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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. 1), 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 AGF can be
expressed by the equation

where AGG, AGS, AGE, indicate the binary molar excess free energies for
the 1-2, 2-3, 3-1 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 «
function

AGF =xX,0 15 + XoX3055 + X3X a3 (2)
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Fig. 1. A geometric representation of the R-function method.
where
U= AGllaz/xl(l - xl)
2= AGH/(xx(1 — x2) (3)

a3 = AGi/x3(1 - x3)
The R-function is defined as
R =AGF/(1-x,)

=x;(1-y)ap+ ({1 —x)y(1 —y)a, +x,yas (4)
where
y=x/(1—-x,) ()

Substituting the o function expressions fitted by a third-degree polynomial
a =ay+ a,x + ax* + asx? (6)

into eqn. (4) yields the value of the R-function. The excess partial molar
free energies GT, G5, G¥ can then be calculated

GT=(1—x,)(6R/ox}),
G: =[a(R/y)o(1/y))., —x:GT/(1 —x1) (7)
G5 ={c[R/Q = y)/a1/(A =y}, —x:GT/(A —xy)

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 « function of the
three binary systems versus mole fraction x at 973 K are shown in Fig. 2.
The « 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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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 a function for Pb-Bi, Bi-Mg and Mg-Pb binary systems at
973K (Jmol™')

System a, a, a, a,

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.
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Fig. 4. AG" and AG"™ vs. mole fraction at 973 K.
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