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Abstract : Flammable substances, such as organic solvents, are commonly used in laboratories and industrial processes. The flash
point of flammable liquid mixtures is a very important parameter for characterizing the ignition and explosion hazards, and the
flash points of mixtures of C,~C; alcohols and 2,2,4-trimethylpentane were measured in the present study. The
2,2 A-trimethylpentane is an important component of gasoline and is frequently used in the petroleum industry as a solvent.
Lower flash point data were measured for the binary systems {ethanol + 2,24-trimethylpentane}, {1-propanol +
2,2 4-trimethylpentane}, and {2-propanol + 2,2,4-trimethylpentane}. The flash point measurements were carried out according to
the standard test method (ASTM D3278) using a Stanhope-Seta closed cup flash point tester. The measured flash points were
compared with the predicted values calculated using Raoult’s law and also following G* models: Wilson, Non-Random Two
Liquid (NRTL) and UNIversal QUAsiChemical (UNIQUAC). These models were able to predict the experimental flash points
for different compositions of {C,~ C; alcohols + 2,2,4-trimethylpentane} mixtures with minimal deviations. The average
absolute deviation between the predicted and measured lower flash point was less than 1.28 K. A minimum flash point behaviour
was observed in all of the systems as in the many observed cases for the hydrocarbon and alcohol mixtures.
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Ethanol, 1-propanol, 2-propanol Z1&] 11 2,2 4-trimethylpentane ]/ &3HA| of gt Q13 &4
1.ME sttt 2h o] @Al &=l gt lake clSshr] fistod
Raoult’s©] # 2], Wilson [10] NRTL [11] & UNIQUAC [12]
shet At @d T E2 A SN AREEE 7HAA atetu] g2 o] 85} A3 Ake} vkt
2o} otle A YAS UEtl = A3Eolal fFE
Blof oAl ShuE S Fagh AuE ek it oo} 0. Al
A} BHE A4S (lower flammable limit, LFL)= 71
2o] sl jgt et 9 Beldq 4L ojdfelnd saw 21 MEME
ARE gdyzrll]. 2YnE AR ELE 93l EFE oF Alg o) AFHE-E ethanol (C,HsO, M = 46.07 g-mol”, CAS-RN
A Frto] 2235 EA 2= el 213k (flash point)of EH 64-17-5), 1-propanol (C3HgO, M = 60.10 g-mol”, CAS-RN
3k G} wke ] T a2 £3), BakEo] elsldol A 71-23-8), 2-propanol (CsHsO, M = 60.10 g-mol”, CAS-RN
L AR st ET Yo 24 23 (minimum ﬂash 67-63-0), 12|31 2,2 4-trimethylpentane (CsHis, M = 114.23 g-
point behaviour, MFPB)o] W AR =t 7144 &8-S A3} mol”, CAS-RN 540-84-1)2 X %= JT BakerA}Q] A]uk AJefo
= A &R W A ZTA A JFAo] w]> Zrtstez F 24, 7tA23Z2utE 18] 3)(gas chromatography, GC) 4124
q AYE Soto] gQlsh= Ao] Fasith A4S S ol I 2= AFol A 99.9 wt% o] ks UER Rl R
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At W = & =94 WS S H=t ol SETA | 4] 13} =7 7](Series 8 SETA FLASH, model
Aol HAe A B8t 34 oA ol Fadt = AR 82000-0, Surrey, UK)E AH&-sto] &0 tigh Qlahds &
He 4 S22 oA et gebaead] kAl st % skqich SETA T 4] Q18P £47]+= ASTM D 3278 +f
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ol ek dehde S5 AS B8l doixl &5 A Al 7HA 2 e 3 Alo)7], 2= Alefr] e]ar
9l QLS A olel SUUY L AZTAAN L A Achlolth FA S £l Pl 2 mLo
sy B4 QHishl B W FHFelen] Fa8 Ang A Pset £ 274 W9 253,15 Kol 573.15 K744 o]
Fotil 16k G oleid Al Al A7 e o 401 Kl AR S5F FAAINL 25 Aol 2
2 dF5EASE AALeL7] $5te] 15 719 =91 UNIFACH | =¥t SETA 4] A3bd =47]9] calibrations ¢
2 olgste] Mgkl glol AT =37 97 AFFE o) EE AF BAL Aol 27K oz AAsark o4
Zrs] A UThS, 9]. A EFES ARE £1x10%g9) RS Hol= HAA
BTl AEE D ARTHOIN ABEE £3F ol E  wA&(Ohaus DV21SCD)S ALgslo] ZASIAT, AT} B
Al {ethanol + 2,2 4-trimethylpentane}, {1-propanol + 2,2.4- HE 9x= 1 x 10™ mole fraction B|PFe & ZA =} SETA
trimethylpentane} “12] 11 {2-propanol + 2,2,4-trimethylpentane} ]| Wy 2] 0lFd A 7|8 0] 83 A o 3 AlF H&
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Table 1. The Densities, Purities, Flash Point and UNIQUAC Parameters of Chemicals Used in This Work
. plg-em’ at 298.15 K GC analysis Flash Point (K)
Chemicals o
This work Reference (Wt%) This work Reference r-value *
Ethanol 0.78515 0.78500 >99.9 284.75
1-Propanol 0.79989 0.79970 >99.9 297.55 296.15
2-Propanol 0.78136 0.78130 >99.9 287.05 285.15
2,2 4A-trimethylpentane 0.68783 0.68774 >99.9 266.45 268.65
#Ref. [13], ® Ref. [14]




Table 2. The Antoine Coefficients of the Components

Antoine coefficients *
Components
A B C
Ethanol 8.11220 1592.86 226.184
1-Propanol 7.74887 1440.74 198.800
2-Propanol 8.00308 1505.52 211.600
2,2 4-trimethylpentane 6.96602 1339.49 229.033
" Ref. [13]
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Table 3. The Optimized Binary Parameters of the Wilson, NRTL and UNIQUAC Equations for Each Binary System

Wilson NRTL UNIQUAC
Systems A2 Azi A2 Azl N A2 Azg
/J smol”! /J smol”! /T -mol™ | 1T -mol /T -mol”’ 1J smol”!
{Ethanol (1) + 2,2,4-trimethylpentane (2)}* 9101.84 880.55 4026.58 5510.53 0.4649 -832.78 4784.08
{1-Propanol (1) + 2,2 4-trimethylpentane (2)}°|  478.05 42.65 197.73 342.55 0.5024 -53.15 222.30
{2-Propanol (1) + 2,2 4-trimethylpentane (2)}¢| 6822.54 580.65 3677.93 5047.51 0.5870 -989.68 3734.44
? Ref. [22]
® Ref. [23]
° Ref. [24]
300 300
Y Experimental value (] Experimental value
Raoult's law Raoult's law
_——— Wilson _——— Wilson ‘
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Figure 1. The comparison of the flash point prediction curves with Figure 2. The comparison of the flash point prediction curves with

the experimental data for the binary system {ethanol (1)
+ 2,2 4-trimethylpentane (2)}.
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the experimental data for the binary system {1-propanol
(1) + 2,2,4-trimethylpentane (2)}.
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Table 4. The Experimental and Predicted Flash Points for Each Binary System

Mole factions Flash points (K)
X Exp. Raoult’s law Wilson NRTL UNIQUAC
{Ethanol (1) + 2,2,4-trimethylpentane (2)}
0.0000 266.45 - - - -
0.0301 264.45 266.80 264.34 264.73 264.96
0.0564 264.25 267.12 264.12 264.24 264.37
0.1081 264.15 267.75 264.03 264.00 263.97
0.1984 263.95 268.93 264.02 263.98 263.90
0.3008 263.85 270.36 264.05 263.98 263.84
0.3980 264.25 271.84 264.13 264.03 263.65
0.5032 264.45 273.58 264.30 264.18 263.42
0.6021 264.85 275.39 264.63 264.44 263.38
0.6996 265.15 277.34 265.27 264.82 263.86
0.8012 265.75 279.59 266.72 265.58 265.60
0.8999 266.95 282.01 270.29 267.89 270.19
0.9500 270.35 283.35 274.57 271.70 275.14
0.9789 276.55 284.15 279.17 276.93 279.80
1.0000 284.75 - - - -
A.AD - 8.40 0.95 0.36 1.28
{1-propanol (1) + 2,2 4-trimethylpentane (2)}
0.0000 266.45 - - - -
0.0289 265.95 266.88 266.02 266.07 266.27
0.0527 265.55 267.24 265.99 266.02 266.25
0.1039 265.35 268.05 266.02 266.04 266.30
0.1985 265.65 269.66 266.10 266.03 266.36
0.3024 265.85 271.64 266.20 266.10 266.18
0.4017 266.25 273.78 266.36 266.36 265.90
0.5021 266.55 276.27 266.63 266.85 265.72
0.6001 266.95 279.08 267.12 267.54 265.93
0.6997 267.45 282.45 268.05 268.52 266.94
0.8000 269.05 286.52 270.01 270.18 269.60
0.8995 272.85 291.44 274.96 274.23 276.06
0.9503 279.45 294.37 281.24 279.98 283.13
0.9745 287.65 295.88 286.88 285.70 288.66
1.0000 297.55 - - - -
A.AD - 9.13 0.66 0.68 1.08
{2-propanol (1) + 2,2 ,4-trimethylpentane (2)}

0.0000 266.45 - - - -
0.0281 265.35 266.80 265.54 265.60 265.73
0.0492 264.85 267.06 265.29 265.38 265.45
0.0968 264.55 267.68 265.11 265.24 265.18
0.2060 264.95 269.18 265.12 265.28 265.15
0.3001 265.15 270.59 265.21 265.46 265.13
0.4020 265.45 272.24 265.36 265.82 265.07
0.5002 265.65 273.99 265.60 266.36 265.11
0.5993 265.85 275.92 266.03 267.08 265.49
0.6987 266.15 278.06 266.85 267.99 266.54
0.7994 267.05 280.46 268.52 269.29 268.93
0.9007 269.85 283.14 272.52 272.06 274.07
0.9502 275.45 284.55 276.85 275.63 278.64
0.9789 279.75 285.41 281.17 280.02 282.43
1.0000 286.05 - - -
A.AD - 7.35 0.72 0.86 1.19

oAt sko] Welrt oFsl L Balth ol 224- ok BE o] 4EAY HolEli Figure 1914 Figure 3744 Bz

trimethylpentane©]| ethanol, 1-propanol Z1&] 1l 2-propanolS = Hlol Zro| 2AE Ay} 71t EE Ao 9 & o=
e 27842 3R] Uyl 34 JAES o 4= 9 7 v & X5k} {ethanol + 2,2,4-trimethylpentane}
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Figure 3. The comparison of the flash point prediction curves with
the experimental data for the binary system {2-propanol
(1) + 2,2,4-trimethylpentane (2)}.
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