S.K.Yadav et al. / BIBECHANA 13 (2016) 100-113 : RCOST p.100 (Online Publication: Dec., 2015)

BIBECHANA

A Multidisciplinary Journal of Science, Technology and Mathematics
ISSN 2091-0762 (Print), 2382-5340 (Online)
Journal homepage: http://nepjol.info/index.php/BIBECHANA
Publisher: Research Council of Science and Technology, Biratnagar, Nepal

Thermodynamic, structural, transport and surface properties of Pb-
Tl liquid alloy

S.K. Yadav* %, L.N. Jha?, D. Adhikari*™
!Department of Physics, Mahendra Morang Adarsh Multiple Campus, Tribhuvan University, Biratnagar,
Nepal
2Central Department of Physics, Tribhuvan University, Kirtipur, Kathmandu, Nepal
**E-mail: adksbdev@yahoo.com
*Email: yadavshashit@yahoo.com
Article history: Received 07 September, 2015; Accepted 22 September, 2015
DOI: http://dx.doi.org/10.3126/bibechana.v13i0.13443

Abstract
Thermodynamic properties, such as free energy of mixing, heat of mixing, entropy of mixing, activities
and the microscopic structural properties, such as concentration fluctuation in long-wavelength limit and
chemical short-range order parameter of Pb-TI liquid alloy at 773 K have been studied on the basis of
regular associated solution model. We have estimated the mole fractions of the complex and the
unassociated atoms assuming the existence of PbTl; complex as energetically favoured in the liquid state.
The compositional contributions of the heat of mixing of the species Pb and Tl and the heat of formation
of the compound to the net enthalpy change have also been studied. The transport properties such as,
viscosity and the ratio of mutual and intrinsic coefficients have been studied using different approaches.
The surface concentration of Tl atoms has been computed and it has been employed to calculate the
surface tension of Pb-TI liquid alloy. Both the theoretical and the experimental values of the concentration
fluctuation in long-wavelength limit are found to be less than the ideal value, revealing that the concerned
system is hetero-coordinating in nature. The interaction energies are found to be temperature dependent
and respective alloy is found to be weakly interacting system.

©RCOST: All rights reserved.

Keywords: Structural properties; compositional contributions; hetero-coordinating; transport properties,
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1. Introduction
Though the direct intake thallium (TI) is harmful to human due to its toxicity but it has wide range of uses

when guenched with other atoms. It is used in the manufacture of electronic components, optical lenses,
semiconductor materials, alloys, gamma radiation detector equipment, imitation jewelry, artist's paints,
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low temperature thermometers and green fireworks [1-3]. It is also used as a contrast agent in the
visualization of cardiac function and tumors in small amounts. Thallium forms simple eutectic alloys
with tin, lead, cadmium, magnesium, etc. These alloys are resistance to wear and tear characteristics when
used in bearing for steel shafts. Thallium when alloyed with lead and tin increases mechanical strain of
the materials by improving the resistance against deformation, breaking strength and hardness leading to
preferable uses in bearings of machine parts [4]. These multidisciplinary uses of Tl have attracted
considerable attentions of the modern day researchers to predict the thermodynamic and structural
properties of Tl based alloys. As the alloys are generally grown from their liquid state at temperatures
near to their melting point, the properties of the initial melt have great reflection on the characteristics of
alloying materials. Thus enormous work has been done by several theoreticians leading to the
development of different theoretical models [5-16] for the investigations of the thermodynamic and
microscopic structural behaviour of liquid binary alloys. This work is focused on the study of the
thermodynamic and microscopic structural behaviour of Pb-TI liquid alloy at 773 K on the basis of
regular associated solution model [17-21].

According to the regular associated solution model, it is assumed that the liquid solution consist of an
ideal mixture of free monomers and the complex in tranquility. Further there appear strong associations
among the constituent species in liquid phase close to their melting points. These associations are given
different names such as, ‘complexes', ‘pseudomolecules’, ‘clusters' or simply 'associations'. The initial melt
thus can be considered as the ternary mixture of the associated atoms and the free monomers. The
expressions for the different thermodynamic and the microscopic functions are derived on these
considerations. In the microscopic structural functions, the concentration fluctuation in long wavelength
limit (Scc(0)) has become an important parameter to predict the structure of the liquid alloys. Bhatia et al,
[16] has shown that the concentration fluctuation in the long wavelength limit can be obtained from the
model parameters even if the data from the low angle X-ray and neutron diffraction experiments are not
available. The expressions for Scc(0) and the thermodynamic functions of compound forming liquid
binary alloys were later derived by Bhatia and Hargrove [16], however, this procedure was significantly
simplified by Lele and Ramchandrarao [18] which involves the estimation of the pairwise interaction
energy parameters and the equilibrium constant from the activity coefficients of the components at
infinite dilution and the activity data at one another intermediate compositions.The phase diagrams of the
Pb-TI alloy [22] shows that there exhibit three different phases such as, PbTl,, PbTl; and PbTl, . Among
these phases, we have assumed the existence of PbTl; complex and estimated its thermodynamic and
structural properties. The theoretical estimation shows that there is significant asymmetry in structural
properties (short range order parameters) of this alloy. The size factor and the difference in the
electronegativity of the alloying materials are also the influencing parameters resulting to asymmetry. The
size factors of Pb-TI alloy (Q1;/Qpp= 0.943) is quite small for this behaviour. Also, the greater is the
difference in the electronegativity of the alloying atoms, greater is the change in the metallic behaviour to
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the ionic behaviour resulting into the asymmetry. The difference in the electronegativity of Pb-TI liquid
system (Emi — Epp = -0.29) is also too small for this anomalous behaviour.

The viscosity of the Pb-TI liquid alloy at 773 K has been computed using Moelwyn-Hughes theory [23],
Kozlov theory [24] and Kaptay theory [25]. The ratio of mutual to intrinsic diffusion coefficients has also
been estimated to explain the nature of local arrangements of atoms in the liquid state. The surface tension
of the liquid alloy has also computed using Butler's approach of mono-atomic surface layer [26].

The theory containing the methodology of this work is presented in the Section 2, the results and
discussion is presented in the Section 3 and the conclusions are presented in the Section 4.

2. Theory

2.1 Thermodynamic and Structural Properties

Let the binary liquid solution consists of n; and n, atoms of the monomers A (=TI) and B (=Pb)
respectively. Then from the conservation of mass, the formation of the complex A,B (A B < pA + B)
in the partially associated solution requires n; = na + puny g and n, = ng +ny g, Where ny, ng and
np,p are respectively the concentrations of the unassociated monomers A and B and the complex A, B
[18] and w is a small integer whose value is determined from the complex forming concentration (= u/ (u
+1)) in the solid state. Due to the formation of the complexes, the thermodynamic and the microscopic
functions are governed by their true mole fractions x4, xg and x, p than their gross mole fractions x,

and x,, where

na,B
na+ nB+nA|_1B na+ nB+nAuB K na+ nB+nAHB
_ nq _ n;
X1 = n;+n;’ X2 = n;+n, (1b)
On solving above two Equations, the true mole fractions can be expressed as
Xpa = X1 = PXpXa g and xg =X — (1= px)Xy,B )

According to Prigonine and Defay [27], in the associated solution the gross chemical potentials of the
components 1 and 2 are equal to the chemical potentials of the free monomers A and B. Following Jordan
[20], the activity coefficients of monomers y,, yg and Ya,B Can be represented in terms of pairwise

interaction energies as
RTInys = xg 01 + X3 g W13 + XpXa,B (013~ w23 + w13) (32)
RT Inyp = X3 pw23 + XaW12 + Xa Xa,B(W23 — W13 + 0017) (3b)

RT lnYAuB = X303 + XBWy3 + XaXp (W13 — Wiz + 023) (3c)
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where w;,, w;3 and w,3 represents the pairwise interaction energies for the species A, B; A, A, B and B,
A, B respectively. T and R represent temperature and universal real gas constant respectively.
The relation for the equilibrium constant is expressed as [18]

n

Ink = 1n<f;ﬂ)+ O L O (1-xa) + xa] + 22 [axap (1= xa) - xa] +
AuB

W23

RT [Xa,B (1- uxp) - Xg] (4)

and the free energy of mixing (Gy) is given as

1

GM = 1+H-XAMB RT [( XAXB RT + XAXA B_+ XBXA B RT) + (XAIHXA +XBlnXB + XAuBlnXAHB) +

xAuBlnk] (5)

The other thermodynamic functions such as heat of mixing (Hy), entropy of mixing (Sy) and the
microscopic structural function, concentration fluctuation in the long wavelength limit ( Scc (0) ) are
corelated with free energy of mixing (Gy,) by the following standard thermodynamic relations

Hy = Gy- T (22, (6a)
Sm = HMTGM (6b)
6 _
Sec () =RT (=247} (6¢)
—_ a 2
Scc (0) =x; 0‘1( a_x1 T =X1 0‘2( - ) T}’ (6d)

The expression for the enthalpy of mixing can be obtained solving Equations (5) and (6a) as
1 w w w w Jw
HM = [( XAXBR_rer + XAXAHB R_’1r3 + XBXAHB ﬁ) T(XAXB T + XAXA B 3'11'3 +

1+uxa,B
dwy3 ) 2 dlnk ]
XBXA B oT RT aT

(")

The expression for the concentration fluctuation in the long wavelength limit (S¢c(0)) can be obtained
by using Equation (5) in Equations (6¢) as

2
2 XI2 X/2 X,A B
Scc(@ =1/ [ W) {ﬁ (Xh Xp Wiz + Xp Xp gWrs + Xp Xp gW23) + (ﬁ T

XB XAuB

(8)

FGm 0 for 2om a = 0. The prime denotes the differentiations with respect to concentrations, and
X1

Here, e
x,, and xg are obtained by using Equation (2). X;\uB is obtained using Equation (5) by using the condition

dlnk
dxq

=0[28,29]. The factor ( 1+ PXA,B )1, which appears as a coefficient of all terms containing x,, xg
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and XA,B in Equations (5), (7) and (8), is a result of change in the basis for expressing mole fractions of
species A, B and A,,B from that used for x; and x,.

At a given concentration, if Scc (0) < S ¢ (0) then ordering (unlike atoms pairing) is expected and if Scc
0) > S ¢ (0), then segregation (like atoms pairing) is expected, where S ¢ (0) =x;x,. The experimental

values of Scc (0) can be obtained from Equation (6d) using the observed avlues of activities [22].

The degree of local ordering in such liquid systems can be studied by estimating Warren-Cowley short
range order parameter (c;) with the knowledge of (Scc(0)) [16,17]. The expression for a in terms of
Scc(0) is given as

S-1 Scc (0)
W Where S = Sld © and S (0) =X1Xo (9)

OL1=

where Z is the coordination number and Z = 10 is taken for our calculation.

The methodology for the estimation of the equilibrium constant and the interaction energy parameters:
The unknown interaction energy parameters (w;,, ;3 and w,3), the equilibrium constant (k) and the
complex concentrations can be obtained by the consideration of the activity coefficients at infinite
dilution and adoption of the iterative procedure [18]. In regular associated solution model, x;y; =
XaYa and x,y, = XgYyg, Where y; and y, are the gross activity coefficients of components 1 and 2
respectively.

Iny; = Iny, +In(Z2) (12a)
1
and, Iny, = Inyg +In(32) (12b)
2

On solving Equations (12a) and (12b), we obtain

®13 _ Bln( )+(1— XB)ln( A)— xg (1- X )wlz N

RT XAuB

wg3 _ XAln( )+(1 XA)ln( B)—XA(l—XA)%

RT XA.B

(13b)

where a, and o, are activities of components 1 and 2 respectively.

The pairwise interaction energies, the equilibrium constants and the activity coefficients at infinite
dilution can be related as [18]

Iny) = 22 (14a)
kexp(22) = G Yivs %) (14b)

On solving Equations (4), (13a) and ( 13b), we obtain
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w13 _ ((1+x4 @), X G _on aja,
lnk+ RT _(XAHB)ln(XA)-i_XAuB [ln(XA) RT :|+1n(XAuB> (15)
After estimating the mole fraction of the complex XA,B the mole fractions of the unassociated monomers

(x5 and xg) will follow readily from Equation (2).

2.2 Transport Properties
The study of the transport properties, such as viscosity, diffusion coefficients, etc helps to understand the

mixing behaviour of binary liquid alloys at the microscopic level. In this work, we have employed the
following three different theoretical approaches to compute the viscosity of the Pb-TI liquid alloy at 773
K.

The Moelwyn-Hughes equation [23] for viscosity of liquid mixture assumes that the viscous flow
becomes more difficult when the cohesion energy of the alloy is increased is given as

H
n = (xMy +xz2n2)(1 — 2X1X2-R_¥) (16)
where 1 is the viscosity of the alloy, n; (i = 1,2) is the viscosity of the pure components Tl and Pb
respectively. The variation of viscosity, n; with temperature T may be expressed as [30]

E
Mi = Noi eXP(57) (17)

where ng;and E are constants for pure metal, in units of viscosity and energy per mole respectively.

The Kozlov equation [24] for the viscosity of binary mixture has been derived in a theoretical way with
the correlation in semi-logarithmic coordinates as

1 — + _ Hm 18
m = XqM1 T XNz = 537 (18)
where the symbols have the same meanings as those in Eq. (16).

The Kaptay equation [25] for the viscosity of binary mixture has been derived taking into account the
theoretical relationship between the cohesion energy of the alloy and the activation energy of viscous
flow assuming that in the alloys with stronger cohesion energy the viscosity will increase, and not
decrease

_ h Ny x1G;+X,G3—(0.15540.015)Hy
n= (x1V1+x2V2+VE) ( RT ) (19)
where G is the Gibb's energy of activation of the viscous flow in pure components i given by

x ni Vi
Gi =RTIn (2 NA) (20)

where N, is Avogadro's number, V; are the molar volumes of components i (i = 1,2), h is the Planck’s
constant and VE is the excess volume upon alloy formation which can be neglected.
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The greater insight of microscopic structural properties can be done by evaluating diffusion coefficient
which is expressed in terms of S¢c (0) by using Darken thermodynamic equation [31, 32] as

Dm _ XX
Dig Scc (0) (21)

where, Dy stands for the chemical or mutual diffusion coefficient and D;4 stands for the intrinsic
diffusion coefficient for an ideal mixture which are related as

dlnap
d 0xq

DM = Di , with DM = X]_DB + XZDA (22)

where, D, and Dy are the self-diffusion coefficient of pure components A and B respectively.

2.3 Surface Properties

The surface tension of the initial melt has great influence on the formation of solid alloys by the
solidification process. The metallurgical phenomenons, such as crystal growth, welding, gas absorption,
nucleation of gas bubbles are minutely associated with the surface tension. The surface properties help in
understanding, description and metallurgical modeling as well as prediction of structure development
during solidification in the binary alloys. The Butler’s method [26] has been employed to determine the
surface tension of Pb-T1 alloys in liquid state at 773 K. Butler’s model considers the existence of mono-
atomic layer at the surface as a separate phase that is in thermodynamic equilibrium with the bulk phase.
The surface tension (1) of a binary liquid solution at temperature T in this model can be expressed as

t=1;+ (G} = Gi®) + 1 (Inx§ — Inx,) (23)
1 1
1 E,s Eb RT s

T=1,+ A_z(GZ -G, ) + ™ (Inx3 — Inx5) (24)

where t; and t, are surface tensions, and A; and A are the areas of the hypothetical layer at the surface

of the components A and B respectively at temperature T. Gf’sande'b, (i =1,2), are partial excess free
energies x; and x§ and are mole fractions of component i in the bulk and that in the surface respectively.
The area of monatomic surface layer for the component i is obtained from the following relation

A; = 1.091 N}/ *vZ/3 (25)

where Na is Avogadro’s constant and V; represents the molar volume of the component i. The molar
volume can be calculated from the atomic mass and density of the pure component at the temperature of
investigation.

On solving Egs. (23) and (24) together for the surface concentration, we can compute surface tension of a
liquid alloy system if the ratio of partial excess free energy in the surface and that in the bulk is known
because all other quantities are either known or can be calculated using available data for pure
components. Assuming the partial excess Gibbs energy in the bulk and that in the surface to have the
same concentration dependence, they can be related to each other through a parameter A as
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A = GES/GEP (26)

The value of A is considered to be 0.83 for the calculations.

3. Results and Discussion

3.1 Thermodynamic and Structural Properties

The model parameters are determined from Equation (14) with the knowledge of the observed activity
coefficients [22]. The mole fraction x1;_pp, Of the complex PbTl; is then estimated using Equation (15) by
iterative procedure. The compositional dependence of mole fractions various species shows the maximum
association of about 4.84 mole % at x; = 0.5 (Figure 1).

The other model parameters are determined from Equations (4) and (13). These values are slightly
adjusted by the successive approximation to explain the experimental values of the free energy of mixing
[22] using Equation (5). The best fit values of so obtained are found to be

— W12 _ W13 _ W23 _
k =0.623, Fraiaie 0. 228, -t 2.41 and e -1.46

The negative values of w;,/RT and w,3/RT indicates that there exists attraction between the monomers
Tl and Pb, and Pb and the complex PbTIl; whereas the positive value of w,5/RT indicates the repulsion
between the monomer Tl and the complex PbTl; in the initial melt.

The theoretical values of the free energy of mixing (Gy/RT ) are calculated using Equation (5). The
theoretical investigation shows that the minimum values of Gy /RT are found to be at xp; = 0.5 (the
theoretical value of Gy /RT = - 0.79434 and the experimental value of Gy /RT = - 0.79090). Both the
theoretical and the experimental values of Gy /RT are in well agreement (Figure 2).

The other temperature dependent model parameters are estimated using Equation (7) to explain the
experimental values of the enthalpy of mixing (Hy;/RT) [23]. The best fit values are found to be

0wy 0wz 0wy

- -1 -1 -1 -l -1
pr =+ 2.39 J mol*KY, T - +4.98J molt K%, o7 =+6.01Jmol* K

and RT2 % = 12900 + 2700 J mol-:

The theoretical values of the enthalpy of mixing (Hy/RT) are obtained from Equation (7) with the aid of
above determined parameters. Both the calculated and the observed values [22] of the enthalpy have small
negative values revealing the fact that the system under consideration is weakly interacting system. The
minimum values Hy/RT are found to at xp; = 0.5 (the theoretical value of Hy;/RT = - 0.18366 and the
experimental value of Hy;/RT = - 0.18101). Figure 2 shows that both the calculated and the experimental
values are in well agreement.
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Fig. 1: Mole fractions of Pb (xp}), Tl (x1) and Fig. 2: Free energy of mixing (Gy/RT), heat of
PbTls (x11—pp) Vs concentrations of Tl (xt;) of mixing (Hy/RT) and entropy of mixing (Sp/R)
Pb-TI liquid alloy at 773 K. vs concentrations of Tl (x;) of Pb-TI liquid
alloy at 773 K.

The compositional contributions of the heat of mixing of the species x4, xg and x5 g and the heat
associated with the formation of the complexes to the net enthalpy change can be obtained from Equation
(7) [33]. The complex formation term contributes the maximum at 69.49 % of Tl and the mixing term
contributes the maximum at 40.68 % of Tl as a result of which the net enthalpy change shows the
maximum at 50.85 % of TI (Figure 3).

The theoretical values of the entropy of mixing (Sy/R) are obtained using Equation (6b) with the help of
theoretically determined values of Gy /RT and Hy/RT. Both the experimental and the theoretical values
of entropy of mixing are in well agreement (Figure 2).

The theoretical activities values for both of the unassociated species a, and ag (A = Tl and B = Pb) were
computed using Equations (12a) and (12b). Both the theoretical and experimental values of activities [23]
are in well agreement (Figure 4). It can thus be concluded that the model parameters have not only
explained the thermodynamic properties of the Pb-TI liquid alloy at 773 K but also have successfully
reproduced the activities. To peep into the microscopic behaviour of the liquid alloy, the concentration
fluctuation in the long wavelength limit (Scc(0)) was calculated. The theoretical and the experimental
values are respectively obtained from Equations (8) and (6d), and the ideal values are obtained from
Equation (9). Both the theoretical and the observed values of Scc(0)) are less than the ideal value at all
concentrations thereby predicting the ordering (hetero-coordinating) nature of the Pb-TI melt at 773 K.
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There is reasonable match between the theoretical and the experimental values of the concentration
fluctuation in the long wavelength (Figure 5).

Concentration of Tl — Theoreti
eoretical
0.0 — T 1.0 O Experimental
0.4 0.6 0.8 .0
'0.2" ompoun
HMC pound 0.8
04 ® <
' 0.6+ ¢
-0.6 4
H Mixing 044
— M
0.8 s
o o
€ . © 0.2
< 1.0 Hy =
@
=
I T T T T T T |
1.2 0.0 0.2 0.4 0.6 08 1.0
Concentration of Tl
Fig. 3: Contributions of heat associated with the Fig. 4: The activities of Tl (a;) and Pb (apy) Vs
formation of compound and mixing of free the concentration of Tl (xp;) of Pb-TI liquid
monomers to total enthalpy change vs alloy at 773 K.
concentrations of Tl (xt;) of Pb-TI liquid alloy at
773 K.

The nature and the strength of local ordering of the melt can be greater understood by estimating the
short-range order parameter (a,). At equiatomic composition, the values of a, lies between -1 to +1. If
oy, = —1, indicates the complete ordering of unlike atoms at nearest neighbours, if o; = +1, indicates the
complete segregation or paring of like atoms in the nearest neighbours and if a;, = 0, indicates the
complete randomness of the atoms in the liquid state. Theoretical values of a; are obtained from Equation
(9). The compositional dependence of «; is shown in Figure 6. It can be seen that the values of o, are
found to be negative at all compositions which further verifies the ordering nature of the Pb-TI liquid
alloy at 773 K.

3.2 Transport Properties
At first, the viscosities of the component metals at the temperature of investigation are computed from

Eq. (17) with the aid of the values of constants ny; and E which are taken from the reference [30]. The
comparative study of the viscosity of the liquid alloy is then done by computing the viscosity from Eqgs.
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(16), (18) and (19) separately. The compositional depemdence of the viscosity along with the ideal value
is shown in Figure 7. With the increase in the concentration of Tl, the viscosity obtained from all the
three models are greater than the ideal value but sharply decreases below the ideal value at about x; =
0.6. With the further increase in the concentration of TI, the viscosity values obtained from different
model again rises above the ideal values. The values obtained from all the models are comparable with

each other.
—— Theoretical
O Experimental —Alphaw
~~~~~~ |deal
~~~~~~ D /D.
0254 14 "
1.2
0.20
1.0 1
0.151
0.8+
0.10+ 0.6-
g o
¢ 0.05- s 044
o a)
= 0.2
000 T T T T T T T v 1 g
0.2 04 0.6 0.8 1.0 a 00 02 04 0.6 0.8 1.0
Concentration of Tl < ' S T
Concentration of Tl
Flg 5: The concentration fluctuation in |0ng F|g 6: The Short_range Ordering parameter (0(1)
wavelength limit (Scc(0)) vs the concentration and the ratio of mutual and intrinsic coefficients

(Dm/Djq) Vs the concentration of Tl (x1;) of Pb-

of Tl (xr;) of Pb-TI liquid alloy at 773 K. TI liquid alloy at 773 K.

The mixing tendency of the liquid alloy can be studied at the microscopic level by computing the ratio of
the mutual and intrinsic-diffusion coefficients (Dy;/Diq). If Dy/Dig > 1, indicates the tendency of
compound formation; if Dy/Djq < 1, indicates the separation of phase and Dy;/Diq = 1, for the ideal
mixing of the liquid alloy. The values of Dy;/D,q4 are obtained from Eq. (21) and are found to be positive
and greater than one in the entire compositions (Figure 6). This further clarify the theoretical analysis of
the presence of the chemical order in the liquid state of Pb-Tl alloy at 773 K.

3.3 Surface Properties

The surface concentration of Tl has been computed by simultaneously solving Egs.(23) and (24). The
surface tension of the Pb-TI liquid alloy at 773 K is then calculated using the determined values of surface
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concentrations. The density and surface tension of the pure components at the temperature of
investigation have been computed from the following expressions [30]

3]
p(T) = pm + 52 (T = Ty)

a
ﬂn=%+%a—m)

(26)

(27)

where 22 , Z—;,T and T are temperature coefficient of density, temperature coefficient of surface tension,

aT

temperature of investigation and melting temperature respectively. The density, surface tension and
temperature coefficients for pure Tl and Pb components are taken from the ref. [30].

Theeoretical values of surface concentrations are almost equal to the ideal values at all concentrations
(Figure 8). The value of surface tension obtained from the Butler's model is lose to the ideal values

(Figure 9).
----- Ideal Values
—— Moelwyn-Hughes
0 Kozlov
2.00 4 # Kaptav
o~ 1954
F‘E 1.90
‘;Za 1.851
E 1.804
> 1751
2 170
; 165
4 160
% 1.55
S 1.50
2 145
; 1.40 1
£ 1354
8 1.301
£ 125 ; ; ; ; ‘
0.0 0.2 0.4 06 0.8 1.0

Cocentration of T

Fig. 7: Viscosity vs concentration of Tl (xt;) of
Pb-TI liquid alloy at 773 K.

0 Surface concentration
------ Ideal values

0.8 o
064 o

0.4 .0"

Surface concentration of Tl
[}

0.2 o

0.0

02 04 06 08 10
Concentration of Tl

Fig. 8: Surface concentration of TI wvs
concentration of Tl (x;) of Pb-TI liquid alloy at
773 K.
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------ Ideal values
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Fig. 9: Surface tension vs concentration of Tl (xp;) of Pb-TI liquid alloy at 773K.

4. Conclusions

The regular associated solution model has been useful in understanding and predicting the
thermodynamic as well as the microscopic structural properties of Pb-TI liquid alloy at 773 K. The
theoretical analysis reveals that the Pb-TI melt is complete ordering (unlike atoms pairing) in nature. The
liquid system under consideration is found to be weakly interacting and the interaction energy parameters
are found to be temperature dependent.
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