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by Using Wilson Equation

Shigetoshi KOBUCHI (Department of Environmental Science and Engineering, Graduate School of Science and Engineering)
Tsuyoshi KAMIRY O (Department of Environmental Science and Engineering, Graduate School of Science and Engineering)
Setsuko YONEZAWA (Department of Chemical Engineering, Faculty of Engineering, Kyushu University)

Yasuhiko ARAI (Professor Emeritus of Kyushu University)

Correlation of LLE (Liquid-Liquid Equilibria) of ternary systems by using Wilson equation has been studied and
discussed. To extend Wilson equation for representing LLE, effective parameters should be added to the original Wilson
equation to give larger molar excess Gibbs energy and more suitable function form. In this study, some ternary mixtures
containing methanol such as heptane + methanol + benzene (Type 1 in LLE) have been examined. The role of additional
parameters in calculating LLE has been quantitatively discussed.
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Table 1 Wilson parameters for VLE of heptane(1)+ benzene (2)

at 25°C
C Agg[-] Ax[-]
1 0.2942* 1.7913*
15 0.3471 1.7700
* predicted from GC-W ©
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Fig. 1 Activity coefficients of heptane (1) + benzene (2)
at25°C. (—— )C=1; (-----)C=15



IF (EHLTOIUD) LwZ blickd, 22T, 20
B2 ITEAMRTHGEE L2 3RO —DTHDH~
THUAFRAYE )= RB RO 2 AR T
VLE ZRIT AT Z AR BUBIRAY ) —L+
B O 2 iR~ L, Mt A Iz 72, Table
LICATBZ o+ _P U ROFFERR% ., Fig. 112 Iny
RO A~ 3, Fig. LICA D Koz, X (128
FOR (BT L2 BHNERE Th D 2 L BNbaD,
[FEEIC, Table2 B OVFig. 212 A K ) —+_B
ROFERZE T,

Table 2 Wilson parameters for VLE of methanol (1) +
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C A Aot
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* fitted to VLE data ¥
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Fig. 2 Activity coefficients of methanol (1) + benzene (2)
at25°C. (—— ) C=1; (---)C=15
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Table 3 Wilson parameters (C=1.5) determined from binary VLE
and LLE data

Binary System
Heptane(1)+Benzene(3)
Methanol(2)+Benzene(3)
Heptane(1)+Methanol(2)

Data used Ayl Al
VLE(1atm) 1 0.4476 1.4787
VLE(1latm) 19 0.3631 0.5701
LLE(25°C) ©? 0.2520 0.3578
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Fig. 3 Correlation of LLE for heptane (1) + methanol (2)
+ benzene (3) at 1atm and 25°C. (O----O) Exp.;
( ) Calc.

Table 4 Effect of C on LLE calculations for heptane(1)+
methanol(2) + benzene(3) at 25°C

C Dev. [%]*
13 63
15 6.5
17 6.6
3 2 N 0.5
* Dev. [%] = 100[222( cale — xf;pt) /6N]
i=1p=1t=1
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Table 5 Modified Wilson equations

Parameter  Original® Nagatani’®  Nishimura®  Higashiuchi 121419
C 1 15 15 15
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= a = parameter defined in Eq. (7) -1
C = consant in Wilson equation [ B = parameter defined in Eq. (17) -]
D = multi-component parameter 1 y = liquid-phase activity coefficient [-]
g E = molar excess Gibbs energy [J-mol?] A =Wilson parameter in Eq. (7) -]
gij = interaction energy between components i and j v =binary parameter in Eq. (8) -]
[3-mol?]
N = number of tie-lines [-] Subscripts
p° = vapor pressures of pure component [Pa] i, ], k, 1 =componentsi, j, k, |
R = gas constant [3-molt-K1] p =phase
T =absolute temperature [K] t =tie-line
t  =temperature [C] Superscripts
v = liquid molar volume [cm3-mol™] calc= calculated value
X = liquid-phase mole fraction [-] exp = experimental data
y = vapor-phase mole fraction [ I, I1=phase | (upper), phase 11 (lower)
Table6  Wilson parameters of Nishimura model for temary mixtures ®
Temary SyStEm (LLE) t ﬂ Rlz* sz ng* R31* Rzg* )
o @ @ c “ Pmof]  Pmof]  Emof]  [Pmof [mof [Fmor]
Heptane + Acetonitrile + Benzene 45 074 4480 3570 1556 -3328 1350 1004
Cyclohexane + Nitromethane + Benzene 25 080 4722 4337 780.1 3952 8984 1735
Cyclohexane + Methanol + Ethylether 25 048 3693 4162 4656 4109 2308 ua1
Cyclohexane + Methanol + Methylacetate 25 060 3343 3865 1858 1818 ur7 1392
Heptane + Methanol + Benzene 25 060 4158 2926 1016 8452 3806 1760
Octane + Methanol + Benzene 25 064 4278 3098 759.8 7293 3780 1684
"Ri=0i~i
Table 7 Wilson parameters of Higashiuchi model for temary mixtures 19
Temary system (LLE) t D R12* RZ‘L* R13* R31* Rzg* Rgz*
»w @ O [ql [ Pmof]  pmof] ~ Pmod [Pmof]  [moff [Fmorg
Heptane + Acetonitrile + Benzene 45 03613 77495 6760.4 1287.8 591.80 20918 19198
Cyclohexane + Nitromethane + Benzene 25 06397 7583.7 7839.3 11143 99252 2076.3 2555.3
Cyclohexane + Methanol + Ethylether 25 00700 55737 6663.4 66292 63206 2967.9 2134.8
Cyclohexane + Methanol + Methylacetate 25 02808 55737 6663.4 29203 29659 1994.0 2049.3
Heptane + Methanol + Benzene 25 02650 6903.0 5691.0 10337 549.29 49172 3542.7
Octane + Methanol + Benzene 25 03599 73493 60124 80732 53750 4917.2 3542.7
"Ri=9i~0i
Table8 Correlation performances of Nishimura () and Higashiuchi (D) models for termary LLE
Temary system (LLE) t N Ref Dev. [mol %] *
O @ @ [cl H ' Smadel D model
Heptane + Acetonitrile + Benzene 45 9 18 39 54
Cyclohexane + Nitromethane + Benzene 25 3 19 25 33
Cyclohexane + Methanol + Ethyl ether 25 4 20 30 24
Cyclohexane + Methanol + Methyl acetate 25 7 20 16 07
Heptane + Methanol + Benzene 25 8 12 38 20
Octane + Methanol + Benzene 25 6 12 19 46
Avg. 28 31

exp

2 N
>3 (xee —x

p=1t=1

" Dev.[%] = 100{

3
i=1
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Fig. 4 Correlation of LLE for heptane (1) + methanol (2)
+ benzene (3) at 1atm and 25°C. (O----O) Exp.;
( ) S model
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