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lv1oham~d Os&-na Abo-el-Fotoh. 

Ino~··ge..:1ic ~1ateri'als' Research, Diyi'si~on, Lawrence· "Rac1i:ati'on Laborator:>,) 
a::.d Department of Mineral Technology. College of Engineering) 

Universtty of California, Berkeley, California 

March, 196] 

ABSTRACT 

The effect of s.trai.n rate and. temperature on the flow stress was 

invest:igated tn a polycrystalline :nagnesiu.-n-14 wt. % lithi:um -1.5 ,Nt. % 

alu.::llnu.:n alloy. vihereas the flow stress increased only slightly as the 

terr.perature was decreased frorr. room temperature to ab.out l15°K ,. a rapid 

::'ncrease in the flo'" stress was obtained with yet greater decreases 

in te~perat~re from about 115° to 20 0 K. The strong temperature and 

strai:-, rate dependence of the flutl stress below l15°K "as interpreted 

in tey:ns of the Dorn-Rajnak. theory of the Peierls mechanism when the 

deforr::ation is controlled by the rate of nucleation of pairs of kinks. 

Above 115°K, 8.,'1 athermal mechanism is operative. 
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10 INTRODUCTION 

Thi'.s investigati'on was 'undertaken for the. 1)'U1'pose of elucidating 

the rate-controlling meChaJltsm for slip in polycrystalli'ne aggregates 

of '0. co c 0 magnesiu..'1l,14 wt 0 ~ Li.·, 1. 0 - 1. 5 wt 0 %' Al alloy as part of a 

::lore General progr8.<'1l of study on the plastic behavior of b. c. c 0 ·metals, 

alloys, a.'1d intermetallic compounds. The flow stress· of this alloy 

depends strongly on temperature and strain ·rate over th.e low··temperature 

region (below about l15°KI. A basic understanding of its mechanical 

behavior necessitates a thorough investigation of the rate controlling 

mechanisms of t:'1e mobile .:dislocations. The following thernially-activated 

dislocation mech8.J.'1isms have been proposed: 
i 

(a) Interaction of dislocations ....rUh, interstttial 

impurity atoms or with solute·atoms in general, 

(b) 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. 

It was concluded by Dorn and Rajnak,l Conrad,2 and Christian a.'1d 

metals the overcoming of the Peierls-Nabarro 

stress which arises from the variations in b¢nd energies of. atoms in the 

dislocation core as it is displaced, i.s the most probable rate controlli,ng 

rnecha:1is!Y!. Several models of th,e Pe.ierls' me.chanisrlf have b,een formulated. 

Experimentalresclts obtained .from the defo~at:i::on of Mo, :r:ro, Ta, AgIvIg, 

f:..g2Al a.'1d ?e-2 if Mn alloy have been S~c1.ccessf~lly' explained by the Dorn-

?:ajnal-: model of nucleation of kink pairs. 
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The purpose of th.is: '.lork'.las to i,nves.ttgate the' mechani.cal behavior 

alloy at low temperatures' and to correlate the experimental:resul ts '..ri"vh 

It I-I'i11 be shown that the st·rong dependence of temperature and strai.n 

rate can besatis'factorily explained by the rate of m:.cleation of pairs 

of ~:inl\.s on di,slocati.ons involved i'n th.e Peierls mechanism for plastic 

deformation. 
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II. DORN AND RAJNAK'S MQDEL OF PEIERLS '., 11ECHANISH 

A straic;h:t di'slocation line h.as. its lo,.;e.st energy ""rhen i:t lies in 

a potential valley parallel to lines; 'of close.st packing of atoms on the 

slip plane. vlhen such a straight dis10cation line moves from one valley 

tOi,.rard the next, the atoms in thevi'cil1ity' of the core of the dislocation 

change their positions &'10. bond angles', causing the energy of the dislocation 

to increase. The core energy of the dis'location l's assumed to reach a 

;nax iml:.'11 value mid'Nay bet'Neen the two adjacent ·valleys. Any additional 

s::::a11 ciisplacement "will cause the dislocation to fall cio'N'n the hill into 

the next valley 'Nhich is. another' minimum energy posi.tion for the dislocation. 

Tl1e Sf'lea!'" stress necess'ary' to promote such forward moti.on of the di.slocation 

at the absolute zero is kno'N'n as· the Peierls stress 1" • . P 

A for'Nard motion of such kind can be achieved by. the nucleation of a 

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

fluctuation. '([nen a stress 1'* less than l' is applied to the slip plane 
p 

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

shovn in Fig. 1, from its original Dosition ABC in the valley to a 
~ 0 0 0 

parallel position ABC part 'Nay up the ?eierls hill. No further motion 

will occur at the absolute zero. At higher .temperatures, ,thermal fluctuations 

cause the dislocation to vibrate about its mean posi ti.on. Wnen a local 

ther:nal fluctuation is sufficiently energeti.c, a dislocati.on loop AB' e 

of a cri.tical size. i.s, produced 'Nhtch. no longer returns to its· original 

posi tion. For all confi'gurati'ons exce.edillg th.e, cri'ti:cal one., the two' 

kink segments AB I. and B I.e will move apart 'under the acti'on of the applied 

stress ,resulting in afor'Nard motion of th.e· dis'locati'on by' a displacer;,ent, 
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c., ec:ualto theperiodi:dty of the. ·rO'dS· of clo$ely spaced $.to;;ns on the. 

s,li.p plane. 

Dorn a..'1dRaj hak applie.d the. s1Jggesti:on of Fri'edel that themaj or 

factor i:wol ved in kink nucleati'.on is, the additi:onal energy due to the 

increas.e in the length of. the dis·locati'on line. r was' taken to be the y. 

energy per unit length of a dislocation where th.e y. directi.on ,.,..as 

d.efined. as shmm in Fig. 1. Therefore, the line energy was ass1ll"lled to 

be a periodic function of y with a period a.The minor·variations of 

the line energy .Tith curvature' &'1d (pr-oportions of edge arid screw dislocations 

',,-ere neglected. Furtherrnore, although th.eexact shape of the Peierls hil:+ 

was not know'U, i.t was assumed by Dorn &'10.. Rajnak to be approxi::nated 

by: 

f (y) = 
f +f 

c 0 + 
2 

.:here f &'1d f are 'the energies per unit length of a dislocation lying 
c 0 

at tbe top &'1d bottom of the Peierls hill, respectively, and ais. a hill' 

sha;8 factor that was ass1ll'lled to vary between -1 and +1. 

Under a stressT* the stable eo ... uilibriu'll position of an infinitely 

long dislocation is y = Y . 
o 

The difference in energy' of a displaced 

dislocation line (AB! C, Fig. 1) a.'1d that of the corresponding straight 

dislocation line lying along y = Yo i.s. given by 

U 
n 

(2) 

.... There the first two ter::ns of the integrand are the. line. energi'es of the 
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dislocatio:l i.n the hro positio:ls', a.."1d the th;ird te,rm gives the extra vork 

q,one by the app1 i'.e0. stress T* ~n dtsplacing the"di,slocation from y to y. , 0 

T::e cl'itical energy for nucleating one pai'r of kinks, was' calculated by 

using Ec:ler's conditions for minimizing the, energy. Upon D1.lJneri cal 

integration of the, above equati':ons', Do:::n a.."1dRajn8..~ were able to obtain a 

ur..iversal relationship between U
n

/2U
K 

and T'I.'hp ("UK' is the kink energy 1, 

from Vihich relatior..ship could be derived between the activatior.. ·volume 

8...."1d the applied stress, and between the ,velocity of the dislocation 8.."1d 

the applied stres~. 
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III.. EXPERIMENTAL PROCEDU~E 

The. materi:a1 -used in this· investit;ati'onconsi.ste.d of a b. c. c. 

:r.agnesi-u;n, 14 wt: fa Li 1. a - 1. 5 wt. %' Al alloy. Tensi'le specimens 0.2" 

In Glahavi.n'g 2 11
' long gauge section wer.e_'machine,d frorr, the, as received 

.L l.l'l X 6 In x '12' in sh,eets. anneale,dunder argon at 300°F C"'1-500Cj 

for 4 hours to remove all the deformation put i'nto the specinen during 

the rcachining &'1d finally etcheq. ion dilute. hydrochloric acid,.' soluti.on to . 

re:,lOve the thin oxide films. 

All tensile tests were performed at strai.n -rates of 3.13 x 10-3 sec-1 

and. 3.13 x 10- 5 se9 ~l on a...'1 Instion testing machine in controlled temperature 

~oc..ths. The ~e!nperature variati.on was con-trolled" ·within ±·2?K of tIle 

recorded value. For testing temperatures belOi{ 77°C, a specially designed 

Cryost at "ras us ed. 
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IV. EXPERIMENTAL RESULTS AND DlSCUSSION 

The dependence of flow stress on temperatt;re &'1d strain rate: 

The ap:plied sh.ear- stress· that :Ls ,req.uired to ca1Jse plastic flow is 

, = ,* -+ 'A . (3) 

\v·l:.e~·e " is the applied shear stress, and ,* is the st·ress 'req4ired to aid 

the t:1ermal activati'on of tn.e 'rate controlling 'mechanism and therefore 

dec:::-eases precipitously as T increases'. 'A is· the stress necessary to 

overcome any athermal barri.ers: and therefore. i:t decreases only modestly 

as the temperature increases, usually parallel to th.e shear modulus o::t 

elasticity. 

The primary interests of this work lie in the temperature &'1d strain 

rate dependence of the dependence of the thermally activated component of 

the stress. The results are shovm in Fig. 2 &'1d Fig. 3. 

'l'he increasing flow stress ,.;ith increasing strain rate as ·"ell as 

decreasing temperature attests to the fact that theoperati ve deformation 

:r.echanism is thermally activated. Tests belo·" 20 0 K were not performed 

due to the difficulties. in controlling the stability of temperature. 

'The curves in Figs. 2 and 3 were extrapolated toOoK. Over the lO\-Ter 

ranges of test temperatures, where the flo'" stress decreases rapidly from 

20 0 K to 115°K for both strain rates, the thermally activated component 

,-/" of th.e. stress was calculated from the relationship; 

;: -
T 

·····GF'T')· • \.1.. _ 

'235: G(235l 
(4 ) 
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iv-here -:- :l.,s th~ total re,solye,g ,sh,~,ar ~,tress: for flov at te;V.,,<perature, TOK~ 
T 

.. , .... G{T'r l""S'" 
ar,O. t:,e tern]. '2..35' Gl2:35-L th,e totaiback stre,5s', coyrectec. foy the 

.... 
ch.ange in sh,earmod:ulus with. temperature:.' The, ,variati'on of s~hearmodulus 

"ith,/te:n:?erature 'liaS," calculated :from data obtained by, J. Trivisonno aXl.Q 

. S. Srni tIl. ) Fig. 4. Values; O -~ 
L wni:ch:' are now coryected foy specimen 

vayiati,on in T
A

, are shown in Fig. 3 for two strai:n 'Yates'. 

::Cor a thern:ally acti.vatedmech.anisTI'.,. the plastic strai:n' ,rate is 

given by (see Appendix lI: 

pLab2v 
y =e 

kT 

'2w2 

"h.ere p = density of mobile dislocations 

... ' distance bet"Teen Peierls' valleys a - , "ne 

0 = Burger's vector 

v = the Debye freq,uency 

L = the mean length s'l.J'ept out by a, pair of kinks once nucleation 

occurs in that length 

w = width of a:pair of kinks at the saddle point free energy 

configuration 

u-( 1'*) = Saddle :point free energy for nucleation of pairs of kinks 
n 

K = Boltzmann constant 

T = abs,olute temper$,tur~ 

Hhen the testing temperature, reach,es- a criti:cal teIllperature, T , for a, 
c 

gi~ve!1 stYai',n -rate" the thermally activated corr.ponent of the stress ,* 
. becomes zero and the thermal energy, that needs' to be suppli'ed to nucleate 
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a 2)airofkinks is, just 2U
l
(' '"hereU

K 
i,s th~ energy of a s~ngle kin£:. 

Therefore, at T = T 
c 

, L· b 2 ., 'p a ·v '(' = e. 
2w 2. 

c 

kTc (6 ) 

The theory of Dorn and Rajnak predicts a 'Universal 'relationship bet',teen 

0,,/2U;(, ~rhere U~ is the saddle~point ffee energy' for n'lJ.cleation of' a pair 
... .1.... ..1..1. 

of ki:rlks, &'1d UK is the kink energy, andT'f.)Tp. But as' shown by Dorn &~,d 

Raj nak, to a very good approximation w "'1' c' where, w c is, th,e critical 

wi,dth. of a pair of kinks and ~herefo,re, as shown by' E~s. C51,and (61, 

, ,GeT) 
2uKCT

c l G(T I 
. c -

,G ('rr '\.' . 'T' . c 1 

'" Tc GeT). 
(1 ) 

It i,s the pu~:pose of this work to c<?rrelate the relationship ,predicted 

by the theory with that obtained from the experimental re,sults. The 

ex:;>ected theoretical trends as shoWn by the, solid curves in Fig. 5 are 

in excellent agreement with the experir.',ental results at low temperatures 

y 3.13 z 10-3 sec- 1 ) and it appears to agree best with the curve representing 

Ci. = +1. At higher temperatures an athermal mechanism is operative.· 

Ex:;>erime.ntal results are, presente.d in Table 1. 
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Table 1. St;rai.n rate, ter.:perature· dependence of th.e thermally 
acti,yate.G. con;ponent of the. flOl{ stre$,s .. 

" . - - - . " - - . . "- - .... ' ....... - . 

19 

20 5.97 

50 2.99 

77 , ,I 1.43 

90 0.78 

113 0.29 

156 0 

0 

235 0 

273 0.09 

300, 0 

T extrapolated = 8.40 x 108 dynes / cmL 
p 

The '. cyi tical temperat'l+re at '(1 

'': , -3 
The. c;dtica1 temperature at '(2, = 3.13 .xl0,- /s,e,c; 

4.32 

2.55 

1. 56 

1.15 

0.32 

0 

0.05 

0.12 

0.21 

T = 
Cj 

T = 
C2, 

115°K 

1800 K 
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V. ACTIVATION VOLTJi:.::.E 

'I'ne activati.on volu.'ile is· defined. "by.: 

'fdU.,:: V - - I \ 0 T'N, 
T 

(61 

The activ2.~,ionvolwlle approxlwates the prodv.ct of the Burger r s vector and 

t~"e area s;vept out during th.e nucleation of the criti"cal loop CAB r C , 

FiS. l!.. The. Pe.ierls me.chanisrr. h.as· a uniQue lOyTvalue of the activation 

, r 1- '. 7'~-O"" )-1-,3 -:-.0 50'0' 3.,1. VO-,-L:.'":ie \.usua J.y :::-anglng .:...:' "" u _ The activation ·volume rer~,ains 

CCYlstarrt aYld is uYlaffected by inc:::-easiYlg the strain. Thes.e properties 

of the activation volume are the ~ost reliable verification of the 

Peierls ~echanism. The properties of the activation volucre of .1-' l..ne "'-' ovner 

sc:e;GE:sted. mechanisms are shm,m in Table 2. The experimental activation 

voll::'les are ootained by the effect of s::nall ch&'1ges in strain :::-ate on 

the :~lo\T stress. A Quantity S is defined as: 

SkT i.s defined as the apparent activation volu.lle: 

V = SkT 
a 

For the. Peie.rls mechanism CEQ. (5 D, thi~s becomes. 

V 
a 

, m "rdf;Ylp~ = /:,1 {-"I-'I 
, 'OL'/\ m 
' 1 

CIO) 

C'l '\ _-'-~L 
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; .. 

. .", . 

Tab1e2. The. 
of 

properties of the.e;ctivation .yol1,.illie 
. : ~ '., ... 

other .s1.,lggeste.d mecnan:).:sms. 

...... Mechanisll). ............. _, ...... _~ .. __ ........ . Properties 

'" '.' t·· '.' ..... -..... ' .. , .......... . 
. ! .. " 

j 
9f dislocati:ons wi:th . I 1. 'V depends on i'nt.erstitial 

1 a 

interstitial impurity atoms or I • content. HiO"her values of V 
o . a. 

10.,..13 . i 
,·ii th solute atoms in general. /. " (probably' up to 1000'0 3 ). 

R~sis:ta..."1ce to the motion of 

dislocati.ons. a.ue to jogs on screw 
. , 

. ,. _. . . .i4-l6 
QlSl.OCa~lons· • 

O'rercoming inte:::,stiti.al 

. . : .. ' t' 17 
.' preClp~ta.: es; 

.. '.~ '~~ 

". l 8 
C:::,oss-slip.~ . 

I '. . 

I 
1. .. -Vd~:pends on tne st-:::,ucture. 

a 

I 2~' At he rm a,l 'at low temperatures 

I 
I 
I 

I 
.1 
.! . 
I 

thermally' activated at 'relati vely. 

hightemperat'\.1.re. 

V 
'a 

"precipitates } .. 

iength of t'he 

I 
t 

:2.···Y varies i-rith.the impurity. 
a' 

.;", 

I r 
11-
I 
I 

.... content. 

High. acti:vation vol.1.l.."lle (of the 

. order 
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T::.e negative of the last term of EQ. (11) is the theoretical activation 

volwneV·:·'. The theoretical activation volume V'x, can be rewritten as:' 

V* dUn 
dl':" =: -

d C"'j 
, , 

p 

~/(nereas the term containing w in EQ. (11) is always negligibiy s1':'lall, 

the a:pparent activation volu,'TIe ca.."'1be slightly larger than the theoretical 

,one, -ji'" as a resUlt of t,he possible increase in the dislocation density, 

p, as the 'stress is incr~ased . ConseQuently, when thePeierls mecha.."'1ism 

is operative, V closely f~llowsthe trends of v·:~. Fi'g. 6 sho","s the 
a 

activation volUme as a function of stress, the low values of V 
a 

in terns of b 3 agree very ","ell with the low activation volu,~e as predicted 

by thePeierls mechanism. Figure 7 also shows the relatively constant 

val1,;.e of the a:pparentactivation volume with increasing strain. The 

theoretical plot 
c';':' 

for the ac-ti vation volume as a fu."'1ction of - for 
c 

p 
different values of a is shown in Fig. 8. The experimental values of 

c "U ( '0, a! ./:"'., ..... .,co .J.. 1 f 
- 1.2

UK
J dc w, l.or QJ..Il.eren", va ues 0 

nodulus yli thtemperature) are, ~lso 

c'X' . 
-- (corrected, for change in shear c 0 

p 
plotted on the same figure, indicating 

the right order of magnitude of the experimental resUlts. 



-14-
/ 

. , . , . 

VI. ACTIVATION ENERGY OF PAIRS OF KINKS 

rI'ne apparent activation energy for nucleation of pairs of k.inks. is 

defineo. as: 

Tn.e. apparent activation energy for nucleation of pairs of kinks at· OaK 

cs.v: oe d.etermined oythe cha..'1gein strai.n rate due .t'o the cha..'1ge in 

te!:lper2,ture at constant stress (c':"). 

'\.rhere: 

Y' = pao 
'0 

k en 
• .l. 

L -- \) 
2w2 " 

at the critical temperatur~ (where ",:. = 0 y. 

yz = Yo e 
, , 

:2U
K

(T
c1

) , 

kT 
Ci 

2U
K

(T
C2 

), 

kT 
c2 

since Yo remains constant for ooth cases) 

exp -
2U. (T } 2U

K
(O) G(T '2) 

[ k~ c 
2 J exp [1'.:; G ( ~) ] 

C2 c2 
2U

K
(T ) = -----,-2-U-·.(-'i-(.=.o..--) --G-;-(~-' ----,.)-

[ • Cl ir I. . Cl J 
kT .. exp"'-. kT G (0) , 

c~ cl 

exp -
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kG(O) Y2 
= G(T ) GeT ) £n ~(l 

c 1 c2 
(14) 

SUQsti -'cuting: 

k = 1. 38 x 10-lE; ergs/oK 

G(O) = 1. 74. x 10 10 d:ynes/cm2 

G(T ) 
cl . = 1. 63 x 1010 dynes/cm2 

GeT 
c2 

) = 1. 56 x 10 10 dynes / cm2 

T = 115°K 
cl 

T = ISOoK 
c2 

= 2 x 10-13 ergs = 0.13 eV 

'I'::;'is value is of the right order of magnitude for activation energy, i.Jhen 

the rate controlling mechanism is by nucleati.6n of pairs of kinks. 
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LINE TENSION OF DISLOCATION SITUATED AT THE PEIERLS VALLEY 
L ao ~~;rii 

D '.\. 
gave the theoretical "valu, es of -' -, and , "fo ,'aro 

for 
" rc 

(Efferent values of ci. &'1d R-l, '\{here R= fo the ratio of, the energy 

at the top &":.d at the bottom of a Peierls hill. The theory demands that: 

anc. 

- or 

for 0: = .l . -'-, 

2TIU
K

(0) 

afc 
= 6.49 IR - 1 

'where 

T ao 
D --= 
TIfo 

1.3 

5.75 

a ~ '0 -3.04 x 10-8 em 

0.2 x 10-12 ergs 

(R - 1) 

F' (ext rap'ol at ed) = 8.40 x 108 dynes / cm2 

(15) 

4 -4 Solving for ro; fo = 0.5' x 10 ' dynes,. ,The line tension of the dislocation 

is related to the shear modulus Gand the BurgerI s vector '0 by the equation: 

fo = oG(0)b2 (16) 

Hcn.ce) 

'Ihis 

<5 ~ 3 

Gb2 
value compared i-Tith Naoarro IS estirEation of the line tension 2 

:?roves to oe, of t'fle right order of r.1agni tude. 
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VIII. ZXPERIiViENTAL VP..LU"L OF 1'liS rJU?ilBER OF DISLOC.t.TImTS 
PER UNIT LENGTH (pL) 

Foy a gi ,ren strai:l rate &'1.d temperatu:re, the value of pL can be 

c.eteYlninea. from the eQ..uation. 

y = 
Un 
kT 

The Debye freCluency "Tas estimated to "be 5 x 1012 per sec from the Deoye 

characteristic temperature of magnesiwli-lithiw~ alloy. Estimating v 
c 

oe 60'0 from Fig. 6fu'1d suosti tuting the values of a, 0, 2U
K 

fu'1d Tc ' it 

to 

',ras found tnat pL = 0.3 per cm. This. value of pL seems to be. somevhat 

:;'0''; '"hen compared vith that Of'AgMg9 (227 per' cm) and Ta
6 

(104 per:cm). 

There are some possioili ties that might account for this: .10,,; value 

of the nw~ber of mobile dislocations per unit length (pL). An oovious 

possiYllity is that the preexponential expression of ECl. (17) is some"hat 

iY1 since v is not vell-defined. This arises oecause the kinks of 

the critical pair are not a-brupt. Another possioility is that the 

precipitates and impurities could pin-down the dislocation line, modifying 

the ex~ansion of the kinks by affecting L &~d w, as Qualitatively co~sidered 

by ;(ossO'l-rsky and Brown. The theory neglects the effects that arise in 

dislocation segments of finite length "Thich may oe restrained at their 

terminal points on the slip plane. Nevertheless, it is a possiole 

D"lL",:,:ber in terms of the possioility of a 10"lT value of L. 
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IX. CONCLUSIONS 

(l) The strong temperature dependence of the flow stress belo"T 

115°K Cfu'1 be explained by the Dorn and. Rajn&.k theory of the ?eierls mechanisrn 

of plE.stic c.eformation. Above aoout 115°Kan athermal mechanisr.'l is 

o'Oerati ve.· 

(2) The shape of the Peierls hills for magnesi w'n, 14 wt. % Li, 1.5 

i,-:; .;~ Al alloy s eemsto approach the theoret ical1y predicted curve "Ti tn 

CL =·+1. 

(3) The activation energy of the process of the nucleation of pairs 

.. 
of :·:inl-::s is estimated. to be 0.13 eV. ,which is of the right order of 

magni tude for activation energy, i.;hen the rate-controlling mechanis:rr1 

:i..s by nucleation of pairs of kinks. 

(Lf) The experimentally deduced values of the apparent activation 

volu.lle 8.J.'1d the line tension are in agreement with the theory . 
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APPENDIX I 

Various authors, Celli et a1.,19 Friedel,20 Js)SS8..'1g et a1.,21 

Seeger,et 
_ 22 ," 

a1.. , nave described theforl:lulation of the forward velocity 

of ~islocations and rate resulting from the nucleation of 

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

existin.g kinks along a dislocation due tothe action of a stress). Only a 

first order ,a:p:proxi:nation was attem:pted by P. Guyot and J. Dorn (1966). 

L (:lie;. 1) was ass1:.'1led to be the average lene;th of a dislocation that 

mig"nt be s,ve:pt out' by a pair of kinks following their nucleation. L was 

also ass<.:'il1ec. to be much ,larger than v, the width of the critical :;>air of 

kin:r:.s, 8..'1d e::ld effects vere neglected. One' :;>ossible forn:ulatioYl 'was 

based on tne fact that there are 1/b(b is the Burgerls vector) points 

::llor:g the length L at which a pair of Idnks might be :produced and 

conseCfJ.ently, 

is the 

\I 
n 

Einstein frequency. 

L 
Un 
kT (A.I.l) 

This vould apply for cases where 

the fluctuation might be localized. On the other ha..'1d '.vhenthe therrr:.al 

fhi.ctuation is spread over the critical vidth, v, of the pair of kinks, 

vb L 
Un 
kT (A.I.2) 

\·There Vb/V is, the frequency of vibration of the dislocation, v is the 

L 
Debye frequency, and 2'IV is approximately the number of vave lengtr..salong 

the ~islocation line at 'VThich nucleation mignt occur. These ex:pressions 



-20-

(\/r:idl ~,'as based partly on both concepts) that 

v 
n 

b L 
'" "'iT b e 

Un 
kT 

(A.I.3) 

i':n exact analysis for vn is Quite complicated. Inasmuch as the vibrations 

are coupled, it appears that EQ.(A.I.2) might prove to be the rr;ore 

satisfactory • ..L..' • . J.,. 

approx~mav~on In mosv cases. These equations apply only 

I·:hen the velocity of the kinks is so great relative to their nucleation 

rate t:hat not !:lore tho..'1 one 'pair of kir~'::s exist in ler.gth L at anyone 

tir;.e .. Dorn and Rajn~':: (1964) have also ,described cases \-;-here the kink 

velocity might be so sloi-7 relative to thenucleati.on rate that sever.al 

pairs of kinks will be moving along a single dislocation seg!:lent at one 

time. Thus far, however,there have beer. no experimental confirmations of 

this possibility. 

The average velocity. of a dislocation moving as a result of nucleation-

of pairs of kinkS is 

'V a = 
n 

J.."" .• 
1..; {llS. gl ves a shear strain rate of 

y = pbv 
pLab 2 

= 2w2 v e 

Un 
kT (A.I.4) 

1,There p is;t;he total length of all thermally acti vat able dislocaticm 

seg::-:lents per unit volUl1'!e of the crystal. 
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FIGURE CfJ.?TIONS 

Schematic diagr3.tllshmring the .nl.lcleation of a pair. of kinks . 

. a is the spacing between parallel· ro"s, of closely spaced atoms 

ofthesliu ulane. 
~ ~ , 

Figure 2. 0.05% flow stress, " vs. temperature. 

The "thermally activated. 0.05~; flow stress, ,":+,.vs. tenperature. 

Figure 4. Variation of shear mod.ulus G with temperature. 

Figure 5 . The tnernally acti vated component~, of the flovi stress vs. 

temperature in dimensionless units. 

Figure 6. The thermally, .activated component of the flov; stress vs. the 

activation volw~e in units of b 3 . 

,., , "! A .1...1.. • .I.. • ' , .I.. 11o'v .1.. •. 
l'lgur~ I,' .'-l.pparenu aCulva"lon vOJ.ume au' "'- vs. Suraln. 

Figure 8. The thermally activated component of, the flow stress vs. 

activation volume in d.imensionless units. 
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Fl G. 5 THE THERM.D..LLY ~-cT!VATED COMPONEr'-JT 
OF THE FLO\:V STRESS vs Ti=-M PE R 14TUR E IN 

DiMENSiONLESS UNITS. 



) 

...... 

.. <f' 

'. --. 

If , 
.;', .\. 

i 
i 
~-1 ,J 

.,< i 

i 
! 
i 
I 
I 
j, 

., ... .-. 

r 
i , 
i 

, ',. 
j 

i 
! 

'{ 

j 

1. 
I , , 
i ., '., 
\ ' 

I 
! 
J ',­

;. 
I 

I 
I 

. , 
:1. 
I· 
I' 
j' 
! 

i ,,' 
, ! 
~ , , 
i 

1. 
I 
! 

.. ! 

I 
i 
I 

'. j 

"l 

r ." 
. , 

. ". 

. ,( 

••.• j<. 

,,',.,', 

" ::; 
'.:," 

, ..... ' ....... 

.:. 

.":' 

.,'" 

f'·· 

" 

: 
Ci 

I 

i 
i 
;. I 

l -! i'­
l i 

·9 ! 
., . 

J 
j 

o 
I 
! 

? 

o 
I' 

i 
f 
j 
I 
I 

! 
1 
1 
.~ . 

,I 

! 
f 

i 
j , 
j' 
! ." il...!..J 
I 
f , 
I , , 
I 
I 
!. 
i 
I 
i 

-'t:") . i 
I 
i 

.l 

. 'j 
i 
i 
i ,. i 

I 

,t 

. i 
~ 

.' (. , 
.1 

0 ,1 
i 

? 
1 
i 
j 

.i-, 
/ 
;0 

. "/." 
, . 

9 
. '. . 

.. '/'.'. 
.,:.OJ· . 

,,~I 
''I 
,P 

I 
--! 

i 
i 
I 
I 
! 
i 
! 

i 
! 
I 

i 
~ i'; 

i 
I 
I 
! 

! 
i 

i 
I 

, 1"\ ! -! .. ~ 
i 

! , 
! ; . 

" ! 
i 
I 

I' 
-' , , 

I 
I 

'j' 

1 

L . ....;~ _____ L· -.:. .' ~. I ('; O~' --~...,..+-,;,.;....,-...... : ,....;.,--...,..,.... ...... '--...;.."""--.-... _._,.,... ---~., 0 ' 
. ..,., ~) , ~:..,; I...) .--' 
u, .:00:,_ ~~:,,': ;:'\; U 

.' ........ : " 
L ,.... \,.'! .:.'-'./\ . 
.. ~ .i. ~ 

;,.;' 

!.- • 

o 
.', -.-

if) 
, ,.., 
'-, J 

, 1.:.'; 
r..­
'--, 

:-.. 
? 

o 

t-

o 

o 

<.: 

o 
U) 
'-

-' ..... ~J 

> 

() 
<.: 

- ; . 

!. ! 

, . 

, 
!. 

I 
I 
l 

" 



-31-
i GJ 

0 I "t 
i ! i 

! 
I 

~~ I 
1-

"r ; 
I 
I 
! 
I 
I 

0 10 , 
I 
1- z 
f 1 ~j-
I I <L I 
J 

r-, __ 

! 

JCD 
U-

I i.-

I-
I 

0 en 
I ! ['0 if) 

I > 

I V' 
I 

0 ! 
0 1- ~ - N l'-

i' ! f\') !'..:. I j 

i, i-! , <r , 
i 

I 
j i 00 

'1-
~ w I -IN I 

:2: 
<> {: I ~ 

! i I i0 -i 
~ I ~_ 0 0 ~ , -I' , > , 
~ _I x 1- ; IN ~ \..v 0 ti /' , 
i 0 ~ 

I ~ I-i , l '0 <r. t-- y 

-iC\J > 1 
I ! -I I r-
I I I 

0 
I 0 « 
I 

, 
~ --1(0 I , 
I 

, r 1-

I 
, Z 
! l'J 

I ! CL , 
! 0 <[ I ' 1 
E -!(\J CL r !i o-F 

I-

I I <1. 
I I , 

I • I I l'-
! 

-'OJ I n (9 
! 
~ LL. I 

I I 0 I , 
~ 

1- ~ , 
~ -1 '\j'" ~ 

I , 
i 
n , ~ 

0 
I 

! I I I 1,0 I 0 0 0 0 
i'0 (\j 

(2Z0L:~ £W;)) /\ 



.: .. 
C ;." 

::> ~. 
(() (0 

::J 
C'J 
'-... 

0, CL 
l-.v 

> 

::) 

(\J 
'-... 

0... 
" 
C"'" ---

'. f I' 
I 
i 
i~ . 
I" I, 
i: 

r- n .0j: 
! I 
! ~ 
! I 
! , 
I! 
11 ! . 
f i 
1 

L) I i tn 
I 
! 
i 
I 
I 

~l_: 
~! i 

\ 
r-. ' 
~ 

Hi 

1\ 
i \ 
'I \ 

I ' I \ i 
i \ \ 
i \ ~ 2 1- \, \ 

I \' 
I \,,\ 0 
! '\ 
I " 
I \ "'" I\.....;. 

- 3~~'.-

THEORETiCAL 
CURVES 

C( = -I 

C( = 0 
a: :: -t. i 

o 

I 
I 
! 

"l 
I 

I 

I 

1 
. ! 

I 
! 
I 

I 
I 

~ 
I 

I 

I 
-I 

I "--"0.., 
I 
I 
I 

I I I-
I 

I 
! 
I 
1 
I 

I 

.... ·~O. I -.~,~ __ ~ . I 
,, __ . __ ~oo \ 

"........ i '-.... .......... I 
" ,,! 

............ 'l . ... I 
......... 1 

Ol~ ____ ~ _____ li_'~ __ ~ ____ ~ ____ ~ 
o 0.2 O.Ll·.. 0.6 0.3 1.0 

T';'11~~ 
~ ~p 

F1G.8 THE THERM.6,LLY ACTiVATED COi\tlPOr~ :=-r\iT OF 
,-, 0\'/ c-·-n-Sr-. ~ r-'-" /~-I"" \/"" 11~'r- 'N 1\" ·r-j\·-··ON' '-""'5 i-L0 y\ w! K c :::, 'v'S I-\~ i !\I,L\ t Ui\i . ULUI,jjl- ii! l;iIVlc! l~i I! LC2: 

LJ' .N' ! iTC , 
•• I .....J. 

''I. .. 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1SS1on, nor any person acting on behal f 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. 






