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The predictive model GC-MW (Group-Contribution method based Modified Wilson equation) proposed for
LLE (Liquid-Liquid Equilibria) estimation has been described with phase-equilibrium thermodynamic
fundamentals. Further, computation procedures are discussed in details for LLE of alkane + methanol + aromatic
hydrocarbon ternary mixtures and LLE predicted are presented for heptane + methanol +benzene as an example.
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Table 1 Coefficients of Egs. (13) and (14) for LLE of alkane (1) + methanol(2)

Coefficient a; bij S di,- & fij

-3 -4 -6 -5
12 0.5291 -2.647X10 -3.741X10 0.006475 -5.167 <10 -2.119X10

-3 -4 -6 -5
21 -0.2054 1.850X 10 9.555x10  —0.008868  6.039X 10 2.750 X 10

Table 2 Coefficients of Eq. (11) for VLE of alkane (1) + aromatic hydrocarbon (3)

Binary system ais bis C13 dis €13
1)+ asi P31 Ca1 da1 €31
Alkane + aromatic 1.7800 —2.488x107° 1.167X10°% -1.058X103 -3.911x1073

hydrocarbon —-0.9053 2.496xX10°% -1.857X107° 7.907x10* 1.887x10°°

Table 3 Coefficients of Eq. (11) for VLE of alcohol (2) + aromatic hydrocarbon (3)

Binary system azs D23 C23 d2s €23
(2)+ () as D32 Ca2 ds2 32
Alcohol + aromatic 0.0397 -1.871x10°% 1.693x10° 7.089x10* -1.360x<1073

hydrocarbon -0.2517 1.169x107° -1.348Xx10° -1.912X10* 1.602Xx10°3

Table 4 Coefficients of Eq. (15) for LLE of alkane (1) + methanol (2) + aromatic hydrocarbon (3)

Ternary system 2

M+ +O)

ao by b3 C1 C3

Alkane + methanol

— -3 -2 -5 1
+ aromatic hydrocarbon 155.9963 3.737X10 5.557X10 1.334X10 4.284X10

@ The component (2): methanol is fixed and therefore the contributions from methanol (by,c;) are
included in the constant term.

Table 5 Predicted and experimental LLE of heptane(1)+methanol(2)+benzene(3) at x3'=0.0439
(25°C, 1atm)

Phase (1) Phase (1)
X1 X2 X3
Exptl. 0.1575 0.7986 0.0439 0.6569 0.2568 0.0863
Pred. 0.1737 0.7824 0.0439 0.6546 0.2516 0.0938
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Table 6 Predicted and experimental LLE of heptane(1)+methanol(2)+benzene(3) at 25°C under
atmospheric pressure (x;7=0.4072, x,"=0.5277, x3=0.0651)

é Phase (1) Phase (1)
[-] X1 X2 X3 X1 X2 X3
Exptl. 0.5 0.1575 0.7986 0.0439 0.6569  0.2568 0.0863
Pred. 0.5183 0.1698 0.7887 0.0415 0.6626  0.2469 0.0905
Benzene(3)
0.20
0.15
| Assume X; oq"and ¢e=0.5 , S=1.0 given | o0l
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Fig. 7 Algorithm for LLE flash calculation of alkane (1)
+ methanol (2) + aromatic hydrocarbon (3)
ternary systems (£1= 1077, £,=107)
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Fig. 8 LLE of heptane(1) + methanol(2) + benzene(3) at
25°C under atmospheric pressure: (O----O)
Exp.Y; (—)GC-MW with x given
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i AL 5
D = multi-component parameter [-1
g = interaction energy due to attractive force

[3-mol]
K = K-value ( Ki = xi""/xi') [
p = total pressure [Pa]
R = gas constant [3-molt- K]
T = absolute temperature [K]
t = temperature [C]
v = liquid molar volume [cm3-mol]
X = mole fraction of liquid phase [-1
y = mole fraction of vapor phase [-1



Greek letters

14 = liquid-phase activity coefficient [-1
) = solubility parameter [(3-cm3)°9]
0 = interaction parameter between unlike

molecules [-1
A = Wilson parameter in Eq. (7) [-1
T = binary parameter in Eq. (8) [-1
Subscripts
b = normal boiling point
i = components i
1,2,3 =componentl, 2,3
25 = standard temperature (25°C)

Superscripts
| = phase | (lower phase)
1l = phase Il (upper phase)
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