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LITHIUM ALLOYING AND DISLOCATION MECHANISMS
FOR PRISMATIC SLIP IN MAGNESIUM

A. Ahmadieh, Jack Mitchell, and J. E. Dorn
Inorganic Materials Research Divislon, Lawrence Radiation Laboratory,

and Department of Mineral Technology, College of Engineering,
University of Californias, Berkeley, Californis

ABSTRACT

A detalled infestigation of the dislo;ation,mechanisms coqtrélling
| prismatic slip in alpha'solidAsolutions 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
T.9 at.% Li alloy was found to follow the dictates of the cross-slip
mechanism from basal to prism planes, while fhe higher Li alloys exhibited
‘an athermal deformation process which might'be due to shbrt—range ordering.

The major effect of Ll additions on the low temperature shear stress
" for prismatic slip appears to be due to its ef}ect in lowering the Peierls
stfess whereas an increase in the shesr stress with‘incréased Li content
at higher temperatures might be/@ye to short-range order strengthening.
Additions up to T. 9 at.% Li appear to have only minor effects on the stacking

fault energy.




S INTRODUCTION .

Coarse-grained polycrystalline aggregates of distilled Mg exhibit

5~very limited ductility at low temperatures.l' The ductility of poly—_

' ; - erystalline Mg, however, is much improved by solid solution additions in;'
"ffexcess of about 8 atomie. percent Li.2 Although the relative amounts of

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

'stsubstantial change takes place in the relative amounts of prismatic slip.

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

-uiZSheely and Nash

-~ Dorn

'v-i prismatic slip over entire grains occurs in the higher Li content alloys.'“
' Purthermore as the Li content is increased above 8 atomic percent, the

:f,flow stress for polycrystelline aggregates decreases.

Comparison of the single crystal data on pure Mg for hasal slip by

3 and those for prismaticlslip by Flynn, Mote and Dorny~

. indicates that the criticel resolved shear stress for prismatic slip is .

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

5

_lthe increased ductility and decreased flow stress of‘polycrystalline alloys-

' containing more than & at.% Li results from a substantial decrease in the

ﬁscritical resolved shear stress for prismatic slip as the Li content is

" increased.

This investigation was initiated-to study.the effect of Li addition

~','"¥liﬁlon prismatic slip in single crystals Of Mg in en attempt to identify the *

| ’! cause for the decrease in the critical resolved shear stress with increasing

demonstrate that the critical resolyed shear stress for basal slip :';,v

'2"concentrations in the vicinity of the grain boundaries in pure Mg, extensive " -

e

%17 increases with increasing lithium .content. These observations suggest_thatUi; i




Li content, Toward thils end tests were conducted to uncover the dislocation
mechanisms thet might be responsible for prismatic slip .in the Ii alloys
of Mg.




.- Mote and Dorn.

"II.  EXPERTMENTAL TECHNIQUE

" Oriented single crystal specimens 3" long and 3 " d4am., were prepared
&

e from the master alloys, whose compositions are given in Table I using &

':; medified Bridgmen technique fully described in a previous paper by Qnimby,

>

Typical variations in the composition along the specimen length ere -
shown in Table II.
The crystals were tested in tension with an Instron ITCL machine.

’ 6

Stresses were measured to within 2 x lO dynes/cm2 and strains to within,

m‘+0 0001. Specimen temperatures were obtained over the temperature range
| i-of 4.2°K to about hOO K by immereing 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 tesns were employed to obtain the temperatﬁre and

.. strain rate dependence'of the critical resolve. shear stress.

' One series of specimens were yielded ‘at various temperatures at
constant strain rates of 1.66 x lO-h and 4.16 x.10f6 per sec as shown in

Figs. la to le. Additional tests were made over the same temperature

-range 1n which the strain rate was rapidly changed by a factor of ten.

.The average strain rate for these tests was abeut 1l.31 x lO-s/sec.




. TABIE I
Chemical Composition in Weight Percent
Al%nlfy - AE;% K - Ca Cu - Fe - Un- - N si Zn Mg Li
1 18,30  <0.03  0.147  <0.001  0.007 <0.01  <0.001. <0.01  <0.02 Bal. 6.01
. | 2 ‘ .15..62 | n | 1 _\ oo ooom » u . n 1 " Bal. 5,02
3 ' | 9" 79 _. ' n o :\i " n " 1 1 n Bal. "3.01
o >
o — _ e e e e e e e e e e

_ -



TABLE II

Composition Gradients in Single Crystals

Alloy No. - " Crystal No.

At. % Li in gage section

Lower End Upper End
1 | 1 15.93 15.93
2. 15.65 1585
3 15.87 - ' 16.36
| ' Average: 15.9 .
2 1 12.91 . 13.73
2 12,15 12.79
|  Aversge: 12.9 -
3 1 7.15 T.72
) .

‘8.00. - 8,77

Average: 7.9

— e




in. EXPERTMENTAL 'RESULTS | o

' The critical resolved shear stress (CRSS) for yielding by prismatic‘
fslip vs the temperature is shown in Figs. la. through le for each of two
strain rates. Pure Mg crystals fractured in a brittle manner following ;v
o minor amounts of prismatic s1ip below about 250 K and the 7. 9 at.% Li alloy
exhibited the same ductile to,brittle transition at about 200°K. In
contrast the l2.9 and 15.9 at.% Ii alloys underwent extensive straiming
- even at 4.2°K and fractured on the prismatic plane upon incidence of’
_ duplex prismatic slip. Whereas those alloys that showed brittle behaviorA
tiiexhibited minor amounts of twinning in_the fractured region, no twinning
f.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 oftthe low temperature prismatic slip in Mg.
cf Whereas, the CRSS for prismatic slip in pure Mg and the 7.9 at.% Livalloy
vcontinues to decrease with increasing temperature (Fig. 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
bin the 12 9 and 15 9 at. % Li alloys, following an initial rapid decrease,
' continues (for temperatures above about 280° and 250°K respectively) to
decrease only modestly and almost 1inearlyAas the temperature is further
:lincreased (Fig. 1b and lc). 'Special tests (not recorded in detail here)

V.}employing-dynamicvoscillations revealed that Young's modulus and the shear.

?:;;modulus of elasticity for the Li alloys was practically the same as that

li-for pure Mg and that the temperature variation of these moduli also

-jf followed closely.thatiforvpure Mg as reported by Roberts.6' The slope of
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b ™ ey . — c‘u‘ve .
'_the shear modulus vs temperature/was found to agree reasonably well w1th

the slope.of the CRSS wvs temperature data recorded in Figs. lb and lc

above 280° and 250°K for the 12.9 and 15.9 at.% Li alloys indicating that

athermal~dislocation mechanisms account for the highervtemperature prismatic

slip in these e.llo&s. Whereas the CRSS for the 12.9 at.% Li alloy was
A*,;above thatifor the 15,9_et.% Li elloy at h°K that for athermal siip ebore

280°K wasxsldghtly higher for the 15.9 at.%‘Li alioy.. Inuestigations are
hcurrently.in progress_to ascertain whether this athermal behavior is due |

7

'to-shortfrange ordering in accord with the Fisher mechanism.

Additional data were obtained in terms of

ofn ¥ VAT . . a
pe ety inille @

- ' where ¥ is the resolved shear strain rate and T-is the resolved shear

" stress for slip. For thermally activated mechanisms

v wxe

: ,where A is dependent on the dlslocatlon substructure and elther independent

7 or. only mlldly dependent on T, Uis the activation energy, whlch depends

'N'_ on.T and occasionally also on the dlslocatlon substructure and kT has its

:.4usual meanlng of the Boltzmann corstant tmmes the absolute temperature.

Consequently, the apparent activation volume,'v, is defined by

-mera - (3)

' Such apperentvactivation volumes are rather sensitive guides for ascertain-

. .ing the operative dis10cation mechanisms.‘ For example for the intersectioni’

'mechanism, the activatlon volumes vary from about 500 to lOO b3 (b 1s the

' Burger's vector) and, being dependent on the dislocation forest spac1ng,
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.:vdecrease'withpincreasing strain..8 Activationvvolunes for the_cross-Slip h
J-mechanism are of:the’same order as those for :tntersection.)+ Activation
‘"volumes for the feierls‘process are lower varying from about 80 b3 to
fvvabout 5 b3 independent of the dislocation density, -and decrease with

‘ increasing values of the thermal stress 1% = T = Ty where Ty is the

.1,athermal.component of the stress.lT For athermal mechanisms,'r does not'

‘f’fchange with modest changes in v and v approaches inflnity.

Apparent activation volumes were obtained from the data for the two_
.'straln rates recorded in Flgs. 1 and additional tests involving the effect
of rapid changes in straln rate on the stressAdurlng the course of strain-
.ing.A The‘latter tests gave apparent.activation,volumes that were in-

"dffagreement uith those calculated‘from Figs. l and were essentially.independent

N'\of the'Strain for all ranges of tests. The apparent actlvation volumes'that’
'{;were obtained are recorded as a function of test temperature in Fig. 2}Ar'
The 15.9,:12.9 and 7.9 at.% Li alloys exhibited quite small apparent

activation volumes below about 200° K. The extremely high actlvatlon

o fvolumes that were obtained between about 250°K and 350°K for the 15.9 and

12.9 at, % Li alloys are further reflectlons of the athermal prlsmatic slip
'fthat these alloys undertake in this range,' The decrease in the apparent
actlvation volume for these two alloys as the temperature is further

--increased reveals the introduction of an additlonal thermally activated -

'[-,mechanism of'prismatic slip.at yet higher temperatures. Slightly above

'fv250°K; the apparent activation-volume for the 7.9 at.% Li alloy begen to .

'":5increase rapidly but then it exhlblted an inversion following which the

apparent activation volume agaln 1ncreased eveyr more rapldly with temperature.




4000

ACTIVATION VOLUME v=gkT/b® -

- 3500— ~ —— 7=132x107%

13000

-12~

4500 — , |
o  AT. % Li

7.9
- 0.0

e et ——

+0 oD d

Gvamat  jewmms  wmewe  evwma

2500

o 200 400 600 800

TEMPERATURE(°M

FIG 2 APPARENT ACTIVATION VOLUME vs. TEMPERA -

- TURE FOR PURE Mg AND Mg-Li ALLOYS,

159 o 7{
2.9 3




-13-

The trend in the latter stage of this behavior is somewhat parallel to that
recorded for pure Mg.h At the lower teﬁperatures, pure Mg fractured

following very small amounts of prismatic.slip.




R

IV. - DISCUSSION
' The experimental data documented in the preceding section clearly

reveal the operation of several different dislocation mechanisms for

'f,; 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 % Ll alloys are
;‘_duite‘similar,'which suggests that»they underteke. the same kind of
.mechanisms. It willibe demonstrated that they follow closely the dictates
of the Peierls mechanism from O° to 250° or 280°K respectively. Their
athermal behav1or above these upper teumperatures is probably ascribable to
_:.short-rangejordering, an issue for future investigation. A-complete j
-analysis~of the lowetemperature plastic behavior of the 7.9 at.% Li alloy
'tjcannot be.made since its yleld stress exceeds its fracture strength below
: about 200 K. But as will be shown, the T - T trend and the activation
' volumes from 200°K to slightly above 280°K are consistent with the dictates
of the Peierls process for an alloy that has a very high Peierls stress.
The CRSS for slip and the apparent-activation volumes for the 7.9 at.% Li
k alloy above about hSO X parallel analogous data for high temperature
prismatic slip in pure Mg Flynn, Mote and Dornh have demonstrated that

9

: the Friedel cross-slip mechanism applies here. It Will be demonstrated

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

7.9 at.% Li alloy. .

The lowstemperature prismatic'slip in the 15.9 and 12.9:at.% Li alloys.__

" cannot be ascribed to either the intersection or the cross-slip mechanism
because of the extremely small apparent activation ‘volumes that were

~ obtained.- AFurthermore, their mechanism of slip cannot be due to inter=-

>
o A A i 4T i o = eIt
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actions of stress fields due to solute atoms with dislocations becauseuthe .

thermally variable stress T* decreases with increasing i content.v ,

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

.:fPeierls mechanism, as presented by Dorn and Rajnak,lo since it has now
»_” been verified by agreement with the low temperature plastic behavior of
4*‘ three different alloys,‘namely {lOlO] <1310> slip in Ag,Al [123] <lll>
-h';slip:in_AgMgle and for low temperature deformation in a‘polycrystalline

"hFe containing 2 at.% Ma.t3 his theory gives A of Eq.2 as

A = paby '% E | | | 1 ()

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

fothe Peierls valleys on. the slip plane, b is the Burger's vector, v is about‘

the Debye frequency, L is the distance swept out by & 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 discussedvby'Dorn and Rajnak,lo.,

“'the only term in A that: depends upon’ the stress is w and 1ts variation -
*_w1th stress is so minor in contrast to the maJor effect of the stress on
“the activation energy that w.might be assmgnedpsome ayerage constant

;value. The value of T*/T is. given‘by the theory as a universal function

-

of U/2U as shown in Fig. 3, where U 1s the saddle-pomnt free energy for

; the nucleation of & pair of. kinks under stress t¥, Uk is the energy of a
" stable kink (% 0), T% is the thermally affected stress, 7, is the
;}“athermal stress which is not Surmountable by _thermal fluctuations and Tp

* is the Peierls stress. The velues of o (vide Dorn and Rajnak):l‘o given in
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AT

. Fig. 3 refer to deviations of the Peierls potential hill from purely
sinusoidal (m 0) shape.
It 1is assumed that - _
T, = Th 6/6° ‘and T = rg ¢/c° ' - (5)

- . a8 discussed by Friedel,lu where G is theisheer modulus of elestdcity:end.
the superscrdpt rero refers to the velues.of these quantities aﬁ the
'.vebsolufe'zere. The variation of 'G/G.o with temperature used here was

. celculated from fhe'data given by‘Roberts.6 A typieel.example of the data

" when the stress T, is subtracted from the total stress T to give T* is

A
- 4llustrated in Fig. h for the 12.9 at.% Li alloy. Wherees, in.accord.with‘
theory rp is T* aﬁ T = O,.Tp decreases with increasing temperature as |
'.shown by the broken‘line in Fig. L, 'Tne veluesvof'wglobtained in this way
.iare given in. Taﬁle TTI. l '
The activation energy and the kink energy depend on the temperature

according to . . | ‘

v = v° 6/6° and U, = UP 6/a® f" o (6)

_.Thus the strein rate (Eq. 2) becomes

—'U°egc°».

"f-:pab‘% vie kT o S ' (1
At T = T (vide Fig, 4) 7% = 0 and U = 2Uk, whence . |
' Tes0 . - : ~
- apﬁ ¢%/ee L
T = pab % v, e ch P ?_’ . - (8)

t"For the same strain rate, and density of dlslocations, therefore, ask

f‘ishown by Eqs. 7 and 8

202 . Te

S - o
U@ T. g T
= 5 e ' : ‘ '(9)




~18-
8 I
o G
: A
A.’B\\\\\ P P'GO
. ——
. .\\
6 A 7 =1.86XI0"YSEC

& 7 =4.16%10"%SEC

16))

p»

W

T"= T - T, XIO®DYNES /CM2

034

0 - 200 .. 400
TEMPERATURE ( K)

- FlG. % THERMALLY ACTIVA!ED COMPONENT OF .

THE FLOW STRESS vs. TEMPERATURE FOR .
2. 9 AT % Li-Mg ALLOY..




-19-

. TABLE ITI
. : Kink Energies and Line Energies Deduced
7“ . ' . -~ from the Peierls Analysis
T s o o 0. o
Alloy . T , b
at.%?Li ‘P50 x r1° ¢
Pt dynes/cm ergs . ergs/cm . ergs/cm
" 15.9 . 6.8'x 10° 0.4l x1072 L.k x107% 1.85 x 107%
12,9 7.6 x 108 0.43 x 10712 4.67 x 107 1.85 x 10'1‘
i e TR e |
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Consequently, the theoretical relationship

D

.- :*_f(zgk) f(_égg) . :(lo)_

k

given in.Fig;‘3'requires'£hat

5 |
%— =T %95- - ' : (11)
b c ' : ‘ ‘

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

alloy and the corresponding data points for the 15.9.at.% Li alloy replotted

in accord with Eq. il;.are shown in Fig. 5. The curves in this figure
:refer té'fhe'theoretical curves of Fig. 3. As noted the data are in good
"vagreement ﬁith the theory for a ~ -1,
The kink energy was determlned from.the two.values of T for the two

‘different strain rates that were employed as demanded by Eq. 8 whlch gives

QO Tcl
- 2ufc
, KT C
o -2uRe %2 o ' |
XT_ G°
e .. Ca

iSincevthé:Valués of Tclfané Tc2 were'nof §§ry-diffefehtl only'approximate
“values of the kihk energiés;. given in Tabie ITI, could be 6btained. As
shown, the'Pe;erls stréss appears to decrease with ;ncreasing Li content. _.
| Tﬁe most discriminating cprrelatioh for validating the Pelerls

imechanism.is the dependence of the activation volume on the stress. The

: theoretical deductidns}gi#en by Dofn}and.Rajnaklo reveal that'the activation '

volume v is related to the stress as shown by th~ ~urves of Fig. 6.
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The experimentel points for the 12.9 and 15.9 at.% Li alloys were deduced

o}

o from the activatiou volumes given in Fig, 2 using the values of FP and
Uﬁ recorded in Table III.
As stown by Dorn and Mitchellls
QﬁUﬁ ’ ° ab /2. . .
= 3.8 ’p for a= -1 (13)
o0 \alg - T
o o
wherevr"g is the line energy, namely :
(o xc%2 S e

. as 1ndicated by Friedel.16

Slnce all of these quantities are now known exceptlng r1 ,‘it is

'.possible to estlmate the llne energy Although the values of r" deduced

.in this way are somewhat greater than about Gb (v1de Table III), the
'-'theoretically accepted order: of magnitude,l6 the correlation is(neverthel

less deemed to be satisfactory. Such differences might have arisen,from

: approx1matlons%g using the isotroplc theory of elasticity for estlmatlng

theoretically the 11ne energy to be Gb .
Thus, the correlation between ‘theory for the Pelerls mechanlsm and

the experimental results for T vs T, the activation volume, ‘and the

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

 prismatic siip inithe»15.9 and 12.9 at.% Li alloys obeys the Peierls .

© process..

ture data for the 7 9 at % L1 alloy because At exhlblted brlttle fracturing

'"'rfi ‘below 200° K._.But the 7 - T relationship from 200° to 280°K (Fig. 1a) and -

Obv1ously the same type ‘of analys1s cannot be made on the low tempera— r‘
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the activation volumesvover the same range'(Fig. 2) are consistentvwith-’v

' the expectations of the Pelerls mechanism for an alloy that hes a very
-high Peierls stress. AS‘shown byvthe T = T curves of Fig. la and the
i'activation volume datea of Fig; 2, the 7.9_at,% Li alloy does not exhibit
athermal behavior in'the vicinity of 300°K as did both the 12.9 and'15.9
B at.% Li ailoys. Rather above 300 K, the trends in the activation volume
.vdata indicate transitions in mechanisms. As will be shown,iabove about

hSO K both the T. 9 at. % Ii alloy and pure Mg eppear ' to. follow the cross-

. _slip ‘mechanism. -

Dorn and M:Ltchell15 have demonstrated that Friedel's theory for cross

-slip9 upon“minor revision is given by

e (i 2l
f;¥ NLgAb vT¥* - kT T¥b KT
8["Rr

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

v dissociated on the basal plane, each having 1ength L , A is the. area swept. .

- out per activation, v is the Debye frequency,.R'is the recombination

. “energy per unit. length, U, is the'constriction energy and the remsining

symbols have the previously quoted meanings.. Rearranging Eq. 15 gives

1. kb C NLembly | I Wo
= in + — fnT¥ - (16)
T aeMRHYE T 8y r‘R. (2FR3)1/2 2(2"r3) Y 2p

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

:’controlled by the cross slip mechanism i/T*T varies linearly w1th %
with a slope: -sl = -rbU c/2(2(“1%3)1/ 2.' The data for_ pure Mg and the 7.9
rat.%'Lilaliov plotted in this way are given in Fig. T where it is assumed

;;'that:at T.aT¥, This appears _to be juetified'by the decrease of stress

as).

-
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'-' above about hSO X to very low stress as shown in Fig. la indicating the N

| athermal contribution to the flow stress T, is negligible.

A

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

- that , -
BKT = kT éfrn*- - 2. 2‘(?;;5)1/? - A
OI'- : ' . . |
(.BV-—-)kT=jM 4

T*2b .

revealing that (B -2/1*)kT increases linearly with l/T* when the deformation

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

" 8a= 2(2[7R3) l/ 2/b.  The data for pure g and the 7.9 ‘at.% Li alloy plotted

in.thiS-way are given in Fig. 8. The data in Figs. T and 8 reveal that

- both pure Mg and the 7 g at. % Li alloy follow closely the expected trends

. for thermally activated prismatic slip as controlled by the cross- slip

mechanism from.the basal to the prism plane for temperatures in excess of
sbout 450°K. (% <2.1 x 10‘3)

Values of (I—"R3)l/2 and U were deduced from the slopes of Figs. 7 and

"_'8 and are shown in columns 3 and 4 of Table IV. The estimate of the

constriction energy,_given‘by Stroh,;T is o
St .
. Gb7a 1/2
v, =t (an g (19)

-

where d is the equilibrium separation of the Shockley partial dislocatlons

‘on the basal plane. FUrthermore, Nabarro18 has shown that -

;R/f‘ :‘_%g zn_;%f' ': B “"f ic  . | (EQ)'

I~
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. TABLE IV

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

-

_ e

(2) . (3) )
o /TRYE (R

c

(5)

a/b

o ecm
-dyne

' dynes2 ergs

‘Fig.1l . Fig. 8 (2) and (3) - Eq. 19

Eq. 20

Mg at, 7.9 = 6.3
at.% Li = o :

15.2° 0.8k x 10773 1.28 x 1071

1.70 x 10773 1,07 x 10712

~ 6.5

~ 543

~ 3.0

~ 3.0

e R ban et Al G b rem At Fi i ot




?f;where rﬁ is glven by Eq{ lh The values of d/b deduced by use of these

-‘deduced from these equatlons are as good as mlght be expected. These _i

. 1values also agree w1th the d/b 2 deduced by Dorn and Mitchell 2 from

o

;temperature thermally actlvated dlslocatlon mechanlsm for prlsmatlc slip
.;in pure Mg and the T 9 at % Li alloy is controlled by the cross- sllp L
:mechanism and they also reveal that pure Mg and the 7 9 at % L1 alloy )

fhave about the same hlgh stacklng fault energles.

fbasal Sllp data for pure Mg where the dlslocation 1ntersect10n mechanlsm R

T . . 3

"ﬁ;tequations is given in the Sth column of Table IV._ In view of the approxi-_;ﬁ_;z‘

fmatlons of Eqs. 19 and 20 the agreement between ‘the. stacking fault w1dthsi};’*3 S

*is rate controlllng. These data further conflrm the thes1s that the hlgh R s
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CONCLUSIONS
Increased Li content in Mg-Ii solid solutions reéults in a,substantial

decrease in the critical resolved shear stress for prismatic slip at

:low temperatﬁres; ' Whereas at the higher temperatures, additign of
’:Li ihcreases thé éfiﬁical resolved shear sfressvfof slip.

‘Over the renge of temperatures and compositions investigated the
v alloy$_exhibit several deformatioﬁ controlling mechaniéms. »
A;PTismatic slip in the 12.9 and 15.9 at.% Li alloys over the tempera-

.ture region from 4.2 to about 300°K is controlled by the Peieris

mechanism. Befween about 300°K and 400°K the deformation is controlled

. by an athermal process which might arise from the short-range ordering

* mechanism suggested by Fisher.

 The rate controlling mechanism of prismatic slip'in the_7.9 at.% Li
’alloy as well as in pure Mé above about 450°K appea?s to Be the
“result of cross-slip of dislocation segments:lying in screw ?rientation'

~on the basel planes as proposed by Friedel.’ Over the temperature

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

predominate, the trends of the T - T curves as well as the activation
© volumes suggest that the Peilerls mechanism controls.

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

in the region'where the cross-slip mechanism controls the rate of,‘ -

- Prismatic slip indicates that Li additions up to 7.9 at.% have only a

minor effect on the stacking fault width. .




6.

The maJor effect of Li additons on the low temperature shear stress

j;for prismatic sllp appears to be due to 1ts effect in lowering the e

E;Peierls stress. The theoretlcal reason for thls effect is not known

{ﬁ;at present-;,‘:‘i

-,The increase in the shear stress for the athermal prlsmatlc sllp With

rincreasing Li content 1n the higher temperature region of the alloys

gcontalnlng over 7 9 at % Ll mlght be due to short-range order
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