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ABSTRACT

The thermodynamic properties of the lead basedrpitiguid alloys are often found to vary
considerably from the ideal values. Here two sultbya—lithium-lead and sodium-lead—have
been considered. Efforts are made to compute #m@nopies of mixing at different concentrations
of the constituent species by using Flory's mddetihis course the temperature dependence of the
interchange energy has also been introduced. Thelteindicate that the size effect in the present
alloys may not be an important factor for shapihg entropy of mixing as for other thermodynamic
calculations.
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INTRODUCTION

The concentration dependent thermodynamic progedighe lead based binary liquid alloys are
interesting in many ways. The observed free enefgyixing and heat of mixing are asymmetric
around equiatomic composition [2, 4, 5, 7]. In cab&i-Pb and Na-Pb liquid alloys the entropy of
mixing (Sv) versus concentration (c) curves are clearly $athaln these alloys the associative
tendency between the unlike atoms is strong andfitee principle statistical mechanical or
pseudopotential type calculation of the physicalperties is difficult [1, 8, 11]. Here Flory's mdde
[3] has been applied for the computation @ffSr different concentrations of the ingredientssla
statistical model for the binary liquid alloys bdsn the size effect.

MATERIALS AND METHOD
FORMULATION
Flory’s expression for the free energy of mixing atinary mixture consisting of Nc mole of
species A and N(1—-c) mole of species B is giveiBbhy

Gwm = RT][cIn ¢ + (1—¢)In (1—c) + cIn (1-u) — In (1-he)wc(1—-c)/(1-uc), 0]
where u=1- (¥/ V), (i)
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Va and \g being the atomic volumes of species A and B rdspdyg, R the universal gas constant,
T the absolute temperature and ‘w’ the interchasrggrgy.
Envisaging this interchange energy to be a functbtemperature, the formula for the heat of
mixing becomes

Hu = [we(1—c)/(1-uc)] — [Te(1—c)/(1-uc)dw/dT + (ddIRT?c(1—c)/(1-uc)][{u/(1-u)}
— (W/RT)c/(1-uc)],  (iii)
where du/dT =\g —Ya)Va/Ve,
ya andys being the volume expansivities of pure speciesid\ B respectively.
Now, considering the standard thermodynamic retfatio

Sw = (Hu — Gu)/T, (iv)

the entropy of mixing can be calculated on usinga¢igns (i) and (iii).

RESULT AND DISCUSSION

Lithium-Lead Liquid Alloy

For the purpose of equation (ii) consideringlAand B=Pb one has MVg = 0.741 at 932 K. [9].
After finding ‘u’ the value of interchange energgshbeen determined with the help of equation (i)
on using the observed data of; @Gt 932 K. for different concentrations of lithiuphO] and by
applying the method of successive approximatiohe. Vialue of w/RT used in the present work is —
8.8. With this interchange energy the values of #aergy of mixing have been computed at 932 K.
in the concentration range from 0.1 to 0.9 by usiggation (i).

Then equation (iii) has been used to ascertairvdini@tion of interchange energy with temperature
in the light of observed values ofyHat 932 K. [10] for different concentrations ohiiim. In the
present work the value of (1/R)dw/dT is 2.4. Withistvalue of the temperature derivative of
interchange energy the heat of mixing has been atedpat 932 K. in the concentration range of
lithium from 0.1 to 0.9 on using equation (iii).

Finally, the entropy of mixing of the Li-Pb liquidlloys has been calculated at 932 K. by using
equation (iv) for different concentrations of litim from 0.1 to 0.9.

Plot of Su/R versus g at 932 K. is shown in Figure—1 for both the conepuand observed values.
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Figure—-1: Sy/R-q; curve for Li-Pb liquid alloys at 932 K.

The S-shaped curve shows that theoretically forOc31, & is positive and for ¢0.31, & is
negative. The maximum inySoccurs at ¢ = 0.1 and the minimum at;& 0.65, giving rise to some
discrepancies with the experimental values.
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Sodium-Lead Liquid Alloy

In order to use equation (ii) considerings®a and B=Pb one obtains MVg = 0.718 at 700 K. [6].
After finding the value of ‘u’ there comes the ques of ascertaining the value of interchange
energy. For this purpose experimental values @fab 700 K. [6] for different concentrations of
lead are used in equation (i) for application & thethod of successive approximations. The value
of W/RT taken into account for the present work-&s5. With this value of interchange energy the
free energy of mixing of Na-Pb liquid alloys hagbeomputed at 700 K. on using equation (i) for
different concentrations of lead ranging from @ D19.

For the computation of the heat of mixing the vatdighe temperature derivative of interchange
energy is needed. For this purpose the experimerghles of H, at 700 K. for different
concentrations of lead from 0.1 to 0.9 [6] haverb&ken into account. Then using equation (iii)
the successive approximations method has beenedpke before. The value of (1/R)dw/dT
ascertained in this way is 3. With this figure loé temperature derivative of interchange energy the
heat of mixing of Na-Pb liquid alloys has been cated at 700 K. by using equation (iii) for
different concentrations of lead.

At last, the theoretical values of the entropy @ing of sodium-lead liquid alloys have been found
out at 700 K. in the concentration range of leadnfi0.1 to 0.9 on using equation (iv).

Plot of Su/R versus g, at 700 K. is shown in Figure-2 for both the conepuind observed values.
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Figure—2: Su/R-cp curve for Na-Pb liquid alloys at 700 K.

The computed value ofySis positive for g:<0.28, negative for 0.28%g0.78 and again positive
for cpp>0.78. But the experimental values show that iS positive for g<0.09, negative for
0.09<¢<0.51 and then positive fopg0.51.

CONCLUSION

In spite of some discrepancies between the comparedexperimental values of the entropy of
mixing of lithium-lead and sodium-lead liquid alkgythe nature of its variation with concentration
Is explained to a great extent by the present model

The study of entropy of mixing indicates that Li-Ripuid alloys are structurally disordered for
lower concentration of Li and become ordered in liilgher concentration range of lithium. The
discrepancies between the computed and observedsvaf entropy of mixing of the present alloys
may be due to the formation of different complexes.
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