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SHORT RANGE ORDER IN Ni—Mo,'Aﬁ—Cr; Au-V andé Au~Mn_AZLOYS
o B o 1 e L
8.K. Das,” P.R. Okamoto, P.M.J. Fisher &and G. Thomas -

Inorganic Mayerials Research'Division; Lawrence Berkeley Léboratory
Department of Materials Science and Engineering, College of Engineering
University of California, Berkeley, California 94720 i

ABSTRACT
The nature of short range order (sro) has been investigated in

the systems Au,Cr, Au_Cr, Ni,Mo, Ni Mo, Au_Mn and Aw,V, by fransmission
L 377700 3 L _

electron micéroscopy and diffraction. The éxaminatibn of the sro state,

3

at temberatﬁres_above the critical temperature (TC) for order-disorder
transformatiOﬁ and also in the samples tﬁat'were quenched from abové Tc?
showedvdiffuse.scattering peeks centered near {1%0} poéitioﬁs.in'Fhe.

fee reciprqcal lattice, whose éhape changed;from one system %o anéﬁ%er.
Evidence for. diffuse scattering near superlattice positibns corrésponding:
to the Dla structure ﬁaé obtained in the sro state.of Au-Cr, Au-V

and Ni—Mo;élloys., Additional diffﬁse scattering was observed ﬁear‘
NiQMo'posifiqns in the Ni—Mq alloyé; The diffraction patterns Of:ﬁu3Mh
above TC shéng gvidence for”, T:_LE:,wT diffuse scattering'néar tge
superlattiée pcsitions corresponding to Wataﬁabe’type two—dimensional"
iong period.su?erstructure. .

Using the pairwise interaction parameters up_to'tﬁird neareét
neighbors in the exiSting_sfatistical thérmodynamic model of Clapp and
Moés one cap”partially account for the shapes of {l%O}ISrd‘spoté in 
Ni-Mo and Au-Mn alloys, but not in Au-Cr snd Au-V alloys. On the other
"hand the;diffusé srovécattefing ih all these alioys can bé qualitatively-
explaihed:by assuming thé-presénce of imperfectly.ordéréd microdomains

1. Now at Argbnné National Laboratory, Argonne, Illinois
2. DNow at Monash University, Melbourne, Australia - ‘




2. '
or various Supérstructurés'that may'éxist in'thgﬂigﬁg fangé-qrdéréd
(2ro)Jstaté in'these éiloysf ‘For a partigulér stoichibmétry: the
gtfucfﬁrés of thé micfodomains:that“existiabové T, mayvdf ﬁay_ndf COrrés_
pondHﬁb'ﬁﬁé eqyilibriumfzgo'struétﬁré obtginea’gﬁ that,étoichiometric

composition. i

_'l;'iNTRODﬁCTibN. y

A édlidxéolﬁtidﬁihaviﬁékéhbrf faﬂgé'brAéra(éro)'ﬁsuéliy- eXhibits
diffuse maxima in the diffraction patterns. - in'ordér.td.éxblain the
shape and position of theéé-diffuée.méxima VérioUs models of the'sro
state have'bégh.proposed.'-TheSe fall intd tﬁo main ééﬁegoriés, némely
the statisticalhthgrmodynamic“modél ahd th¢ microdomain Orbmdré generally
thé structurélvmpdel. »In.this paper the wora micrbdéﬁaih ié ﬁééd to. 
mean é:tiﬁy'oraered régibﬁ, Whiéh may_érvmay not be peffectly orderedf
and whoée sizéfmay'vary ffomia,unif céll_fo}abbﬁ£ iOdX of'm9ré."One
microdomainjmay-be'Sepératéd;frqm'andthér’by anféﬁtipﬁéséZEOﬁndéfy
(APB) or 6t£ér”diséoﬁ£inui£ie$;:"AECOrding,fo.fhe éfatiétical thermo-
d&namic model £he sfq_is said fo exist when thereiié a tendenéy fdf
_eachfatom to be surrounded by ﬁoré‘than‘an éverage nuﬁﬁer_of.pnlikg.

atoms and in the microdomain model the sro state is described as an

aésémblyvof ordered microdomains separated by antiphase domain boundaries’

‘or other discontinuities. Both models can satisfactorily explain the
pééifionérof tﬁe éro diffuéex@dkiﬁa in-the:systeﬁs ﬁﬁérevthey.cpinéidé
with the oraéréd (iro)vstate;r_In tﬁé_micfodoﬁain'ﬁodei the diffuse
srb‘maiima”is éiplginéd asvdué,tb thétbroadehihg of thefsuperlafti¢e

reflections afiéing'from very small domain size.. So this model

[ T S
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requires'that'the position of sro maxima in reéipfodal space shduld

aIWays coincide with that bf the’superlattice reflections.

 Certain systems such as NihMo,l Nihw,2 Au

3Cr,3 and several Ti-0

alloys,h haveibeen found to éxhibit'sro diffuse maxima at positionms

other than the superlattice positions. In the ordered state the first

three alloys are isostructural and prseSS’a Body;cehtered tetragonal
structure commonly_knoWn_ds Dla, and are diSOfdered f}ch. above the

critiéal>temperature (Tc)' The’érO'diffuse maxima in these three

 systems occur at all equivalent'{l%O} positions of the ch‘reéiprocal

lattice, which are not Superiattice pbsitions.’ So the microdomain
mbdel fails to explain the position of sro maxima in thése syétems.
On the other hand the recent statistical thermodynamic model of Clapp

556

and Moss’’" is able to predict the shape and position of the diffuse

‘{1%0} maxima in NihMQ, ﬁhich'agrees’well with tHe'X—ray measuremehts

of Spruiell and Stansbury;l " On this'basis they rejected the microdomain

concept of sro at least for this Ni) Mo system. Recently Okamoto and

7,8

Thomas ' °>~ have shown that the microdomain concept is still valid for

the system NihMo and thesfléO} diffuse maxima can be explained by

the presenée of non-conservative APB's»ﬁifhin the microdomains which
give'rise to imperfectly ordered regions with DO22 superétructure.
The presence of micrcdomains was inferred from the diffraction evidence

that - samples of NihMo quenchéd from above Té ShOWedIﬁeak superlattice

- reflections -at Dla positions co—existing with much stronger'{I%O} peaks.

On the other hand Tanner et al.,> while investigating the AuCr

and Aﬁ3Mh syétemé, the ﬁwo other systems that also exhibit'{l%O}-sro'



-h;
maxima; did_nof report aqy:evidence*of'éﬁperlatticé refléctiqns in-
the sro stAté.f However, in their electron aiffraction studies of -
Au3CivéﬁévéiTc;:they ékamined only'fodl]'réciprOCQl.léﬁticé gégtionéénd  
as :has béén pointed out éarlierS this reciproqalﬁlatticé‘séctipn is’
, noﬁ'véry sﬁitaﬁlé for detection of week Dla Supgrlat£ice refléctions
and it iS'éésentiél fb[eiémine other réciprocal létticézséctidnsb.
such as [iBO]..'So:if'iévétill uncerfain as to whether microﬂqmaiﬁs'
exist in fhése'éystemé or not. .Siﬁce £hé diffracfign évidence for
the presencé'o% microdomains in NihMo;alioyS is based oh the'exémination
of quenched éamplés.and'quenbﬁing May héﬁe inducédlsqme ordefing; thefé )
is sbﬁe qﬁesinn asEto'Whefher the obéér#ed_séétferingvactually répresents
the s?é stat¢ at’temperafures abové T, or not.:vThﬁé,‘the micrbdbmain
quél still lacks génerality. The primary.objéctive of this invesfigation
is £¢ see if_ﬁhe-microdomainfconcept'of sra'ié ﬁrué_in geﬁéfal or not,
éspecially.for:?' systems'where the diffuse sro maﬁima are #otrcoinCident
with the supeflattice reflections. For this'a,nuﬁber.qf alleS,_éuéh

- as NihMo,.Ni Mq,'Au'Cr, AuhCr, Au

3 3
 behind these different systems lies in the fact that all of them do

3Mn, and Au)V were chosen. The’chbice'

not have the same'ﬁro structuré,‘aﬁd still_they’éxhibit sT0 diffuse maxima -

at the same bositionSnamely'{l%O}. The"sysfemstuhCr, Au,
3Mo is‘orth¢rhombicAwhereas Au3

a8 two-dimensional long period supérstructure; It was hoped that a

Cr, NijMo, Auhv
are isostructural with Dla, Ni Mn ' has
comparative sfudy of,theée‘various_syStemélﬁould reveai‘thé true

nature of the sro from the structural point of view.

[N S
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2. EXPERIMENTAL PRO'CIEDURE
Bulk alloys of Au

Cr Ntho, Ni_Mo and AuhV were prepared by

3 3
meltlng together requlred proportlons of the 1nd1v1dua1 components in

an are furnaoe5 back fllled wath argon. The purity of_all the startlng
materials waé-‘99;99% except for vanadium which was 99.9%‘pure;‘ The
alloys were meited several times in the fnrnacetin order to obtain a
homogeneous-oonposition. The ingots were encapsulated in quartz tubes

in vacuum_and nere'homogenized at snitable temperatnres. The compositions
ofrthe bulk alloys and their corresponding homogenization temperatures
‘are ehown in_TaBle 1. The ingots pere cold rolled in'6 mil strips with‘
‘intermediate.anneals.} The foile'Were then finally homogenized in an

inert atmosphere and quenched directly into iced_brine from their homo-
genization temperature.‘t N |

'The thinjfoiis of Ni—Movalloys forntransmission eleotron n;crosc0py

were preparedi by jet'poiishing in an electr01Yte containing two parts |
~of sulphuriC'acid and one part water. The thin foils of Au alloys were

'relatlvely dlfflcult to prepare and the w1ndow method was agaln used



6
. with an_electrolyte COntaininé.éS'gns, of chromicIOXiaes'hGSCQ acetic
a01d 2;cc water.‘ | |
300 6OOA 51ngle crystal thin fllms of Au3Cr were prepared by
vacuum depos1tlon of the bulk alloy onto freshly cleaved <100> faces
of NaCl substrate held at MSO°C. The substrate was degassed at 500°
forvl/2'hour prior to-depOSitlon. This~gave fairly_large'Single crystal
thin films.of <100> orientatlon. The samples Were homogenizedrfor'
- 2 hours at"%OOocrand mounteafon.platinun grids; 'Further“annealing‘
| was done.inslde the'microsoope.e The thinlfilmS'Of'AuhCr vere prepared
in a 51m11ar manner by meltlng together requlred amounts of Au w1th the-
bulk Au3Cr on the fllament to form the alloy AuhCr and then evaporatlng
on to the heated rock salt. The. evaporated thin fllms of Au3Mn were |
"obtained from Ml Lee Tanner of Kennecott Copper Corporatlon and were
similarito that employed’in his studies.‘ v | .
Allthe:nicroscopy'wasldone]on,a_Siemens"Elmiskop‘IA operatedfat”
IQO kV. A'standard Sienens.hot.stagejwas used forvthe'high temperaturev
'electron_dlffraetion_WOrk. The hot stage Wasrcalibrated outside the :
nioroseope;ln.a vacuun bell jar at a vacuum similar to the procedure.
'deseribed elsewhere_g - |

. The short range order study in&olved‘the examination of the eleetron

diffraction patterns of the six systemS'NiuMo, Ni3Mo,v .Au3Cr, 'Auhv and
Au3aneither-in the sPeeimens quenched'from above T or at temperatures

above T or both ' Because of the large number of systems 1nvolved the

results obtalned on each system w1ll be presented separately The

[N




'important crystallographic features of each of these systems will
be pointed out first and then the diffuse scattering results will
be’describéd;

3.1 NijMo: In the fro state the stoichiometric NiyMo has s body

centered tetrégonal_Structurelo commonly referred to as Dla in the

_ strﬁkfurbericht symbol. The crystallographic features of the ordered
' 8,11

NihMo.stfuctgre,aré well known, ‘and need not.be repeated heré;

One iﬁpdrtant feature; of this{Sfruéture is that'if one considers:
the_stacking‘of atoms o_n'{vh_Q‘O}‘.je planes, evéry'fifth plane contains
only Mo atoms and in betﬁeen pianes'contain'énlyvNi atoms. Thus;

thé recipro¢ai'lattice.for the. ordered structufé can.beAconstructed.
from‘tﬁe.fuﬁdamenfalﬂfgé latficé, since the superlattice reflections
appéar at every %<h20> recifrocal lattice vector of the fcc'unit cell.
The other structure whieh is importéntin this'Study»iS'that

of NizMo”; which: [churg as a'metastable'phaSe dufing tﬁe ofdering
oiji3M§l?‘and NihMo.13 The atomic arrangément_is iSOmbfphousvwith

ordered Pt Mo. As  the Dla Strﬁcture,’NiéMO“ ' can be described

2
by:theaSﬁacking of atoms on eithér'{h20} or {220} planes where every
third plane contains 211 Mo and in between all Ni atoms. Thus, the
reciprbcal'lattice_of the orderéd structure can be constructed from

thé ofiginal fee lattice, whéfejﬁhe gupéflaftice reflectidns will appear

at-ever& %<220$p_of %<h20>f reciprocal lattice vectors. This gives.rise

to six orientation variants of NieMo'correspondipg to six variants of {220}.

kT

'Furﬂ%fmmé,becéuse of eﬁhanced'scattering of}{l%O};sths'towards-tﬁose at

Dla positions, = " the shape of the‘{l%O} spots should be

*Unless otherwise specified the indices refer to the fcc lattice.

[
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,rsoméwhat iihe_the'dotted'trieugiedin_Eig.“l; 'However;-the?x;réy»aiffuse -
scatterihg'ﬁeasurements by Spruiell’édd.Stansburylion quehchedvsambles ;
of Ntho showed “the shape of {150} Spots to be qulte drfferent from

the expected shape.' In thelr dlffuse scatterlng map for quenched

VNtho the outer contours at (1—0) were sllghtly elongated towards

 the (100) ahd,(210) p051tlons and not Iike the dotted trlangle, Flg.‘l(a);
In order to re501ve this atperent discrebahcy iSoiﬁtensdty contour -

maps were drawn on an, isodensitracer from a number of diffraction

.-patterns ofhthe.quenched sampleS'of NihMo_(e.g;:Figlv2):as isrshOWH-in Fig. 3.

The original map uses‘a°color_c6de for the relativeviﬁtensitiesnand
Fig. 3 hesfheen redrawn from the original for easy’reproduction. The
relative inteusities are'in‘arhitrary'uhits. On.thisbmep'the positions
of theiDla;sud the Ni Mo superlattice:refiectionsvere7aiso_marked._ It
can be Seen_that thevuapfis'very similar to the.X—rayxhepcof Soruiell
and-Stanshury;l Here,.the diffuse inteusities near eech'of the'filQ}
pos1t10ns are ‘hot exactly the same because the optlc axis belng at |
the origin (OOO) the deviations of each of the {150} spots from.the

‘ exact Bragg p031t10ns are dlfferent HoWever, the distribution of
diffuse 1nten51ty 1n Flg 3 suggests that there may be weak scatterlng
present not only at the Dla p051tlons but also at the superlattlce '
pos:tlons correspondlng to the N12Mo structure. Thevobserved enhenced

. scatterlng of (l—O .spot tOWards (100),and (210) positions.ih'[OOl]

v patternﬁls most llkely to be due to the presence of weak sca+ter1ng

near the N12Mo <pots. In order to check‘thls several other rec;procal

1att1ce sectlons were ekamlned and Flg b shows a [130] section. The

I St A
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diffﬁsé peaks observediiﬁ this pattefn ars not entirely_dué.to the
Véak Dla spots as was reporied earlier.8 Careful measureﬁénts show
tﬁat the.cénfer”of thése diffuse péaks do.not lié e*actly at.thé.positions
wheré thé ﬁlé épbts oﬁght to occur. it'ban be séen'ermIFig.'l(b) that
- the projectiors of ﬁhei{l%O} spots on‘to the'[i30] recipr§cal lattice
_Sectidn liéf very close tofﬂnsé'bf the Dla spéts; Thé diffuse beéké
at A in Fig. L afe,'in fact, elongated towards the projection of
'{1%9} spots and have the shape‘outlined‘by dotted lines in Fig. 1(b).
Thus, the diffuse Dla peaks are hof isolated from the diffuse'{I%O}
5ro mgxima, but merge together with them. The diffuse scattering near
FB;.is differeht from that a£ 'A' and haS'ﬁWO wings on either side |
{marked by érréws) that éxtend'tdwérds>the positions of the NizMo spots
[Fig. 1(b)]. This showsﬂthat in addition to the diffuse scattering
" near Dla positiOns, there must be scatﬁefiﬁg near NiéMo pogitions. This
has never been réported befpre. ' This was further confirmed by.examining
a [110] section [Figl 5] &hich ééntains only_the NiQMO‘SpOtS'and no
‘{1%0} sfo or Dla spots. The.arfows in Fig; 5(a) innt té the wesk
peaks that éppear at the Ni Mo positions as indexed in Fig. 5(b). It
must be pqinted_out that_the detection of>such'w¢ak peaks depends véry
much on thé‘exposure time. In -the underexposed pléteS‘these may be |
missed aitééethér,_and iﬁ fhe preseﬁtjinvestigation exposuré'timeg_uﬁ to
10 minutes (with a well—defocussedISecoﬁd condensor lens)’weré nécesSéry
to 5ring 6ut the détails. ThuS@ in the quenchea staté NinMo samples ;
eﬁhibit\weak,séattéring near Dia and‘NizMo'superlatﬁicé.poéifions

coexisting with much stronger scattefing at‘{l%O}. 'Thé\scattering at
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Dla and Ni Mo poSitions are‘not‘isolated peéaks butvemerge from the

2
‘{1—0} peaks that lle ‘close to them.

3.2. NlEMO The equlllbrlum Lro structure of N13Mo has” been determlned'
by Saito and Beckly to be orthorhombic and isotypic with that of ordered
CuéTi.' The stoichiometric NijMo also does not have a true T, and
decomposes peritectoidally at'9lQ°C to o + NiMo and is disordered fce

at high‘tempefatures in the'single'phasevregion. On fast quenching

from the Single phase region the decomposition to Ni-Mo can be suppressed.

Tt has been mentioned s’ thaf the ero;state of-Ni3Mo is similar to
- that of NihM05 but no detailed sfudy as- £o whether any week'super—e
lattice'peaks are pfeseht”er'not has been reportea. During the'ise-
therﬁal aﬁﬁealihg phe'NihMo aﬁd‘NizMo phases appear esvmetastebie phases
at aﬁ.early]etage'end'finally the quiliﬁrium Ni3Mo fofﬁe; Tﬁus? it
' would.be inferesting to see wheﬁhef any:weak euperleftice eﬁotsnare
present in the‘sro state or not and if so of what type. B
. Flgure 6(a) shows a [OOl] diffraction pattern of N13bo quenched_
into‘lcedfbrlne.from 1270°C. This pattern is 51m11er to that of
NiMo (Fig, 2); Hefejihe‘diffﬁse seat£ering“appeere_to extend-from
one {1%Oi pqsifion'to the.neighboring ones in the form ef an'are,e
that passeeAtthugh the NiéMo positioh. Tﬁis meees.that the diffuse
' :seattering neer NiQMo pesitieﬁ may be more prominent in Ni3Mo than
in.NihMo." The fact tha£ this is so can be c-een'by comparing the [‘110]'
_ sectlon of Flg 6(b) w1th Flg S(a) where only N12Mo spots are present
The [130] dlffractlon pattern of N13Mo is axso similar to tha of X .

[NthOﬁ In all the sectlons examlned no ev1dence for dlffuse scatterlng
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near Ni3Mo positiens‘was obtaiﬁed;;:Thusthe,qﬁencheafstate of Ni3Mo
is similar to that of Ni) Mo and there is weak ScatteringApresent
nesr the superlaffice pdsitions CereSpoﬁding to the‘Dla and Ni Mo
struetﬁres in additien fofthe'{i%O} peaks. Aithsuéh it may be
surprisiﬁgfthat stcichiometrie Ni3Me does not show Ni3Mo superlatticeb
spbts bﬁt'rather NiéMo and NihMo superlattice spots, the reason.this
may be so will be discussed later. Hence, in the Ni-Mo system 8s the
stoichiometry changes from NiﬂMo to Ni3Mo the diffraetiOn patterns
of the quenched sampies do not change very much,except.iﬁ‘increased ,
scatﬁeriné'ﬁear NégMo positions with increased'Mo content.

In the as quenched condition it was not possiele tq obtain any"

resolvable images in dark field” of the {120} spots, but after

Slight‘agingethe dark field micrographs”did shHow images of particles

or microdomains. Figure 7(a) is a dark field mlcrograph of the. {1—0}

spot. enc1rcled in the dlfflactnon pattern in Fig. 7(b). This image 1s;similar

to that obtained by Ruedl et al.l in quenched NiuMo, and shows

. o ‘ . ’
microdomains of about 30-LOA in diameter, that do not have a well
defined shaﬁe and have a rather diffuse boundary. - In the quenched

samples of Ni_Mo the degree of order within the microdomsins may have .

-3

been too small to provide images of sufficient intensity to give contrast.
The microdomains observed by Ruedl et al. in quenched Ntho were probably
resolved because of -the slower quenchlng and resultlnp hlgher degree

of order,v Nevertneless, the fact is that microdomains are directly viSible
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in théfdafk.fiéld micrggraphs éf-{léO}.srq:quts, Qﬁen thé sﬁpérlatticé
vréfléétioﬁs éré-still véry aiffﬁsé aﬁd weék:  | | |

wa.thé'qﬁéstién afiséé’as to whefhérvthéSé qﬁénched sémplés.1_
rei)résént thé_sro'staté above Tc or not. Tt is quite possible that __
some Qro migﬁﬁ Have‘beén inducéd dufing the'quench:itSélf- TQ pfové‘
conclusivelyithat these‘weék'suﬁeflattice reflectiéns are pfesént
in thé sfé stafebit is‘necessafy £obexamine snecimehs at and ﬁear'Tc.;

In the'Ni—Mo system;:éince'the disordering'témperaturES

are rather high, electron diffractioh studies near Tc:ére not
veryvhélpful-ﬁecauée of "the éxcessive_thermalvdiffuse scattering.
Thus , thé'AUQCr and Au-Mn systems Whﬁﬁ have relati&ely lbwér Te were
chosén for high témperatufe‘électron diffractioﬁ'studiés, to see
whether:there.éré.aﬁy weak"suberiatticé réf;eétiOns.co—exiétiﬁg‘
>wifh {1%0} maXimaf | |
_3{3?-5&3&&: The quiiibrium‘Zro'étrucﬁu?é of:Ag3Cr’is‘ndt defiﬁitely ‘:
known“and tﬁeiphase diagram of Au-Cr gystem showsvtha£ an ordered
phase may‘be present 5eiow :3QO°C. However,lit haS'been_established3
that ih thin.films_the ailoyutransforms to the Dlévsupgrstructure. Current,
experimeﬂﬁs on bulkva11§y$l6  éhowvthat the'2rd stfuctuﬁé is not Dla,
,but’fhé exact.strﬁcture has not been.idéntified’yet; Tﬁus; thin films:.
end bulk alloysvmay behave di?ferently,;as has 5een showh'in AﬁéMﬁ.17
.In'the pfeéeht study the sro state'waslétudied both in thin fiims and in foils
: made'frbm bulk alloys.. Since thé important crystallégraphic
féaturés:df the Dla structure'haﬁé_béeh described eérligr, thev need

not be repeated here.
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FigureSSa and b show the [001] and'[i30],diffraction patterns.resPectively,

obtained from a th1n film of Au3Cr, after aglng for 67 hours at 270°C.

The patterns consist of superlattice reflections due to Dla structure

(see Fig 11) together with weak’spots that are due to ‘. double

}

diffraction. vThe Spots marked 'T' in Fig. 8(b) are due to the fine {111}

fec twins that are invariably present in such epitaxially-grown thin

films. As the ordered structure’Was heated the Dla snots suddenly
becamezyeek and the fl%O}.sro,spots appearedbaround_33C°C. This tempera~
ture is the same.as that reported 'for'TC by Tdnner-et el.3nfor Au3Cr. This
eritical temperature was a'good check on theFCOmposition_of the thin o
film Figure 9(a) shows a [OOl] diffractionﬁpattern obtained after
holding for 30.minutes at 330°C + 10°cC. Diffuse peeks can be seen at
{150} sPots'and these are triangularly shaped with the: |
edgesrextending towards :U~‘neighboring Dla Superlattioespositions. In
fact the area ofvthe,triangle covers almost the:entire area outlined_oy
the dotted'lines in Fig.,lé; Pigure 9ovshows a [I30] pattern taken at
310°C Similar to the case of Ni)Mo, here also the observed diffuse
peaks (marked by arrows) are not entlrely due to 'i,weak Dla spots but,
are elongated towards the projection of {150} s?otsoend have the shape
outlined by dotted lines in Fig 1b. So here again-the diffuse Dla

peaks are not isolated from the diffuse {1—0} maxima; but merge together

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

sro scattering centered about the {1%0};abut enveloping'the Dla positions.

It has been reported3 that the ordering reaction in bulk Aujcr is

very sluggish and diffraction patterns do not show any evidence of &ro

even after annealing
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for 550 hours at 270°C. ‘Thus, on fast qu‘enching from above Te it should
be p0551ble to retaln the ST0 state w1thout 1ndu01ng any lro.' In‘ofder

“to check this and also to COmpare-thejhigh temperature results descfibed‘

above on thin fiims with that of the'bﬁlk; samoles-of AuéCf were quenched.

vfrom various temperatures above Te. Figﬁré 105 and b show [OOl] and
[130] dlffractlon pa*terns respectlvely obtalned on - speclmens that were
water quenched from 550°C. . These‘patterns'are very'similar to the high
teﬁperature:electronvdiffraction paﬁte#nseehowh'in Fig. 9."Thes{l%0}
spots in the quencﬁed samples (Fig. 105)4are_sherper compared to those’
in difffection:patterhs at‘Téfjﬁj(Fig; éa); but the'shepe femains more
or less the-éame.' The '[130] pattern (Fig. lob);ié'elso identical to the

high temperature pattern shown in Fig. 9;_vHefe agaih the diffuse peaks

near Dla poqifioné elongate towafde the {llO} spots. In addition to the :

dlffuse peaks there are extra spots due to relrods from the (lll) and
(200) reciprocal lattlce p01nts above and below this sectlon.
In order to derive more conclusively the_shape of the {150} spots

some other reciprocal lattice sections were also examined. Figure 11(a)

‘shows a [121] pattefn,_thaf has been indexed in Fig.‘ll(b). The symbols =

used in indexing.are'the same es in Fig. 1. Tﬁe Dla positions marked

3 and L in‘Fié. 11(b) are espebially imporﬁaﬁt in_determining:the shepe‘
of {1—0} spots. 'Diffuse'peake canvbe.observea near tﬁese aﬁd-
equlvalent p051t10ns' They are eloogated in the <210> dlrectlone shown_
- by the full and dotted llnes on the" 1ndexed pdttern and are shlfteo in
‘the dlrecﬁlon of the arrows shown, whlch polnt,towards-the projection

of theAfl%O}lspots;, The diffuse scattering near the Dla positions such

..
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as 1 and 2 are aifficult to distinguish from the bi«b_ad aifruse { 1’%0'}
spot that 1iés very close to it. Based on the information ‘g-ath.e_:r-ed
above, a thrééédimensionél réciprocél‘laftiqe model offthé sfo state
ﬁas congtfuctéd and Fig.IIZ(éﬁ shows the intensity distribution around
each (130} position. Tt can be seen that each {130} spot is stretched
6ut'intd two triangular shaped sheets of-intensity that are ndrﬁai té
esch other. For coﬁparisbn the three-dimensional reciprqﬁal lattice
of the fully ordered Dla structure is also shown in Fig. 12(b). It is
clear that the‘shapes of the'fl%O} sTo quts_have'resulted from the
Presence of weak scaﬁtering‘néar the four Dla poéitibns éurrOunding'it.

The comparisop‘of these resulfs'Of?quenched bﬁlk samples with
yho§e obtained at?Té,proves that no &ro has: | -
been induced in Au3Cr‘during'the‘quench. Qn-this basis it‘is guite reason—v.
able to aésume that ih the Ni-Mo dlloys élSQ ﬁeak'écattering is preéent‘_
' heaerla and"NizMé superiatticé posiﬁioﬁs in the.er-staté above Tc;'
The faét quenéhing may have jusf slightly'enhaﬁcedbtheif,iqténsities..

3.4, AupCr: The equilibrium 2ro structure of AuhCr has been establishedl

to be Dla and ‘on heating it aisorders to the fecc structure around 325°C.
vTo the authoré' knowledge theré.haslbeen no report éf”the study of the
sro state abovejTé, but one wogld expect it to behave similarly to the‘

Cr. In order fé see'if.diffuse-scattering Centefed,around

system Au3

.{1%0} positions occurs,.similar to that Of-AuBCr; thin. films of AuhCr'
were examined above Tc., In theffuliyhdrdered state the diffraction
patterns were identical td thbse in Fig. 8.. On heating to a temperature

above Te ( 325°C) the Dla suﬁérlattice spots vanished and were replaced
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by diffuse'{l%O}vspots; Figure'l3”shdws a [001] diffractiOn pattern

| taken at 340°C. This pattern is identical to the diffréction patfern of

Au3Cf at Te shown in Fig. 9(a)l The trlangular chape of the {l—O} . | ‘ ' St
spots extendlng towards the Dla posltlons can be clearlj seen._ Examlnatlon B
of other rec1proqa1 lattlce seetlons also shoWed that the shapes of the
diffuse'{l%O}‘spots in'AuﬁCfisfexideﬁficsl to those of AuBCr and the
paéterns show diffuse seatteriﬁg néaerla_positidns. o _ v ' '

Thus , Au3Cr and AuuCr afe'similar to Ni3Mo ;ﬁa Ni#Mo in'that they ail i
have similar srefstructures; although-she fro structure of Au3Cr’in thin
£ilms and'bulklailoys may”be different. | |

3.5}<AﬁhV: The alloy AuhV also possesses the Dla structure18 invthe Lro

state and is dlsordered fee, ‘above T (~s565° C). .So‘far there hss>been'nq_
repprt‘Of any”electron;diffrsction'stﬁdy of ordeeriSOraer transformatioﬁ
insthis sjsﬂem:.-Since.thiS'System is isoStruCﬁuréi with NihMo and AuhCr
it would be iﬁteresting'to deﬁermine'Whether this al;ey.ﬁas a similar
sTO structufe (diffuse 1%0 reflectlons and weaR super1at£ice réflections).
Figqre lh_shews.e [dOl] elsctron diffraction pattern of a bulk sample
quénchedﬂinbiced brine from 900°¢. :Weak peaks caﬁ be obser#ed'in this
- pattern at {1—0} p081tlons (marked by arrows) There isean enhaﬁced
scatterlng of each {1—0} spot towards ‘the nelghborlng Dla pos1tlons; As
a~matter of faet the dlffuse.1ntens1ty_extends beyond\the_Dla.p031tlon “, . 'f._;;
vtewards the fsndamentsl fec‘spots, Examinatibn of other recipfocai- | o
,'laﬁticé Seetiens sueh as [121] and [130] confirmskthis.observstion.

The reason for this is not quite clear at
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present;vbut.iu_ehy.case the;important‘obsertetion‘isdthatIdiffuse
scatteriugsis present‘nearbDla ﬁositious; Although no diffrsction
patterns were'examined.at temperstures.abové Te> compdrison with the
results.on Au3Cr suggests that quenching retains the sro state above

TC, falr]y well in this alloy Thus,'tﬁe sro state iIn this alloy is

Very 51m11ar to that in the Au-Cr alloys.

3'6f Au3Mn: The bulk system Au3Mn shows a DO2ehstructure-[also‘described
as a long period superlattice of the type L1, (M=1)>i.e. an antiphase - |

derivative of the Cu.Au structure where an APB is 1ntroduced at every unit

3
cell] w:th long perlod stacklng modulatlons 17 In thin fllms this alloy
19

has a two—dlmen51onal long period superstructure analyzed by Watanabe.
The alloy Au)Mn forms the Dla structure both in thin films2o and in

buik, 1702

In the narrow composition range between 20 to 25 at% Mn at
least six different structures exist at various composition and temperature

' . - v : ]
ranges. Consequently this alloy system is very interesting in order to

see whether diffuse scattering above T, vshows any evidence for the

presence of weak superlattlcc reflectlons correspondlﬁg to any of the

compllcated ordered structures observed below Te-

Figure'lS(a) shows a [001] diffraction'pattern from an evaporated

thin film of Au_Mn showing only the Watanabe type two-dimensional long

3

period superlattice and Fig.'l5(b) shows a similar pattern but'containing

additional Dla spots, indicating a mixutre of'Auth and Watanabe type
. ' : v - S |
AuBMn, and that the filns probably differ in compositions.
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The [001] reciprbcal lattice section corresponding to the Watanabe

type structure is shown in Fig. 15(c), where the filled small circles

are the sﬁperlattice'spots'correspodding to the two-dimensional long | pl
: o i e ‘
period superlattice with periodicities ml = (ﬁ;l9 and m, =-(§£§9. Here . f

a¥, and a%*p refer to the'rébiﬁrocalvlattice_vectors and M; and M,

1ﬁand a, directions

correspond to-the periodicifieS'in.real space in a
respectively. That is, in real space the periodi¢nAPB's:occur at _ » “§
every M

‘and M2 unit cells in the a  and a, directiéns respectively.

1 1

The values of Ml and Me'meaéured from the diffraction patterns were
found to be 1-2 and 2-3're5pectivé1y, which are close to those obtained

_ bvaatanabe,lg In addition to“the superlattice reflections there are

weak satellites bresent (marked-byﬂsmail open circles) whicﬁ are.théught;9

to arise from.iatticé;mbdulaﬁions such as the variations in the lattice

spacing br écattering.factdr and hence have the same periodicity of

the APB;'S.__‘ ' A | : -
Thé two different kinds of Qrdered state, one cbnfaining the two—-

dimensional long peribd superlattice [Fig. 15(a)] énd the other a

mixture of:Dla and Watansbe type structufe.[Fig. lS(b)J were heated above

T, to examihe if tﬁere are any differeﬁces in the‘diffuse scattering

béhavior. During'heating, it was obéérved that the Dla spots diSappéafed

ICOmpiefély'arouhd ﬁSOOC and énly the Watangbe type stfucturé:rémained.: ‘. -

and Fig. 16(a) shows a diffraction
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pattérn taken at.h50°C. This pattern corresponds tqbthe film that
coﬁtéiged a ﬁi;tﬁré Of Dla éna Watanébé't&pé Strﬁctufé in thé’brdéféd
state before hééting'[Eigf 15(b)]. The streaks are still present at
this témpefaﬁure! On.furthér héating to 475°C ali ﬁhe sharp supériatticé
.refléctions'vanishéd and weré réplacéd By diffuse:scattering‘around.fléo}_
positions and Fig. 16(v) shows fhe‘pattérn'taken at 500°c; The samplés
. conteining only thé:Watanabe tyﬁé ordefed structure, éuch as in Fig. 15(a),
showéd diffréétion patterns above T. that were identical to Fig. 16(b).
- Thus the sro state sbove TC ih'theseusahples‘containing different initial
~'orderéd structures are identiéal.v Although the actual cémposition of
thése films are unknown the’ldﬁ T. ( L715°C) suggeéts £Hat the composition is
Mn. It can be'seenlfroﬁ Fig.'16(b) that the -

 closer to AﬁuMﬁvfhan Au
diffuse iﬁtensity is not .as.- goncenfréted.around {1%0} as was Qbservedv‘
in Au-Cr and Ni-Mo alloys), but is faifly spread oﬁt in the <100*> directions.
Measurémenfs,ShoW'fhat fhe:diffuse inténsify extends'from thé sﬁperlatfiée
positioh markéd:P"[Fig.'lS(c)] té'thatvmarked Q, which'sh§ﬁs that
there is diffuse scattering pfesent‘near most of the sﬁ?erlattice
‘reflectiéhs'in Fig, 15(c), ekéept those near A ahd C.and'their equivalent
fositions;f_lf there ié ény scatteringbpfeseﬁt near A and C it must be
very weak..‘The-shape of the diffuse écattefing i§ quife differént
from that of Au3Cfvénd_éhows no enhanced scgttering towards the Dia
positions. There is also no diffusé scattéring obser&éd near the
satellite-positions of Fig. 15(e). " |

Tﬁus fhé difque'scafféringvreéultsiaEOVe T, in tbin'films of

Au-Mn alloys of compositions between'QQ—QS,at% Mn show the presence
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éf.Weék SCattéring.ﬂear.most of thévSﬁpérlaffice'reflectiqné of'ﬁhé
Watanéﬁéfﬁypé twd-diméhsibnél'loné beribﬁ Superstfuctﬁ?é;‘
| . 4. DIscusstoN

-'.The'resﬁlfs.of.the sro’ alloys préséntéd aboﬁé sﬂow'conclusivély
thet in_alloy-syétems that,eXhibit=diffuse}i1%o}-sro;peaks;*ther¢ is
additional Wéak scattefiﬁg'préséﬁt near_thé:superlatfiée reflectibns.
These superlaﬁtiée reflectioﬁ#fgfe ndt:isoiétédfffomvthe'{1%0} peaks
_ but merge with tﬁé neighboring'{1%0}.péaks.:gThe supérlaﬁtiégvreflections
that aré obsérvea in the‘srolstaée in a particular alioy cbrre3pond'
tovonéfér moré of thé.lro phases that sppear in thafxsystém,”alihough
they.may or may not be the equilibfiqm %10 structure at thet particular
compositioﬁ. In different syétémésthe'{léo} peak assumes differént
shapés,‘so és to give rise to scattering nea£f£heée:Varibus superlattice
posiﬁioﬁs. Now, firét_an atfempt &ill be made.fo acéounf for the various
shapeé'of thééé aiffuée {1%0}'sp§£s:by usiﬁg thg statistiéal.thermodynamic
model of Clapp and Moss.? Tt will be shown that this model in its
présent form is unébie fo account for all the.featgrgs_of the obsérvéd 
.diffuse écattéring’and then it will.bé-examined whethef’the strﬁctural

interpretation of the sro staﬁe can éxplain the observed shapeé_or not.

h.l._S£atisticgl Thermodynamic Model of SRO: In the high temperéture

approximatiéﬁ:of tﬁé»étati§tica1 the?modynéﬁic_model de&élopéd by
_'Ciapﬁsand Mdgs, the diffusé-inténsity, I(E)'éﬁ any reciprocal lattice

Péint, k, éan Ee:Writtéﬁ as . : o |
-1

'.6- o
Ty =l e (k) Y
CHE®) =cf1- W%) (1) .
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~where C is a normalization constant, T, is the critical temperature
for order-disorder transitoin, T is any‘temperaturefabovech.where the.
diffuse soattering is measured, and V(K) is the Fourier transform of
‘the pairwiseAinteraction_potential. For a fcc crystal, considering '
the 1nteractlon potentlals V1 s only up to thlrd nearest nelghbors
'V(k) can be written as,
.V(k) . th [Cos mh, Cos mh, + Cos mh,Cos ﬂh3. Cos phSCos ﬂhl]
+ ' ? | a
2V, [Cos 2mh) + Cos 2 wh, + Cos 2_ﬂh3]
+ +
8V [Cos 2 nthos mh,Cos ﬂh3 Cos ﬂthOS 2] thCos mhy
ﬁCos: thos7thCos2ﬂfh3]

Where.{h s h .} are continuous variables in rec1procaL spece. V(Em)

' 2
corre8ponds to the value of V(k at that position in rec1procal-lattice,"
Eﬁ,-wherefit;takes‘an absolute,minimum value. The intensity I(k) has

8 peak where V(k) goes to a minimum and in the present case, since we

are concerned with the.difque‘peaks‘at:{l%O} positions, the value of

V(k ) is the value at hl = 1, h, = ;, h3 = 0. Using equation (l)
iso-intensity contours were plotted for all poss¢ble values of the

v V. : T
ratlos v~f.and V—-keeplng 8 constant E—-=_O.95 close to the experlmehtal

value. No matter what values of the ratios of the intefaction parameters
were chosen, it Was'not;possiblevto‘matoh_tﬁe_compﬁted'shape with the
tetrahedral shape of'{llo}jsroispopsvio Au;Cr alloys [Fig.'12(a)] aad,
also in Au,V In the case of Ntho, Clapp and Moss tried to match. the
computed curves w1th the X—ray results of szulell and Stansbury and

obtalned a good agreement. But. as polnted out'earller,bthe-x-ray
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results.failed_to detect any scatterihg near:Dla*positions and so also
the'bomputedleurves;"Similar attempts weré'maae totobteiﬂ”a match for
N13Mo and Flg 17 shovs the best p0531b1e match with that of Flg 6(a ),
T V2 V3
by u51ng T = 0. 95, 7= 0. h and'——'— '0.00. The 1ntenS1t1es are in

1 l :
"1though the diffuse scatterlng near N12Mo

relatlve unlts- Hereg

| .p051tions‘1s‘reprodueéaswell in thevcomputed curve, it is still not'

”possible toiobtaiﬁtahj>seattering hear”Die positﬁonsf = |
The shape of fhé'{i%O}'spet'in‘AuéMn [Fig. 16(b)] is quite

. different frombother'sjstems end“is'in the'formvof e cigar'e1ohgated

along <100>. The theoretical diffuse scattering map obtained by

S o v, e
‘Moss and Clapp6 for'AuSMn using ng = +0.08 does not. match very well
R I o R
with our experimental result. A better match was obtained by using
. . _“‘vé : v3 »' o v R
& large negative y— = -0.7 and i~ = -0.2 as shown in Fig. 18. On
1 l : '

vthe ba51s oftthls agreement between theoretical and experlmentdl

shape of {1—0} Spots in Au3Mn and the apparent agreement in Ntho‘}

: Clapp and Moss ruled out the mlcrodomaln c0ncept of Sro for these

' alloys, and said that the sro state can be best descrlbed by the |
statlstlcal theory Thejgmsent results show +hat the theory falls to
erlaln the sro °+ate in Au3Cr, AuhCr AuhV and the flne features of
the dlffuse scatterlng in Ni-Mo alloys.: r‘lap'pa2 has suggested that this

| fallure is due to the fact that equatlon (1) is only a hlgh temperature

_ approx1matlon and in the reglon near Te the llnear approxnmatlon ig poor.
It also fails to explain~some of the featuresvof_the-dlffuse‘scatterlng _
'dbserved.iﬁ.Cu;Av.alloys in the'sro‘state;-for‘examoieItheHWeak‘splittiﬁgj'

| 23,2h 6

obser#ed in thc dlffuse scatterlng in Cu3Au, CuAu25 and in CuAu3
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In the'following section it will be shown tﬂaﬁ the structural
model oan qualitafively_eccount»for the ooserved results ana.at the .
tsame-tiue gives avbetter phjsical aescription of the sr0 state than‘the
statistlcal'theory; | ‘

k.2, structural Interpretation of the SRO State: Any étructural

model'for'théfsro state in the Systems investlgatéd has to account

forbfhe preSenee:of all ﬁhe weak superlattice reflections observed

and the'{l%O} spot. There are two‘struCtures, namely the'DOzé and

L1, (M.é_l)‘that give rise to superletticevreflections at'{l%O}“positions

in the fcc»reciprocal'lattiCe. A'perfectly ordered DO22 struoture

ekhlblts super attlce peaks at {l—O} and also at {lOO} pos1t10ns and

‘the experimental results do not show any diffuse peak pOSitiOn. »It

has been shoWn8 that if there exists s sinuscidal compositiou fluotuetiou

within the Do22 gt;ucture the {100} reflections aré'éxtinct-and'thus_

| the dlffuse sro peaks at {1—0} p051t10ns have ‘been 1nterpreted in terms

of imperfectly ordered mlcrodomainc 3.4,:-§'“129 T T R
“ie. 1 Tt may seem that 1t is ‘equally 11kely that the sro state may

have mlcrodomalns with L1, (M =1) structure, which also_glve rlse_tor

| peaks at'{l§O} positions,.:Although~this~structure isjrarely observed.in

ordered alloys; sy recently L1n et al 27 have indicated that tﬁis-

structure might exist in Au—hO at 7Pd alloy Moreover the L1, (M = l)

structure correSponds to a st01chlometry of SO at7 solute ‘and so its

probablllty of occurrence w1ll be less than that for the DO structure coqtalnlng

25 at?% solute, in the comp031tlon range 1nvest1gated. The presence

Of Ll (M = l) type mlcrodomalns correspondlng to 50 at7 solute at this
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25 at% solute concentration will also necessarily mean. the.existence of very

large composition fluctuationsw .° . Thus, it is more likely that

the imperfectly'oraered microdomains with DO, Structuré'are responsible

for the dlffuse {1-0} spots end this choice will be further justified
- . ‘ . -

below.'" \

: The presence of weak scatterlng . - 7 near Dla positions in
AuBCr, AuhCr AuhV NruMo and N13Mo in ‘the sroé state can be due to

the Presence of microdomains with Dla structure In the Ntho and Ni_Mo

3

alloys there.is additiOnal diffuse scattering present nearvNiQMovpositions
which implies- that there are miCrodomains with NieMo_type.superstructure.
Since the intensity of.NizMo spots is greater in Ni Mo than in.NiuMo,

there may be a larger volume fraction of NiéMo type microdomains present -

in NiBMo than in.NiuMo; ‘This is in accord with what oné would expect

from the differcnce in ﬁolybdenum contents in these two alloys.» Since
no superlattice reflections’ét’NiéMo'positiouS'were detected, there_may
not be any.microdomains present uith NiBMo structure5 although this

is the equilibrium Lro structure of stoichiometric Ni3Mo..vThus, it

appears that in the syo state Au.Cr, Au)Cr and Au)V alloys contaiu.

3

Predominantly microdomains of imperfectly ordered DO29 and Dla structures,'

© Whereas in NihMo and Ni_Mo additional microdomains of NieMo type structure

3
will exist."The reasou‘NizMo type microdomains do‘not-exist in AueCr
and Au-V alloys is probebly because'there isvno ordered phasefin these
systems w1th N] Mo type structure The_etomic sizeteffects may aiso be
very 1mportant in dec1d1ng what structures w1ll ex1st in the sro state.

The three structures DO, D]a -and Nl Mo are very closely related to

227 2
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each other and starting with.eny one of these the two others can be
derived by Simply'introduciﬁg a periodic distribution of'{hZO}%<liO>

8,13

typé APB's. In fhé sro state abovévTc if ?’; iiffusién is fast
énoﬁgh; tiﬁy régions with fhésé vafious types offﬁfdeféd structures
‘may be continuously forming and disappearing in order to gstabiish

an equilibrium distribution. Statisticaily, théere exists a finite
probability.fbr‘somé'other cloééiy reléte& sfrucfures to exist dfhér
than thé‘above three, but théif volﬁme:fraction may'be very.small to
give rise to ahy appreciabie diffraction effect. The degree of order
Within.these various types of micrddomains must be very low as it wasv }
impossible:to ébtain%contfastcih~dark'fiéld_imagesfof”theséldifque‘y*y
spots. Qn gquenching fést_enough'f;om above T;é‘the high‘ﬁemperature
distribution of various types of migrodomainé»is essentiaily retained
‘and depending oﬁ the quenching rate the degree'of qrdér within these
microdomains may'be slightly enhanced as is reflected ih}the inten;ities
of Dla spotéyin.diffraction ﬁatéerns.of quenched Aﬁ3ercompafed.£o those
taken abgve T,. The'evidence fof the presence of various_types of |
microdoméins is primarily based on their,diffraction effects. Although
' _the dark fiéld micrographs do not reveél difectly the microaomains when
the spots ére Very diffuse, they do réverse conﬁrast fof>resﬁeétiyev
micfodomainsvaffer short time agiﬁg when-thg degrée of_drder has
increaséd slightly. «For example.the microdomains obsér#éd in Fig.'j(a)
in thé dark field of-thé'{1%0}uspot‘ﬁa& coﬁsist'of‘pfedominantly 

oo ;égions. ‘Recgntlj_?éﬁisson et‘al.z héve

- imperfectly ordered DO
obtained evidence for microabmains'in dark field imag® éf_the diffuse
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'{100} spots in .Pt-Co. alloy quenched from above Te

The above dlscuss1on leads us .to propose a structural model of
the sro state that is dlfferent from thevclas51ca1 mlcrodomaln concept
where'theisﬁructure of microdomaihs was simély assuued to correSpond
to the'equiiibriumfiro structure." In thls modlfled mlcrodomaln

'concept the 'sro state con81sts of not one but several types of micro-

domains whosevstructures do not necessarlly corresoond to the equlllbrlum ‘

gro structure. In some cases, as in N13Mo, the equlllbrlum Lro

29

structure may not ex1st at all in the sro state. Recently Clapp
. has usedia frobability'Variation Method (PVM) derived earlier by him,30
to»determine the complete frequency distribution_of nearest‘neighbor
configurations for a number of cubic'alloys from their:experihehtally '
determined sro paramete;s;7 His calcuiations showed.that the most
enhanced Configuration relative'fo the random state often corresponded
_to the perfectly ordered state, although 1ts volume fraction may be |
very Small. There were also departures from thls 51mp1e expeetatlon
although it is not clear how many cases (if any) result from data
limifatiOn, His calculations on AuBCu (Ll2 structure) show a rather
.surprising result thaf rhe most_enhahced clusfers'are the L1, (CuAu)
type and the fourth most enhahoed clusters are CugfAu type¢_ Unfortu-
nateiy,_for fhe systems invesrigated‘in»this-work there are no |
three dimensional sro parameters avallable and so such probablllty
vcalculatrons nannot be performed Hoveverz'there are some three_

dimensional sro parameters available3l for Ni-10 at% W, which is

quite similar to the Ni-Mo alloys. .Clapp's Calculationsa .using these

-
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sro parameters of Ni—ib.at%:w shﬁﬁ»thé mbst énhancedVCIuster to be
: D022“typé._fThe next most énhanced cluster is the Dlé with §né mistaké.
it ié‘nétﬁﬁnréésonablé tb.expéct’a similar distribution in Ni-Mo |
alloys and éo the"pfevious choiée.fOr DOég'typé microdomains to‘bé
présehtv in the sro state of Au—Cr, Au—V; and Ni-Mo aiioys instead of
Ll (M= 1) type seens to be well justif;ed; |
"The'rgsults of'diffusé-scattering in'Au3Mn'can alSorbe-éxplainéd
'qualitatively by étructuralbmodéls. The cigar shaped:{l%O} spots‘givé
fisé‘to diffuée scattering'at the superlattice feflections P, @, R, S
énd.theiffequivalent spots [Fig. 15(c)]. The superlaftiée reflections
in Fig. 15(c)‘§an be thought of as formed by the spiitting of the |

reciprocal lattice points with mixéa integers hl’ h2, and h3, the splitting
m ‘ m ‘

distance being iél- along [h,00] and_i§g~along;[0h22;, which'arisé

: : T = a¥

from the presence of periodic APB's at every M, (= L) ana M, 85 cells
1 .ml . (m""') R

. : - o . 2
along the respective directions, as deéscribed earlier in sec. 3.6, At

temﬁeraﬁures_above Tc,.if thére existg microdoméins Vith the Watanabe

type structgre: but without any, fixed périodicities Ml”and Mé then‘there
will be:no sfrong superlatfice relfections, but a broad diffuse scattering
‘near positiops corresponding to gll‘possible périodicities thet are

present as observed in Fig. 16(b). . Since the origin of the satellites

in Fig.»lS(c) is most likely to bé-due'
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to periodic lattice modulations or.composition modulations in the

Lro State;gthésé-will Be coﬁélétél& ﬁééhéd’oﬁt'ih‘ﬁhe'érovsfaﬁe'Bécausé»
fhénfthéré'will bé'hardly any $ﬁch periodic ﬁo&#laﬁiqn preéént; Thisv. o
éiplains3£he absence of any:sCaftériﬁgtnear:sétéilité.pOSitions aﬁé&é'
Té- Thﬁs-thé diffué;f;eattering in Au3Mﬁ can ;iso”ﬁe accoﬁnted for
By thé presgﬁceldf:hicrOQOmainé with Watanébé'type'struCture;" - A

The présence'of'ﬁhe.microdbmains of such ldng'period Watanabe type |
structure iﬁ the sro state wéuld necessarily imply ﬁhat 1ong rangé
interatomic interactions afe‘prééént{ Thié would:contradict thé usual
idea of;éhoft reange in£éradtioﬁs;béing'présént in the sro-state. The
Justifiéation.fdr ldng»range’intéractions béing'pfesént.iﬁ the'sro state C .:. v1'x
has béen_given by COwléy32 in terms‘of‘fiéﬁ regiqhs‘being‘bressédvon : | ‘_j
~ the Fefﬁi_éuffaee; ‘qus33 and Hashimqgo and_Og;a’n'«razl‘t have tried %o |
explain thé diffﬁse'split spots in Cu—Au alloys; aﬁdnalso Scattérgood'

, 3 _ : o : .

et al. have tried to exp1ain the'diffuse scattering in Cu-Al alloys
in terms of these flat regions on the Fermi surface. 'Thus, the presgnce

¢f long range interatomic interactions supporté the idea that microdomains'

with Watanaﬁe-type long period superstructure may be present in sro

Au-Mn alloys. In our descriptions of ‘these : . :nicrodomains it is not
at all‘{mplied that they possess 2 . perfectly>orderéd'structur¢, but
'an imperfectly ordered structure within which the degree of order may

be veryflowt~
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;‘5,'. i | CONCLUSIONS
‘11.” The high temperature eiectron'aiffractiou petterns_offAuSCf and
A&hc'r 'aboye T, shoir & té_t'r‘ahédi{al intensity distribution ;.rou:d
"the"fl%O}vPOEitidns whieh éives fiee to éiffuee'scetfering at Dla
' positions; ‘The comparison of the‘as'quenched state with diffraction
'p}é‘l'v,’ce'rn_s_ teken sbove T, show that the sro state is eésentially'
retained on quenchiﬁg in this alloy,_‘
.2. The'diffraction patterns of Auhv'in,the.sro.state also eﬁhibit
difmse 'scattering‘ at {1%0}’ and Dla positicns.
3. 'The diffuse’scattering in Au3Mn auove Tc'giues rise to an intenéity e
distribution centered around {110} in such. a way that weak scatuerlng‘

l

is present near most of the superlattlce reflectlons corre5pond1ng

~

to Watanabe type two dlmen51onal long perlod superstructure.

3
Dla and'N12 o superlattlce p051t10ns in addition to uhat at {1—0}

L. The sro: Qtate of 'l Vtho and Ni Mo show dl use scattering near

position.
5; The statistical thermodynamic model of Clapp aﬁd Moss is unabie
to.explain the shaée of'fl%O} spots-in Au-Cr and Au-V allbys but can
expléin the‘groes feétures of diffuse scattering.in:Au—Mn‘and Ni-Mo -
alloys. | | |
-6, The micfudouaiu-eoncept is:vélid.in.geuerai, but the sro'ététe.
:'may’contain mefe fhan one tyﬁe of miefodomaiu The sre state is
best descrlbed as a- mlxture of 1mperfeccly ordered mlcrodomalns w1th

Varlous types of superatructures in dl*ferent proportlons  The sro“
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 Au-Cr and Au-V alloys contain predominantly imperfectly ordered
DO22
'ordered D022, Dla'and Ni2Mo type microdomains Whéreas Au-Mn alloys

. may contaln mlcrodomalns w1th a structure close to that of Watanaoe

and Dla tyPe’micfodomains. The Ni-Mo alloys contain imperfectly

vtype long oerlod*Suferstructure. On the whole it is concluded that
the“stfuctural modol'gives a bétter_physloal descrlptlon of the sro»
state and éf fﬁe samo timé éccounfs forkthé obsérvod diffusé écattering _
results. . _ | |
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" FIGURE. CAPTIONS
l.:\(a)-[OOl] reciprocal laﬁﬁiee'Sectien containing Dla, Ni Mo,

{1%0} sro spots, (b)'[i30],reciprocal lattice section.

2. [001] diffraction pattern of Ni)Mo quenched in ieed brine from

1100°¢.

3. ISo—intensity Contourbmap of the [o01) electron diffraction
pattein of quenched NihMo. >The dotted 1155 outliﬁes the_portion
traced,faﬁaithe notations for Ni Mo and'NinMo positionS’are the.samee
as in°Fig. 1. | | | |
k. '[i30]1eiectfdﬁ diffraetioh pattern of quenched NihMo:

5. (a) [110] diffraction pattern of NijMo.

(b):tﬁe indexed pattern.

.6;_ Difffection patterns of Ni Mo after quenehing’in iced brine
from 1270°C (a) [001] pattern (b) [110] pattern.

T. N13Mo sample after aging for l hour at 650°C (a) Dark fieide
mlcrograph of {l—O} spot encircled in the diffraction pattern,
(b) the'[1§0] diffraction pattern corresponding to (a).

8. Evaporated thln film of Au Cr after aglng tor 67 hrs at 270°C

3

“(a) [001] orientation, (b) [130] orlentatlon.'

9. (2) [001] diffraction pattern of Au Cr film taken at 330° +

10°C; (b) [I30] pattern of same Au.Cr film taken at 370°C.

3

10. Elegtronbdiffraction patterns of bulk Au Cr after quenching in

3
water from 550°C. ( ) [001] pattern,'( b) [130] pattern;
11. (a) [121] diffraction pattern of bulk Au3CI, quenched into water

(b) the 1ndexed pattern.'
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E?g;_lé;:'Threé~dimensiqnal fééiprqcal latﬂige'quéls §f'Au3Cr showihg
(a)_the'distfiﬁutibn of éiffﬁsé séattériné‘in the'spo.state,"
(B) éhé six variants. of Dla in thé Lro state;' |

Fig.. _13‘..' "[001_1‘ electron_-aiffréctiop pattém of thin ‘fi_lm pf Au Cr |
't’ak;nf at 340°C. | | S |

Fig. 1k, [OOlIVdiffféétioﬁ'?aﬁtern of bulk AuhV:quénChed in‘icéd brine
from 900°C. o ,

Fié._lS. (a) [001] diffractipn_paﬁtern'of evaporated thin film of
AuBMn‘Shdwing two-diménsibnal long'ﬁeriod sﬁperstrﬁcturé'(Waténabe
type), (b) another {o01] paﬁfern shoWing additional Dla supérlatﬁice
spots, (c) sketch.bf“[OOI] péttern:correspondiﬁg to Watanabe‘type_.
'stfﬁcture.' | - |

Fig..16. (a).[001] diffraction pattein of ordered thin fiim Qf'Aﬁ3an
taken at 150°C, (b) the same pattern as (a) but aken at 500°C.

Fig. 17. - Theofetical @iffuse scatfering map for Ni3Mo. . |

Fig.'lB. -Theoretical'diffusé 3cattéring_map for'Au3Cr.‘
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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.




L PR
et =

TECHNICAL INFORMATION DIVISION

- LAWRENCE BERKELEY LABORATORY

UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

1

_@

&

&





