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Abstract : For the design of the prevention and mitigation measures in process industries involving flammable substances,
reliable safety data are required. An important property used to estimate the risk of fire and explosion for a flammable liquid is the
flash point. Flammability is an important factor to consider when developing safe methods for storing and handling solids and
liquids. In this study, the flash point data were measured for the binary systems {2-butanol + 2,2 4-trimethylpentane}, {2-butanol
+ methylcyclohexane} and {2-butanol + toluene} at 101.3 kPa. Experiments were performed according to the standard test
method (ASTM D 3278) using a Stanhope-Seta closed cup flash point tester. A minimum flash point behavior was observed in the
binary systems as in the many cases for the hydrocarbon and alcohol mixture that were observed. The measured flash points were
compared with the predicted values calculated via the following activity coefficient (GE) models: Wilson, Non-Random
Two-Liquid (NRTL), and UNIversal QUAsiChemical (UNIQUAC) models. The predicted data were only adequate for the data
determined by the closed-cup test method and may not be appropriate for the data obtained from the open-cup test method
because of its deviation from the vapor liquid equilibrium. The predicted results of this work can be used to design safe
petrochemical processes, such as the identification of safe storage conditions for non-ideal solutions containing flammable
components.
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AlRof| ARRE AJ2RS 2-butanol (C4HiO, M = 74.12 g mol”,
CAS-RN 78-92-2, 99.9%)%} 2,2 4-trimethylpentane (CsHs, M
11423 g mol”!, CAS-RN 540-84-1, 99. 9%)2 J. T. BakerAl9]
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g mol”, CAS-RN 67-56-1, 99.9%)2 AldrichAte] A&+ A|QFS
Ar&etQiTt. 7kA A2 uE 121 (gas chromatography, GC) &
AAF}, AYo] AFRE BE AQFL 999 wt% o|Ate] &E S
e BE Alg= A 7Ho] 0.3 nmQl molecular sievesS
ARgslo] RS Fof ARESEITt. Karl Fischer titrator 27
(Metrohm 684 KF- Coulometer)-g- 53 45 = 7 ﬂ%%?
o] BRE 82 7x10% ¢ ¢ 0l5h] Ao SRIFSLE. 5
AEO U E =X & Bt} v|wste] 7HHAos &5 5
% ¥l o Aot gl A8 7t AloFse] W, Geof
A, 5 AR Hadlshd 243 192
of ‘3—3_&"} UNIQUAC stHu|EE ZRAEH14,15]13% A
Sto] Table 19 YERH AT

Ao 7 &4 JETS EFE] I A3 SETA
YH 4] 915k =74 7|(Series 8 SETA FLASH, model 82000-0,
Surrey, UK)Z A}-835te] =4 5t9ich. ASTM D 3278 49
2 EE A Wol whel SETA EWH4] Qlshy 243 X3
staiH16]. A2l A Al 7= F4o] == 3Fd Ao,
== Alo] 1 aL ARt Aloj7]oltt. Ao FUYE= EFEY
Fu= oF 2 mLol1, 7hsd 2k £ B9 253.15 KojlA|
573.15 K7HA]o|™ + 0.1 K9] AL & FAA= 2
T Aof7]of] 9 2Ho] HH, EE Al &HS ARESHA
SETA 2H4] QI5Hd £747]19] calibrations 7402 413

Table 1. The Densities, Purities, Flash Point and UNIQUAC Parameters of Chemicals Used in This Work

. p g em™at298.15K GC analysis Flash Point (K) UNIQUAC
Chemicals (Wt%)
This work Reference * ° This work | Reference® | r-value ° g-value *
2-Butanol 0.80264 0.80260 >99.9 302.95 297.15 3.4535 3.0480
. 2,2.4- 0.68785 0.68774 >99.9 266.35 268.65 5.8462 4.9240
trimethylpentane
Methlycyclohenxane 0.76504 0.76510 >99.9 268.65 269.15 4.7200 3.7760
Toluene 0.86235 0.86230 >99.9 280.15 277.15 3.9228 2.9680

“Ref. [14], ° Ref. [15]
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Table 2. The Antoine Coefficients of the Components

B
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Antoine coefficients *
Components
A B C
2-Butanol 7.47430 1314.19 186.510
2,2, 4-trimethylpentane 6.96602 1339.49 229.033
Methlycyclohenxane 6.83900 1278.57 222.168
Toluene 6.95087 1342.31 219.187

“Ref. [14]



Table 3. The Optimized Binary Parameters of the Wilson, NRTL and UNIQUAC Equations for Each Binary System

Wilson NRTL UNIQUAC
Systems A A A A u A A
/J mol™! /J mol™! /J mol™! /J mol™ /J mol™ /J mol™
{2-butanol (1) +
224 trimethylpentate (2)}* 5875.0 401.4 1829.0 4383.0 0.508 -1135.00 3269.0
- +
{2-butanol () + 6902.0 490.7 2326.0 5966.0 0.508 -987.40 3112.0
methylcyclohexane (2)}
{2-butanol (1) + 3145.0 1059.0 1519.0 2710.0 0.508 85.16 942.7
toluene (2)}

“ Ref. [23]
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Mole factions Flash points (K)
X, Exp. Raoult’s law Wilson NRTL UNIQUAC
{2-butanol (1) + 2,2,4-trimethylpentane (2)}
0.0000 266.35 - - - -
0.0254 266.45 266.74 266.46 266.48 266.51
0.0479 266.55 267.09 266.58 266.60 266.66
0.0993 266.75 267.93 266.82 266.84 266.93
0.1989 266.85 269.70 267.17 267.15 267.24
0.3014 266.95 271.76 267.50 267.41 267.40
0.4062 267.45 274.18 267.89 267.81 267.66
0.5118 267.75 277.05 268.48 268.50 268.29
0.5943 268.05 279.68 269.20 269.35 269.27
0.7071 268.45 284.04 270.87 271.31 271.79
0.7924 269.65 288.14 273.24 273.94 275.23
0.9011 276.75 294.82 279.99 281.04 283.67
0.9508 284.25 298.62 287.09 288.18 290.87
0.9761 291.15 300.77 293.37 294.23 296.20
1.0000 302.95 - - - -
A.AD - 8.73 1.35 1.68 2.36
{2-butanol (1) + methylcyclohexane (2)}
0.0000 268.65 - - - -
0.0252 268.55 269.03 268.56 268.49 268.71
0.0526 268.45 269.46 268.60 268.49 268.81
0.0994 268.65 270.21 268.70 268.54 268.98
0.2003 268.85 271.98 268.90 268.54 269.17
0.3002 269.05 273.96 269.14 268.63 269.24
0.3987 269.25 276.17 269.52 268.96 269.45
0.5002 269.85 278.81 270.14 269.60 270.02
0.6041 270.65 282.00 271.22 270.66 271.26
0.7005 272.25 285.56 272.92 272.21 273.37
0.8018 275.15 290.13 276.17 275.05 277.31
0.9020 281.95 295.82 282.96 281.19 284.87
0.9430 287.85 298.59 288.32 286.46 290.24
0.9735 293.05 300.85 294.56 293.11 295.97
1.0000 302.95 - - - -
A.AD - 7.62 0.48 0.29 1.07
{2-butanol (1) + toluene (2)}

0.0000 280.15 - - - -
0.0252 279.85 280.49 280.17 280.18 279.79
0.0500 279.75 280.83 280.23 280.24 279.68
0.1016 279.65 281.57 280.41 280.42 279.67
0.1992 279.75 283.05 280.83 280.84 279.77
0.3020 279.95 284.75 281.32 281.33 279.98
0.4034 280.45 286.60 281.89 281.88 280.44
0.4997 281.05 288.54 282.56 282.54 281.26
0.6017 281.95 290.83 283.55 283.53 282.70
0.7016 283.25 293.35 285.05 285.04 284.90
0.7956 285.45 296.00 287.37 287.38 288.04
0.8994 290.85 299.30 292.17 292.20 293.55
0.9496 295.95 301.07 296.29 296.33 297.52
0.9766 299.25 302.06 299.43 299.46 300.20
1.0000 302.95 - - - -
A.AD - 5.48 1.08 1.09 0.82
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Figure 1. The comparison of the flash point prediction curves with
the experimental data for the binary system {2-butanol
(1) + 2,2,4-trimethylpentane (2)}.
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Figure 3. The comparison of the flash point prediction curves with
the experimental data for the binary system {2-butanol
(1) + toluene (2)}.
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