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ABSTRACT 

The Law-Lielmezs (L-L) modification of Van der Waals equation of state has been 
extended to include four hydrocarbon-hydrocarbon binary liquid mixtures for the saturated 
liquid-vapour equilibrium states. The values of the characteristic mixture pm and q,,, 

parameters have been calculated, and a relation between the values of these parameters and 
the molecular weight of binary mixture has been established. The proposed relation is 

compared with the results obtained by the use of Lielmezs, Howell and Campbell, and Soave 
1980 modifications of the Redlich-Kwong equation of state. 

INTRODUCTION 

Recently, Law and Lielmezs [l] proposed a modification of the Van der 
Waals equation of state [2] for the saturated liquid-vapour equilibrium 
states from the triple point up to the critical point. Their modification was 
developed through the introduction of reduced-state coordinates [3-71 asso- 
ciated with the phenomenological scaling and renormalization group theory 
[8-111. The object of this paper is to analyse the predictive applicability of 
the Law-Lielmezs (L-L) modification of the Van der Waals equation of 
state in terms of saturated liquid compressibility and vapour pressure data 
for four hydrocarbon-hydrocarbon binary liquid mixtures, to establish 
values of the characteristic p, and q, parameters and to develop a relation 
between these parameter values and the molecular weight of the binary 
mixture. 

The proposed correlation is tested by comparing the RMSS error values 
against the RMS% error values obtained by means of the Lielmezs, Howell 
and Campbell (L-H-C) and the Soave 1980 modifications of the 
Redlich-Kwong equation of state [7,12-141. 

0040-6031/85 /$03.30 Q 1985 Elsevier Science Publishers B.V. 



T
A

B
L

E
 

1 

C
om

pa
ri

so
n

 
of

 
re

su
lt

s 

S
ys

te
m

 
* 

M
ol

e 
fr

ac
tr

on
 

of
 

Ii
&

a 

co
m

po
n

en
t 

T
h

is
 

w
or

k 

se
pa

ra
te

ly
 

ca
lc

u
la

te
d 

C
&

td
at

ed
 

eq
n

 
(1

3)
 

R
M

S
W

 
er

ro
r 

S
ep

ar
at

el
y 

C
al

cu
la

te
d 

ca
lc

u
la

te
d 

eq
n

. 
(1

3)
 

P
m

 
4m

 
P

m
 

4m
 

pn
l 

Z
l.

 
p,

 
Z

ll
 

n
-B

u
ta

n
e 

an
d 

0.
00

00
 

0.
36

59
16

 
0.

84
59

10
 

0.
36

22
99

 
0.

84
92

66
 

1.
01

 

n-
pe

nt
an

e 
0 

13
99

 
0.

37
69

23
 

0.
93

47
36

 
0.

37
68

88
 

0.
92

07
73

 

0.
34

93
 

0.
38

28
17

 
0.

98
03

03
 

0.
38

99
95

 
0.

98
64

66
 

05
44

4 
0.

38
50

92
 

0 
97

24
01

 
0.

39
27

60
 

1.
00

29
35

 

0.
75

18
 

0.
39

94
97

 
0.

99
96

87
 

0.
38

57
14

 
0.

97
31

53
 

0.
87

45
 

0.
38

54
02

 
0.

95
38

87
 

0 
37

66
93

 
0 

93
25

57
 

l.
oo

O
O

 
0.

35
24

36
 

0.
85

15
96

 
0 

36
37

38
 

0.
87

33
77

 

A
ve

ra
ge

 

0.
40

 

0.
54

 

0.
61

 

0.
55

 

0.
47

 

0.
96

 
- 0.

65
 

48
.1

4 

46
.8

3 

45
.7

5 

49
.0

0 

47
.5

0 

46
.3

7 

45
.0

8 

46
.9

5 

1.
24

 

0.
64

 

0.
59

 

0.
83

 

0.
60

 

0.
52

 

1.
89

 
- 

09
0 

48
.4

1 

46
.3

6 

45
 7

1 

49
.7

4 

47
.0

7 

45
.9

3 

45
.4

9 

46
 9

6 

n
-B

u
ta

n
e 

an
d 

n
-h

ex
an

e 

O
.o

oo
O

 
0.

37
14

32
 

0.
80

55
63

 
0.

36
80

78
 

0.
78

25
03

 

0.
10

35
 

0.
39

39
97

 
0.

95
38

29
 

0.
38

48
29

 
0 

95
03

94
 

0 
28

41
 

0.
38

80
16

 
10

97
90

7 
0.

40
60

28
 

1 
15

75
89

 

0 
49

28
 

0.
41

18
35

 
12

72
15

0 
0.

41
77

99
 

1.
26

10
99

 

0.
70

17
 

0.
40

27
88

 
1.

22
76

14
 

0.
41

59
12

 
1.

21
87

37
 

0.
81

27
 

0.
43

24
65

 
1.

15
47

96
 

0.
40

93
45

 
1 

.1
36

80
9 

0.
89

80
 

0.
44

02
03

 
1.

09
45

00
 

0.
40

16
76

 
1.

04
58

31
 

l.
O

w
m

 
0.

35
24

02
 

0.
85

15
96

 
0.

38
95

04
 

0.
90

49
90

 

n
-B

u
ta

n
e 

an
d 

n
-h

ep
ta

n
e 

O
.O

O
C

G
 

0.
37

89
96

 
0 

77
79

04
 

0.
36

22
97

 
0.

73
26

55
 

0.
15

90
 

0.
27

74
08

 
0 

91
87

96
 

0.
29

49
90

 
0.

97
30

20
 

0.
42

49
 

0.
21

75
19

 
1.

14
79

03
 

0.
24

13
71

 
1.

19
49

02
 

0.
66

11
 

0.
27

26
50

 
1.

26
64

77
 

0.
25

05
21

 
1.

21
20

03
 

0.
80

10
 

0.
30

56
27

 
1.

15
32

28
 

0.
29

13
72

 
1.

12
43

31
 

0.
94

10
 

0.
36

06
28

 
1.

00
98

62
 

0.
34

72
16

 
0.

98
41

23
 

la
xa

 
0.

35
24

36
 

0.
85

15
%

 
0.

37
74

96
 

0.
90

47
14

 

n
-B

u
ta

n
e 

an
d 

“-
0C

tB
”C

 

O
.O

iW
 

0.
38

52
55

 

0.
18

23
 

0.
25

35
25

 

0.
46

31
 

0.
35

83
04

 

0.
67

09
 

0.
33

54
07

 

0 
81

83
 

0.
35

59
99

 

0.
94

61
 

0.
37

41
75

 

l.
oo

oo
 

0.
35

24
36

 

A
ve

ra
ge

 

0.
70

 
49

.2
0 

0 
56

 
46

.6
2 

0.
99

 
41

.9
3 

1.
20

 
38

.8
0 

0.
98

 
36

.4
1 

0.
56

 
39

.6
1 

0.
42

 
41

.9
6 

0.
96

 
45

.0
8 

- 
- 

0.
80

 
42

.4
5 

1.
43

 

0.
77

 

1.
30

 

1.
31

 

1 
28

 

0.
72

 

0.
51

 

5.
04

 
- 

1 
5s

 

49
.2

1 

46
.8

3 

42
.7

6 

38
 4

8 

35
.9

5 

39
.7

6 

41
.6

4 

45
.7

6 

42
55

 

1.
85

 

1.
43

 

2.
26

 

2.
20

 

1 
45

 

2 
21

 

0 
96

 
- 1.

77
 

52
.7

5 
15

39
 

53
.0

3 

44
.9

4 
1.

91
 

45
.3

7 

34
.3

3 
3.

06
 

34
.1

3 

28
.2

0 
2.

42
 

28
.1

9 

30
.2

9 
1.

53
 

30
.2

6 

37
.7

0 
2.

26
 

37
 5

9 

45
.0

8 
34

6 
46

.2
2 

39
.0

4 
4.

29
 

39
.2

6 

0.
80

07
77

 
0 

34
55

09
 

0.
61

74
86

 
2.

45
 

56
.6

8 
42

.1
8 

55
.7

9 

1.
21

27
32

 
0.

32
92

26
 

1.
67

75
08

 
2.

28
 

45
.0

5 
3.

99
 

47
.8

2 

2.
89

65
97

 
0.

32
27

86
 

2.
40

23
67

 
5 

08
 

28
 7

6 
5.

57
 

28
.1

4 

2.
17

69
81

 
0.

33
25

59
 

2.
23

02
30

 
6.

02
 

24
.7

4 
6.

07
 

24
.8

7 

1.
46

41
29

 
0.

34
70

22
 

1.
74

18
00

 
1.

50
 

21
.8

2 
5.

11
 

23
.7

2 

1.
06

22
30

 
0 

36
45

92
 

1.
07

30
66

 
0.

75
 

31
.9

6 
1.

21
 

32
.4

1 

0 
85

15
%

 
0 

37
34

08
 

0.
72

25
58

 
0.

96
 

45
.0

8 
7.

00
 

39
.4

4 

A
ve

ra
ge

 
2.

72
 

36
.3

0 
10

.1
6 

36
.0

3 



T
A

B
L
E

 
1
 (
c
o
n
tm

u
e
d
) 

S
y
st

e
m

 *
 

L
-H

-C
 

m
e
th

o
d
 (

7
.1

2
1
 

S
o
a
v
e
 1

9
8
0
 m

e
th

o
d
 [

1
3
] 

R
M

S
%

 
e
rr

o
r 

S
a
v
e
 

C
o
e
ff

Ic
le

n
ts

 
R

M
S
%

 
e
rr

o
r 

S
e
p
a
ra

te
ly

 c
a
lc

u
la

te
d
 
P
,,
, 

an
d
 
q
,,
, 

C
a
lc

u
la

te
d
 

e
q
n
 

(1
2
) 

p
m

 a
n
d
 
q
,,
, 

p
n
?
 

=
,n

 
p
,n

 
en

 
m

 
” 

p
.”

 
en

 

n
-B

u
ta

n
e
 a

n
d
 

0
.0

0
0
0
 

0
.9

8
 

2
1
 4

3
 

1
 2

2
 

2
1
.7

0
 

0
 7

4
1
1
2
2
 

0
.1

8
7
7
9
4
 

0
.1

6
 

2
4
.7

4
 

n
-p

e
n
ta

n
e
 

0
1
3
9
9
 

0
 3

9
 

2
0
.8

3
 

0
.6

3
 

2
0
.3

5
 

0
 6

1
0
2
0
0
 

0
.2

0
9
9
8
0
 

0
.2

9
 

2
1
.1

0
 

0
.3

4
9
3
 

0
.5

3
 

2
0
 8

5
 

0
.5

9
 

2
0
.8

2
 

0
 2

1
2
2
3
0
 

0
.4

7
2
3
4
0
 

0
 5

0
 

2
0
.8

2
 

0
.5

4
4
4
 

0
.6

0
 

2
5
.3

6
 

0
.9

3
 

2
6
.1

0
 

0
 2

9
0
1
4
4
 

0
.4

0
5
9
2
9
 

0
 5

5
 

2
5
 3

1
 

0
.7

5
1
8
 

0
 5

5
 

2
2
 2

7
 

0
 5

8
 

2
1
.8

2
 

- 
0
.0

0
4
3
3
9
 

0
.6

6
9
3
2
8
 

0
.5

6
 

2
2
.2

0
 

0
.8

7
4
5
 

0
4
6
 

2
1
 0

2
 

0
 5

1
 

2
0
.5

5
 

0
.4

2
8
8
2
9
 

0
.3

2
8
4
0
1
 

0
3
4
 

2
1
.1

9
 

l.
w

O
O

 
0
.9

2
 

1
9
.7

4
 

1
.8

4
 

2
0
.2

7
 

0
.6

5
8
1
6
3
 

0
.1

1
7
8
3
0
 

0
 2

3
 

2
2
.8

5
 

0
.6

3
 

2
1
.6

4
 

0
.9

0
 

2
1
.6

6
 

A
v
e
ra

g
e
 

- 0
.3

8
 

_ 2
2
.6

0
 

n
-B

u
ta

n
e
 a

n
d
 

n
-h

e
x
a
n

e
 

O
.o

M
M

 

0
.1

0
3
5
 

0
.2

8
4
1
 

0
.4

9
2
8
 

0
.7

0
1
7
 

0
.8

1
2
7
 

0
.8

9
8
0
 

l.
o
w

O
 

0
6
8
 

0
.5

5
 

0
9
8
 

1
2
0
 

0
9
9
 

0
.5

6
 

0
.4

2
 

0
.9

2
 

K
9
 

1
3
.7

6
 

2
0
.6

8
 

1
6
.2

3
 

1
4
3
5
 

1
2
.3

3
 

1
5
.5

0
 

1
7
.8

3
 

1
9
.7

4
 

1
6
.3

0
 

1
.1

0
 

0
.7

8
 

1
 4

1
 

1
 2

4
 

1
.1

4
 

0
.8

2
 

0
 5

4
 

4
.8

8
 

x
ii

 

1
3
.6

8
 

0
 7

5
3
5
5
7
 

0
.2

4
1
1
7
9
 

2
0
.9

3
 

0
.3

6
4
8
3
5
 

0
.3

8
3
3
5
3
 

1
7
.2

1
 

- 
0
 3

7
9
0
9
2
 

0
.8

4
2
8
4
1
 

1
4
 1

4
 

- 
1
 0

3
8
5
4
0
 

1
.3

1
4
3
2
0
 

1
2
.0

1
 

-0
9
5
7
7
2
7
 

1
.2

7
5
5
3
0
 

1
5
.7

3
 

- 
0
.9

6
5
6
2
0
 

1
.3

9
3
8
8
0
 

1
7
.5

6
 

- 
0
 7

3
7
3
4
2
 

1
.2

7
5
2
8
0
 

2
0
.7

7
 

0
.6

5
8
1
6
3
 

0
.1

1
7
8
3
0
 

1
6
.5

0
 

A
V

e
ra

g
e
 

0
.3

8
 

0
.3

9
 

1
 0

9
 

1
.2

0
 

0
 9

8
 

0
.6

3
 

0
.4

9
 

0
.2

3
 

- 0
.6

7
 

1
3
.8

2
 

2
0
.8

5
 

1
5
.7

8
 

1
3
.9

1
 

1
1
.9

4
 

1
5
.1

4
 

1
7
.5

1
 

2
2
.8

5
 

1
6
.4

8
 

n
-B

u
ta

n
e
 a

n
d
 

O
.O

O
W

 
1
8
1
 

1
5
.4

1
 

1
6
.2

6
 

1
5
.5

7
 

n
-h

e
p
ta

n
e
 

0
.1

5
9
0
 

1
4
0
 

1
7
.2

4
 

1
9
4
 

1
7
.9

6
 

0
.4

2
4
9
 

2
0
4
 

8
.7

9
 

3
.0

6
 

8
.8

3
 

0
.6

6
1
1
 

1
.8

8
 

5
.3

6
 

2
.4

5
 

6
.1

0
 

0
 8

0
1
0
 

1
.4

5
 

6
.7

2
 

2
.7

6
 

5
.9

5
 

0
.9

4
1
0
 

0
.7

6
 

1
2
 7

3
 

2
.2

7
 

1
1
.6

5
 

l.
o
o
o
o
 

0
.9

2
 

1
9
.7

4
 

2
9
4
 

2
0
.5

8
 

- 
-i

&
 

1
.4

7
 

1
2
.2

8
 

1
2
.3

8
 

n
-B

u
ta

n
e
 a

n
d
 

O
.o

o
o
O

 
2
.4

0
 

2
9
.2

4
 

4
1
.2

6
 

2
8
 O

S
 

“-
o
c
ta

n
e
 

0
.1

8
2
3
 

2
.2

8
 

1
9
.4

1
 

4
.1

3
 

2
2
 2

7
 

0
.4

6
3
1
 

5
.4

8
 

4
.1

2
 

5
.6

4
 

8
4
9
 

0
.6

7
0
9
 

4
.3

0
 

5
.0

9
 

5
.9

9
 

5
.5

6
 

0
 8

1
8
3
 

1
.5

3
 

2
.9

5
 

5
 2

8
 

3
.5

7
 

0
.9

4
6
1
 

0
.7

4
 

9
.7

8
 

1
.2

1
 

1
0
.1

1
 

l.
C

Q
C

il
 

0
.9

2
 

1
9
.7

4
 

7
3
4
 

1
2
.5

4
 

?
iz

 
1
2
.9

0
 

lo
lz

 
1
2
.9

4
 

’ 
D

a
ta

 
ta

k
e
n
 f

ro
m

 G
n
e
v
e
s 

[1
5
].
 K

a
y
 
e
t 

a
l 

(a
n
d
 

T
h
o
d
o
s)

 
[1

6
-1

8
1
. 

R
e
n
d
 e

t 
a
l.
 [

1
9
] 

an
d
 
T

B
m

m
e
rm

a
n
s 

[2
0
].
 

0
.8

1
3
8
2
7
 

0
.2

6
4
2
8
3
 

0
.9

1
 

1
6
.5

0
 

0
.3

6
4
1
7
1
 

0
.1

9
2
9
6
5
 

1
.0

4
 

1
7
.2

8
 

-0
 

2
3
5
3
1
4
 

0
.4

4
6
5
4
0
 

1
.9

0
 

8
.3

2
 

- 
0
.4

6
4
8
3
6
 

0
.6

5
3
7
6
4
 

1
.8

0
 

4
.9

2
 

- 
0
.3

6
6
5
9
4
 

0
.6

7
9
5
7
5
 

1
.4

9
 

6
 2

4
 

0
.1

4
0
4
5
9
 

0
 4

7
0
1
3
7
 

0
.7

0
 

1
2
.6

5
 

0
 6

5
8
1
6
3
 

0
.1

1
7
8
3
0
 

0
.2

3
 

2
2
.8

5
 

- 
A

v
e
ra

g
e
 

1
.1

5
 

1
2
.6

8
 

0
.8

5
0
8
2
0
 

0
 2

9
9
4
1
3
 

1
1
1
 

3
0
.7

3
 

- 
0
.3

8
9
3
0
6
 

0
.6

0
0
2
6
5
 

1
 2

9
 

1
8
.9

0
 

- 
0
.8

3
9
1
6
0
 

0
.7

2
5
6
6
0
 

0
 5

8
 

4
.5

1
 

- 
0
.9

9
9
3
1
5
 

0
.9

1
5
7
0
0
 

0
 8

5
 

4
.7

8
 

- 
0
.9

8
7
7
7
0
 

1
.0

9
8
9
7
 

1
.2

1
(l
) 

2
.9

1
 

- 
0
.2

3
2
%

2
 

0
.7

4
6
9
7
5
 

0
.8

1
 

9
.3

6
 

0
.6

5
8
1
6
3
 

0
.1

1
7
8
3
0
 

0
.2

3
 

2
2
.8

5
 

A
v
e
ra

g
e
 

0
.8

8
 

1
3
4
3
 



106 

L-L EQUATION EXTENSION TO BINARY MIXTURES 

The L-L modification [l] of the Van der Waals equation of state [2] can 
be extended for binary mixtures as 

RTI pm = V, - b, 
4TJ 

v,2 

where coefficient b, may be expressed as 

RT 
b, = 0.125 -p”” 

cm 

(1) 

(2) 

Subscript m represents the state of mixture in terms of lighter component for 
any given parameter of state. The temperature-dependent a( T,) function is 
written as: 

a(%) = &my P,,&(X) (3) 

Following the work of Lielmezs et al. [1,7,12], the first term of eqn. (3) for 
binary mixtures may be written as 

&ll~ 
R2T2 

PC,) = 0.421875p (4) 
cm 

and the binary mixture temperature-dependent function a( Tz) may be 
defined as 

a(T,*) = 1 +p,(T;)9”x (5) 

where p, and q, are characteristic constants of the given binary mixture at 
constant composition of the lighter component. 

The dimensionless binary mixture temperature, Tz, is given as 

(6) 

We rewrite a, and b, as new parameters A, and B,, respectively 

A,,, = 0.421875 a( T;)+ (7) 
rm 

B, = 0.125 + (8) 
rm 

Substituting A, and B, in eqn. (l), and introducing a binary mixture 
compressibility factor 

pnlv, 
‘,= RT, 

yields 

Z;-(B,+l)Z;+A,Z-A,B,=O 

(9) 

(10) 
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The solution of eqn. (10) and, hence, the determination of the values of 
characteristic binary mixture constants p, and q,, are subject to the general 
requirement that fugacities of the saturated liquid and vapour phases are 
equal [1,7,12] 

f,i, = f,“, (11) 

Accordingly [1,12], the binary mixture fugacity coefficient may be calculated 
from 

fill lnp=Z,-I-$-ln(Z,-B,) 02) 
m m 

Using the available experimental data (Table l), the numerical evaluation of 
constants p, and q, follows the method described by Lielmezs et al. [1,12]. 
Further generalization of the proposed method follows through correlating 
the calculated binary mixture characteristic constant values, p, and q,, with 
the binary mixture equivalent molecular weight, MW,,, 

p,, q, = a’ + b’MW, + c’(MW,,,)* 03) 

where constants a’, b’ and c’ characterize the concentration-related molecu- 
lar weight change for the specified binary mixture in a continuous fashion. 

EXPERIMENTAL DATA 

Saturated liquid-state volumetric data for the given binary mixtures were 
taken from several representative sources. The normal boiling point tempera- 
tures of mixtures were either taken from direct experimental data listings, or 
estimated following the procedures outlined by Grieves and Thodos [15]. As 
these literature data were thought to be sufficiently reliable; no further 
evaluation of their accuracy was made. The RMSS error is used as a basis 
for comparison of the accuracy of fit. 

DISCUSSION 

The calculated results provide a basis for extending the previously pro- 
posed modification [l] to binary mixtures. Table 1 presents a comparison 
between the saturated vapour pressure and liquid state compressibility factor 
for hydrocarbon-hydrocarbon mixtures obtained in this work and those 
calculated by the Lielmezs et al. [7,12] and Soave 1980 [13] modifications of 
the Redlich-Kwong equation of state. The comparison has been made in 
two ways. First, the results are compared on the basis of separate p, and qm 
values for each binary mixture at each mixture composition. For this method 
the RMS% errors for pressure are slightly higher for this work than for the 
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TABLE 2 

Polynomial coefficients of eqn. (13) 

Mixture a’ b’ d 

(A) Parameter P,,, value vs. equivalent molecular weight of mixture, MW, 

n-Butane and n-pentane - 2.180569 0.079121 - 0.000608 

n-Butane and n-hexane - 0.563306 0.027965 - 0.000199 
n-Butane and n-heptane 2.112968 - 0.046968 0.000294 

n-Butane and n-octane 0.704636 - 0.008345 0.000046 

(B) Parameter q,,, value vs. equivalent molecular weight of mixture, MW,,, 

n-Butane and n-heptane - 11.103867 0.373457 - 0.002880 
n-Butane and n-hexane - 9.490932 0.302441 - 0.002126 

n-Butane and n-heptane - 4.095163 0.138290 - 0.000899 

n-Butane and n-octane - 13.895393 0.380420 - 0.002218 

L-H-C method and higher for Soave 1980 results. For liquid-state com- 
pressibility factors, Z,, this method shows considerably higher values than 
the other two considered methods. 

Equation (13) permits, at fixed composition, to connect directly the pm 

and 4, values to the corresponding equivalent molecular weight of mixture 
(Table 2). Indeed, the p, and q, parameters calculated from eqn. (13) when 
inserted into the a( Tz) function, yield saturated vapour pressure and liquid 
compressibility factor values which compare generally well with those ob- 
tained by the direct use of p, and q, values at fixed concentration. This 
method, through the use of eqn. (13), introduces the advantage that it can be 
used for calculation of state properties such as vapour pressure and com- 
pressibility factors for mixture compositions where experimental data are not 
readily available. The proposed extension of Van der Waals equation satis- 
fies the following conditions: 

(a) although limited to hydrocarbon-hydrocarbon liquid binary mixtures, 
the general requirements of the L-L modification of Van der Waals equation 
have been met [l]; 

(b) this extension of L-L modification of Van der Waals equation [l] is 
applicable for calculation of P-V-T relations of binary systems along the 
saturated liquid-vapour equilibrium states from the triple point up to the 
critical point. 

LIST OF SYMBOLS 

a, b coefficients defined by eqns. (2) and (4) as a function of 
critical temperature and pressure 

a’, b’, c’ characteristic constants of eqn. (13) 

a(T) temperature-dependent parameter of Van der Waals equation 
defined by eqns. (3) and (5) 
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A, B 
f 
m, n 
MW 

P 
P 

: 
T 
T* 
V 
z 

dimensionless parameters introduced by eqns. (7) and (8) 
fugaci ty 
coefficients of Soave 1980 method [13] 
molecular weight 
coefficient, defined by eqn. (5) 
pressure 
coefficient, defined by eqn. (5) 
universal gas constant 
absolute temperature 
dimensionless temperature defined by eqn. (6) 
volume 
compressibility factor 

Subscripts 

C critical state 
m state of mixture in terms of higher component 
NB normal boiling point 
r reduced state 
S saturated state 

Superscripts 

1 
V 

liquid phase 
vapour phase 

Greek letters 

a3 dimensionless temperature, T *, dependent parameter, eqns. (3) 

and (5) 
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