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LITHIUM ALLOYING AND DISLOCATION MECHIINISMS 
FOR PRISMATIC SLIP IN MAGNESIUM 

A. Ahmadieh, Jack Mitchell, and J: E. Dorn 

Inorganic Materials Research Division, Lawrence Radiation Laboratory, 
and Department of Mineral Technology, College of Engineering, 

University of California, Berkeley, California 

ABSTRACT 

A detailed investigation of the dislocation.mechanisms co~trolling 

prismatic slip in al~ha'solid solutions of Mg containing up to 15.9 at.~ Li 

revealed that low temperature prismatic slip is controlled by the Peierls 

mechanism for all alloy compositions. At higher temperatures slip in the 

7.9 at.~ Li alloy was found to follow the dictates of the cross-slip 

mechanism from basal to prism planes, while the higher Li alloys exhibited 

'an athermal deformation process which might be due to short-range ordering. 

The major'effect of Li additions on the low temperature shear stress 
> 

for prismatic slip appears to be due to its effect in lowering the Peierls 

stress whereas an increase in the shear stress with.increased Li content 

at higher temperatures might be due to short-range order strengthening. 

Add~tions up to 7.9at.~ Li appear to have only minor effects on the stacking 

fault energy. 
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:t~, INTRODUCTION 

Coarse-grained polycrystalline aggregates of distilled Mg exhibit 
, ", " ,',' , i 

" , very 'limited duct'ili ty at low temperatures. The ductility of poly-

" ' crystalline Mg, however, is much improved by solid solution addi t~ons in' 

,:'excess of about 8 atomic, percent Li. 2 Although the relative amounts of 

, basal slip and twinning are not materially altered by such alloying, a 

. "substantial change takes place in the relative amounts of prismatic slip. 

, . Whereas prismatic slip is negligible and limited to regions of high stress 

! 
I 

,I 
, ! ' , 

'I 

I 
I 

, concentrations in the vicinity of the grain boundaries in pure Mg, extensive "',' ! 
, prismatic slip over entire grains occurs in.the higher Li content alloys •. 

, 
, "'·Furthermore as the Li content is increased above 8 atomic percent, the 

'.flow stress for polycrystalline aggregates decreases. 

, ' Comparison of the single crystal data on pure Mg for basal slip by 
'. . 3 4 

. ': , ',Sheely and Nash and those for prismatic slip by Flynn, Mote and Dorn . 

, indicates that the critical resolved shear stress for prismatic slip is 
;. ~ 

much'above that for basal slip. Moreover"the data of Quimby, Mote and 

",' ", Dorn5 demonstrate that the critical resol~ed shear stress for basal slip 
.. ,' . . " 

.," . '. 

. " ."'" 

"'::' increases with increasing lit?ium"content·. ,These pbservatiqns suggest that," 
" , ",,,. . 

( , ~ .. ~ 

the increased ductility and decreased flow stress of ' poly crystalline alloys 

.. ,containing more than e at. 'to' Li results from a substantial decrease in the 

,': cri tical resolved shear stress for prismatic slip as the Li content is .... 
increased • 

This investigation was initiated to, stuQy the effect of Li addition 

, " '. on prisma~ic slip' in single c~stals of Mg, in' an attempt to identify the 
, ..... :. 

cause for the decrease in the critical resolved shear stress with increasing 
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Li content. Toward this end tests were conducted to uncover the dislocation 
. -

mechanisms that might be responsible for prismatic slip in the Li alloys 

of Mg. 
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II. 'EXPERJlvlENTAL TECHNIQUE 

, Oriented ,single c'rystal specimens 3" lone; a.nd, 3/8" diem. were prepared 

from the master alloys, whose compositions 'are given in Table I using a 

modified Bri~gman technique fully described in a previous paper by Qu~by, 

Mote and Dorn. 5 

Typical variations in the composition along the specimen length are 

shown in Table II. 

The crystals were tested in tension with an Instron TTCL machine. 
r , 6 2 

Stresses were measured to within ±2 xlO dynes/em and strains to within, 

±O.OOOl. Specimen;, temperatures were obtained over the temperature range 
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of 4.2°K to about 400 0 K by immersing them in constant temperature baths which 

were controlled to within ±2° of the reported values. Strain rates were 

"determined from the rate of cross head motion of the tensile machine. Two 

different types of tests were employed to obtain the temperature and 

strain rate dependence of the critical resolve, shear stress. 

One series of spec~ens were yielded 'at various temperatures at 

66 
~ , -6 

constant strain rates of 1. x 10 and 4.16 x ,10, per sec as shown in 

Figs. la to lc. Additional tes'ts-were made over the same temperature 

,range in which the strain rate was rapidly changed by a factor of ten. 

" : ','1, 

" , 

The average strain rate for these tests was about 1.31 x 10-5/sec• 
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TABLE I 

Chemical Composition in Weight Percent 

Alloy At:~ ·Al Ca Cu . Fe Un' Ni Si Zn Mg Li No. Li 

1 18.30 ¢.03 0.147 <0.001 0.007 <0.01 <0.001. <0.01 <0.02 Bal. 6.01 

2 15.62 n n " " \ 

n " " n Bal. 5.02 
.. 

3 9.79 . " n ) " " " " \I "n Bal. . 3.01 , 
I 
~ 
I 

_".~ __ • _____ .. _ •• ~_". ____ ,,_. _-.- •• ___ "_ ... _ '_H ______ ~ _____ • __ • ___ " 

'E;" • ~ "I 
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TABLE II 

Composition Gradients in Single Crystals 
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III. EXPERD1ENTALRESULTS 

The critical resolved shear stress (ORSS) :f'ory1elding by prismatic 

. slip vs the temperature· is shown in Figs. lathrough lc for each of two 

strain rates. Pllre Mg crystals fractured in a brittle manner l'ollowing 

minor amounts of prismatic slip below about 250 0 K and the 7.9 at.% Li alloy 

exhibited the same ductile to.brittle transi~~on at about 200 0 K. In 

contrast the 12.9 and 15.9 at.% Li alloys underwent extensive straining 

even at 4.2°K and fractured on the prismatic plane upon incidence of 

duplex prismatic slip. Whereas those alloys that showed brittle beh~vior 

exhibited minor amounts of twinning in the fractured region, no twinning 

and exclusively prismatic slip was observed in all other cases. 

The data recorded in Figs. 1 clearly reveal that Li additions result 

in solid solution softening of the low temperature prismatic slip in Mg. 

Whereas, the CRSS for prismatic slip in pure Mg and the 7.9 at.% Li alloy 

continues to decrease with increasing temperature (Fis.la), revealing.that 

prismatic slip is thermally activated in these materials over the entire 

range of temperatures that were investigated, the CRSS for prismatic slip 

in the 12.9 and 15.9 at.% Li alloys, following an initial rapid decrease, 

continues (l'or temperatures above about 280° and 250 0 K respectively) to 

decrease only modestly and almost linearly as the temperature is further 

increased (Fig. lb and lC). Special tests (not recorded in detail here) 

employing dynamic oscillations revealed that Young's modulus and the shear· 

modulus of elasticity for th~ Li alloys was practically the same as that 

l'or. pure Mg and that the temperature variationol' these moduli also 
.. 6 

followed closely that for pure Mg as reported 'by Roberts. . The slope of 

.. 
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.. ', ..... -"_ .... , curve 
the shear modulus vs temPerature/ was tound to agree reasonably well with 

the slope of the CRSS va temperature data recorded in Figs. 1b and 10 

above 280° and 250 0 K for the 12.9 and 15.9 at.% Lialioys indicating that 

a;thermal,dislocation mechanisms account for the higher temperature prismatic 

slip in these alloys. Whereas the CRSS for the 12.9 at.% Li alloy was 

"above that for the i5.9 at.% Li alloy at 4°K that for athermal slip above 

280 0 K was slightly higher tor the 15.9 at.% Li alloy. Investigations are 

currently-in progress to ascerta~n whether this athermal behavior is due 

to short~range ordering in accord with the Fisher7 mechanism. 

Additional data were obtained in terms of 

(1) 

where r is the resolved shear strain rate and .~·is the resolved shear 

, stress for ,slip. For thermally activated mechanisms 

- U 
kT Y. = A e (2) 

where A is dependent on the dislocation substruc'ture and either independent 
'., .. . 

or. only mildly dependent on ~, U is the activation energy, which depends 

on_~ a~d occasionally also on the dislocatio~ substructure and kT has its 
',.. I • " . 

usual meaning of, the Boltzmann constant t;ilD.es the absolute temperature. 

Consequently, the apparent activation volume, Y, is defined by 

oU 
v = I3kT::::: . - 'd-r 

... ' 

Such apparent activation volumes' are rather sensItive guides for ascertain-

,ing the operative dislo'cation mechanisms.' . ~or example for· the intersection 
. . . . 

. mechanism, the. activation . v~lumes ~y' from .ab~ut 500 to 100 b3 (b i~ the 
. . . 

'Burger's vector) ,and,being o.ependent on the dislocation forest spacing, 
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8 decrease with increasing strain. Activation volumes for the cross-slip 
, 4 

'mechanism are of the same order as those for intersection. Activation 

volumes for the Peierls process are lower varying from about 80 b3 to 

about 5 b3, independent of the dislocation density, and decrease with 

increasing values of the thermal stress T* = T - TA where TA is the 

athermal, component ~f the stress. 17 For athermal ?lechanisms, T does not 

,changewith'modest changes in y and v approaches infinity. 

Apparent activation volumes were obtained from'the data for the two 

strain rates recorded. in Figs. l'and additional tests involving the effect 

of rapid changes in strain rate on the stress during the course of strain-

ing. The latter tests gave apparent activation volumes that were in 

agreement with those calculated from Figs. 1 and were essentially independent 

, .o,f the strain for ail ranges of tests. The apparent activation volumes that 

",were obtained are recorded as a function of test temperature in Fig. 2. 

The'15.9,o12.9' ana. 7.9 at.% Li alloys exhibited quite small apparent 

activation volumes below about 200 oK. The extremely high,activation 

" , volumes that were obtained'between about 250 0 K and 350 0 K for the 15.9 and 
"< • ~ • 

12.9 at,. % Li alloys are further reflections of the athermal prismatic slip 

", 'that these alloy~ undertake, in this range ~ The decrease in the apparent 

activation volume for these two alloys as the temperature is further 
" , 

,increased, reveals the in~roduction of an additional thermally activated 

, mecha~ism of prismatic slip at yet higher temperatures. Slightly above 

,250 oK, the apparent activation volume, for the 7.9 at.% Li alloy began to 

increase rapidly but then it'exhibited an inv~rsion following which the 

. , ..... 

apparent activation volume again increased ever more rapidly with temperature. 
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The trend in the latter stage of this behavior is somewhat parallel to that 

4 recorded for ~ure Mg. At the ~ower temperatures, pure Mg fractured 

following very small amounts of prismatic. slip. 
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IV. DISCUSSION. 

The experimental data documented in the preceding section clearly 

reveal the operation of several different dislocation mechanisms for 

·prismatic slip in Mg over the range of temperatures and Li contents that 

were investigated.' The behavior of the 15.9 and 12.9 at.%Li alloys ,are 

quite similar, which suggests that th,ey undertake, the same kind of 

mechanisms. It will be demonstrated that they follow closely the dictates 

of the Peierls mechanism from Oo·to 25.0° or 2BOoK respectively. Their 

athermalbehavior above these upper temperatures is probably ascribable to 

short-range ·order~ng, an issue for future investigation. A complete . 

i 

I 
. I 

I 
I 

. I 
I 

analysis of the low-temper~ture plastic behavior of the 7.9 at.% Li alloy'! 

,cannot be.made since its yield stress exceeds its fracture strength below 

about 200 0 K. But as will be shown, the T - T trend and the activation 

volumes:from 200 0 K to slightly above 280°K are consistent with the dictates 

of the Peierls process for an alloy ~hat has a very high Peierls' stress. 
, 

The CRSS for slip and the apparent activation volumes for the 7.9 at.% Li 

ailoy above about 450 0 K parallel analogous data for high temperature 

prismat~c slip in pure Mg. 
. ,", . 4' . . 

Flynn, Mote and Dorn have qemonstrated that 

the Friedel cross-slip mechanism9 applies ,here. It will be demons,tr~ted 

"that this is also true for the higher temperature prismatic slip in the 

7.9 at.% Li alloy. 

The low-temperature prismatic slip in the 15.9 and l2.9:at.% Li alloys 

cannot be ascribed to either the intersection or the cross-slip mechanism 

b~cause o~ the extremely small apparent ,activation 'volumes that were 

obtained.' ,Furthermore, their mechanism of slip cannot be due to inter-
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'; ,actions of stress fields due to solute atoms with dislocations because the 

'thermally variable stress 1'* decreases with increasinS,Li content. 

Consequently, the only known mechanism that cannot be disqualified on 

these bases is the Peierls mechanism~ 

The analyses of these data will be based on,the formulation of the 
, ' " 10 

Peierls mechanism" as presented by Dorn and Rajnak, since it has now 

been verified by agreement with the low temperature plastic behavior of 

. ' '- - 11'" -
three different alloys, namely (~010) <1210> slip in Ag2Al,(123) <111> 

.sl'ip 'in, AgMg12 and for low temperature deformation in a polycrystalline 

',Fe containing 2 at.%Mn. 13 This theory gives A of'Eq.2 as 

L (4) A = pabv 
w 

, where p is the density. of mobile dislocations, a is the distance between 

,: , ',the Peierls valleys on the slip plane', bis the Burger r s vector, v ,is about 

the Debye frequency, L is the distance swept out by a pair of kinks, and 

w ,is approximately the separation of a pair of kinks at the saddle-point 

free energy for nucleation of kinks. As discuss~d by'Dorn ar:-d Rajnak,lO, 

the only term in A that depends upon the stress is wand its variation 
/' "-

with stress is so minor in contrast to the major 'effe'ct of the stress on 
,,' 

the activation energy t~at w,might be' assigned some average constant 

·value. ,The value of 'f*/'f is, given by the theory as a universal function 
,p , , 

of U/2Uk as shown i~Fig. 3, where U ~s the saddle~point free energy for 

the nucleation of a pair of kinks under stress 'f*, Uk is the energy of a 

stable kink ('f* = 0), 't'* is the thermally ,affected stress, 't'A is the 
:, ; 

athermal stress which is not surmountable by "thermal fluctuations and 'f p 

is the Peierls'stress~ 
, 10 

The values of ~ (vide Dorn and Rajnak) given in 
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Fig. 3 refer to deviations of the Peierls potential hill from purely 

sinusoidal (~.= 0) ·shape. 

It is assumed that 

14 . 
as discussed by Friedel, where G is the shear modulus of elasticity.a~q. 

the superscript zero refers to the values of these quantities at the 

absolute zero. The variation' of GIGO with temperature used he.re was 
6 .. 

calculated from the data given by Roberts. A tY.Pi~~ example of the da+.a 

.. when the stress TA i.S subtracted from the total stress T to give T* is 

'illustrated in Fig.' 4 for the 12.9 at.% Li alloy. Whereas, in accord with 

theory T~ is T* at T = 0,. '''p decreases :with increasing temperature as 

.. shown by the broken. line in Fig. 4 •. The values Of. T~, obt.ained in this way 

are given in Table III. 

The activation energy' and the kink energy d~pend on the ·temperature 

according to 

U = tf GIGO and Uk = ~ GIGO 

,Thus the strain rate (Eq. 2) becomes 

At T = T (vide Fig. c 

• b L , r = pa '- Y'e w 

4) T* = o and U.= 2Uk, whence 

2~ GTc/Go" 

r 
L . '. kTc = pab - v e' w ' 

For the same strain rate, and density of dislocations, therefore, as 

~hown by Eqs. 7 and 8 

.' : 
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TABLE III 

Kink Energies and Line Energies Deduced 
. from the Peier1s Analysis 

Alloy. '-r0 UO ro 
at.%Li 'p k ° dynes/em2 ergs ergs/em 

.' 15.9 . :6.8·x 108 4 -12 . O. 1 x 10 4 -4 .74 x 10 . 

'12~9 
. . 8 
7.6 x 10 0.43 x 10-12 4 -4 .67 x 10 

. .... /----.' 

,.' 

';' 
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.-~- .. ~.~ :.. ... -- "-
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ergs/em 
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Consequently, the theoretical relationship 

(10.) 

given in ,Fig. 3 requires that 

'1"* ~ f !L "' ( 'I'c) 
't' T G 
P c 

(11) 

The experimental data points for both strain rates for the 12.9 at.% Li 

alloy and the corresponding data points for the l5.9,at.% Li alloy replotted 
" 

in accord with Eq. 11, are shown i~ Fig. 5. The curves in this figure 

, ' refer to' the' theoretical curves of Fig. .3. As noted the data, are in good 

agreement with the theory for a. :::::-1. 

The kink energy wa,s, determined from ~he two values of Tc for the two, 

'dit:t:erent strain rates that were employed as demanded by Eq. 8 which gives 

T 
c~ 

- 2U~G 
kT GO 

1:; e c~ t; = ------=T,...--

'. e 

2~G ca 
kT GO 

ca 

(12) 

Since the values of T and T were not very' different, only approximate 
. cJ. C2 " . 

values of the kink energ:HlSj, given in Ta'Qle III, could be obtained. As 

shown, the Peierls stress appears to decrease with increasing Li content •. ,,' 

The most discriminating correlation for validating the Peierls 

mechanism is the dependence of the activat~on volume on the stress. The 

10. .' theoretical deductions given by Dorn an~ Rajnak r,eveal that the activation 

volume v is related to the stress as shown by t:-,"':".:.rves of Fig. 6. 

I 
I 
I 

! 
. ! 

. l 

, ! 

.~ . 

·t 



o 

,~ 

-21-
. I. 0 _--r-------,---..:..,.------r----, 

O.81-l~-!-

THEORETICAL CURVES 
- - a: = -I 

ex = 0 
----a =+1 

EXPERIMENTAL DATA 
\76 Y = 1.66 x 10-4/SEC . 
'\7 6 Y = 4.16 x 10-6/SEC 

6. 8. 12 . 9 AT. % L i 
\7 \l 15.9 AT. %L i 

O.6~·----~~~--~----~----~----~ 

. . . 

... r; (!). . <J I 
'. .'. '.' . .' (!) O.51-----~~-·!---!---lf-----t 

. '. <J 
~ ~ .. 

'"i 

. 
. . ":/. 

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

.~I ,0.4 
··o·~ 

::s 

~ I-----~-----~~~~--~----~ "- '0.3 o . 
" '.::S . 

, . . O. 2 ~---:I----r--T. 't-~-~---1 

.. ' . . 
. 0.1 . 

~'" _.... "=~'-;=~I===~ ~o_= ... J~." . 
~ ......... ~:---....-.-. -'0 I-'~ _." -_-_-.--_.-.. ....,J ..... !.-._._---'-__ ---I.. __ --l-_-.;;:;.,;,.;) 

... ° 0.2 0.4 .0.6 . 
~* . 

. t Go 
0-' Tp Gr 

FIG. 5 TEMPERATURE vs. THERMALLY 
ACTIVATED FLOW STRESS IN DIMENSION- .. 
LESS UNITS FOR 12.9 AND 15.9 A·T. % Li 

ALLOYS .. 

I . 
i , 
t 

i ,! •• 
i :' , 
I 

1 : 

I I 
! I 
! i 
1 ! 
, I 
, I , " 

II 
i .i 

. ill 
: 'i 

. ~ 1 
: I 
I :1 

: I I 

: ·1, .. 

I 
I 
I 

I 

I 
I 

. I 

t 
. ~ . I . 

'1: 
I , . 
r. 
I 
I 
i 
I 

i : 
I 

, ,'\ 
! . 

t. 
I , , 
I ~ 
:. 
" , 

I , 
t 
r. 
/. 
i 

.. [ 

I 
,[ 

\' 



. , 
" 

. . . 
. :.,.: . 

5 

·4 

1 
I 
I 
\ 
ft 
I 

\\1 
.\ 
\ 

-22-

THEORETICAL CURVES 

--- .cr. = -I 
.- a = 0 

--- a'= +1 

. EXPERIMENTAL DATA 

A .I 2 .9 AT. % L i 

I 5.9 AT. % L i 

\ 
~ '3 !~q---4----I----+----+----: 
"' . ~ 

. . a. \' 
,~ 
".' .\ 

.. ' . '\ ' \ ' 

\ 

" -
, ~, 

::J 
N 2 
" ' 

, ~o. ....... 
. I 

" 

\ .. 

. , " a "--__ ....I-.,.; __ ..I--__ ...I-~_...!_ __ ..J 

a 0.'2' 0.4 ,0.6 '0.8 1.0. 
T*/Tp 

FIG. 6' ACTIVATION VOLUME ·vs. THERMALLY 
'ACTIVATED COMPONENT OF FLOvV STRESS 
IN bIM~N~IOi'JL~SS UNITS r-()!~ I?L q t,Fi:", 

~ -;,; ~. - '_. ... ;-.. ;::-...... "':. 0 : ' ". ~', ...•. ::.::.: . 
l''''' .... j lJT. '1_ I 1 

.... 

. J 

I , 

l' 

1 

, . ' 



• 

\ 

-23-

The experimental points for the 12.9 and 15.9 at.% Li alloys were deduced 

from the activation volumes given in Fig. 2 using the values Of T~ and 

u~recorded in Table III. 

As shown by Dorn and Mitchell15 

(13) 

where ~~ is the line energy, namely 

r Oo 2 ::::: GOb (14) 
, 16 

as 'indicated by Friedel. 

Since all of these quantities are now known excepting r~ ,. it is 

,possible to estimate the line energy. Although the values of ~~ deduced 

,in this way are somewhat greater'than about'Gb2 (vide Table III), the 

'theoretically accepted order'of magnitud~,16 the correLation +5 neverthe~ 
less deemed to be, satisfactory. Such differences might have arisen from 

approXimations1g using the iso~ropic theory of elasticity for estimating 

2 theoretically' the line energy to be Gb .' 

Thus~ the correl~tion between 'theory for the Peierls mechanism and 

the eXperiIilental results for T vs T, the activation volume,and the 

dislocation line energy all sUbstantiate the thesis that the low temperature. 

prismatic slip in the 15.9 and l2.9at.% L~ all'oys ,obeys the Peierls 

process. 

Obviously the same type 'of analysis cannot be made on the low tempera-
. " 

'. ture'data for the 7.9 at.% Li alloy because ·it exhibited brittle fracturing 

below 200 0 K. 'But the T T relationsh;ip from 200° to 280 0 K (Fig. la) and, 
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the activation volumes over the same range (Fig. 2) are consistent with 
. 

the expectations of the Peierls mechanism for an alloy that has a very 

high Peierls stress. As 'shown by the T - Tcurves of Fig. la and the 

activation voiume data of Fig. 2, the 7.9 at~% Li alloy does not exhibit 

athermal behavior in the vicinity of 300 0 K as did both the 12.9 and 15.9 

at.% Li alloys. Rather above 300 oK, the trends in the activation volume 

data indicate transitions in mechanisms. As will be shown, above about 

450 0 K both the 7.9 at.% Li alloy and pure Mg appear to, follow the cross-

slip mechanism. ' 

, 15 
Dorn and Mitchell have demonstrated that Friedel's theory for cross 

slip9 ,upon,minor revision is given'by 

(15) , 

where N is the number of screw segments of dislocations per unit volume 

dissociated on the basal plane, each having length L , A is the area swept 
" ,s 

. , 

out per activation, Y is the Debye frequency" R is the recombination 

energy' per uni~,length, Uc is the_constrictio~ energy and the re~ining 

symbols have the previously quoted meanings,' ': Rearranging Eq. 15 gives 

1, = kb .en NLsAb4y + 
T*T 2 (21'-'R3l/2 e Y rR 

(16) 

" which reveals that over the range of conditions where the deformation is 

, controlled by the ~S'S:-SliP mechanism 1/ T*T varies 1inear1~ wi th ~ 
, 3 1/2 

" with a slope' -S~ = -bUj2(2rR) • The data fo~ pureMg and the 7.9 ' 

.at.% Lialloy p10tteu in this way are given in rig. 7 where it is assumed 

that at T,~T*. This appears to be justified'by the decrease of stress 
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above about 450 0 K to very low stress as shown in Fig. la indicating the 

athermal contribution to the flow stress TA is negligible. 

that 

or 

From the effect of strain rate on the flow.stress, it also follows 

~kT = kT.o.ent 
I-' dT* 

2kT 
= -+ . -r* 

2{2r'R3)1/2 

-r*2b · 

.. 2 ' . 2(2CR3)1/2 
([3 - -r* ) kT = 2 . (18) . 

-r* b 

reveal~ng that ([3. -2/-r*)kTincreases linearly with 1/-r.'*2 when the deformation 

is controlled by the cross-slip mechanism, where the slope' of: the curve is 

S2= 2(2~R3)1/2/b.· ~e data for pure Mg and the 7.9at.% Li alloy plotted 

in this way are given in Fig. 8. The data in Figs. 7 and 8 reveal that 

" both.pure Mg and the 7.9 at.% Li alloy follow closely the expected trends 

for thermally activated prismatic slip as controlled by the 'cross7s1ip 

mechanism from. the basal to the prism plane for ~emperatures in excess of 

abo~t 450 oK. (~<·2.1 x 10-3) 

Values of (rR3)1/2 and Uc iolere deduced from the slopes of Figs. 7 ·and 

8 and ~e sho~ in columns 3 and 4 of Table IV. The estimate of the 

constriction energy, given by Stroh,17 is .,' 

U
c 
~ G~~d (.en % )1/2' (19) 

.... 
where d is the equilibrium separation.of.the Shockley partial dislocations 

. 18 
. on the basal plane.. Furthermore, Nabarro has shown that 

(20) . 
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, TABLE IV 

Constriction'Energies and Stacking Fault Widths 
Deduced from the Cross-Slip Analysis 

(2) (3) (4) 

u '/(rR3)1/2' , (rR3)1/2 U c c 
cm 2 

-dyne dynes ergs 

Fig.l Fig. 8 (2)' and (3) . Eq. 19, 

15.2 0.84 x 10-13 -12 .1.28 x 10 . '" 6.5 

6.3 1. 70 x 10-1~ 1.07 x 10-12 
'" 5·5 
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.... ' ' 

~h~re ris givtmby ~q.'14: The values ofdlb deduced by use of these~' 
.: ':. ;, '., " .... ",. ' ... 

,equations is giyen,in the '5th 'column of Table IV. In view of the'approxi-
'.::.':. " 

'mations of Eqs. 19, and 20, the agreement between the stacking fault widths 

deduced from these equations are as good' as might be expect~d., These 
, , ' , ',1,' 
2 deduced by D~rn and Mitchell 5 from , ,: ,values also agree with the dlb ~ 

, "basal slip data for pure Mg where the dislocation intersection mechanism 
.:~. :>.' 

'is rate controlling., These data ,further confirm the ,thesis that 'the high 
, " 

" temperature thermally activated dislocation mechanism for prismatic slip 

, ':';inpure ,Mg' and the 7.9 at.% Li alloy is controlled by the cross-slip 

',mechanismand they also reveal that pure Mg and the7.9at.%Li alloy 
}.,: 

have apout the same h'igh stacking fault energies. 
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CONCLUSIONS 

1.. Increased Li content in Mg-Li solid solutions results in a substantial 

decrease in the critical resolved shear stress for prismatic slip at 

low temperatures. Whereas at the higher temperatures, a~dition of 

Li increases the critical resolved shear stress for slip. 

2. Over the range of temperatures and compositions investigated the 

alloys exhibit several deformation controlling mechanisms. 

3. Prismatic slip in the 12.9 and 15.9 at.% Li alloys over the tempera-

.ture region from 4.2 to about 300 0 K is controlled by the Peierls 

mechanism. Between about 300 0 K and 400 oK the deformation is controlled 

by an athermal process which migh~ arise from the short-range ordering 
7 

mechanism suggested by Fisher. 

,4. .The rate controlling mechanism of prismatic slip in the 7.9 at.% Li 

alloy as well as in pure Mg above about 450 0 K appears to be the 

. result of cross-slip of dislocation segments lying in screw orientation 

on the basa~ planes a~ proposed by Friedel. 9 Over the temperature 

region from 450 0 K to 200 0 K below which twinning and fracturing 

predominate, the trends of the ~ - T curves as well as the activation 

volumes suggest that the Peierls mechanism controls. 

5. The correlation of the data for the Mg-7.9 at.% Li alloy and pure Mg 

in theregion'where the cross-slip mechanism controls the rate of . ' ' 

prismatic slip indicates that L1 additions up "to 7.9 at.% have only a 

minor effect on the stacking fault width. 
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" 6. The., major effect.ofLi additonsonthelovT temperature' shears-tress 
' ... ' , '. . .. 

for prismatic slip appears to be due to its 
, . '. . " 

effect 'in lowering the' 
, , 

'."', 

'," .Pelerlsstress. The theoretical reason for this effect is not known 

,at present. 

The increase in, the shear stress for'the atherma.lprismatic· slipwitl'i 
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