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Abstract

The applicability of quasi-lattice theory (QLT) to describe surface and transport properties of Ag—Cu liquid alloys is
substantiated by surface tension experimental data. The surface tension of molten Ag, Cu and Ag—Cu alloys has been
measured by the pinned-sessile drop method over a temperature range. The results obtained are in good agreement with
other reported measurements on pure elements and their alloys as well as with calculated surface tension values. The
phase diagram of Ag—Cu system shows the existence of a simple eutectic indicating a tendency towards phase separa-
tion. The mixing behaviour of Ag—Cu regular alloys has been analysed through the study of surface properties (surface
tension and surface composition), dynamic properties (chemical diffusion and viscosity) and microscopic functions
(concentration fluctuations in the long-wavelength limit and chemical short-range order parameter) in the frame of
quasi-lattice theory combined with a statistical mechanical theory.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The interatomic interactions and the related
energies of the bonds between 4 and B atoms of
a binary alloy play a key role in elucidating the
mixing behaviour of two metals. From this point
of view the condition when heterocoordinated A—
B atom pairs are energetically preferred as nearest
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neighbours over self-coordinated 4-4 or B-B, or
vice versa, leads to classify the binary alloys into
either compound forming or segregating systems.
In terms of Raoult’s law, their thermodynamic
properties exhibit negative and positive deviation
from this additive rule, respectively. The mixing
behaviour of segregating or compound forming al-
loy systems and their related characteristic phe-
nomena such as phase separation or compound
formation cannot be encoded in terms of empirical
rules or factors, such as atom size difference,
valence and electronegativity differences, solubility
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Nomenclature

A, B components of a binary 4-B alloys
a; (i= A, B) activity of component i

aw interaction energy parameter
b size parameter
bw interaction energy parameter

C; (i = A, B) composition of component i
C, 1 — C composition of components A and

B

C®, 1 — C° surface composition of components
A and B

D, inter-diffusion coefficient of any binary
alloy

D4 intrinsic diffusion coefficient for an ideal
mixture

D; (i = 4, B) self-diffusion coefficient of compo-
nent i

E configurational energy of the bulk

E; configurational energy of the surface
phase

Gm Gibbs energy of mixing

G excess Gibbs energy of mixing

Hy enthalpy of mixing

kg Boltzman’s constant

N4, Np number of atoms of components 4 and
B

N%, N3 number of atoms of components 4 and
B in the surface phase

N total number of atoms

N® total number of atoms in the surface
phase

N Avogadro’s number

m; (i = A, B) exponent of viscosity size factor

P pressure

¢V'(T) (i = A,B) atomic partition function of
component i for the bulk

qf:"s'(T) (i =A4,B) atomic partition function of
component i for the surface phase

P> q surface coordination
R gas constant

r size ratio

S surface area

S.(0) concentration fluctuations
Sc.(0,id) concentration fluctuations for the
ideal mixing condition

T absolute temperature

V;(i= A,B) atomic volume of the component i

Z coordination number

w interaction energy

o mean surface area of the alloy

o; (i = A, B) surface area of atomic species i

o short-range order parameter ratio of
activity  coefficients of 4 and B
components

y; (i = A, B) activity coefficient of component i

¢; (i= A,B) parameter of viscosity size factor

n viscosity

n; (i = A, B) viscosity of component i

& energy of i—j bond for regular solution

A; (i= A, B) size and shape factor of viscosity of
component i

v stoichiometric coefficients

w; (i= A, B) chemical potential of component i

W (i=A4,B) chemical potential of component i
at the surface

a surface tension

G4 surface tension of pure component A

OB surface tension of pure component B

ok grand partition function for the bulk

Ch grand partition function for the surface
phase

parameters and electron concentration [1]. As
some of metallic systems do not obey these rules,
the factors mentioned above can be only used to
indicate a type of mixing and the properties of
melts [2,3].

The Ag—Cu system is characterised by a positive
interaction energy, indicating the formation of
two-phase structures: one phase is Ag-rich and

the other is rich in Cu [4,5], as shown by its simple
eutectic phase diagram [6]. The constituent ele-
ments Ag and Cu have the same fcc-crystal struc-
ture [3], the same valence values (=1;2) [3], the
same electronegativity value after Pauling (=1.9)
[7], but their molar volumes are different. An
examination of the Hume-Rothery empirical fac-
tors shows the decisive role of the size ratio value
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