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- FIELD ION MICROSCOPE OBSERVATIONS ON
PERITECTOID GROWTH OF Niuw
'E. C. Tong and J. Washburn
Department of Méterials Science
" and Inorganic Materials Research Division
. Lawrence Radiation Laboratory
Unlversity of California, Berkeley, Callfornla
-ABSTRACT
Ni-20 at.% tungsten was successfully imaged and studied by field
ion micfoécopj. _The'exPeriments show that two different mechanisms

are involved in the peritectoid reaction, a homogeneous disorder -+

‘order transformation, o + 8 takes place in the o phase at lower tempera-

‘tures, but the mechanism is nucleation and growth of 8 phase involving

long-range diffusion of tungsten“at_highef temperatures. ‘The results

suggest that ‘below 800°C the range of gtability of the ordered g phase

j extends below 37 wt. % tungsten. It was also found that some long range

order with a domain size of approximetely 50 } IOGK still-existed in

the a phase when the alloy was annealed for 9 hours at 1300°C and

' quenched to room temperatuie._

-The defects andi$ﬁbstru¢ture resulting from the ordering process

‘ 'are discussed. A correspondent matrix was ‘derived which can. be used
‘to determine the conditions under which an antiphase boundary will not

'be Viéible on a field ion’ image.
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- I, INTRODUCTION

The mechanlsm.of growth of Nlhw was studied by Epremlan and
Harker.l Thelr x—ray observations suggested that the mechanlsm of
formatien of the ordered B phase was different at lov and aigh tem-
peratures;d‘Ordinary'uucleation'and'grorth of nearly stoichiometric 8
‘with gradual dlsappearance of vy and a phases took place at 950°C aging
'temperature vhereas a dlsorder to order reactlon in the a phase took
_place at aglng temperatures below TSO°C Thelr results ‘also’ showed
that the range of stablllty of the B phase below’ 850°C should extend at.
'least as low as 17.6 at % W. |

Fleld ion mlcroscopy is. capable of prov1d1ng very dlrect lnforuatlon.
concernlng the mechanism of phase transformatlons._ Because order-
disorder' transitionsireduire Oﬂly loeal atomic-rearrangement, no léng
-range dlffu51on, mlcroscoplc observatlons on the atomic scale are
'hecessary for studylng the mechanlsm. Fleld ion mlcroscopu prov1des the
requlred resolutlon, but to date only a few systems such as Pt- Co,2’3’u
fand NthOS have ‘been successfully studied by ‘this technlque.

o In general dlfferent types of antlphase domaln boundarles are
fbrmed as a result of orderlng. :SubstructureS’ln ordered'phases have
lteenbstudied by electren‘mfcroscopy ahd'analytically,-but nbt much by.
%ieldiiou‘uicreSCOpytv To the-authors' knewledgefthe F.I.M. iﬁaée.ahd

.tue substructure of Nihw have not prevleusly been iuvestigated;f;
Structure of Nlh |
The constltutlon dlagram of the Nl—w system has been studled by
-,1many'lnvest1gators. Epremian and Harker were the flrsteto sh0w that

Nihw'forms'abSUperlattice derived from.the FCC structure. Ordering results




ip a.sligh£ distor§;9n to a tetraéonal syﬁmétry ﬁith‘cd/ao-='0.980Q

The‘phgsevdiagramvablished by'Ellinger and Sykes6 is shown in Fig. 1.
Thé‘drdered’e'ﬁhase has a bod& centered tetragonal unit cell

contaihing'two W atoﬁs ande_Nivatoms; The relaxicnship'between the

Nihw‘uniﬁ,éell and the distorted FCC lattice is shown in Fig. 2.

Based 6n f£é.crjéta1logfa§hic arrangément ;hown in Fié. 2 the relation-

ship can be algebraically represented by a matrix equation

A= BoiplAi" SEIRIRIP RPN ‘7(1)
: (h : ) - : . o
‘where A =‘kJ is a vector formed with the Miller indices based on

ST L )
- the distorted FCC'lattice A, =

H .

KI is the vector formed with indices

_ A o iLE 11 310

based on the unit cell Nth, Pl = -5|=1 3 0 1is a transformation matrix -
: - o 005 '

and o

By = fn? o2 )/ s 241

The abdvevmatrix is not'uﬁiqué, but dépeﬁd$ on'how'tpe ordering
proceéé starts wifh rgspeét tostﬁé disbfdéred'd phase. An ofdered
ddmaiﬁ céﬁ'be»formed in six differenf orientations fbr a given_ofien_
' tati§n of originéi FCC matrix, furthermore, there afe five equiva-
‘ient,franslational poSitions for an ordered domain. This resﬁits‘in
thirty ways'dffférming equivalent érdéféd.doméins. Fig. 3 shows the -
 six‘differenf ordériﬁgIOrientapions,"

 ,If ﬁérchbose>thebgebmetricél reiaiionship shcwn-in.Fig.>21§s_our
éfandé?afordéfins sense; and lét‘Plirepfésent the rel§tionshi§tbetween
thgldistorted FCC cell and-thetNiuW céll;'tﬁen‘thé-mathematica¥
.rélationship between other.eQuivalent Niﬂw cells with respect to th?,

fixed orientation of the disordered phase can be expressed by matrices,
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'Pi'(i =,1,'.,. ‘e . 8), i denqtee the type of‘orderingvaccording to

Fig. 3,fwheré' ' i 3'140
s P1‘= 5 -130
| 005

130

P, =-% 310

oo -0 0«5

005

P, = %- -130

~3-1 0

oo

. 310

Py = %- 005

| 1-3.0

R 0

L2 3 o

h'inr#hié.paper somevF.I.M: dbserretiohs oh_Nihw are presented which
further demohstréte fhe'usefulheSS of.fieid ion microscopy in the study
hcfhphaee frenSfprhaticns. |
T 11, 'EXPERIMENTAL“P§OCEDURE
An ingot of N1-20% at. W was prepared by meltlng 99.95% pure
nickel and G.E. 218 tungsten wlres together in an argon arc furnace
 Th1s ingot was then cut into small pleces and melted twlce forcbetter
;m1x1ng The final treatment vas to anneal the 1ngot‘1n a vacuum
'1{furnaceifor 90 hours at 1300°C and then quench 1nto oil at rcom :
"temperaﬁure.. The 1ngot was then swaged into a O 01 in. w1re. Several

v'“ihtermediate anneals.were~necessary during the swaging proceSS. The

-~ wires were aged at-1300°Cvfcr 9 hours ahd'were quenched in oil ‘at room N

temperature. We will refer to the alloy in this condition as the

as quenched alloy.
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| The .ordering temperetﬁre-for NiLW is 970°C-£_109C.- Ordered and
perfialiy ordered wires were prepared by-annealing the as quenched
elloy wiresvin small eVacuated quar£Z'tdbes-at various'temperatures-
beiow thié'erirical.temperature. At thebend of the ordering heat
treatmenf_the Wires were quenched'imte water at rdomvtemperature.
bField'ien tiﬁs were prepared from’the wires by standard electro-
poiisﬁing’fechniques. Pure helium from a»eontaimer'of liquid helium
.mes used to:ceol the field ion tip so that the.tip temperature comld
be eOntrdiled by the flow rate of the cold gas.
| RESULTS AND DISCUSSION

3 1 Fleld Ion Image of As quenched Alloys:

Figure b4 shcws a field ion microgravh of an as quenched alloy
which wasbahnealedbat 1300°¢C for 9 hours in a vacuum furnacevand was
quenched into oil directly;. Eecause more than 9Q5 of the volume - of
the as{éueﬁched alloy is a.phaSe of apﬁrorimatelf 38 wt.% W and the
particles:of W rieh'soiid solution are distributed threugh the o matrix
in a COeree dispereion. only the a phase is usually ebéerred in a FIM tip.
'{The fieid iom‘image of.the o phase frequently has a <lll> direction mnear
:its center or less frequently <lOO> as ‘a result of the preferred orien-
tation developed during draw1ng of the wires.

' The fleld evaporatlon characterlstlcs of thls as quenched a solid
-eolutlon are Sensitlve to temperature. The fleld evaporatlon voltage
"is very clOSe to the best imaging voltage when the tlp temperature is at
llqu;d nltrogen temperature, and a slow eveporatlon process stlll o
goesm on at the best lmaglng.voltaée ~ The ion imaée 5eeomesvmere

E stable only when the tip is develoned to a larger size which usually
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corresoonds to a tlp voltage of eoout 15 kv.
| The tlp end . form after fle¢ﬂ evaporation is also sensitive fo
the temperature. then the field ion tip is develoned at licuid nltro5en
temperature, the fleld 10n 1ﬂa°e showed bright clusters scatterrng all
over the tip surface. Figure 5 shows a typlcal -mage. With a tip
ceveloyed near llquid heliuw terner&ture the end forﬂ showed a much

more even surface; the‘scattered clusters disappeared (Fig. h).

4

Lhe low 1ndex plane ring patterns of the cubrc structure can stlll
be recognized. Lhe spots on this pattern can be roughly separated
iuto two groups, bright and dlm. It seems 11kely that both tu“gsten
and nlckel atoms are contributing to the imege.' |

Meny ;ucompiet rin~ uatterna ana certein well developed vlanes
wnicn do not correSpond to very low index ,lerea of <he T.c.z. lez:zce

can be found in the image. Some of these pianes esre indicated b

B

~

circles in ¥ig. L. They are {210}fcc’ In addition, the occurence oI

half rings is frequent compared with the computer simulation of & cczsletely’

disordere& Ni - 20% at. W elloy (Figri6). The coiputer simulation-

showﬁ iu Fig._6'rwas derived.from,fhe f.c;c. computer- image shown r

in Fig. T by assuming that only one fifth of the spots chosen ae raudom.

will'eppear. | | | | ) | : |
Many dark lines were observed 1n the as quenched fle;o ion images.

Freguently, a strlng of brlght 1ma~1ng spots decorated these dark llnes.‘

These lines alylde‘tne entire 1mage 1nto nany small devisions, each,r

'Vdivision being about 50 ;;lOOA iu.siee. vTﬁey can be'broughf;out with
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betfer.definition if the photograph is taken while slow field:evaporatigq
is goihgfbn as shown in FigLfB. | | | |

3.2 - 'rhé_ Ixiage of Fuliy Ordered NijV:

A fully'ordered Nihw field ion micrdgraph is shown in Fig..9. The
lmage is stable even when the tip is at liquid nltrogen terperature
as long'as'the imaging voltage is over'l5 kV. When the tipvtemperatufe
is cooled by liqﬁid,helipm, the whole ihage becomes extremely stable.

sinée,w atoms contribute the major image spots, only ene-fifth of
the total_ionizetion emission’centers‘arereffective and consequently the
imaging gas,pressure required for imaging.Nihw is‘much less than that

or a tungsten tip to produce approximately equal brightness at the

1,

.saze voltege, For example, only 1 to 2 x lO_h torr is néeded for
a2ging Ni Woet 12 KV wﬁile,_fer most cases, & presstre of 10-3.to rr
is'teedei'fcr ; regl ng tungsten.

'The field evaporation rate ef N1 W is very sensitive to temperature,
the gap between the best 1mag1ng voltage and the fleld evaporation
vo;tage is. very small at 11qn1d nitrogen »empewature but is large at
liguid hel;um temperature, for examnle, at 15 xV the gap is 0.5 to
1.0 kV at l¢ou1d ﬂlerogen temneratuve whlle at llquld hel¢un ‘tempera-
ture, the gap 1sjabout 2 to 2.5 kV.

The field ion micrograph snown in Fig. 9 is indeged aceording to
a eoey centered ﬁetragonal unit cell. ‘A stereoéraphlc projectlon of
the b.c.t. s;ruqture for Yluw was calculated, Fig. 10 land was used
to index t;e microgrenh. | t is easy to see that the overall symmetryi
cf'the'field ton micrograph is the'same as the symmetry shcwn'iﬁlﬁhe

_ stereographic projection.
_ /
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Therevafevtwo_waYS to orient the'B.phase with respect to each
{100} axial direction’of the parent f.c.c. phase. To determine which

of the tvo ways the ordered domain of Fig. 9 was formed it is necessary

: to distingulsh which planes are fundamental planes and which are ‘super- -

lattice planes among the {121} family.

The eontrastrof the ring'pattern is.much more uniform and brighter
fer:e sﬁéerlatfice plane because there isvonly one kind of atom in
each inéi&idﬁal layef; le.Fig;vh-plaee (121) is the fundemental
plane and plane (211) is the superlattlce plane The'planes cen
also be dlstlngulshed if a twin boundary cuts across a {211} plane;
if no disruptlon of the pattern occurs near a particular {211} pole’
thenvit must be a fundamental plane.

_‘Fof most Binary elloys only one atomic_épeeies produces imaging
spots. ‘Fef eXample5.aseuming invisibility of Co atoms ieyPi-SO%_at;
Co alloy, Tseng‘apdiMﬁllere were able to giie feaebnable intefpretations
bf ﬁhe:atemiclbackihg on (OOl).plaees‘of‘the P -Co;ordered pheseﬁ
In the NihMo system Hrenu concluded that only Mo atoms contrlbute
imaging from a comparlson of the tip radll obtalned by ring counts
en the lgyered planes’and from the equation, R = %;. ‘We propose’
another eonvineing.way to show that only W atoms produee'major imaging
spops; For the Ni W structure, the {12i} family has_tQQ subfamilies.

'Qne'is the set of fundameetaljplanes and the'ofher is the set of
.véuperlattiee plahes. The interplanar.spaeing of the.fundamental plapes
le:five timesvthat”of ihe'suéerlattice ﬁlenes.. Therefore, for aﬁl
vepproximgtely spherically sheped field ion tip; the ring counts away

from the poles of {121} subfamilies for a fixed arc length should be
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_differeht; ;Only threebcases can occur, if both at;;ie Sseeiesiﬁroiuee.
imaging prtS, then the rlng counts for the superla$t1ce pla. 'sﬁoula‘
be fi‘ve times that of the hmdamental planes, if only Ni atoms %;:.iage, '
the ring counts for the superlattice plane should be h times ‘that for
fundanental planes. |
If only W atomsfprodﬁce:the major imaging spots eQﬁal‘riegs countg
should be eesefved for both subfemiliee. In Fig. 9jdne'ef the planes
'(121) and (211) mﬁst be & fundamental plane and the othef_ie a Supef-
lattice plene. 'If‘is clear'that the ratio.of ring counts is close to
l. lherelore, only W-atoms nroduce major imaglng spots.  The 'good |
fit of the field ion- 1mage patte“n to the stereographlc projection of
a b.c.t.[Structure further—supports this_conclu;loe.
3.3 Partially Ordered Ano;}s;'
T3.3.1. Alloys aged at 750°c-f
A F. I M. mlcrograph of the alloy aged for one hour at 750°C is
shown 1n*Fig. 11(a). The.mlcrograph shovs almoet the same char-
_ acteristics as that of the as quen ched alloys. Manf.rahdom spots
and a lot of incomplete half ring’patterns can be seen. Low index
planes can be recognized quite ea51ly by thelr hlgher.den51ty of
gaCal“g. Vunerous dar& lines slullar to those seen in the as quenched.
: alloj also appeav at this suage as shown in Flg. ll(b)
At a few places, one 1ndicated by arrow in Fig. ll(a) there’ie:a
- more regular arrangcment of atOﬂ’C packlng. These places do not
correSpona to planes ol_nlgu atorlc populatlon for the f.c.c. Su“UCuure.
rr‘:ere:‘ore, we_belleve‘tnat it 1s-a sign that localxzed reglogsvpaye.

 becore orcered at tuls texmperature.
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3.3.2. Alloy aged at 850°C

" AF. I M. image for the alloy aged at 850°C for 30 mlnutes showed
c1early thatAorderlng had developed at numerous centers_over_the o
entire region’of the specimed. 'Each indifidual domain can be distin-
gdished;/and tﬁeve?erage domain size is approximately 50 -~ 100A.. For
eaeh"smallzdomain ordering hes reached an advanced staée. (See Fig. 12(a)
~and 12 (b)),

Because the domaln size is so small, it 1s-camnletely 1m50351ble
to_index the F.I.M. micrograph. Field evaporation frequently tended
to strip awéy.smail:pieces of the tip material rather than to strip one
atom after another. Therefore, many of these ﬁips were losf.during
_observation} Because no regions of dlsordered o phase were. observed the‘
'_range of stablllty of the ordered 8 phase must extend at least as far
as 38 wt.% W on the low tungsten.s1de.‘ This observation confirms the
'i-ray resulfsuofprreﬁian and'Harkerfl |
3.3.3. . Alloys‘aged at 920°C

The peritectoid temperature for this alloy is 970° + 10°C.
vFig. i3(a) shOWS a F.I.K. mierograoh of en.allojvaged'at 920°C for
"ooly 18_minutes.v Both ordered 8 Phase and disorderéd.a:phase regions
'were found‘eo—existing toéether. The ordered domains withiﬁ the ar
f'vere much larger than those formed durlng anneallng at 850°C 'Some
fiof the B phase reglons touched each other, and some of them were
t seoarated by o phase regions. | | |

When the ennealing’iime was increased; the_ordered B,phase regions
 beoame larger and more'of them caﬁe'inoo contact with eaeh otﬁer, but

. some a phase volume still remained. In Fig. 13(b), the area inside

S
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the dashed line ié'Still‘ag a phase region. In the B phase many

 vertically elongated domains can be seen. These domain boundaries

could be accentuated by making the exposure while a very slow field
évaporgticn was going on, (Fig. 13(c)]. We believe that these boundaries
are formed by dislocations which are moved under the action of the

extremely high stress associated with the electrostatic field. Par-

'ficuiarly when a tipzis'eliipsoidal there’ére shear components. The

8lip system for this plastic flow is still not clear. A similar

phenomendn has also been observed in the pure metals iridiumT and

cold'wdfked.tungsfen}

Whén the annealihg time was increased to 3 hours, the ordered
domains became very large. o and 8 phase regions were very clearly .

distinguishable (Fig. 14). Within each 8 particle long range order

was almost perfect. At this temperature the formation of B was clearly -

é'nucleation and grcﬁth process involving solution of y phase particles

 and diffusion of W to the sdvancing 8-a interface. In the alloy annealed

for 90 hours at this temperature the 8 phase regions were large enough

to occupy the entire FIM tip. Each vahase grain was composed of very

large domains.

L, Defects in the Ordered Structure:

k1. Point Defects:

Thrée kinds of elementary point defects can occur in an ordered

elloy, they are vacancies, interstitials, and misplaced atoms.. In

Fig. 15 some very weék image spots can be seen among the bright. edge

of superlattice planes. Two of them are indicated by open arrows.

By comparing the fréquehcy of appearance of these wéak,imaging spots
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to the kho&ﬁ coﬁcenfrstich of ihpurities it wss concluded that they are
mostslikély due nét‘to impurities but rather to"misplacea:Ni'axoms. The
.Ni-lsysrs in the suPérlaxtiCe'piane'are éxtrsmely unstablé on e*posure
td_ths 1maging field; Occasionslly wé were able to see a very faint Ni
ring, but whéﬁ a hickel-atoﬁ is on a ttngsten site fhe surrounding

W. atoms may shield a portion of the field and consequently the Ni

atom becomes stable enough to remain. For the Same reason, the Ni atoms
along & fundamental plane edge are also mgre stable than Nl atoms in

a. 1ayer populated entlrely by nickel. |

Tungsten atom vacancies were also found in the field ion micro-

graphs as would be expected in B8 phase of comp051t10n less than 43 wt.%-w.

They appear as completely dark sites in a superlattice plane. Ons of
them is indlcated by a circle in Flg. i5. |
| ‘During the observation period some extra brlght séots occa51onall&
vappeared in the central position of certain superlattice planes;, These
cOﬁld have been misplaced tungsten atoms in Ni layers;
_yh,é. Tfshslational'AntiphasesBouﬁdariés and Liﬁé Defects:
A perfect superdislocationican dissociate itsslf into partial
dislocations. These partial dislocstions are sssdciated with stacking
faults or trapslational antiphase boundaries. Le Fevre, et al.81have
discussed the applicatibn.sf the (ng) éfiieriong ﬁosthe cqnﬁrast of
'trahslstiOnal anti?hase 5oundaries in ordered NiLMo field ion:images;f
They shswed that if (g.R) # integef (where g.is the ;sciprocal‘lattise
#ectof of'the'plahe éhd7R is the disPiacement véctor_fbr-the‘app;phase
ﬁouﬁdary) the trans1atipna1 antiphese boundaries in an orderea Nij Mo

- field ion image will give contrast in the form of a hismatching of the

©
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ring patterns along theeboundary;:

" A loop of partial dislocation is indicated in Fig. 16 and the

miematching of the'ring'pattern is cleer.',Figure lT‘shows another

‘cesejof a partial which causes a trace of mismatch across the (110)
plane. _A'peffect‘superdislocation has not been fonnd in our field
ion micrographs.

4.3. Domein Structure:

The interface between two different ordered domains which have
nucleated from a common parent grain of perfect single crystal is an

antiphase boundary. Only certain relative orientations are possible.

If we define the three axes of the ordered structure with. respect to

the three axes of the parent dlsordered erystal as- shcwn in’ Flg 2, then

the orientatlon relationshlp between any two domalns nucleated from the

common single crystal grain can be represented by a metrix. Eq;"2

- shows the algebraic relationship between any two domains of type i and

J: R
o, . A I
c, (/D)2
_ Ai,? YiJ 13 A.j vy, = ( h | k )5_+>2 i
e , (';h§;+ kﬁ)% +—z§)J
and C =p e
RIS & | oy
"where A s Aj are vectors formed w1th the Miller index - of the 1th and
Jth domain resPectlvely iél is the inverse of the transformatlon matrlx
P' The case i J is a trivial one whlch corresponds to two ordered

1

' domalns separated by a translatlonal antlphase boundary.

Except-for the simplest form of translational antiphase boﬁndary

the othefsvcan be classified as antiparallel twin, perpendicular twin
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and compleX boundaries. In general, the above antiphase:boundaries
are formed either by simple lattice translation, pure rotation or by

the combination of both.

The matrix of correspondence can be used in tbe analysis of the

substructures resulting from the ordering process. From the matrix of

corféspon&eﬁce,'itICan be shown that for any two neighboring domains
there is a set of correspondent pairs of planes which belongs to the

same family which corresponds to the éamé'plane in the'diSOfdered'phase.

It should be noticed that each pair consists.of eithef'fundamental planes

or supeflattice planes,.thére‘ére no mixed éairs. In this bapef we
.will'rgfér'to.thesé pairs of planes as congruent planes. The low ipdex
congruent planes for the antiparallel‘twih and the perpéﬁdicular'twin
can be found from Eq. 2.

The field ion image of an ordered alloy which consists of several
démainélcan be'anélyzéd‘much more eaéily with thé,aid.bf,thé métrix

of correspondence,

L ———

Usﬁally the field iop tips are made from materials'which.havé
been d;awn into wires‘or made from strips cﬁﬁ from a sﬁeet. Fieid_ion
microscope specimens of ordered alloys can be prepared by heat tféat—
ment of the as quenched Vires or strips. Oﬁce the preferred orien-
tatioﬁ of the disordered wire is known by indgxing of fhe fieid ionl
imége érvfrom an X-ray pole figure then fheviikely axial directionsvof
an ordered alloy can 5é calculéted froﬁ the transformation matfix‘andi
henée thé éoSsible gfaphic stéreogfaphic projectioné of the ordéred

structure can be constructed. The major domain in the -field ion

‘micrograph is then indexed. The possible corresponding axial directioms o
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c i*of’ 1ts neighbor.. domaiix c‘:a.u then be 'celcula‘téa by Eq. 2. Superposing_
the two stereographic projectlons by matching the axial dlrectlons
f and their congruent planes, the nelghbor -domain ean then be 1ndexed
and the relatlonship of thie ‘domain with resPect to the major domaln
is then determlned

The contrast in'the‘field ion:image of a domeih boundary is due’
: toithe,ulsmatch‘of.the"rlng'pafferns.‘ However, vhen e domainfboundary
‘ passes_a congruent plane, tﬁere‘ls'no mismatch of.the ring petterns,
and hehce'no fielduion contrastvcan‘be‘observed unless the domain
»boundary is of the complex type or is a translatlonal antlphase
"boundary Whlch passes a superlattlce congruent plane.
Figure 18 AA shows an antlpar&llel twln boundary cuttlng through
" the congruent'plane (121)//(121) and (2I1)//(211). These'planes are
'.fuudementel piaﬁeS_according to cr&stallography. As expected; no
field ion COutrast'can‘be’found near these two planes. Figure 19
shows thercorresponding sfereographlc_projectiou of this_field:ion tip.

| DISCUSSION

"”5;1; The domaln structure in the ‘as quenched alloy

The @ phase quenched from l300°C showed numerous dark llnes. These -
‘ dark llnes 1ntersected themselves and formed manybsmall regions of 50 ~ |
._lQOA diameter. They are shown with greater claxltv 1n Flg. 8 which is
a.microéreph taken-durlng slow fleld evaporatlon.v By thls method
;any p0551b111ty that the llnes mlght be due to acc1dneta1 arrangement
of surface atoms 1s~rule out. Also, some well arranged atomlc planes
whlch are 1nd1cated by c’rcles.ln Flg 3 were frequentlv found in
”{210} planes which do not corresoond to the most dense planes .

X
a
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in the f.c.c. structure but do correspond to the nost prominent
superlattice planes {110}
Because the ‘as quenched alloy had been annealed at 1300°C for.

Id9 hours before qnenching to’ room temperature, the dark lines in the -
a phase are unlikely to be stacklng faults. They also cannof.be grain
boundaries because the relatlve positions of the ‘most promlnent planes
cen be indexed on the pattern and are at thelr proper positlons. The
only reasonable conclusion is that the a phase, when it is quenched
from113OO°C; aptains SOme.degree of’ldng'ranée'order with the approxi-

_vmate domain size of 50 - lOOX:

| As indicated"in'Fig; 8; some oflihese Boundaries'vnich were.found

’:in;asdqnenchedzalloYS,were'ciearly distingniShable in one place, but

:tended to dlsappear at nearby p031tions.' The boundarles dld not form

can interconnected network but rather tended to be fragmentary

| 5.2. The mechan;sm of orderlng: |
J'Récenply Newnan and Hren'stﬁdied'NihMohdandﬂconCIuded that the
i*ordering mecnaniSm'ie a homogeneous reaction, Okamotol3 ronnd the
early stages zof ordering of the alloy NihMo aged atv650° and ?50°C

v vere characterized by'brighf, nell defined planes or groups of atoms

rabout the <h20> matrix poles. He interpreted this as an indication of
composition-fluciuations._nIn the same_period, Saburill reported n - ‘

.“reeults on Ni,Mo and concluded that thevtransformation of Ni)Mo follows
-nucleation and grOWthiof long'range ordered domainsvin”the shorﬁ range"vﬁ_t
: ordered.matrix. Nlhw has the same structure as Ntho 1n the ordered

structure.” Epremlan ‘and Harkervstudled Wlhw by x-ray dlffractlons.and

reported that there are two possible mechanlsms by which Nth mlght form,
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-.each‘haﬁing'-fdifferent characteristic sequences of diffraction patterns.

Our results show that orderihg.starts:jﬁst'above"TSO9C as shown
in Fig. 11(a) in agreement with the results obtained by Epremian and
Hafker,_.WHeh the alloy was annealed at 850°C for 30 min. the whole

specimen was filled with small domeins with an averaged size 50 -1004

‘a8 shown in Fig. 12(b). This size is quite close to that of the domains

that were partially bounded”by fragmentary domain boundaries in the

_as qﬁenched alloy. Each of these very small domalns seems to have
: reached a qulte advanced stage of 1ong range order even though the

composition'of the a phase is quite far from the ideal 20 at.% W. When

the alloy‘was annealed at 920°cC, thevordering mechanism was different.
Long range order nucleated only at a few ‘places. The ofdered-domains
grew slowly 1nto the disordered a matrix, eventually becomlng very large..
The sequence of annealing at 920°C cah be seen in Pig. 13(a), 13(v),
13(c). Finally when the annealing time was Suffioiently_long the enfire_

volume-ofra F.I.M. tip became a single domain of ordered B phase as

shown in Fig. 9.

We conclude that the mechanism of ordering for Ni W 'is a‘homof

_geneous reaction at low temperature, -with domain size and the sense

', of each domaln being predetermlned durlng quenchlng, but at hlgh tempera—

ture the mechanlsm is nucleatlon and slow growth of long range ordered

B phase domalns 1nto the dlsordered a matrlx 1nvolv1ng dlffus1on of W

"to the déB 1nterface_and'solut1on of,tungsten rlch_yvphase»partlcles.
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CONCLUSIONS

1. Nihw can be imagéd-suceSSfully and can be used to study an order- .

. disorder transformation by F.I.M., W—atbms are the major iﬁaginé

atomic species.
A certain degree of long fénge3ordér with a domain size approximately

50 - 100X exists in the o phase even just after the alloy has been

quenched from 1300°C.

Growth of ordered B phase from the querched two phase Ni 20 at.Z W

"alloy is different at low and high aging temperatures. At low

temperatures a homogenecus ordering reaction occurs within the

a phase even though the W content is well below 20 at.%. The size
and orientétibn of domains being pre-determined during the quench.
At higher temperatures,'therevis nucleatioﬁ and slow growth of

B phase within thé disordered matrix of a few perfectly ordered

domains. BecausSe nucleation occurs only at a few centers, probably

at the interface between a and vy phases;'the domains are very

large when they eventually grow into contact.
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FIGURE CAPTIONS

1. ' The phase diagram of the Ni-w.system{ »

é.‘ view_of thé.stigcture of Ni W alongv[OOIchc..ShOVing the
-rélationship between the small t;c.c.'unit,cell'aﬁd the'lafge:
b}c.t. uﬁit tell of'ihe ordered structure.

é : Ni atoms in the:first (OQl) layer

‘9 :iwvatdms in thé firSﬁ:(OOI) layér

o : Ni atoms in the next (001) layer

0 : W stoms in the mext (001) lqyer-'

3. The six different orientatiohs,of the ordered crystals relati#e
to the disordered maffix; . o BT o

L. The field ion micfdgraph of anfgs guenched alloy wﬁich waﬁ
aﬁiéaleifat 1300°C'for,9 nours in vacuum and then qﬁénghed inﬁo
_oi;f‘ The'densely'packéd slanes {QIO}fCC are :na:C':eﬁ o c-fcles
5;_'A typical field ion'image whén the tip is at liquid nitrogen
temperature. |

6. .A cémpﬁterisimulgtion_of-a tOQl]fCC’oriented F.I.M. image

of a completely disordered Ni-20% at. W ailoy assuning that only
%-ofltﬁe spots sﬁown in'Fig{ T are imaged. The remaining spots
vere choseh ét random. |

7; 'Computer simulation of a [001]f;c'F'I'M' image_of a crysfg;v 

haVingIthé f.c.c. structure.

8. Field ion photograph of as quenched alloy which was taken

vhile & slow field evaporatioh was going on. Note the nuncrous

~ dark lines.
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fig. 9. A-fuily‘ordered Nth field‘ion ﬁicrograﬁh.
'Fig. 10. ' The stereographic projectioh'of'the ordered structure for
comparlson with the fleld ion mlcrograph shown in Fig. 9.
Figf 11. F,I.M. micrographs of a partially ordered alloy aged at 750°C.
' ;) Aged for one hourvat 750°C | |
b) Same as A) except that the ﬁicrograph vas taken while slow
' field evaporation was going on; .
Fig. 12. E;I}M. microgrephs of a paftially‘ordered alloy aged at
850°C for 30 minutes. |
a) Micrograph taken at liqﬁid nitrogen tempereture'fo: better
deflnltlon of antlphase boundarles |
b) Micrograph taken at & lower temperature for better point
resolution.
| Fig;.ij The partlally ordered alloy aged at 920°C.
| a) Aged for 18 minutes |
b) Aged for BQ_minutesb
.c)>Same as 13b except that fhe:micfogeaph was taken Whilensiow
field evaporation was going on.
Fig. 1k, FfI.M. micrograph of an alloy:aged.at 920°beor.3 houfs.
fig;'is.‘ Point defects in‘erdered Ni W: A tungsten vacancy is indicated
| by a'circle, the weakly imaged spote indicated by open arrows are
most llkely mlsplaced Nl atoms  in the tungsten sublattlce, and av
»v’bright spot 1nd1cated bv an arfow is llkely to be a mlsplaced W
~atom in a Ni sublattice. .
Fig.il6. A shockley partial loop ceusing mismeeehing of'the'ring

pattern is shown in this micrograph.
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Fig. l'T A par‘bial dislocation causmg a trace of mismatch across

a (110) pla.ne

| Fig. 18 An antlpara.llel twin boundary indicated by A-A. Note ’th'at" .

where this boundary pa.sses the congruent pla.ne (121)//(121)
(211)//(211) the ring mismatch dlsappears
Fig. 19. Stereographic projectlon correspondlng to the field 1on .

micr}ograph shown in Fig. 18.
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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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