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WMe concentrated Cu-Ni alloys show local correlations characteristic of clustering,
it is re-emphasized, in light of the recent claim of Kidron, that normal solution heat
treatment of them (which includes nearly any cooling procedure) yields a small deviation
from randomness of the atomic arrangements and no Guinier-zone formation or phase
separation.

We question here the conclusions of Kidron who
in his recent article' refutes via x-ray argu-
ments the assertion of Seib and Spicer' (SS) that
their optical studies were performed on essen-
ti.ally random samples. It is important not only
because of Kidron's claim that the rigid-band
model may be valid in Cu-Ni alloys if SS are
very wrong about the clustering in their speci-
mens, but also because he raises the issue of
cluster formation in Cu-Ni and presents evidence
purporting to demonstrate the presence of large
distinct clusters of ¹ atoms. These clusters,
should they exist, would be extremely important
in the interpretation of electrical and magnetic
effects as well as optical properties. But SS es-
timated their clustering from the neutron results
of Mozer, Keating, and Moss' and we shall brief-
ly show that Kidron's analysis is probably unre-
lated to the conclusions of that work (and of the
more recent study by Hicks et al. ').

Kidron claims that the analysis of the neutron
scattering tells us nothing about the actual atomic
configurations in the alloy, and he uses a Rud-
man-Averbach result on Al-Ag ' as an example.
He suggests that the first-neighbor correlation
parameter (n, = 0.15) in an Al-10 at. /o Ag alloy
does not conflict with the low-angle x-ray data on
preprecipitation in Al-Ag alloys. ' But the latter
data were collected on samples, quenched from a
single-phase field, which had begun phase separ-
ation —Guinier-zone formation —into distinct Ag-
rich clusters, and it is these clusters that are

. responsible for the small-angle x-ray scattering
photographs that show halos. The halos are just
the appearance of a low-angle maximum, not at
k =0 (t) of Kidron), and they cannot appear with
a sample in single-phase equilibrium above a
phase-separation temperature. They are due in
dilute alloys either to interparticle interference
effects or to a distinct composition profile across
the interface of the preprecipitation phase. The
Rudman-Averbach data were taken at 540'C,
above the phase boundary, and have nothing to do

with halos or zones.
In Cu-Ni, as has been discussed in detail, ' the

diffusion is so sluggish that almost any simple
cooling procedure —after the usual high-tempera-
ture solution heat treatment —will trap in the
atomic arrangements characteristic of around
500 C. The results of Ref. 3 did, however, en-
able us to calculate a critical temperature for
phase separation —the spinodal maximum —and
this is around 300'C; so T,/T =0.73. It thus
seems that Kidron has perhaps pinned down this
critical temperature for Cu-¹. By annealing
his sample for 50 h at 300'C he has apparently
achieved the beginnings of spinodal decomposi-
tion. We might, however, quarrel with his inter-
pretation of his Fig. 1 in terms of Guinier-zone
formation because in concentrated alloys it is
difficult to conceive of a distinct precipitate and
matrix phase. We prefer the spinodal interpreta-
tion not just because it is aesthetically more sat-
isfying, but also because it is the thermodynami-
cally correct one. ' It is difficult to assess the
extent of the decomposition, but from the position
of 8 in Kidron's Fig. 1 it might be supposed that
the predominant wavelength X = 2w/S„ in the
fluctuating composition profile-Au-rich, ¹-
rich, Au-rich, etc.—was about 30 A. In order to
estimate the amplitude of composition excursion
from the mean that accompanies the above fluctu-
ation, one needs a bit better data.

The analysis so far seems reasonable enough
—namely that SS were perfectly justified in assign-
ing only a small deviation from randomness to
their samples. If their conclusions about the rig-
id-band model depended upon this assignment,
then they were certainly all right on that score.
It would also appear as if Kidron has measured
the scattering from a sample held long enough be-
low T, to have diffused sufficiently to form 30-A
composition fluctuations. We mentioned earlier,
however, that diffusion is very sluggish in Cu-¹.In fact, using the relation L(cm) =—(Dt)"',
where t is in sec and D is the usual diffusion co-
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efficient quoted in Ref. 3, at 600'C for I = 10 '
cm (10 A), t = 1-2 sec, while at 300'C in order to
diffuse 10 A we require a time of between 10 and
10' h, or substantially longer than the 50-h an-
neal of Kidron. It is likely, therefore, that Kid-
ron's samples were rapidly quenched and con-
tained a high enough supersaturation of vacancies
to enhance sufficiently the diffusion at 300 C. It
would be very interesting to perform x-ray or
neutron experiments on samples heat treated and
quenched in various ways to elucidate this point
or to detect possibly anomalous diffusion behav-
ior near T, . A similar effect was also noted by
Woodilla and Averbach in their electron diffrac-
tion study of phase separation in Au-Ni. ' Rapidly
quenched and annealed foils showed sidebands
within the spinodal, but when these same foils
were then annealed above the spinodal and the
modulated structure was dissolved, subsequent
annealings below T would never bring it out
again. The excess quenched-in vacancies were
needed to assist the phase separation and once
they had been used up, normal diffusion times
were too long —a phenomenon that is apparently
quite general in aging and reversion cycles.

We should also note that, while the measured
clustering in Cuo»Nio 4, appears mainly confined
to nearest neighbors, even in a random alloy of
that composition an average of 9-10 atom regions
of pure Ni will exist by definition. ' In addition,
the results of a computer analysis of the short-
range order parameters of Ref. 3 by Cohen and
co-workers' indicate that larger planarlike re-
gions of pure Ni may exist and that, in any case,
more detailed information on the atomic arrange-
ments is possible than a mere glance at the mea-
sured correlations would indicate. " Those re-
sults, interesting in themselves, are not, howev-
er, related to Kidron's work. They are an inter-
pretation of the correlation functions derived
from scattering curves from an alloy well above
its T„where no low-angle maximum was ob-
served save at k = 0.

The Kidron conclusion still would seem insup-
portable both because any normally cooled sam-
ple will show a nuclear scattering profile (or x-
ray pattern) characteristic of T,/T =0.75 and be-
cause it is difficult to imagine a simple heat

treatment of Cu-Ni that would yield his intensity
profile. Thus, if Cu-Ni alloy data (electronic
specific heat, magnetization, susceptibility and
magnetic scattering, resistivity, optical proper-
ties, etc. ) are to be understood in terms of a
small-cluster theory of the disordered state, the
Kidron data probably ought not to be invoked. In
samples specially treated to enhance the cluster-
ing tendency (rapid quenching or irradiation fol-
lowed by a long anneal below T, ) there will be
property changes directly attributable to the
clusters. Otherwise, we would here merely sug-
gest caution in the interpretation of extraordi-
nary behavior, such as the low-angle magnetic-
scattering curves of Hicks et al. (and their com-
position dependence), in terms of the local atom-
ci configurations and distinct cluster formation.
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