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Abstract

The kinetics of formation and destruction of short-range order (SRO) were investigated in the terpagy,6fd, alloy using the residual
resistometry. The changes in residual electrical resistivity were measured during down-quenching (DQ) and up-quenchings@diqer
annealing experiments. The quantitative analysis of the resistivity data showed that three kinetic processes are involved in the short-range orde
ing and disordering process. The results agree qualitatively with the Yu—Lucke model for the kinetics of SRO in the fcc ternary alloys. However,
the kinetic parameters derived from the cross-over experiments during ordering and disordering was found to be complicated and differen
from the unidirectional isothermal kinetics. These differences suggest that the reaction paths during ordering and disordering are different.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction to ideality[2]. The kinetics of SRO have been investigated in
many binary alloys using the residual resistometry whereas,
The Au-Ag-Pd alloys have been investigated for vari- the ternary alloys have been rarely studi@es]. It has been
ous technological applications, e.g. biomedical applications, fond that the SRO kinetics in ABAJa0Pho follow the
electrical contacts, jewellery, etc. Many properties of these three-exponential law whereas, the two-exponential kinetics
alloys are dependent on the short-range order (SRO), e.9yere found in the case of ABAgG2sP o [4,5]. It has also
Naidu and Houska considered SRO to be a possible mechapeen seen that the results of isothermal experiments in these
nism in the unusually large degree of solid solution strength- alloys can be explained by the application of different kinetic
ening of these alloyfl]. This paper deals with the ternary  |ays[6-8], leaving the actual question about the nature of ki-
alloys obtained by a partial substitution of Au and Ag With petics unresolved. Deviations from the theory have also been
Pd, keeping their concentration equal. Pd is a significant con- gpserved in some casf56,8,9]
stituent of many commercial alloys based on Au and Ag. It The cross-over effect has often been used to study the
forms a series of continuous solid solutions with Au and Ag ature of the kinetics in binary alloys but rarely for ternary
over a wide range of compositions and temperat[#ps alloys [10-12] It occurs only when the SRO evolution in-
The interest in the study of SRO in the ternary Au-Ag—Pd \glves two or more simultaneous processes with different
alloys stems from the fact that it is free from intermediate tjme constants and yields important information about the
phases or other complications at low temperatures, has closgntermediate states through which an alloy undergoes during
obedience to the Vegard's rule and Au, Ag, and Pd have al- he isothermal annealing.
most similar atomic sizes, which indicates a close approach e report here the results of the cross-over experiments
_— performed on the ternary AgAg4oP o alloy under equilib-

* E—Or::ilsz(c)igfg;ic?ru;h; rzuTZI@gful fffsf &)33;2?‘);;81 298535049.  yjym conditions. A theoretical formulation of the cross-over
1in up—quenching(-UQ)- e))('perimeﬁ“%and ir;do)\'lvn'_quenching (DQ) kinetics is given. Finz_ally, the results have b_een interpreted in
experimentsTy > Ta. Tq and T, are the quenching and annealing tempera- {€rmMs of the theoretical framework and discussed from the

tures. point of view of the kinetics of SRO in fcc ternary alloys.
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resistivity changeh p¢ corresponding to the timtg is

c c le
B = o= D (1-ew(-55)) @

This is followed by an UQ-isothermal annealing at the tem-
peraturel = T¢. The resistivity changa o’ is given by

R I

wheret’ =t — tc and the new amplitudes; and the relaxation
timest/(7c) are given by

A= Arexp(——2
: ' l Ti(Ta) ’
Annealing at T, : Annealing at T,

t 7;(Tc) = ti(Ta) exp <—HéRO> (4)

Annealing time t kB(TC - Ta)

DOWN-QUENCHING CROSS-OVER

SRO-induced resistivity contributions

Fig. 1. The schematic diagram of the DQ-cross-over annealing experiment.At time t= oo, it follows from Eq.(3) that:
't = o0) = 4 A)= c
Ap'(t=00) =D (Api+A) = Apf,
ie > Aj=0 (5)
i

2. Theory

The schematic diagram of a DQ-cross-over annealing ex-
periment is shown irFig. 1 For simplicity, the total resis-
tivity p is here assumed to comprise of two contributipas The application of this equation shall lead to the interpretation
andp-.2 In this experiment, first a DQ-isothermal annealing ©f the results (as demonstrated in Secépn
experiment is carried out after quenching from temperature
Tq. The isothermal annealing at temperafiigés interrupted
after timet. at which the instantaneous value of resistivity 3. Experimental
becomes equal to the equilibrium value of the resistipfty
at temperaturdy. It is followed by an UQ-isothermal an- The details of the sample preparation, annealing and
nealing at temperaturg. and the sample is annealed till a dquenching apparatus used in this study have been described in
constant resistivity valug® is reached. In the UQ-cross-over  [3]. The alloy was kindly supplied by Degussa(Hanau). The
experiment, first an UQ-isothermal experiment is performed. given purity of the alloy materials was 99.999%. The chem-
The annealing at temperatufg is interrupted after timé, ical composition of the alloy determined by electron probe
at which the instantaneous value of the resistivity becomes microanalysis (EPMA) was nearly AgAgaoPcbo. The mi-
equal to the equilibrium resistivity corresponding to temper- Croanalysis revealed that the homogeneity variation of the
atureTc. The schematic diagram of an UQ-cross-over exper- alloy was <1 at.%. The resistivity of the alloy samples was
iment can be drawn similarly and will lead to a resistivity Measured after each annealing or quenching step. The sam-
maximum. The schematic diagrams can be easily extendedPles were transferred to a cryostate at a constant liquid ni-
for the case of three or more simultaneous processes. Thdrogen temperature. This enabled to keep the contribution of
resistivity change during a cross-over experiment can be ex-phonons to the resistivity constant. The measurements were

plained as follows. performed relative to a reference sample of the same material
Consider the resistivity changep at timet = 0 during the as the actual sample. The reference sample was placed be-

DQ-isothermal annealing at= T, given by sides the actual sample in the cryostate. The resistivity of the

sample was measured with the help of a Thompson bridge to

Ap = p(t) — po = ZiAp,- eliminate the effect of contact voltages. The accuracy of the

measurements wais5%.

ZZin (1—exp(—ri(tTa)>) 1)

The resistivity after time; becomes equal to the resistiv-
ity corresponding to the temperatufe= T.. Therefore, the

4. Results

Fig. 2shows the normalized resistivity change as a func-
tion of the annealing time for two different DQ-cross-over
2 p; andp; are the resistivity contributions due to the two kinetic processes experiments. A min_imum is observed in bOt_h figures. A com-
occurring during SRO formation. parison of the two figures shows the following features:
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