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Applicabilities for vapor-liquid equilibrium correlation of three kinds of solution models (RSM-a.,
RSM-L and GC-W) have been examined by using VLE data of several binary mixtures containing
non-polar and polar molecules. It is found that GC-W can give the best result. To use GC-W as a
prediction method, the interaction parameters should be estimated from the physical properties of pure
components. Based on the various attempts, t, and &s° are found to be successful to estimate the
interaction parameters though applicable binary mixtures are somewhat limitted.
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Table 1 Comparison of VLE correlation performances for hydrocarbon binary systems

. RSM-a RSM-L GC-W
Binary system (1) + (2) = — = — - —
Ay, [%] At [C] Ay, [%] At TC] Ay [%] At [C]
Hexane + Heptane 0.5 0.2 0.8 0.4 0.7 0.4
Heptane + Octane 1.5 0.2 1.7 0.2 1.7 0.2
Cyclohexane + Hexane 1.0 0.3 1.0 0.3 3.2 0.3
Cyclohexane + Heptane 2.6 0.1 2.8 0.1 2.1 0.3
Cyclohexane + Octane 0.4 0.5 1.9 0.3 1.7 0.2
Cyclohexane + Benzene 0.5 0.1 0.4 0.1 0.4 0.1
Cyclohexane + Toluene 0.8 0.3 11 0.1 1.2 0.1
Cyclohexane + Ethylbenzene 0.3 0.6 1.6 0.3 2.1 0.4
Cyclohexane + p-Xylene 0.6 0.4 13 0.3 1.0 0.7
Hexane + Benzene 0.7 0.1 0.9 0.1 0.7 0.1
Hexane + Toluene 0.8 0.8 21 0.3 2.0 0.4
Heptane + Benzene 1.9 0.2 2.0 0.1 1.9 0.1
Heptane + Toluene 0.7 0.4 13 0.2 1.3 0.2
Heptane + Ethylbenzene 0.5 0.2 15 0.2 15 0.2
Heptane + p-Xylene 0.9 0.2 1.9 0.5 2.2 0.5
Octane + Benzene 4.1 0.2 3.9 0.3 3.7 0.3
Benzene + Toluene 0.7 0.2 1.7 0.5 15 0.4
Ethylbenzene + p-Xylene 0.9 0.1 1.0 0.1 11 0.1
"Ay,[%] = %iM,MM[T] = %ZN:‘ teae —Texp|: N = number of data points
1exp
Table 2 Comparison of VLE correlation performances for binary systems containing ethers
Binary system (1)+(2) - RSM_i S *RSM_L** S : GC_V\C* S
Ay, [%] At [C] Ay [%] At TC] Ay [%] At [C]
Diethyl ether + 2—Methylbutane 0.4 0.1 0.7 0.1 0.1 0.1
Diethyl ether + Pentane 3.3 0.1 3.4 0.1 3.2 0.1
Methyl t—butyl ether + 2—Methylpentane 0.3 0.1 0.5 0.1 0.4 0.1
Methyl t—butyl ether + 3—Methylpentane 0.4 0.2 0.4 0.1 0.4 0.1
Methyl t—butyl ether + 2,3—-Dimethylpentane 1.0 0.5 1.0 0.2 0.4 0.2
Methyl t—butyl ether + Octane 0.7 2.2 3.1 1.2 2.2 0.8
Methyl t—butyl ether + 2,2,4-Trimethylpentane 1.0 0.8 1.4 0.4 1.3 0.4
Methyl t—butyl ether + Methanol 3.3 0.4 3.3 0.4 3.1 0.3
Ethyl t—butyl ether + 2—Methylpentane 0.2 0.1 0.3 0.1 0.3 0.1
Ethyl t—butyl ether + Ethanol 1.2 0.8 21 0.3 1.2 0.1
t—Amyl methyl ether + 2—Methylpentane 1.3 0.2 1.3 0.0 1.3 0.1
t—Amyl methyl ether + 3—Methylpentane 0.5 0.1 0.5 0.1 0.3 0.1
t—=Amyl methyl ether + 2,3—-Dimethylpentane 0.2 0.1 0.2 0.1 0.4 0.1
Diisopropyl ether + 2,3—Dimethylpentane 0.9 0.2 0.7 0.1 0.6 0.1

" 1
, At[°C]=NZt

. 100 4| Yacae = Yaexp
Ay, [%]=—"— | 7lcale  Jiexp|
! N z yl,exp
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Table 3 Comparison of VLE correlation performances for binary systems containing ketones

. RSM-a. RSM-L GC-W
Binary system (1)+(2) - p— " p— . .
Ay, [%] At [C] Ay [%] At TC] Ayi[%] At [C]
Acetone + Hexane 1.0 0.4 2.9 0.4 13 0.2
Acetone + Benzene 0.2 0.1 0.3 0.1 0.2 0.1
Acetone + Dibutyl ether 0.8 14 0.8 04 0.6 1.0
Acetone + Methanol 0.5 0.2 0.8 0.1 0.8 0.1
Acetone + Ethanol 1.3 0.6 3.0 0.3 24 0.3
Methyl ethyl ketone + Heptane 1.5 0.4 2.8 0.3 0.9 0.3
Methyl ethyl ketone + Cyclohexane 2.1 0.3 2.4 0.3 2.6 0.3
Methyl ethyl ketone + Benzene 0.5 0.1 0.8 0.1 0.4 0.1
Methyl ethyl ketone + Toluene 1.4 0.3 2.0 0.4 2.0 0.3
Methyl ethyl ketone + Ethanol 0.5 0.1 0.7 0.1 1.0 0.1
Methy! ethyl ketone + 1-Propanol 0.7 0.1 1.0 0.1 0.8 0.1
Methyl ethyl ketone + 2—Propanol 0.3 0.1 0.4 0.1 0.5 0.1
Diethyl ketone + 2—Propanol 0.8 0.6 1.4 0.4 1.2 0.4
Diethyl ketone + 1-Butanol 1.2 1.0 21 0.5 2.2 0.6
Methyl propyl ketone + 2—Propanol 2.3 0.2 21 0.0 2.1 0.1
Methyl isopropy! ketone + Octane 0.5 0.7 13 0.3 0.9 0.2
Methyl isopropyl ketone + Cyclohexane 0.5 0.1 0.4 0.1 0.4 0.1
Methyl isobutyl ketone + Cyclohexane 2.6 0.7 4.3 0.7 5.0 0.8
Methyl isobutyl ketone + 2—Propanol 2.3 0.5 3.3 0.2 2.8 0.2
Methyl isobutyl ketone + 1-Butanol 0.5 0.4 0.6 0.3 0.6 0.3
Methy! isobutyl ketone + 2—Butanol 0.5 0.5 0.7 04 0.8 0.4

t t

calc — ‘exp

100 i‘ Yicale ~ Yiexp

- 1 i
100 AC]=—
N yl.exp N

"Ay,[%] = + N = number of data points

Table 4 Comparison of VLE correlation performances for ethanol + hydrocarbon systems

. RSM—-a RSM-L GC-W
Binary system (1) + (2) = e x — - o
Ayi[%] AtTTC] Ay[%]  AtTIC] Ay[%]  AtT[C)
Ethanol + Hexane 15 0.2 14 0.4 15 0.1
Ethanol + Heptane 1.0 0.8 2.9 0.7 2.0 0.8
Ethanol + Octane 0.2 0.3 2.2 0.8 0.6 0.1
Ethanol + Cyclohexane 1.3 0.7 1.0 1.0 1.0 0.3
Ethanol + Benzene 19 0.7 15 0.5 1.8 0.4
Ethanol + Toluene 0.9 0.7 1.4 0.8 1.6 0.2

. 100 X | Vicae = Yaexp| = A ¢p 13
Ayl[%]zﬁz‘lmim, At[C]:WZ‘tca,c—texp

yl, exp

» N = number of data points
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Table 5 Comparison of VLE correlation performances for water + polar molecule systems

. RSM—-a RSM-L GC-W
Binary system (1) + (2) = e : — = p—
Ay, [%] At TC] Ay [%] At [C] Ay [%] At [C]
Water(1)+Acetone(2) 25 0.3 6.3 0.8 1.3 0.1
Wiater(1)+Methanol(2) 2.0 0.3 3.2 0.2 1.3 0.1
Water(1)+Ethanol(2) 2.0 0.2 2.3 0.2 11 0.1
Water(1)+1-Propanol(2) 1.7 0.2 2.9 0.2 1.3 0.1
Water(1)+2-Propanol(2) 24 0.2 2.6 0.3 13 0.1

t t

calc ~ ‘exp

100 i‘ Yicaie ~ Yiexp

" 1 i
i JA[Cl=—
N yl.exp N

"Ay,[%] = + N = number of data points

Table 6 Parameters required ® in VLE correlation for RSM-a, RSM-L and GC-W

Binary system RSM-a. RSM-L (ny,=0) GC-W
Containing Ethers H.C. (2): my, B

Ether (1) + Component (2) Alcohol (2): my, , Ny, Mz, &12(2 =10) f12. fa
Containing Ketones S My . £1(2 =10) 1 En

Ketone (1) + Component (2) ’ ' ’
Ethanol + Hydrocarbon (H.C.) Paraffin (2): my, , €15 (2 =4)

Ethanol (1) + H.C. (2) @2, M2 M2 Gpers0) my , e (2210) 020 &2
Water + Polar molecules

Miz , N1 M1z, €12(2 =10) €12, €0

Water (1) + Polar molecule (2)

a See Appendix
b RSM (a1, =1) was adopted. See Table 2 of S. Kobuchi, S. Yonezawa, K. Fukuchi, and Y. Arai,” Prediction of Isobaric Vapor-Liquid
Equilibria for Hydrocarbon Binary Systems by Regular Solution Model,” J. Soc. Mater. Eng. Resour. Japan, Vol.20, pp.47-51, 2007

Table 7 Averaged deviations in VLE correlation for RSM-a, RSM-L and GC-W

Binary system No. of *RSM-aH ] RSM-I; ] GC-V\{*
systems Ay "[%] AtT[C] Ay %] AtTC]  Ayi[%] At7[C]
Hydrocarbon mixtures 18 1.1 0.3 1.6 0.2 1.7 0.3
Containing Ethers 14 1.1 0.4 1.4 0.2 1.1 0.2
Containing Ketones 21 1.0 0.4 1.6 0.3 1.4 0.3
Ethanol + Hydrocarbon 6 11 0.6 1.7 0.7 1.4 0.3
Water + Polar molecules 5 2.1 0.2 35 0.3 1.3 0.1
Total 64 1.1 0.4 17 0.3 14 0.3

. 100 & | Yacae — Yool ~ Aqpicy— 1N ,
Ay, [%] = Vzhlilp At[Cl= Wz‘tcalc ~t| N = number of data points

1,exp
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Table 8 Correlation performances for VLE of ethanol (1) + hydrocarbon (2) binary systems

Hydrocarbon (2) E12 £n Ay, %] At™C]

Hexane 0.0965  0.1923 1.5 (24)% (2.4)° 01 (02)% (05)°
Heptane 0.1707  0.1618 2.0 (4.8)° (2.3)° 08 (07)% (05)°
Octane 0.2268 0.0575 0.6 (4.1)% (1.0)° 01 (21)% (0.4)°
Cyclohexane 0.1068  0.1652 1.0 (1.3)? (0.9)° 03 (07)% (05)°
Benzene 0.0388 01329 1.8 (45)°% (1.6)° 04 (09)% (04)°
Toluene 0.0991  0.0752 16 (1.8)% (1.9)° 0.2 (09)% (0.2)°

t

- N calc exp| ** S 13
Ay1[%1=%27‘ Proe = ool “ACY= D

1,exp

t

calc ~ ‘exp

» N = number of data points

2 values in parentheses are obtained by &, = (5.0 X 10#)A52—0.086 , &1 = (6.0 X 10™%)A52-0.079
® values in parentheses are obtained by &, = 0.1137 +2.31 X 103t, ,— 7.48 X 10 *5,5,> and

£71=0.4269 — 2.20 X103t , —3.21 X 107 * 55 5>
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Fig. 2 Relationships between &, &;and ty, 5, 25 5> for ethanol (1) + hydrocarbon (2) systems

Table 9 Prediction performances for VLE using two kinds of pure component properties

Binary System (1) + (2) No.of . 50" tp, M th, Vs M, 825" Vs, Oz5 M, Vs
systems  Ay," AT Ayt AT Ay AT Ay AT Ayt AT Ayt AT
Cyclohexane + Paraffinic 7 34 10 31 09 31 09 33 10 27 08 31 09
or Aromatic Hydrocarbon
Paraffinic + Aromatic 7 33 06 25 05 27 04 155 50 321119 3.3 038
Hydrocarbon
Ether + Hydrocarbon 12 16 03 18 04 17 04 17 04 17 03 40 1.0
Ketone+ Hydrocarbon 6 40 08 35 05 40 08 41 08 41 08 26 05
Ketone + Alcohol 1 20 04 18 04 17 04 20 03 18 04 15 04
Ethanol + Hydrocarbon 6 17 04 27 05 25 05 18 04 20 04 23 05
Water + Alcohol 4 28 04 44 08 42 07 67 13 65 13 3.2 0.6
Avg.(ZAy, [ 7, ZALTT) 27 06 28 06 28 06 50 13 73 23 29 0.7

t

N —
A %] = 1'(30 z\ Yi.cate = Yaoxp

1,exp
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calc ~ ‘exp

» N = number of data points
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A = interaction term [3-cm™]

I =interaction parameter between unlike molecules
[-]

M = molar mass [g-mol™]

m = interaction parameter between unlike molecules

[-]
n = interaction parameter between unlike molecules
[-]
p =total pressure [Pa]
p° = vapor pressure of pure component [Pa]
R = gas constant [3-mol™- K]
T =absolute temperature [K]
t  =temperature ['C]
v = liquid molar volume [cm®-mol™]
x = mole fraction of liquid phase [-1
y = mole fraction of vapor phase [-1
z = co-ordination number [-1
o =exponent parameter [-1
y = liquid phase activity coefficient -1
& = solubility parameter [(3-cm®)%%]
& = interaction parameter between unlike molecules
-]
A = Wilson parameter []
A = interaction energy due to attractive force
[3-mol™]
¢ = volume fraction [-1

<Subscript>

b =normal boiling point

calc = calculated value

exp = experimental data

1 =component 1

2 =component 2

25 =standard temperature (25°C)

<Superscript>
L =local quantity
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Table A1 Interaction parameters of RSM-L and GC-W for hydrocarbon mixtures
Binary system (1) + (2) RSM-L (2210, n:,=0) cC-W
Miz 12 12 a1

Hexane + Heptane —-0.0202 0.1293 0.0552 —0.0589
Heptane + Octane 0.0012 0.0091 0.0618 —0.0595
Cyclohexane + Hexane —-0.0251 0.1401 0.1200 —0.0551
Cyclohexane + Heptane -0.0158 0.0800 0.1350 —-0.1200
Cyclohexane + Octane 0.0091 —0.0326 0.1486 —0.1669
Cyclohexane + Benzene 0.0091 0.0271 0.0272 0.0091
Cyclohexane + Toluene —-0.0027 0.0577 0.0729 —0.0515
Cyclohexane + Ethylbenzene 0.0067 0.0386 0.1095 —0.0806
Cyclohexane + p-Xylene —0.0039 0.1074 0.1100 —0.0950
Hexane + Benzene —0.0368 0.1556 0.0800 —0.0302
Hexane + Toluene —0.0226 0.0555 0.1147 —-0.0915
Heptane + Benzene -0.0114 0.0399 0.0093 0.0418
Heptane + Toluene —0.0087 0.0148 0.0352 —0.0063
Heptane + Ethylbenzene —0.0096 —0.0093 0.0696 -0.0611
Heptane + p-Xylene 0.0008 —0.0393 0.0350 —0.0079
Octane + Benzene —-0.0339 0.2181 -0.1223 0.1329
Benzene + Toluene 0.0207 —-0.0776 0.0851 —0.0884
Ethylbenzene + p-Xylene —0.0265 0.2299 0.0044 —0.0044
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Table A2 Coefficients of Egs. (22) and (23) or Egs. (24) and (25) for GC-W used in VLE

correlation with t, and M

. apora;’  bporbgy C120r Cyp” dip €12
Binary system (1) + (2 . . .
ysy ¥ (2) Ay 0ray’ by orby C210r Cpp da €21
Cyclohexane + Paraffinic —0.2466  -1.60x10°  536%x10°
or Aromatic Hydrocarbon 0.4095 1.50x10° -6.68x107°
Paraffinic + Aromatic 2.6623 2.14%X10% -227x10°% -510x10?% 7.22x10°°
Hydrocarbon -0.3654  —2.45x10"°  3.13%x10°  1.12xX10% -9.33x10°
Ether + Hydrocarbon ~0.0819  -3.02x10°  1.38x10°  359x10*  2.34x10°
0.1336 2.89x10° -1.46x107° 2.05%X10% -3.16x107°
Ketone+ Hydrocarbon 0.1796  -1.42X10%  156x10°  1.67xX10° -4.11x107
—0.7644 1.67x102 -8.93x10° -2.12x102  2.11Xx10°?
Ketone + Alcohol 0.0793 -5.87x107 6.42x107* 3.01x10°  4.27x10°
0.0018 7.67X10° -4.07xX10"* -4.46%x10° -6.31x107°
Ethanol + Hydrocarbon ~0.3643  —9.97x10*  6.28x107
0.2277  -3.55x10°° 2.56x107
-0.4149 2.22%107° 597X10°
Water + Alcohol
0.0914 1.40X10° -1.61%x10°°
Table A3 Coefficients of Eqgs. (22) and (23) or Egs. (24) and (25) for GC-W used in VLE
correlation with t, and v,5
Binary system (1) + (2) aporap  byporby C120r Cpp’ di, €1
Ay Or ay’ by or by’ C210r Cp1° dx €21
Cyclohexane + Paraffinic -0.1102 2.22x10™ 1.51%x107
or Aromatic Hydrocarbon 02419  -7.66x10* -1.90x107
Paraffinic + Aromatic 4.0376 212%x102% -2.47x10°° —4.40X102% 6.34x10°
Hydrocarbon -0.5351  -1.98x10°° 3.26x10°° 9.02x10° -9.07x107°
Ether + Hydrocarbon -0.1275  —2.99x10°° 1.51x107 2.49x10* 1.82x107°
0.1744 285%x10° -1.69x10°° 2.74%x10* -2.37x10°
Ketone+ Hydrocarbon 02221  -856x10° -5.19x10™"* 7.13%x10°% -1.05x107
-0.3360 1.12X10% -1.05x10° -1.10X10% 5.62x10°
Ketone + Alcohol 0.0455  -6.07x107° 7.91x10* 2.76X10° 3.36x10°
0.0275 7.11x10° -6.97x10" -3.12%x10° -4.83x107°
Ethanol + Hydrocarbon -0.2060 1.07x10°° 1.83x10°°
0.2914  —2.72x10° 7.59%x 107
-0.4081 2.14%x10° 4.41x10°
+
Water + Alcohol 0.0876 150X10°  —1.26X10°
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Table A4 Coefficients of Egs. (22) and (23) or Egs. (24) and (25) for GC-W used in VLE
correlation with M and &5
Binary system (1) + (2) apora;  bporbgy C120r Cyp” dip €12
Ay oray’ by orby C210r Cyy” da en
Cyclohexane + Paraffinic 0.0139 2.13x10° -3.99x10°
or Aromatic Hydrocarbon 0.1723 -3.67x10°° 3.56x107*
Paraffinic + Aromatic 51.3299 1.81x10° -6.43x10* -290x10" -7.01x10°°
Hydrocarbon -9.3051  -1.34x10%  4.69x10*  3.03x10% 1.03x107°
Ether + Hydrocarbon 0.1171  -4.05X10°  4.02x10° -1.48x10° 1.30x10°
0.1256 4.28%x10° -4.70x10°° 1.37x10° -2.09x107°
Ketone+ Hydrocarbon 1.6687  -526x10° —249x10° -3.21x10°  1.99x10™*
~1.5682 479%X10°  3.43x10°  4.08x10°% -1.37x10°
Ketone + Alcohol 1.8453  -8.29x10° 523X10° -4.21X10°  2.81%x10°
-2.1547 0.84x10° -6.62x107° 5.04X10°  7.72X10°°
Ethanol + Hydrocarbon -0.2061 432x10° -254x10™
0.7400  -4.18x10° -7.98x10™*
0.3030 3.17x10° -6.16x107*
W + Alcohol
ater + Alcoho ~1.7911 1.41X102  1.87x10°

Table A5 Coefficients of Egs. (22) and (23) or Egs

correlation with v,s and &5

. (24) and (25) for GC-W used in VLE

. a;porag”  byporby C120r C12° di, €12
B 1) + (2 . .
inary system (1) + (2) lora, by orby C21 01 Cyy Ay ex
Cyclohexane + Paraffinic -0.1422 1.75x10°  8.92x10°
or Aromatic Hydrocarbon 0.4939  —3.24x10° -5.61x10"*
Paraffinic + Aromatic 46.3381 157x10" -7.02x10% -290x10! -7.31x10°
Hydrocarbon -9.0221  -1.17X10% 513xX10* 3.03X10% 1.06x107?
Ether + Hydrocarbon 0.0471  -354x10° 350x10° -1.42x10° 1.32x107
0.2098 3.75X10° -4.09%x10°  1.32x10° -2.12x107°
Ketone+ Hydrocarbon 2.0778  -491x10° -1.86x10° -3.87x10° -2.01x10"*
-2.1145 464x10° 2.81x10° 4.88x10° -7.78x10™"*
Ketone + Alcohol 1.6704  —6.68x10°  469x10° -3.78X10° 4.48x10°
-2.0304 8.07x10°% -5092x10° 4.72x10° -3.72x10°°
Ethanol + Hydrocarbon -0.4187 3.18x10°  5.18x10*
0.9536  -3.11%x10° -1.56x107°
0.2013 2.89x10° -515x10"
W + Alcohol
ater + Alcoho ~1.8537  1.07x102  1.94X10°
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Table A6 Coefficients of Egs. (22) and (23) or Egs.

correlation with M and va5

(25)25

(24) and (25) for GC-W used in VLE

. a;porag” by or by’ C120r Cqp” d, €12
Binary system (1)+(2 . . .
inary sy (D+@2) dpy OI @py b, Or by C210r Cp1 dx €21
Cyclohexane + Paraffinic -0.1277 6.73x10*  1.32x10°°
or Aromatic Hydrocarbon 0.2977 -2.23x10°% -1.28x10°°
Paraffinic + Aromatic 0.6029 0.00 —155%X1072% -6.21X10° 1.68X1072
Hydrocarbon -0.3508 0.00 2.24%X107%  548%x10° -2.39x107
Ether + Hydrocarbon 1.3714  -4.78X1072  7.87X102  3.85X10° -6.41X1072
-2.8830 5,04xX102% -1.38x10%' -411x10° 1.15x10°
Ketone+ Hydrocarbon 0.4261 3.46x107% 352x10* -3.10X107% 8.16x10°
—04724  _4.04X107°% -5.22X10°%  3.49x10? 559%x10°
Ketone + Alcohol 0.2649 1.14%X10% -5.83x10° -1.38x102% 9.18x107°
-0.2312  -1.90%x10% 9.58X10°%  209x107? -1.38Xx1072
Ethanol + Hydrocarbon —0.2855 3.17x10°  9.21x10™
0.5026  -8.29x10°  3.16X10°
—02165 -1.448x10" 1.112x107"
+
Water + Alcohol ~00079  1.946x10" -1.419%10"

(FRC 2347 R 26 A%3E)
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