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STRAIN HARDENING OF LONG RANGE ORDERED
SILVER MAGNESTUM SINGLE CRYSTAL

Mohamed Osama Aboel Fotoh
- Inorganic Materials Research Dlvis10n, Lawrence Radiation Laboratory

Department of Materials Science and Engineering, College of Engineering
Unlvers1ty of Callfornla, Berkeley, California

ABSTRACT -

The deformatlon beharior ef single cryStals of AgMg intermetallic
componnd (CsCl type structure) of various erientations in the standard
stereographic triangleiwas investigated in tension over the rangeAfrom
20 K to BOO K and in compression at 237.5 K The plastic behavior shdws.
asymmetry 1n both the crltlcal resolved shear stress for Sllp on the{llQ}
' planes and in the straln hardenlng.

Crystals orlented near the [001] direction deform in tension by
..sllp in the [lll] dlrectlon and on well deflned crystallographlc (112)
planes in the “range from 20 °k to 300 K whlle those oriented near the
.[lll]-[Oll]'boundary'deform in tension by slip on a system of the form
{hKO} (001) ln the.ranée from 5C6K to 5006K. Crystals oriented near the
[lll]-[Oll]-boundary deform in compression ny'slip on the (211)[111] |
system. |

The tensile flow stress of crystals oriented near the [001] direc-
tion is found to depend strongly on temperature in the range from 20°K
to ~ 250dK,'while the tensile flow stress of crystals in orientations
near the [111]-[011] boundary is relatively‘independent of temperature
in the range from 50°K to 300°K.

Crystal oriented for (111) slip exhibit classical single crystal -

stress-strain curves having a region of easy glide followed by a linear
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region of réiatively low rateé df strain-hardeniné.: Ih,contrast, crystaié
Qriented.f5f¢<001) slip yield béraboiic stréss-strain.éqrveé with high
rateé of:sﬁrain-hardening, . o |
,The‘high‘strain-hérdehing rates eihiﬁitéd ﬁy”AgMg single crystéls
is qualifétivéiy explaihed iﬁ terms df a model based on the recombination
of.thevdiSSOCiated partialé, a/2[lll].and a/?[lll],»qf the superdisloca-
tién and thé éubsequént dissociation éf the recombinéd segment of a[l1l11]
screw dislocation into a[110] and a[OOl]'dislocationé. The relatively
low rates of strain hardening are due mainiy to eiaétic and shdrt—range

interactions with the intersection dislocations,

The strain hardening behavior of AgMg single crystals does not appear

to be due to Vidoz-Brown mechanism of forming athermal barriers to the
motion of Superdislocations by the creation of tubesfofrantiphase boun-~
dary aé a result ofvjogs fbrmed'by the intersection with mobile forest

superdislocations,
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I. INTRODUCTION

The 6perétivé'glide modeé, tHe meéhanisms.of-sliﬁ and the work
hardening characteristics of -long-range ordered alloys.and intermetallic
.cémpounds that crystallize inrthe B2 lattice (CéCl type struqture) are
| iﬁteresting not only from a pfactical viewpoint but equally from their
theoreticél bﬁpiications. Whereas some. 32 alloys sllp along the (lll)
vector, in.a manner 31m11ar to that for bcc metals and thelr randon solld—
soiution alloys; other slip along the (OOl) vector somewhét typical
for ionic-materials; The orlgln of these dlfferences in terms of anti-
phase boundary (APB) energles, YA’ was first suggested by Rachlnger and
Cottrell.. In metallic systems of B2 crystals the superdlslocatlon
aflll]; ﬁhére a 1s the lattice cénstant, will dissociate aécording tp_
| - atlli] - a/2[111] + a/2[111] - (1)
‘with a ch§nge in_energyvper unit length'of'gbout —B/M %3——>, where G 
is the.Shear‘modulus of elasticity and v is Poisson's rath for edge
d;slocations and zero for screw dislocations. ~The'equilibriumvseparation
d, of the two hélves of thé‘dissociated superdislécation, obta ined when

their mﬁtual repulsion force is equal to the attractive force due to the

antiphase-boundary (APB) is

2
Ja G - -
87 (1v) 4 Yy = O (2)

For YA approaching zero, the separation of - the two halves of the super -
dislocation is so great and their interaction so small that each a/2[111]
dislocation reacts substantially independently of the other. In this
event the deformation characteristic of B2 lattices should approach those

of bcc metals and their random solid-solution alloys. A crude estimate
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of the values O < ‘VA“S'YA over which this is.expected.to happen might
. 1 - : S .
be given by selecting d = 4, =~ 100 a/2[111] = 50~/3a, hence

1
J3 aG : :
MW, = oiw) O

A typlcal examples of B2 intermetallic cdﬁpoUndszhichvhave a very small

values of, Wh, is the B2 compound CuZn. Slip lh BaCuZn was reported to‘
occur op.a system of the form {110} (111)1-5 which is typical slip
.system_of bce metals and their raﬁdom solid-solution.alloys.'

For eXtremely higher Qalues cf jAﬁ-the sebaration of the two halves
of the Superdislocation‘will be negligible. ‘An estimate of the reqaired
critical¢value jh?when this occurs canvbe.cbtained by blacing d =>
dgrz'a/eflll]'-=..a/23f3?hence _ |
: ’ : o ; 43 aG

M, 2 T M

Under these conditions the superdislocation can dissociate without
-change in energy accordlng to
al[111] - al100] + a[OlO] + a[OOl] ' . (5)
Each dissociated part of the superdlslocatlon 1s the smallest 1dent1ty
2.

distance in the B lattlce and since their Burgers vectors are mutually

orthogonal each split dlslocatlon will move 1ndependently of the others.’

In this case the deformation characterlstlcs ar.e expected to approach those

obtained in CsCl type ionic crystals which have extremely high values of
7A arising from coulombic repulsionscof ions of the same sign across the

antiphase-boundary (APB). A typical examples of B, intermetallic com-

pounds_which have a very high values‘of, /X is the B, compound NiAl.

2
Slip in B'-phase NiAl was reported to occur on system of the form

{110} (001)5_7 which is typical slip system of CsCl type ionic crystals.

The most interesting examples of B2

long-range ordered alloys occur for those examples where

intermetallic compounds and
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oom(l-v) =— = Ln(1-vy ‘..
In this fange of antiphase-Boundary eﬁéréiés the~motion of the two disso-
ciated halvéé, é/?[lil] andva/2[lll], of the supérdislocation are coupled
through thé intervening antibhase-bdundary'(APB).‘ Sincé the two hélves
-of the Superdislocatioﬁ are sepératéd.théy cannot recombine and‘dissociéte
invacéord @iﬁh Egq. 5 without.the expenditure of the recombination»éﬂergy.
In genéral they will be confinéd~to giide on their slip planes giving

deformation;characteristics_typical of orderednBé

élloys.‘

Tﬁé breceeding énal&ées on operafive slip vectéfs for B2 ordered‘
phases‘and ihtermetallic compounds . were based on theuaSéumptibn of elaétic
isotropy aﬁd on ﬁhysical‘intuition‘regarding the limits of ranges of

behavior in establishinglVA and Y Consequently they-serve as a.

qualitati&e guides to the actual cjies rather than a quantifative evalua-
tidh Qf thétsituétions. .As Wili.be shown later, the previously described
theory fdf predicting operative slip vectors in allbys that crystallize
on the B2 léttice is rather good. In contrast; h0wevef no‘equailj |
satisfactory mefhod has been'developed:for pfedictihg tﬁeiy glide planes;
Giide piaheé ﬁust obvioﬁély;be.in the Zone'of the Burgers vector; On
a purely empirical basis they are known to be low-index planes which
have the gfeatest interplanar spacings. Undoubtedly the operétive slip
planes ére those on which the Peierls stress is the lowest but the fheoreticél
approacﬁes for determining Peierls stresses, however are not yet suffi-
ciently well developed to provide reliable predictions.

In bee metals and many of their solid-solution alloys glide takes
place on planes of the forms {I0o1} anad {II2}. Recently carefully gathered
evidence strongly suggests that the previously reported (123} (111) slip

mode arises from intimate {iOl} and {I12}.cross-slip. Consequently the
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{301} and (1i2} glide planes are expected to be operatrve for B, alloys
where O < V < vh

1
Sllp in. B alloys for which WA < YA < VA should take place by

2
the coupled motion of the two a/2[lll] halves of the superdlslocatlon.
Cross slip should be;ea81er_from planes of hlgher,to ones of lower anti-
,.phase-boundary (APB) energies. On (hkl) planes of B, alloys according
to nearest neighbor interaction energies, the antiphase-boundary'energy
(APB) energy is given by8

2 '
y, = el Cforh>k+ L (6)

a? h +k +{

'therevn'is theldegree of order for lohg-fange ordered alloys aﬁd unity . .
for stoiohiometric intermetallic compounds‘andV evls tﬁe bondIOrdering
energ&,'pamely | |

' = - » +
€ €y 1/2 (e €2p

) L (7
Since as shown by Eq. 6, Ya is least for the lowest 1ndex planes, 1t is
expected that the preferred planes of slip w1ll be of the form {IOl}

:unless the Peierls stress is lower on other planes -g. {112}, Mlnor

deviations fram such predictions, however, might be due to inaccuracies

introduced into the analysis by simplifying assumptions of (a) calculating

Y, on the basis of nearest neighbor interactions and (b) estimating the
separation of the halves of the a[lll] superdislocation in terms of
‘isotropic elasticity.

The criteria that the operative slip planee are those of low index
lying in the zone of the shortest translation vector of the lattice apply
to ionic as well as metallic crystals. For ionic crystals, however, the

additional restriction that slip planes cannot contain iong of exclusively
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one Sign also applies Consequehtly the.slip mode.for‘ionic crystals
of the CsCl lattice is not. flOO} (001} but rather (110} <001> It is
therefore-expected that highly ionic B type of alloys for which necessa-
rily'yA > yAl, exhibit the {110} (OOl) mode of slip. Intimate cross-slip
of the a[OOl] dislocation on (llO) and (llO)planes, however, can lead
to slip hands_onvvarious planes of the [OOl] zZone . It is also poss1ble"
that less ionic B, alloys might also slip by the {160} {oo1) mode and
thus permit the .a[001] dislocation to. cross-slip between (lOO), (OlO),
(110) and (llO) planes.
» Predicted modes of Slip,based on the aboye analyses afe-given in
-Table T foh a number. of completely ordered B2 alloys (h2 :fl) for
_whioh cohparative experimental data are availahle._ The bond'ordeiihg’
energy, €, of Table I was estimated in the following way. |

For those alloys that disordered below their melting temperature,
€, was determined from their Curie temperature, TC; as suggested by the

-Bragngilliamslo theory namely

P~ S ®
where Tc is the critical disordering temperature and k Boltzmann's
constant. Ah upper bound to the ordering energy for alloys that melt
before they disordef is giveh by |

| KT
e < - fﬂm— (9)
where T is the melting temperature. |
In general the theoretically predicted modes of'slip are canfimed
experimentally. The minor exceptions that have heen noted might be due
to the theoretical approximations introduced by using isotropic elasticity

and nearest neighbor bond energies. They might also arise fram the

asymmetric behavior exhibited by some ordered B2 alloys.
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Predicted Modes of Slip

TABLE T
B  Lattice Shear - Bond Ordering
2 v Parameter Modulus Energy € ergs
alloy -ax108em ex10-10 : ~ C
) kT - kT
dynes/em= "¢ . _m
I T T
. : T
B-Cu-Zn - 2.954 13,70 -2, 546x10° --
B'-AgMg 3.310 18.40 - ‘<-5_.77><;Lo}+
BUNAL . 2,881 W5 - <6.59x107 1
Antiphase-Boundary Energy,Yy, ergs/cm?  f
* 3
- 4 .7A «yAl ~w%2
(10} .~ (112} (123} e |
o2 : -
 0.825X10 - o.955x102 0.951+><lo2 O.O56><:LO2 5,57><lo2
'0.973x102 1.14x10° 1.10x10° o.o8AX102,' 8.40x10°
: o :
22, 46X10° 25.92x10° 25, 40x10° 10.178x107, 17.67x10°

vAl and VAE were calculated for screw dislocations,. i.e. taking v=0

Predicted

Experimentally Determined
Slip vector Slip plane Slip vecbor - Slip Plane
(111) (111) {110}1’2’5
(111) {110}, {112} (111) [112}9
~ (oo1¥’ {110}*
(001) (o01) {110}7

*Present results
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_Another,debatable‘issue in the‘deformation of bee metalsvandvmany.
of their solid-solution alloys is the temperature.dependence of yield and
flow stresses;ﬂ Most observatiohs have revealed thatvbcc metals and many
of their solid-solution alloys,,ih general thave a-strong.tehperature-
dependence of yield ahd flow stress. This is frequently attributed to
‘ the large Pelerls stress 1nherent 1n>the bcc Lattlce at low temperatures.
Mukherjee and'Dornll have investigated the temperature and strain rate .
dependence of the flow stress of AgMg 31ngle crystals in orientation
near the [OOl] directlon. The authors found that the - calculated values
of the assoc1ated activation energies”and activation voluﬁes were cansis-
'tent w1th the theoretical dictates of the Dorn-RaJnak12 formulation of
the Peierls mechanism where the deformatlon is controlled by the rate of
micleation of pairs_of-dislocatlon kinks over the Peierls energy harriers.
| However; noh;crystallographic {hkoﬂ (OOl)‘slip in B'.phasg AuanB'was
'explained in terms of“thermally.activated cross-slip of screw‘dislocations
fram sessile to glissile configurations. | ‘ »
.The'study of work hardening of long rauge ordered alloys.and inter-d
metallic:compounds that crystallize in thevBe lattice (CsCl1 type‘struc-
ture) is still 1ot frequent; Tt is known (Flinn,8 Marcinkowski and Miller, 1
Vidoz15 et al.) that an alloy>which possesses‘lorg-rangevorder work-hardens
more’rapidly than the same alloy when it.is disordered. Vidoz and Brown
have extended the jog theory, developediby Hirsch17 and Hirsch and
.‘ﬁTaI'I‘ilfl-g’t‘:01’1,l8 to the Work-hardening situation in superlattice alloys.
These authors p01nted out that if a superdislocation which consists of '
two partial dislocations in the superlattice joined by a strip of anti-
_bhase-houndary (APB), is jogged,-it is probable that the Jjogs on.the

superpartials will not be aligned. When this happens a tube of antiphase-
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boundary (APB) will be created behind moving superdislbcations which

will lead to an additional drag on the dislocation, and hence to an

increasediwork hardening rate in relation to-disordéred.material. . Investi-

19

gation of strain.hardening.by Wood aﬁd_Westbrook and of stored enérgy
and resistivity by ﬁobinson and Bevergolin bbljcr&étéiline-intermeﬁallip
campouﬁd AgMg indicated that the rafe §f strain,hardenihg éf ofdered‘”
'sﬁoichiométric alloys is greétér fhan théﬁvof noh-stoichiémétric alloys.
_Furthefmore, their results §EOWed that fof a:giveh sfféin; the sirain |
. »inducedrdéstruction of -order is greaﬁef in non-stoichiometric thén inv

‘ sfbichiometric alloyé. Theée authoré.conciuded thatf&m;haIVESFOf:sﬁpgr_
dislocations in the noh;stoichiometric'alloys are Qidely.éeparéféd aﬁd
mo&e independently cféating ribbons of antiphase—boundary (APB), Whilé ».
in thejstoichiometric alloy the superdislocatioﬁ.ﬁalves move as é,uﬁi£.
As'discuésed'by Flinn,8 Bragggl and Cupschalk and.Brdwnéee.gntiphaée
doméins in’tﬁé CsCl’strﬁctufe are unstablé énd avddmain network-wéuld

not be préSenf in alloysoffthié structure annealed below the criticalv_,:

ordering temperature. Consequently an increase in strain hardening rate -

resulting from the'cutting of domain walls by mobile superdislocat ims

would not'be-expected in intermetallic compound AgMg (CsCl type structure).

Thé présent investigation wa.s wndertaken with the major objective
| of esfablishing experimentally the effect of orientation and temperature
on slip geometry, yielding-and strain hardening behaviors Qf AgMg single
'crySfals..To investigate whether there is an asymmetry in yielding and

strain hardening, orientations near the [001] direction and near the

[111]-[011] boundary were selected for étudy. From Schmid-factor conside-

rations;;these orientations are the most conducive to {112} slip. A

consideration of the crystallography of slip on this plane shows that for
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 these orientations the senses of slip in the (111) direction are opposite
in tension-and campression. A second objective was to elucidate the

mechahism4of strain hardening of AgMg single crystals. .
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IT. EXPERIMENTAL PROCEDURE
The AgMé'alloy was produced-by vacgﬁm melting.high‘purity Ag(99.995

Wt pcﬁ) aﬂd high:purity Mg(99.997 wt. pct;) together in a-grapﬁite
crucible'and'ehill casting in a'water cooled coppef_mold to preven£ .
eegreéetion. Single crystals of AgMg %ere.grbwn from the cast ingots

by a modified Bridgeman technique. Spherical'singlelcrysfals were first
grown in.e graphite-meld'under>argon,etmosphere. The spheres_Were ﬁhen
rotated to the desi?ed orienﬁation by means of a two circle goniemeter
fixture as determined by back reflection'Laue X-ray analyeis. The ofiehted'
spheres Were'partly melted aﬁd cylindtical seed erystalsjwere‘tﬁenvgrown.'
From these?eeeds eylindrleal crystals were grown. Crysfele,were:mechined
iﬁto_tenslle epecimeﬁs.of fhe followiné dimensions:. total:leﬂgthVB Ol

.1nch, gauge length 1.0 inch, square cross-section of 0. 175 1nch X .0. 175 inch.
The shoulder radlus was O. 125 1nch (Flg. 2a) Compre551on spec1mens

of dlmen51ons 0.220 X 0.220 X 0.692 inch (Flg. 2b) were also machined

-~ from such crystals. After machlnlng the spec1mens were electropollshed in
a solution of 15 grams KCN in TOO ml of water u51ng 10 volts at about

25 °C. The electropolishing was cOntinued until about a 150 micrdn layer
of material was dissolved awey in order,to eneure thaﬁ all deformation

put into the specimens dufing machining was remved. These specimen were
then_annealed.ih vacuum for 3 hours at 600°C. The annealed specimens

were electrepolished again prior to testing. X-ray Laue patterns.of

the surfaces of the anﬁealed specimens indicated that all observable .
surface mechanical damage'was removed.

The composition of the single crystal specimens was chemically‘

analysed for Ag and Mg content. Samples for analysis were taken from

iy
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two extreme ends of the gaqge length.in'order to'asoertain the variation
._in composition along the gauge lenéth; -Table II shows the results of
'the ohemioaluanalysis. The stoichiometfic AgMg oompound contains 81.6
wt. pet. Aé.t It was obvious that dnring nelting, in order-to grov single
crystals spec1mens of AgMg, there had been some loss - of Mg w1th a conse -
quent 1ncrease in Ag content But the average Ag content was stlll w1th1n
0. MB wt pct of the st01chlometrlc composltlon and the maximum variation
of the Ag-content from one spe01men to}another was less than 0,25-wt. pct.
| Tensile tests were carried out on a standand’instron machine
, (shear strain rate Y = 1;67x10h ) at different temperatures.
1Compress1on tests at 257 5 K were carrled out in a compmes31on Jlg fltted.
.1nto the standard Instron testlng.nachlne. The yleld stress was |
.»determined:to‘within’§d psi; and tensile strains were calculated_tov
within it0.000l, from’the Instron.orOSSheao speed; Test temperatures
were.obtained by'complete immersion of the specimens into different con- -
Stant-tenperatnre baths. Tension tests conducted below TT°K were carried
out in a specialvcryostat. Back-reflection Laue x-ray patterns.wefe_
taken of all deformed'crystals to determine the rotation of the_tensiie
and compressive axés; Several specimens were x-rayed after various
amounts of:deformation to follow the rotation of the crystal dnring
stnaininé. The slip lines were observed nsing the Normarski interference
contrast_techniqne. Operative slip systems were detenminedbby the two.

surface trmce amlysis method. Orientations investigated are shown in

(Fig. 3a).



TABLE II.
Analysis-of - %Mg Difference between ' %Ag  Difference
specimen tested. L top and bottom %Mg : between top and
at: ‘ ', - bottom %Ag
TT°K " Top 17.75 Top 82,02 - :
" Bottom 17.99 0.24 Bottom 81.91 - . O+1t
o Top 17.85 " Top 82.00 DN
557K 'Bottom 17.92 0.01 Bottom 82,14 - - O+t
. o  Top 17.76 . Top 81.99 .
: .257‘5 K _ - Bottom 17.79 0.03 0.15.

Bottom 82,12
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ITT. EXPERTMENTAL RES'UIL'L‘S_;_'

| Variouslorientations nitbin the standardbstereographic triangle
-were invesblgated as shown in Fig. 3a; The orientation of the specimens
was specifiea.by tbe angles.k.and X' shown in Fig. 1. The angle Xé,
represents the angular rotation of the plane of maximum resolved shear
stress from the (llO) plane. The angle wb, represents the angular rotation
of the observed slip plane from the reference (llO) plane and the
angle }\.O is the Schmid angle for slip in the [QOl] dlrecthn» for
orientation (O) Tbe angle X', is the,x,;angle between the maximwn resolVed.
shear stress plane and a reference (lOl) plane. The angle wi, is the
angle between the observed Sllp plane and the reference (lOl) plane and

1
®). S:Lml'_lar angular relatlon_shlps hold for [I11] sllp. dlrection.

A, 1s the Schmid angle for slip in the [111] dlrectlon for orlentatlon _

lGeneral observation of the nechanical data for_specimens tested in
tension’indioates tnat.the temperature'dapendence of the flow stressv
varies.wibh respect to tensile orientafion.v The flow sbress was found
to vary vastly Wlth'temberatnre for orientations near.the [001] directlon,
while for orientations near the [I11]-[011] boundary, the flow stress
‘wWas relatively independent of temperature over the range from.50°K to
500°K.V The relationship between the flow stress and temperature for
different orientations is shown in Fig. L. At nigh bemperatnres (= 237.5°K),
for orlentations near the [001] direction (e.g. orientations L, C, J,
Fig. Ba), slip lines>were observed to be coarse, long, not evenlyfsprend
through the gauge section, and crystallographic (Figs. 8a, 8c, and 9b).
Cross-slip.was evident (as shown in Figs. 8e, 9a, and 9b). Forxorienta-

tions near the [I11]-[011] boundary (e.g. orientat ions A, B, D, and E) at
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. higher temperatures (“‘ 237.5°K), the Sllp traces on the face were

generally short and wavy, while those on the s1de were long and stralght
(Flgs. 10a, and 1la). Sllp traces were found to be non—crystallOgraphlc
and to fall on hlgh indexed pLanes in the zone of the Sllp dlrectlon [001]
At low temperatures ( i K), Sllp traces on both faces were rather
straight . and fell on low-indexed planes (Flgs. lOc, and llb) Slip -
traces were detected at stralns as low as O. 5% with the aid of the

S

Normarski 1nterference contrast technlque (resolutlon limit 5XlO )

for orientations near the [001] direction. At this low strain only one
~operative slip plane was detected near the center_of the specimen. At
higher‘strains'other.slip traces were detectable throughoutbthe specimen._
At 237, 5 K ‘and for orientations near the [001] direction (e g._orlenta-?
tion L), the strain for the observed onset of seccndary Sllp traces

 was about 5% or more. For specrmens in orientatlons near the [lll]-[Oll]
boundary (e.g. orientations A, B, and E) slip traces were detected at’

strains as. low as 3%

A, Effect of Orientation and Temperature
on Flow Stress

1. Effect‘of Temperature

| . A strong temperature dependence of the tensile flow stress was
observed for crystals in orientations near the [001] direction (e.g;
orientation.J), whigde for crystals oriented near the [Ill]—[o;l] boun-
. dary (e;g. orientations E and D) the tensile flow'stressrwasIrelatively
independent of tenperature over the range from 5O°K'to.BoOAK (as shoun

in Fig. 4). Below 50°K, crystals in orientation (E) exhibited a strik-
“ing change in the tensile flow stress. The tensile flow stress increased

rather abruptly to a value about twice as much as that at 77 K (Fig. 4).
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ulmllar behav1or was exhlbltod by crystals in orlentatlon (D) | As

shown ln Flg M the athermal stress level T237 50K for crystals in 7
orientations near the [lll] [Oll] boundary is hlgher than that for crystals
in orlentatlons near the [001] dlrectlon. This stress tevel for all

‘ annealed_Spe01mens varies between about 7.7l9><lO5 psibfor crystals in

| orientations near the;[fll]-[Oll] boundary (e.g. orientations E, and D)

to about 5i l92><lO5 psi for crystals in orlentatlons near the [OOl] dlrec—
tion (e.g. orlentatlon J) | |

2; Effect of Orlentatlon

In studying the effect of orientation on the flow stress, crystals.
in varlous orientations within the standard stereographlc trlangle
.d(Flg, 3a) were tested in tension and compress1on at 257.5 K and shear '

H strain‘rate'l.7éklO-5 sec;l. vFor orientations near the.[ill]”[01l] |
boundary, the orientation'dependence of the tensile.flow stress resolved -
“on the macroscopic slrp plane in the zone of the [OOl] slrp direction

is summarlzed in Table III. Although some scatter in the results is

ev1dent “the resolved shear stress T,, is approx1mately 1ndependent of

T

orlentatlon.‘ For crystals orlented near the [OOl] dlrectlon, the
orientation dependence of the tensile flow stress resolved on the macro-
vscopic.slip plane in the zone of the [ill] slip direction is given in
Table IV. The resolved shear stress, Teps is also approximately indepen-
dent' of orientation. In general, the resolvedlshear stress, T decreases

5 5

from - about 7.719X10 psi on moving from near the

psi to about 5.192X10
WV\CF

[111] [011] boundary, wgere [001] slip is observed, to near the [OOl]
direction, . where [111] slip is observed., The orientation dependence

of the: resolved shear stress, To? for crystals in orientations near

the [lll]:[Oll] boundary deformed in'compression at 237.5°K is shown in
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TABLE III Effect of Orientation on the Resolved Shear Stress, T
Crystals in Orientation Near the [lll] [Oll] Boundary.

T’

for

(T = 237.5° K, v = 1.67x10-5 sec l}) §
Orientation xo the Schmid Angle Xé = thé angle:bétﬁeen ~ Tensile yield stress
Ref. ‘Fig. 3a  for slip in the [001] the plane of max. shear resolved on the maceot

' direction stress and (110) - scopic slip plane in
: : : S ‘the zone of the[OOl]
. direction X102 ps1
- %30 psi
Ao o 4e3® 7,968
B s | T 7.972
B 35 +17° TS T05
D ket 49 TSTH
Eo ket e T.870
¢ okt +h2° 7.98k
H s 46.5° | +27° 7.600
.I: | . 48,5° S +19° 74 02
kK o3 BRI 7.400
R | 38° + 6° 7.418.
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TABLL v Effect of Orientation on the Resolved Shear Stress T for Crystals

T,
in Orientations Near the [001] Direction (T 237,5° K, <y = 1.6x10°sec” )

_ Orientation Xé: the Schmid Xé. the angle 3TenSile-yield stress re-
"Ref., Fig., 3a ‘angle for slip =  between the plane . solved on the macroscopic - -
o ~in the (1117 . of max: shear stress ' slip plane in the zone of

direction and (101) . the [I11] slip direction
. ' : X10 psi * 30 psi

L I 29° _26° - - L. 608

. F o : 580_ ' ) - 4;-'16' ] . 5.585
J sy e S 5.116 |
M | 35 - S SRR 5,569

L ' Lo® v : -lld - v : g '5.,.0_80
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TABLE V., Effett'of'Orientation on the Resolved Shear Stress, Tos for crystals
' in orientations mear the [T11]-[011] boundary (T = 237.5°K,

Y= l.67XlO_5sec-l)
Orientation  A] the Schmid ! = the angle =~ Compressive yield stress
Ref. Fig. 3a angle for slip  between the plane ~ resolved on the macroscopic
"in the [111] di- of max. shear stress slip plane in the zone of -
rection and (T03) _ . the [111] slip direction
' ) ' S X10 £ 30 psi :
G 38 +26° 5,050
K o 37.5° e - 5.085

R o 60° : +15° - L 3‘54095‘
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Table V. It follows fram Tables IV and V that the resolved shear stress
values in tension and canpression are related by

1.023 T(gll)[lu]'(c) -

| "(112) 11
It also folloWs from Tables IIl and V that crystals in orientations
near the [lll]-[Oll] boundary, deformed in tension and compression at
237, 5 K exhlblt asymmetry in the resolved shear stress for Sllp on (1123
planes. Crystals orlented near the [001] dlrectlon also ‘exhibit asymme—-

try in the resolved shear stress for slip on {112} planes under tens1on-'

and compression at 25775 K.

B. Effect of Orientation and Temperature
- of the Sllp System :

1. Effect of Orienta tion:

~ - The dependence of ¥ (Flg l) on orlentatlon was studled for crystals

~ . in various orlentatlons w1th1n the standard stereographlc triangle

(Fig. 5a) tested in ten31on and compression at 237. 5 K and shear strain

rate 1. 67><10 5 'l-.

The 237. 5 K dependence of ¢O on orlentatlon for
crystals in orlentatlons near the [I11]-[011] boundary tested in tens1on
at a shear strain rate 1.67x10 > sec-l is plotted in the form of a ¢b(Xo)
curve in Flg. Ta.. The figure shows that slip occurs generally on non-
crystallographic planes (~I20)in the zone‘of the [QOl]vdirection.except
in the approximate range +MO < X' <+ b5°,

One special feature worth mentioning is the fact that (Qll) slip
was never observed when crystals of orientation E, where ‘the (211) plane
is most‘highly stressed, were deformmed in tensim at 257.5°K. (éll)
slip Was observed when crystals in this orientation were tested in com-
pressiondat 237.5°K;' This suggests that the (éll) plane has a high

critical stress for slip in tension and a low critical stress for slip
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in compression for crystals in orientation E deformed at 237.5°K.
The effect of orientation on wé for crystals in orientatlons near
the [001] dlrection tested in tension at 237, 5 K and shear straln rate

1. 67XlO > c-l is ShOWn in Flg. T, in whlch the Sllp plane is plotted

as a. function of orientation in the fonn of a ¢é(x ) curve. Slip was
found to occur on (112)[111] system. Figures 8a, 8e and 9b show examples
of (112)[111] slip system at 237.5°K. | | |

The 257 5°K dependence of ¢l on orientation for crystals.in orienta-
tions near the [111]-[011] boundary (e.g. orientations A, B G K, Fig. Ba)
tested in compress1on at shear strain rate 1. 67XlO -5 ec-l is plotted in
‘Fig. 7c. Slip was‘observed‘to be on the (211)[111] system. Exanples |
of the (211)[111] Sllp system are shown in Figs. 12b and 12c. .The
257 5 K dependence of Sllp systems on orientation under tens1on and

compress1on is summarized in Figs. 3b and 5c respectively.

2. Effect of Temperature

' The effect of temperature on the slipvsystem for crystals having
differentlorientations within the standard stereographic triangle nas‘
also been studied. The effect of temperature on the slip system for
crystals in orientation nearvthe [001] direction (orientation J) tested.

-5

in tension at a shear strain rate of 1.67%x10 vsec-l isishown in Fig. 7Td.

Slip was found to take place on the (112)[111] system in the range from
20°K to 300°K. Figures 9a, 9b and 9c show examples of the (112) [111]

system at different temperatures. The effect of temperature on the slip

plane for the (hk0)[001] system is plotted in Fig. Te for crystals of o _9
two orientations (E and D, Fig. 3a) deformed in tension in the range

from 50°K to 300°K. Since generally ¢6 ¥ Xé, the slip plane is not the
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plane of'highestresolved shear stress in the [001] zone. Below 50°K,
crystals in orientation E exhibited a striking change in the observed
slip system.i [111] slip on the (211) plane was observed (as shown in

- Figs. 11d end"lle).

C. Effect of Orientation andfTemperature
-On _the Strain Hardening of AgMg~Single Crystals

1. Effect of Orientation

The sfrain hardening behavior of crystals having variais orientations.
within the stendard triangle teeted in tension and compression at 257;5°K :
and shear strain ratevl.67XlO-5.sec-l is sham in Fig. 6. These results

show a eignificant difference in the'strain—nardeningjbehavior between
Crystals'Withftensileeaxis orientation near the [OOl]vdireetion and tnose
Qrienﬁed near the [ill];[oll] boundary. Asvsnown in Fig, 6 the strain
hardening behavior of AgMg singie crystals at 237.5?K ie!very orientation
dependenﬁ;' Fer crystals with tensile-axis orientations nearnthe [001]
direction (e.g. oriéntafions J, L; and M).defofmedbin»teneion at 237.5°Kv
and shear'stnein rate 1.67X107 eec-l, the stress-strain curves are
_ characterized by a short region of easy glide (Sﬁege i), followed by a
linear region of relatively Low fate of strain hardening (Stage II). The
strainjherdening rate increases gradwally during the transition from
Stage I to.Stage II and fhen becomes fairly constant. Slip=-line observa-
" tions were:made after various amounts of tensile defqrmetion‘at 237.5°K
on crystals in. orientation I, fig. Ja. In Stage I, slip traces were
ebserved to be very coarse,‘long,‘and not evenly.spreadethrough the gauge
section as shown in Fig. 8a. Polishing followed by increments of tensile

strain in Stage II pevealed slip traces which appeared to be broken up

into relatively fine and more evenlyispread traces through the gauge
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section Fig. 8c. Stage I was Observéd fo‘End well-befbfe the.onset of
any double glide; Furthermore, for crysfals in orientatioﬁs J and C
tested in_tenéion at_237.5°K, (1I2)-(213) cross-slip was evident as shown
iﬁ Figs. 86 ahd 9b, In contrast, upon rGVersiné the‘sign of‘the applied
Stresé i.e.»fTom ténsion to éompression, crystals‘oriented‘near:the
V[OOl]'diréction (e.g. orientafion P, Fig; 3a) yieldéd parabdiic stress-
strainvcurVeS with high rates>ofvstrain.hardening aé shbwh in Fig. 6.

' Crystals'with axis orientations near the [111]-[011] boundary

(e.gf orientations D, E and I) deformed in tension at 257.5§K,vexhibited -

parabolic stress-strain curves with high rates of strain~hardéning (Fig. 6).

In contrast, ﬁpon the change of-the sign of the applied streéstffom
tension.fo.éompressioﬂ, cr&stals'f% thesé 6rientétions'yiéidéd'classiéél
single cfystél stress=strain curves with reiatively'low.sfaéé‘II hardenf\b
ing (Fig. 6)e . | | |

| Crystals in orientétionst,'and 1B yielded a transitién'étréin harden{
ing ‘behavior during deformation as shown in‘Fig.i6; Prima£y slip.was'
observed tb cceur on the (lié)[ill] system (Fig. 8&). The high strain-
hardéniﬁgtraté ekhibited by crystals in these‘ofiéntafioﬁs ﬁas éSSOCiatéd‘.
with [001] élib. It follows”iiom the present results thét AgMg singie
crystals exhibit pronounced asymmetry in the sfrain hardening behaViQr-
under tension and compression.

2, Effect of Temperature

Stress-strain curves of crystals in orientation J deformed i ten-
sionvin range from 20°K to 257.5dK are shown in Fig.,S. The,most signi-
ficant effecﬁ of temperature is that the flow stress increases rapidly
with decreasing temperafure below 257.5°K. The extent of Stage I (easy

glide region) is a maximum at 77°K and decreases with increasing tempera-
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ture above 77°K.v At 21° K the stress- straln curve’ exhlblted by crystals

in orlentatlon J is 1rregularly serrated. The observed}sharp relaxation

in the load at O.h% tensile strain was accompanied by the formation of

deformatlon band.-
Crystals in orlentatlons near ‘the [lll] [Oll] boundary deformed in

_tension atvtemperatures between 50°K and BOO X, exhibited parabolic

stress-strain'curves with high rates of strain hardening as'shown in.

Fig. 5. Below 50 K, crystals in orlentatlon B ylelded irregularly

serrated stress- train curves and showed small percentage elongatlons.-

; The observed sharp relaxatlons in the ‘load were also accompanled by the

_ formatlon of'deformatlon bands. These deformatlon bands appeared to

form by'a lattice'rotation;' This conclu31on was supported by the detected '

'snall Splitting of the diffracted spots of back~reflection Laue patterns.

This alsofindicated that the transition between the defornation.band’and
the maln.lattice was not in‘the nature of a sharp boundary. dn‘deforming
crystals.in orientation E at temperature 23°K and 356K slip traces corre-
sponding to- the (211)[111]'system appeared first, followed by deformation
bands at tensile,strains as low as O.15%. Furthermore, the poles'of the
bands were found to cluster around the [lll] direction. The strain-
hardening rate of crystals oriented near the [lll]-[Oll]rbonndary appears

to be independent of temperature in the range from 50°K to 5006K (Fig. 5).

s
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IV,  DISCUSSION OF RESULTS

It hae.been shown that AgMg single crystals exhibit a .highly asymmetric
behavior in the resolved éhear stress fer slip on the {112}(111) system
and in sfiain hardening under tension and compreésion, The orientetion
dependence of the resolved shear stress on mov1ng from near [111]-[011]
boundary to near the [OOl] dlrectlon.ls accompanled by‘apprec1able changes‘
in the straln-hardenlng characteristics (as shown in Fig. 6). Crystals»
oriented near the [T11]-[011] bound'aiy,-whére the (Z11) planevis most
highly stressed, defofn in tension by slip:inlthe [OOl]:direetion while .
[I11] slip on the (li2)vplane is observed in crystals with axis orientafioné

near the [001] direction. undervtension. It has also been shown that

crystals.in orientationé near the [ill][Oll] boundary exhibit parabolic stress--

strain cujves wi£h>hign rafes of strain-hardéning; wnile_those oriented near
thev[Oil] direction yield classical single crysfal stresseetrain curves with
relatively'lon Stege‘II hardening under fension; |
UpOn reversing the sign of the applied stress from tension to:eom-

pression, crystals oriented near the [(I11]-[011] boundary exhibit [lll]

slip on the (éll) plane, while those in orientetions neervthe [OQlj |
direction deform by slip on plenes in the Zone of the [001] slip direeQ
tion. The inversipn of the yield stfength_upon the change of the sign

of the strese from tension to compression is accompanied by inverdéion
1in the.strain hardening characteristics. Crystals exhibit classical stress-
‘strain curves with relatively low Stage II hardening under tension, yield
parabolic stress-sStrain curves with high rates of strain hardening under
compression, while those exhibit parabolic stress-strain curves with

high rates of strain hardening under tension, yield classical stress-

strain curﬁes with relatively low Stage II hardening under compression.
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(Fié. 6)I“it is suggested that the eQuiralence of (511)[111] Wihh
(112) [lll] dlfflcult Sllp and the equlvalence of (1L2)[lll] with (213[111]
-easy Sllp lead to the inversion.

To produce slip along the (lll) dlrectlon, ‘the - superdlslocatlon
a[lll] must First dlssoclate into two halves, a/2[lll] and a/2[111],
' ilnked by'a rlbbon of antlphase-boundary (APB) in the superlattlce,
'.(Flg. lBa), accordlng to | |

B
.";32“!‘

’ a[lll] c./2[111] + a/2[lll]

'w1th a change in the elastic energy per unit length of about -B/h (——;7-
" where G is the shear modulus of- elast1c1ty and Vv is P01sson s ratio

for edge dlslocatlons and zero for screw dlslocatlons.v Each spllt partlal
a/?[lll] of the superdlslocatlon a[lll] u1edge orlentatlon can only .
dlssoclate asymmetrlcally on’ {ll2}planes Fig. le, (Frank and Nlcholas) 25
accordlng to the reactlon | v |

| ' a/2[lll] - a/5[111] + a/6[lll] . (10)
:The d1e3001at10n occurs in such a way. that, 1f the shear stress acts

in the eehse of twinning, the a/6[lll] tw1nn1ng partial will glide first.
ConverSely,vif'the senee‘of the applied sfress is:unfavorable for-twinn;'
.‘ing, 'the. ccmplementary partial a/3[111] will glide first. Tt is expected
that the stresses required to move the dielocation in these two cases
will be different,'since aflarge energy change is involved in moying :
thevcomplementary parﬁial a/B[lll] first.‘

It has also been proposed by Hirsc_hl7

: ’ 2k
and independently by Sleeswyk
that a/2[111] screw dislocations can dissociate into three a/6[111] partials
on the {112} planes that intersect along the axis of the original screw

dislocation (Fig. 13c) according to the reaction

a/2[111] - a/6[111] + a/6[111] + a/6[111] (11)
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In»Fig; (13e) tne Burgers vector'is assumed'to cone out of thernnmwl"
fo the plane of the figure. An analysis of the geometry of the parbials
ﬁnder/the applied stress also predicts that there shonld be an asymmetry
of.the stress to move screw‘dislocations on'these-pianes; - The inversidn
of the yleld strength and ‘strain hardenlng upon the change of the s1gn
of the applled stress from tens1on to. compress1on, then suggests that
when the atoms move in the tw1nn1ng dlrectlon,-sllp is easy, € g.[lll]
sllp on the (112) plane under tension, and when the atoms move. in the-
ant1tw1nn1ng direction slip becones dlfflcult €a g. [lll] sllp on the
(211) plane under tension. | |
Considering crystals in orientation near the [001] direction‘(e.é.r
orientation J) deformed in tension, therdirection ef:the snearrstress
is such that 1t would make the tw1nn1ng partial a/6[1ll] to gllde flrst
and. [111] Sllp on the (11I2) plane is then expected to be easy, as
ev1denced by the results of crystals in thls orlentatron. Sumllarly,

- for crystals in orlentdtlons near the [I11]- [Oll] boundary (eeg. orlenta-

tion E, and G) under compression, [IIT] slip on the (511) plane is easy

as eVidencea by the compression. _esults of crystals in these orientation.
The present results shcw-that;crystels in orientation, J)'under tension
and those in orientation E, and G. under. compression, exhibit‘clessical
stress-strain curves with relatively low Stage II hardening. It will be
;shown that the relatively low rate of strainehardening'arises from the
elastic and short range interactions ofrprimary dislocations with inter-
section secondary dislocations;

Considering crystals oriented near the [111]~[011] boundary (e.g.

orientations D and E) under tension, the sense of the shear stress is
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such that it would make the complementary partial a/5[lll] to glide
first and. [lll] slip on the (211) plane is then expected to be difficult.
CrystaIS'ln'these orientation exhibit slip on non-crystallographlc planes
in the ZOne of the [OOl] slip direction. The flow stress of crystals
in orientations E and D is relatlvely 1ndependent of temperature in the
range from 50 to 300 'K (as shown in Flg. h) Furthermore, chstals
“in these orlentatlons exhibit parabollc stress- straln curves w1th hlgh
rates of‘straln-hardenlhg (Fig. 5). The hlgh stralnfhardenlng rates
1appear”to.be_independent of orientation and'temperature for crystals
oriented near the [111]-[011] boundary (Figs. 5 and 6). The difficulty -
is how terxplain the occurance of slip in the.[OOl] dlrection and the
associated'high rates of strain hardening. | |

As mentioned in the introduction,'for extremely,high'values of, Y
the separation of the two halves, a/2[111] and.a/E[ll‘l],’ of the super-
dislocation will be negligible. Under this condition, the superdislocation'
can dlssoc1ate without change in energy accordlng to o

af111] - a[llO] + a[OOl]
‘and ' : . o (12).
| a[110] - a[100] * a[010]

Since the Burgers vector of the dissociated parts of the superdislocation
are mutually orthogonal, each split dislocation will move independently
bf the others. 1In this case slip along fOOl] direction is expected and

the deformation characteristics approach those obtained in CsCl type

¥Broon and Humble2” have observed a{110) + a(001)"dislocation pair
lying along (lll) direction in a thin foil of'beta-brass (CsCl.type struc-
ture) examined in the electron microscope. The authors coucluded that
a(110) + a(OOl) dislocation pair probably results from the splitting of
a(111) dislocation, although elastic anisotropy theory predicts that the
observed reaction is energetically neutral.
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ionic.crystals nhich have extremely high vahues of antiphase—boundary
(APB) energy, VA As shown in Table I, ‘the value of the antlphase-
boundary (APB) energies 'YA for AgMg 1ntermetalllc compound lies in the |
| range Vi 115 TYA < VAQ In this range of antlphase-boundary (APB) energies,
the motion of the two dissociated halves a/?[lll] and- a/d[lll], of the
superdlslocatlon are coupled through the 1nterven1ng antlphase-boundary
.(APB). Since the two halves of the superdlslocatlon are seperated |
they cannot recomblne and dissociate accordlng to  Eqs 12 " without
the expenditurevof recombination energy. Before a sehar. stress
level is reached to move the screw dlslocatlon in the ant1tw1nn1ng
direction and to glve an adequate multlpllcatlon rate for crystals in |
orlentatlon E,:mhere the (211) plane is most hlghly stressed in tenslon,
the two dlss001ated halves a/2[lll] and a/2[lll],.ofvthe superdislocatlonu
will recomhine over a length vl, as shown in-fig; lfd; Under this'. |
condltlon the a[lll] screw dlslocatlon can dissociate w1thout a change
in energy 1nto al110] and a[001] dlslocatlons in accord w1th Eq. 12,‘,
Since for crystals in this orlentatlon, the resolved shear stresses on
planes in the [001] zone are hlgh, the [OOl] dislocation will bow
“out on {IlO}planes under the actlon of the shear stress as soon as
the recombination of the dissociated halves a/2[lll]and a/2[lll], of
- the snperdislocation takes place over a length larger than a ®ritical
length, £ (Fig. 13d). The recombination of the dissociated halves and
'the subsequent dissociation of the recombined segment of a[111] screw
dislocation into a[001] and a[110] dislocations, is the source.of the
[001] type s1ip observed in crystals oriented near the [111]-[011] boun-

dary under tension, The critical length, £, of the recombined segment

*The shear stress required to move the dislocation in the anti-
twinning direction is about 8.9)+><lO3 psi at 237.5°K as evidenced by the
results of the compression tests of crystals near the [001] direction
(orientation 11, Fig. 3a).
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can be estimated from the equafioh'

2. | - o (13)

T =

where f ié ﬁhe-shear stress inlfhe difecfion of thé.Burgers vector, G

the sheér modulus of elasticity aﬂd b the Burgers vector. By using

T ='5.32x108 dynes/cmg; G = lS.MXiblo dyﬁes/cme'[ ig about 700b. Con-
seqﬁentl& the sfréss to reéombine the fwo_dissgciated halves,'a/2[lil]'

ahd a /2[111], of the superdislbcation is athermal, éince thé energy
'requiredrﬁb récombinélthe two disséciated.havlés over a lenéthvlarger
thanrthe crificél length, ﬂv 7005, éannoﬁibe sﬁpplied by therﬁél
fluctua£ioﬁs. éince only few [OOl]véiéloéafion léopé éan be nuclééted on
_the:[ilO]léiaﬁés.as a fesulf of fhis'mechaniém,vcontinuéd:multiplicatiéﬁ_
of the disiocationsvréquirés that they cross-slip"frdﬁ'éhd Onto.{Ildj.
and {Qio} planes»in the zone of the [001] slip directibn,v Non-crystallb_
._graphié ﬁiiﬁ ih the zoﬁé of the [OOi]‘direction étuhigh_temperature |

| (a:237;59K) suggeéts that the screw dislocatibné can Crdss-slip without
‘diffiéulty'from and onto (110} andv[OIO} planes,' At iOW'ﬁémpérature
‘(ﬁ=77°K)‘éiip is oniy observed on the (1105 plane for_cf&stals in orien-
tations E and D {as shown in Figs. 10c and 11b). This suggests thét‘
Eigh fri¢£ion stress favors {110} slip at low témperatures. It then
seesm that the mltiplication of the [001] dislocétions depends oﬁ a double
crdss-élip ﬁrocess.when thre‘stress is éufficiéntly high to cause cross—.
- slip, andvis rather inhibited at low temperatures as evidenced by the
rather straight slip lines e%hibited by crystalé'in Qriéntations E and
D at iow temperaﬁures; During the early stages of deformation the increase
in the dislocation density required to maintain the strain rate does not

arise from the.operation'of Frank-Read sources but rather from the operation -

of new
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'dislocation sourceslat hiéher‘stress levels (Figs lid), and hence high
"strain hardening rates will be expected,'as:shoWn by the results of
crystals orlented near the [111]- [Oll] boundary under ten51on.
For crystals in orientation 11, Fig. 3a, deformed in compress1on at
high temperature (=237. 5° K), the sheéar on the primary plane is oppos1te
in sense to the tw1nn1ng shear. Furthermore, the resolved shear stress
~on planes in the zone of [001] directlon for crystals in thls orlentation
approaches zero, and hence slip on planes in the [OOl] zone w1ll not

be expected for this orientation, " When the shear stress on the primary
‘plane (ll2)'reaches a value of‘8.9*105“psi‘at 257,59K2.the_scren disloca-
tions_will tend to move in the antitwinning direction on the {112} planes:
as evidenced by the results of the compression test_of‘crystals-in this:‘
'orientation, Cross-slip from‘one {ll2}ito another {llé}-planeiis always
difficult, because the leading partial necessarily has,the Wrong éﬁrgers
vector for motion on the cross-slip plane. For crystals in orientation
11 deformed in compression, the shearvstress.is in the antitwinning
direction;'the leading partial can dissociate spontaneocusly, but a
constriction has to be made before‘the'cross-slip can'he completed.
Therefore, these screw dislocations will not easily cross slip and

hence the strain hardening rate due to pile-up of dislocations on .

{112} planes in the antitwinning direetion will bebexpected.tO‘be very

high as was observed during the early stages of deformation in compression

of crystals in orientation 11, As mentloned before, over the temperature -

range 256;MO°K, crystals in orientations E and D, Fig. 33 deformed in
tension exhibited striking changes in the yield stress and the observed
slip system. The yield stress was increased rather abruptly to a value

twice as much as that at 776K and the observed slip plane was changed




~31-

from (IlO‘), to (211). The crystals also exhibited sherp relaxation in
the‘load_accompanied by the fOImation.of»deformstion:bands.
The:mechanism'of fofmetion of these defoimation bands in B-phase
AgMg at.low temperetures‘is yet‘rathervuncertain..iOn deformation, slip
on (511) [lll] occurred first, followed hy deformation bands at tensiie
stralns as low as 0,15% (Fig. 5) If the formation of the defofmation
bands is a consequence of pile—up of dislocatlons agalnst a barrier on
the slip plane, this barrier must be fbrmed by'the deformation.
Furthermore, the poles of these bands were found to cluster around the
[111] Sllpkdirectlon. Thls suggests that Mbtt s26 edge dlslocatlon '
‘Wail nodel maj account for their fonmation. It then seens reesonable
vto p0stulate that;bin consequence of the rapid piling-up of the.dislocations“
hin B'-nhese'AgMg at low temperetures, plastic deformation is possible
only by the formation of deformation bands. Howeuer,:the rotation of
the lattice which generates the deformation bands'is‘crystaliographically
limited. After exhaustion of the poss1b111ty of lattice rotation, brittle
fracture w1ll presumably occur, as was observed in crystals in orientations
E and D deformed in tension at low temperatures;

It has'been shown that the high strain-hardening rate exhibited by
crystalsjin orientation 11 (Fig. 3a), defofmed‘in compression at high
temperature (x237.5 K) is due to the pile-up of screw dislocations on
the (112) plane in the antitwinning direction. However, if the stress
rises sufficiently to cause cross slip onto another {llQ}planes,ithe:
screw dislocation on the cross;slip plane will be expected to travel long
distance since slip on the cross slip system will be in the twinning
direction and the applied stress will relax, possibly giving rise to

serrations on the stress-strain curves., This was also observed during
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compressisn of crystals in orientatioﬁ 11. The above discussion is
speculstise snd bnly a psssiblé explanation for the sbserved {001)
slip and the associated high rates of strain hardenlng exhibited by
crystals orlented near the [I11]- [011] boundary v

As shown in Flg 6 crystal criented near the [OOl] direction (e.g.
orientation. L, M and J) deformed.ln tension at 237. 5 X _exhlblt cla331cal
single crystal stress-straln curves hav1ng a short region of easy glide

followed by a linear region of relatively low rate of strain hardening.

Crystals in orientations near the [111]-[011] boundary (e.g. orientation __:

: G) exhibit s1m11ar behav1or in ccmpres31on at 257 5 K. "The strain—‘
'hardenlng behavior of AgMg s1ngle crystals in orlentatlons L, M and J

in tension and of those in orientation G in compress1on at 257 5 K |

is. similar to that of many bce metals, for example, Nb (Mitchell, Foxall,
~and Hirsch)27 Ta(Mitchell and Spitzig) and Mo (Guiu and Prattj.29
Although no‘direct eleétron-microssopy obsefvafions ofzdislocations

‘in B'—pﬁase AgMg Thave beén madé, inVestigationsg7’29 of work
hardening of the bce metals have indicated that the Stage II
hardening mechanism is generally based on a model of primary disloca-
tion groups piled-up against obstacles. However,: because of
internal stresses, secordary dislocatims could be'generatéd around the
fips of these piled-up groups, converting the piled-up dislocat ions
into tangles, which in turn would inhibit further slip. It is still
doubtful however, whether pile-gp groups form, especlally in Stage I

and subsequently decomopse into tangles. The question of the origin

and nature of secondary dislocations is interesting and worth speculation.
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Hirs‘ch anqi .others. (Hirsch,”° Mitcnell,B L posinski and Mitchell’?) have
pointed out that secondsry dislocations can form by relaxation of tne
stress.at-tips ofvpileeups of primary dislocat ions. These dislocations
do not have to contrlbute apprec1ablykto macroscopic strain on tne
secondary system because thelr movements are very restricted and because
these localized secondary dislocation groups could consist of positive |
and negatlve dlslocations ofnearly equal dens1ty On the other hand,
the applled stress generally has a shear component on the secondany
system.»bThis snear_component'will become larger asvthe defomati an
‘proceeds, andvthis increasekconld be a factor in the operation of
secondary sources; The observation that‘tne strain for the onset of
$ccndary slip traces of crystals in orientation'L is abtut.B.O% or more
(Fig. 6) tends“to support this hypothesis. It is then.likely that the
relatively low rate of strain hardening in Stage II (linear hardening
region) is due mainly to elastic and short range interé.ct ions of primary
dislocations with intersecting secordary dislocations. The very low
hardening rate 1in Stage I (easy glide region) appears to ne due to
glide of dislocations on a single slip system with very little interference
from secondary'systems. Cross-slip of screw dislocations seems tovbe
easy as evidenced from the slip traces of crystals in orientation

J(Fig. 9b), and this can further aid the ease of movement of dislocations

through the crystal.
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Vidqz‘and Bréwnl6 héve bfopdsed_a temperéture independent work
hardening model for ordered alloys which is based on thehéreétion of
éntiphaseebﬁﬁndary (APB) tubes during.glide.of superdislocation pai?s
thatvconfain noﬁ-aligned jogs fofmedlby thé-mufual interséction'betwéen
mpbile‘éuperdisioéations._ The proééss of the fdrmétion of aﬁtiphasé-
boundary_(APB) tﬁbeé on gliding superdiélocatiqns is illustrated in .
Fig. 1&;:'Each haif of a glide superdiélécétioh‘that has intersected,al
foresf diéiocation.ihjécfew orientéfion ﬁill-acquire tﬁo jogs. iThe :
distance Eétweén jogs>will depend on the separation, y,‘of:thé haivés
of the forest superdiélocationé and on the geomeﬁric arfahgements of
the péirs df sﬁpérdisloéationsvupon'intefsection. The Jogs bn the‘

' trailing half of the dislocation will be displaced a distance, d, from

those on the leading'half whenever the forest superdislocation moves in -

its siip pléﬁe'during.thé process of imtersection.  In'this.évent;‘
subéequent'ﬁotibnvof the superdislocationé ﬁill'préduce:£WQ>fectanguiar
tuﬂés of aﬁtiphase bouﬁdéry (APB)é The disfancévfﬁjbetween £he péirs
ofbfubes will depend on how many jogs fbrming forest dislocatiohs are
intersécﬁea. o | |

‘ 'Whén tﬁe superdislocations are in screw orientation, -the jogs can
glide along the dislocation conservatively. But since the jogs on each
half éf the superdislocation have the same sign, fhey may because of
their mutual repulsions move apaft. Since the jogé on each half of the
'éuéerdislocation in screw orientation can glide alohg thevdileCation
lines they might be pulled due to the APB energy into alignment during'
motion of the superdislocation, thereby pinching off the APB tubes,
The jogé however will leave a trial of vacancies or interstitials behind

them as they are pulled forward with the dislocations.
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When the snperdisloeations ievin edge orientetien, the jogs cannot
glide cdnservatively along the dislocation. 1In this case the APB |
tubes cannetvpinch off. waever, the joge can glidetforward conservatively
'with-the moving superdislocation. In general a superdislocation having
both scfewiand edge'character‘will'ekhibit.an apprepriate average
behavior between that for pure screw and that for pure edge dislocation.
When the pairs of tubes are a distance lj'apart,-the'stress required to

move the dislocation is
. _ oy

- - SR S
Tt T e T B - (1”)
L d .
where T, is- the stress requlred to overcome 1nteract10ns between dlsloca-

G.
',tlons, v is the energy per unit area of the antlphase-boundary (APB)

~and b is the Burgers vector.

It has been shown that the high straln-hardenlng rates exhlblted by
crystals_orlented near the [lll]-[OIl] boundary defbrmed in tension at
e237.5éK was associated with slip on planes in.tnevzone of.the [001] direc-
tion. [001] slip dmplies that the deformation proceeds without the
formation of antiphase-boundaries (APE) and hence without disordering
the lattice.A Consequently; the motion of the [001] dislocations on the
glide plane will not produce tubes of antiphase;boundary (APB). There-
fore, the'high rates of strain-hardening exhibited by crystals in these
orientetions‘cannot be expected to be due to the formation of tubes of
antiphase-boundaries (APB®). |

It has also been shown that crystals in Qrientations near the [001]
vdlrectlon (e.g. orientations L, M and J) deformed in tension and those
in orientation near the [111]-[011] boundary (e.g. orlentatlon G) deformed

in compression at 257.5§K, yielded classical single crystal stress-strain
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curves having a linear reéion of relaﬁively low strainfhardeniﬁgﬂrate.cd
For crystals in these orientations,.primary slib'was.obServed oc tﬁe
(172)(111] system; secondary slip on the (llQ)[lll]system. In this case

~ the superdls]ocatlons on the two actlve sl p planes have different | |
Buréers vectors and mutual interactions w1ll produce unlt Jogs on the
dislocations. Thus'hlgh rates of straln-hardenlng would be exoected as'

~a result of thc formation of jogs on the superdlclocatlons on the (112)[111]
prlmary slip system resultlng from 1nter°ect10ns with superdlslocatlons
moving on the‘(llQ)[lll] secondary system, Consequently, the relatively
low rates‘of strain-hardening exhibited by crystal in fhese.orientatiohs

do not appear to be due to the formation of anﬁiphaseeboundary (APB) tubes
~ on mobile superdislocations as-sﬁggested by_Vidoz and Browvn. Furthermore;,v
the oresent results show that crystals in osientafion F (Fig. 6) eihibif

a transition stimin hardenihg behavior duriné tensile deformation.

Crystals in this orientation, where deformation occurred by the simdltaneous
operation of two slip systems (II2)[111] and (iié)[ill] having differeht
Burgers vectors, initially exhibit low rates of strain hardening. The
ropid increase in.the strain;hardening rates is;associated'with slip

in the [001] direction. The tensile deformatiop=ofvthese crystéls further
shows thaf the high rates of strain4hardenihg'iscnot due to the formation
of tubes of antiphase-boundaries'on mobile superdislocations. For crystals
in orientation F,'tensile deformation'by.slip on the primary (i12)[ill]
system produces crystal rotatlon that. 1ncreases the resolved shear stress
on the (éll)'plane. The high straln-hardenlng rate is then due to the
athermal_recombinatlog of the d1ssoc1ated-hdlves, a/é[lll] and a/é[;ll],

of the superdislocation and the subseqdent.dissociationVof the recombined

segment of al111] screw dislocation into a[110] and a[001] dislocations.
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The effect of temperatule‘on the stress straln curves ylelded by
crystals ‘n orlentatlon near the [001] direction (e.g. orientation J)
is observed to be that as the temperature increases above 77 °K%, the
extent of the easy glide reglon (Stage I) decreases whlle that of the
linear hardenlng region (Stage II) 1ncreases,vas shown in Fig. 5. ThlS
suggests that the operatlon of secondary sources- may be .aided by thermal
fluctuatlons. Thus the relatlvely low hardenlng rates observed durlng
the deformatlon of crystals orlented in the [001] dlrectlon (e.g. orlenta—‘
tlons L, M and J) in tension and of those or;ented near the [lll]-[Oll]
boundary'in compression appear to be consistent with‘the strain-harden;
ing modeltbased on the elastic and short range interactions of primary
>uislocations with intersecting secondary dislocations. ‘Howeuer, since
.at the.present time no detailed electron microscope observations arev
available on the nature of thevdislocation strudturevin deformed AgMg
'single crystals, a complete nodel accounting for every‘detail of the

plastic behavior will have to wait unit much more_knowledge'about the

arrangements of the dislocations is gained.
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V. SUMMARY

1. The plasfic behavior of AgMg‘single crystals of various orienta—'
tionsvin”the standard stereographlc triangle has been 1nvest1gated in . | «
tension over the range from 20 K to 300°K and in compres31on at 2357 5 K..
The criticei resolved shear stress fOr slip on the {1;2} planes and the
strain hefdeniné are found to be asymmetric;* | |

2.=-Crystals oriented near the [OOl]'direction deform inftension by
glip in the [lll] direction and on well defined crystallographlc planes :
(112) in the range from 20° K to 300 °K, while those oriented near the
[lll] [Oll] boundary deform in ten31on by slip on-a system of the form
{hk0} (OOl) Crystals oriented near the [111]- [Oll] boundary deform in -
compress1on by slip on the (211)[111] >ystem.
'5;i Crystals oriented for (111) Sllp exhibit classical single crystal

stress strain curves w1th relatively low Stage II hardening, whereas

.crystals oriented for (OOl) slip yield parabolic stress-strain curves

with high rates of strain hardening.

4, The high retes of strain;hardening exhibited by AgMg singie
crysﬁalvis qualitatifely explained in terms of e model oased on the aohermal
recombination of ‘the dissociated halves a/2[111] and a/2[111], of the

' superdisiocation and. the sebsequent dissociation of the recombined .
segment of al[lll] screw disiocation'into a[110] and a[001] dislocaﬁions. ' ' j
The rélatively low rates of sfrain hardening are due mainly to elastic
and short-range interacfions with the intersecting dislocation.

5. The strain hardening behavior of AgMg single crystals does f
not appear ﬁo be due to Vidoz-Brown mechanism of.forming athermal ‘
barriers to the motion of superdislocations by the creation of tubes
of antiphase boundary as a result of jogs formed by the intersection §

with mobile forest superdislocation.



-39-

| ACKNOWLEDGEMENTS

The author is ver& grateful to Professor John E, Dorn for his QUi-
dance and'encouragement during his graduate étudieé and this investigation,
to Profeésof S. Frederick Ravitz for his continuous interests and guidance.

Thanks are élso due to Dr. Jack B. Mitchell?for manuscript review
.and:hélpfﬁl discussions during the coarse of this wqu,ers; G. Pelatowski
for line drawings and to Miss Jane Ball fqr ﬁyping thisvreport;

This_wbrk was done-under the aﬁspices of thé'United States'Atbmic
Energy'Commission through the Inorganic Materials Résearch Divisiqn of

the Lawrence Radiation Laboratory.



8.
9.

lO.

11.
12 .

15.

.

- 15.

16.
17.

18.

19.

20.

A.

R.

= To

REFERENCES
A. Rachinger and A. H. Cottrell, Acta Met., 1956, Vol; 4, p. 100.

I. Taylor, Proc. Roy; Soc. A;, 1928, Vol. 118, p.l.

L.‘Burghoff Trans. AIME, 1940, Vol. 157; p. 21k,

B. Grenlnger, Trans. AIME 1958 Vbl 128, p. 368

‘Ball and R. E. Smallman, Acta Met.,. 1966 Vol. 1k, p. 1517.

Ball and R. E. Smallman, Acta Met., 1966, VOl 1&, p. 1349,

'J. Was1lewsk1, S. R. Butler and J. E. Hanlon, ‘Trans AIME, 1967,

Vbl- 239, p. 1557.

P.

V.

W

Pe

A

Je

D.

P,

A;-Flinn, Trans. ADME, 1960, Vol. 218, P- 145,

B. Kurfman, Acta Met., 1965, Vol. 15, D 507

L. Bragg and E. J; Wllllams, PToc. Roy Soc. A, 193h Vol. lh5,
699. . _

K. Mukherjee and Je E. Dorn, Trans. AIME, 1965, Vol. 233, p. 652.

‘E. Dorn and S. Rajnak, Trans. AIME, 1964, Vol. 230, p. 1052.

E. M. Schulson and E. Teghtsoonian, Phil. Mag., 1969, Vol. 19,

p. 155 o ;
M. J. Marcinkowski and D. S. Miller, FPhil. Mag., 1961, Vol..6‘p; 871.
A, E, Vidoz, D. P, Lazarevic and R,-W}'Cahh, Acta Met., 1963,vai. 11
p.:iT. v _

'.A.‘E.'Vidoz and L. NL‘Broun, Phil., Mag., 1962, Vol. 7, p. 1167.

P. B. Hirsch, 1960, Fifth Intern. Congr. Cryétallogréphy, Cambridge
England. |

‘P. B. Hirsch and D. Warrington, Phil Mag., 1961,'vo1; 6, p. 735.

L. Wood and J. H. Westbrook, Trans AIME, 1962, Vol 224, p. 162k,

M. Robinson and M. B. Bever, Acta Met., 1965, Vol. 13, p. ohT,




2l.

22,
25,
2k,

25.

'26.-

27,

28,
29,

50. :

51.

: .

W

" Se

F,

A,

N

Iy

L. Bfagg, Proc. Phys. Soc. Londoﬁ, 196O,AVol. 57, Pe 105
G.vCupschaik and N. Brown, Acta Met., 1967;'Vol. 15, p. 847,
C.'Frank-and 3. F. Nicholas, Phil. Mag., 1955, Vol. i, p. 1213.
W. Sleeswyk, Phll Mag., 1965, Vbli 8 p. 1L467.

Broom and P. HUmble, 1968 Commonwealth Sc1ent1f1c and Induutrlal'

Research Organlzatlon, Division of Trlbophy31cs, Unlver51ty of

N.

T,

‘Melbourne,.Australla.:

F. Mott, Proc. Phys. Soc. B, 1951, Vol. 6k, p. T29.

E. Mitchell, R..A., Foxall and P. B. ‘Hirsch, Phll Mag., 1965,

Vol. 9, p.. 1895

T

Go

P,

T

E. Mltchell and W. A, Spitzig, Acta Met., 1965, Vol. 13, . 1169

Guln and P. I Pratt, Phys. Stat. SOl., 1966, Vol.: 15, p. 539.

-B. lesch Disc. Faraday Soc., 196k, Vol. 38, p.1ll.

E. Mitchell, Phil. Mag., 1964, Vol. 10, p. 315.

S. Basinski and T. E. Mitchell, Phil Mag., 1966 Vol. 13, p. 103.



hoa

FiG. 1 [001] STEREOGRAPHIC PROJECTION. (@ IS THE POLE OF THE SPECIMEN AXIS,
Vo AND Xo ARE THE ANGLES THAT THE OBSERVED PLANE OF SLIP AND THE PLANE
OF MAXIMUM SHEAR STRESS MAKE WITH (i10) PLANE, RESPECTIVELY. THE SCHMID
ANGLE FOR SLIP IN THE [00(] DIRECTION IS Xo. SIMILARLY FOR X!V, AND A\, WITH

"RESPECT TO (TO) PLANE AND [1i] DIRECTION, XV, AND Az WITH RESPECT TO (101) -
" PLANE AND [111] DIRECTION.) o
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FIG. 3b ORIENTATION DE-

PENDENCE OF SLIP SYSTEM
AT 237.5°K IN TENSION.
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FIG. 3¢ ORIENTATION DE-

PENDENCE OF SLIP SYSTEM
AT 2375°K IN COMPRESSION.
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(a) FACE (b) SIDE

FIG. 8a SLIP TRACES OF SPECIMEN LI-19 DEFORMED
AT 2375°K TO 2.0% STRAIN IN TENSION "L."

(1IT2) (172)

(a) FACE (b) SIDE

FIG. 8b SLIP TRACES OF SPECIMEN LI-19 DEFORMED
AT 237.5°K TO 3.0% STRAIN IN TENSION "L
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(172) (172)

, (a) FACE (b) SIDE
FIG. 8c SLIP TRACES OF SPECIMEN LI[-19 DEFORMED
AT 237.5°K TO 5.0% STRAIN IN TENSION "L
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(172) (11 2) (1T2) \(T72)

(a) FACE () SIDE
FIG. 8d SLIP TRACES OF SPECIMEN F2-19 DEFORMED
AT 237.5°K TO 3.0% STRAIN IN TENSION “F"
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(112)

(b) SIDE
FIG. 8e SLIP TRACES OF SPECIMEN CIi-19 DEFORMED
AT 237.0°K TO 1.5% STRAIN IN TENSION “C"

FIG. 8¢ SLIP TRACES OF SPECIMEN GI!-19 DEFORMED
AT 237.5°K TO 3.0% STRAIN IN TENSION "G."

XBB 6910-6589
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(b) SIDE " ~ (a) FACE
FIG.8g SLIP TRACES OF SPECIMEN Al-21 DEFORMED
AT 2375°% TO 4.0% STRAIN IN TENSION ‘A"

(T20)

(b) SIDE ” (a) FACE

FIG. 8h SLIP TRACES OF SPECIMEN I -20 DEFORMED
AT 2375°K TO 4.0% STRAIN IN TENSION "I

XBB 6910-6601
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(b) SIDE (@) FACE

FIG. 8i SLIP TRACES OF SPECIMEN HI-2I DEFORMED
AT 237.5°K TO 4.0% STRAIN IN TENSION “H’

y %

(b) SIDE (a) FACE

FIG. 8) SLIP TRACES OF SPECIMEN BI-21 DEFORMED
AT 237.5°K TO 4.0% STRAIN IN TENSION "B

XBB 6910-6598
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®) SIDE (a) FAC

FIG. 8k SLIP TRACES OF SPECIMEN RI-21 DEFORMED
' AT 237.5°K TO 2.0% STRAIN IN TENSION "R’

y “-2%

(b) (a)

FIG. 81 SLIP TRACES OF SPECIMEN RI-21 DEFORMED
AT 237.5°K TO 6.0% STRAIN IN TENSION "R

XBB 6910-6604
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(172) (172)

(b) SIDE o (a) FACE

FIG. 8m SLIP TRACES OF SPECIMEN IB-21 DEFORMED
AT 237.5°K TO 2.0% STRAIN IN TENSION "IB"

IT2) (T20)

(b) SIDE (a) FACE

FIG. 8n SLIP TRACES OF SPECIMEN [B-21 DEFORMED
AT 2375°K TO 6.0% STRAIN IN TENSION "IB"

XBB 6910-6595
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(b) SIDE (o) FACE

FIG. 9a SLIP TRACES OF SPECIMEN J2-19 DEFOF'!‘N!'ED
AT 153°K TO 5.0% STRAIN IN TENSION "u.

(273) (172)

(a) FACE (b) SIDE

FIG. 9b SLIP TRACES OF SPECIMEN JI-19 DEFORMED
AT 237.5°K TO 6.5% STRAIN IN TENSION "u."

XBB 6910-6594
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Ir3)

(123)

(b) SIDE (a) FACE

FIG. 9¢ SLIP TRACES OF SPECIMEN J4-19 DEFORMED
AT 21°K TO 4.5% STRAIN IN TENSION "0

FIG. 9d SLIP TRACES OF SPECIMEN J3-19 DEFORMED
AT 77°K TO 8.5% STRAIN IN TENSION "J

XBB 6910-6593
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Q (T20)

(a) FACE (b) SIDE
FIG. 10 a SLIP TRACES OF SPECIMEN DI -20 DEFORMED
AT 2375°K TO 4.50% STRAIN IN TENSION "D."

(T20) (T120)

(a) FACE (b) SIDE
FIGI0b SLIP TRACES OF SPECIMEN D2-20 DEFORMED
AT 153°K TO 4.25% STRAIN IN TENSION “D"

XBB 6910-6597
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(b) SIDE (a) FACE
FIG. I0c SLIP TRACES OF SPECIMEN D3-20 DEFORMED
AT 77°K TO 6.0% STRAIN IN TENSION "D

i A

(T20)

(b) SIDE ' (@) FACE

FIG. lla SLIP TRACES OF SPECIMEN EI-20 DEFORMED
AT 237.5°K TO 7.0 % STRAIN IN TENSION "E"

XBB 6910-6602
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Alrs 4 ~ —

(b) SIDE (a) FACE

FIG. IIb SLIP TRACES OF SPECIMEN E3-20 DEFORMED
AT 77°K TO 4.25% STRAIN IN TENSION "E”

(110) (110)

(b) SIDE - (a) FACE

FIG.ll¢ SLIP TRACES OF SPECIMEN E4-20 DEFORMED
AT 48°K TO 5.0% STRAIN IN TENSION "E'

XBB 6910-6603
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® =

(a) FACE (b) SIDE
FIG. Ild SLIP TRACES OF SPECIMEN ES-20 DEFORMED
AT 33°K TO 1.5% STRAIN IN TENSION "E’

FIG. Ille SLIP TRACES OF SPECIMEN E6-20 DEFORMED
AT 23 °K TO |.0% STRAIN IN TENSION “E"

XBB 6910-6596
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(211) (211) -

(b) SIDE " (a) FACE

FIG. 12a SLIP TRACES OF SPECIMEN RI-2| DEFORMED
AT 237.5°K IN COMPRESSION "R"

(21

FIG. 12b SLIP TRACES OF SPECIMEN HI|-2| DEFORMED
AT 237.5°K IN COMPRESSION "H"

XBB 6910-6590
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(21 Ym (211

(a) FACE (b) SIDE
FIG. 12¢ SLIP TRACES OF SPECIMEN Kl-2| DEFORMED
AT 2375°K IN COMPRESSION K"

(211)

(211)

(b) SIDE (a) FACE

FIG. 12d SLIP TRACES OF SPECIMEN Al-2| DEFORMED
AT 237.5° IN COMPRESSION "A"

XBB 6910-6592
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(00N

(b) SIDE (a) FACE

FIG. 12e SLIP TRACES OF SPECIMEN Pl-21 DEFORMED
AT 2375°K TO 1.40 % STRAIN IN COMPRESSION "P’

: - - s oy

FIG. 12f SLIP TRACES OF SPECIMEN PI-2| DEFORMED
AT 237.5°K TO 3.0% STRAIN IN COMPRESSION "P"

XBB 6910-6599
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ANTIPHASE
NDARY
ANTIPHASE BOUNDARY P _
—===Of 1 PO~~~ Tell) /////0——0----(2I)
Q
10! 2 = D! 5
FIG.13a 2 [1]] TYPE SUPERLATTICE FIG.13b POSSIBLE SPLITTING
DISLOCATION IN B (BCC) TYPE OF THE CORE OF % [u1]
SUPERLATTICE. EDGE DISLOCATION.

2nndira)
ANTIPHASE
BOUNDARY (éll)
I o ol
s 3o
(121)

FIG.13c POSSIBLE SPLITTING
OF THE CORE OF Z[I]
SCREW DISLOCATION.

FIG. 13d RECOMBINATION OF 2-[ilI]
PARTIALS INTO PERFECT aliil] SCREW
DISLOCATION ALONG LENGTH {.
BOWING OUT OF a[0OI] SCREW DIS-
LOCATION AND CONTINUOUS CROSS
SLIP ON {110} AND {I00} PLANES TO
PRODUCE MACROSCOPIC SLIP ON
PLANES OF THE [0O0I] ZONE AFTER
SPLITTING OF a[lll] INTO a[00OI] AND
a[ll0] SCREW DISLOCATIONS.

XBL 6910-5804
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FIG. 14, FORMATION OF ANTIPHASE BOUNDARY TUBES
| BY MOTION OF JOGGED SUPERDISLOCATIONS.

'XBL 6911-5997



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-

 fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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