Lawrence Berkeley National Laboratory
Recent Work

Title
SHORT RANGE ORDER IN Ni-Mo, Au-Cr, Au-V AND Au-Mn ALLOYS

Permalink
https://escholarship.org/uc/item/6df5f96w

Author
Das, S.K.

Publication Date
1972-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6df5f96w
https://escholarship.org
http://www.cdlib.org/

. 4 . .
hatd «f + ” [ 7 »

Submitted to Acta Metallurgica o | LBL-441 Rev

Preprint (

SHORT RANGE ORDER IN
Ni-Mo, Au-Cr, Au-V AND Au-Mn ALLOYS

s. K. Das, P. R. Okamoto, P. M. J. Fisher, and

G. Thomas _
RECEIVED
LAWRENCE

FAS.'!;'::()\; ARV AT
December 1972 LASORATORY

o 1 0

t,-:“ | L ‘\1"{

L'JRHRY A!\JD
D\’)Fl A\quT“ ﬁn—.—..r.

~=TION
Prepared for the U. S. Atomic Energy Commission ‘
under Contract W-7405- ENG-48

(o R
For Reference

Not to be taken from this room

- y

\?

A9y VPP -19]



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



~ SHORT RANGE ORDER 1N Ni-Mo, Au-Cr, Au-V and Au-Mn ALLOYS

S. K; Das,l P. R. Okamoto,l P. M. J. Fishérz and G. Thomas

InorganiC’Métefiais Research Division, Lawrence Berkeley Laboratory and
Department of Materials Science and Engineering, College of Engineering;
' University. of California, Berkeley, California 94720

ABSTRACT

The nature of short range order (sro) has been invesfigated in the

Mo, Ni Cr, Au,Cr, AuMn and Au,V, which

4 3 3 4 3 4

exhibitgdifferent long range ordered (%ro) struéthres, by transmission:

series bf alloys Ni Mo, Au
eléctrdnvmicroscopy and difffaction. The examinaﬁion of the sro state;
at temperatures above the critical temperatures (Tc) for the order-

edisordef transfo;mations and also in thé,saﬁples that wére quenched
from'abdve Tc’ éhowed difque scattering peaks gentered neari{l%O}
positions in the fcc reciprocal lattice, whose shaﬁe changed from‘one
system to another. Evidence for diffusg.scattérigg.ngaf superlattice
positiohé_Correspondiﬁg to the Dla structure Vas obtained in the sro
ététe of Au-Cr, Au-V and Ni-Mo alloys. Additional diffuse scattering

was obgérﬁed near Ni Mo positions in the Ni-Mo alloys. The diffraction -

2

patterns of Au,Mn above Tc showed evidence for diffuse scattering near

3

the superlattice positions corresponding to the Watanabe type two--

dimensional long period superstructure.

1. Now at Argonne National Laboratory, Argonne, Illinois
2, Now at Monash University, Melbourne, Australia



'neighbors inithe high temperature statistical mechaniéal quel.bf-
Clapp and Mqu partiaily accounts.foy the shépes éf {1%0} sTYo spots
found in Ni—Mo and Au—Mn_élloys, but not iﬁ Au—Cr:%nd Au-V alloys.

The shaﬁgs'of'thé diffuse sro.scattering in the 1a£tgr alloys,'however,
‘can be interpreted in terms of a distribution of vqrioué-types of
imperfectly prderéa migrodomains éxistiﬁg abovethe'critical ténpera-- |
tg;e. Fér a particular stoichiometry, the mosf fféqﬁent1y occurfing
ﬁiéfodomain méy or méy not corréépond'to the equiliﬁrium long rangé

ordered (&ro) structure of the alloy.

1. INTRODUCTION

“~A solid solution having short range order ksro) usually exhibifs
diffuse maxima in the diffraction patterné. vThg:high temperature
statistiéal mechanical approximation of Clapp and Méssi’z (c-™) appears

to be capable 6f explaining the diffuse scattering distribntionb |
obtained at sufficiently high temperatures where the degree'of sfb is

Very spali.  However, as the critical ordefiﬁg femperatu?e_(Tc) ié

.approaghed_f;om temperatures‘above Tc’ non-linear effectsAcome intg
’play.which méy éventually invalidate the C-M model near Tc.‘ Ia this
case the éoncept of microdomains, often used to'iﬁterﬁret the diffuse
séattering:distributions, becomes very helpful;:;-?

In'fhe claséical.micrqdomain model the diffﬁse sro maxime are
r.interpretéd to arise from émallbparticle:brpadéning'effects,:of tﬁe

superlattice reflections arising from a contiguous distribution of
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vvery'small ordered domains. This model theretqre imples that the
positions of the sro maxima in feciprocal space-should always coincide

with those of the superlattice reflections. However, certain systems

3
g, Ny, 3 | _
found to eXhibit‘diffuse sro maxima at positions other than at the

such as‘Ni , Ni W4, Au Cr5 and sevez;al..'l‘i—O'alloys_,6 have Been
superiattice positions. The long range-ordefedS(Qfd) states of the
first'tﬁteé alloys have the body,centefed tetragonal (Dla) structure.
Above Tc ?hese alloys are disordefed_fcc and shdw sro diffuse maxima |
aﬁsall equivalent'{l%ﬂ} positions of the féc reciprocal lattice, which
are not Dla superlattice positions. Thus thisvelaséical microdoﬁain
model fails to explain fhe posiﬁion of sro ma#iﬁa in’these systems.

On the other hand the C-M model successfully prédicfs both the position
and the shapé of the'{l%O} maxima in Ni4Mo. This sdggests that classi-
cal mic:odomain model is not a valid description of sro at least in
NiaMo. Recently Okamoto and Thomas7’8'ﬁave argued’that the micro-
domain Conéept is qot necessarilybincompétible.witﬁ the C-M model iq
NiaMﬁ.b‘Thevpresence of_micrddomains was infefréd from the difffaction
evidence that‘sémplegﬂof Ni4Mo quenched from above Tc showed weak |
scattering ﬁear Dla positions co-existing with much strbnger {1%0}

' peaks. They ébncluded that the preéence of imperfectly ordered micro-

domains based on the Dla and DO,, structures could account for the

22
‘ observed_diffraction effects.
The implication that the sro state may consist of a distribution

of ordered microdomains possessing different but élosely related

structures is supported by the recent theoretical work of Clapp.9



He ﬁés usea a probability variation methdd (PVM)lO:tQ de;ermine thé e

- complete frequency distribution of»nearestAﬁeighﬁér configuratiéns for

a number of cubic alloys from their experimentally determinéd sTo .

' parameters. His'calculations.show.that the'most.eﬂhanced configufation

relativé to_the fandom state often cor:esponded.té the perfectly

" ordered sfétg, although its volume fraction may be‘very small. Thére

are also-dép;}tures from this.siﬁple ekéeétation, a1th§qgh’it is‘not_

clear hoﬁ many cases.(if any) result from data_limitétibn. His cal-

culétioné o# Au3Cq ‘(Li2 structure) show a rafhef surprising result

that the most enhanced clusters are the Ll0 (CuAu) type and the fourth.

most enhanced clusters are Cu3Au typé. This implies that the structure

of the clustérs present in the sro sfate iq a s#dichiometric alloy

may not aiways correépdnd to the equiiibrium 2;0 $trncture ébserved at

that stoichiometric composition.' Moreover, there ﬁay be present

various types of cluste:s.corresponding to different superstructures.
Iﬁ-viéw‘of these reSUlts,.a'systematic;étﬁdQ'of the sro state

in a nﬁmbef'of alloys such as Ni, Mo, Ni Cr, Au

4 310, Au 4 3

has been carried out in the present work, in order to obtain evidence

Cr, Au Mn and Au,V

3

of-multiple microdomain configufatioﬁs in these,syStems. The choice.

of these alloys stems from the fact that all of thgm do not have the

same £ro structure, yet they all éxhibit sTO diffgse maxima at»the B .
'{I%O}vpdsifions. .An attempt has begnlmade to exp1ain the diffuse
séatteringvresglts from these systéms With.tﬁe héip'of the C—M-modeli -

'This model;.althqugh very good in explaining m95; of7the gross featufes

of the diffuse scattering was unable to account for all of the details.
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The prescnce of multiple microdomain cenfigurations, however, qualita-

- tively accounts for all of the observed features.

2. EXPERIMENTAL PROCEDURE
3 AMO} N13Mo and AuAV were prepared by

‘melting together required'propdrtions of the individual components in

Bulk alloys of Au _Cr, Ni
an arc fﬁrnace, back filled with argou. . The.purity of all the starting
ﬁaterials waé.99.99% excep; for Yanadium which was_99.9% pﬁre. The
'allqjs”Wefé melted several times in the furnace in'drder to obtain
homogeneityﬂ‘ The ingots were encapsulated.in quértz tubes in vacuum
and.werg ﬁomogenized at suitable temperatures. The compositions of
the bulk alloys and their c¢orresponding homogeniza;ion temperétures are
shOwﬁ intTable 1. The ingots were’céld rolled tdv6‘mil strips with
iptermediate anneals. The foiis were then finaily homogenizedvin an
“inert étmosphere and quenched directly into‘iced brine from their ﬁomo—
genization iemperaturé.-

Thé éﬁin foils of Ni-Mo alloys for fransmiésion electroﬁ.ﬁicroscopy
were.ﬁrepared by jet polishing in an electroly;e containing two parts
of sulpﬁuric acid and one paﬁt water. 'Thé thin fbils of Au alloys_Qere

_ relatively difficult to prepare and the window‘méthod was ﬁsed_

TABLE 1. Composition of the Bulk Alloys’

Alloy Atomic % Solute . _ Homogenization Temp (°C)
NiaMo Mo = 19.7- . . 1200
‘N13Mo o Mo - 25.1 - 1270
Au.Cr .~ . Cr - 23.5 .. %00

Au,V v -19.1 900




with an electrolyte containingv88 gms;‘of chromicfoxide, 465cc acetic ' e
acid, 25cc water,

300~ 600 A 51ng1e crystal thin films of AuCr ‘were prepared by

3
vacuum depositlon of the bulk alloy onto freshly cleaved (100 ) faces

of NaCl substrates held at 450°C. The substrate was degassed at 500°C
for\I72'hoo? prior_to deposition. This gave fairly large 31ng1e
crystelvthiojfilms of (100 ) orieotation. The:samples were homogenized
for 2 hoursyat 4005C and mounted on platioum grids;“Further annealing
was done:inside.the microscope. The thin films of'AuACr were prepared
in a simiier menner by melting together_required_amounts of Au with the
‘bulk Au Cr”oo the filament to form the alloy Au

3 4

on to the heated rock salt. The evaporated thinvfilms of AuBMn were

obtained from Dr. Lee Tanner of Kennecott Coppef'Corporation and were

Cr and then evaporating

similar to. those employed in his otudies.5

All the microscopy was done on a Siemens Elmlskop IA operated at
100 kV. A standard Siemens hot stage Qas used focvthe high tempera;ure '
'felectronbdiffraction work. The hot stage was calibrated outside the
microscope'in a vacuum bell jar,'similarly to the procedureé described'

eloewhere.ll

3. RESULTS

The short range order study involved the exemination of the electron_

diffraction"patterns of the systems NiAMo, Ni3Mo, Au3Cr, Au4V and

Au3Mn in specimens either quenched frbmvab0vech,.or at temperatures

above>Tc, or both. Because of the large numbeirof'systems7involved

the results obtained on each system will be presented separately. The
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‘importaﬁt_éfystallograpﬁic featureé of each of Lhesé systems will be
;p01nted §#£;firét and then the diffuse séattériﬁg‘;esults will be
deécribéd; o . |
3.l.r§i4§é::-ln'the‘2ro statebfﬁe'stoichiometrié_Ni‘Mo has a body
centered‘tetragonal structure12 commoniy'referfe&itQ as Dla in the
"strukturbefiCht symbol.” The crystalloéfaphic féaﬁﬁres of the ordered
NiéMo Strucﬁure ére well known,s’13 énd;ne¢d not_be.repeated here.
One important feature of this structure is,thag'if one conéiders the
stacking of'atoms on'{420}* planes, eQery fiftﬁ piane cont#ins
'only‘hﬁratoms and in between planes contain oniy Ni atoms. Thus,
the reciprocal lattice for the ordered structure'cén be constructed
_ frqm.thé fundamental fcc lattice, since the‘suﬁeriattice reflectiohs
appgarvét every %—(420 ) reciprocal lattice'véctor of the fcc unit

cell, The other structure which is important in_thié study is that

of Ni Mo which occurs as a metastable phasé during the ordering of

2
N13Moll-‘vand_'Ni4Mo.l5 The atomic arrangement is. isomorphous with’ordered
PtzMo. Like the Dla structure, the NiZMo structurevcan_also be des-

cribed by the stacking of atoms on either {420} 6r>{220} planes where
eﬁery third plane contains alleo and in between all Ni atoms. Thus,
the reciprocal lattice of the ordered structure can be constructed

from the original fcc lattice, where the superlattice reflections will

1
3

gives rise to six orientation variants of Ni

appear at évery %—(220 ) or = (420) reciprocal lattice vectors. This

Mo corresponding to six

* S B
Unless otherwise specified the indices refer to the ‘fcc lattice. -



variants of {220}. Figuresla and b show the [001] and [I30] reciprocal
lattice'sectidns constructed in the above manhet‘“FHere the.poéitibns

of Dlaband NiZMo suPerlatticevspots a;e Shﬁwn foéether with ‘the {1%0}'
sro spots;:‘As'has been'fointed éutAéariier,8 thg tijO] oriéntation is
very imﬁoffant forithé detéction of weak suﬁeriaﬁﬁiée_reflections in
:the sro.statg, because this reciprocal latticé séction dpes not‘contain
any {1%0} ;%bigpots,'as_can be seen in.Eig..lb.r It is to be noted -
fhat each'{1%0} sro spot is surrounded by foﬁr'Dlafspots in the form
of a tetrahedron with the'{l%O} sTo épdt»ét the‘centér and all of

these séotsvare clése together. The sméll_opeﬁ'circles in Fig. la
tepresént.the projection of Dla spo;s that are lo¢ated at % =:fa tﬁ

of (002) reciprocal lattice vectors andthe open squarés in Fig. 1b are
the projections of the ﬁeighbo:ing {1%0} sSro sﬁots; -Keeping these
crystallbgraphic features in mind, we can now examine the diffuse
scattering results.

Figureiz'shdws a [001] diffraction pattern of a freshly quenéhed
':NiéMo sampie. The diffuse sro maxima can be seen'af.thé {1%0}
positions. :In the study of quenched samples gf_Ni4Moékaamoto and
-Thomass’found Qeak sc&ttering.to be present.ﬁéar,the Dla superlattiée
positions by examining tﬁe [130] orienﬁétion (fdr tﬁe reasons given
above). lHowevér, if these Dla spots ére'preéent,.;here should be an

enhanced‘séattering of-{l%O} spots'towards the Dla positions and as

a reSuitxfhe shape of the-fl%ﬂ} spots should.be somewhat similarztolther

~ dotted triangle in Fig. la. However, the X-ray diffuse scattering

measurements by Spruiell and StanSbury3 on quenched samples of Niaﬁd




showed the shape of {1%0} spots to be qﬁite different from the expected

.Shape; In their diffuée scatfering map fér‘quénchéd NiAMQ the outer

contours qt7(l%05 were slightly elongated towards the -(100) and (210)
bositionsvand not like the dotted triéngle~in Fig.:l(a). In order

to resolve this apparent diécrépanéy isointensity contour mapé were
drawn on an isodensitracer from a number of difffdction.patterns of

the quenchéd sampléé of N14M6 (e.g. Fig. 2) as is shown in Fig., 3.

The original.map uses a color code for the relatiVe‘intensities an&
Fig. 3 has been redrawn from the original for eas& reproduction. Ihe
relative intensities are in arbitrary units. Oﬁ this map the positions

of the Dla and the Ni Mo superlattice reflections are also marked. It

2
can be seen that the map is very similar to the X-ray map of Spruiell
andnéﬁénsbury.3 Here, the diffuse intenéities néarieach of the'{l%o}
positions aré not exactly the éame because the’pptic axis.being at
the origin (000), the deviations of each of the‘{l%O} spots from the
exact Bragg‘positions are different. However, the-diétribution of -
diffuse intensity in Fig. 3 suggests that there may be weak scattering
present not only at the Dla positions but aléovat the‘superlattice

Mo structure. The obéerVed enhanced

2
. 1 ' y
scattering of the (150) spot towards (100) and (210) positions in [001]

positions corresponding to the Ni

patterns is most likely to be due to the presence of weak scattering
near the NizMo'spots. In order to check this, several other reciprocal
lattice sections were examined and Fig. &4 shows_a_[i30] section. The

diffuse peaks observed in this pattern are not entirely due to the

. 8. |
weak Dla spots as was reported earlier. Careful measurements show



that theieenters ofthese diffnse peaks do'not lie'exactly at the
positions where the'Dle spots ought to occur. It;can be seen from
Fig. 1(b) that the prOJectlons of the {1—0} spots on to the [130]
rec1procal lattlce section lie very close to those of Lhe Dla spots.
The diffuse peaks at A in Fig. 4 are, in fact, elongated towards the
.projection of'{l%O}Aspots and have thevshape»outlined by the dotted |
lines in Fig l(b) Thus, the diffuse Dla. pedks are not isolated
from the diffuse {1—0} sTo maxima but merge together with them. The
diffuse scattering near 'B' (Fig. 4) is different from that at 'A'.
Aand has two wings on either side ‘(marked by arrows) that extend towards
the positions of the N12Mo spots [Fig. 1(b)] Th;s shows that in
add%tion to the diffuse scattering near Dla positions, there must be

scattering near Ni_Mo positions. This has never been reported before.

2
This_was_furthet confirmed by examining a [110] section [Fig. 5] which

containsuonly the NizMo spots and no‘{l%O} sro’or Dla spots. The |
arrows in Fig. 5(a) point to the weak peaks that aooear at the NizMov
positions'as indexed in Fig; 5(b). It must be_pointed out that the
detection of such weak peaks depends'very muehton the exposure time.
In the underexposedvplates these may be missed.aitogether, and in the

present investigation exposure times up to 10 minutes (with a well-

defocussed second condensor lens) were necessary to bring out the de-
tails. Thus, in the .quenched state NiAMo samples exhibit weak scatter-

ing near Dla and Ni_Mo superlattice positions coekisting with much’

2

+These features are rather difficult to reproduce clearly on prints but

can be clearly seen on the . original plate negatives.

=




stronger §eatﬁering at'{l%O}.' The :cattering at Dla and NizMo positidns
are notﬁisolated peaks but emerge from the-{l%O} peaks that lie close
~ to them. -

3.2, The equilibrium 2£ro structure ef‘NiiMé has been determined

NiMo: , 3
by Seite and Bec-kl6 to be orthofhombic and isofypie;with that of ordered
CusTi._ The st01ch10metric Ni3Mo also does not have a true T and
decomposes peritectoidally at 910°C to a + NiMo and is disordered fcc
a;_high temperatures in the single phase region. On fast-quenching
frdmvthe single phase region the decomposition to Ni-Mo can be sup-
pressed. It has been mentionedl4’17 that -the sro sfate ofINi3Mo is
similar fo that of NiaMo, but no detailed studiee as to whether any
weak Superlattice peaks are present 6r not have yet'been reported.
During the isothermal annealing the N14Mo and NizMo phases appear as
.metastable phases at an early stage and finally the quilibrium Ni3Wo
| forms. Thus, it would be interesting to see whether any weak super-
il_attice'spets are present in the sro state or not, and if so, of what
type. |

' Figure'6(a) shows a [QOl] diffractioe'pattern of‘Ni3Mo quenéhed
into iced brine from 1270°¢. This pattern is similar to that of N14Me
'(FingZ)f‘.Hefe the diffuse scattering appears te‘extend from one
{1%0} pbsition to the neighboring ones in the form of an arc, that
2Mo position.' The [130] diffraetioﬁ pattern of

Ni3Mo is also similar to thet of NiAMo. . In all the sections examined

.no‘evidehce for diffuse scattering near Ni3Mo positions was obtained

passes. through the Ni

B e.g. the [110]) pattern of Fig. 6(b). Thus the_quenched state of Ni3Mo



Mo and there is weak sCattering_present near

4

the superlattice positions corresponding to the.Dla.énd‘Ni

'is similar to that of Ni

2Mo Struétures,

in addition to the'{l%O} peaks. Although it mayvappear to be sur-

prising that stoichiometric Ni_Mo does not shovaifMd superlattiée spots

3 3

but_oniy NiéMo and NiaMd superlattice épots, thé1féé$on this may be so
will be discussed later. |

In thgfés.quenched’condition it waé not pqssible to obtain'any
resolvablé:feétureé in dark field images of tﬁe {i%0} spots, but éfter
slight éging the dark field micrographs did shd& images thch can be
interpréted to arise from particles or microdomains. Figure 7(a) is
a dark_fieid micrograph of the {1%0} spot encircled in the diffraction
vpatternvin fig. 7(b). vThis image is similar to that obtained by

4

Mo, and shows microdomains of about 30 -
30-40 A in diameter, that do not have a well defined shapes, and with

Ruedl et.al.13 in quenched Ni

3Mo,-t:he degree of order

within the microdomains may have been too small tp'provide-images of

diffuse boundaries. In quenched samples .of Ni

sufficient intensity to give contrast. The microdomains observed by

Ruedl et al. in quenched Ni Mo were probably resolved becéuse of the

4
3‘slowef quenching rate and resulting higher degree 6f qrdef. Neverthe-
less, thé fact is that microdomains are diréctly‘Qiéible in the dark
fieid micrographs of'{l%ﬂ} sro spots, when the';ubérlattice reflecéions
are still vefy diffuse and weak.

Now'fhe question arises as to whether these qdénched samples

represent the sro state above Tc or mnot.’ It_ié.Quite possible that

some fro might have been induced during the quench itself. To prove
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.conclﬁsivély that thesevweak superlattice refleﬁtioﬁs are present ip

the srq étafe it is necessary to exémine specimeﬁélét agd néar.Tc.
In_fhe.Ni—Mo system, since.the disordéring témperapurés aré_

. ;ather-high, eléctron diffraction studies near TC are not very helpful

because of the exéessive‘thermal diffuse scéttériné; Thus, the Au-Cr

and Au-Mn systems ﬁhich have rélatively lowef TC Qere chdscn fqr high

temperatufe electron diffraction studieg, to s¢e wHéther theré are

any weak superlattice reflectioné co—exiéting &iéh'{l%O} maxima.

Cr is not definitely

3.3. 52595;_ The equilibrium Qrévstructure of A§3
known and the phase diagram of Au-Cr system shows that an ordered
phase may Be present ‘below 300°C. However, it has been established5
that in thin films the alloy transforms to fhe Dla superstfucture.
Experimehts on bdlk alloys18 show that the %ro structure is

not Dla,_but the exact structure has not yetrbgén identified. Thus,
thin films and bulk alloys may behave differenfly, as has been shown
19 '

in AuBMn.

thin films and in foils made from bulk alloys. - Sinqé.the impbrtant

In the present study the sro state was studied both in

.crystallographic features of the Dla structure héve been_described
earlier, they negd.not be repeated here. Figufes-Sé and b show the

[001] and [130] d&ffraction patterns respectively, obtained from a

thin film'of Au3Cr, after agiﬁg for 67 hours at 270°C. The patterns con-
sist ofvsuperlattice'reflections due to thelﬂglstrqéture (see Fig. 11),
toggther with weak spots that.are due to double difffaction. The‘spots

marked 'T' in Fig. 8(b) are due to the fine {111} fcc twins that are

invariablyvpresent in such epitaxially gréwn thin films. As the



-

‘ordered structure was Heated in tﬁe micfosCOPeJStege, the Dla spots
suddenl& became weak and the {1%0} Sre spdts.appeeted around 330°C.
This teuuefeture is the same as that reported fof7T by Tanner et al.sb
for AuBCr. This critical temperatufe was a good check on the comp031-
tion of Fhe thln film. Figure 9(a) shows a [001] diffractlon pattern
obtained after helding for.30 minutes at 330° C + 10° C. Diffuse peaks
can be seen at {I—O} spots and these are triangularly shaped with the
edges exteudlng towards neighboring Dla superlattice p051tions. In
fact the area of the triangle covers almost the eneire area outliued
by the dotted lines in Fig. la. Figure 9b.shows_a‘[130] pattern taken

at 370°C. "Similarly to the case of Ni,Mo, here also the observed diffuse

4
peaks (marked by arrows) are not entirely‘due to weak Dla spots but
are elongated towards the projection of {1%0} spets and have the shapes

outlined by dotted lines in Fig. 1b. So here again the diffuse Dla

peaks are not isolated from the diffuse {I%O}-mAXima, but merge together

with them. This gives rise to a tetrahedral distribution ef:the diffuse

sro scattering'centered about {1%0}, but enveloping'Dla pbsitions.
It,has-been feported5 that the prdering reaetien in bulk Au3Cr is
very sluggish‘and‘diffraction patterns do not sﬁow any evidence of fro
euen after annealing for 550 hours at 270°C. Thus, on fast queuching
from above Tc it should be uossible to retain the sro state without
inducing any fro. In erder to.check this and also to c0mpare the high
temperatufe results deseribed above on thin films with that of the

bulk, samples of Au Cr were quenched from varlous temperatures above

3
Tc.' Figures 10a and b show [001] and [130] diffraction patterns
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reSpeptively, bbtaincd on specimens ﬂhéﬁ were Wafer qUenchedvfrom 550°C.
These'pattérns are very similar to the higﬁ temperature electron
diffractipﬁ patterns shown in Fig. 9;>'The_{l%0} spots in phe quenched-
sémples (Fig. 10a) are sharper compared to those in difffaction
p_atterné'athc (Fig. 9a), but ﬁhe shape remainé:mbfe or 1ess.the15ame.
The [I30] pattern (Fig. 10b) is also identicéi to the high temperatufe
. patterﬁ‘shown.in Fig;'9.‘ Here aéain thg_diffusé peaks near Dla
" positions elongate ;owards.the‘{1%0}'spots. vIn,addition to the diffuse
peaks there are extra spots due go relrods from fhe (111) and (200)
reciprocal lattice points above and below this segtion.

~In order to derive more conclusively the shape of the {1%0}
intensity distributions, some other recip;ocal 1atfice sections were
also éxamined. >Figure 11(a) shows a [121] pattern. that has been
indexéd in_Fig. li(b). Thé symbols used in indexing gfe the same as
in Fig. 1. The Dla positions marked 3 and 4 in Fig. 11(b) are
'especially important iﬁ;determining‘the shape ofh{l%ﬂ} spots. Diffuse
peaks can.be obsefved near these and equivalent positi§ns. They are
elongated.in the (210 ) directions shoﬁn by the full and dotted lines
on the indexed pattern and are shifted invthe direction of the arrows
shown, which point towards the projectién of théx{l%O} séots. The
diffuse scattering near the Dla positions such as 1 andb2 are difficult
to distinguish from the broad diffuse»{l%O} ééét‘that lies very close
. to it. Baséd on the information gathered above,va thfee—dimensionél
reéiproéél lattice ﬁodél of the sro state was éopsffucted'and Fig;.iZ(é)

shows the intensity distribution around each'{I%O}'position.’ It can
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be seen that each.{I%O} spot is stretched ouh iﬁﬁohﬁwo triangular
shaped sheets of intensity that are normal_to éaéh‘othef. For com-
parisoh the'ﬁhree—dimensional-reciprocai lattiéévdf‘the fuiiyvdrderéd‘
Dla structure is also shoﬁn in Fig. 12(b)." It'iéfhleér that the shape§
of the'{1%0}xsrc spots have fesulted from interfefehée_due_to'weak
scéﬁtegihgfnear the four Dla positions surroundinéftheﬁ.
Th;ﬁé;ﬁpahison of these results of.quenche& bqlk_éamples with
those ohtained at Tc proves that no fro has hegﬁ-inducéd in Au3Cr
during the quench. On chis basis it is quite reasonable to assume
"that in the Ni-Mo alloys weak scattering:is al#o present near Dla and |
NizMo suhgriattice positioné in'the.s;o s;ate_abhve-Tc. The fast

quenching may have slightly enhanced their intensities. High tempéra-'

ture electron diffraction patterns of thin filmS'hf'Au'Cr at 340°C

4
(Tc ~ 325°C) were identical to those in Fig. 9 for AuéCr and showed
diffuse scattering near Dla positions. Thus, Au3cr and AuACr are

similar td\Ni3Mo and Ni4

although\the fro structure of Au

Mo in that they all have similar sro structures,
JCr in thin £ilms and bulk alloys may
be different. | |
3;4. é242:, The alloy Au4V also possesées the Dla._structure20 in the.
fro state and is disordered fcc above T (~565°C). . So far there have
been no reports of electron diffraction studles of‘orAer—diéorder
transformations in'this system. Since this systém is isostruétural
with NiaMo and Au4Cr it would be interesting to determine whether this

alloy has a similar: sro structure (diffuse {1—0} reflections and weak

superlattlce reflections). Figure 13 shows a [001] electron diffraction
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.'patternfof:a bulk Sample quenched in iced.brinepfrom 900?C. Weak peaks

¢an be observed in-this pattern atf{l%O} positions‘(marked by arrows).

. There 1s an enhanced‘scattering of each {llO}.spot‘towards the neighhor-
iing'ﬁlafpositions; As a matter of fact the diffuse intensity extends

i beyond . the Dla position towards the fundamental fcc spots. Examination

of other reciprocal lattice sections such as [121] and [130] confirms

.this observation. The reason for this is not quite clear at present

but in any case the importantaobservation is that diffuse scatteting

is'present.near Dla positions, Although no.diffraction patterns were

examined at temperatures above T c? comparison with the re5ults on

Au3Cr snggests;that quenching retains the sro state above Tc, fairly

well in this alloy. |

3.5. égagn: The bulk system Au3Mn shows a DO, structure [also

22
described as a long period superlattice of the type le M=1) ite.

an antiphase'deriwatiVe of the Cu3An structure where an APB is intro-
_duced at eVery unit cell] with. long period stacking modulations.lg‘ In
thin fiims‘this alloy has a two-dimensional long period superstrncture
analyzed by Watanabe.z; The alloy Au,Mn forms the Dla structure both
in thin films22 and in bulk.lg’23 In the narrow composition range
between 20 to 25 at. / Mn at least six different structures exist at
various comp031tion ‘and temperature ranges. Consequently this alloy
system.isrvery interesting in order to see whether diffuse scattering
above Tc shows any evidence for the presence of weak superlattice-
reflections corresponding to any.of the complicated ordered structures

N

- observed below T . . L . : : R
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Figure 14(a) shows a [001] diffraction_pattern from an evaporated .
thin £ilm of Au3Mn showing only the Watanabe type:two—dimensional long

period sﬁpérlattice and Fig. 14(b) shows a'similarjpattern but contain-
ing additional Dla spots, indicating a mixture of Au4Mn and Watanabe

type AuMn, and that the films probably differ in cdmposition. The

3
[001] reéiprocal lattice section corresponding ﬁd the Watanabe type

structure is}éhown in Fig. 14(c), where the filled small circles are .

the superlattice spots corresponding to the two-dimensional long

a*l

. . .
period superlattice with periodicities m, = () and m, = (%Tg).» Here
. : 2 :

My
a*l and a*2 refer to the reciprocal lattice vectors ‘and Ml and M2 ¢or—

respond’to the periodicities in real space in théval and a, directions

respectively. That is, in real space the periodic APB's occur at every

M1 andezvunlt cells in the a1 and a2

values o'f.Ml and M, determined from the diffraction patterns were'fouﬁd

to be 1-2 and 2-3 respectively, which are close to those obtained by

directions respectively. The

Watanabe.21' In addition to the superla;tice.reflections there are
weak sagellites present (marked by small open ciréies) which are éhought
to arisé from lattice modulations such as the variations in the lattice.
spacing or scattering factor and hence have the same pefiodicity as
the APB'S.21 |

The two_diffefent kinds of ordered states,‘dﬁé containing the fwo;;
dimensional long period superlattice [Fig.:14(a)i and_the other a
mixture_of.Dla and Watanabe type structure [Fig; 14(b)] were heated

~above T to examine if there are any differences in the diffuse scat-

tering behavior. During heating, it was obsefved that the Dla spots
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disappeéred completely around 450°C and only the Watanabe type structure

remained and Fig. 15(a) shows a diffraction pattéfn'takgn at 450°C.

‘This pattern corresponds to the film that_containediavmixture of Dla

and Watanabe type structure in the ordered state before heating
[Fig. 14(b)]. The streaks are still present at this temperature. On
further heating to 475°C all the‘shafp superlattiée reflections

vanished and were replaced by diffuse scattering around {1%0} positions

 and Fig. 15(b) shows the pattern taken at SOOQC...The samples con-

taining bniy the Watanabe type ordered structure, such as in Fig. 14(a),

showed diffraction patterns above ’1‘C that were identicél‘to Fig. 15(b).v
Thus the sro state above Tc in these samples containing different

initial ordered structufes are identical. Althngh the actual com-

position_of these films are unknown, the low TC (475°C) suggests that

the composition is closer to AﬁéMn than AugMn.’ It can be seen from

bFig. 15(b) that the diffuse intensity is not as concentrated around

{1%0} as was observed in Au-Cr and Ni-Mo alloys, but is fairly spread

out in the (100 ) directions. Measurements show that the diffuse

intensity extends from the superlattice position marked P [Fig. 14(c)]

to that marked Q, which shows that there is diffﬁsé scattering present
near most bf the superlattice reflections in Fig. 14(c), except thos;
near A and C and their equivalent positions. Ifuﬁhere is aﬁy scat-~
tering-presentvnear A and C it must bevvery weak. The shape of the
diffuse scattering is quite different from that'qf Au_Cr and shows

3

no enhanced scattering towards the Dla positions.. There is also no

\

diffuse scattering observed near the satellite pdsitions of Fig. 1l4(c).
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. Thus the diffuse scattering results above T. in thin films of
Au-Mn alloys of compositions between 20-25 at% Mn show the presence .
of weak scattering near most of the superlatticé:rgflections of the

Watanabe type two-dimensional long period superstructure.

4, DISCUSSION

Thg-regﬁlfs of the sro éllof; presented abévéfshow conclusively
thaﬁ in alloy'syétems‘that exhibit diffuse‘{l%O} éro peaks, there is
additionallweak scattering present near thé supérléftice feflectioné,
which are not isolated from the {1%0} peaks but'mefge with them. In
differenﬁ SystemS'the'{I%O} peak assumes different shapes, so as to
giv;wfise to scattering near these various superlattice positions;
Now, first an aﬁtempt will.be ﬁade-to account fofbthe varioué shapeé
" of these,diffuse'{l%O} spots by using the C-M ﬁbdel,l It will be seen
‘that this model in its present form is Qnabie to accoﬁnt for all the
feaﬁures_of the observed diffuse scattering. NeXt-it:will be examined
whether: the structural interpretation of the sro state can expiain;the

observed shapes or not.

4.1. Statistical Thermodynamic Model of SRO: In the high temperature
approximation of the C-M model the diffuse intensity, 1(k) at any

reciprocal lattice point, k, can be written as

- L -
T - o v -
1<E)=c[1-,-§.lﬁ‘)—] o S ¢
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‘V(km) is the value at h
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‘where C is a normalization constant, TC is ‘the critical temperature

for order-disorder transitions T is any temperature above_Tc where the

_diffuse?scaﬁtering is measured, and V(k) is the Fourier transform of

the pairwise interactibn potential. For a fcc crystal, considering

the interaction potentials Vi's only up to third nearest neighbdfs

V(E)_can be written as,

V(k) = 4V1 [Cos ﬂhl_Cos ﬁhz + Cos WhZCos ﬂbB + QOS ﬂh3Cos whll

+ Cos 2 Th, + Cos 2 vh3]

1

_ +-2V2 ICos 2 Th 2

+ Cos Th.Cos 2 Th,Cos Th

+ 8V3 [Cos 2 Th,Cos Th,Cos Th 1 9 3

1 2 3

Cos_ﬂh

1

.+,C°S Th 20032wh3]

whe;g_{hl,-hz,

corresponds to the value of V(k) at that position in reciprocal lattice,

h3} are continuous variables in reciprocal space. V(Em)

Em, where it takes an absolute minimum value. The intensity I(E)vhas
a peak where V(k) goes to a minimum and in the present case, since we
are concerned with the diffuse peaks at {1%0} positions, the value of

1
1 9 = 5 h3 = 0. Using Eq. (1) iso-

intensity contours were plotted for all possible values of the ratios

\' -V T .
2 and 3 keeping a constant £ = 0.95 close to the experimental
v, -V T .

value. No matter what values of the ratios of the interaction param-

=1, h

eters were chosen, it was not possible to match the computed shape
with the tetrahedral shape of'{l%O} sro spots in Au-Cr alloys [Fig. 12(a)]}
and also in:Au4V. In the case of Ni4Mo, Clapp and Moss tried to match

the computed curves with the X-ray results of Spruiell and Stansbury

and obtained good agreement. But as pointed out earlier, the X-ray .
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results failed to detect any scattering near Dla positions'and so also

did the computations.

Slmllar attempts were. made to obtajn a match

for Ni_Mo and Fig. 16 shows the best possible match with that of

3 T, v, v |
Fig. 6(a), by using -— = 0.95, -— = .0.4 and == =,0.00; The
: T _ Vl . "Vl o - ,

ihtensities'are in relative units.

tering near N12

Here, althcugh the diffuse scat-—

Mo positions is reproduced well in the computed curve,

it is still not possible to obtain any scattering near Dla positions,

The shapes of the {150}‘spots in Au

3Mn [Fig. 15()] are quite

different from other systems as they are in the form of a cigar

elongated along ¢ 100 ).

by Moss and Clapp2 for-Au3
well with our experimental result.
\'

using a large negative v - =0.7
' 1

Mn using

-The theoretical diffuse'scattering map obtained

A"
Vg = +0.08 does not match very
A better match was obtained by
v
and Vé = 20.2 as shown in Fig. 17.
1

These results show that the statistical model, can explain the -

diffuse scattering results very well for Au3Mn, partially for Ni-Mo

alloys, but not for Au Cr, AuaCr and Au4V. Clappzé

3

this failure-may be due to the fact

has suggested that

that equation (1) is only a high

temperatufe approximation and in the region near TC the linear approxi-

mation is poor. The other possibility is that one may need to incor-.

porate higher order interaction parameters (Vij

beycnd V3) in order to

fully account for the shapes of {1%0} diffuse spots. In the follcwing'_

section it will be shown that the structural model can.qualitatively v

account for the observed results and at the same time gives a better

physical description of the sro state than the statistical theory.
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4.2. SthCtural‘Interpretation of the SRO State: Any structural

model for:fhe sro state in the systems investigated has to account
for the presence of all the weak superlattiée reflections observed,
and‘the’{léb}.spots; There are two Structures,bnaéely the DO, and
Ll0 M éii):that give rise to supeflattice reflgétions at'{léo}

22
structure exhibits superlattice peaks at'{l%O}'ahd also at {100}

positions in the fcc reciprocal lattice. A perfectly ordered DO

pdsitidn§ but the experimentél results do not shoﬁ'any diffuse peaks
at {100} positions. .It has been shown8 that if there exists a sinus-
oidal’ composition fluctuation within the ﬁ022 structure the {100}
refleétiéns are»éxtinct and thus the diffuse’srq peaks at'{l%o}
pbéitions‘have been interpreﬁed in terms of impe;fectly ordered
micgbdomains. |

It‘ﬁéy.seem edually likely that the sro state may have microdomﬁins
with LlO(M = 1) structure, which also give rise to peaks at'{l%o}
positions, Although this structure is rarely observed in ordered
alloys, recently Lin et al.25 have indicated that this structure might

exist in Au-40 atZ Pd alloy. In the composition range (20-25 atZ solute)

inyestigated the probability of occurrence of the LlO(M = 1) structure,

22

structure containing 25 at? solute, because the presence of LlO(M = 1)

which corresponds to 50 at? solute will be less than that for the DO

type microdomains in a sample with 20-25 atZ solute will also necessarily
mean the existence of very large composition fluctuations. Thus, it is
more likely that the imperfectly ordered microdomains with DO22

structure are responsible for the diffuse {1%0} spots, and this choice
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will be further justified later.
‘The presence of'weak scattering near Dla positione*in'Au3Cr,

» Au4Cr Au4V NIAMO and N13Mo in the sro state can- be due to the

presence of microdomalns with Dla Structure. In the NiaMo and Ni Mo

3
alloys there is additional diffuse scattering present near NizMo

p051tions?yh1ch implies that there are microdomains with leMo type

superstfueture. Since no superlattice reflections were detected at

3

Ni3Mo structure, although this is the equilibrium fro structure of

stoichiometric Ni3Mo. Thus, it appearsAthat in the sro state, Au3Cr,_»

Au4Cr and Au4V alloys contain predominantly microdomains of imperfectly

ordered DO,, and Dla structures, whereas in NiAMo and Ni,Mo additional

microdomains of NizMo type structure will exist. The reason NizMo

type microdomains do not exist in Au-Cr and Au-V alloys is probably

Ni _Mo positions, there may not be any microdomains present with the

because there is no ordered phase in these systems.ﬁith NizMo tjpe
structere;' The atomic size effects may also be very important in
deciding what structures will exist in the sro state. The three

999 Dla and NizMo are very closelytrelated to each.other

and, startlng with any one of these,the two others can be derived by

structures DO

simply 1ntroduc1ng a periodic distribution of {420}—-(110 ) type
APB' 3.8 15 In the'sro_state above Tc if diffusion is fast enoqgh,
tiny regione with these various types ofvclosely.related ordered
structutes may be continuously'formieg and disappearing in order to

~establish an equilibrium distribution. Statistically, there exists a

finite probability for some other closely related structures to exist
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other than the above three, but their volume fraction may be very small
to give rise to any appreciable diffraction effect. At a particular
stoichiométry the entiré sample may consist of such imperfectly ordered

microdomains with various volume fractions in order to balance the com-

position. The degree of order within these various types of microdomains -

must be Qery iow as it was impossible to obtain:contrast'invdark field
images of these diffuse spots. On quenching fést enough from abave Tc’
the high temperature distribution of va?ious tyﬁes of microdomains is
gssentially'retained. However, éepending on the quenching rate, the
deéree'of qrder within these microdomains ‘may be slightly enhanced as
is indicated by the intensities of Dla spots in diffraction patterns of

quenched Aﬁ Cr compared to those taken above Tc. 'The evidence for the

3
kpresencé of various types of microdomains is primarily based on their
diffraction effects. Although the dark field micrographs do not reveal
directly the microdomains when the spots are very diffuse, they do
reverse.contrast for respective microdomains after short time aging when
the degree of order has increased slightly. For éxampl; the microaomains
observed in Fig. 7(a) in the dark field of the {1%03 spot may consist

of predominantly imperfectly ordered DO,, regions. Recently

22

Penisson et al.26 have obtained evidence for microdomains in dark field

imagés of the diffuse {100} spots in Pt-Co alloy quenched from above Tc-
The above discussion leads us tobprdpose a structurél model of

the sré state that is different from the classical microdomain concept

wﬂere the structure of microdomains was simply éssuﬁed to correspond

to the equilibridm fro structure. In this modified microdomain con-

cept the sro state consists of not one but several types of microdomains
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whose structnres'do'not necessarily eorrespond_ﬁo the equilibrium 2ro
.structufef'-ln some cases, as in Ni3Mo, the eqnilibriumilro structure
may not exist at all in the sro state.{ This is very similar to Clapp's
PVM calCulatibn results,9 mentioned earller, where for the sro state

3
Au,Cu. Also the above description of the sro state ‘supports Clapp s

in Au Cu he found the most enhanced cluster type to be CuAu, and not

3

calculatlonsx

hat clusters may bevpresent corresponding to dif-
ferent supersEfuctures. Unfortunately; for the s&stems investigated
in this work there are no three—dimensional sro paxameters available,
. and so‘sueh PVM calculations cannot be performed. However, there are
some three—dimensional sTo parametersvavailable27 for Ni-16 atZ w,

an alloy which is quite similar to Ni-Mo. Clapp's calc:ulation324

using the sro parameters of Ni-10 at% W show the most enhanced cluster

to be the DO22 type. The next most enhanced cluster is the Dla with
one mistake. It is‘not unreasonable to expect a similar distribu;ion

in Ni—Mo alloys and so the previous ch01ce for the DO, , type micro-

22
domains to beﬂpresent in the sro state of Au—Cr,,Au—V, and Ni-Mo

alloys instead of L1, (M = 1) type seems to be Wellsjustified.

0
The results of diffuse scattering in AuBMn can also be explalned

qualltatively by structural models. The cigar;shaped {150} spots give

rise to diffuse scattering at the superlattice reflections P, Q, R, S

and their'eqnivalent spots'[Fig 14(c)]. The-superlattice reflectibns.

in Fig. 14(c) can be thought of as formed by the spllttlng of the

rec1procal 1att1ce points with mlxed 1ntegers hl’-hz’ 0, the
™ m) S
splitting distance being * - along [h100] and * 7i-along [0h20],
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which arise from the presence of periodic APB's at every Ml G == )
* : . T
ar. : . 1
and M, (;?9 cells along the respective directions, as described earlier

in Séc.'?-j. At temperétures‘above Tc,:if-theré-exist microdomains';
with thé‘Watanabe type structure, But without égy}ﬁixed pefiodicities
Ml and.Mz, thenvthere wiii be no strong superlattice reflectidns,

but a broad diffuse scattéring near positions cdfrésponding to all
possible perlodicities that are present as observgd in Fig. 15(b).?‘
Since the origin of the satellites in Fig. 14(c) is most 1likely to be
due to periodic lattice modulations or  composition modulations in the
Lro §tate5 these will be completely washed-out‘in.the4sro state because
tﬁere will be hardly any such periodic modulatién present. This ex-
plains the absence of any scattering near satellite positions above

Tc' Thus the diffuse scattering in AuMn can also be accounted for

3

by the presence of microdomains with Watanabe type structure. The

presence of the microdomains of such long period Watanabe type structure

. in the sro‘state would necessarily imply thét long range interatomic

interactions are present. The justification for long range interactions
being present in the sro state has been given by deley28 in terms of

flat regions being present on the Fermi surface.

5. CONCLUSIONS

1. The high temperature electron diffraction patterns of Au,Cr and .

3

Au4Cr above Tc show a tetrahedral intensity distribution around the

‘{1%0} pdsicions which gives rise to diffuse scattering at Dla positions.

The compérison of the as quenched state with diffraction patterns taken
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aboue T;lshqw that'thébsru s#ate is essenfially fetaineu.ouvduenching__'

 in this é}loy. o |
2. Thefdifffaction patte;us of Au4viiuftﬁe:§r6u§;éte also exhibit
diffuse‘scéttering atv{l%ﬂ} and Dla positions;t:'f-

3Mn abovevTc gives rise to an intensity‘

distribution centered around"{l%O} in such-a wayfthat weak scattering

3. The diffuse scattering in Au

is present'néar most of the superlattice reflections corresponding to
Watanabe type two dimensional long period superstructure.

4, The sro states of N14Mo and Ni3Mo show diffuse scattering near Dla

and Ni_Mo superlattice'positions in addition to. those at'{I%O} positions.

2

5. The presence of weak scattering near various superlattice positions
suggests that in the sro state, Au-Cr and Au-V alloys contain predominantly

v' imperfectly ordered DO,, and Dla typermicrodOmains.f The Ni-Mo alloys

22

contain imperfectly ordered DO

22°

whereas Au—Mn alloys may contain microdomains with a structure close

Dla and Ni Mo type microdomains

2
to that of the Watanabé type long period superstructure.

6. The exisfing statistical thermodynamic model 6f Clapp and Moss is
unabie tu explain the shape of'{l%O}'spots in Au-Cr and Au-V alloys

but can explain most features of diffuse scattering in Au-Mn and Ni-Mo
alloyé.v | |

7. The classical microdomain concept is not al&éys valid and the sru
state may cuntain more than one type of microdoméih. A modified micro-
domain modei is proposed in which the. sro state is.besf described_as

a mixture of imperfectly ordefed microdomains wiuh various types of
superstructures in different proportions.b This description of sro

state is very similar to Clapp's description in terms of clusters.

pes
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FIGURE CAPTIONS
bFig. l..'(a) [OOl]’reciprocal 1attice éection‘COntdining'Dle 'Nisz, :
{llO}vsro Spnts (b) [130] rec1procal lattlce section

Mo quenched 1n 1ced brine from :

Fig;.2. [001] dlffractlon pattern of NJ.4

1100°C.

Fig. 3. Isoéintensity eontour map'df.the [Odl]-eleetron diffraction
pattetn of quenched N14Mo The dotted 1ine outlines the portion
traced and the notations for NiZMo and NiaMo positions are the
same as in Fig. 1. |

- Fig. 4. [130] eiectron diffraction patterntof duenched NiéMo.

Fig. 5. (a) [110] diffraction patte:n-nf Ni,

4o after quenching in iced brine

from 1270°C (a) [001] pattern (b) [llO] pattern

Fig.WGL'.Diffraction patterns of Ni

Fig. 7. N13Mo samples after aging for 1 hour at 650 C (a) Dark field

micrograph of {150} spot encircled in_the‘dlffractlon pattern;
(b) the [120] diffraction pattern corresponding to (a).

Fig. 8. 'EVaporated thin film of Au,Cr after aging for 67 hrs at 270°C

3
(a) [001] orientation, (b) [I30] orientation.

3

(b) [130] pattern‘of same Au3Cr film taken at_370°C.

Fig. 10._'Electron_diffraction patterns of bulk Au

Fig. 9. (a) [001] diffraction pattern of Au,Cr film taken at 330° * 10°C;

3Cr after quenehing in

water from 550°C. (a) [001] pattern, (b) [130] pattern{
Fig. 11. (a) [121] diffraction pattern of bulk'AuBCr, quenched into -

water (b) the indexed pattern.

Mo. '(b) the indexed pattern.




'Fig. 15.‘.(a) [001] diffraction pattern of ordered thin film of Au

F
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Fig. 12. Three~dimensional rgciproca]tlattice @oﬂelé of Au3Cr sﬁowing
(a) the distrib;tion of diffuse Scattering'in the sro state,
(b) the éix variants of Dla in the fro state;' |

Fig. 13._:[001] diffraction pattern of Bulk Auavquenched in i;ed brine
from 900°C. | -

Fig. 14;1 (a) {OOli.diffraction pattern of evapbfatéd thin film of

| Au3Mn‘shdwing‘two—dimensibnal 1oﬁg»geriod-Supefstructure (Watanabe
type),1(b) another [001] pattern showing additional Dla super-
laftiée spoté, (c) sketch'oé.[OOl] pattern co;respoﬁding to Watanabe
type~structure. B

3’-“‘.

takeﬁ ét 450°C, (b) the same pattern as (a) bﬁt taken at 500°C.

Fig. 16. Theoretical diffuse scéttering map for Ni,Mo.

3

Fig. 17,. Theoretical diffuse sCattering'map for Au3Mn.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor

-any of their contractors, subcontractors, or. their employees, makes

any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights. :
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