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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does-not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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~ and others

~of deformation." In contrast, however, Dorn and’Rajnak2 and others
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" RESPONSE- TO DISCUSSION BY EVANS AND FLANIGAN
ON THE DORN-RAJNAK ANALYSIS

The authors of the previous comment stated that Dorn and R&jnak2

3-9 concluded that "agreement with this functiqh {(r*/Tp)'=
f(éﬁg} = T/TE} may be used as a criterion for that (the Peierls) mechanism

-

3-9

never made such a statement. In order to clarify the issues .involved

it isvappropriate to recapitulate the conditions that must be satisfiéd

in ordér‘fo suggest that some deformation process might obey the'Peierls
mechanism;

(1} Within permissible variations due to cﬂanges in the slope of
the Peierls hill the T*/rpr/Tc relationship mqst be obeyed; Altﬁéugh
some:mechanisﬁs, e.g. solute atom stress field, recombination of dissociated
partials in b.c.c; metéls,'intersection of disséciated:diéiocaﬁions etc.b
give.about the.same % - T relationship, ofhér mechanisms sUchiasvcross -
slip,vdisruptionlof attracfive Junctions, climb, motion.of jogged scfeﬁ
51510cafions ete. mechanismvgive distinectly different 1% - T rélafionships.
Oﬁ this bésis‘sbme distinction can be made of the varidus mechaniSms,-

(2) An important feature of the Peierls. mechanism concerns its

. physical origin based on the nucleation of pairs of kinks. The value of
T at 0°K increases with the density of dislocation (i.e. cold work) for

»the intersection mechanism and it increases with the square'rpot of the

atomic fraction of solute atoms in the solute atom interaction mechanism.

" In contrast the value of t* at 0°K, for the Peierls mechanism. which

depends only on the liné'energy and the shape of the Peierls hills, is
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inéepeﬁdenf of.cold W6rking.and the square.rOOt of the solute'atom'
concentration. .These differences.have.béen empioyed by Yafious invéétig—
'.afors for eliminatidn of a few othér poésiblé mechahishsg ~Onvﬁhe:other'
hand.it is‘ﬁot p6ssiblé to éliminate all mechanisms, é.é._the recombihation )
of dissociated diélocations in b.c.c. metals étc. on this baSis aidne.

(3) Furthef discriminatibn between possiﬁle mééhanisms is Based
on the.actiﬁation‘volﬁme. For.the intersection mechanism this voluﬁe
increaSes.With,fhe reciprocal of the square root of the dislocation dénsity
and for'thébsolute'atom interaction,'the acti&ation volume increases
"vwith the reciprocal of the "square root of thebatomic fraction of solute
atoms. .In contrast thé actiyation-volume for the Peiefls mechani sm
is'indepéndent of déﬁSity of dislocations and does ﬁot.increase with
the reciprocal of the sQﬁare root of the concentration of soluté atoms .
The éctivation volume for the Peierls mechanism depends only on -t¥, the

line energy, and the shape of Peierls hills. It uéually'ranges from about

5 to about 60 Burgers vectors cubed, increasing with decreasing values

P

of t*. 1In contrasf the activation_volume fér interaction mechanism is

QSgally mﬁch larger than this value; that for.solute-atém ihteractions

with dislocations might fall in the same range as the activation vélume :

for the Peierls mechanism only at one concentration of impuritieé.

On thé othgr hand the mechanism bésed on the recombinations of dissociatéd

partial'dislécations in very.high stacking‘fault b.c.c;'metals gi?e‘

_about the same activation volumes as those obtained by the Peierls mechanism.
(4 Perhaps_thé most importanﬁ featuré of the Dorn-Rajnak analysié

is the provision for the experimental determination of the line energy_
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~of a dislocation when the Peierls nechanlsm is operatlve mhlS‘lS accompllshed
': through the functional dependence of the kink energy on the Pelerls
stress and the line-energy»of a’dislocation. The 1ine-energy, F,”
.‘deduced from the experlmentally determlned T* at 0°K and the experlmentally
ddetermlned value of the klnk energy; shouldbapprox1mate the \abarro:
estimate of T = ng (G = shear modulus b= Burgers vector[. Exact
agreement however; cannot be expected because of the very crude theoretlcal
.deduction of the Nabarro estimate vthe approximations made in the Dorn—
Rajnak line energy model for the Peierls.mechanism, and the erperimental
errors in'determining the kink energy.

(51 A furtner check concerns the correct range of the pre; .." T
'exponential term in the expression for the‘snear strain rate. This issne,
- however;.is‘not too critical since the-pre—exponential term contains
factors that may differ By:severai orders of magnitude for;different
cases. | | |

Whenever all first four conditions listed aoove are satisfied the
.case for assumlng.that ‘the Peierls mechanism is operative is indeed .

very- strong If, hcwever, any one of these four conditions is not

satisfied»some other mechanism is cperative.
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