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ABSTRACT

The concentration dependent thermodynamic properties of cadmium-sodium liquid alloy are
interesting in many ways. The free energy of mixing, entropy of mixing and heat of mixing are quite
asymmetric about the equi-atomic composition. The phase diagram of Cd-Na alloy shows a wavy
liquidus line with a small hump around the stoichiometric composition. The quasi-lattice chemical
model is used for computation of its thermodynamic entities. The results explain the observed
asymmetry in the properties of mixing of Cd-Na liquid alloy around equi-atomic composition.
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INTRODUCTION

There are large number of binary alloys the progerof mixing of which are not symmetrical
about the equi-atomic composition and deviate makymfrom that of the ideal alloys. The
anomalous behaviour of these liquid alloys is leastderstood and demands extensive
investigations. Since long metal physicists—experitalists [4, 5, 8hs well as theoreticians [1, 3,
6, 7]—are trying to interpret the physical propestof liquid alloys so that their alloying behaviou
could adequately be comprehended. The thermodysavhicadmium-sodium liquid alloy is due to
the formation of complex Gbla as revealed from its phase diagram [5].

MATERIALS AND METHOD
FORMULATION

The quasi-lattice model, as developed by Bhatia 8mjh for the binary liquid alloys, is a
statistical model in which grand partition functie used. The model, in essence, assumes the
existence of chemical complexegBy, wherep & v are small integers and A & B the constituent
species of the alloy. The grand partition functisrsolved by assuming that the energy of a given
nearest neighbour bond is different if it belongdhte complex than if it does not. Considering the
cadmium-sodium alloy for which ACd, B=Na, u=2 andv=1, the expression for excess free
energy of mixing comes to be [2]
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G2 = N[we(1—C)Awns{(1/6)c+C—(5/3)C+(1/2)H Awana{—(1/4)c+(1/2)é—(1/14)EY, (i)
where N is the total number of atoms of A and Bhia alloy, ‘c’ the concentration of A-atoms and
w's the ordering energies. Hence, the free energyiafng of a complex forming binary liquid
alloy,

Gu =Gy + RT[cIn ¢ + (1-c)In (1—c)], (i)
where R is the universal gas constant and T thelatiesemperature.

The excess entropy of mixing is given by

Se=—(dG/dT)p (iii)
So, the entropy of mixing of such a binary liquilby
Su =S¢ + R[cIn ¢ + (1—-c)In (1-c)] (iv)
Now, the heat of mixing can be found out by usiggagions (i) and (iii):
Hy=GS + TSS V)

RESULT AND DISCUSSION

The values of interaction parameters are determimed the experimental values [5] of,Gn the
concentration range from 0.1 to 0.9. We have egeda

(JL)IKBT =0.7, App = 0 andAooAB/KBT =-2.2,
where kg is the Boltzmann constant and T=673 K. The thémakand experimental values of the
free energy of mixing are in well agreement vid#dofeing table and the @RT-ccq curve in
Figure—1.

Table-1 THERMODYNAMIC ENTITIESCd-Na liquid alloys at 673 K.

Ced Gu/RT Sv/R Hu/RT
Theoretical | Experimental* | Theoretical | Experimental* | Theoretical | Experimental*

0.1 —-0.3170 —-0.2701 0.1520 0.2447 —0.1650 —0.0254
0.2 —0.5204 —0.4376 0.2916 0.3368 —0.2288 —0.1010
0.3 —0.6816 —0.5775 0.3558 0.3599 —0.3258 -0.2177
0.4 -0.7971 —0.6987 0.3609 0.3217 —0.4362 -0.3770
0.5 —0.8617 —0.8005 0.3198 0.2391 —0.5419 -0.5711
0.6 —0.8675 —0.8678 0.2457 0.1435 —-0.6218 -0.7241
0.7 —0.8048 —0.8768 0.1542 0.0529 —0.6498 —0.8236
0.8 —0.6629 —-0.7870 0.0583 -0.0126| -0.6046 —0.7997
0.9 —0.4226 —0.5296 —0.0208 —0.0232| -0.4434 —0.5528

*Hultgren et al, 1973
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Figure—1: Gu/RT-ccq curve for Cd-Na liquid alloy at 673 K.

The observed values [5] ofySare used to obtain the temperature derivativesnigfraction

parameters. We have found out:

Kg tdw/dT = 6.3 and K d(Awag)/dT = -3.6.

The theoretical values of the entropy of mixing,f8) of Cd-Na alloy are furnished in the above
table as a function ofcg along with the experimental values. The conceotmatiependence of

Sw/R at 673 K. is plotted in Figure—2. The theordtiaad experimental values are in well
agreement. The experimental value fiS maximum at €=0.3 but our theoretical values show a

maximum at g~0.35.
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Figure—2: Sy/R-ccq curve for Cd-Na liquid alloy at 673 K.

The heat of mixing of the cadmium-sodium alloys bhasn computed as a function of concentration
from equation (v) on taking the same values@fdd and dQwag)/dT as used for the calculation of
entropy of mixing. The theoretical and experimentlles are tabulated above. The plot gf RIT
versus gq at 673 K. is depicted in Figure—3 for both theotietical and experimental values [5].
Slight deviations are found in the theoretical abgderved values of Jd Hy shows a minimum at
cc=0.7 theoretically whereas experimentally the sana ¢4=0.76.

20



R. R. Thapa J. of Bio.Pharm. And Chemical Research, 2015,2(4):18:21

Ccg—»
0.2 0.4 0.6 0.8 1
0 N'a‘\\ Cd
-0.21
£
= -041
janl
l -0.61
-0.8¢
Theoretical
1+ . Experimental

Figure—3: Hu/RT-ccq curve for Cd-Na liquid alloy at 673 K.

CONCLUSION

The alloying behaviour of Cd-Na liquid alloy is Wekplained by the above theoretical model. The
nature of curves as found experimentally is corrateml to a great extent by our theoretical values
for different thermodynamic entities.
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