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The regular solution model (the Hildebrand-Scatchard equation) coupled with the Flory-Huggins
equation has been extended by using the local volume fraction of Wilson to be applicable to correlate
vapor-liquid equilibria (VLE) of polar mixtures. The extended regular solution model with the local
volume fraction (RSM-L) has been applied to ethanol + hydrocarbon binary mixtures in a previous study
and it is found that the model can be correlate VLE of the mixtures. In this study, as a continuation,
RSM-L is adopted to correlate VLE of other polar binary mixtures containing ethers, ketones and water
and its applicability is examined and discussed.
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Table 1 Physical properties of pure substances *

v Y 0 4 Constants of Antoine’s equation”
Substance [mn3i;orﬂ[mn3inorﬂ[chniifj] [%%] 1 B - C
2—Methylbutane 115.6 118.4 14.0 27.852  5.93330 1029.602  38.856
Pentane 115.3 118.4 14.5 36.068  5.99028 1071.187  40.384
2—Methylpentane 131.7 140.6 14.4 60.271  5.99479 1152.210 44.579
3—Methylpentane 131.7 140.6 14.4 63.282  5.99139 1162.069 44.870
Hexane 131.4 140.6 14.9 68.740  6.01098 1176.102  48.251
Heptane 147.5 162.8 15.2 98.423  6.02701 1267.592  56.354
2,3—Dimethylpentane 148.1 162.8 14.4 89.783  5.98293 1240.404 51.056
Octane 163.6 185.0 15.5 125.665  6.04394 1351.938  64.030
2,2, 4-Trimethylpentane  163.4 185.0 14.3 99.238  5.92751 1252.340  53.060
Cyclohexane 112.6 118.2 16.5 80.731 6.00569 1223.273  48.061
Benzene 90.4 96.0 18.8 80.090  6.01905 1204.637  53.081
Toluene 104.9 118.2 18.7  110.622  6.08436 1347.620  53.363
Diethyl ether 103.0 106.1 14.8 34434  6.04920 1061.391  45.090
Methyl +—butyl ether 118.6 129.4 14.1 55.17 6.070343 1158.912  43.200
Ethyl t~butyl ether 134.7 151.6 14.6 72.71 6.073724 1206.874  49.190
t—Amyl methyl ether 134.7 151.6 14.6 86.24 6.067822 1256.258  50.100
Diisopropyl ether 135.8 151.6 14.6 68.339 597081 1137.408 54.634
Dibutyl ether 167.4 196.0 159 140.295 592274 1298.256  82.006
Acetone 74.0 77.6 18.6 56.067  6.25017 1214.208  43.148
Methyl ethyl ketone 93.9 96.2 18.4 79.583  6.18397 1258.940  51.425
Diethyl ketone 110.0 118.4 183  101.960  6.14570 1307.941  59.182
Methyl propyl ketone 110.0 118.4 183  102.261 6.13931 1309.629  58.585
Methyl isopropyl ketone  110.3 118.4 17.8 94333  6.09024 1265.595  57.631
Methyl isobutyl ketone 126.4 140.6 17.8  116.183  5.81291 1176.833  80.225
Methanol 40.7 42.8 28.2 64.511 7.24693 1605.615  31.317
Ethanol 59.6 62.5 25.7 78.229  7.24222 1595.811  46.702
1-Propanol 75.7 81.4 24.2 97.153  6.87065 1438.587  74.598
2—Propanol 76.0 81.4 23.7 82.244  6.86634 1360.183  75.557
1-Butanol 91.8 103.6 232 117.731 6.54068 1335.028  96.496
2—Butanol 92.1 103.6 22.7 99.515  6.35079 1169.924 103.413
Water 18.1 18.8 47.9  100.001 7.06252 1650.270  46.804

“log p°[kPa] = 4 —{B/T[K]-C)}
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Table 2 Correlation performances for vapor-liquid equilibria of binary systems containing ethers (101.3 kPa)

. RSM-L (z=10, n;,=0) RSM-qa. ?
Binary system (1)+(2) . o Ay1* IV Ay1* VS
Diethyl ether + 2—Methylbutane 0.0396 -0.1132 0.7 0.1 0.4 0.1
Diethyl ether + Pentane —-0.0052 0.1115 34 0.1 33 0.1
Methyl #-butyl ether + 2—Methylpentane —-0.0047 0.0833 0.5 0.1 0.3 0.1
Methyl —butyl ether + 3—Methylpentane —0.0082 0.1000 0.4 0.1 0.4 0.2
Methyl t—butyl ether + 2,3—Dimethylpentane 0.0430 -0.1172 1.0 0.2 1.0 0.5
Methyl t~butyl ether + Octane —-0.0030 0.0402 3.1 1.2 0.7 2.2
Methyl #~butyl ether + 2,2,4-Trimethylpentane —0.0124 0.1671 1.4 0.4 1.0 0.8
Methyl #—butyl ether + Methanol -0.0574 -0.2762 33 0.4 33 0.4
Ethyl +~butyl ether + 2—Methylpentane —-0.0048 0.0601 0.3 0.1 0.2 0.1
Ethyl +~butyl ether + Ethanol -0.0999  -0.1280 2.1 0.3 1.2 0.8
t—Amyl methyl ether + 2—Methylpentane 0.0045 0.0107 1.3 0.0 1.3 0.2
t—Amyl methyl ether + 3—Methylpentane 0.0079  —0.0064 0.5 0.1 0.5 0.1
t—Amyl methyl ether + 2,3—Dimethylpentane 0 0.0380 0.2 0.1 0.2 0.1
Diisopropyl ether + 2,3—Dimethylpentane —-0.0192 0.1612 0.7 0.1 0.9 0.2
* Ay (%) = %i 7‘ yl'y " el wxgqp0q = ]:/—i twe —top |- N=number of data points
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Table 3 Correlation performances for vapor-liquid equilibria of binary systems containing ketones (101.3 kPa)

(11) 11

RSM-L (z=10, n,=0) RSM-a”

Binary system (1)+(2) . - - -
mip £1n Ay, At Ay, At
Acetone + Hexane —-0.0352 0.9787 2.9 0.4 1.0 0.4
Acetone + Benzene —-0.0193 0.3214 0.3 0.1 0.2 0.1
Acetone + Dibutyl ether -0.0162 0.4501 0.8 0.4 0.8 1.4
Acetone + Methanol —-0.0391 —-0.0723 0.8 0.1 0.5 0.2
Acetone + Ethanol —0.0530 0.0816 3.0 0.3 1.3 0.6
Methyl ethyl ketone + Heptane —-0.0417 0.6710 2.8 0.3 1.5 0.4
Methyl ethyl ketone + Cyclohexane —-0.0038 0.2567 24 0.3 2.1 0.3
Methyl ethyl ketone + Benzene 0.0238 —-0.0565 0.8 0.1 0.5 0.1
Methyl ethyl ketone + Toluene 0.0157 0.0069 2.0 0.4 1.4 0.3
Methyl ethyl ketone + Ethanol -0.0319 0.0476 0.7 0.1 0.5 0.1
Methyl ethyl ketone + 1-Propanol —-0.0412 0.2218 1.0 0.1 0.7 0.1
Methyl ethyl ketone + 2—Propanol —-0.0293 0.1553 0.4 0.1 0.3 0.1
Diethyl ketone + 2—Propanol 0.0029 —-0.0515 1.4 0.4 0.8 0.7
Diethyl ketone + 1-Butanol —-0.0282 0.1311 2.1 0.5 1.2 1.0
Methyl propyl ketone + 2—Propanol —-0.0070 —-0.0198 2.1 0.0 23 0.2
Methyl isopropyl ketone + Octane —-0.0249 0.5009 1.3 0.3 0.5 0.7
Methyl isopropyl ketone + Cyclohexane 0.0909 -0.1332 0.4 0.1 0.5 0.1
Methyl isobutyl ketone + Cyclohexane 0.0661 —0.1090 43 0.7 2.6 0.7
Methyl isobutyl ketone + 2—Propanol 0.0086 —-0.0824 33 0.2 23 0.5
Methyl isobutyl ketone + 1-Butanol —-0.0313 0.0751 0.6 0.3 0.5 0.4
Methyl isobutyl ketone + 2—Butanol —-0.0198 0.0457 0.7 0.4 0.5 0.5
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Fig. 2 Correlation of vapor-liquid equilibria
for acetone (1) + ethanol (2) at 101.3
kPa. Experimental: (0); Correlations:

(

) RSM-L; (----

) RSM-a

» N =number of data points

0.8 -

Y (MEK) [—]
N o
~ >
T T

02

0.4

X (MEK) [—]

0.6

0.8

1.0

Fig. 3 Correlation of vapor-liquid equilibria
for methyl ethyl ketone (1) + ethanol
(2) at 101.3 kPa. Experimental: (0);

Correlations: (
) RSM-a
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Table 4 Correlation performances for vapor-liquid equilibria of binary systems containing water (101.3 kPa)

) RSM-L (z =10, n;,=0) RSM-¢?
Binary system (1)+(2) = = " =
mi; &2 Ay, At Ay, At
Water(1)+Acetone(2) —0.4093 —0.0921 6.3 0.8 2.5 0.3
Water(1)+Methanol(2) —0.1416 0.0177 32 0.2 2.0 0.3
Water(1)+Ethanol(2) 0.0598 -0.2377 2.3 0.2 2.0 0.2
Water(1)+1-Propanol(2) 0.3437 —-0.3227 29 0.2 1.7 0.2
Water(1)+2-Propanol(2) 0.2327 —-0.3049 2.6 0.3 2.4 0.2
100 Viale = Ve q 1 & .
Ay,[%] = 27‘ 1 Iy e, FRACT= 2 | e ~ ey |+ N=number of data points
1,exp
ERES
1.0 A = interaction parameter between term [J-em™]
’ ' ' ' ' g = molar Gibbs energy [J-mol™]
! =interaction parameter between unlike molecules
08 | : (-]
m = interaction parameter between unlike molecules
(-]
T o6 L _ n = interaction parameter between unlike molecules
o [-]
% p = total pressure [Pa]
04 _ p° = vapor pressure of pure component [Pa]
- R = gas constant [J-mol '-K 1]
T = absolute temperature [K]
0.2 - t =temperature ['C]
v = liquid molar volume [cm® - mol™]
x =mole fraction of liquid phase [-]
1 | 1 | 1 | 1 | 1 .
0 02 0.4 0.6 0.8 1.0 v =mole fraction of vapor phase [-]
X (EOH) [=] z = co-ordination number [-]
y = liquid phase activity coefficient -
6 =solubility parameter [(T-em™)**]

Fig. 4 Correlation of vapor-liquid equilibria
for water (1) + ethanol (2) at 101.3
kPa. Experimental: (0); Correlations:
( ) RSM-L; (----- ) RSM-a
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™M

= interaction parameter between unlike molecules
(-]
A = interaction energy due to attractive force
[J-mol™]
¢ = volume fraction [-]



<Subscript>

b  =normal boiling point

calc = calculated value

exp = experimental data

1 =component 1

2 =component 2

25 = standard temperature (25°C)

<Superscript>
E  =excess property
L  =local quantity
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