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as proof.for the absence of ordered particles in a random matrix.
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STRUCTURE AND PROPERTIES OF ALIOYS CONTAINING VERY SMALL
ORDERED PARTICILEST

R Gaudig, ‘P. Okamoto, G. Schanz,” G. Thomas, and H. warlimOnt*
Inorganic Materials Research Division, Lawrence Radiation Laboratory
. Department of Materials- Science and Engineering, University of
‘ California, Berkeley, California
Théée»studies were initiated in order to determine whether the
diffracfioh_effects and property changes in alloys ascribed to short
rénge order (SRO) are accompanied by'microstructural features which
can be rgsoived by transmission electron microséopy and field ion
microscopy (FIM). Such- features were expected to exist in the alloys

(1-12)

concerned because several diffraction effects

(11-19)

and macréscopié
property changes indicate the presence of discrete ordered

regions in a random matrix. In previous work short range order has

been treated from two different points of view: ' statistical treatments

vare conéerned with the average deviation of thé numbers of like and
“unlike atom'pairs from a randoﬁjdiétribuﬁion; the pértiéle concepfvis
_‘based upon the presencévof sﬁali ordefed reéions'in a random matrix

i.e. a nonrandom distribution of like and unlike atom pairs. Amoné

the previous obéervations, diffraction and electrical resistivity

measurements are moét relevant for discerning'between these two concepts.
X-ray and electron diffraction yield broadened maxima at superlattiée
positions of a stable phase in the same system of,at diffeient positions,
in cu-ar, (133) e i1 (5-T) g Ni—Mb.<8_9’ll’59) The fact that the posi-

tions of superlattice reflections and SRO maxima do not coihcide in some

cases, e.g. 1n the Ni-Mo, Au-Cr, and Au-Mn systems,»has been interpfeted

(4h)

* ' LX)
Max-Planck-Institut fur Metallforschung, Stuttgart, Germany

TPresen’te‘d_ at the Bolton Landing Conference of the AIME, September 1969
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The conclusion appeared to be supported by the'agreemént between the

experimental finding of extra SRO maxima and their‘thebretical predictioﬁ

(47)

by . Clapp -and . Moss. " But this correlation will have to be

reinvestigated in view of the present results.. Resistivity changes

exhibit an anomalous increase (i-effect), which commonly arises during

early stages of precipitation due to particles of a critical size for

(20-25) (4,13-17) (18-19)

electron scattering - Fe-Al;

(11-12,48)

in Cu-Al, and Ni-Mo.

_ The phase equilibria and the regions associated with effects of

short range order are shown in Figs. la-d in the range of presént'
(26,27) 0 (29,45,46)
b

interest-fbr the Cu-Al, Cu-2 Fe—A1(18’28) and Ni—Mo(zg)

systems. The regions of SRO have been derived from the temperature and
composition dependence of macroscopic property chaﬁges and thermal effects.
The structures of the superlattice phases whose regions of stability

border on the regions of SRO are: an f.c.c.-based long-period superlattice

(4) (30)

structure in Cu-Al, the b.c.c.-based DO, type structure in Fe-Al

3
e ‘ s (31)
and an f.c.c.-based tetragonal Dla type structure in Ni-Mo."

EXPERIMENTAL PROCEDURE

The alloys were iﬁduction melted (CU—Al, Cﬁ-Zn, Fe-Al) and arc
meited (Ni-Mo), respectively, using metals of 99.9% (Ni), 99.99% (Al, Mo,
Zn) and 99.997% (Cu) purity;' 0.15% Ti was added to the,Fe—Al‘alldys
prepared for mechanical prqperty measurements in order to minimize the

(40)

effedét of interstitial impurity solutes. Most heat treatments were
conducted under vacuum or inert gas (Ar, He) atmospheres. Isothermal
annealing of the Ni-Mo alloy was carried out in a chloride salt bath.

Specimens for electron microscopy were prepared bv electropolishing in

an electrolyte consisting of 1 part nitric acid and 2 parts methyl alcohol.
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1Polisﬁing conditions were: 5 to 6V, ;5 to -15°C for Fe-Al; 7V, -35 to
70°C fbrFCQQAl; Similar polishing procedures were employed for the
Cu-Zn alloys on which préliﬁinar§ results are repofted. Specimensbof,
Ni-ﬁo faf'bbth électron ﬁicrsocopy and‘FIM were prgpared from the same
heat treéted saméle. Tenéile teste were performed on specimens 0,2 mm
thick, whdsé gauge length of 30 mm was 3.mm wide - at a strain rate of
10_4 sec_l;, Each'stété Qés ﬁested on at least tWOISpeqimens;

RESULTS -

Microsfrucfures‘and Electron Diffréctidn

In all alidys studied Ehué far electron microscopic bright and
dark fiéid imégés of foils oriented for two—beaﬁ scatteriné of funda—
- mental reflections exhibit very finely dispersed contrast effects which
can be interpreted in terms éfva profusion of weak localized strain
fields which develop to the so-called "tweed pattern" characteristic of
alloys containing coherent preéipitates if the volgmé fraction and

(49,50,51,68)

cbherency strains exceed certain values. These features are

shown in Figs. 2a~d for>Cu—Al,’Cu—Zn, Fe-Al and Ni-Mo alloys. In cases
' ' (41-43) -

where single black-white imageé typical of small strain centres
are observed the intensity distribution is no unique and simple function
of the_operativé diffraction vector E. This indicateé that neither a
direction of méximum displacements nor a»uniquebshape effect are common
to all or groups of the strain centres visible,

However, some information regarding the array and the average dis-
tance of the strain centres may be derived from micrographs such'aé shown
in Figs; 2a~-d. In particular in Fe-Al alloys the net strain contrast »

exhibited an alignment in rows predominately in <1102 , but also in <1007

directions depending on the foil normal and on the operating reflection.
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The.average distance D of these rows was found to be independent of alloy
concentfation and aging fime.within the accuracy_of measurement in alloy |
containing 15.5 to 17.8 at. % Al agea for 1 to 170 hours, and amounted to
1OQ - D ;VZOO‘Z. A count of individual strain céntres in Cu-~Al alloys |
éontaining"lo and 15 at;'z Al, where the visibility criteria derived for

(43)

vacancy clusters were:taken into account, yiélded an.avefage distance
D = 130A.
. in all alloys investigated in the state ofva high degree of SRO
additionalvreflections are observed which allows direct dark-field
images to be produced of the regions from which thesevextra reflections
originate. They show émall ﬁarticies whqse.dispersion éorresponds to
the average distance of the strain centres which was.derived indirectl&
from the strain contrast images. Examples are given in Figs. 3a and 3b.
This now should enable the average particle size and number per unit
volume fo be measured if théir viéibility aﬁd géqmgtricvrelations(52’53)
are takenvinto account. |
' FIM iméges of the as—quencﬁed Ni4Mo’alloy gxhibit many bright

cluéters dontéining an averagé of about 8 atoms each; Fig.‘4a. .Thése
vclusters are distributed randomly and are plate shéped with é thickness
of one or ‘two atom layers. Aging at 650°C leads to an increase in the
average size of the clusters énd to a decrease in number per unit ateé.'
After 10 minutes of aging, Fig. 4b, the bright clustefs are defihitely
corresponding to smali ordered regions sinée they appear mbstvfrequently
in the form of half-rings:especially in areas of thg FIM image where
superlatti;e planes would normally appear in the fully ordered alloy.
" The matfiglof the as-quenched alloy appears to be partially ordered. The

FIM ring pattern development varies from region to region with no distinct

separation of such regions by an interface. The most prominent feature
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6f'e1e¢tron diffraétioﬁ'of the short rénge ordered ailoys is an intéﬁse
‘directional broadening of all fundamental feflections as shown in Figs.
5a~c. Thé‘lenéth of the streaks increases approximately préportional‘to"
the 1quth of the reciprocél lattice vector E thus,indicating'thét they
‘are prédominanfly_due to anisotfopié lattice strains.

Tébie 1 gives the direction of streaking obsérved in the different '
alloys. _Injall cases.thévstreaks are most intensé at slight déviations
frbm lowéindex zones corfesponding to a sharﬁly directional prOpagation
in feciprdgai space such that their contact with the reflecting sphere is
a sensitiQe function of orientation. It Has.been‘discussed by L. E. Tahner‘
58 thaf streaks maf be prominent in <110> in f;q.c; alloys if elastic
anisotropy is a main factor in determining the diéplacemepts.'

As indicated above the diffraétion.pafterns contain'eitfajreflections
whose intensity increases with increasing solute éontenf and degree of
short raﬁge'order. In Fe-Al élloys, the extraﬂreflettions corfeSpoﬁd to
the DO3 superlattice structure, Fig. 6a. In Cqul'alloys, Fig. 6b, the
extra reflections aré coﬁpatible Qith a periodic'modﬁlation of the
Scatteriﬁg amplitude in cube directions whosé period was found.to vary

(4)

as a function of composition. At 17 at..% Al the period is L = 1.6 a,

where a is the lattice parameter of the f.c.c. unit cell. The stable
superlattice at ¢ > 19.5 at..% Al is characterised by two values of L :
(4)

L, = a and L, = 2a.

1 9 In Ni-Mo alloys two types of additional reflections

occur. Intense spots at {1,1/2,0} positions in as-quenched spécimens and
very weak guperlattice reflections of the Ni4 Mo structure which do not
lie precisely at their equilibrium angular positions. With aging the

intensity of the {1,1/2,0} reflections decreases while the intensity of

the. the superlattice reflections increases and they are shifted to equilibrium.
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positioné,‘see Fig.s 7a-c. vThe presenceiof the {1,1/2,0} maxima is
compatiBle'with periodic moduiations.in the direétion of 420 plané
normals With a period L = 4d420. The incréase in iﬁtensity and slight
shifting of the supeflattice reflections into theirffinal positions in
rthe imﬁediate Viéinity df the {l,l/2;0} spots correspbnds to the growth

of local regions with L = 5d modulations of the scattering émplitude.'

420

4

typé pléne is occupied by Mo atoms only, the intervening planes consisting

This value arises because in the Ni, Mo structure every fifth {420}
of Ni étoms.

It should be noted that in as—quenched Ni4 Mo the diffuse superlattice
maxima cotresponding toL = 5d420

lattice sections such as {130}* which contain superlattice positions but

are visible only in certain reciprocal

no'{l,l/Z,O} Bositions. In {002}* sections all superlattice maxima are
obscured‘by neighbouring {1,1/2,0} spots, whereas in other sections such
as {121}* only half of the superlattice maxima are directly obsefvable;
the others are detectable oniy by ﬁicrophotomefric measurements. This
explains why neither.pfeﬁious investigatoré ofiSRO in Ni-Mo ﬁor'L."ﬁ.v
Tanner et. al.(44) in investigafing the cOrrespoﬁding Au-anand Au—Cf
sYstems have reported such maxima earlier since their diffusé scattering
experiments have been confined almost gxclusively to'{OO?}* reciprocal
lattice sections. A detailed interpretation of these observations will

be published-separately.KSSD

"ﬂechanipal beéérties

Fe—Al alloys containing 3.Q < ¢ < 18.1 at..%Z Al were investigated
after quenching from 800°C and after additional aging for 40 hours at
250°C. Characteristic stress-strain curves are reproduced in Fig. 8.

Significant differénces resulting from the thermal treatments were obtained

[
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only at ¢ > 16.0 at, % Al, fhe yield sifess»being raised about 1.5
k'gf/mm2 at 16.0 at..Z Al and abo’ut,Slkgf/mm2 at 18.1 at: % Al by the
aging tfeatﬁen;. The vield stress in terms of the 0.17% proof stress'
0g.q a8 a function of-composition and heat tfeatmeﬁt is plotted in Eig; 9.
. Some of thévalloys containing 10 to i6 at..7 Al ekhibited discontinﬁous
yiel&iﬁg.' Three stages of work_hardeniﬁg may bé distinguished in accore

dance with other investigations of ordered alloysi(66_68)»

aﬁ initial
stage of zero work hardening (I) is followed by a stage ofvconstant raté
(ID) ana é final stage (III) of a roughly parabolié rate of work harden—"
ing. Stagé_I is hardly déveloped’in the polvcrystalline specimens

emplOyedeQr these experiments.

DISCUSSION

The Natu£e of Shorﬁ Range Order-

.The microstructural observations and diffraétion results obfaipéd
in these studies have shown that for the investigated systemé the des;
cfiptidn.qf the state of short range order by local drdef coéfficients
alone is‘incomplete. Rather, it is found that discrete highiy ordered
regioné in a matrix with lower or zero dégree of o#der can be distinguished.

The crystal structures of the ordered regions are either identical
‘or closely related to the stable superlattice structures occurring ét
highér éoluté!contents or lower teﬁperatures, but the degree of order in
the particles is unknown. It is interesting to note that in both the
~ Cu-Al aﬁd Ni-Mo systems the essential difference between the structural
featuresiof the small ordered regions in the state of short-rangevorder
~and the'neighbouring superlattice phases is given by a difference.in
lattice periodicity. 1In the case of short range ordéred Cu-Al a periodic

_scattering with L = 1.6a was observed. The reflections were weak and
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'diffuse; thus.indicéting that the ékgra féfléctions arise from quasi-
periodic fiuétuatiéns pf Scattefiné whoée:average périod is L = 1.6a.
rhe'long period shift structurg of ﬁﬂe y éuperlattice phaée conéiéts
of 6'antiphése shifts at regular.inﬁervals in 8 f.é;c. unit cells
cofrespéﬁding.to L =1.33a. 1In the case of.Ni;MQ'thé‘{1,1/2,0}'reflec—
tions can be interpretédyas being.due to every fourth {420} type plaﬁe
'(referred té the f.c.c. unit cell)‘yielding.periodic variations in‘
scattéfing, possibly because of an enrichmeﬂﬁ in'Mo afoms, whereas the
unit ceil of the NiAMo structure requires periodic interactipns extend~
ingxas far as five of the‘{420} type pianeé of the‘NiaMo étructﬁre,iﬁecguse
every fifth plane‘of thiS‘tyﬁevisvoccupied By Mo atoﬁs.v |

.Electfon diffraction patterﬁs of short range ordered Au-Mn and

(44)

~ Au-Cr alloys taken at temperature exhibit the same {1,1/2,0} type

maxima as those observed for Ni-Mo, but no dark field images have been

(9)

published. - From the résults Qf this work and of it appears that éven
thoqgh the étructures of short range and long range order are different?
the short fange ordéfed state may, still, Consiét of small o?deredv
regions in‘a less or disordered matrix.l It shqﬁld be nofed #hét a
1inea£ized approximation for the correlation functions of binafy alloyé(d7)
yieldé the'samé tybe of scattefing in short range ordered Ni4Mo‘aS that |
. found experimentally. The compatibility - of the theoreticalltreatment
with thewébéerved presence of discrete ordered regions is still to be
investigatéd.

The Size of the ordered regions has.been observed éo approach a’
small, finite (equilibrium) value depending on aging temperature an&.

(4,7)

alloy concentration. The diameter D has been determined by several

direct and indirect observations, calculations and conclusions. In
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"Cu—Al alloys

Cu.Pd.

’ Applyiﬁg the Fleischer theory for solid solution strengthening

- -9- - UCRL-19122
(4) . q ' e . 01 4 )
the width of x-ray reflection yields D = 21 A, resis-

. . ’ . . o -
tivity measurements lead to approximately 10 < D < 20.A. In Fe-Al

(7)

alloys an approximate evaluation of the microstructure yields D <

(16)

o

o o . . . . . _
70 A, other authors report D = 50 A, whereas resistivity measurements

i’ K .o : ’ ‘ o .
indicate 10 < D < 20 A, The FIM images of Ni-Mo yield D = 12 A; based

. (9,37) L o0
on electron microscopy D = 10 A has been reported.

Several previous investigations of other alloys systems have  also

shown that in the short range ordered state discrete ordered regions ‘

exist in a nearly random matrix, e.g., in Cu Au$56’58) CuAu,<57) CuAu3(60)

(59)

3

3 It is therefore concluded that these features are character-
istic of the state of short range order in numerous alloys systems.

Mechanical properties measured in the present study have been

analysed in terms of current theories of strengthening in connection

with the observed microstructures. The piot of the yield stress as a

function of concentration and heat treatment, Fig. 9, suggests that up

to approximately 10 at. % Al a single functional relationship prevails

- which can be related to solid solution strengthening whereas at higher

solute contents contributions due to short range order can be resolved.
(61, 62)

(38)

in its form found to hold for b.c.c. solid solutions it can be shown'
that below 10 at. % Al the relation oO.l(cAl) is well répresented for
screw dislocations. By extrapolating this relation to higher Al contents
apbroximate_values for the contribution due to ;hort range order can be

derived if they are assumed to be additive. This contribution was

analysed in terms of the following theories of strengthening: 1.) short .

range order strengthening$34’ 36) 2.) strengthening due to the stress
A . . (63,64) . S s
field of particles, 3.) strengthening due to ordered misfit-free

(65)

pafticles. 1.) and 2.) yield values compatible with the experimental
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fiﬁdingé whereas 3.) results in theoretical_prédictions which,afe smaller
than fhe é#perimental vaiues by ‘a factor of about.103, which was to be
expected in view of the observéd éoheréncy strains.

bPreliminary eiectron microscopic_observatioﬁs qf the diélocat%dﬁ
afrangement after different amounts of plastic defprmétion support the
justification for sﬁbdividing the stress-strain éuryéé into;threebé;ages.
In grains‘suitable oriented to the tensile axis 51ip is restricted to
few widely.spaced}(.104°A) {116} siip piéhes in stage I. :Diétinétiy
straight.screw dislocations along <111> directions are found in stage II
and it appears that they are locked as dipoles dué to the iﬁteraction
of their_stfain.fields as.proposed by Taylor in hié fhépryvof wérk
hardening;§69) their'éhﬁihilation.by crossfslip.being fest%éiﬁed dpé.
'to'the_ordered regions. In stage IiI the disloéatidns:are.s#ill'mainly
sfraigﬁt éhd’parallél to <1il>,~but in all graiﬁs slip.on atvleast two
zsystems.éﬁd_pronounced interlockiﬁg ha$ occufre%;' All of thesé observations
are similar to those by G. E;'Lakso and M. J. M%rcinkowski(67)

i
i

Fe-Si alloys. A full account of this parf of odr study will.be published

(70) S e |

on ordered

élsewhefe. _
N . ' i

CONCLUSIONS : : .;

In the short range ordéred Cu-Al, Cu-Zn, Fe-Al and Ni-Mo alloys

. | . :
electron and field ion microscopy and diffractidn effects indicate the

i
presence of discrete ordered regions in a less o%dered or disordered
‘matrix. :It is possible to reinterpret and correﬁate previous observations
with these findings. Since diffraction studies of several other alloy
systems yield corresponding results it is sugges;ed that a coherent

two-phase mixture in which coarsening of the ordered phase is limited to

a small equilibrium particle size is frequent if not common in short
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range ordered alloys. | -
The field stress gnd work hardening beﬁéviour of'short fange
ofderedvFefAl alloys are Cdmpatible with their struqtural fgatureé._
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-Table 1

'Exﬁerimental observations on short range ordered alloys

e 4 Cu-Al Fe-Al _Ni-Mo Refefencgguuwi 
Apparent average = = o
distance of strain | ~ 130 100 - 200 4, 7
centrés, D (R). '
Apparent diameter 21;.” < 70; =123 4, 7, 9
of ordered regions, | 10 - 20 = 50; = iO this work
d (&) | | 10 ~ 20
Approkimate direc- | , . .
tion of streaking iﬁ% <110>,<112> <110>,<112> by 7
electron diffraéf i
tion patterns
Extra reflections S
in diffraction LPS(c,,) /DO, type a){1,1/2,0}| 4, 7, 9
patterns ' b)Dla type |this work

o



Fig. 1.

Fig. 2.

Fig. 3.

Fig. &4,
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FIGURE CAPTIONS | |
Phase equilibria and ranges of short raﬁge order (SRO)T. ,
ECectron Miérogfaphs of alloys in the stéte of short range.
order:: Images due'to fundamental reflections.showing.net,
strain contraét due to finely dispersed strain centres.
(a) -Cu-15 at:% Al; 800°C 5.5°/hr 20° C. Dark field, g
= (220, & =~ [112] . |
(b) Cu-29 ;1 at?% Zn; 850°/H20,.226 10090; Bfiéht field,
% = (200), & = [001]

(c) Fe-15.5 at.% Al, 1380°/H,0, 1 h 300°C. Bright field,

3= (170), % = [111]

(d) Ni-20.2 at.% Mo, 1100°C/ice brine. Dark field, g = [111]

"Electron micrographs of alloys in the state of short rénge'

order. Direct images of regions of a high degree of order and/or

clustering.

(a) Fe-18.7 at.Z Al, 1380°/H,0, i w 300°C. Dark field § =
(lll)Do3 o . v _
(b) Ni-20.2 at.% Mo, 1100°C/ice brine. Dark field E = {1,1/2,0}

e

+ (—1'10)bct

Field ion micrographs of Ni - 20.2 at.% Mo, 1100°C/ice brine.

. (a) As quenced

Fig, 5{

(b) Aged 10 min. 650°C

Electron diffraction patterns of alloys in the state of shortk

range order showing the characteristic broadéning of fundamental

reflections
. | R _
(a) Cu-15.0 at.% A1, SQO°/H20, lw 160°C. n = [110]

(b) Cu-34.0 at.% Zn, 850°/H,0, 1w 200°C. @ = [001]




Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

%0.1
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 (c) Fe-17.8 at.% A1,'1380°/Hzo, v 300°C. n = [001]

‘Electron diffraction patterns of alloys in the state of short

range order showing extra refiecfioﬂs.
(a) Fe-17.8 at.% Al, 1380°/H,0, 1h 300°C. =n = [001]

(b) Cu-17.0 at.% Al, 500°/H,0, 1w 160°C. n = [110]

. Electron diffraction patterns of Ni-20.2 at.% Mo, 1100°C/ice

-+

7 brine, n.=_[121]fcc
.(@) As quenched

.(b) Aged 10 min. at 650°C

(c) Aged 10 sec. at 750°C

- Stress-strain curves of'quenéhed and aged Fe-Al alloys

proof stress of.quenchédvand'aged Fe-Al alloys

Lﬁ‘

<

3
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Fig 1 Phase equilibria and ranges of short range order (SRO)
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a) Cu- 15 at.% Al, 800_g 5,5° /hr b) Cu-29.1 at.% Zn, 850°/H,0,
gp Dark fleld, g = (220), ggd 100° C. JBright fiel
[112] g = (200), n = [001]

c) Fe-15.5 at.% Al, 1380° /HéO d) Ni-20.2 at.% Mo, 1109 C/lce
_% h 300°C. Brlght field, brine. Dark field, g = [111]
= (1I0), # = [111)
XBB 701-251

Fig. 2. Electron micrographs of alloys in the state of short range
order. Images due to fundamental reflections showing net
strain contrast due to finely dispersed strain centres.
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a) Fe-18.7 at.% Al, 1380°/H,0, b) Ni-20.2 at.% Mo, 1;gp°c/ice
w 300°C. Dark field brine. Dark field g = {1,1/2,0}
g = (111)D05 ¥ (110)th
XBB 701-250

Fig. 5. Electron micrographs of alloys in the state of short range
order. Direct images of regions of a high degree of order
and/or clustering.
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As quenched

b) Aged 10 min. 650°C

XBB 701-255

Fig. 4. Field ion micrographs of Ni-20.2 at.% Mo, 1100°C/ice brine.
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b 200 020

000
a) Cu—%5.0 at.% Al, 'b) Cu-34.0 at.% Zn, c) Fe-l?./8 at.% Al,
00/H,0, 1 w 160°C. 850° /H,0, 1 w 200°C. 80°/H,0, 1 w 300°C.
?51’ = ?ZQLM’J] T = [001] %: [001]

XBB 701-253

Fig. 5. Electron diffraction patterns of alloys in the state of short
range order showing the characteristic broadening of fundamental
reflections.
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000 200 400
® . .

a) Fe-17.8 at.f Al, 1380°/H.0 b) Cu-17.0 at.% Al, SOO°/HéO,
1 h 300°C. B = [001] o 1w 160 C. 1 = [110]
XBB 701-252

Fig. 6. Electron diffraction patterns of alloys in the state of short
range order showing extra reflections.
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a) As quenched

c) Aged 10 sec. at 750°C

XBB 701-254

Fig. 7. Electron diffractigp patterns of Ni-20.2 at.% Mo,
1100°C/ice brine, n = (22l .
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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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