by using the reduced mode! and MRSM
model for ethanol(X:)+toluene(X)+ethylacetate(Xs) sys—
teme

Mole fractions LEL(vol %)

Reduced MRSM

X X X Exp. model model
1.000 0.000 0.000 328 328 3.28
0.000 1.000 0.000 1.27 1.27 1.27
0.000 0.000 1.000 2.18 2.18 2.18
0.110 0.220 0.670 1.88 2.12 1.89
0.111 0.359 0.530 1.76 2.03 1.75
0.111 0.501 0.388 1.64 191 1.66
0.208 0.156 0.636 2.04 221 2.03
0.210 0.288 0.502 1.87 2.13 1.87
0211 0.422 0.367 1.78 2.03 1.77
0.393 0.196 0.411 2.06 2.31 207
0.393 0.396 0.208 1.83 2.17 1.83
0.662 0.165 0.173 2.33 2.60 232
AAPE - 10.21 0.582

AAD. - 0.192 0.010
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Fig. 1. IsoLEL line -of ethanol(X))+oluene(X.)+ethylacetate(Xs)
systen by using MRSM model(A: experimental data).
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