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. : ABSTRACT

‘The effect of strain rate and températuré_on the flow stréss was
investigated in a polycrystalliné megnesium-14 wt.% lithium -1.5 wt.%
aluninum alloy. Wheréas-thé flow stréss incréaséd only slightly as the
temperature was decreased from room temperature to abdut 115°K,. a fapid
increase in the flow stress was obt alned with yet greater decreéses
in temperature from azbout 115° to 20°K. The strong temperature and
strain rafe dependence of thefflow stress below 115°K waé interpreted
erms of the Dorn-Rajnakx theory of the Peierls mechanism when the
deformation is controlled by the rate of nucleation of pairs of kinks.

Avove 115°K, an athermal mechanism is operative.



I. INTRODUCTION

s

Tals investigation was undertaken for the purpose of elucidating

Tthe rate-controlling mechanism for slip in polycrystalline aggregates

4

of 'b.c.c. megnesivm,14 wt.% Li, 1.0 - 1.5 wt.% Al elloy as part of a

more general program of study on the plastic behavior of b.c.c. metals,

alloys, and,lntérmétallic compounds: Thé flow StréSS'Of this alloy
_depends strongly on témperaturé anéd strain raté ovér thé-low*température
region (below about 115°K]. A basic'undérsténding of its mechanical
behavior necessitsates a thorough investigation of the rate coﬁtrolling

mechanisms of the mobile dislocations. The following. thermally-activated

Gislocation mechanisms have been proposed:

i

(a) 1Interaction of dislocations with interstitial
impurity atoms or with solute. atoms in general,

(v) Overcoming the Peierls-Nabarro stress,

(c) Resistance to the motion of dislocations due to jogs
on screw dislocations,

(d) Overcoming interstitial precipitates,

(e) Cross-slip.

N N R | 2 C s .

It was concluded by Dorn and Rejnak,” Conrad, and Christian and
gsters,” that in b.c.c. metals the overcoming of the Peierls-Nabarro
stress which arises from the variations in bond energies of. atoms in the
dislocation core as it is displaced, is the nost probable rate controlling
mechanism. Several models of the Peierls mechanism have been formulated.

s / .

Experimentel results obtained from the deforﬂation of Mo, Nb, Ta, Agig,

LgoAl end Fe~2 % Mn alloy have been successfully-explained'by the Dorn-

‘
- . -

rajnek model of nucleatlon of kink pairs.

I
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The purpose of this work was ;Qviﬁvésﬁigate the mechanical bghavior
of polycfystélliné agg:égatésﬁof~mggnesium;_lh_vﬁ}% Li; angd llQ;—’IHS% AL
élloy_at.low.téﬁpératurés-ana:to céfrélgté thévéxpériménpéi-}ésults>with
the Pelerls méchanism-usinglthg*Dorn aﬁé”joﬁak?modélé'

It will ve shown that thé étrohg dépéndéncé of_tempéfature and strain
rate can be'satisfactorily ékplained by the.rété.of nuclégtiOn of pairs
of xinks on dislocatibﬁs<inyolvéd in thé;PéiéfIngeChanism:for plasti

'
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II. DORN AND RAJNAK'S MODEL OF PEIERLS'- MECEANISM

A straignt’dislocation'liné has its lowesd énérgy~when it lies in
a potential~valley,parallél to.linéswof closést packing of atoms on the
slip plane. When such a straight dislocation liné-movés from one valley
toward the next, the atoﬁs‘in théUVicinity\of the core of thé dislocation
change their positions: and boﬁd anglés# céusing tﬁé enérgy of thé'disloéation.
to increase. The core energy of thé dislocation iIs assumed to reach a
maximun value midway bétweén thértwo adjaéént»valleys; Any additional
small displacement will ceuse thé dislocation to fall down the hill into
the next valley whiéh is_another‘minimum energy position for the dislocetion.
The shear stress necesséfy~to promote éuch forward motlon of the dislocation
at the absolute-zero 1s known as-the Peilerls stress Tp.

A forwaﬁd motion of such kind‘can be achiéved by the nuclegtion of a

pair of kinks under the influence of an applied stress and a thermal

fluctuation.  When a stress 1% less than t_ is applied to the slip plane

P

in.the direction of the Burger's vector, the dislocation will move as

shown in Fig. 1, from its original position AOBOCO_in thelvalley to a
parallel position ABC part way up the Peierls hill. bNo further motién

will occur at tﬁelabsolute zero. At higher.temperatures,,thermal fluctuations
cause the dislocation to vibrate about its mean position. 'Whén a local
thermal fluctuation is sufficiently energetic, a dislocation loop ABfC

of & critical size is,producgd which no lqngérvréturns;to its original
positicon. For all configurations éxceéding thé‘critiﬁal one, the twqj

kink segments AB" and B'C will mové apart-undér the action of the applied

tress, resulting in a forward motion of the dislocation by a displacement,

ui




&, ecuael to the-periodicity~of‘the'rows-of closely spaced atoms on the

Dorn and Rejnek applied the suggestion of Friedel that the major

Tactor involved in kink nucleation Is the additional energy due to the
increzse in the:length of the dislocation line. .Fy was taken to be the
energy per unit length of a dislocation where the y direction was

defined as shown in Fig. 1. Therefore, the line energy was assumed to

e a periodic function of y with a period a. The minor -variations of

The line energy with curvature:and proportions of edge and screw dislocations

were neglected. Furthermore, although the exact shape of the Peierls hill
was not known, it was assumed by Dorn and Rajnak to be approximated

N

oy

—
=
~

where TC and-TO,arerthe energies per unit lehgth'of-a dislocation lying

o

Tt the top and bottom of the Pelerls hill, respectively, and a is.a hill’

1ape factor that was assumed to vary between -1 and +1.

N

w
o3

Under a stress t* the stable equilibrium position of an infinitely
long dislocation is y = Yo The difference in energy of a displaced
dislocation line (AB'C, Fig. 1) ‘and that of the corresponding straight

dislocetion line lying along y = yo is given by

(2)
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ocation in the two positions, and the third term gives . the exira work

v . *

done by the applied stress T©¥ in displacing the dislocation from yo to vy.

The critical energy for nucleating one pair of kinks: was calculated by

Zuler's conditions- for minimizing the energy. Upon numerical

usin

03

]

Integration of the above egquations, Dorn and Rajnak were able to ovtain a

b

4

~

ot
&
r
}_J

iversal relationship between Uq/QUV and T*/Tp (UK‘is»tne kink energy),
N i <\ Y

from which relationship could be derived between the activation volume

and the applied stress, and between the wvelocity of the dislocation and

BN
U

ne appiied stressg.
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III. EXPERIMENTAL PROCEDURE

ms

The niaterial -used In this investigation consisted of a b.c.c.

megnesium, 1b wt!% Li 1.0 - 1.5 Wt.%‘Al”alloy__ Ténsile specimens 0.2"

in d&ia having 2" long gauge section were machined from the as received .
- . o 7z . . - . " ) L . -

1 din x 6 in % 12 in sheets, annealed under argon at 300°F (=150°C)

for & hours to remove all the deformation put Into the specimen during

the machining and finally etched in dilute hydrochloric acid solution to.

remove the thin oxide films. - : S - } :
All tensile tests were performed ab strain rates of 3.13 x 10 ° sec *

2nd 3.13 x 10" 2 sec ! on an Instron testing machine in -controlled temperature

baths. The temperature variation was controlled within #2°K of the

‘recorded value. For testing temperatures below T7°C, a specially designed

Cryostat was used. . - L



IV. EXPERIMENTAL RESULTS AND DISCUSSION

T o+

The dependence of flow stress on temperature and strain rate:

The espolied shear stress that Is: required to cause plastie flow is

T = 1% 4 TA. o (3)

T 1s the applied shear stress, and t% Is the stress reguired to aid
the thermal activation of the rate conirolling mechanism and therefore
decreases precipitously as T increases. Ty is the stress necessary to

cvercome any athermal barriers and therefore it decreases only modestly

as the temperature increases, usually parallel to ithe shear modulus of

Tne primary Interests of this work lie in the temperature and strain
rate dependence of the dependence of the thermally activated component of

the stress. The results are shown in Fig. 2 and Fig. 3.

The increasing flow stress with increasing strain rate as well as

4

decressing temperature attests to the fact that the operetive deformation
mechanism is thermally activated. Tests below 20°K were not performed
due to the difficulties‘in controlling the stability of temperatpre.

The curves in Figs. 2 and 3 were extrapolated to 0°K. Over the lower
renges of teét temperatures, where the flow streSs-decreases~répidly from

20°K to 115°X for both strain rates, the thermally activated component

% of the siress was calculated from the relationship:
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ere T is the total resolved shear stress,fqr-flow at temperature T°K

":\‘ . '(m \y

and the ermn LZSS 5Z§§—I 1s: tne uObal oack stres s, qof?ected for the
chéngé ,n snbar meculus w1th uemnerature.v Tueyva ristion of shea r'modulus
w;ud 'mpéréﬁuré was‘éalculated from data.oﬁtéinéd.bygj;‘Triviéénno and
ig. h; fValuéSiof T%; which'aré now céfréctéd forvspécimen

are shown ‘In Fig. 3 for two strain ratesu

'wariation in Tyo
or a the *lallv ctivatedvmechanism, the plaSulC straln rate is

given by (see Appendix 1]:

U(T"‘)
- ,,2 _ n" o ) ) .
ety TR

ew?

" where p ‘= density of mobile dislocations

(o]
|

the' distance between Peierls' valleys

o
|

= Burger's vector
v ="b‘thc.e. Debyé frequency
L = the mean leggfhfsﬁept ouf by afpgir of_Kinks dnce,nucleafion
occurs in that léngth ST ' _' B
W =‘w1d th of a pair of Kinks at fhé éaddle-poihtvfree énergy 
configuraﬁioﬁ
U (t%) = Saddle point.freevenergy fof:nucieation of peirs of kinks
K = Boltzmann constént'

T

absolute tempersture . ' Cee ' '
Wnen the testing temperature reaches a critical temperature, TC, for a

ziven strain rate, the thermally~aétivated component of the stress'r*

‘tecomes zero ana the thermal energy . that needs to be supnl eq to nucleaue
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‘a pair-ef kinks is just 2U., whererK'is the energy of a single kink.

A X
e e &£ m —-m
.oddgrerore, av L= _J.C
20 (Te]
-~ pLab?v © T T KTe , ' P
R . . (6)
2w 2
c

The theéory of Dorrn and Rajnak predicts a unlversal relationship between’

o

U,-EUK> where U_ is the saddle-point free energy- for nucleation of a pair -
il L il N .
of kinks and UK Is the kink energy., and'T%/rp. But as shown by Dorn and
Rajnek, to a very good approximation W = v, where w_ 1Is.the criticel
.t . R - . ’ . . T C L - -~ P

width of a pair of kinks and therefore, as shown by Egs. (5).and (6],

LU (T)y ooy, e G(TTY '

5} _ e T ¢ (1)
2U(T) oy p y GlTL TG S
K" e™G(T ]

H
ck
}o
6]

the purpose of this work to correlate the relationship predicted

by the theory with that obtained from thHe experimental results. The

expected theoretical trends as shown by the solid curves in Fig. 5 are

-
s
D
b
[¢]
6]

llent agreement with the experimental results at low temperatures
(from 20°K to 115°K for vy = 3.13 x 107 ° sec ' and from 20°K to 180°K for
3.1% % 1073 sec !) end it eppears to agree best with the curve representing

@ = +1.- At higher temperatures an athermal mechanism is operative.-

Experimeﬁtal results are presented In Table 1.



| -10-

1 St:ain rate, .t_emperature‘dep.endenc_e oft'le th,évrmally |
activeted component of the flow siress. :
..... o % .x 1078 ,dyné,s/cmz‘ ‘
\.{ =:3:13-x 1072 -sec™2 1E v =.~3;l3 b'd 10-%3 s'eé:-1
9 _ 6C§i'
20 | 5.7
w5 v ‘h,32
50 L 299 |
. 77 o - _'1.1‘3 2.55
»'_90 o ; 50.78 1.56
B 0.29 1.15
156 0 0,32
i96 0 0
235 - 0 0.05
273 o : 0.09 0.2
300. 0 S0.21
T extrapolated =8)-LO x."l(v)8 dynes/c:mz"
The critical temperature at \(_1 = 3.13 <xvl(..’)—'_5'/svevc . 'I'C‘1 =AllS°K
The critical témperafﬁré at“;§_=-3.1332'107§/sec; T, = 180°K
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V. ACTIVATICN VOLUME

Tng gctivetion volume iIs defined by:

. .
“ > ~ n * ’ ‘e )
. 7o Znvy - rSAnyy
V= = KT [ = KT [=Eh) g
“ L a ,_L_ ':'-'/ ,.P ’\ AT e ( 4 )

The activation volume epproximates

+
+

he produet of the Burger's vector and

the ares swept out during the nucleation of the critical loop (AB'C,

il Y - - - . - .. - D) . s
Mg, 1) The Pelerls mechanism has a unigue low -velue of the activation
a - . .. . , ‘ .
volume (usually ranging from 50° to 50b°). The activation volime remains
<o

constant and is unaffected by increasing the strain. These properties
Peierls mechanism. The properties of the activation volume of the other
sugzgested mechanisms are shown in Table 2. The experimental activation
volumes are obtalned by the effect of small changes in strain rate on

the flow stress. - A cuantity 8 is defined as:

Il

kT d1e defined as the apparent activation volume:

0 -
V_ = BKT = KT {agff} (10)

- .

For the Peierls mechanism (Eqg. (5]), this becomes.

(1}




J’H

opertles of
her" ShngSbed mecaan¢sm

JCRL=1ThLY -

une c0u*vatloq Volume

Properties =

o

;nteraction'oi dislocations-wiﬁhj

interstiti al 1mo rluy auOmS or’

Resiétance.to_the motion of

-

"Ove“co$1ng 1nue”st1u al -

AT e e
.Precipitetes: T o

a

Cross-sliyp.

l}lOfIS

"3;T‘V :IQ,bz'(ﬁ.
B i FLARNS

1. *Va'dé ends on L“ueerl Tal
. content. Higher valués of Va

";(§r¢bébly-up to 1000v3).

B

l,ﬂfVéfdepends_on tihe structure.

|27 Athermal.-at low temperatures

thermelly activated at relatively.

" high temperature.

Py

léngth of jog)-

-
c

1. .V = 2iv% (&, = length of the

a - S

’ '1,,"..prvec-j_‘pi.tates )

2. V. wvaries with the impurity
LT TEETE T T e

¢ éontent.

4

1. High activation volume (of the

 order of 700b3 - 800b3).




The negative of the last term of Eg. (11) is the theoretical activation

(O]

The theoretical activation volume V¥ can be rewritien a

2 (5 |
. 2U..(0) “\2u
. 3Un X K o :
VE = —»;T.:,:. = - TO /’T"\:. - (12>
. D 3 (—)
T

£

e

_wheress the term containing W in Eq . (11) is alwéys hégligibly small,

the appérent zctivation volume caﬁ-be slightly larger than the theoretical
one, v*,.as g result. of the ?oSsibie ihcrease in the dislocation dehsity;
0, as'thé-str§SS‘is“incrgageé. .Conéeéuenfly;_when ﬁhg-?eierl; mechanism
is'operétive, Va closely fgliowsfthe tfénds‘of v#..'Fig; 6 éhéws the
avperent éctiyation volume as avanctioﬁ'of stfeés,.thekIOvaalﬁes éf Vé
in terms of b3 agree very Well'with thevlow activation volume és_predictedv

by the Peierls mechanism. :Figure 7 also shows the relatively constant

v

velue of the apparent activation volume with increasing strain. The

.

theoretical plot for the'aotivation volume as a function of for

-

»

M,

s s T _ ' o n
5o 357 , —% (corrected for change in sheer
- K ' : D '

&

rodulus with temperature) are also plotted on the same figure, indicating

the right order of magnitude of the experimental results.



VI. ACTIVATION ENZRGY OF PATRS OF KINKS
gcﬁiva+loﬁ energy fofahucieatipn of pairs. of kink

(13)

%

apparént activation energy for nucleation of pairs of kinks at: 0°K
‘rate ‘due to the change in

The rent :
can be Getermined by ‘the. change 'in strain
temperzture at constant stress (t#).. R .
- :. .__.Un ¥
, - Y’ @ kT
Y=
where: :
T . y_ = pab == v
: Yo T PEY Bz

the critical temperature (where

at
;ﬁ2dK<Tcl
: kT
VIR, e
2u (T )"
| - - kTC
Y2 = v, e 2.
since v remains-constaht'for both casés, -
u(T ) 2u.(0)  G(T
. éxp - fgui(vc2>j cexp = | ﬁ( ) ) 6( c2>]
’-_g.: - k‘ch ) ] klc.z ’ G’(O)
.o 2udT ) -oeu oy e(T )
' - - LS - ' ¢ —]
exp [ T 1 exp L,kTéL G(0) ]
s

!



or .
xG(0) Y2
20 (0) = =——=% - . k) -
K G(icl i C(lcz) Y1
™ T
c - Co

.38 x 10716 ergs/°K

b
1t
',_J

1.74 x 100 gynes/cm?

[®]
—
O
S’
1
.

G(T ) = 1.63 x 1010 Gynes/cm?

c1
G(TCZ) = 1.56 x 109 &ynes/cm?
m = zoy
lCl ll? X
T = 180°K
C2,

2UK(o) = 0.2 x 10712

This value is of the

the rate controlling

1l

2 x 10713 ergs = 0.13 eV

right order of megnitude for activation energy, when

mechanism is by nucleatidn of pairs of kinks.



VII. LINE TENSION OF DISLOCATION SITUATED AT TEE PEIERLS VALLEY

_ : - - TDab 2u.m
. - C 4y B - - “ . . . B . 1 P BN A
Dorn and Rajnek gave the -théoretical values of wTo &nd - o
i D . o L B . [l . a_x
N : O : S - . “Te _ . . E
Tor different values of o and R-1, where R = o the ratio of the energy .
at the Top and at the bottom of'a Pelerls hill. The theory demands that:
2ﬂUK(O) L v :
= = 6.&9 /R’- 1.
alo _ .
and -
Tbab " S
2 —= 1.3 (R~ 1
2513 ®-1)
or
'. ) - . . o i l 2
2WUK(O) {TS&S} /"
— = 5. i (15)
alo, 2 TS L_ﬂ;éj '

for o = +1, where

"3:OLVX_%pf5:em

o
R

ey
1i

N

&

N .

o
1

= 0.2 x 10712 ergs
ST (extrapo;aﬁed); 8.40 x 108 dynes/cm?.

Solving for To; To = 0.54 x 10" % dynes. .The line tension of the dislocation

'
[42]
L
[#1]
|,._I
o
cl-
(]
o}
ch
(e}
ct

h‘vshear modulus G and the Burger's vector b by the equation:
To = §G(0)v? S (16)

Mg = 4 B - 4l a s oL R - 3 GbQ
‘This value compared with Kebarro's estimation of the line tension wE

B



VIII. ZEXPERIMENTAL VALUE OF THE NUMBER OF DISLOCATIONS
PER UNIT LENGTH (pL)
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- oLab“v kT
Y= S55—e : , (17)

2wl

The Debye frequency vas estimated to be 5 x lOlz'per sec from the Debye .

characteristic temperature of magnesium-lithium alloy. Estimsting w.

7. to
c

- 2 o . 7z a . . - ‘ v .

e 00b from Fig. © and substituting the values of a, b, 2UK and TC, it

was found that oL = 0.3 ?er cm. This velue of bL seems.to be somewhat
low when compared with that of‘AgMg9 (227 per cm) and Ta6 (104 per:em).
t There are some possibilities thaﬁvmight'account for thisﬁlow value
of the number of mobile dislocations per unit length (pL). An obvious
possivility is that thé‘preexponential expression of Eg. (17) is somewhat -~
in doubt since w ié not Well—defined; This arises because the kinks of
the critical pair are not abrupt. Another possibility is that the
‘precipitates and impurities could pin—dovn the dislocation line, modifying
the eznansioh of the kinks by affecting L and w, as qualitatively considered
by Kossbwsky and Brown. The theory neglects the effectsithat arise in.
dlslocation segments of finite length which may Be restrained at their

terminel points on the slip plane. Nevertheless, it is a possible

nunber in terms of the possibility of e low value of L.
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TX. CONCLUSIONS

(1) The strong temperature dependence of: the flow stress below

49 O

115°% can be explained by the Dorn and Rejnek theory of the Peierls mechanisnm

ion.  Above about 11i5°K en athermal mechanism is

(2} The shape of the Peierls hills for magnesium, 1k wt.% Li, 1.5

gy

of kinks is estimated to be 0.13 eV., which is of
magnitude for activ

is by nucleation of pairs of kinks.

(3) The activation energy of the process of

wt.% Al alloy seems to approach the theoretically predicted éurve with

the nucleation of pairs

the.right order of

ivation energy, when the rate-controlling mechanism

he experimentally deduced values of the apparent activation

volume and-the line tension arefin3agreemeht withvthévtheory.



APPENDIX I

19 . 20

.. - : AR ' 21
Various authors, Celli et al., Friedel,

Jdsseng et al.,
- . 22 . e el o A ‘ .
Seeger.ev al., nave described the formulation of the forward velocity

of &islocations and the strain rate resulting from the nucleation of

pairs of kinks (see Brailsford (1961) regarding the redistribution of

on of a stress). Only a

H

exisiing kinks along a dislocation ‘due tothe act
irsy order,abprbximation was attempted bytP. Guyot and J. Dorn (1666).
L (Fig. 1) was assumed to be‘tﬁe éverage iength of a dislocation that
might be swept out’ by a pgir of kinks fqlldwing their nuéleation. L was
also assumed to be much larger than w, the width Qf the cfitical vair of
,ﬁ%wks and end effects were.ﬁegiected.v One'possible férmulation was
based on the fact that there arebL/b (o is the Burger{s #ector) points

along the length L at which a pair of kinks might be produced and

conseguently,

=

|

o
3

3 .t
v, Vg % e (A.1.1)

where v, is the Einstein frequency. This would apply for cases where

-~

- the fluctuation might be localized. On the other hand when the thermal

o

fluctuation is spread over the critical width, w, of the pair of kinks,

Ty

e
o]

|

<
o’
I
3

\).',I o~ ___._Iie ’ .. (A-IoZ)

where vb/w is the frequency of vibration of the dislocation, v is the

Debvye frequency, and o is approximately the number of wave lengtihs along
B W v

islocation line at which nucleation might occur.  These expressions

£
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différ-somewhat from tle_briginai éﬁggestion>of:Dofn_and Rajn"k (19647 -
(which ﬁas based partly on both concepts) that ._  ¢ o L
v a%e kT (£.1.3)

hn exact analksis.for v. iéuquite COmpiicéted.' inéSmuch asbtne Vibraﬁions
are coupled, it appears that Bg. (A.I.2) might pféve to bé the more
satisfactory approximation in mOSt cases.r»These equations apply_oply
witen the Véibciﬁy of the.kinksjis'so'greaﬁ reletive to their‘nucleatioﬁ
rate that ndt morelthanvone~pair70f kipks.exiﬁt-in léngﬁth at any'one.
time.. Dorn‘and Rajnak (1963) have aléo‘déscribea cases where the_kink-

velocity might be so slow relative to the nucleation rate that several

pairs of kinks will be moving along a single dislocation segment at one

fary

time. Thus far, however, there have been no experimental confirmations o

Hh
®
o
-
)
}___I
O
o
©

The average velocity o tion moving as 2 result of nucleation-

of pairs of kinks is

o vabls kT B S
V=V a= e oo - (ALTLL)
' nw ) .2\»’2‘ o . ) ) B (
ané this gives a shear strain rate of
Un
y oLeb? "kT
— ) -~
Y = ooV a7V (A.I.5)
“where o iswuthe total length of all thermally activataeble dislocation -

segments per unit volume of the crystal.
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~ FIGURE CAPTIONS

Schematic-diagram. showing the nucleation.of a pair-of kinks. .

‘& is the spacing between parallel rows of cldsely spaced atoms
‘ . ‘ - ‘. ) - N . . - \ - M T . . . .

of 'the -slip plane.

0.C5% flow stress, T, vs. temperature.

The thermally activated 0.05% flow stress, 1%, vs. temperature.

Variation of shear modulus G with temperature.

The thermally activated component® of the flow stress vs.
temperature in dimensionless units.
The thermally activated component of the flow stress vs. the

ivation volume in units of b3..”

act
Apparent activation volume at-T77°K vs. sirain.
The thermally activated component of the flow stress vs.

activation volume in dimensionless units.
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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.








