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ABSTRACT
The hardening by incohérent precipitatés'is ahalyzed in.thé f.c.c.

metals. Thé p?ecrpitates»detérminé indirectly.thé~rapid multiplication
‘the dislocations in the matrix. The ha:déniqg islrélated to the
so formed densevtangles« Thé récovéry é} these tangles is~madé by
cross-slip, ciimb and probably by some (Eher compléx thermally activated

mechanisms.



.An upper limit for the size of the particleSvtb be sheared, ri, can

.elumina system, teking y = 1000 ergs/cm?, en approximative calculation

I. INTRODUCTION

In recent years the investigation of dispersion strengthening has

. shown tﬂéf”fhé\hardening“of the metal dependés smalinly on whether the

discrete second phase particles are sheared by the dislocations moving

by

in the matrix. In this respect the classification of harfening by a

coherent or iIncoherent second phase. can be adopted since the coherent

'

phase dbut not the incoherent phase is~u$uallx'shearedﬂ

Nevertheless, other factors, such as the size of the particles,

influence the shearing. When g dislocation confined to.slip in its

- glide plane encounters particles, It may. expand between them, leaving

residual loops arbund_éach‘particle or it.may-shear.thém, The. stress
necessary in the fifst casé, known as thé.Orbwan stress;, is TC'= ub/a,
where u is fhe shear modulus of the maﬁrix,vb the Burger's veétor, é
the interpafticlé distance in the slip plane. For a given«?olume fracﬁion
of precipitate,.rc decreases as the size,of the particles increases.

In the second case the stress increéses with the size of the’particlef

be obtained by equating the two étrésses. The highérvthe interfacial
energy the. lower is-the‘upper'limit. -Only-véry-small incohére?t particles,

which have a high interfacial energy y, can be sheared. Tor the aluminum-

—~

f

i o’
gives rf = 15A. ' S o ’ N ,

Therefore a glide dislocation encountering such inconerent particles
will generally expand between them, or alternately bypass them by some

more complicated mechanisms, like cross slip or climb. The strain
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hardening of these alloys, at least for small enough deformations, is

much higher than that of the pure matrix and intimately xelated to the

o3

substructures of the alloy matrix. + will be shown that the hardening

can in efféct bte explained In térms‘of the elastic interactions of the .
dislocétions in the matrix. The second phasé particlés-play the
indirect role of accélérating the incréase:in dislocation dénsity with
the strain, leading to steep strain hardening.

A ‘ .

On the other hand, direct dislocatlon-particle interactions are
expectéd to control the Hardening by cohérént particlés.

It 1Is the purpose of thisipapér to give a réviéw~of the results
obtained onvcrystals contaihing uniformly distributéd inqoherent
'precipitates. The tfue elastic 1limit will be briefly consiaered, and
emphasis will be placed on the‘variation>9f.the flow siress-with temperature

for macroscopic plastic deformation.

IT. ‘ELASTIC LIMIT
The precipitatés intersecting'the glide plane are anchoring points
‘for the dislocatioﬁ. As menﬁioned before, according to Orowén,l the
~increase in the elastic iimit,relétive to the pure matrix is =2t/bd,

.

where t is the-line.tension ﬁf-the:dislodation. Thé Orowan bowing
vapplies provided @he dislocations ére cqnfined in their motion to the
élip pldne.f‘Deéending,oﬁ %hefher the preci?itafes are elastically

harder or gofter than tﬁexéétrix, fhe”dislocation is répelled or attracteé

by the precipitates and the'anchoring is somewhat different in each

2 . . . A A .
case. The Orowan critericn holds in both cases.3



The Orowan relationship has been verified for single crystals

. .

containing uniformly distrituted small particles. It must be

pointed out that this law is expected to apply when the initial dislocation

density is low enough for the particles to play the role of first

obstacles.
T .8 S R .
Ashby,” using an idea of Hirsch,  proposed a bypass of particles

by cdouble cross-slip, as schematically shown on Fig. 1 for an edge

dislocation. "When the dislocation begins the Orowan bowing, the

resulting screw components cross slip out of the slip plane under the

action of the stress concentration near the particle. The cross slipped

segments attract each other, resulting after annihilation in a prismatic
loop behind the particle and jogs.in the dislocation line. .Ansellll'
has shown that restrictive geometrical condition, namely when;?r.: a/1o0

where ¥ is the radius of thé partiélé, affect the bypass by double cross

slip. Experimental evidence of this mechanism is limited to the

prismatic'loops observed‘by!électfon microsbopy.7’9’lo Because this

cross slip has to be thermally activated, the true elastic limit, if

controlled by such a mechanism, has to vary more strongly with temperature

than the elastic constants, which Is in contradiction with exneriment.g
b} e

Nevertheless it will be shown later that ~~oss-slip occurs extensively

.

after some plastie straining.

III. TEMPERATURE VARIATTON OF THE FLOW STRESS
We summarize here the results obtained by the author'on the

polycrystalline Alp03-Al system (SAP);Z and by Mitchell et al. on the
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BRI, s L .
Al/A1,Cu system. The flow mechanisms™involved can probadbly be general;zed
-, : n

to alloys with incoherent precipitates‘in a f.c.q. matrix of high
'stacking fault énergy. Electron microscopé obsérvations-by ﬁuedl,
confirming the plasticity méchanisms will be given later.

The composition and the structural parameters., as determined by
electron microscopy; of the alldysﬂarélgrvén tn Table 1. While the
ALZCu particléSVare roughly spherical in shapé;'thé aluming particles in
SAP are platelets with linear.size betyéeni200 and 20002, anéd a thicknesé
of aboﬁt 2002; thé-vélués of r given in Iablé 1l for thé-méan planar
particlé radius, aré in this~casé thé_radius~of thé-circlé.of the same
area as that of the mean intersection aréa of platélets by a random
plane, i.e. v =V(2L¢/n)l/2 where L is half of the mean linear size'

e 12 ' . ' . .
and e the thickness. The temperature dependence of deformation mechanisms

controlling the flow stress are now discussed.

3.1 Flow stress ‘at low temperature (ABC in Fig. 1]

3.1.1 Forest process

In the range of low temperatures, and under small stresses for -

creep (or at low strain for tension at constant strain rate), the mobile

o

dislocations cannot leave the glide plane; their glide, in pure f.c.c.
metals, can be hindered both by long range internal stresses and by

short range obstacles provided by the "trees", dislocations piercing

their gliﬁe plane. The defb}métion is‘théﬂwéontrolled by the thermally’

activated Jog formation during the cutting through those trees and by v

the movement iIn long range stress field.

1

3

'he'tensile curves: for both ALl/Al,03 and Al/CuAl, systems, especially
i



¥

whereas in the BC part, the forest opposes the development of loop

for small strains, present & strain hardening rate which 1s much
. - . . P TS -2 R S, )
higher than that for polycrystalline aluminum and largely depending
on the temperature.
The variations: of the. tensile flow stress: for a given strain ralte,
with temperature (for three strains increasing from .1l to 3), are shown
in Fig. 2.

The curves: of type (1) or (2] are similar to those of pure metals

whose hardening is controlled by the forest process as mentioned before.

The AB part on Fig. 1 corresponds to the thermally activated Jog formaiion,

&)

only by long range internal stresses T, In f.c.c. structures, the long
range stresses are principally due to the attractive trees giving Junction
. . . . N . 15 '
reactions with the mobile dislocations.
An estimate of the energy of formation of a peir of jogs, 2U, ,
can be deduced from the measurement of TC,*-according to Friedel's
" (o ] 2 . . v 1‘.\ : : . i . .
theory as described in reference twelve. The results so obtalned are

S

gathered in Table 2, for Ai/Aleg, Al/AlZCu alloys, and for two purities

-of Al. -Applying th foreéﬁltheoryfto the - thermal decrease of T at low

temperatures, we thus obtain. for both alloys and aluminum a common

value of 2U o namely 2U = 0.37 £°0.05 e.v. A better estimate of 2Upc
. . . i A

f fe
is given by a direct measurement of the activation energy beyond TC;

12,13

the value so obtained, for SAP 11.7 is = 0.35 é.v., in good o

. i
*Th is. next to 173?K for SAP, for a strain rate of 2.710_1+ s! ang at
small strains (<2.1073).
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aéréement with the former‘meanAvalﬁe, and of a reasonable order of
magniiudé for,thé energy of formation of a pair of qus-iﬁ aluminum,
Thus, thé activation enérgy is compatiblé with the forést process
.controlling the plastic déformation in thésé alloys: as in pure metals.;
Thé‘méasurement of thé:actrvation volumé from strain rate change
tensile tests, allows the détermination of the forcé—distancé diegran,
showing ﬁhé elastic interaction bétweéh aArépulsivé t;ée (“ot siving

a junction.reaction) and a mobile dislocation. The results obtained

}._J
=

by Mitchell et al. for Al/AlZCu end pure aluminum and by the author .

for SAP and impure alUminumlgalB

* are shown on Fig. 3. The fact that
these F-x curves differ but little for the SAP, Al-Cu, Al, gives an

~added evidence for the presence of the intersectlion mechanism for all

materials. .

3.2.2 Crosé~sli§‘aﬁd self diffusion

For large strains (curve (3) in Fig. 1), the shape of t/u - .T
curve can no longer 5e explained solely with the mechanism of section
3.l.i. The absence of & plateau in the t/u - T‘curve seems to be due’
to a strdngly thermally éétivated.mechanism. In fact, measuring the
activation energy, AH, af_constant strain rate as a function of temperature,
we establish that the changé in shdpe bf the 7/u - T curves is reflected
by'the AH - T curves, Fig-lﬁ for.SAP 11:7.12’13 t small strains, AH‘
flattens out at'=2Ufc for-T'>.TC; éuggesting a forest process; but for
large strains, AH increases beyond TC and réécheé a §lateau, at adout . : v

1.6 e.v. for high enough temperatures, clearly corresponding solely

to the operation-of a diffusion process. Below, the variation of AH

*The SAP matrix is in impure aluminum (99.5%7.
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with T probably corresponds to i1l defineéd cross slip processes comv ica
by the effect of Internal stresses. These phenomena should determine

«

the relaxation of the 1nuernal stresses lea ing to the thermel decrease

Bl ~

of 1. The observation by electron microscopy. of plastically deformed
specimens shows an homogeneous: distribution of dislocations when the
deformation is low, while after high deformations- the dislocations are

10,16,17 Cells in SAP-wére»only

tangled and have a cell'structﬁré.
" observed for high defdrmations-and béyond thé platéau (7).
As wé ﬁréviously saw; the cross slip of scréw dislocations should”
.1ead to a decrease in T wilth increasing temperature, and for high
étrains, we -can reasqnably conclude that,ouf obéervations'agree with the
idea that the cell formation is relaté& to: |
(a) the cross élip of screw dislocations,
(o) ﬂthe appearance of stage III of the stress strain curve,
(c). the tensile streés decrease with temperature after the plateau.
Thomas et al.lghsuggested that the tgngles and cells result from
the multiplication of dislocatiohs by bpiration of Frank-Read sources
left by cross~-slip of *dislcoations adjacént to particles. This could
explain for instance why the cells observed in TD~Ni appear to.have
corners located at the largest particles.lS, This mechanism of formgtion
of cells is slighﬁlf different from the above-~which is in fact the normal?

o

cell formation by cross-slip in pure metals--because requiring the further:
operation of sources resulting from cross-slip. Until more evidence

is obtained, it can not be considered as firmly established. As will

be shown in the next paragraph, the role of particles as multipiicetion



centers is evident but not well defined.

'3.1.3 'Strain hHardering

“).J

The measurement of the athermal stress ?i (pzrt BC on Fig. 2)

directly leads to an estimate of the density of dislocations witn

_ r_uby ' ?
P = gt J
i

On the other hand, when the forest process is controlling the-

. ! Vo
after Saada's relations, S where 8 = 4 in f.c.c. structures,.

deformation, the measurement of the activation volume v¥ gives an

~ ,

other possibility of determination of p, namely p = (1;5 b?-/v"')z.12

Obviously, avdiréct determination of p is feasible by transmission
electron microscopy. The variations opr ﬁith the strain, es aetermined
bfrom the activation volume and electron microscopy‘byﬂguedl,"re given .

. in Table 3, for SAP L.5 deformed. at room témperaturé.

For strains smaller then about 2%, it can bé séen that the agreement
between both methods is quite good. For high stfainsa_whén cross slip
becomes'opératifé and introduceé-a céll structure, the density as
determined frqm the activation volumes, is on the whole close to the
density aé determined by éléétron microégopy,in the cell walls (the
density in .the walls is befween 2 and 4 times higher than the mean
“density). Thus, it seems that the activation volume is charactéristic
vof a forest process for which the mobile dislocations have to cut.through
the cell walls..

The aﬁsbluté values of the dislocatipn densities are high, such
as are onl& achieved in pure'métals after;sevére cold working without

<

subsequent annealing. The high initial v:ilue of th

i

's density In SAP,

prior to tensile sitrain is probably due to the fabrication process

v



(sintering and extrusion).

From the preceding study we can conclude that the na*d ning o

these alloys has the same origin as in pure f.c.c. met:

in b.c.c. structures have not been serious;y studled. The limited

number of mecnanical tests-made by Sell et al on' dispersions of

oxides, nitrides and carbides in tungsten are not conclusive.)

,,_)
(9]
]
£
wn
e
O
[

Their larger strain hardening is due to a more rapid iner

the dislocation density with plastic strain, =as showvn on Fig. 5, after

Mitchell et al. Figure-S5.represents the variation of the distance

between trees as a function of strain. Similar results were cbtained

- . 18
by the author for SAP, 12 13 and Heimendahl and Thomas for TD-Ni.~

For Al/Al,Cu, (4t/de),, decreases with increasing particle spacing &, .

T

for a given volume fraction f; for SAP the work hardening rate Increases

¢

cf
<1
®
51
[0}
)._J
®
c
F
O
o

with increasing f or decreasing d. Although no guant

has been proposed, these results show that the pariicles are thus
playing an indirect role of muwltiplying the dislocation density.

Bevertnelass the exact mode of mulb 1'1 ing is not .well understood. The
ying . y .

(') .
rf‘:

particles can be active by creating prismatic loops when dislocations by-
pass them by cross-slip or by volume indentation effect. The particles

can also act as barriers to moving dislocations nucleated at other

sources, such as Frank-Reed sources, grain boundaries and twin boundaries

&
G Oe

o
3
(e

in TD-Ni. This explains why in both cases the cell size

governed by the particle spacing.

.

An interesting feature appears when studying the grain size influence.

- LY -
; L . L - I e, LD , . e 12
As shown by Heimendahl and Thomas for TD-Ni, and the author for 342,
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about the same for as-extruded and recrystallized specimens. Thus in

10— -

the grain size has no influence on the flow stress at 0.1 or 0.2 nctn

' tensile stress as well as on the ultimate ténsile stress. Transmission

" electron microscopies. taken by Ruedl on ténsile strained recrystellized

N

SAP show that for the same plastic strain, the dislocation densi
recrystallized speciemens, the dislocation density, ini
increases very rapidly with deformation, reaching after a few tenths
pct of strain the same dislocetion density, and therefore the same {low
stress, as in the as-extruded material.
. 20 s
Furthermore, the Fisher-Hart-Pry theory of strain hardening, vased
on the result of planar dislocation loops around the dispersed particles
is invalid, since as we saw, the role of the particles is to multiply
the dislocations and enhance the cross-slip processes -leading to the
cell structures.
SR Y g e L -
Ashby™ proposed a somewhat more realistic model to account for

the strain hardening of these alloys, based on forest intersection. The

. [

strain hardening was calculated assuming that the glide dislocations
have to.cut through the cell walls set up by the residual prismatic

N

loops left by cross slip on the particles (e.£. éaragraph 2). Neverthe-
less.ﬁhe assumed substrﬁcture is peculiar; évén if such prismatic loops
are observed it is difficult to ascribe thé work hardening dué to their
presence iny; ‘bn the other hand, the formatioﬁ of cell cpnfigurations
takes place oply at high enough strains. At small strains, when the

Cislocations are uniformly distributed in the matrix this theory is

guestionable. A pure forest process has to be considered. Unfortunately
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in this case the rate of increase of dislocation density with plastic

train is not clear.

3.2 Flow streéss at ern tenmperatu

The internal stresses,'r¥“ are
relieved at high pemperatavns by mechanlsho common to pure -metals

(cross-slip and climb] and by some more complicated mechanism. This
recovery is, however, strongly limited by the presence of the second

- .

hase, and the material will maintain high strength. The stability of

d

the'dislocétion substrucﬁuré is obvicusly a funetion of the dispersion
stability; in this-réspéct, okfdé.dispérsions3 which are very stadle,
will assure a_goqd élloy'dislécationAsubstructuré-at‘high temperatures,
and therefore high stréngfh.
These recovery processes can be analyzed as a ;unctloﬂ of temperature
£

. from the spectrum of the activation energy as determined by tensile

tests for dl ferent grades of SAP and polycrystal*¢n impure aluminum

(99.5%), Fig. 6.°F o - /«

3.2.1° .Cross=slip-and self-diffusion..or

Between 100 and 350°C, for a strain of 2.10—35 the movement of
dislocations in the matrix is controlled by cross slip and climd, as in
pure aluminum (the cross-slip--at same stress level--and sel? diffusion
energies in pure aluminum are respectively 1.2 and 1.5 e.v.). The creep
of TD-Fi (Ni + 2 vol.% ThO,) ‘can be also satisfactorily explained, below .

2. 22 : ] . s Y
0.5 Tm, by cross-slip, and the high temperature creep of several
e a s n xes S : e 83 o
recrystallized Ni-ThO, (1L to 3 vol.% ThO,) by climb. The creep of

n]/ﬂ$p u at high temperatures has also an activation energy close to
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the self-diffusion energy in pure aluminum. The general equation for

the straln rate resulting from the climb of edge dislocations by

diffusion of jogs has- to be applied. ' o - E )
N UL a3
é —-cte‘l-ex ,{ —£q~? '\2221}
n P AT TS S AR
where UD is the self-diffusion energy, T the applied siress, n a stress

concentration factor, and h  the mean height that a dislocation has to
climb before escaping by glide or annthilation. If the escepe
place at the head of a piled-up group on a second phase particle, h has
R ‘. o] ~ . -+ . . " P K . N 2 o .n
o be of the order of the half height of the particley for a pille-up
on intracrystalline barriers, h has to vary like < 2.,
M P s ' e N 21
Measurements of the activation wvolume made by the author on SAL
are in reasonable agréement with the wvalues expected from the previous

equation. Cross-slip and climb can be operative at lower temperature

(paragraph 3.1.2] for higher strain and therefore higher stress level.

B

3.2.2 0Other processes

. The high activation energies measured above 350°C show that the

high temperature deformation mechanisms in SAP are radically differen

ct

T T e—

from that in aluminum, since it the Tatfer the climb of dislocations is
the controlling process up to the melting point, with a constant activation

energy closed to the self diffusion enQrgy.gs The variation of the

activation energy with the temperature is apparent, because the tensile .

'

tests were conducted under low stress at high temperature and wvice
versa. So the activation energy steeply increases. with decreasing

stress, as reported in references twelve and twenty one. Similar
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activation energies have bteen observed by other investigator
In fact, high values of ‘activation energy, reaching at high enoush Temy
atures ten times or more the sélf diffusion energy seem to be a general

. . N . . ° N A .
feature for dispersion hardened alloys; indium-glass composite,
my_ s 23 e ‘ q 29 o, e ' -
TD-Ni, Ni-Al,03 alloys. llevertheless there is no general agreement
concerning the stress dependence of the activation energy. Different
models have been suggested depending on whether the apparent activation
energy Is a function of the stress.

‘a/ Crain boundary sliding

Wilcox and Clau_érg3 ékplainéd quélitativély; in térms1of grain
boundaryvsliding, the indepéndéﬁt of str;ss~activé£ion enérgy for creep
in TD-Ni. The préseﬁce'of.impuritiés or.particlés in the boundaries
would increase the activation ené;gy for sliding.to thé-observed value.
Nevertheless the'iargé stress exponent {(n = LO) in the preexponential

term of the strain rate remains difficult to explain.

b/ Dislocation generation from grain boundaries
. | 27 ' e s g
. Ansell and Weertman developed a semiquentitative theory based on

the generation of dislocations from grain boundaries. The activetion
’ «

energy of such a process is obviously strongly stress dependent, dut the
expecved grain size dependence of the flow stress is not observed

'experimentally;le’l6

The model, tased on the Orowan mechanism, consists of thermally
activated glide by-passing the particles intersecting the slip plane,

for stresses lower than the critical Orowan siress. Calcula
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been made by Coulomd™ for precipitate
. - e e s nt e
bubbles) and the author for precipitates harder than the matrix.

In the last case, for small enough precipitates and Tor applied stiress

very near the critical Orowan stress Tc, the actlivation unergy-is

strongly stress dependent:
0H = 284 (1 - r/¢cz3/2

<

The numerical values agree well enough with the experimental ones for
SAP, but the calculated activation volumes are between 10 and 100. times
" greater than the experimental ones.

¢/ Thermal activation of jundétion reactions

In alloys deformed at high temperatures, the particle limited

recovery can still lead to large dislocation densities. Hirsch type

30

Junction reactions between attractive dislocations are freguently

. . . . 10 ae ' . .
observed-in this case. The author has studied the thermal dissolution

of such reactions.Bl.‘f;; ééiéﬁlﬁféd aé£;§5536n énérgy éndlvolume, which
again vary rapidly with the'applied stréss,.agree reasonably well with
experimental data in SAP. | :
: ’ ‘ ,

"Even if the various models presented heré are partially satisfactory,
it 1s doubtful that a single model can at high témpératufesVuniLuely

1

describe the flow mechanism of this typé.of alloy. ;n any case the
large valugvbf the activation energy Indicates a highly restricted
dislocatiq£>mobiliﬁy. Such ailoys-will therefore-reiaih an appreciabdle

flow siress, even at hign temperatures.
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Table 1. Structure parameters of the alloys

alloy . dispersed . - . _ o _ ' S o

) > y of (¥ ’ (3 )
type - phase - & f(F) e (ulo o al(yl] Y

SAP L Al,03 vy 2.75 0.0253 0
AP T o 0 h4.85 T 0.0293 . 0.1
SAP 10 - M L TL00 e 20.03kbs - e 0

2 2 -

v - AlsCu ks - 0.298 2.8 , L30
e " h.5 1.08° - 11. © k1o
5% " ) B9 _O‘.l58" ST P DO

=

(W8}
e
L)

(@]

)

= volume fraction, of dispersed phase.

"
il

mean planar particle radius.

mean planar interparticle distance

o)
1

*The number is the weight fraction of alumina.
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Table 2. Energies of formation o6f a pair of jogs.

Alloy . ‘ SAP L.5  SAP 11.7 0 kC 5P - AL 99.5% AL 99.9%
ew.) | 0.3 0k 035 0.1 0.3k 0.33 0.37
Table 3. Dislocation densities as a function of tensile -

strain at room temperature. SAP L.s
in - mean density, cm 2 ‘mean density, cm 2
(electron_micrbscopy) ‘(activation-volume) o distribution
(5 = 2)10° - . homogeneous
05 (7t 2)10° . - !
2 (1.05 = 0.3)10%0 . (1.9 = 1.2)20'0 "
(1.2 * 0.3)1010 (2.3 £ 1.1)10%0 "
(3.6 * 1.0)10%0 "
(1.6 = 0.3)2019° (4.9 £ 0.9)1010  cell structure
5 . (6.2 % 1.3)100 "
‘(érino;jlidxp"“_“"'i‘f (6;9“%jiiijlbio :Vi . ft." B

o
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I'iGURE CAPTIONS

‘Figure 1. Double cross-slip Tor an edge dislocation.
¥ S

Figure 2. Variations of the tensile flov stress, Tor different sirains,
as a function of temperature (the flow stress is corrected

for the wvariaticns of the shear modulus u with tenperature);

Force-distance diagram.

S U S

Figure L. Variations of the sctivation energy function of temperatu

A

at constant strein rate (e = 2.7.10 5 s 1) and for GLf:

P S
erenc

strains. - SAP 11.7. : ' ;
Figure 5. Variation of 1/L with true strain.,
ure 6. Activation energy at constant sirain rate as a function of

temperature for SAP 3.6, 8.3, 11.7 and Al1-69.5%. ¢ = 2.7.10 *

s 1. e =2.1073.
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G POLYCRYSTAL Al $9:5%
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This report was prepared as an account of Government .
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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