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Abstract

The concentration dependent thermodynamic behaviour of Fe-Ni-Pd melts at 1873 K has been analysed in terms
of the excess free energy of mixing, free energy of mixing, activity coefficient and activity of first element i.e. Fe
on applying MIVM known as molecular interaction volume model. The computations of the mentioned
thermodynamic functions require the input parameters which are ascertained from the parameters needed for the
concerned binary system at 1873 K. The theoretical values for the excess free energy of mixing and activity
computed from the analytical expressions deduced in the framework of MIVM, are in well agreement with the
corresponding experimental results. The concentration dependence of the excess free energy of mixing, free

energy of mixing, activity coefficient and activity of first element i.e. Fe for Fe-Ni-Pd system at 1873 K for three

cross-sections namely X, :x,, = 1:1, 1:2 and 1:3 indicate that Fe-Ni-Pd melts at 1873 K is more stable for

cross-section 1:1 followed by 1:2 and 1:3 respectively.
Keywords: MIVM model; excess free energy of mixing, activity coefficient, activity, free energy of mixing, Fe-
Ni-Pd melts

1. Introduction

Fe-Ni-Pd liquid alloy is composed of three constituents like Fe, Ni and Pd. Obviously, three binaries namely Fe-
Ni, Fe-Pd and Ni-Pd are associated with Fe-Ni-Pd alloys. The Fe-Ni-Pd system has wide range of applications in
material science as well as geoscience as high temperature alloys component of earth’s core, magnetic material
etc. Therefore, Fe-Ni-Pd system become suitable for welding, casting, high temperature applications etc. Earlier,
the morphological, crystallographical and martenstic characteristics of Fe-Ni-Pd system has been investigated
experimentally [1]. The characteristics of Fe-Ni-Pd system relies upon the composition of phase relationship.
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Therefore, the experimental studies of the phase diagram have been performed for Fe-Ni-Pd, and Fe-Ni-Pd- based
multicomponent alloys namely Fe-Ni-Pd-S [2,3,4,5]. However, there is scarcity of theoretical an experimental
data of the thermodynamics of Fe-Ni-Pd melts in the literature. Thus, Fe-Ni-Pd liquid alloy becomes a suitable
candidate for the theoretical exploration.

For the understanding of the thermodynamic behaviour of Fe-Ni-Pd alloys, it is necessary to have the knowledge
of the mixing properties of the concerned binary alloys like Fe-Ni, Fe-Pd and Ni-Pd. The concentration dependent
thermodynamic properties refer to the segregating nature of Fe-Pd melts at 1873 K and Ni-Pd melts at 1873 K as
well as ordering nature of Fe-Ni melts at 1873 K [6]. It is interesting to mention that Fe-Pd system possess
chemical complexes like FePd, FePds, Fe,Pd and FePd, [6, 7]. The interesting thermodynamic behaviour and
potential applications i.e. in aerospace, telecommunications, electronics, gas turbine engines, magnetostrictive
technologies, spintronic, biomedical applications, electrochemistry, as catalyst etc. of Fe-Ni melts, Fe-Pd melts
and Ni-Pd melts have drawn the attentiveness of several researchers [8, 9, 10, 11, 12, 13, 14]. Therefore, the
ternary system i.e. Fe-Ni-Pd melt is an interesting material which requires a theoretical exploration.

In present research work, MIVM approach [15] is employed for the analysis of the thermodynamic properties

namely excess free energy of mixing, Gy, , free energy of mixing, G,, , activity coefficient and activity of Fe-Ni-

Pd melts at 1873 K. Earlier, the thermodynamics of several binary liquid alloys such as Zn-Bi, Au-Ni, Au-Cu,
Au-Pd, Ti-Al, Zn-Cd etc [17,18,19,20] and several ternary liquid alloys namely In-Bi-Sn, Al-Sn-Zn, Sn-Ag-Cu
etc[21,22,23,24] by MIVM model.

2. Formalism
The fluid based model, MIVM (i.e. molecular interaction volume model) has been described by Tao, 2000 [15]
and obtained from statistical thermodynamics, fluid-phase equilibria and the fundamental concept of the non-

random exchange of liquid molecules. The molecular excess free energy of mixing of the ternary molten alloys

(1-2-3) is expressed as [15]

G}\If[ le 4 2
_— = xl +.x2 hl z
RT XV + %V, 04, + x5V, 4; XV 0 + XV, 4y + X5V, 54,

” ml

lel ['XZAZI ln A21 +'x3A31 hl A31 ]

V xl +x2A21 +x3A31
+x3]n[ 3 j 1 X, A, In A, +x, 4, In 4 )
xV +xV A +xV _ +Zx 14712 12 34732 32
3" m3 17" m1“A13 2 m2A23 2 272 X1A12 +x2 +X3A32

T x4, InA4;+x,4,,In 4,
e XAy + x4y + X,

where, Z ;(1=1,2, 3) stands for the first coordination numbers for the constituent molecules 1,2 and 3 respectively,
X. (i =1,2,3) represents the concentration (or mole fraction) of the constituents 1,2 and 3 respectively A12 , A21

1

; A23 , A32; and A4;,, A;, denote the pair-potential energy interaction parameters between the constituent
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elements 1-2, 2-3 and 1-3 for the concerned binary systems (1-2), (2-3) and (1-3) respectively, V ., V , and

ml> " m
Vm3 molar volume of elements 1, 2 and 3 respectively. Since, the ternary system (1-2-3) is composed of three

binary systems (1-2), (2-3) and (1-3). Therefore, the potential energy interaction parameters are determined for
each binary system.

Let us consider a binary system (i— j ) for which the expression molar excess free energy of mixing may be
represented by [15]

M i | Vmj | Ni%j | ZiAjilndji | ZjAjind;j )
l T
RT XiVimi+X jVimjAji X jVimj +%iVmi 4ij 2 xi‘”‘jAji xj+xiAij

where, X; and X j are the compositions (or mole fractions) of i and j components respectively, Z ;and Z ; stands
for the first coordination numbers for the constituent molecules i and j respectively. Aij and Aﬁ denote the pair-
potential energy interaction parameters and V,; and ij are the molar volumes of elements i and j respectively.

1

Now, 4, and A may be expressed as [15]

& e Ejj =& jj
_ _&jiT¢ii As:=exp| —
Aji exp{ T } and i P{ T

3)
with, £jj , € jjand & jj refer to pair potential energies for I—1, j—j and i — j respectively, so that £y =&,
, k and T represent Boltzmann constant and absolute temperature of the binary liquid alloy respectively.

Again, the value of co-ordination number of an element of the binary system can be determined from the relation

given below

3_.3 (T —
ZFNM[W ]pl.,ml. og{ i1 T D)

3 Tmi —oi ZcRTTy;

“4)

with AHp; and Tri are enthalpy at melting temperature and melting temperature respectively; Z . is taken to be 12

for closed packed structure; pi= Ni[/l.:w = molecular number density; 7,.and 7,, = initial and fist peak
Vi

values of radial distribution function of the molten metal i near to melting temperature respectively, and R is the
molar gas constant. The radial distances are expressed as

15i=0.918d oy and 7y =0;

)

where, o1 and dcov i = atomic diameter and atomic covalent diameter respectively.

The activity coefficients of the component u (= i, j ) of a binary melt in terms of Gﬁ can be expressed as [24]
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From equation (6), the activity coefficients for constituents i and j of the binary melt i — j can be represented

respectively as

E E
h’l]/l.:G—M-Fi% (7)
RT RT 8xl.
GE x 0Gy,
Iny. 8
7= RT RT 8x ®)

where, X, =(-x,) and x, =(1—xj)

Employing equation (2) in (7) and (8), we can obtain respectively

V. VA, v.A. x| ZA Ind, ZAInd,
lny,:ln mi +x, U] J 7 J /2 + 9)
xV,+xV A xV. ,+xV A XV, +xV,.4; 2 (x,+xAA.,) (x +xA)
i JEgi

Joomitji Jomitji AR i omi i

2
lnj/ :ln ij _x ijAjl _ n11147 _x_lz Z/147j 1n147] + ZiA/'i lnAji
g xV, +xV A xV . +xV A xV_ +xV A | 2 (x,-+x,-4,)2 (x,.+xjAﬁ)2

Jjomj mi* i i mi Joomitji jomj i omi*7if

(10)
The equations (9) and (10) are the analytical expressions from which }; and Y of the binary melt i — j can

be computed.

From definition, the activity coefficient and activity of the component £/ of a binary melt are related as

a,=y,x, (where, u=i,j)

(an

From equation (11), the activities of the components i and j of the binary melt i — j can be expressed as
a;, =¥V

(12)

a4;=7%;

(13)

The equations (12) and (13) can be utilized to determine the activities @; and a ; respectively of the binary melt

i—j.
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The expressions for activity coefficients of the components of the alloy in infinite dilute solution range i.e. X; or

X, — 0, are, respectively, given by

Vinidii | Vimidii
In {°=1-In| -7 ji | Vmidji Lz InAji+Z j Ajj In A (14)
mi ij 2\
and
Viidii | Vi dji
Iy =l-In| % ARL l(z In 4j+Z; A jiIn 4;) (15)
ij Vi 2

The pair-potential energy interaction parameters, Aij and A ji can be determined by solving equation (14) and

(15) on applying Newton-Rapson method.
Now, for a ternary melt (1-2-3), the activity coefficient of the component i is expressed as [15]

E E
RTIny, =Gj, +x, [aa&]—x{aGMj (16)

X, Ox;

Using equation (1) in (16), we can obtain

v, j_ XV,
leml +x2 mZAZI +x3V A leml +x2 m2A21 +x3V A

Iny, =1+1n(

xV . A, xV A,
x Vi A, +x,V ,+xV A, xV, As+xV 4, +xV

ml m3

Z, (x4, +x,4;))(x, 4, In 4, + 3,45 In4;))
(% + x4y, +x,4,)°
1|, Z Ay 0+ A I Ay =3 Ay Tn 4] a7
2 (A, +x, +x,45,)
Z 3% A5[(6 4, +x;)In Ay —x, 4,5 In 4,4]

(545 +x, 4, + X, )

which is the analytical expression for the activity coefficient of the component i of a ternary system (1-2-3).

Now, the activity coefficient and activity of the component 1 may be related as
a, =yx (18)

The equation (17) and (18) are utilized to determine the theoretical values of the activity of component i of a

ternary system (1-2-3).
Now, the free energy of mixing, GM for a ternary system may be represented as

GM GE Gld

g (19)
RT RT RT
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Again, for a ternary system, the ideal free energy of mixing, GE at a given temperature T may be represented by
Gy =RT[x Inx, +x,Inx, +x, Inx,] (20)

Using equation (1) and (20), we get

GM = [ I/ml j [ Vm2 J
— =X +x, In
RT XV +x5V,,4,+ x5V, 4, XV x5V, 4, +x5V,5 45,

ml m3

75 x, 4, In A4, +x,4, In 4,
1"
X+ X, 4y + x4y,

v

+x; In ” | XA, InA, +x.A4,nA
XV ,s XV, Ay + XV, 0 Ay ) ——| 42y, | 22 T 3T T
27%2
2 XAy, +x, +x,45,

7« (XIAU InA, +x,4,,In Azs}
3%
XAy + X, 455 + X,

+[x Inx, +x,Inx, +x, Inx,] 21)

which is the required analytical expression for GM of a ternary liquid alloys.

3. Result and Discussion
The analytical expressions (1), (21), (17) and (18) are employed to compute G}ﬁ / RT , GM /RT ,y ;and @,

respectively of Fe-Ni-Pd melts at 1873 K. For calculations, the input parameters are required which are evaluated
from the concerned binary system i.e. Fe-Ni melts at 1873 K, Fe-Pd melts at 1873 K and Ni-Pd melts at 1873 K.
The necessary parameters of pure Fe, Ni and Pd are presented in Table 1 [25]. For a binary system i-j the

coordination number Z; and Z; of the constituents are determined from equation (4) which are presented in Table
2. The values of Aﬁ and Aij are determined on solving equations (14) and (15) by Newton-Rapson method by
using the experimental values of infinite dilute activity coefficients i.e. »/° and 7;0 [6]. The values of Aﬁ and
Aij slightly changed [15] in order to achieve a good agreement between the theory and experiment [6] for the

excess free energy of mixing, Gf, / RT for the concerned binary alloys. The best fit values A ji and Al.]. at

required temperature are depicted in Table 2.

Table 1. Input parameters for the pure metals [25]

Metal,i AH,; (KJ/mol) o, (x 10_8011’1) v, (XIO_S cm) Vini (Cl’IlB/l’IlOl)
Fe 13.77 2.56 1.98 7.94[1+1.3x10%(T-1808)]
Ni 17.15 2.50 1.88 7.43[1+1.3x104(T-1728)]
Pd 16.7 2.75 2.56 10.14[1+1.17x10"4(T-1828)]

Table 2: Input Parameters for Binary Systems

o0

i-j | T(K) V. V. A, A, Z. Z. 5 7

mi ny ) Jt ! J
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(cm?/mole) | (cm?*/mole)

Fe-Ni | 1873 8.01 7.59 1.1037 1.0191 10.00 9.74 | 0.355 | 0.617

Ni-Pd | 1873 7.59 10.19 0.9757 0.9395 9.74 11.53 | 2.306 | 2.805

Fe-Pd | 1873 8.01 10.19 0.8761 0.9915 10.00 11.53 | 1.546 | 1.683

3.1 Results for G,, and 4, (1 =1, /) of Fe-Ni, Fe-Pd and Ni-Pd at 1873 K

The equation (2) is used to ascertain the values of Gf[ / RT for Fe-Ni, Fe-Pd and Ni-Pd at 1873 K as a function

of concentration, X, (p = Fe, Fe and Ni). The theoretical results and correlated experimental results [6] presented

in Fig. 1, exhibit well harmony in the complete range of composition, x = 0.1 to 0.9.

E E
For Fe-Ni system at 1873 K, R—]; vs Xp, isotherm denotes the negative values of —L in the complete

composition range of Fe i.e. Xz, = 0.1 to 0.9 with minima at X, = 0.4 i.e. — 0.1853 (Theory) and -0.1777

E
(Experiment). Thus, the asymmetry in i as well as ordering nature [26] of Fe-Ni melts at 1873 K are well
RT

E
explained theoretically. It is required to point out that the theoretical results for Gy exhibit the marked departures

RT

from the experimental results i. € in the regions 0.2 < Xz, <0.4 and 0.6 < Xz, < 0.8.

E
For Fe-Pd melts at 1873 K, in whole composition region, Xy, = 0.1 to 0.9, —L exhibits positive value at each

concentration with maximum values at Xz, = 0.5 i.e. 0.2119 (Theory) and 0.2102 (Experiment). Thus, MIVM

successfully represents the symmetry inGy and segregating character [26] of Fe-Pd melts at 1873 K.
RT

E

G
For Ni-Pd liquid at 1873 K, R_A]{ are positive in the complete composition range of Nii.e. Xy, =0.1 to 0.9 with

E
maxima at X;= 0.5 ie. 0.1209 (Theory) and 0.1194 (Experiment). Thus, the symmetry inG_M as well as
RT

segregating nature [26] of Ni-Pd melts at 1873 K are successfully explained by MIVM.
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Fig. 1 GE/RT vs X, (p = Fe, Fe, Ni) for Fe-Ni melts at 1873 K,
Fe-Pd melts at 1873 K and Ni-Pd melts at 1873 K

For the computations of activity of both the components of each alloy namely Fe-Ni at 1873 K, Fe-Pd at 1873 K
and Ni-Pd at 1873 K from the equation (12) and (13), the theoretical values of activity coefficients of both the
components of the concerned binary alloys are required. For this, the equations (9) and (10) are utilized to
determine the theoretical values of both the components of the alloys Fe-Ni at 1873 k, Fe-Pd at 1873 K and Ni-
Pd at 1873 K. The theoretical results and corresponding experimental results [6] for both the components of the

alloys under consideration are depicted in Fig. 2 with respect to concentration.

For Fe-Ni liquid alloys at 1873 K, the theoretical results for @, and @; relative to Xg, are compared with the
corresponding experimental results [6] in Fig. 2. A reasonable agreement is observed between theory and
experiment. The negative deviations of @, and d,; from ideal mixing behaviour in the concentration region X,

= 0.1 to 0.9, advocate the ordering character [26] of Fe-Ni melts at 1873 K. It is pointed out that the activity is a

fortunate thermodynamic function which is measured by the experiment [26]. Thus, the harmony between theory
and experiment authenticates the evaluated values of 4 ; and Aij .

Fig. 2 indicates that the theoretical values and correlated experimental values [6] for @, and dp,; of Fe-Pd
System at 1873 K are in well agreement in the complete composition region, Xz, = 0.1 to 0.9. Again, the positive
departures of dg, and dp, from Raoults law confirm the segregation [26] in Fe-Pd melts at 1873 K. The

agreement between theory and experiment validates the estimated values of 4 ; and Ai/. .
For Ni-Pd melts at 1873 K, an excellent similarity is noticed between theory and experiment [6] in the region,
Xy =0.1t00.9 for ay; and dp, in Fig. 2. Again, the small positive departures of d; and dp; from linear law

confirm the feebly segregating nature [26] of Ni-Pd melts at 1873 K. Therefore, the agreement between theory
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and experiment provides the authenticity of the evaluated values of 4, and 4, .

1.0
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0.0 0.2 %o 0.4 0.6 0.8 1.0
Fig. 2 Activity vs X, (p = Fe, Fe, Ni) for Fe-Ni melts at 1873 K,
Fe-Pd melts at 1873 K and Ni-Pd melts at 1873 K

3.2 Results for G|, /RT, G,,/RT, y,, and a,, of Fe-Ni-Pd Liquid Alloys at 1873 K
In present study, MIVM model has been employed to investigate the thermodynamic behaviour of Fe-Ni-Pd melts
at 1873 K in terms of G]f, /RT, G, /RT, ¥, and a, as a function of concentration of Fe. For the

computations of the above thermodynamic properties of Fe-Ni-Pd melts at 1873 K, the required input parameters

are presented below (taken from Table 2):

Vi =V ,=8.01 cm*mole Vi =V, ,=12.13 cm¥mole Vpy=V, 3=10.19 cm*/mole
Zy, = Z,=10.00 Zy=2,=9.74 Zpy=2Zy=11.53

Al.j = A4, =1.1037 Aﬁ = A, =1.0191 (for Fe-Ni system at 1873 K)

Ay = Ay3 =0.9757 A= A;,=0.9395 (for Fe-Pd system at 1873 K)

A, = A5 =0.8760 A= A;,=0.9915  (for Ni-Pd system at 1873 K)

Now, expression (1) is utilized to determine the theoretical values of G}f, / RT relative to the concentration of Fe
for Fe-Ni-Pd liquid alloys at 1873 K for the cross-sections namely, X,; : X, = 1:1, 1:2 and 1:3. The theoretical
values of Gfl / RT are tabulated in Table 3 and displayed in Fig. 3. It is evident that for cross-sections, X Ni - Xpg
=1:1, 1:2 and 1:3, GE / RT display the positive values in the complete region of concentration i.e. X, = 0.1 to
0.9 for Fe-Ni-Pd at 1873 K. Again, the maximum values of G,, / RT are 0.1595 at X, = 0.3 for cross-section
Xy; - Xp; = 1:3 followed by 0.1397 at X, = 0.1 for cross-section X,; : Xp; = 1:2 and 0.1009 at X, = 0.1 for

cross-section X,; : Xp, = 1:1 respectively. This indicates that Fe-Pd melt dominates over Fe-Ni melt for the cross-
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sections X, : Xp, = 1:3, 1:2 and 1:1 in Fe-Ni-Pd melts at 1873 K. It is pointed out that no experimental data for

Fe-Ni-Pd melts are available in the literature for comparison.

Table 3: G,, / RT for Fe-Ni-Pd Ternary Liquid Alloys at 1873 K

DOI: 10.5281/zenodo.17374650

For X, 1 Xp; = 1:1
Xp, Xy Xpy G. | RT
0.1000 0.4500 0.4500 0.1009
0.2000 0.4000 0.4000 0.0801
0.3000 0.3500 0.3500 0.0628
0.4000 0.3000 0.3000 0.0484
0.5000 0.2500 0.2500 0.0365
0.6000 0.2000 0.2000 0.0267
0.7000 0.1500 0.1500 0.0186
0.8000 0.1000 0.1000 0.0117
0.9000 0.0500 0.0500 0.0057
For X, 1 Xp; = 1:2
Xp, Xy Xpy G. | RT
0.1000 0.3000 0.6000 0.1397
0.2000 0.2667 0.5333 0.1349
0.3000 0.2333 0.4667 0.1287
0.4000 0.2000 0.4000 0.1205
0.5000 0.1667 0.3333 0.1098
0.6000 0.1333 0.2667 0.0961
0.7000 0.1000 0.2000 0.0789
0.8000 0.0667 0.1333 0.0575
0.9000 0.0333 0.0667 0.0314
ForXxy, 1 Xxp,=1:3
X e Xpi Xpy G, /RT
0.1000 0.2250 0.6750 0.1553
0.2000 0.2000 0.6000 0.1594
0.3000 0.1750 0.5250 0.1595
0.4000 0.1500 0.4500 0.1551
0.5000 0.1250 0.3750 0.1455
0.6000 0.1000 0.3000 0.1302
0.7000 0.0750 0.2250 0.1087
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Xre
Fig. 3 GE/RT vs x, for Fe-Ni-Pd melts at 1873 K
for cross-sections, xy; : Xpq = 1:1, 1:2 & 1:3

Expression (21) is used to ascertain the theoretical values of GM / RT for Fe-Ni-Pd liquid alloys at 1873 K for
three cross-section namely, X,; : Xp,; =1:1, 1:2 and 1:3 in terms of the concentration of Fe. The theoretical values

of GM / RT are included in Table 4 and illustrated in Fig. 4. It is clear that GM / RT is negative at each
concentration of Fe for Fe-Ni-Pd melts at 1873 K for each cross-section i.e. 1:1, 1:2 and 1:3 in the complete region
of concentration i.e. Xz, = 0.1 to 0.9. The values of G,, / RT are minimum at X, = 0.4 i.e. — 1.0405 for cross-
section 1:1, —0.9345 for cross-section 1:2 and — 0.8553 for cross-section 1:3 respectively. Thus, Fe-Ni-Pd system

at 1873 K is more stable for cross-section X,; : X, = 1:1 followed by X,. : X, = 1:2 and 1:3 respectively.

Table 4: G,, / RT for Fe-Ni-Pd Liquid Alloy at 1873 K

ForXx,, 1 xp, =1:1
Xp, G, /| RT G/ RT G, /RT
0.1000 0.1009 -0.9489 -0.8480
0.2000 0.0801 -1.0549 -0.9748
0.3000 0.0628 -1.0961 -1.0333
0.4000 0.0484 -1.0889 -1.0405
0.5000 0.0365 -1.0397 -1.0032
0.6000 0.0267 -0.9503 -0.9235
0.7000 0.0186 -0.8188 -0.8002
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0.8000 0.0117 -0.6390 -0.6273
0.9000 0.0057 -0.3944 -0.3887

For Xy, 1 Xp; = 1:2

Xy, G, |/ RT G |RT G, /RT
0.1000 0.1397 -0.8979 -0.7582
0.2000 0.1349 -1.0096 -0.8747
0.3000 0.1287 -1.0564 -0.9277
0.4000 0.1205 -1.0549 -0.9345
0.5000 0.1098 -1.0114 -0.9016
0.6000 0.0961 -0.9276 -0.8315
0.7000 0.0789 -0.8018 -0.7230
0.8000 0.0575 -0.6277 -0.5702
0.9000 0.0314 -0.3887 -0.3573

Forle. “Xp; =13

Xp, G. | RT G /RT G, /RT
0.1000 0.1553 -0.8312 -0.6759
0.2000 0.1594 -0.9503 -0.7908
0.3000 0.1595 -1.0045 -0.8450
0.4000 0.1551 -1.0104 -0.8553
0.5000 0.1455 -0.9743 -0.8288
0.6000 0.1302 -0.8979 -0.7677
0.7000 0.1087 -0.7796 -0.6709
0.8000 0.0803 -0.6129 -0.5326
0.9000 0.0443 -0.3813 -0.3371
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Fig. 4 G,/RT vs xg, for Fe-Ni-Pd system at 1873 K for
cross-sections, Xy; : Xpq = 1:1, 1:2 and 1:3
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Equation (17) is used to determine the concentration dependence of ), for Fe-Ni-Pd liquid alloys at 1873 K for

the cross-sections X,; : X, = 1:1, 1:2 and 1:3. The theoretical results are reported in Table 5 and displayed in

Fig. S.
Table 5: Activity Coefficient of Fe in Fe-Ni-Pd Liquid Alloys at 1873 K
ForXx,, 1 xp, =1:1
XFe X i Xpa Y re
0.1000 0.4500 0.4500 0.9026
0.2000 0.4000 0.4000 0.9308
0.3000 0.3500 0.3500 0.9533
0.4000 0.3000 0.3000 0.9704
0.5000 0.2500 0.2500 0.9828
0.6000 0.2000 0.2000 0.9912
0.7000 0.1500 0.1500 0.9963
0.8000 0.1000 0.1000 0.9989
0.9000 0.0500 0.0500 1.0645
For Xy, 1 Xp; = 1:2
X re Xyi Xpa Ve
0.1000 0.3000 0.6000 1.1320
0.2000 0.2667 0.5333 1.1159
0.3000 0.2333 0.4667 1.0975
0.4000 0.2000 0.4000 1.0781
0.5000 0.1667 0.3333 1.0587
0.6000 0.1333 0.2667 1.0405
0.7000 0.1000 0.2000 1.0244
0.8000 0.0667 0.1333 1.0116
0.9000 0.0333 0.0667 1.0918
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For Xy, 1 Xp, =1:3
Xre Xni Xpa YV Fe

0.1000 0.2250 0.6750 1.2802
0.2000 0.2000 0.6000 1.2311
0.3000 0.1750 0.5250 1.1843
0.4000 0.1500 0.4500 1.1408
0.5000 0.1250 0.3750 1.1017
0.6000 0.1000 0.3000 1.0678
0.7000 0.0750 0.2250 1.0397
0.8000 0.0500 0.1500 1.0185
0.9000 0.0250 0.0750 1.1062

1.3

1.2

1.1

1.0 1

0.9+

0.8 —— ("/Fe)Theory[XN': Xps = 2]

("/Fe)Theory[XN': Xea ™21
0.7 1 (YFe)Theow[XN': Xeu™ 21
0.6 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

X
Fig. 5 yre vs':f,:e for Fe-Ni-Pd system at 1873 K for
cross-sectons, Xy; : Xpg = 1:1, 1:2.and 1:3

The activity, @, for Fe-Ni-Cd at 1873 K has been calculated from equation (18) on using the theoretical results

of Y, for the cross-sections X,; : Xp, = 1:1, 1:2 and 1:3. The theoretical data for dr, of Fe-Ni-Cd at 1873 K are

presented in Table 6 and illustrated in Fig. 6. It exhibits that d,, are almost equal to the ideal values in

concentration range 0.0 < @, < 0.80 and positive deviation is noticed in the region 0.80 < d,, < 1.0 for cross-

section Xy, : Xp, = 1:1.

Table 6: Activity of Fe in Fe-Ni-Pd Liquid Alloys at 1873 K

Forx,, 1 Xp, = 1:1
Xpe Xyi Xpg A,
0.1000 0.4500 0.4500 0.090
0.2000 0.4000 0.4000 0.186
0.3000 0.3500 0.3500 0.286
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0.4000 0.3000 0.3000 0.388
0.5000 0.2500 0.2500 0.491
0.6000 0.2000 0.2000 0.595
0.7000 0.1500 0.1500 0.697
0.8000 0.1000 0.1000 0.799
0.9000 0.0500 0.0500 0.958

For Xy, 1 Xp, =1:2
X e Xpi Xpa ap,
0.1000 0.3000 0.6000 0.113
0.2000 0.2667 0.5333 0.223
0.3000 0.2333 0.4667 0.329
0.4000 0.2000 0.4000 0.431
0.5000 0.1667 0.3333 0.529
0.6000 0.1333 0.2667 0.624
0.7000 0.1000 0.2000 0.717
0.8000 0.0667 0.1333 0.809
0.9000 0.0333 0.0667 0.983
For Xy, 1 Xp, =1:3
Xpe i Xpa Ap,
0.1000 0.2250 0.6750 0.128
0.2000 0.2000 0.6000 0.246
0.3000 0.1750 0.5250 0.355
0.4000 0.1500 0.4500 0.456
0.5000 0.1250 0.3750 0.551
0.6000 0.1000 0.3000 0.641
0.7000 0.0750 0.2250 0.728
0.8000 0.0500 0.1500 0.815
0.9000 0.0250 0.0750 0.996
1.0 —
%
/.
—— (aFe)Thenry[N‘ Pa=ti /
0.8 +(aFe)Theory[N“Pd:1 4 /,/“
(@ro)moon™ P41 i
Ideal /
00+~ . . . .
0.0 0.2 Xee 0.4 0.6 0.8 1.0
Fig. 6 ag, vs xg, for Fe-Ni-Pd melts at 1873 K
for cross-sections, xy; : Xpq = 1:1, 1:2 and 1:3
4. Conclusions
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From present theoretical study, it may concluded that
e The theoretical results for G]f[ / RT and activity of both the components of the binary alloys namely Fe-Ni

melts at 1873 K, Fe-Pd melts at 1873 K and Ni-Pd melts at 1873 K, exhibit good harmony with the

corresponding experimental results.

e  The observed symmetries in G]ﬁ / RT for Fe-Pd at 1873 K and Ni-Pd at 1873 K as well as asymmetry in
G]f[ / RT for Fe-Ni at 1873 K are successfully reproduced.

e  The sign of GAEI / RT in the complete concentration region confirms that Fe-Pd at 1873 K and Ni-Pd at 1873
K are segregating in nature whereas Fe-Ni at 1873 K is an ordering system.

e The positive departures from linear law of the activity of both the components i.e. dp, and a,, for Fe-Pd
system at 1873 K; a,; and a,, for Ni-Pd system at 1873 K, indicate that Fe-Pd melts at 1873 K and Ni-Pd

melts at 1873 K are segregating alloys while Fe-Ni melt at 1873 K is an ordered alloy because @, and a,,
exhibit negative deviations from linear law.

e The concentration dependence of Gf, / RT for Fe-Ni-Pd system at 1873 K exhibits positive value at each
concentration in the region, X, = 0.1 to 0.9 for each cross-section namely, X,, : Xy, = 1:1, 1:2 and 1:3..

e In the entire composition range, X, = 0.1 to 0.9, G,, / RT of Fe-Ni-Pd melts at 1873 K exhibit negative
value at each composition for cross-section under consideration. The magnitude of negative values of
GM / RT justifies that Fe-Ni-Pd system at 1873 K is more stable for cross-section, Xy; - Xpy = 1:1 followed

by 1:2 and 1:3 respectively.

e For each cross-section, the activity of Fe for Fe-Ni-Pd system at 1873 K, indicate positive deviation from
linear law.

Thus, MIVM model is a reliable and suitable model to explain the thermodynamic behaviour of binary as well as

ternary alloys.
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