
Journal of Thermal Analysis, Vol. 42 (1994)521-538 

PREDICTING OF THE 
THERMODYNAMIC PROPERTIES 
FOR TIlE TERNARY SYSTEM 
Pb-Bi-Mg 
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Abstract 

R-function method for predicting the ternary thermodynamic properties from its binary ones 
was applied to the ternary system Pb-Bi-Mg. Activities, activity coefficients, partial and integral 
molar quantities for Pb, Bi and Mg for the quasibinary sections Pb-X (X = B, C, D, E, F) in 
the investigated ternary system Pb-Bi-Mg calculated by means of R-function method are given 
in this paper. Also, it was determined that results obtained by R-function method reach a good 
agreement with the experimental results obtained by Oelscn calorimetry. 
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Introduction 

Many formulae for predicting ternary thermodynamic properties from bi- 
nary ones has been reported by several investigators, such as Kohler, Muggianu 
[1], Colinet [2], Toop [3], Hillert [4] and Chou [5-7]. These methods are spe- 
cially useful in cases of experimental difficulties, such as: elevated tempera- 
tures, corrosive atmosphere, etc. 

Investigated ternary system Pb-Bi-Mg is of the practical interest for the ex- 
tractive metallurgy of lead [8]. During the refinement of lead from bismuth by 
magnesium, many processes in the ternary system Pb-Bi-Mg are occurring. In 
spite of the great importance of the thermodynamic determination of this sys- 
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tern, there are just a few articles dealing with thermodynamic behaviour of the 
ternary system Pb--Bi-Mg [9-11]. The presence of magnesium, which oxidize 
easily, makes experimental measuring difficult (especially in the magnesium 
corner of the investigated system). That was the main reason for thermodynamic 
prediction applying. 
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Fig. I The geometric representation of the R-funetion method 
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Fig. 2 Ternary system Pb-Bi-Mg 
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Fig. 3 The plot of o~ function vs. mole fraction at 973 K (A - system Pb-Bi, B - system Bi-  
Mg, C - system Mg-Pb) 

Table 2 Polynominal coefficients of ct function for Pb-Bi, Bi-Mg and Mg-Pb binary systems 
at 973K /J.mo1-1 

System ao al a2 a3 

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

In this paper, R-function method for predicting thermodynamic properties 
from binary ones, proposed by Chou [5-7], was used for the thermodynamic 
investigation of the ternary system Pb-Bi-Mg. This method was chosen for its 
simplicity as compared with other methods of predicting. 

According to Chou [5-7], the ternary molar excess free energy, AG x' can be 
expressed by the following equation 

AG -~ = x2AC)2 / (l-x1) + x3A~ / (1-x2) + xlAG-~31 / (l-x3) (1) 

where A ~ 2 ,  AG~, AG~ indicate the binary molar excess free energies for 
the 1-2, 2-3, 3-1 binary systems respectively. The geometric representation is 
shown in the Fig. 1. 

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

A G  x~ = x lx2ct l2  + x2Xsct2a + x ~ l t x 3 1  (2) 
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w h e r e  

Oil2 = A~/xl(1 - xO 

c~23 = AG~23 / x2(1 - xz) 

o%1 = A ~  / x3(1 - x3) 

R - f u n c t i o n  is de f ined  as [ 5 - 7 ]  

R = A G  ~ / (1 - xt)  = xt(1 - y ) a n  + (1 - xt )y(1  - y)Qt23 + xtya31 

w h e r e  

y = x3 / (1 - x l )  

Mg 
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Fig. 5 Isoactivity curves for PB in the ternary system Pb-Bi-Mg at 973 K 
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Substituting o~ function expressions fitted by third degree polynom 

= ao +alx + a z ~  + a~c 3 (6) 

2 

into Eq. (4) will obtain the value of R-function. The excess partial molar free 
energies GT~, G~, G~ can be calculated then 

= (I - x,)(oR / axl)y 
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G~2 = (c~(R/y )  / c(1 - y))x. - x,G~ / (1 - xl) 

G~ = (a(R / (1 - y)) / ~(1 / (1 - y)))x. - x,G~l / (1 - x1) (7) 

Resu l t s  a n d  d i scuss ion  

In intention to cover the whole concentration area of the ternary system Pb-  
Bi-Mg, five quasibinary sections, Pb-X (X = B, C, D, E, F), were investi- 
gated and that is presented in the Fig. 2. 

Composition of the chosen alloys in the investigated quasibinary sections is 
given in the Table 1. 

The excess free energies of three binary systems Pb-Bi, Bi-Mg and Mg-Pb 
are taken from Hultgren et al. [12]. The plots of a function of three binary sys- 
tems vs. mole fraction x at the temperature 973 K are shown in Fig. 3. 
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o~ functions have been fitted by third degree polynom and the fitting coeffi- 
cients are listed in the Table 2. 

Results of activities, activity coefficients and other partial and integral molar 
quantities for Pb, Bi and Mg for the investigated quasibinary sections Pb-X 
(X = B, C, D, E, F) in the ternary system Pb-Bi-Mg predicted by means of 
R-function method are given in the following Table 3. 

Activity curves for Pb at 973K for all investigated sections in the ternary 
system Pb--Bi-Mg are given in the Fig. 4. Sections Pb-B, Pb-C and Pb-D show 
positive deviation from Raoult law, and the other sections Pb-E and Pb-F show 
negative deviation. 

Isoactivity curves for Pb in the ternary system Pb-Bi-Mg at 973 K are 
shown in Fig. 5. Experimental values of lead activity at the same temperature 
obtained by Oelsen calorimetry [11] are also presented in the Fig. 5 and show 
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a good agreement with the predicted values calculated by means of R-function 
method. 

Dependence of the partial molar free energies of mixing for Pb, Bi and Mg 
vs .  molar content at 973 K for all investigated quasibinary sections is presented 
in the Fig. 6. Partial molar excess free energies curves for Pb, Bi and Mg vs .  

molar content under the same conditions are given in the Fig. 7. 
Values of partial molar free energy of mixing and partial molar excess free 

energy for lead in the ternary system Pb-Bi-Mg at 973 K are given in the Figs 8 
and 9, respectively. Experimental values for ~ and G~, obtained by Oelsen 
calorimetry [11] are presented at the same figure and show a good agreement 
with the calculated values. 

The ternary molar excess free energy and ternary molar free energy of mix- 
ing vs .  molar content for the ternary system Pb-Bi-Mg at 973 K are also pre- 
sented (Fig. 10). 

Figures 4 and 9 confirm the fact that quasibinary sections Pb-B, Pb-C and 
Pb-D shows positive deviation from Raoult law, which can be also concluded by 
positive values of ~ and yn,>l (Table 3). That points out on lead dividing 
from the solution in this part of the ternary system Pb-Bi-Mg. Thermodynamic 
behaviour of lead in the other sections can be determined in the same way. Fig- 
ures 4 and 9 show negative deviation from Raoult law for quasibinary sections 
Pb-E and Pb-F, as well as negative values of ~ and ~<1 (Table 3). That points 
out on a good miscibility between components in this part of the ternary system 
Pb-Bi-Mg. 

Also, results obtained by R-function method predicting reach a good agree- 
ment with the experimentally ones, which illustrates that calculated values are 
good consistent. 

The above study has originated in the former cooperation within the Pentagonal states and is 
now continued under separate projects of Serbia and the Czech Republic (No 210128 supported 
by Academy of Sciences). 
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Z u s a m m e n f a s s u n g  - -  Am tem~ren System Pb-Bi-Mg wurde die R-Funktionsmethode zur Ab- 
sehfitzung der terngren thermodynamisehen Eigensehaften anhand der bin~ren angewendet. Vor- 
liegend werden ffir die quasibingren Abschnitte Pb-X (X= B, C, D, E, F) des untersuehten 
temfiren Systemes Pb-Bi-Mg die mittels der R-Funktionsmethode berechneten Aktivit~ten, Ak- 
tivit/itskoeffizienten, partiellen und integralen molaren Gr61~en yon Pb, Bi und Mg angegeben. 
AuBerdem wurde ermittelt, dab die mittels der R-Funktionsmethode erhaltenen Resultate in guter 
Ubereinstimmung mit den experimentellen Ergebnissen naeh tier Oelsen-Kalorimetrie stehen. 
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