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Abstract

The Hiranuma-Wilson equation for partially miscible mixtures has been modified to
involve additional ternary and quaternary parameters in order to obtain good correlation
of quaternary liquid—liquid equilibria. Calculated results for seven aqueous systems show
the good performance of the proposed modification.

INTRODUCTION

In order to obtain good representation of ternary liquid-liquid equi-
libria (LLE), we have presented a modification of the Hiranuma—Wilson
equation [1] for ternary partially miscible mixtures [2]. The proposed
modification with binary and ternary parameters reproduces satisfactorily
ternary LLE for many type I systems. In this paper we extend our
modified version to quaternary systems by using unchanged the original
binary and ternary coefficients and introducing additional quaternary
terms to take account of unlike quaternary interactions. The good
performance of the proposed model will be shown for quaternary LLE of
seven aqueous mixtures.

PROPOSED SOLUTION MODEL

In a quaternary mixture, binary, ternary and quaternary unlike
molecular interactions exist. These ternary and quaternary interactions
have a significant effect on the excess Gibbs free energy to describe
quantitatively quaternary LLE. We may modify the Hiranuma—Wilson
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equation [1] by taking into account additional ternary and quaternary
interactions.

E
g _ —2 X; ln{[z ciAyx;+3 ZZ OiCj AyX;Crllix Xy
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where ¢; is a third parameter related to a perturbation between the
number of real molecular arrangements and that of the one-dimensional
one, J,; and J,, are ternary and quaternary coefficients, V; is the molar
liquid volume of pure component i and g, is a binary parameter. We can
rewrite eqn. (1) as
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] I
Ajni = Awji = Mg = Ay = Ay 7 0. The quaternary expression of eqn. (3)
becomes

A AX; + Ap3ixoXs + ApayXoXs + Assyxax, + A2341x2x3x4)/2 ]

a’3IA3,xI + A123xle + A143X1X4 + A243XZX4 + A]243XIXZX4>/Z a3,x,]

[>
j
4
—X 111[(2 i A + AypaX1 X3+ Ay 1 X4 + AsapXaxy + A1342x1x3x4)/2 i 2
j
[>
j
[>
J

a4,A4]x + Ayzax1x2 + AzaX 1 X5 + Agagxoxs + A1234x,x2x3)/2 a’4jxj]
j
4)

The activity coefficient of component i is derived from gF using the
thermodynamic relationship

on,g"
RT Iny; = (%)N (5)

where n; is the number of moles of component i and n, = Z] n;.
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The activity coefficient of component 1 y, is given by

Iny, =
. -
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In v, is derived by interchanging the subscripts 1 to 2, 2to 3, 3 to 4, and 4
to 1. In y; and In y, are similarly given.

CALCULATED RESULTS

The binary Wilson energy parameters of completely miscible mixtures
were taken from reports by Gmehling and coworkers [3-12] and Giiltekin
[13] and are listed in Table 1, in which the parameters of partially miscible
mixtures were obtained by solving the following thermodynamic relation
for component i in the two equilibrated liquid phases I and II

(rax)' = (yx)" (7
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ACETONE

WATER CHLOROFORM

ACETIC ACID Mole fraction

.2 0.4 0.6 0.8
TOLUENE 0 CHLOROFORM

Mole fraction

Fig. 1. Calculated ternary liquid-liquid equilibria in quaternary systems at 25°C: — - —,
experimental tie-line; , calculated. A, water—acetone—acetic acid—chloroform [21];
B, water—ethanoi—chloroform—toluene [16].
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The values of a; used were as suggested by Hiranuma [1, 14]; type I
ternary systems have only one binary partially miscible one and two
perfectly miscible ones. Type II systems have two binary partially miscible
ones and one completely miscible one. Binary mixtures are classified into
three groups based on the location of the solubility gap: A, mutual
solubilities remain between 0.05 and 0.95 mole fraction; B, one point of
solubilities exist in the afore-mentioned range and the other point is
outside this composition range; C, a large solubility gap lies outside the
same range. v

The ternary parameters in eqn. (4) were obtained by minimizing the

0.4
0.2 0.4 0.6 0.8
CHLOROFORM 1-BUTANOL
Mole fraction
B WATER
.2
0.4

n-BUTYL ACETATE ’ 1-BUTANOL
Mole fraction

Fig. 2. Calculated ternary liquid-liquid equilibria in quaternary systems at 25°C: — - —,
experimental tie-line; » calculated A, water—ethanol-1-butanol-chloroform [20];
B, water—acetic acid—1-butanol-n-butyl acetate [17].
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objective function

F= [2 2 Ek: (xijk,calc." xijk,exptl)z/ 6M]°>° @®)

where i = 1,2, 3 (components); j = I, I (phases); k =1,2. .., M(tie-lines)
A simplex method was used for this purpose [15]. Table 2 shows the
calculated results obtained in fitting the model to ternary LLE at 25°C.
For type IA systems, the values of «, =1.5 and 3 give nearly the same
results. In type IB systems the results with «,, = 1.5 are slightly better than
those with a, =3. However, in type IC systems a, =3 leads to better
correlation than a, =1.5. Figures 1-3 show good correlation of the
ternary LLE data, which leads to better quaternary correlation with the
proposed modification of the Hiranuma—Wilson equation. We found that
the uniquac model [23] cannot correlate well ternary LLE for the
water—1-propanol-benzene system. However, the modified Wilson model
[2] gives a good correlation for this system.

Quaternary LLE calculated results are presented in Table 3. The
predicted results based on the binary and ternary parameters failed to
show phase separation for a few experimental data points. The present
model with the binary, ternary and quaternary parameters correlates the
whole experimental tie-lines of seven aqueous systems studied. For type 11
systems the choice of «, depends on the ternary systems constituting a
quaternary system. In the water—ethanol-chloroform—toluene system, the
binary water—chloroform and water—toluene systems belong to class C
and «, = 3 gives better results than does «,, = 1.5. In the water—ethanol—
1-butanol-chloroform system, the water—1-butanol system is of class B

\ N AV4

0.2 0.4 0.6 0.8

1-BUTANOL . 2-BUTANONE
Mole fraction )

Fig. 3. Calculated ternary liquid-liquid equilibria in the water—ethanol-2-butanone—
1-butanol systems at 25°C: — - — experimental tie-line; [22], ——, calculated.
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(o, = 1.5) and the water—chloroform system is of class C (&, =3), and
this combination of a, gives the best results. In the other three type 1I
systems whose binary partially miscible pairs are of class B, a,, = 1.5 gives
rather better results than «, = 3.

CONCLUSION

The proposed modification of the Hiranuma~Wilson equation having
binary, ternary and quaternary parameters is useful in the correlation of
guaternary LLE for seven aqueous systems studied. The value of a, for
binary water—organic component mixtures is recommended as 1.5 for
classes A and B systems and 3 for class C systems.

LIST OF SYMBOLS

a; binary energy parameters for i—j pair

c/ parameter of component i in eqn. (1)

gt excess molar Gibbs free energy

F objective function as defined by eqn. (8)
n; number of moles of component i

n, total number of moles

R universal gas constant

T absolute temperature

V. liquid molar volume of pure component i
X; liquid phase mole fraction of component i

Greek letters

@y binary parameter

Y: activity coefficient of component i
Sjni ternary coefficient in eqn. (1)

O quaternary coefficient in eqn. (1)
Ay Wilson-like parameter for i—j pair
Aji ternary parameter

Ny quaternary parameter

Subscripts

calc calculated

exptl experimental

i,j, k,1 components
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