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Abstract 

The R-function method for predicting ternary thermodynamic properties from those of 
its binaries was applied to the quasi-binary section A-Pb in the ternary system Pb-Bi-Mg. 
The results of the ternary partial thermodynamic properties of Pb, Bi and Mg, calculated 
by means of the R-function method are given in this paper. 

INTRODUCTION 

There have been many formulas reported for predicting ternary 
thermodynamic properties from binary parameters, for example those of 
Kohler and Muggianu (see ref. l), Colinet (see ref. 2), Toop (see ref. 3), 
Hillert (see ref. 4) and Chou (see refs. 5-7). In this paper, the R-function 
method proposed by Chou was chosen for its simplicity as compared with 
the other graphical methods. 

According to refs. 5-7, the ternary molar excess free energy AGE can be 
expressed by the equation 

AGE = xz AG:&l - x,) +x3 AG,E,/(l - x,) +x1 AG:,/(l -x,) (1) 

where AGF*, AGE, AGFr indicate the binary molar excess free energies for 
the l-2, 2-3, 3-l binary systems, respectively. The geometric repre- 
sentation of the R-function method is shown in Fig. 1. 

Equation (1) can be rewritten in the following form in terms of an (Y 
function 

AGE = xlX2(Y12 + xzx3a23 + x3x1Ly31 (2) 
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(3) 

Fig. 1. A geometric representation of the R-function method. 

where 

(Y ,z = AWx,(l -x,> 

cy 23 = AG33/Ml -x,> 

a 3, = AGilx,(l - x3) 

The R-function is defined as 

R = AGE/(1 -x,) 

= x1(1 - y)a 12 + (1 -xJy(l -Yb23+&Y~31 (4) 

where 

y =x3/(1 - Xl) (5) 

Substituting the (Y function expressions fitted by a third-degree polynomial 

(Y = a, + a,x + &X2 + u3x* (6) 

into eqn. (4) yields the value of the R-function. The excess partial molar 
free energies Gy, GF, G,E can then be calculated 

G: = (1 - x~)((TR/cTx~)~ 

G:: = [~(Rly)l~(lly)],, -x,G:/(l -x,) (7) 

G = b[Rl(l - y)]la[ll(l - y)]),, -MT/(1 -x,> 

RESULTS AND DISCUSSION 

The excess free energies of the three binary systems Pb-Bi, Bi-Mg, 
Mg-Pb are taken from Hultgren et al. [8]. The plots of the (Y function of the 
three binary systems versus mole fraction x at 973 K are shown in Fig. 2. 
The (Y function were fitted by a third-degree polynomial and the fitting 
coefficients are listed in Table 1. 

The results of the activities, activity coefficients and other ternary partial 
thermodynamic properties for Pb, Bi and Mg, calculated by means of the 
R-function method, are given in Table 2. 
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Pb-Bi T (b) Bi-Mg 

Fig. 2. Plots of the a function vs. mole fraction at 973K for the systems: (a) Pb-Bi; (b) 
Bi-Mg: (c) Mg-Pb. 

TABLE 1 

Polynomial coefficients of the (Y function for Pb-Bi, Bi-Mg and Mg-Pb binary systems at 
973 K (J mol-‘) 

System a2 a3 

Pb-Bi -4330 -3278 4838 -1742 
Bi-Mg -50604 58166 -401304 340639 
Mb-Pb -41789 29147 0 0 

Activity curves for Pb and Mg in the investigated quasi-binary section 
A-Pb in the ternary system Pb-Bi-Mg are given in Fig. 3. A comparison of 
the activity of Pb between the calculated and experimental values obtained 
by Oelsen calorimetry [9], are shown in the same figure. 

The ternary molar excess free energy and ternary molar free energy of 
mixing versus mole fraction x at 973 K are also presented (Fig. 4). 

It can be concluded that the R-function method can be used to calculate 
the ternary partial thermodynamic properties for all three components in 
the ternary system. This method is very simple and useful in an analytic 
calculation, especially in cases where it is quite difficult to obtain these data 
experimentally. Also, the results obtained by the R-function method are in 
good agreement, which indicates that the calculated values are consistent 
with the experimental ones. 



T
A

B
L

E
 

2 

T
er

na
ry

 
th

er
m

od
yn

am
ic

 
pr

op
er

tie
s 

fo
r 

Pb
, 

B
i 

an
d 

M
g 

in
 t

he
 

in
ve

st
ig

at
ed

 
qu

as
i-

bi
na

ry
 

se
ct

io
n 

A
-P

b 
in

 t
he

 
te

rn
ar

y 
sy

st
em

 
Pb

-B
i-

M
g,

 
ca

lc
ul

at
ed

 
by

 
th

e 
R

-f
un

ct
io

n 
m

et
ho

d 

X
Pb

 
%

 
Y

Pb
 

E
&

l 
G

l 
16

, 
aE

lI
 

Y
e1

 
61

 
43

 
-r

t”
lg

 
aM

g 
Y

M
~

 
G

&
I 

G
ii

,l 
A

G
E

/ 
A

C
M

/ 

(J
 m

d’
) 

(J
 m

d’
) 

(J
 m

ol
e’

) 
(J

 m
ol

-‘)
 

(J
 m

ol
-‘)

 
(J

 m
ol

-‘)
 

(J
m

ol
-I

) 
(J

 m
ol

-‘)
 

0.
91

9 

0.
78

7 

0.
56

6 

0.
43

7 

0.
24

6 

0.
18

8 

0.
08

7 

0.
01

2 

O
.O

Q
4 

0 

0.
80

6 
0.

87
7 

-1
06

5 
-1

74
5 

0.
49

1 
0.

62
4 

-3
81

6 
-5

75
4 

0.
15

7 
0.

27
8 

- 
10

36
5 

- 
14

97
8 

0.
08

3 
0.

24
0 

-1
15

40
 

-2
01

34
 

0.
02

7 
0.

11
1 

-1
78

12
 

-2
92

19
 

0.
01

3 
0.

06
9 

-2
16

10
 

-3
51

31
 

0.
00

2 
0.

02
3 

-3
04

29
 

-5
02

73
 

1.
2 

x 
d 

9.
6 

X
 l

o-
’ 

-3
75

99
 

-7
30

32
 

3.
5 

x 
10

-j
 

8.
8 

X
 1

0m
7 

-3
82

83
 

- 
82

99
9 

0.
00

9 
0
.
0
0
4
 

0.
44

6 
-6

52
5 

-4
46

66
 

0.
07

2 
0.

01
4 

0.
00

8 
0.

00
2 

0.
25

4 
-1

10
98

 
- 

50
27

3 
0.

20
5 

0.
04

6 

0.
01

3 
0.

00
05

 
0.

03
7 

-2
66

60
 

-6
14

88
 

0.
42

1 
0.

14
2 

0.
02

2 
8.

8 
x 

lo
m

b 
o.

oO
fM

 
-6

42
20

 
-9

41
68

 
0.

63
1 

0.
36

7 

0.
02

1 
1.

2 
x
 1

O
-5

 
5.

8 
X

 l
o-

” 
-6

03
01

 
-9

16
59

 
0.

73
3 

0.
52

3 

0.
02

4 
8.

7 
X

 1
O

-6
 

3.
6 

X
 I

O
-”

 
-6

40
69

 
-9

42
60

 
0.

78
8 

0.
62

8 

0.
02

8 
8.

2 
X

 l
o-

’ 
2.

9 
X

 l
o-

’ 
-4

72
16

 
-7

61
13

 
0.

88
5 

0.
83

1 

0.
02

9 
1.

7 
x 

lo
-’ 

5.
7 

x 
10

m
4 

-6
04

55
 

- 
88

84
2 

0.
95

9 
0.

95
4 

0.
03

1 
1.

9 
X

 1
O

-5
 

6.
2 

X
 l

o-
’ 

-5
97

61
 

-8
79

42
 

0.
96

5 
0.

96
3 

0.
03

0 
2 

x 
IO

C
 

6.
8 

x 
lO

m
a 

-5
90

52
 

-8
75

27
 

0.
97

0 
51

 

0.
19

7 

0.
22

4 

0.
33

8 

0.
58

1 

0.
71

4 

0.
79

7 

0.
93

9 

0.
99

5 

0.
99

8 

- 
13

15
2 

-3
45

32
 

- 
19

85
 

-4
49

2 

- 
12

09
0 

-2
49

09
 

-5
57

0 
- 

10
03

6 

-8
77

9 
-1

57
90

 
-9

91
0 

- 
15

92
5 

-4
39

7 
-8

10
9 

-8
19

2 
-1

41
75

 

-2
72

0 
-5

24
3 

-7
64

2 
- 

12
95

6 

-1
84

0 
-3

76
3 

-7
05

1 
- 

11
83

2 

-5
07

 
-1

49
8 

-4
41

8 
-7

83
1 

-4
0 

-3
81

 
- 

22
42

 
-3

81
7 

-1
3 

-3
05

 
-2

01
8 

-3
35

2 

0 
0 

0 
0 



D. .&koviC et al./Thermochim. Acta 230 (1993) 77-81 81 

0 -R-function 

Pb 0.9 07 0.5 

tXPb -XPb 

Fig. 3. Activities for Pb and Mg vs. mole fraction at 973 K: (a) Pb; (b) Mg. 
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Fig. 4. AGE and ACM vs. mole fraction at 973 K. 
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