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ABSTRACT

The liquidus temperature of two binary disordered Na-K and K-Cs systems has been calculated by extending
Lindemann's melting criteria. The glass-forming ability has been computed in terms of an empirical
parameter using the phase diagrams that were obtained. The tendency for forming glass is present in both

binary systems.
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INTRODUCTION

The nature of liquid glass transition phenomena has
long been a subject of interest in investigation in
material science [1]. A thorough understanding of
thermodynamics and phase diagrams is crucial to
investigate liquid glass transition processes in liquid
alloys. To study the theory of melting, several
theoretical models have been designed [2]. Due to
its simplicity and applicability to a wide variety of
substances, Lindemann's melting criteria has a
distinct position among these other models. [3, 4].

Moreover, the practical utility of metallic
glasses makes glass-forming ability even more
crucial. The glass-forming ability of two simple binary
systems, Na-K and K-Cs, has been investigated
utilizing their respective liquidus curves in light of
the aforementioned information.

THEORY

According to Lindemann’s criterion of melting, when
a crystal melts, the mean square amplitude of its
atomic vibrations exceeds some fixed part of the

nearest neighbor distance (Xm), known as
Lindemann’s Constant. This constant depends on
symmetry [5]. Further, for the crystals, having the
same symmetry [5], the mean square deviation or
uncertainty in the position at their respective
melting points shall constitute the same part of their
nearest neighbor distance. The generalized
Lindemann’s criterion of melting gives the melting
temperature of an alloy [6]. The melting
temperature of a binary alloy AxBi-x can be given as:

T, = M‘;ESZD] a?X2, (1 - %) ..... (1)

Where, X2 =0.0218 is the Lindemann constant [7],
M is the average atomic mass, is the Debye
temperature and it is expressed as

65> = x0p + (1 —x)652, a is the nearest
neighbor distance. The mean square size dispersion
Xp? can be expressed in terms of the hard-sphere
diameter of constituents hard sphere diameters g,
and op as [8]:

Xp =a?X(1 - X)(o4 — 0p)*

The liquidus curves can be drawn by melting
temperature Tm in the complete range of
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composition. The glass forming ability (GFA)
parameter [9] gives information about the particular
composition at which a metallic system is likely to
form a glass by the melt quenching technique. This
parameter can be expressed in terms of an empirical
parameter:
" Tiiq ~Tii

AT =$

Where, Tit™* = xTjf, — (1 —x)T§,  in which T
and T2 are the melting points of the constituents A
and B in a simple binary alloy AxBix in their normal
isolated state. The GFA parameter characterizes the
fractional departure of liquidus temperature Tiq

from that of the simple rule of mixture liquidus

temperature T}y

X In research [10], it was observed
that the binary and ternary alloys which have AT* >
0.2, were readily glass forming by melt quenching
with only 8 exceptions to the rule. This provides a
reasonably reliable indication that the values AT* >

0.2, a metallic system is likely to form glass by melt
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qguenching technique, provided its liquidus

temperatures are known.

RESULTS AND DISCUSSION

The melting temperature for binary alloys namely
Na-K and K-Cs were determined using Eq. 1 for the
entire composition. Based on observations, the

following conclusions have been drawn:

NA-K System

The phase diagram of binary alloys is computed
using Eq.1. The hard sphere diameter of liquid metal
components has been taken from the work of
Hafner[11] and Debye temperature from that of
Faber [12]. The glass-forming ability parameter
AT" is calculated knowing the melting temperature
of the system in the entire range of composition
and GFA

Fig,1.

using Eqg.2. Both the phase diagram

parameter are shown in
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The experimental results are also displayed for
comparison. It can be seen from Fig that theoretical
results match qualitatively fairly well with the
experimental results. The GFA parameter comes out
to be 0.33 at the composition Nao.32Ko.6s predicting it
to be glass forming. This prediction matches with
that of Bhatia and March [9].

K-Cs System
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Similar to the Na-K system, the phase diagram of K-
Cs alloy has been determined using Eq.1. The
computed phase diagram is shown in Fig.2. Since
there is negligible difference in electronegativity
values between K and Cs, the charge transfer effect
is not considered and values of hard sphere
diameter have been taken the same for the entire

range of composition.
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Fig.2: Phase Diagram and Glass Forming Ability of K-Cs alloy: Present computed results, 0,0,0,0
experimental results, . ... points of Scc(0) from work [14].
The present phase diagram matches the reported CONCLUSION

experimental results [13]. The GFA parameter is also
computed through Eq. 2 using the calculated liquidus
The GFA
parameter and the liquidus temperature curve are

temperature at all compositions.

also displayed in Fig.2. For K-Cs alloys its value
comes out to 0.299(~0.3) at equiatomic composition
predicting it to be glass forming.

From the above results, it can be concluded that the
Lindemann criterion of melting gives quite
satisfactory results in determining the phase
diagram and glass-forming ability of a binary
disordered system. The above results suggest both
binary systems have glass forming tendency.

Vol (1), Issue-1,December -2013

ISIRS

187




International Journal of Innovative Social Science & Humanities Research ISSN : 2347-7660

7. J.M. Ziman, principles of the Theory of
solids ( Cambridge University Press). 1972

REFERENCES 8. P.Protopapas, H. Anderson and N.A.D.
Parlee J. Chem. Phys. 59 (1973) 15.
1. Deepika Bhandari, Arun Pratap, N.S. Saxena 9. A.B.Bhatia and N.H. March, Phys. Lett. 41A
and M.P. Saksena, Proc. Nat. Acad. Sci. (1972) 397.

(India) 60 (A) (1990) IV 429.
10. L.W. Donald and H.A. Davis, J Non. Cryst.

2. L. Kaufman and H. Bertien, Computer Solids, 30 (1978)77.
Calculation of Phase Diagram (Academic
Press, NY) 1970. 11. J. Hafner, J. Phys. Rev. A 16 (1977)3511.
12. T. Faber, Introduction to the Theory of
Liquid Metals (Cambridge University

Press). 1972.

3. AK.Singh and P. K. Sharma, Can, J Phys. 46
(1968)1677.

4. J.N. Shapiro, Phys. Rev. B 1 (1970) 3982.
13. M. Hansen and Anderko, Contribution of

5.  W.A. Curtin and K. Runge, Phys. Rev.A35 1 binary alloys 2" Edition, McGraw Hills:
(1987)4755. New York).1958.

6. A.Voronel and S. Rabinovich, J. Phys. F: 14. T.Das, A. Bari, Nammalvar and R. N.
Met. Phys. 17 (1987) L193. Joarder, Physica B 173 (1991) 239.

Copyright © 2013. Deepika Bhandari &. Romila Karnawat This is an open access refereed article distributed under
the Creative Common Attribution License which permits unrestricted use, distribution and reproduction in any
medium, provided the original work is properly cited.

188 | Vol (1), Issue-1,December -2013 IJSIRS



