
Thermochimica Acta, 208 (1992) 43-59 
Elsevier Science Publishers B.V., Amsterdam 

43 

Modification of the Wilson equation for correlating 
quaternary liquid-liquid equilibrium data 

Isamu Nagata and Takahiro Watanabe 

Department of Chemktry and Chemical Engineering, Division of Physical Sciences, 
Kanazawa University, Kodatsuno 2-4X-20, Kanazawa 920 (Japan) 

(Received 16 January 1992) 

Abstract 

The Hiranuma-Wilson equation for partially miscible mixtures has been modified to 
involve additional ternary and quatemary parameters in order to obtain good correlation 
of quatemary 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 [l] 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 [l] by taking into account additional ternary and quaternary 
interactions. 

&=-CXilIl([c 4 4 ClAijXj + 4 22 SjkiC~AijXjC~AikXk 
I i jfkfi 

+ a$$ii s,,i,*ij~jc,kx,,*i,x,l/(f: cixj)} 

j#k#l#i j 

(1) 

Aij = (y/K) eXp(-Uij/T) (2) 
where cl is a third parameter related to a perturbation between the 
number of real molecular arrangements and that of the one-dimensional 
one, 6jki and ~jkli are ternary and quaternary coefficients, v is the molar 
liquid volume of pure component i and Uij is a binary parameter. We can 
rewrite eqn. (1) as 

&=-CXiln{[i &ij&jxj + :ii I\jkixjxk 

+ ~~~~ hj,~jxkx,]/~*~xj~ 

j#k#lfi 
(3) 

where (Cl/C,) = ~ij, djki(C,!CL/Cl)Aijl\ik = Ajki and Sjkli(CjlC~CIICI)AijAikAi, = 

Ajkli, Ajii = A,i = 0, Ajki = Akji # 0, Ajjji = A,, = Akjki = 0, and Ajk/i = 
Ailki = A, = Aklji = Aljki = AIkji # 0. The quaternary expression of eqn. (3) 
becomes 

gE_ 
RT- 

K 
4 

- Xl In 2 aljhijxj + A23*X*X3 + A241X2X4 + A341X3X4 + A2341X2X3X4 

j )I$ 
Q;IXJ 

” -1 
K 

4 

-X2h z ff2jl\2jxj + 1\132xlx3+ A142xlx4+ A342x$4+ h 

i 
l342xlx3x4)/$ a2jxj] 

4 

- X3 h 2 a3jA3jxj + I\,23XlX2 + A,43X,x:+ A243X2X4 + A 
j 

I243xIx2x4)/~ n3jxj] 

[( 
4 

-X4 In 2 a4jbjXj + A124X1X2 + A134X1X3 + A234X2X3 + A 

j 

l234xlx2x3)/$ “4jxj] 

(4) 

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

(5) 

where ni is the number of moles of component i and ~1, = C nj. 
i 
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The activity coefficient of component 1 y1 is given by 

In y1 = 

-In 
[( 

i 
i 

aij&jXj + &1X$3 + A*41X*X4 + A341X$4 + A 23i1x2x3x4)/$ Iyljxj] 

1 - &I&-% 
-x1 

- A241X2X4 - A341-%x4 - %341X2x3x4 

,? aljA,xj + A231~2~3 + A241x2x4 + A341~3~4 + A234lx2x3x4 
j 

a11 -~ 

4 

C gljxj 
j 1 

-x2 

~~21A21 + A13$3(1 -xl) + &4g4(1 -XI) - A342x3x4 + A1342x3x4(1 - ad 

4 

C a2jA2jXj + A132~1~3 + A142~1~4 + A342~3~4 + A1342~1~3~4 

j 

a21 -__ 

4 

C ‘y2ixi 
j ) 

-x3 

(~~~A31 + A,32x2(1 -XI) + &43x4(1 - XI) - A243x2x4 + A1243x2x4(1 - &I) 

? a3jA3jXj + A123x1x2 + A143~1~4 + A243x2x4 + A1243xlx2x4 

j 

ff31 -~ 

4 

C a3jXj 
j i 

-x4 

Lt’4& + &24x2(1 -xl> + &34x3(1 -xl> - A234x2x3 + A1234x2x3(1 - &I) 

? a4jA4jXj + Al24XlX2 + A134~1~3 + A234x2x3 + A1234xlx2x3 

j 

a41 
-- 

4 

C a4jxj 

j i 

I (6) 

In y2 is derived by interchanging the subscripts 1 to 2, 2 to 3, 3 to 4, and 4 
to 1. In y3 and In y4 are similarly given. 

CALCULATED RESULTS 

The binary Wilson energy parameters of completely miscible mixtures 
were taken from reports by Gmehling and coworkers [3-121 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 

(Y&i)’ = (YiXi)” 



T
A

B
L

E
 

1 

B
in

ar
y 

pa
ra

m
et

er
s 

N
o.

 
Sy

st
em

 
(1

-Z
) 

T
yp

e”
 

T
em

p.
 

Pa
ra

m
et

er
s 

R
ef

. 

(“
C

) 
al

2 
a2

1 
a;

2 
%

?I
 

W
I 

W
I 

1 
W

at
er

-a
ce

to
ne

 
I 

25
 

79
6.

10
 

-5
4.

01
 

1.
0 

1.
0 

3 
2 

W
at

er
-a

ce
tic

 
ac

id
 

I 
10

0-
11

5 
40

3.
09

 
3.

57
 

1.
0 

1.
0 

8 
3 

A
ce

to
ne

-a
ce

tic
 

ac
id

 
I 

35
 

-2
42

.8
3 

24
2.

83
 

1.
0 

1.
0 

6 
4 

A
ce

to
ne

-c
hl

or
of

or
m

 
I 

35
 

-3
1.

10
 

-2
17

.3
8 

1.
0 

1.
0 

6 
5 

A
ce

tic
 

ac
id

-c
hl

or
of

or
m

 
I 

61
-1

18
 

47
2.

71
 

-3
4.

81
 

1.
0 

1.
0 

11
 

6 
W

at
er

-l
-p

ro
pa

na
l 

I 
95

-8
9 

63
9.

20
 

81
4.

60
 

1.
0 

1.
0 

8 
7 

A
ce

to
ne

-1
-p

ro
pa

no
l 

I 
63

-8
7 

10
6.

61
 

90
.0

1 
1.

0 
1.

0 
13

 
8 

A
ce

to
ne

-1
-b

ut
an

of
 

I 
58

-1
15

 
31

1.
54

 
-5

4.
97

 
1.

0 
1.

0 
5 

9 
1-

Pr
op

an
ol

-l
-b

ut
an

oi
 

I 
40

 
71

.1
9 

-6
0.

73
 

1.
0 

1.
0 

12
 

10
 

A
~t

on
e-

2-
bu

ta
no

ne
 

I 
57

-7
9 

-1
17

.2
1 

23
9.

97
 

1.
0 

1.
0 

6 
11

 
1-

Pr
op

an
ol

-2
-b

ut
an

on
e 

I 
80

-9
5 

15
0.

65
 

36
.3

3 
1.

0 
1.

0 
9 

12
 

E
th

an
ol

-w
at

er
 

I 
25

 
27

.7
3 

44
0.

56
 

1.
0 

1.
0 

8 
13

 
E

th
an

ol
-c

hl
or

of
or

m
 

I 
35

 
87

8.
70

 
-1

95
.5

1 
1.

0 
1.

0 
4 

14
 

E
th

an
ol

-t
ol

ue
ne

 
I 

35
 

84
4.

28
 

85
.0

4 
1.

0 
1.

0 
4 

15
 

C
hl

or
of

or
m

-t
ol

ue
ne

 
I 

62
- 

10
8 

18
4.

09
 

27
7.

85
 

1.
0 

1.
0 

7 



16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

E
th

an
ol

-1
-b

ut
an

ol
 

I 
80

-1
15

 
l-

B
ut

an
oi

-c
hl

o~
fo

~ 
I 

63
-1

15
 

A
ce

tic
 

ac
id

-1
-b

ut
an

ol
 

I 
11

6-
12

0 
A

ce
tic

 
ac

id
-n

-b
ut

yl
 

ac
et

at
e 

I 
11

8-
12

5 
1-

B
ut

an
ol

-n
-b

ut
yl

 
ac

et
at

e 
I 

11
7-

12
1 

E
th

an
ol

-2
-b

ut
an

on
e 

I 
55

 
2-

B
ut

an
on

e-
1-

bu
ta

no
l 

I 
81

-1
11

 
W

at
er

-t
ol

ue
ne

 
II

 
25

 

W
at

er
-n

-b
ut

yl
 

ac
et

at
e 

II
 

W
at

er
-1

-b
ut

an
ol

 
II

 

W
at

er
-1

-b
ut

an
ol

 
II

 
25

 

W
at

er
-Z

bu
ta

no
ne

 
II

 
25

 

W
at

er
-c

hl
or

of
or

m
 

II
 

25
 

W
at

er
-c

hl
or

of
or

m
 

II 
25

 

25
 

2s
 

-4
.2

2 
61

.8
3 

1.
0 

1.
0 

42
6.

69
 

-7
6.

58
 

1.
0 

1.
0 

58
.8

0 
-6

8.
03

 
1.

0 
1.

0 
59

1.
12

 
-3

43
.4

2 
1.

0 
1.

0 
96

.7
2 

10
9.

66
 

1.
0 

1.
0 

28
9.

87
 

-8
.5

9 
1.

0 
1.

0 
13

9.
17

 
31

.5
2 

1.
0 

1.
0 

21
40

.2
 

19
30

.8
 

1.
5 

1.
1 

20
23

.3
 

13
45

.5
 

3.
0 

1.
1 

14
06

.2
 

12
19

.3
 

1.
5 

1.
1 

12
96

.1
 

67
7.

35
 

3.
0 

1.
1 

72
2.

07
 

83
0.

34
 

1.
5 

1.
1 

62
2.

72
 

51
4.

81
 

3.
0 

1.
1 

71
6.

14
 

83
8.

16
 

1.
5 

1.
1 

61
7.

34
 

52
7.

71
 

3.
0 

1.
1 

79
0.

68
 

28
7.

94
 

1.
5 

1.
1 

78
6.

53
 

- 
13

2.
24

 
3.

0 
1.

1 
19

29
.6

 
13

16
.1

 
1.

5 
1.

1 
18

18
.5

 
73

4.
05

 
3.

0 
1.

1 
18

55
.5

 
13

14
.4

 
1.

5 
1.

1 
17

44
.4

 
73

3.
77

 
3.

0 
1.

1 

4 5 5 11
 5 4 10
 

16
 

17
 

17
 

18
 

18
 

19
 

20
 

’ I
, 

va
po

ur
-l

iq
ui

d 
eq

ui
lib

ri
um

 
da

ta
; 

II
, 

m
ut

ua
l 

so
iu

bi
lit

y 
da

ta
. 



T
A

B
L

E
 

2 

T
er

na
ry

 
pa

ra
m

et
er

s 
at

 2
5°

C
 

N
o.

 
T

yp
e 

Sy
st

em
 

(l
/2

/3
) 

N
um

be
r 

of
 d

at
a 

po
in

ts
 

T
er

na
ry

 
pa

ra
m

et
er

s 
R

M
S 

a 
(m

ol
%

) 
B

in
ar

y 
co

m
bi

na
tio

n 
N

o.
 

R
ef

. 

1 
IA

 
W

at
er

/ 
ac

et
on

e/
 

Z
bu

ta
no

ne
 

2 3 
IB

 
W

at
er

/ 
1-

pr
op

an
ol

/ 
1-

bu
ta

no
l/ 

4 5 
IA

 
W

at
er

/ 
I-

pr
op

an
ol

/ 
2-

bu
ta

no
ne

 
6 

7 
&

, 
= 

0.
42

15
 

A
,,,

 
= 

0.
53

02
 

A
,,,

 
= 

0.
36

43
 

hz
3,

 =
 -

0.
88

27
 

A
,,,

 
= 

2.
08

17
 

A
,,,

 
= 

1.
08

60
 

9 
A

z3
, =

 
0.

04
73

 
A

,,,
 

= 
0.

01
11

 
A

,,,
 

= 
-0

.1
05

9 
A

z3
, =

 -
 1

.0
82

9 
A

l,=
 

0.
04

07
 

A
,,,

 
= 

0.
34

22
 

3 
A

zS
, =

 
0.

98
45

 
A

,,,
 

= 
1.

19
16

 
A

,,,
 

= 
0.

92
30

 
A

,,,
 

= 
- 

1.
80

57
 

A
,,,

 
= 

9.
13

07
 

A
lz

s 
= 

3.
41

32
 

0.
32

8 
(l

-2
) 

(l
-3

) 
(2

-3
) 

0.
30

2 
(l

-2
) 

(l
-3

) 
(2

-3
) 

0.
32

3 
(l

-2
) 

(l
-3

) 
(2

-3
) 

0.
33

8 
(l

-2
) 

(l
-3

) 
(2

-3
) 

0.
15

2 
(l

-2
) 

(l
-3

) 
(2

-3
) 

0.
14

0 
(l

-2
) 

(l
-3

) 
(2

-3
) 

1
 

21
 

31
 

10
 1 32
 

10
 

6 
21

 
29

 9 6 30
 9 6 

21
 

31
 

11
 6 32
 

11
 



7 
IC

 

8 9 
IC

 

10
 

11
 

IB
 

12
 

13
 

IC
 

14
 

15
 

IC
 

16
 

W
at

er
/ 

ac
et

on
e/

 
ch

~
or

of
o~

 

W
at

er
/ 

ac
et

ic
 a

ci
d/

 
ch

lo
ro

fo
rm

 

8 

W
at

er
/ 

ac
et

on
e/

 
1-

bu
ta

n
ol

 

W
at

er
/ 

et
h

an
ol

/ 
ch

lo
ro

fo
rm

 

15
 

W
at

er
/ 

et
h

an
ol

 / 
to

lu
en

e 

14
 

A
 23

.1
 

=
 

-0
.1

37
2 

A
 1

32
 =
 

0.
87

89
 

A
 1

23
 =
 -

2.
06

17
 

A
,, 

=
 -

0.
13

22
 

A
 1

32
 =
 

3.
34

37
 

A
 1

23
 =
 -

2.
29

11
 

A
 23

1
 =

 
-0

.4
75

7 
A

 1
3
2
 =

 
0.

13
48

 
A

 1
2
3
 =

 
-0

.7
67

8 
A

z3
, =

 -
0.

35
13

 
A

 1
3
2
 =

 
1.

06
85

 
A

 1
2
3
 =

 
-0

.4
49

7 

A
;: 

A
 

=
 =
 -

1.
72

68
 

2.
73

98
 

A
 1

2
3
 =

 
- 

1.
21

53
 

A
=

, 
=

 -
1.

26
53

 
A

 1
3
2
 =

 
9.

24
83

 
A

 1
2
3
 =

 
-0

.2
98

8 
A

 23
1
 =

 
4.

84
95

 
A

l3
2 

=
 -

 
1.

80
85

 
A

 1
2
3
 =

 
-1

.1
75

0 
A

 23
1
 =

 
4.

99
66

 
A

l3
2 

=
 -

1.
58

03
 

A
 

A
:; 

=
 -

1.
17

50
 

=
 -

0.
07

13
 

A
 1

3
2
 =

 
0.

04
23

 
A

,=
 

=
 -

0.
37

89
 

A
 23

1
 =

 
0.

30
61

 
A

 1
3
2
 =

 
0.

50
23

 
A

lz
3 

=
 -

0.
02

89
 

0.
54

1 

0.
23

5 

0.
72

9 

0.
39

7 

0.
18

8 

0.
56

4 

0.
89

2 

0.
77

7 

0.
86

9 

0.
59

4 

(l-
2)

 
1
 

21
 

(l
-3

) 
33

 

(2
-3

) 
4 

(l
-2

) 
1 

(l
-3

) 
34

 

(2
-3

) 
4 

(I
-2

) 
2 

21
 

w
-3

) 
33

 

(2
-3

) 
5 

(l
-2

) 
2 

0-
3)

 
34

 

(2
-3

) 
5 

(1
-2

) 
1 

21
 

(l
-3

) 
29

 

(2
-3

) 
8 

(l
-2

) 
1 

(l
-3

) 
30

 

(2
-3

) 
8 

(l
-2

) 
12

 
21

 

(l
-3

) 
35

 

(2
-3

) 
13

 

(l
-2

) 
12

 

(l
-3

) 
36

 

(2
-3

) 
13

 

0-
2)

 
12

 
16

 

0-
3)

 
23

 

(2
-3

) 
14

 

(I
-2

) 
12

 

(I
-3

) 
24

 

(2
-3

) 
14

 



w
 

0 

T
A

B
L

E
 

2 
(C

on
tin

ue
d)

 

N
o
.
 

T
Y

P
e 

S
ys

te
m

 
N

u
m

be
r 

T
er

n
ar

y 
R

M
S

” 
B

in
ar

y 
N

o.
 

R
ef

. 
(l

/2
/3

) 
of

 d
at

a 
pa

ra
m

et
er

s 
(m

ol
%

,)
 

co
m

bi
n

at
io

n
 

po
in

ts
 

17
 

II 

18
 

19
 

IB
 

20
 

21
 

II
 

22
 

23
 

24
 

IB
 

W
at

er
/ 

ch
Io

ro
fo

~
/ 

to
lu

en
e 

W
at

er
/ 

et
h

an
ol

/ 
1-

bu
ta

n
ol

 

W
at

er
/ 

1-
bu

ta
n

oI
/ 

ch
lo

ro
fo

rm
 

W
at

er
/ 

ac
et

ic
la

ci
dl

 
1-

bu
ta

n
ol

 

4 
A

 
=

 
23

1 
-0

.0
13

2 
A

 
=
 

1
3
2
 

0.
12

62
 

A
,=

 
=

 
0.

12
39

 
A

 
=
 

2
3
1
 

-0
.0

26
7 

A
 t3

2
 
=
 

0.
12

33
 

A
,=

=
 

0.
12

33
 

10
 

A
 2

31
=

 -
0.

28
72

 
A

 
=
 

1
3
2
 

1.
35

47
 

A
,, 

=
 -

0.
60

12
 

A
,, 

=
 

0.
61

98
 

A
 13

2
 =

 
2.

%
33

 
A

 
=
 

1
2
3
 

-0
.2

02
7 

4 
A

 2
31

=
 

0.
28

24
 

A
 

=
 

1
3
2
 

-0
.5

97
1 

A
 12

3
=
 

0.
21

69
 

A
 

=
 

A
:: 

=
 

0.
27

63
 

-0
.6

26
3 

A
 1

23
=

 
0.

02
67

 
A

 
=
 

2
3
1
 

-0
.1

4
3
5
 

A
 

=
 

1
3
2
 

0.
19

55
 

A
 

=
 

5 
A

:: 
=

 
1.

26
72

 
-0

.3
98

0 
A

 13
2
 =

 
1
.4

5
2
2
 

A
,=

 
=

 -
0.

77
05

 

0.
00

6 

0.
00

7 

0.
15

4 

0.
38

6 

0.
39

7 

0.
19

2 

0.
44

3 

0.
28

5 

(l-
21

 
(l

-3
) 

(2
-3

) 
(l

-2
) 

(l
-3

) 
(2

-3
) 

(l
-2

) 
(l

-3
) 

(2
-3

) 
(l

-2
) 

(l
-3

) 
(2

-3
) 

(l
-2

) 
(l

-3
) 

(2
-3

1 
(l

-2
) 

(l
-3

) 
(2

-3
) 

(l
-2

) 

;;I
:; 

(l
-2

) 

‘(:
I:

; 

35
 

16
 

23
 

15
 

36
 

24
 

15
 

12
 

21
 

27
 

16
 

12
 

28
 

16
 

27
 

21
 

35
 

17
 

28
 

36
 

17
 

27
 

36
 

17
 2 

21
 

27
 

18
 



25
 

26
 

IB
 

27
 

28
 

II
 

29
 

30
 

31
 

IA
 

32
 

33
 

34
 

II
 

W
at

er
/ 

ac
et

ic
/a

ci
d/

 
n-

bu
ty

l 
ac

et
at

e 

W
at

er
/ 

1-
bu

ta
no

l/ 
n-

bu
ty

l 
ac

et
at

e 

W
at

er
/ 

et
ha

no
l/ 

2-
bu

ta
no

ne
 

W
at

er
/ 

2-
bu

ta
no

ne
l 

1-
bu

ta
no

i 

A
::=

 
A

 
= 

2.
28

43
 

0.
59

02
 

A
,,,

 
= 

0.
02

77
 

15
 

A
u,

 
= 

1.
10

26
 

A
,3

2 
= 

0.
21

35
 

A
,Z

s 
= 

- 
1.

05
85

 
A

z3
, =

 
1.

14
65

 
A

 
= 

13
2 

0.
67

87
 

A
,2

3=
 

0.
85

09
 

4 
A

S,
 

= 
0.

43
20

 
A

13
2 =

 -
0.

02
02

 
A

,=
 

= 
0.

30
32

 
A

,, 
= 

0.
29

96
 

A
,3

2 
= 

0.
43

39
 

A
,=

= 
0.

52
64

 
A

u,
 

= 
0.

46
31

 
A

,3
2 

= 
0.

73
22

 
A

X
==

 
1.

20
08

 
3 

A
z3

, =
 

1.
03

44
 

A
,3

2 
= 

2.
18

50
 

A
 1

23
 = 

0.
36

41
 

A
z3

1 =
 -

2.
56

63
 

A
,,,

 
= 

9.
56

63
 

A
,=

= 
3.

48
60

 
4 

A
 

=
 

23
1 

-0
.4

74
3 

A
,,z

 =
 

2.
57

67
 

A
,=

 
= 

-0
.6

70
9 

A
z3

, =
 

0.
49

21
 

A
,3

2 
= 

0.
92

53
 

A
 K

Y
3 = 

0.
88

50
 

0.
42

2 

0.
94

4 

1.
22

7 

0.
54

6 

0.
47

2 

0.
62

2 

0.
19

5 

0.
21

9 

0.
66

3 

1.
53

2 

(l-
2)

 
(l

-3
) 

$1
;; 

(l
-3

) 

g;
 

(l
-3

) 
(2

-3
) 

;:1
;; 

(2
-3

) 

g-
j 

(2
-3

) 
(l

-2
) 

(l
-3

) 
(2

-3
) 

(l
-2

) 
(l

-3
) 

g:
:; 

;;1
:; 

(l
-2

) 
(l

-3
) 

(2
-3

) 
(l

-2
) 

(I
-3

) 
(2

-3
) 

2 28
 

18
 2 

21
 

25
 

19
 2 26
 

19
 

27
 

21
 

25
 

20
 

28
 

26
 

20
 

27
 

26
 

20
 

12
 

22
 

31
 

21
 

12
 

32
 

21
 

31
 

22
 

27
 

22
 

32
 

28
 

22
 

a R
M

S,
 

ro
ot

-m
ea

n-
sq

ua
re

 
de

vi
at

io
n 

be
tw

ee
n 

th
e 

ex
pe

ri
m

en
ta

l 
an

d 
ca

lc
ul

at
ed

 
ki

qu
id

-l
iq

ui
d 

eq
ui

lib
ri

um
 

co
m

po
si

tio
ns

. 

Y
 



52 1. Nagatu, T. Watanabe~Ther~~~h~~. Acta 208 (1992) 43-59 

WATER 

ACETONE 

0.4 

CHLOROFORM 

0.6 -0.4 

ACETIC ACID ldole fraction 

0.6 0.4 0.2 
WATER 

0.8 0.6 0.4 

0.2 0.4 
TOLUENE 

0. 6 0.8 
CHLOROFORM 

Mole fraction 

Fig. I. Calculated ternary liquid-iiquid equilibria in quaternary systems at 25°C: - - -, 
experimental tie-line; -) calculated. A, water-acetone-acetic acid-chloroform f23]; 
B, water-ethanol-chloroform-toiuene (161. 
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The values of Cuij used were as suggested by Hiranuma [l, 141; 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. 

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

0.6 0.4 0.2 
WATER 

0.8 0. 6 
n 

0.4 

0.4 

0.2 0.4 0.6 0.8 
CHLOROFORM I-BUTANOL 

Mole fraction 

B WATER 
0.6 0.4 0.2 0.8 0. 6 

0.2 0.4 0.6 
n-BUTYL ACETATE 

0. 8 
I-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 [ZO]; 
B, water-acetic acid-1-buta;ol-n-butyl acetate [17]. 
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objective function 

F = 
[i j k 
C C 2 (xijk,calc.- Xijk,eqtl)‘/6M]O.’ (8) 

where i = 1,2,3 (components);j = I, II (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 a;, = 1.5 and 3 give nearly the same 
results. In type IB systems the results with (Y, = 1.5 are slightly better than 
those with a, = 3. However, in type IC systems a, = 3 leads to better 
correlation than CV,,, = 1.5. Figures l-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 II 
systems the choice of a,,, 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 a, = 3 gives better results than does a, = 1.5. In the water-ethanol- 
1-butanol-chloroform system, the water-1-butanol system is of class B 

0.4 
WATER 

0.2 0. 8 0.6 

0. 6 

0.2 0.4 0.6 0. 8 

I-BUTANOL 
Mole fraction 

2-BUT&NONE 

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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(%V = 1.5) and the water-chloroform system is of class C (a, = 3), and 
this combination of a, gives the best results. In the other three type II 
systems whose binary partially miscible pairs are of class B, a;, = 1.5 gives 
rather better results than a;, = 3. 

CONCLUSION 

The proposed modification of the Hiranuma-Wilson equation having 
binary, ternary and quaternary parameters is useful in the correlation of 
quate~ary 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. 
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