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ON SHOPT RANGE ORDER AND MICRO DOMAINS IV THE Ntho SYSTEM
P. R Okamoto and G. Thomas
inergénié'Matefials Rebearch D1v151on5 Lawrence RadiationvLabofaﬁofy,v
Department ‘of Materials Science and Engineering, College of Engineering,
' Unlver51ty of Callfornla Berkeley, California .

| ABSTRACT

'iElectrpnadiffreetion.and field ioh mieroscopy»haee.been usedeto,e
investigete the nature of short range order in as quenched NihMe."The
results indicate that the aé quenched state consists of an assembly -
of microdomains posee551ng the six orlentatlonal varlants of the Ntho
superstrueture. The 1%0 diffuse peaks have ‘been attrlbuted to the
occurrence of non-cqnservat;ve antlfphase boundaries within the micro-
domains during whichi the AfBYs trahsform from‘the non—cdnseivative to
the conser?ativeitype. ~A similar argument is used to account for the
eceurrence‘of 1%0 peaks in the dieordered d-bhase at ether compositions

in the Ni-Mo system.
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I. INTRODUCTION

Many stoichiometric solid solution exhibit long range order (LRO)
below a critical fempéréture and short range order (SRO) above it.
Perfecf LRO is an absfréction valid only at absolute zéro and perfect
stoichiometfy. Any deviation from these ideal condifions necessarily
implies a deviation from pérfect order which may be charactefized in
tefms of cr&stalline defects such as a periodic distribution of anti-
phase boundaries (APB's) in the case of the long period superlattices.
The gtatistical disorder present in the SRO state above the critical
temperature has also frequently béen chéractérized in terms of structural
-3 4

and Culu.

imperfections. The splitting of the diffuse peaks in Cu3Aul 3

for example, have been attributed to the occurrence of a more or less
regular arrangement of APB's within the tiny ordered regions or micro-
domains thought to be present in the disordefed state.

In this respect, the recent computer simulation experiments of
Gehlen and Cohen’5 are of some interest. They have demonstrated that
a specified degree of SRO can indeed be associated with a characteristic
microdomain structure. The computer technique leads not only to a
clearer interpretation of the statistical information about the near
neighbor configuration around an atom but also to three dimensional
"pictures" of the microdomain structure. The boundaries between micro-
domains are clearly recognizable as APB's or twin boundaries. Moreover,
Cohen6 has noted that the split diffuse peaks in disordered Cu3Au3
suggest a domain size of about 123 in agreement with his computer models.

Nevertheless, the fact that the computer approach or for that

matter structural approaches in general are not directly related to

the energetics of the system raises some question as to whether such
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models have any real phy81cal s1gn1f1cance 'Statistical—thermodynamic'
vtreatments of orderlng for example can account for the dlffuse“

“scatterlng dlstrlbution wlthout recourse to any partlcular structural

- efeatures and therefore 1mp11es that they may not be essentlal for a

E_descriptlon of the equlllbrlum d1sordered state. Clapp and MossT’-8

‘:for 1nstance have shown that the 1nten51ty of the dlffuse peaks is

. determlned by the Fourler transform V(ﬁ) of the 1nteractlon potentlal
'V(R) Thelr theory predlcts that the dlffuse peaks should occur at
:_p01nts in rec1procal Space where V(K) 1s a mlnlmum Moreover M0559

" has recently shown-that the splittlng'of.the dlfque peaks'in Cu3Au and

xCuAu3, prev1ously attrlbuted to APB's w1th1n‘ the mlcrodomalns, can

f-now be dlrectly related to the shape of the Ferm1 surface in partlcular

t:of SRO from phy51cal arguments. He p01nts out that a local mlnlmum in
":V(k) w1ll lead to a- 1ong range osc1llatory 1nteractlon potentlal which B
hat high temperatures could lead to. a 1ower1ng of the free energy of the
vSystem by the occurrence of hearly perlodlc arrangement of APB's w1th1n’.‘
the mlcrodomalns. On the assumptlon that a mlcrodomaln structure should
'hlead to a mlnlmum electron free energv cohtrlbutlon he suggests tuo _
'condltlons thatﬁshould be satlsfled'ln‘order that a microdomain model
be'vaiid; (l) the mlcrodomalns can he descrrbed in terms of a chemlcally

reasonable ordered structure and (2) the structure must produce super-

_‘lattlce reflectlons whlch c01nc1de w1th the p051tlons of the diffuse.
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peaks cofresponding to the minima of the V(%) function.
ThéSé*conditions would appear to rule out a microdomain structure
for brdering systems in which the diffusé peeks do not coincide with
the superlatticé reflections of somé known ordered phase in the system..
An éxampie would be the controversial Ni—Mo system shown in fig;bl}
'Thé structure 6f thé disordered primary and solid solution is fcc.
Diffraction patterns of the a-phase exhibit diffusé peaks at all
equivalent 1%0 positions in the fce reciprocal lattice over a wide
. range of compositions (8-33 at% Mo).ll"'13 Within this cémposition

range several ordered structures have been observed. In addition to
1L
3

Mo superlattice has been observed in the two phaée

the B-phase (NihMo)l2 end y-phase (Ni Mo)13 a mestable phase (N-i2Mo)

possessing a Pt2

(8 + y) region. None of these ordered phases produce superlattice

reflections at the 1%0 positions. Other systems for which similar
15 and Au—Crl6. In view of this some inves-

8,16

tigators have rejected the microdomain concept of SRO for these systems.

17

"phenomens occur are the Ni-W
However, Ruedl et al. ' have obtained dark fiéld electron micro-
graphs of as gquenched NihMo exhibiting a high density of tiny bright
dots which they interpréted as direct evidenqe of a_microddmain structure.
Moreover, LeFevre et al.l8 have observed a microdomain structure in
field ibn micrographsbin as quenched NihMo aged for very short times.
Therefore, the nature of SRO in the Ni-Mo system is still a matter of
considérable controversy.
In view of these controversies and because the Ni-Mo system
potentially offers fhe solution concerning the generélity of the micro-

domain concept of SRO, a detailed investigation by electron diffraction
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becomes face centered tetragonal with (c/a)
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and field ioh microscopy ﬁaé béen carfied out to étudy the very early
stagés of.Qrdering in Nihﬁ§: Thé primary objgct of‘the sfudy was to |
correlate changes in the diffuse scattering distribution with the
corresponding microstfuctﬁrél chaﬁges on fhe field ion level.

The results taken as a whoié cénfirm thé.concepts of a microdomain
structure and suggest +that thé.llo peaks afe'assoéiatéd with

2

imperfectly ordered regions with the DO22 superstructure resulting

- from the occurrerice of non-conservative APB's within microdomains. A

mechanism'is discussed whereby other ordered structures in the Ni-Mo
system'can be generated from one anothervby such planar defects. This
idea prgdicts that the 1%0 péaks sh§uld be observed in the disordereda
state of ail these ordered phsases in agfeemeht_with observaﬁion.

2. CRYSTALLOGRAPHY OF NiuMo*

The lattice paraméter of the disordered fcc phase of the composition
Ni'zo-at.% Mo is Apoo = 3.60863. Upon ordering, a slight.contraction
oécurs aioﬁg oné of the original cube axeS’éo that the parent fcc 1atti§e
= 0.986. The Bravais

fet

lattice éhanges from face centered cubic to body centered tetragonal with

(c/a)bct — 0.623.

An (001) plan view of the ordered NijMo is shown schematically
in fig. 2a,b for the_case where the c-axis coincides with the [o01] cube
axis. For a given choice of c-axis the Ni and Mo atoms can be arranged’

in two ways resulting in a bet unit cell containing 8 Ni and 2 Mo atoms

¥ Except where noted all planar and directional indices will be
referred to the fcc lattice of the disordered state.
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rotatéd'in either é counter—clockwisé (fig. 2a) or clockwise sense as
inbfig. 2b; The two ordering schemes will be referred to as type I and
typé IT structures, reSpéctively.

The type I structure can be genersted by a>régular layering
sequénce of Ni and Mo atoms on the (420) or (2hb) planes in which
:every fifth plane contains only Mo atoms, the intervening four only
Ni atoms. ‘Thérefore a two-fold degeneracy exists with regard to stacking
in the sense that the pair of mutuaily orthogonal planes are crystallo-
graphicaily equivalent with respect to this particular mode of layering;
layering on one set of planes leads to an identical layering mode on
the other. The same layering mode on the (420) or (25K0) planes will
generate the type II structure shown in fig. 2b. Similar layering on
' the remaining mutually orthogonal pairs of plénes of the type {420}
will generate type I or IT structures with the c-axis along either the
[010] or [iOO] cube axes.

It_is readily apparent that because of the two-fold degeneracy,
if such layering were to occur nérmal to each of the 12 {420} planes in
different parts of a single crystal;"fhe resulting strﬁcture will then
‘be an assembly of domains or transformation twins having one of six
possible orientational variants relative to the parent fcc lattice. The
symmetry planes relating thé twins are of the {110} family.

The superposition of the reciprocal lattices of 6 twins results
in superlattice reflections arranged symmetrically in groups of four
about all equivalent 1%0 positions in the fcc reciprocal lattice.
The (002),'(121) and sections of the fce reciprocal lattice are shown

schematically in fig. 3a and b.
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The structure facﬁof for the fundamental and superlattice
reflections>are‘given'ﬁyi

2n(n

Dl L. | - )

Fﬁ 2(fy, + ¥ep) - (for H-K+L =0, 1, )
Pl sag(s —£)  (for EeK4L = 2n(n = 0, 1 )
.78 ' Mo ~ “Ni- ‘ : > t

(and 2H+K # 5n)
| where S is the Bragg~W1lllams LRO parameter and H, K and L refer to
 the bet. unlt cell. If h, k and 1 refer to the fce unit cell, then for
, thevtype'I'structuré with thé.c-éxis élong.OOIfcc'(fig. 2a),
 n= (3EK)/5, k= (H436) 5 wnd 1= L. |
3. EXPERIMENTAL PROCEDURE |
Alloyé of'nominal'composition Ni 29.1 wt% Mo (20 at.% Mo) were
prepared from 99.9% N{ and 99.9% Mo by arc meltlng in argon. In ofder
to obtain a dense, gas-free alloy, the 1ngot was swaged 1nto rod form |
then remelted four times in an electron beam zone reflnlng furnace. _ The
vrod was inverted between each pass to ensure uniform m1x1ng of the
constituents. The flnal homogenlzétlon treatment consisted of holdlng
in vécuﬁm for an additional 90 hours at 1250°C. The composition of the
homogenized rod was determined by wetvchemicgl analysis to be Ni 29.3
_wt% Mb (20.2 at,% Mo). _Sheéts .005 ih. thick were'ﬁroduced By cold-"
rqllingvthe-rods-at roomiteﬁperafure using intermediate anneals at 1100°C.
-sgmples with diménsions 0.25 x 0.005 x 1.0 in: were sealed in
| evaéuated quartz tubes and placed in arvertical.tube furnace for 3 hours
at 1100°C; Quenching'waslperformed by reieasiné the quartz tube intQ
iced bripe.

Isothermal aging treatments were performed in a salt bath solution
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qf BaClQ; NaCl and CaCle;. Heating ratés wére measured using .005 in.
dia. Pt-10% Rh thermocouples spot welded to the sample with the output
connectéd éithér to an oscillﬁscopé or a honeywell Eléctronik 19 Strip
>récorder. Thé'minimum,asing timé used for any heat treatment was
arbitrarily chosén to be twicé the time requited for the sample témper-
ature to reach equilibrium. For examplé, for 650°C and T50°C the average
time to reach equilibrium wag 2 and 5 seconds, respectively. Hence, for
ﬁhése aging treatments the shortest aging times involved were 4 and 10
seconds, respectiﬁely. For aging times less than one minute, the meximum
températuré fluctuation of the sample vag :_5°C. For longer timés, the
fluctuations were generally maintained below + 2°C. The quenching rates
dﬁring the transfer from the selt bath to an iced brine solution was
élso ménitored and the time to reach zero output on the strip récorder
was kept consistently below one second.

Speciﬁens for bd%h.TEM and FIM were preparéd from the same‘héat
treated sample. FIM specimens were prépared by cutting 10 to 15'strips
1l inch long and approximately .005 inches wide from éach'sample using -
& speclally designed precision shearing device, In order to check
whether spurious effects were introduced by the shearingbprocess, several
strips were precut from an as-quenched sample. These together with |
another as-quenched sample were sealed in evacuated quartz tubes and
aged for 125 hours at T50°C to develop the fully ordered étate. FIM
images from the precut strips and those cut from the sample after
aging were very similer, neither révealing any evidence of disorder.
Any deformstion which may have occurred during the shearing process waﬁ,

therefore, confined to the surface and subsequently removed during

i



‘eleétr0polishing;

Thin foiis suitabie for:TEM.ﬁeré préparéd by éléctropoiiéhing
B {wi»th' a solution cohtainiin.é 16 ml perchloric acid, 132 ml ethyl glycol,
16 ml hydro fluoric acid and 16 ml distilled water. FIM specimens
ﬁérélpréparéd.by thé'dgﬁble layer méthod in which the tip of fhé
.sPecimen:is'dipped into a thin layér of électrolyte'floatiﬁg on,top
of a bath of carbon tétrachloridé.

- 4. EXPERIMENTAL RESULTS

‘h.l Electron Diffraction |
b.1.1 As—quenChed_Alloys

Figure lha is aﬁ [001] selected area diffractioh patterﬁ obtained
from an alloy ’_»}hich had been quenched from 1100°C into iced Ibrv‘ine.v' In
agfeeﬁbnt ﬁith the X-ray réSults of Sﬁruiell and Stansbury%2 intensity
mexima aré observed at all equi&alent "1%0'». posiﬁioné of the fec
rgciprbcai lattice. The és&mmetry in thé inténsity'distributipn of
the 2OC f#ndamental refleétionS"is also in agreement with their x-ray
work. They attribute’the higher intensity on the low angle side

o s e L 4o a8 size effect, in this case iﬁdicating that

Mo atoms have a larger diameter in solutién than Ni atoms. ,Figure ba is

‘also similar to the [o01] electron diffraction pafterns.Of Au_Cr reported

3

by Tanner,. : However, their patterﬁs were obtained at«température::

50090 above the critical ordering temperature for Au_Cr, so that the

3
‘1%0& - maxime were quite bread compared to those in fig. 3a.
Figure Ub is a [121] diffraction pattern of the same specimen.

! X . . . l .
Again weak maxima are observed at '150 - positions. However, this

pattern also exhibits features which'have not been reported in earlier
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gtudies, namely, the presence of diffuse‘streaks passing through 1%0
béaKS"with.Wéak intensity.ma#ima neér, but not exactly at, the
Péqﬁilibrium angular positions correaponding to superlsattice reflections
of the fully ordéréd NiuMo. Thésé intensity maxima are not directly
observéble 6n thé fluoréscént screen in the microscope viewing

chagmber and were first discovered on microphotometer tracings. In
fact; thé& are générally not discernible even on the original
photographic plates ﬁnléss precautions are used to avoid overexposing
the diffraction patterns; The best results are obtained by fu;ly
defocussing the sécond condensqr lens and then exposing for long

times (1-2 minutes).
Figure Ub is a reproduction of the best of many original photo-

graphic plates obtained during this study. The microphotometer tracing
bbtained from the original plate is éhown in fig. 5. The weak intensity
maximae near fhe 230 ana 330 bet suberlattice positions are clearly
detectable while those near the 1I0 and 450 positions are all but
obscuréd by the neighboring 1 %¥0~ intensity peak. These weak inten-
sity makima were not observed on the [001] diffraction patterns. This
is_not surprising, howéver, since in this particular orientation they
would all lie ver&_close to and hence be-obscured by one of the 1'%,0
mexima. As indicated in fig. 5, the weak maxima are detectable only
" when their neighboring ° 1'%'0 maxima do not lie on the refleécting
‘sphere. ‘This will occur only for certain favorable orientations and

the most favorable of all would be one where'églx superlattice réfléctions
.lie on the reflécting spheré.. The [I30] oriéntation is one of these and
as shown in fig. le éxhibits’quité clearly weak intensity maxima near

all superlattice positions.
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' T;vqﬁr knowlédgé,'thé exiéféhcé of weak ihﬁensity maxime near
the’Supériéftice positibns‘iﬁ aé—éuenchéd NihMo'has not been previously
répérféd;ﬁ Thié is 6bvibﬁslj.due_in pdrf to the weakheés of these
pérticuiai ﬁa#ima 5ut more &ikély dﬁe £o thébfact that past diffuse
scattering-studiés'for this alloy havé béen éénfined almost_exclusively‘
£§ ﬁhe (QO2)freci§rocal iatficé ééction. As just pointéd out, this
parﬁidulaf ofientafion ig the ieast conveniént oné of.ail for such‘
purpOséé.‘ The exiéténée of weak inténsity maxima ﬁéar thé superlatticé

positions in the as-quenched alloy is quite significant since their

~apparent absence in past studies have been one of the reasons for
arguing against’the éxistence of microdomains in disordered NihMo.

The present observations, however, suggest some form of microdomain

structure similar to the one described in Section 2 must-éxistvih

as-quehched NihMo.

- h.1.2 Alloys Aged at 650°C

Upbn aging‘at-650°c father unusual and inferesting chahges occur

in the diffraction patterns duringvthe first ten minufes. These changes

are shown in fig. 6a-d.
After 5 minutes of aging the weak intensity maxima near the-

superlattice reflections are clearly detectable without the aid of a

microphotometer. They appear on [001] diffraction patterns (fig. 6b)

as diffuse satellites about the lil 9 positions broadenediin directions

T
parallel to <2I0> directions. In [121] patterns (fig. 6a) the satellites

1 ' , »
near 5 1 x 0 BSRO maxima are broader and more intense than those awuy
from such position. The effect is even more pronouncedvafter 10 minutes

of aging (fig. 6¢c). This asymmetry is not observed in [001] diffraction



~12-

patterns.

Tiltiﬁg éxperimentS'show that the satellites about a 1 %’O
SRO maxima have a paddle-~like shape shown schematiéally in fig. Ya;
Each broad flat face is normal to a [001] direction and these are
the sections observed in [001] diffraction patterns. From an examination
of the composite réciprocél lattice it is apparent that in a [lQl]fcc
_orientétion; thé reflecting sphére will cuf through the satellite at the
sections A and B.

Section A corresponds to satellites near 110 and 440 bet supef—

latticé positions, i.e., to those which appear to emanate from a 1 %“0-
SRO spot. S;;tion B corresponds to satéllites near 230 and 330 bct
positions whose neighboring 1 %“0 - spot lie off fhe reflecting sphere.

-The marked broadening of the satellites in the <210> directions
suggests that the ordered domains may exist as thin layers lying parallel
to the {h20}fcc planes. This would be compatible with the layered
struc?ure of the fully ordered NiuMo étructure discussed in Section 2.
This fype of plate-liké morphology has in fact been reportéd in COQP%Q
and Cu-AugO alloys at the 50-50 composition. In these alloys superlattice
planes are also layered such that alternating planes contain atoms of
one type only. The most prominent superlattice plane is the (002) which
is also the reported habit plane: for the plate—shaped domains.

However, the diffraction patterns of NihMo exhibit certain distinctive
features during this stage of ordering which are not compatiblé with a
simple plate-like morphology. The patterns show a definite asymmetry

in that reflections which would normally arise from domains of a

particular orientational variant are not broadened in the same <210>
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directiohs, This,effécf;.shpwn schématically.in fig. b, is moéf.
pronoﬁnéed in [Odij difffaction patterns, (seevSectibn 5).
b.1.3 -Aiioys Aged at 750°C o

'The'ordering'réaction ét 750°C is éitremeli fast. Alloys aged
at.thisv#émperature réaCh'a fairiy advancéd Stagé df order by at least
5 seconds, thé shorfést aging time uséd for this series of éxperiments.
“As éhdwﬁwinﬂfig; 9a, wéll definéd supériattice reflections are observed
tﬁough slightly broadened in <210> directions. Although 1 %RO intensiﬁy
peaks aré still dbservéd their intensity is reiatively weak compared to
ailoys agéci’ 10 min. at 650°C. | o

A mﬁrked rounding out of thévsupérlattice.refléctions occurs by
10 secondé of agidg (fig. 10a) and is accompanied by fhe disappearance
of -the i %;0- peaké. H§weVef, the_diffraction patterns now exhibit

1 has shown that at more advanced

weak double diffraction spots. vRuedl
stagés'of ordering where the.domains are sufficiently large, the double
diffractionvsﬁoté can be uséd Quite efféctively to iﬁage tﬁe twin
boundaries themselves.
4.2 Midroétructure
Although repeated attempts were made, it was impossible to resolve
micrqdomains_in dark field electron'micrographs of aé-quenched specimens -
using eiﬁher a 1] %.0 ~ spot or one of the diffusé superlattice reflections.
In alioys aged at 650°C a distinct microdémain structure was
observed 6n1y after 10 minutes. of aging. Figure 8d is a 1 %¥O dérk.
field imege which appears very similar to the tiny bright dots repbrted '

5

by Ruedl et al.l in their as-quenched alloys. The domains appear

equiexed and are about 20A in diameter. The image remains essentially
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unchanged if oﬁe usés oné of the broad superlattice reflections; ﬁhis
is not éntirely surprising since at this stagé of ordering the two
typed of reflections overlap. Figure 8b is a 130 dark field
micrograph of an alloybagéd's minutes at 650°C. Although some form of
mottling is apparént in thé thinnér regions the distinct bright dotted
cohtrést of fig. 8d isvabsent. In both samples, howévér, dark field
imagés using fundamental refléétions exhibit a striated or tweed type
contraét éharacteristic of alloys containing a large volume fraction
of coherent precipitates?l

Figurés 9b and 10b aré dark field micrograpﬁs‘of alloys aged at
750°C fér 5 and 10 seconds respectively. Both images ﬁeré formed. using
é supéflgttice refleétion. The domains are equiaxed and have very
similar'size distribution ranging from about 20 to 100&. A slight
tendéncy for the domains of a particular variant to align themselves
in rows was observed with longer aging times but neither with sufficient
frequency nor with sufficient directional uniqueness to éstablish any
définite relationship with a diffrgction effect.

It appears, therefore, that the merked weskening of thel & O
spots along with the rounding out of the superlattice reflection are
not connected with the average domain size since it remains essentially
unchanged. It is also apparent that the broadening of the superlattice
reflection in the <210> directions cannot be wholly a shapevfactor effect
as the domains appear equiasxed from the very earliest stages of orderiﬁg.

Figures 9c~f are bright field images using various fundamental
réflectibns from an [110] foil. In each case the foil was tilted so

that only one strong beam was operating. The striated contrast is



,onErGed fo;chénée With:0§erating.reflecfion iﬁ é:mannerjsimilar to
fhataQBsérVéd'in'Cﬁ-Be.éllojsél‘énd_other Systems‘(sée‘é;g}iref. 22
..fér réviéﬁ) dufing_the:véry éérly-stages'ﬁf:cohereﬁt'phasé transformation.
"§;3: Fiéid:ion Micfoécopy | : |

 The xﬁospsignificant_ diffraction effects of this investigation
vwéré' found to oceur during the first 10 minutes of aging at 650°C. Although
transmission eiéétroﬁ microscépy failéd to re#ealva microdomain structure
: in thevasAqﬁenched alldy and iﬁ alloys éged 6hly 5 miﬁutes, evidence .
for their'éxistence:was obtéinéd»by field ion micréscdp&.

. Figureélla, b depict the microsturctures of the as—quenched alloy.

" The iﬁgges are hiéhly:irregular exhibiting the fcc_symmetry of the |
disordered State.. The stebility was found t§ depend markedly on the
.specimén temperature. 'Whén.liquid helium‘ﬁas‘uéed as Specimén coolant
_(fig. ila) the image was very stabie whiéh alléwed controlled field
évaporation techniqués‘tovbe'uSed,to examinevthe specimen layer by
1ayer._ The only features of note were ihe'planar dgfecfégindicated_by
arrows in fig. lla, These defects persist only féf two or three layers
before.disappearinéf These defects gre not twin‘of grain_boundaries
4as allvthg poles are in the correct angular positiéns. When liduid
nitrogen.is used as sﬁecimén coolantvimagé sfaﬁility is lost;. The_v
‘ éample slowly field evaporafes in an irregulér.fashion.' quever, certain
_ élustérs of atoms were foﬁnd to be relatively stable in.that surrbﬁnding
regions field evaporate at»slightly lbwef fieldé. These clusters, there-
foré,'protrude‘ldcally and so act as mofevéffective emission centers
(fig. 11b). The distribution of these Elusters is not random. They

tend to appear most frequently around the <L20> poles marked by circles
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in fig. ilﬁ; Moreovér théy'were found to persist in aged alioys;
.Figuré 128 and b'aré examples.obtained from sampleslaééd 5 and 10
minutes. Both micrographs wéré part of fiéld evaporation séquences.
In fig. 12a the <420> polés‘aré marked by circlés. Those in which
bright stom clustérs are observéd aré marked by 8YTOWS . By use of
pulse fiéld evaporation techﬁiques it was found that the smaller
clusﬁers field evaporaté as & group. In some instances the clusters
are large enough to be recognized as partial rings. In any case,
howéver, these relatively stable groups of atoms never persist for
more than one or two laygrs. Although some groups are occasionaily
obsér§edrneér <620> poles they appear most frequently about fhe <l20>
poles.

After 10 minutes of dging all the clustérs are sufficientl&
largé to be recognized as portions of small partial rings. Thev
discqnﬁinuity between adjacent rings shows that they are tiny domains
of different orientational variants. As shown in fig.leb these .
partiel rings indicated by arrows are locatéd at or very neér <L20> poles.
L.4 Summary of Experimentél Results |

The significant features of this investigation to be discussed
in the next section are:

(1) Diffuse superlattice reflections- of thé ordered Ni)Mo
structure are observed in as;quenched alloys in addition to & %‘0
SRO‘peaks, but only in certain favorable érientations.

(2) The superlattice reflections are broadened in the <2105
diréctions but reflections corresponding to a particular orientétional

variant are broadened in different but mutually orthogonal <210> directions.
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(3) At 750°C the decrease in bfbadening is accompanied by
fé decféaSé in the'inténéity of‘thé *1?%f07 éeaks but is not accoﬁpaniéd
-by 8 chﬁngg invtheuéhapé'ndr“siié distribution'of-thé domaih.
| 5. DISCUSSION OF RESULTS |
Thé'most significant résﬁif of this study ié the ObéerQation of
diffuée supérlatticé'réfleétions in thé ésfquencﬁéd alloy. .Their
ékistencévprovés that microdomains posséssing all six possible variants
‘of the Qrderea NihMo structure exist in the as—quenchéd staté.
| This conclusion is supported by thé faét that FIM iﬁages exhibit
ﬁnﬁsually'bright énd stable«gréups of atoms #hosé disfribution and
frequénéy;of appearance havé a strong orientational dependence on the
. <420> poles. The fact‘that ﬁhése poles éie normal to the layered planes
wifh lafgest d-spacing mé§né %hétvthey aré superlattice planes on which
‘thé Mo atoms are most'd;nsely-pécked. Moreover the fact that Mo atoms
 are preferentially imaged in NihMo suggests-thaﬁ_fhe bright .atom clusters
;are the pufe Mo or Mo-rich planes; ! o | |
B It ié obvious that if microdomains posséssihg;ail six possible
 varients are distributed throughout the FIM tip a domain intersecting
the specimen surface at & parficuiar <h20> pole will ha§§ one chance in
six of having ité layered planéé normal to thisvpole; .Therefore; by
- focussing attention on the <h20> ﬁoles in the FIM image we should while
v%ieid evaporating pefiodically observe bright atom ciusters cérrespoﬁding
to Mo planes of suitably oriented domains. |
:5.1 AnfithSe Dbmains | |
The broadeniné of the superlattieé reflections in the <210> directions

is not wholly a shape factor effect as the domains are equiaxed even in
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alloys aéedllO min. at 650°C where ‘broadening was most pronounced.

'A_mqre likely source of brbadéning wbﬁ&d be the occurrénce
of antiphasé boundaries (APB) within microdomains of all the six -
.oriéntational variants: If thé boundaries were spaééd.in é periodic
mannér the'superlattiéé refléction would split into satéllites but if
; the boundary spacing is irrégular the satellites wogld wash out and the
superiatticé would simply bé broadened . in a directién normal to'the
plane of the APB.23’3 The'facf that the_superlattice‘reflecti6ns are
bfoadénedfin the <210> directions implies the APB's lie pafaliei to
the'{héo} Planes. Sincé the possible anfiphase vectors aré iatt;ce
Vectoré'of the disordered fcc structure théy will be of the form P =
l/2<1lb>. Consequently fhe APB ﬁnst necessarily be of the non-conservative
type. ﬁxamples of both conservative and non-conservative APB's are |
illustrated in fig. 13.

‘In fig. 13a the APB specified by (110)1/2[1I0] was formed by
translating the crystal on the right’side of'thé (110) boundary by the.
vector P = 1/2[130]. As this vector lies in the plane ofvthe APB, no
atoms were removed and no local changes in composition occur across
the boundery. Such APB's are called conservative. A pair of non-
co@serva@ive APB's of the form (420)1/2[110] and (420)1/2[T10] are
illustrated in fig. i3b and 13c, respectively. In fig. 13b a plane
containing all Ni atoms was removed in order to form the boundary while
in fig., 13c an extra plane of Ni atoms was added. 1In both cases the’
local composition across each boundary has been aitéred from the averagé

value, but not across the pair. In general, the number of planes

removed or added is given by the product %.5 where E is the reciprocal
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lattice,Vec£Or:n0rm51.totthé'APB and p is the shift vector. for;thév
APB's illustrated in fig. 13a, b and ¢, 3.3 = 0, 1, -1, respectively
where fhévsénée of E.was chésén's§ that a minus sign corréSpdhds to
an additiOnAof.a plane: ForiAfB's of the type'{hQQ}1/2<liO> the
pfoduct E:S tékés on thé‘#aluéé i_l; ﬁ? and i3 oﬁly.

Due to the change in loaalbéompgsitﬁon across non-conservative
AFB's their energy will be highér relative to'conservative'APB's%h’Qs
Hdﬁéver,vnbn-céﬁservativé APB's may occﬁi to accbﬁmodate lOCél'fluctu—
'ations invcomposition. Moreover, such APB's are likeiy to occur as-
;closely spécéd pairs so that the local éomposition acrossithe pair
.is not changed. Such p&iring may not occur ot ail,_however, since the
YAPB'enérgy is proportiénal‘ﬁo %he’&egree.éf 6rder‘ﬁresent. Thefefore,
the difference in energy.betweeﬁ conservative and non-conservative APB's
- wiiibbe fery small in partiélly ordered alloys and.may effectively
vanish ih aé»Quenched ailoys and those aged for very shorf times. ﬁow-
ever, as the dégree of.érder increases with aging time the non—éonservative
A?B's will tend to forﬁ conservative APB's if diffusion can oécur.' This
prbcess should result in a deérease iﬁvthevbréadeniﬁg in the superlattice
réfléctidns.in the <210> directions.

” _That.thé abovelprocess'mgy agﬁﬁally occur is supportédvby'the

‘changes in.the shape of the superlattice reflections on aging at 750°C.
Comp#rison of figs. 9a and 10§ shows & marked rounding out‘of the |
superlattice reflections with aging time. As was mentioned in Section b,
fhe roundingiout process was not accompanied by any noticeable chaﬁge'in
shapé nor in thé sizé distributions of the microdomains. Th?reforé, the

essential change must have been increase in the degree of order within
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the'miérodomains.

A comparison of fig; 9a and ‘10a also shows that thé rbunding
out précéss is accompaniéd”by 8 decreasé in the intensity of the
1 %f03 fSRO péaks: Thé‘impiiéétioh is that the'presénce of 1 % O.
peeks and non—conservétivé APB's are diréctly rélaﬁed;

Thét this is:likélyito'bé the case can bé seen by.referring again
to fig. 13b. This schématic showaithat the local compositional change
across the APB occurs in the form of a changé in the stacking sequence
normal to the (420) planés from BAAAAB to BAAAB. In other words,
immediately to the:left of the APB the stacking sequence is such that
every fourth (L420) plane is a pure Mo plané. As illustrated in fig. 1k
this stacking sequence generatés the D022 structure'which will produce
superlattice reflections gt certain 1 %;D. and iOO positions in the
fce reciprocal 1attice.l6 Heﬁce,'a non-conservative APB such as fig. 13b
can always be associated with a thin layer of D022 material atvleast

~one unit cell thick. When this transforms to a conservative AEB the DO22
iayer is removed and the broadening of the superlattice reflectiops in
the <210> directions should vanish along with the lv% 0 spots.

It is apparent from fig. 2 and 14 that both the D1_ (NijMo) and
D022 superstructures can be generated by stacking of Mo and Ni planes
in proper .sequences. If'A is the number of (420) atomic planes between

pure Mo planes then for NijMo A = 5 and for DO,, A = k. If such stacking

22
were to occur in all 12<210> directions in different parts of & crystal,
one will obtain six orientational varients for ) = 5 but only 3 distinct

variants for A = 4. This is because the Dla structure has a two-fold

degeneracy with regard to a BAAAAB stacking sequence on the {420} planes
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* while‘the]pbgélwith ité.BAAAB form has a four-fold degenéracy} For
v 1éxamplé'a.BAAAB stacking on the (hQO) plaﬁe léadé to identical stacking
on thé,(HQO);:(QOH) andbiédﬁj planés. V\ -
.ﬁThisﬁmeans.that if non—éonéerVativévAPB's of the férm‘{h20}172<110>

occur-withiﬁ microdomains of all the 6 vérianfs of NijMo a gigniffcant volume frac-
tion of;the‘éntiufsystem would ineffect pdsﬁesépxhapogg.structure having one
of the three possible variants. ConéeQuently; the diffraction pattern
shouid aléo‘exhibit D022 superlattice reflections which occur not oniy‘
at a.ll.equivaient {1‘-:25- 0} positioné but also at all equivalent {100}
pééitibnsvin‘the‘fcc reciprocai lattice. | N

However, superlatticé reflections are not observed at the {100}
pbsitibns. .Bﬁt.the aréuments which lead us to expect their presence
.was bésed on fig. 13 which aﬁpiies.to perfectly ordered NihMo. As pointed
gﬁt*earlﬁer«néheéonservative AEB'é»are-expeeged'to
exiét onl& when the degree of order is &ery small. In the next seétion
we will determine the conditions for which the {100} superlattiée reflections
can venish.
5.2v Long Range Order Diffraction Effects .

The state of LRO in an alloy can be described in terms of a system
of interpenetrating sublattices and a complete set of occupational ﬁar;meters'
specifying the distribution of the atomic species on.each sublattice. For

layered structures such as the Dla(NihMo) and DO, the (L20) planes contain

22

sublattice sites of one type only. The number of kinds of sublattice
sites is equal to X the number of (420) planes between pure Mo planes,

ie. 2 = 5 for the Dla(NihMo) and A =L for the DO,, structure. Hence,

[

if the form cdomposition fluctuation is known in the direction normal to

22
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théU(HEO).planes the‘bccupationai parameters of each»sublatticé are
also known. ’Thig is shown schematically in fig. 15 for X = 5, ice.
thé‘Dla(NihMQ)vstructure.' In ordér to obtain the perfectly ordéred |
strﬁcturé thé coﬁposition fluctuation must have the fdrm shown in
fig; 15b1' For a partially ordéred alloy it must have the form shown
in fig. 15¢ if the degrée of order is to be specified by a single
LRO parameter. If th;‘form of the compositdon fluctuétion is sinusocidal
as ghown in fig.vlSd, two LRC parameters are required to specify the
degrée.of order. The number of indépéndent LRD parameters is equal to
thé number of différent kinds of supérlatticé reflectiéns which are.
expected to appear in diffractlon patterns.

The fully ordered (fig. 15b) and the partlally ordered states

(fig. 15¢) require onl' 8, single LRB parameter so that all superlattlce

reflections have the aame structure factor and hence the same 1nten51ty.
Figs. 6a and b indicate that the intensity of diffuse superlattice
reflections are not fhe same but that thosé near a 1’%“0 spot dare much
more intense than those away from l‘% 0 spots. Thié suggests that
‘the composition fluctuétion within microdomains at this stage of ordering
is of a form closer to thgt illustrated in fig. 154 than in lSc._ However;
it cannot be perfectly sinusoidal as otherwise the weaker réflections
shduid disappear entirely. In order tq see physically why this éhouid
occur, one can simply recall how the so~called "sidé" baﬁds form in
a.two dimensional crystal whose planar atomic scattéring factor_vgries
sinusoidally. A side band will form symmetrically about each_matrix
refléction at a distancé inversely proportional to tﬁe fundamental

wavelength ) in the direction of the fluctuation:
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If the modulatlon is of the form of a. repeatlng delta function as 1n

fig. 15b,; all hlgher harmonlcs (n.= 1, 2,‘. . A) must be present the
‘nth produc1ng a side band at a dlstance + (nA) from a matrix reflection;
The inhenslty of each side band will be proportlonal to the amplitude

of the correspondlng harmonlc. Ifr the amplltude is small the intensity
vof the correspondlng side band (or superlattice reflectlon) w1ll be weak.

| There is additional ev1dence that composition modulatlon exists
fwitnin the hicrodomains. It Qas‘pointed out'in Section 4. i é fhat ‘the broad-
enihg @f D18 the superlattice reflections exhibit an asvmmetry in that
vof the superlattice reflectlons correspondlng to a partlcular orlentatlonal
variant.han are broadened in one <210> direction while the other half
in a <210> direction novmal o the tirst.

Ir the compositlon modulation were of the form illustrated in
'iflg.blsc then each varlant as descrlbed earlier, would have a two-fold
'degeneracy with regard to stacklng on two mutually orthogonal planes

of fhe form'{héd}.. ConseQuently noneconservative APB's of'the form
 {hé0}l/22liO$ would tend to form on each with equal probability. Theréfore,
quaﬂehinéeeffecﬁd»shbuiﬂ. ' ocecur in two perpendicular directions and
Buperlamtice reflections. should appear eircular in-an [001] diffraction pattern. o

However, this two-fold degeneracy is removed if the compos1tlon

modulatlon is of the form shown in flg. 15d. For'example, 1f the compo- R
sitlon'varles 31nus01dally in the [210] dlrection, the form of the
variation‘in.the (120] ﬁill not have a simple sinusoidal weve_forn; Since
each_<210%rdirectionvis unique with‘respect to a simple sinusoidal
veriation.there are in effectle orientational-composifional variants

end‘thefasymmetry of the superlattice reflections can be explained if
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the,nqn-consérvatiQé APB's’ form preferentially oﬁ fhe'{hQO} planes
nofﬁal £6tdirecti6n of thé sinuséidal variation:

On théfbthér'hand; the Pour-fold dégénéracy associated with the
D022 éu§§thructﬁre is indépendénf of thé form of the compositional |
varietion so loné as the periodicit& is four (L420) atomic spacings.
| Althoﬁgh the thin DOé2 régiéns associated w#th non-conservative APB's
miéht'dause'shapé factor bpeeﬂéning, thé i %-0 superlatticelreflections
ofba particularlvariaht wouié be broadened in four <210> directions so
_shoﬁid_appeér‘more'or less spherical in sﬁape in agreemént with observations.

In order to détérmihe thé'disappéarance conditions for the {100}
supériéttice réfleCtions;_wé havé calculeted the three dimensional
structufe factor for thé DO22 structure in‘terms of the occupational
péramatérs *BI’ iBII’ XBRITT? and iBIV specifying the composition of the
sublattices in at.% B. The relative positions of the sublattice sites
afé shown in fig. 14. Assuming all three variants contribute to the
diffraction pattern thé results can be summarized as follows:

(1) For matrix reflections:
2022 = 8(m,f, + mfy)

(2) For all equivalent {1 %-O} superlattice reflections:

0 _ 2 271/2
Fo2 = 2[(xgy - xgy)” + (dpppy = Xppy) 1777 (£ 1))

A
{1 5 0}



Wheﬂ €5): is" satisﬁied (6)‘reduces to. xBI
zero efd unity m, must lie between 0 and 1/2.

observed_range (8 - 33 at.% Mo) over which 1

=253~

(3)'For 8ll equivalentiflob}lsupgrlattice reflections:

F?lgg} '2[(?31 * xgrp) = Oxgrpp + xgpy) 106y - 1))

(h) Formperféct DO, ordering:

~Xpr T s *prr T %prir T Yprve "z T B

K DO ‘. : D022
SJeFo22, = F

! e {100}
wzo

For complete disorder
XB = %11 T XBIII Xgry =

FDOQ?’ 5 = F?i@ﬁi
{1 2 0}

" (5) For sinusoidal compositional waves of the form Xpp =

with A = 4 atomic spacings and P =0, l,-2; 3.
1/2xgy = Xgpyp = ¥pyy end xpyp = 0

fA)

’ FD°22 o= 2xBI(fB -
' {1-0T ' _
#2020

{100} =0

A(1 + cos

The composition range for which the condition:(5) is satlsfxed can -

composition'mB, i.e.,

(6) xpy + xBII * X111 * *Brv 5 gy

1

o0k he eqnal to the total number of lattice sites time the:average

Hence, this includes the

z0" spots are observed in

27 P

R\

:ben &etermined by requir&ngwthat the number of B atoms on all the sublattices

\
i
i

2mB. _SinCe'xBI:must always lig between
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the « phase. "~ The intensity. of the ‘11% 0 spots will be proportional

to mB and hence should decrease rapidly with increasing N1 content.

It is significant that the first ordered phase to form in the B + y
region after quenchipg from the‘a phase is the metastable NigMo%h The
structure of the ordered phase is shown in fig. 16. It can also be
generated by stacklng of pure Mo and Ni planes, with A = 3. Six distinct
orientations can be formed by stacking on different {420} planes As
in the case for the Dla structure e t#o—fold degeneracy occurs with
regard to stacking planes; but in thisg case the pair of equivelent planes
are non-orthogonal pairs, e.g. (240 - 430); (240 - 420) etc.

Consequently the same arguments concerning non-conservative APB's
of the form {420}1/2<1T10> canvbe used to explain the i'%.o SRO peaks
in the a-phase in the 8 + vy coﬁposition range providing ﬁhe o phase consists.
of a microdbmain possegsing ﬁhe 6 possible orientatienal variants of the

NlEMO superstructure. L , e

It is obvious that the three ordered structures D1 (Ntho), DO,
snd NisMo are closely related. Starting with any one of the three
superstructures, a transformation to the other two kinds can be accomplished
by the introduction a periodic distribution of {420}1/2<110> APB's. For
exéméle,'a (k20)1/2[101] APB in a type IT Ni)Mo structure will produce a

lsyer of the Ni, Mo structure adjacent to the APB. This has been confirmed

2

during recent low temperature annealing experiments. An extensive .

account of these observations will be reported in a subsequent paper.
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%

a

which arise from the presence of periodic APB's at evefy Ml G Ei )
* : .
a : : v 1
and M2 (Ez) cells along the respective directions, as described earlier
2 .

in sec. 3.5. At temperatures above TC, if'there exist microdomains

with the Watanabe type structure, but without any fixed periodicities
Ml and‘Mz, thenlthere wili be no strong superlattice reflectibns,v

but a broad diffuse scatteringvnear positions corresponding to all
possible periodicities that are present as observed in Fig. 15(b).
Since the origin of the satellitgs in Fig. 14(c) is most likely to be
due to periodic lattice modulations or composition modulations in the
Lro étate, these will be completely washed out in the sro state because
there will be hardly any such periodic modulation present. This ex-
plains the absence of any scattering near satellite positions above
TC.M.Thus the diffuse scattering in Au3Mn can also be accounted for

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 that long range interatomic
interactions are present. The justification for long range interactions

being present in the sro state has been given by Cowley28 in terms of

flat regions being present on the Fermi surface.

5. CONCLUSIONS

1. The high temperature electron diffraction patterns of Au3Cr and

Au4Cr above Tc show a tetrahedral intensity distribution éround the

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

The comparison of the as quenched state with diffraction patterns taken
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above Tc show that the sro state is essenfially retained on quenching
in this alloy.

2, The diffraction patterns of Au4V in the sro state also exhibit

diffuse scattering at {1%0} and Dla positions.

3. The diffuse scattering in Au_Mn above Tc gives rise to an intensityv

3

distribution centered around:{l%O} in such a way.that ﬁeak scattering
is present near most of the superlattice refleqtibns corresponding to
Watanabe type two dimensional loﬁé period superstructure,.

4, The sro states of NiaMo and NiBMo show'diffuse scattering near Dla

and NizMo superlattice positions in addition to those at {1%0} positions.
5. The presence of wéak scattering near various superlattice positions
suggésts_thatin the sro state, Au-Cr and Au-V alloys contain predominanfly

imperfectly ordered DO,, and Dla type microdomains.  The Ni-Mo alloys

22

contain imperfectly ordered DO Dla and Ni Mo type microdomains

22° 2

whereas Au-Mn alloys may contain microdomains with a structure close
to that of the Watanabe type iong period superstructure.

6. The existing statistical thermodynamic model of Clapp and Moss is
unable to 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
alloys. |

7. The classical microdomain concept is not always valid and the sro
state may contain more than one type of microdomain. A modified micro-
.domain model is proposed in which the sro state is best described as

a mixture of imperfectly ordered microdomains with various types of
superstructﬁres in different proportions. This description of sro

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

Fig. 1. . (a) [001] reciprocal lattice section containing Dla, NizMo,
{1%0} sro spots, (b) [I30] reciprocal l;ttice section.

Mo quenched in iced brine from '

Fig. 2. [001] diffraction pattern of Ni4

1100°C.

Fig. 3. Iso-intensity contour map of thg [Odl] eleétron diffraction
pattern of quenched N14Mo. The dotted line”outlines the portion
traced, and the notations fsr NizMo and NiAMo'positions are the
same as in Fig. 1.

Fig. 4. [130] electron diffraction pattein_of quenched Ni4Mo.

Fig. 5. (a) [110] diffraction pattern of NiAMo. (b) the indgxed pattern.

Mo after quéhching in iced brine

from 1270°C (a) [001] paftern (b) [110] p;ttern.

Fig. 6. Diffraction patterns of Ni

Fig. 7. Ni3Mo samples after aging for 1 hour at 650°C (a) Dark field
micrograph of {1%0} spot encircled in the diffraction 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) [130] orientation.
Fig. 9. (a) [001] diffraction pattern of Au3Cerilm taken at 330° * 10°C;
(b) [130] pattern of same Au3Cr film taken at 370°C.
- Fig. 10. Electron diffraction patterns of bulk Au3Cr after quenching in
| water from 550°C. (a) [001] pattern, (b) [130] pattern.
Fig. 11. (a) [121] diffraction pattern of bulk Au3Cr, quenched into

water (b) the indexed pattern.
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Fig. 12, Three—-dimensional reciprocai‘lattice models of Au,Cr showing

3

(a) the distribution of diffuse scattering in the sro state,
(b) the six variants of Dla in the fro state.

Fig. 13. [001] diffraction pattern of bulk Au,V quenched in iced brine

4
from 900°C. |
Fig. 14. (a) [001] diffraction pattern of evapqratéd thin film of

Au3Mn showing two~dimensional loﬁg period superstructure (Watanabe

type), (b) another [001) pattern showing additional Dla super-
lattice spots, (c) sketch of [00l] pattern corresponding to Watanabe
type structure,

Fig. 15. (a) [001] diffraction pattern of ordered thin film of Au3Mn

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

Fig. 16. Theoretical diffuse scattering map for»Ni3Mo.

Fig. 17. Theoretical diffuse sCattering'map for AugMn.
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Disordered state LRO state: 6 variants of Dia

Reciprocal lattices of AuiCr
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Fig., 12



46~

L —r
e

XBB T1T7-3399A

Fig. 13



oy s

XBB T1T7-3L41ka



s

020 220

eP
o ®R o
e ¢S e
S 1 y
G ol-‘_c-m' o o *|‘
4) b mg —]
Ce @
Ae @
o -?—“]:!3 4P
ml/2¢_1_
:mz——l l ma/2
PN —
000 m | 100 | 200

@ FUNDAMENTAL FCC SPOTS
® SUPERLATTICE SPOTS
O SATELLITES

XBL 717-7008

Fig. 14 (cont.)



—49-

XBB T110-L4T762A

Fig. 15






- 0I0

020

- -51-

120

220

000 B ' 100

200

T/T=095; Vp/Vi=-0T; Va/Vi=- 0.2

Fig. 17

XBL717- 7010



o

2t

£

LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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