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ABSTRACT

The mixing properties of CuPd alloy in molten state at 1350 K have been studied by assuming strong interaction be-
tween Cu and Pd atoms. Regular associated solution model has been used for the study. The asymmetry in integral ex-
cess free energy of mixing, heat of mixing and entropy of mixing has been well explained.
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1. Introduction

The knowledge of thermodynamic properties of binary
liquid alloys is necessary for the design and development
of reliable materials for high temperature application.
Moreover, the properties of alloys in the melt are helpful
to understand the alloying behaviour of alloys in solid
state. Thus the determination of thermodynamic func-
tions for alloys in liquid state has been the subjects of
active research for many years.

Growing technological interest to the nonperiodicity in
the atomic arrangement of disordered materials has led to
an increasing need for a better description of their atomic
scale structures. In this paper, we intend to study the
thermodynamic properties of CuPd alloys in liquid state
at 1350 K on the basis of regular associated solution
model. Regular associated solution model has been
proved to study the thermodynamic and structural prop-
erties of weakly, moderately and highly interacting liquid
alloys [1-6] by assuming the formation of complex. Such
assumptions have been used in different models [7-12].

The phase diagram, which is the fundamental source to
understand the formation of complex, manifests the
presence of Cu;Pd, CusPd and CuPd intermediate phases
in solid state [13]. It is well known fact that the size fac-
tor and electronegativity difference of the constituent
metals play an important role on the alloying behaviour
of the binary alloys. The size factor, which has been con-
sidered to explain the anomalous behaviour of liquid
alloy [14], is small (= 1.25) and does not seem responsi-
ble for asymmetry in such alloys. The electronegativity
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difference of the constituent metals is also important for
making alloys. Researchers [15] have argued that when
metals of very different electronegativity are alloyed, a
change from metallic behaviour to, at least, partly ionic
behaviour is expected. But the electronegativity differ-
ence of Pd and Cu (= 0.25) is not large enough to account
the alloying behaviour of CuPd alloy. Thus, I have as-
sumed strong interaction between Cu and Pd atoms is
responsible for the the alloying behaviour of CuPd alloy
in liquid state. The Cu and Pd atoms are considered to be
energetically favoured to form chemical complexes
CusPd. The basic formalism of regular associated solu-
tion model with the assumption of strong interaction is
presented in Section 2.

2. Regular Associated Solution Model

Suppose type A and type B metals are mixed in the melt
to form alloy AB. According to regular associated solu-
tion model, the melt consists of three species namely
unassociated A-atoms, unassociated B-atoms and com-
plex AB. Considering a solution of #, atoms of A and
n, atoms of B, the formation of n,, complex re-
quires m =n,+pn,, and n,=n,+n,, for conser-
vation of mass in the partially associated solution, where
ngng, and n,, are concentration of unassociated
A-atoms, B- atoms and complex respectively where p is
small integer. When there is association, the thermody-
namic behaviour of complexes A and B components is
governed by their true mole fractions x,,x, and x,,
rather than their gross mole fraction x, andx,, where
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Using above relations we can show x, =X, — px,x,
xg =x, = (1= px, )xApB .

Following Lele and Ramchandrarao [2], the equilib-
rium constant for the reaction ApB < pA+ B is given
by

x| o
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and the integral excess free energy AG™ is given by
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where w, , w,; and ®,, are interaction energies for
the species A, B; A, A,B and B, A,B respectively, T the
temperature and R stands for the universal gas constant.
The pairwise interaction energies and equilibrium con-
stant are determined following Lele and Ramchandrarao
[2] as follows:

In a regular associated solutionx;y, =x,7, and
X,y, =Xpyy , where y and y, are respective gross
activity coefficients of components 1 and 2. Thus

Iny =lny,+n>4 (3a)
xl
andIny, =Iny, +In>2 (3b)
X

Following the technique of Lee and Ramchandrarao [2]
the pairwise interaction energies, the equilibrium con-
stants and the activity coefficients at infinite dilution can
be written as

®

Iny’ =—% 4a

71 RT (4a)

kexp(w;/RT) :% (4b)
1 =72
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where y/ and y; are activity coefficients of compo-
nent A and that of B at zero concentrations.
Solving equations (2a) and (2b) we obtain

a a [
In| 2 |+(1=x,)In| L |—x, (1—x,)—2%
&_xg n(xBJ+( xB)n(XAJ x5 ( xB)RT

RT

2
X apB

©)
a a 1)
In| + |+(1-x,)In| =2 |-x,(1-x,) 2%
W,, _xA n(xAjJr( XA) n(xgj xA( xA)RT

RT 2,
(6)
Using equations (4), (12) and (13), we can derive
ks P [ 1Ex | e
RT X4 X,
(7

X 4op Xp RT X 4op

Now heat of mixing and entropy of mixing can be re-
lated to the free energy of mixing with the standard
thermodynamic relations as follows

AH =AG —1| PAC 8)
aT T,P

_AH-AG
T

AS )

3. Results and Discussion

We have calculated the concentration of complex, equi-
librium constant and pairwise interaction energies fol-
lowing the method employed by Lele and Ramchancra-
rao [2] and D. Adhikari et al. [3,5,6] using Egs. (3-7).
The equilibrium constant and interaction energies for the
alloy CuzPd in liquid state at 1350 K are found to be

k = 0.125, @,/RT = —0.467, w,/RT = -1.9 and
oy, /RT =-3.47

The calculated and observed value of integral excess
free energy of mixing is in excellent agreement (Figure
1). The calculated integral excess free energy of mixing
is minimum (- 6.57 kJ-mol™") at x¢, = 0.7 which almost
matches with the observed value [13]. The observed
asymmetry in integral excess free energy of mixing is
well explained by our theoretical model.

We have observed that if the interaction energies are
supposed to be independent of temperature, i.e.,

0w,

oT
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Figure 1. Integral excess free energy of mixing (A G*) ver-
sus Xc, (concentration of Cu) in the liquid CuPd solution
(1350 K); (—) theory, (0oo) experiment [13].

etc., then AH and AS so obtained are in very poor
agreement with experimental data. This simply suggests
importance of the dependence of interaction energies on
temperature. On using equation (4) and observed values
of AH [13]we have chosen the following values for the
given parameters as the best fit values for the heat of
formation of CuszPd complex

995 _ 30, 9% _ 45 jmor'k?, 2% -y
oT oT

J-mol 1K !

and RT? 22K _ 58000+ 1500 J-mol”

The dependence of energy parameters on temperature
can be observed from the study of AH and AS. It is found
that the pairwise interaction energies to be considerably
dependent on temperature. It is found from the analysis
that the heat of mixing is negative at all concentration.
Our theoretical calculation shows that the minimum val-
ue of the heat of mixing is —11.4 kJ-mol ' at Xy, = 0.6
[13]. The observed minimum value is also at x,,, =0.6.
The calculated values are in reasonable agreement with
the observed values (Figure 2). The concentration de-
pendence of asymmetry in AH is well explained.

We have calculated entropy of mixing of CuPd alloy
in liquid state using equation (4). The calculated values
always match in sign with observed values. The calcu-
lated values and experimental values are in reasonable
agreement at all concentration range except at x,, =
0.2 (Figure 3). The discrepancy in entropy of mixing
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Figure 2. Heat of mixing (A H) versus Xxc, of liquid CuPd
solution (1350K); (——) theory, (0oD) experiment [13].
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Figure 3. Entropy of mixing ( A S) versus X¢, of liquid CuPd
(1350 K ) (——) theory, (ooo) experiment [13].

atx,, = 0.2 could be due to errors in enthalpy data or
neglect of vibrational and electronic contributions on
entropy.

4. Conclusions

The anomaly in the integral excess free energy of mixing,
heat of mixing and entropy of mixing of CuPd liquid
alloys at 1350 K is well explained by the present theo-
retical model. Present theoretical analysis shows that
there exist complexes CusPd in CuPd alloy in molten

MSA



1142

Alloying Behaviour of CuPd Liquid Alloy

state and the pairwise interaction energies are tempera-
ture dependent.
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