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ABSTRACT

Flammable substances are used in laboratories and industrial process. The flash point (#P) is one of the most important
physical properties used to determine the potential for characterizing the fire and explosion hazard of liquids. The FP data
at 101.3 kPa were measured for the binary systems {toluenetethylbenzene}, {methlycyclohenxanetethylbenzene} and
{n-heptane+ ethylbenzene}. The experiments were performed according to the standard test method (ASTM D 3278) using a
SETA closed cup flash point tester. The measured FPs were compared with the values predicted using the following activity
coefficient models: Wilson, Non-Random Two Liquid (NRTL), and UNIversal QUAsiChemical (UNIQUAC). The average
absolute deviation between the predicted and measured lower FP was less than 1.74 K.
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Table 1. The Densities, Purities, Flash Point and UNIQUAC Parameters of Chemicals Used in This Work

p feent’ at 298.15 K GC Flash point (K) UNIQUAC
Chemicals analysis at 101.3 kPa
This work Reference ¢ (wt %) This work Reference ” r-value g-value “
Toluene 0.86235 0.86230 > 99.9 279.95 277.15 3.9228 2.9680
Ethylbenzene 0.86253 0.86260 > 999 295.35 294.15 4.5972 3.5080
Methlycyclohenxane 0.76506 0.76510 > 999 268.45 269.15 4.7200 3.7760
n-Heptane 0.67952 0.67950 > 99.9 268.75 269.15 5.1742 4.3960

“ Ref[10], * Ref[11]
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Table 2. The Antoine Coefficients of the Components
Antoine coefficients
Components
A B C
Toluene 6.95087 1342.31 219.187
Ethylbenzene 6.96580 1429.55 213.767
Methlycyclohenxane 6.83900 1278.57 222.168
n-Heptane 7.00027 1323.62 222918
“ Ref[10]
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Table 3. The Optimized Binary Parameters of the Wilson, NRTL and UNIQUAC Equations for Each Binary System

o]

Wilson NRTL UNIQUAC
Systems A Az Az Az Az Az
(rmol’ | /rmor’ | Jrmor’ | JJmol’ “ A o' | Jrmor!
{Toluene (1) + ethylbenzene (2)}* 306.16 -327.02 -252.04 226.81 0.3035 -98.26 92.63
{Methylcyclohexane (1) + ethylbenzene (2)}" |  68.80 125.96 100.68 90.90 | 03019 | 7627 25.71
{n-heptane (1) + ethylbenzene (2)}* -5.26 118.01 -56.24 169.37 0.3096 275.61 -228.75

“ Ref[17], * Ref[18], ¢ Ref[19]
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Table 4. The Experimental and Predicted Flash Points for Each Binary System at 101.3 kPa
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Mole factions Flash points (K)
X, Exp. Raoult’s law Wilson NRTL UNIQUAC
{Toluene (1) + ethylbenzene (2)}
0.0000 295.35 - - - -
0.0563 294.25 294.06 294.13 294.09 294.10
0.1072 293.35 292.96 293.07 293.01 293.03
0.2003 291.45 291.10 291.25 291.16 291.19
0.3023 289.65 289.24 289.40 289.30 289.34
0.4007 287.95 287.60 287.76 287.66 287.70
0.5037 286.35 286.02 286.16 286.08 286.12
0.6034 284.75 284.62 284.73 284.67 284.70
0.7002 283.25 283.36 283.44 283.39 283.41
0.8020 281.95 282.12 282.17 282.14 282.16
0.9017 280.75 280.99 281.01 281.00 281.01
0.9473 280.35 280.50 280.51 280.51 280.51
1.0000 279.95 - - - -
AAD - 0.26 0.19 0.23 0.21
{Methylcyclohexane (1) + ethylbenzene (2)}
0.0000 295.35 - - - -
0.0607 291.35 292.07 291.80 291.78 291.72
0.1015 288.55 290.10 289.73 289.71 289.62
0.1991 283.75 286.04 285.58 285.53 285.43
0.3018 279.95 282.52 282.07 282.01 281.93
0.4001 277.65 279.68 279.30 279.24 279.18
0.5002 275.45 277.19 276.89 276.84 276.80
0.5999 273.55 275.03 274.82 274.77 274.75
0.6969 271.95 273.16 273.03 273.00 272.98
0.8001 270.45 271.39 271.32 271.30 271.30
0.8924 269.35 269.96 269.93 269.93 269.92
0.9444 268.85 269.21 269.20 269.20 269.20
1.0000 268.45 - - - -
A.AD - 1.41 1.17 1.13 1.09
{n-heptane (1) + ethylbenzene (2)}

0.0000 295.35 - - - -
0.0577 290.85 292.15 292.02 291.99 291.90
0.0982 287.65 290.16 289.98 289.93 289.82
0.2083 282.75 285.61 285.38 285.31 285.17
0.2971 279.75 282.61 282.39 282.32 282.18
0.3989 277.05 279.71 279.52 279.46 279.34
0.4966 275.25 277.33 277.18 277.13 277.04
0.5980 273.45 275.18 275.07 275.04 274.97
0.6984 272.15 273.30 273.23 273.21 273.17
0.8001 270.55 271.61 271.57 271.56 271.53
0.8988 269.45 270.13 270.11 270.11 270.10
0.9481 269.15 269.44 269.44 269.43 269.43
1.0000 268.75 - - - -
AAD - 1.74 1.62 1.59 1.51
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