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Short-range order in Ni-8.4 at.% Au above the miscibility gap
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The elastic diffuse neutron scattering was measured for a Ni-8.4 at.% Au single crystal above the miscibility
gap at 1083 K. The Ni-58 isotope was used to reduce the incoherent scattering. In contrast to previous x-ray
investigations, short-range order scattering reflects local atomic arrangements characteristic of decomposition.
This can be uniequivocally concluded from the diffuse scattering within the first Brillouin zone. For larger
scattering vectors, the diffuse scattering is dominated by the displacement scattering due to the large difference
in atomic sizes. The magnitudes of the extracted Warren-Cowley short-range order parameters show a smooth
decrease with increasing distance. Crystals modeled on the basis of these parameters reveal basic arrangements
of small Au clusters consisting of a tetrahedron and an attached fifth Au atom. The effective pair interaction
parameters obtained from an inverse Monte Carlo analysis give no hint for a metastable staltel with
structure.
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[. INTRODUCTION at.% Au single crystal by three-dimensional diffuse x-ray
scattering at 1023 K, about 30 K above the miscibility gap.
Ni-Au is a system with a large atomic size mismatch of Taking into account quadratic besides terms of linear-
15%. At temperatures below the fcc solid-solution regime, alisplacement scattering, a slightly positive valueagf, is
large asymmetric miscibility gap with a critical temperature optained, i.e., a tendency towards local decomposition.
of 1083 K is observedFig. 1)." For the microstructure of the Based on model crystals, the microstructure is characterized
solid solution, one might expect local decomposition aspy compositional fluctuations consisting of Ni-rich regions
Ni-Au has a large positive energy of mixing. However, con-on {100, planes and rods alond00. Still, the global short-
flicting resulté=*were reported for the microstructure of the range order scattering pattern indicates local order as the
solid solution employing diffuse x-ray scattering, a fdbl maximum is located at 0.6 00 and not at 000.
that has yielded detailed information on the microstructure of Moss and Averbachalso investigated a Ni-60 at.% Au
many other alloys. single crystal by diffuse x-ray scattering at room temperature
Flinn et aI.2 measured the diffuse X-ray Scattering at 83 Km a 100 p|ane of reciproca| space and at small ang|es_ Al-
from several polycrystalline Ni-Au alloys with Au contents though an analysis in terms of short-range order parameters
between 10 and 70 at.%, after quenching from 1173 K. Theannot be given from such a limited data set, an essentially
analysis of diffuse scattering in terms of short-range ordefandom arrangement was noted for the sample rapidly
and linear displacements resulted in negative values ofjuenched from 1163 K. No indication of local order was
—0.02 to —0.04 for the nearest-neighbor short-range ordeipbserved: local decomposition was considered plausible.
parametelayg, i.e., a tendency towards local order. An explanation for the presence of short-range order was
Wu and Cohehinvestigated the microstructure of a Ni-60 suggested by thab initio electronic structure calculations of
Wolvertonet al.” The energy of alloy formation is separated
into a “spin-flip” and a “constituent-strain” energy part. The
latter part not only includes the large and positive energy of
mixing but also lattice relaxation, and thus depends on direc-
tion and site occupation. This site-dependent part of the for-
(Ni.AU) _ . mation. energy leads to local ord(_er as seen in the diffuse
’ - N scattering’ and the total energy gives the global trend of
Lo N alloy decomposition at low temperatures. This behavior was
P (Ni) + (Au) \\ found to be robust when varying the Au content from 75 to
25 at.%.
Sla \ A decisive item in these calculations was lattice relaxation
et : (Fig. 11 of Ref. 7. Thus one might expect special features
0 20 40 60 8o 100 within the miscibility gap®° A metastable state of Ni-80 at.%
Atomic Percent Nickel Au (after a quench from 900 K and a subsequent aging at
FIG. 1. Phase diagram according to Okam@ef. 3. The sym- 520 K for 30 min was investigated by Renaud al® using
bols mark states investigated b§) Wu and Coher(Ref. 3, (®) synchrotron radiation. This state is close to the coherent spin-
the present authors, arih) Renaudet al. (Ref. 8 (conditions be- ~ 0dal characterized as the temperature above which a modu-
fore aging. Also shown is the chemical spinodaashed linpand  lated structure is no longer observétie coherent spinodal
the coherent spinoddtiash-dotted line(Ref. 11). was introduced for this alloy system by Golding and MUss;
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for a summary, see, e.g., Hofer and WarbictieiThe global  Laue units, 1 L.u= caCg(ba— bg)? with ¢, = atomic fraction
maximum in the short-range order scattering was located and b, = coherent scattering length of componeat are

0.4 0 0, for 000 a value between 0 and 1 Laue units wagjiven for a binary solid solution with cubic structure by
considered plausible. Values of the Warren-Cowley short-

range order parameters similar to those of Wu and Cbhen
were noted, a low positive value far;;oand a large positive lsrdh)= % @jmn €08 hyl)cog whom)cog whsn),
value for a,y. However, Moss and Averbatmoted an in- (1)
creased small-angle scattering for slowly quenched Ni-60
at.% Au, i.e., an indication of decomposition.

For Ni-50 and -60 at.% Au, Zhao and NGtdgemonstrated lsg(h)= 2 h;Q;(h), (2
the possible existence of a transient long-range ordered state. '

The L1, structure was observed whgn annealing a Spedmeﬂ/hereh=(hl,h2,h3) is the scattering vector in reciprocal
first at 473 K(below the coherent spinoddbr 8.3 hor 32d  |attice units(r.l.u.) 27/a (a=lattice parameter the a,,,, are
and then in a transmission electron microscopsituat 763 e Warren-Cowley short-range order paramé?ef\sr the
K (above the coherent spinoglarhe ordered phase.evolved Imn-type neighborgl, m, n in units of a/2 representing the
at the interface between the precipitates and matrix or at thﬁosition) and, e.g.
sample surface. Its formation was attributed to lattice relax- T
ation.

To discuss the conflicting results of local order versus Ql(b)=z Yin SiN(hyl)coq who,m)coq whin). ()
local decomposition for states above the miscibility gap, the fmn

favorable aspects of a diffuse neutron scattering experimergy, the representation of, as used in the present investiga-
were not yet exploitedall previous diffuse scattering experi- {jon, see Ref. 6. For a statistically uncorrelated arrangement
ments employed x raysEspecially in decomposing alloys, it sf the elements|ggg is the monotonic Laue scattering. To
is difficult to separate static quadratic displacement scattelscover short-range order scattering from the total diffuse
ing, thermal diffuse scattering of first order, and Short'rang%catteringl 4t Several techniques have been developed. In

order scattering because of a similar variation of the undere present case, least-squares fitting to the leading Fourier
lying Fourier series in reciprocal space. For an alloy with.qefficientd® was applied.

large atomic size mismatch, separation is achieved most re-
liably when using diffuse scattering within the first Brillouin
zone([see, e.g., the discussion on Guinier-Preston zones in
Al-rich Al-Cu (Ref 13] Diffuse neutron Scattering eXperi— An a"oy of nominal Composition Ni-10 at.% Au was
ments provide easy access to this region and also benefifepared from 99.999%gold (Métaux Preieux SA
from the ease of experimentally separating thermal diffus§ ETALOR, Neuch#el, Switzerlandl and from isotopically
scattering(apart from regions close to Bragg reflectipns nyre (99.86 at.9% %Ni (State Scientific Centre, Moscow,
from the elastic diffuse scattering contribution. In the case oRyssia. From this alloy a single crystal was grown by the
Ni-Au, the large elastic incoherent scattering of natural Ni isgriggman technique. The cylindrically shaped sample used
easily suppressed by using, e.g., the Ni-58 isotope. Ni-richor the diffuse scattering experiments had a diameter and
alloys are more suited for diffuse neutron scattering experineight of 8 mm and a cylinder axis ne@?21). The concen-
ments than Au-rich alloys because of the large absorptiofation as determined by x-ray fluorescence analysis was Ni-
cross section of Au. . . . . 8.4(4) at.% Au; the error gives the standard deviation over 50
Another reason for studying a Ni-rich Ni-Au alloy is the jngividual positions.
predictiorl of a maximum in short-range order scattering  The diffuse scattering was measured on the triple-axis
along thel’-W line, a location not yet observed in any ex- spectrometer Dithal (PSI, Villigen, Switzerlanyl equipped
periment. In a recent pap&rhowever, a maximum along the ith a high-temperature furnafeand an Eulerian cradle.

IIl. EXPERIMENT

I'-X line was considered possible for Ni-rich alloys. This setup gives access to a hemisphere of scattering vectors
in the temperature range from 293 to 1400 K. The measure-
Il THEORY ment was performed at 1083 K, about 100 K above the

miscibility gap. Neutrons with an energy of 14(68) meV

The elastic diffuse scatterinyz from crystalline solid  were used; tha/n harmonics were suppressed to better than
solutions originates from the mere presence of different scatt0™2 by 10 cm of pyrolytic graphite. Typically, 300—3000
terers and from static deviations of the actual atomic sitegounts were registered under monitor control within 840 s at
from those of the average lattice. The corresponding scatteabout 730 crystal settings within 0.2—2.1 r.l.u. These settings
ing terms are called short-range order scattering and disare located on a grid of 0.1 r.l.u. within a minimum volume
placement scattering. In contrast to short-range order scattefior the separation of short-range order scattering and linear
ing (Isro), displacement scattering cannot be represented iand quadratic displacement scattering. To get scattering data
closed form and is commonly written as a series expansionear the origin of reciprocal space, about 20 crystal settings
(see, e.g., Schwartz and Coh®n The leading terms are within 0.13—0.60 r.L.u. were investigated using neutrons of
called size effect scattering4g) and Huang scattering ). 4.7615) meV, suppressing the/n harmonics by a beryllium

Short-range order scattering and size effect scattéiing filter. With this energy the background scattering was re-
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as measured TABLE I. Warren-Cowley short-range order parametefs,, of
020 220 Ni-8.4 at.% Au at 1083 K using the uncorrected and corrected scat-
i tering intensities. The numbers in the brackets give the standard
deviations due to counting statistics.
Xmn
Imn Uncorrected Corrected
000 0.59429) 0.97041)
B 110 0.13811) 0.17410
200 0.08410) 0.09913)
211 0.01%6) 0.0346)
220 0.0084) 0.0134)
310 0.0214) 0.0234)
222 —0.0074) —0.0085)
321 0.0002) —0.0012)
400 0.0134) 0.02Q6)
000 200 330 —0.00%3) —0.0034)
recalculated 411 0.0092) 0.0173)
FIG. 2. The as-measured and recalculated elastic diffuse sca’[te‘}-20 0.0062) 0.0113)
ing (in 0.1 Laue units, uncorrected dafeom *Ni-8.4 at. % Au at 233 —0.0042) —0.0113)
h;h,0 positions. 422 —0.00a3)
431 —0.0032)
duced by nearly a factor of 2. For both energies the scattering10 0.0163)
intensities were converted to absolute scattering cross seb2l 0.0042)

tions using the elastic incoherent scattering of a vanadiurf
sample with identical dimensions as the Ni-Au sample.

For both energies mu|t|p|e Scatter?ﬁgand absorption used (Ta.ble D The recalculated elastic diffuse Scattering
were considered. An overalstatic and dynamicDebye-  (Fig. 2 reproduces the experimental data withi®.2 L.u.,
Waller factoilg exq_ZB(sin 6/)\)2] was calculated for Ni-8.4 well Wlthln the §tandard deviation of 0.3 L.u. SOIer due to
at.% Au on the basis of the elastic constanfs=204 GPa, Counting statistics.

c1,=141 GPa, and,,= 89 GPa estimated from Ref. 20. val-  For the Warren-Cowley short-range order parametgyp
ues of Bga=0.115<10 2nn? for the static part and @ value of 0.5@)is found, much smaller than the theoretical

Bgy,=1.481x10 2nn? for the dynamic part ofB were value of 1. Values smaller than 1 were repeatedly obtained
0b¥ained. For vanadiunB=0.485< 10 2nn? was used! from diffuse neutron scattering experiments at high tempera-
The coherent scattering lengthse=14.4(1) fm andb,,  tUres: (i) 0.4 for NV, 0.20-0.87 for NiCr by Caudron

_ - - - et al,?® (i) 0.85-0.99 for PV and 0.78 for NiV by Le
=7.63(6)fm, the incoherent scattering cross SeCt'(’@%i Bonoc*h(z“) and(iii) 0.5955) for Ni-Ti by Bucheret al.zzand

=0b, g7;=0.43(5) b, andry°=5.08(4) b were taken from ¢ 48_0.80 for FeAl by Bucher!’ In comparison with these
Ref. 22. investigations where thermal diffuse scattering was always
separated off experimentally, diffuse x-ray scattering experi-
IV. ELASTIC DIFFUSE SCATTERING ments at high temperaturéssing calculated thermal diffuse
. ) ) scattering did not reveal a strong deviation @fyo from 1.

The measured elastic diffuse scattering frofiNi-8.4 Consistently, a diffuse neutron scattering experiment without
at.% Au is shown in Fig. 2. The intensities measured at the,nergy resolution performed at 1033 K with the same Fe-Al
incident neutron energies of 4.76 and 14.68 meV SmOOth_héample as used by Ref. 17 yieldegy,=1.096). Based on
overlap an_d are treaFed as one data set without any SCal"ﬂaese data of Fe-Al, a procedure was set up for the correction
factor. A diffuse maximum is observed at _000' A region of of the elastic diffuse scattering that essentially scalgg to
.0'3 r.l.u. around each fundamgntal rgﬂecﬂon was dlscaerei multiplying the scattering intensities by a constant factor
n the subsequent dat.a evaluation as it may contain Cont”p%ind adding a constant term to the scattering intensity. In the
tions from thermal diffuse scattering. No sign for a Staticy esent case, a factor of 1.4 and an additive term of 0.2 L.u.
concentration wave alon@.00 is indicated between the fun- were employed. This strategy lead to temperature indepen-

damental re_flec'_uons. . _ . dent effective pair interactions for Fe-Al.
The elastic diffuse scattering was least-squares fitted with

a set of Warren-Cowley short-range order parameters and )

linear and quadratic atomic displacement parameters. In ad- A. Short-range order scattering

dition, the scattering intensity at 000 was set equal to that at The least-squares fitting was performed with a set of 17
0.13 0 0. Judging the quality of each fit from its weight®d short-range order parameters, 18 linear, and 8 quadratic dis-
value, a set of 13, 33 ¥imn. and 965,/ €/, Was finally  placement parameters. Thg,, for the corrected intensities
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this work TABLE II. Linear (¥, and quadratio 8y, and €, dis-
020 220 placement parameters determined from the corrected elastic diffuse

\\ scattering.

4 { 8 Imn 'ylxmn Imn 5i(mn Elxr%n
/ 110 0.18710) 000 0.32621)

/ 16 "t 200 ~0.08111) 110  —0.0355) ~0.06411)
\/ 211 —0.0216) 011 0.0547)

12
8 ~~— 121 -0.01¥3) 200  —0.05111)
o 220 —0.0125) 020 —0.0097)
e/: 310 —0.0226) 211 —0.0235)
— r3 N Q 20\ 130 —0.0175) 121 0.0043)
RN 222 —0.0084)
MK i2 4 321 0.0014)
231 —0.0054)
2=\
T 400 —-0.01q10)
000 Wu & Cohen 200 330 0.0084)
411 —0.0035)
FIG. 3. Short-range order scatteriiggo (in 0.1 Laue unity 141 0.0003)
from 58Ni-8.4 at. % Au(based on corrected scattering intensjties 420 —0.0064)
and from Ni-60 at. % AuRef. 3 ath;h,0 positions. 240 0.0014)
233 0.0104)

are given in Table I. The dominating Fourier coefficient is
aq10= 0.171), positive as expected for a decomposing allo " .
s;é(t)em. 'I?ﬁle)fuprthemmmﬁooo gre mostly positive.pThef ap- ycomposmon and_ comparable heat {treatment may be esti-
proach zero smoothly and rapidly. The recalculated shortMated. For the first two shells of neighbotg,;=4.75 and
range order scattering is shown in Fig. 3. A strong maximumyzeo= —8.37 are obtained for Ni-8.4 at.% Au at 1083 K.
of about 5 L.u. is located at 000. These values are by one to two orders of magnitude larger
For comparison, the recalculated short-range order scathan those given in Table Il. Also, the values of the subse-
tering of Ni-60 at.% Au(Ref. 3 is shown in Fig. 3, with a quent shells are much larger. In previous comparisons of
maximum of about 2.3 L.u. at 0.600. The largest discreplinear displacement parameters obtained with neutrons and
ancy between both short-range order scattering patterns {species dependentith x rays(Ni-rich Ni-Al in Ref. 26 and
noted for the region around 000. This coincides with theNi-Crin Ref. 27, good agreement was found. A strong com-
extended range of 0.45 r.L.u. around the fundamental reflegrositional dependence could be the reason for the discrep-
tions where Wu and Cohétiound it to be increasingly dif- ancy in the present case.
ficult to separate short-range order scattering from dynamic
and static displacement scatterifag indicated by the large lse
R value between the recalculated and measured diffuse scat- 920
tering). As a consequence, the short-range order parameters
of Wu and Coheh strongly differ from the present result,
W|th a20020.15(4) andO(]_lO: 00‘(5)

220

B. Displacement scattering

The atomic displacement parametess,,, and 8,/ €%,
are summarized in Table Il. Linear and quadratic displace-
ment scatteringFig. 4) are strongly modulated because of
the large atomic size mismatch of 15% between Ni and Au.

4

That is the reason why it is important to measure at small 8 8

angles to obtain short-range order scattering in a decompos- -4 (1
//‘6\

ing system. The linear displacement scattering is antisym-
metric around the fundamental reflections with positive con-
tributions at the side of largdh| values. Such an intensity T
distribution is found if the atom with the smaller coherent 000 I 200
scattering lengtl{Au) has the larger atomic size. "

With the species-dependent linear displacement param- FIG. 4. Size effect scattering: and Huang scatterinky, (both
eters of Wu and Cohérthe [, for alloys with a different in 0.1 Laue unitsfrom 5Ni-8.4 at. % Au ath;h,0 positions.
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TABLE lIl. Abundances and enhancement factors®®i-8.4
at.% Au alloy at 1083 K with respect to a statistically uncorelated
arrangement for selected Clapp configuratidiesnsidering Au
around Ni for theL 1, structure, Au around Au for thiel, structure
and for decomposition

Clapp Enhancement Abundance
configuration factor in %

Au around Ni

C16 0.7 0.01
Cc7 0.4 0.12
C3/C4 0.4 2.25
Au around Au
C16 5.0 0.05
C7 1.9 0.57
C3/C4 1.1 4.71
Au around Au
C33 96.1 5.2
C31 32.2 2.6
C15 15.5 2.8
FIG. 5. A{11]} plane of*®Ni-8.4at. % Au at 1083 K@). For 13 91 58
comparison, 111} plane of a statistically uncorrelated arrange- c14 6.2 36

ment of the same composition is showspen circles, Ni atoms;
solid circles, Au atoms

(i) For the characterization of Au agglomerates, only the
V. MODELING configurations of minority atoms around minority atoms with
q,bundances larger than 2% and largest enhancement factors
€ i . . .
are summarized in Table Ill. The most important configura-

parametergTable |), crystals of 3% 32x 32 fcc unit cells . ) )
: : tion C33 is a tetrahedronG15) plus an adjacent atom as
were modeled using the procedure introduced by Gehlen anlar%odicated by the Au agglomerates &1} planes in Fig. 5.

Cohen?® Starting from a random arrangement and exchang-
ing randomly chosen Ni and Au atoms, thg,,, calculated
for the final modeled crystals lie within the statistical error VI. POTENTIALS
bars of the experimental data. The difference between a sta- E th t ofy f Table | effecti ir int i
tistically uncorrelated arrangement and a short-range decom- rom the Set oty OF 1able |, eflective pair interaction
posed model crystal is illustrated in Fig. 5. Small groups ofparametersvg% were determined by the inverse Monte
minority atoms(Au) on{111} planes are typical for the short- C_arlo method.” In the case of a car_wonlcal ensemble and
range decomposed state. binary A-B alloy, the ordering energy is

For a quantitative analysis all nearest-neighbor configura-
tions (Clal configurations; for its nomenclature, see —
Clapp®) wgrl?a searcged. Results for enhancement factars HIN CACB% @mnVimn. @
tios of the numbers of the same configurations present in the
short-range ordered and in the random crystalsd abun-  With V= 3(Vimn+ Vi) — Vi, and N the number of at-
dances were obtained by averaging over five short-range dé@ms. They were deduced from 200 000 virtual exchanges of
composed and five random crystdlEable Ill). Two cases modeled short-range decomposed crystals withk 32x 32
were considered. fcc unit cells employing linear boundary conditions. The

(i) The possible superstructured, andL1, (Ref. 9 are  Vimn Were subsequently used in Monte Carlo simulations to
characterized by the configuratioB46, chosing the cases of recalculate the Warren-Cowley short-range order parameters
minority atoms(Au) around any majority atontNi) for L1,  ajm,- At least, severV,,, are required as judged from the
and minority atomgAu) around any minority atontAu) for  value ofR,= = mnl @imn— @mal/ Zimnl @imnl- The values and
L1,. As Ni-8.4 at.% Au contains less than the 25% or 50%standard deviations given in Table IV refer to five model
minority atoms of these superstructures, minority atoms mustrystals. TheV,,,, for the first two neighbor shells are nega-
be replaced by majority atoms. This gives the sequencetive as expected for a decomposing alloy system. From the
C16—C7—C3, C4. As all the characteristic configurations standard deviation, just the first four were found to be statis-
of L1, have enhancement factors less thari 1, is not a tically relevant.
plausible(metastablpsuperstructure. On the other hand, en- At the 100 position no local minimum inV(k)
hancement factors larger than one are found for the charae=3,,,,V,mn€® "'mn is seen. Its presence would corroborate
teristic configurations of-1,. Zhao and Noti% also found the metastablé 1, structure found in Ref. 9, following the
L1, as a plausible superstructure of a metastable state.  reasoning of Reinhard and TurcHi.These authors inter-

Based on the corrected Warren-Cowley short-range ord
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TABLE IV. Effective pair interaction parametei,,, as ob-  (100) or (130) on the Ni-rich sid& could not be answered as
tained by the inverse Monte Carlo method using the correetgd  no such modulations were seen at all. Maybe, they will be

of Table I. revealed after aging within the miscibility gap.

According to Chakraborty? the A-B nearest-neighbor dis-
Imn Vimn (MeV) tance of anA-B alloy should be larger than the arithmetic
110 ~37.960) mean of theA-A and B-B distances for short-range decom-
200 ~19.479) ppsed alloys, but smaller for short-range ordgred allqys. The
011 4733 d_|splacement parameters of Wu and Coherffill the crite-
220 8.047) rion that the state mvestlgateq be short—ra_nge decomposed
310 0.232) (in contrast to the sro pattern in Ref. %Swhl.le the meta-
297 3‘ 231) stable states .mve_stlgated by Renaidal: using exter)ded
301 1'424) x-ray absorption fine structurdeXAFS) fulfill the criterion

of short-range orde(in agreement with thésg pattern in
Ref. 8. More information of the species-dependent static
atomic displacements is thus required for Ni-Au. For the
present composition of Ni-8.4 at.% Au they may be obtained
if one performs a second diffuse scattering experiment em-
ploying the Ni-60 instead of the Ni-58 isotope.

Asta and Foile¥ compared Ni-Au with two other alloy

The main result of the present study is that short-ranggystems, Ni-Cu and Ag-Cu, which also show a large two-
decomposition and not short-range order is observed for Niphase region over the whole range of composition. In their
8.4 at.% Au above the miscibility gap. An increase in the€lectronic-structure calculations, Asta and Fdftedistin-
diffuse scattering towards 000 was demonstrated using difguished two cases: effective pair interaction parameters
fuse neutron scattering. This result is at variance with thavith (i) chemical and relaxation-energy contributions &nd

results of almost all diffuse x-ray scattering studies of Ni-Au©only comprising chemical contributions. For Ni-Cu with a
at temperaturé® of alloys quenched from the solid small size misfit of 2.5%, the nearest-neighbor parameter is

solution? or even of an alloy aged within the two-phase negative in both cases, consistent with diffuse neutron scat-
state® The only exception is the decomposition nature in thetering experiments on samples quenched from above the
short-range order scattering as evaluated by Borie and Sparkaiscibility gap®>~*’For Ni-Au (and Ag-Cy a change in sign
using data of Moss and Averbachig. 7 of Ref. 4. is found between both cases; a negative sign is obtained if
The generally different conclusions on the local atomichoth contributions are considered. Thus only cdigés con-
arrangement in previous studies may have been reached bgistent with the results of the present investigation. Conse-
cause diffuse scattering was never measured at sufficientguently, in contrast to Ref. 7, no problems arise in determin-
small angles. One might further argue that the only detailedng effective pair interaction parameters from diffuse
investigation at high temperature by Wu and Cohems  scattering above the miscibility gap.
performed for an alloy with a much larger Au fraction. Dif-
fuse neutron scattering at smaller angles should also be mea-
sured for a *®Ni-60at.% Au single crystal. From the
electronic-structure calculations of Wolvertenal,” short- The authors thank E. Fischer very much for growing the
range order is expected for a broad range of compositionsingle crystal. Financial support by the Swiss National Sci-
The question on the compositional modulation either alongnce Foundation is gratefully acknowledged.

preted a local minimum iv(k) of Ti-V as an indicator for
transient ordering in the low-temperature region.

VIl. DISCUSSION
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