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3STRACT

Vacancy climb-of prismatic ﬁelicdidal disloqations'and prismatic
dislocation Ioopslin alﬁminume wt.% magnesium was siudiedvusing
transmission electron mi¢roscopy. .From'both bulk annealing and thin
foii heating étage eﬁperimehts, the magnesium—vacancy binding energy
B, was estimated to be 0,10-.20 eV. |

Helices and loops appear tb grow in thin foils just as they do in
bulk.séecimens, whiéh is possible if local vacancy supersaturation
can be maiﬁtained.around the climbing dislocations. 4bove 250°C, loop
growth can be describéd by an activation energy, E(f‘) s 0.95 ¥0.05 eV,
which leads to a value of Ey of the order of 0,10-0.20 eV. The esti-

mated binding energy accounts for the-supersaturation. Somq.of-the

- observations indicate that helical dislocation turns can degenerate

into loops. The degeneration of helices into loops could account
for the high density of columns ofiloops cbserved in_queﬁched aluminuu

alloys.



INTRODUCTION

The number of vacant lattice sites N, in a pure metal can be
estimated by an equatioh of the form, Ny/N = exp(-E&/kT), where N
is the total number of atoms in the-system, Ef the erergy to form a
Siﬁgls vacancy, X the Boltzman .constant, and T the absolute temperature .

‘ For pure face-cénfered cubic metals Ef is of the order of 1 eV, and the
calculéted (and observed) vacancy concentration is appfoximatsly 1o‘h
near thé ﬁeltingltempe?atqre. The equilibrium concentration at roem
temperature is about 10~13. Thus, a large vacancy supersaturation
resuits when'thé metal is quenched:from>near the melting_péint toa
,tempeféﬁﬁre‘where vacancies are not very'mobile. |

On'agihg'a quenched specimeniai éemperatures where vacancies are
mobile; the supersaturation will be eliminsted as vacancies cluster
to qum dislocation defects, (1~3) anﬁihilapé.at freé'surfaces; or "sink®
at dis1ocation5. The vacancy migration energy, E;, is the energ&
barrier fo:-an atom to jﬁmp into an adjacentvvacant’site. With the
‘ formation energy and migration energy it is then.theoretically poSsible
to describe thé quench-aging sequence in pure metais, i.e., the number .
of vacancies quenched-in and the rate at which they annihilate.

Qne might expect vacancy kinetics in»a two éoméonent system to..'» -
differ from that in pure metals., Solute atoms in the lattice should:
perturd both E and'Ef to some degree as shown for silver-base alloys;(h) _
In'alupinum alloys,Ausing resistivity methdds,‘the coppar—vacéncy binding
enérgy has been estimated to lie between 0.15 and 0.25 ev,(5) éﬁd the
zinc-vacancy binding energy isvestﬁnated to be of the order of 0.06 eV.(é)
In addition to yacancyasolﬁie atom interaction, the solute atom clﬁ#tering,

precipitation and solute atom-dislocation interaction might be‘expected



to affect the ultimate gquench-zged structure.
Prismatic dislocations in the form of helicoidal lines are found in

binary aluminum-base alloys after quenching from near the melting

ointl(7‘9) Helical dislocat ions have teen observed in non-zetallic

ko)

systems., (10-12) Helices can fora by c¢limb of dislocations which are
?rim r_gy of screw cha-acte;. Colvmns of prismatic lbbps are often
ovbserved to be closely assoc1ated with nullces. Thevtwo types of arréys,
helices and columns lbbps,'have parallel axes in the {110 direction.
In some cases, wlnhln 1imits of rusolu tion, the iwo arrays appear 0
ave a common axis. Thé columns of prismatic loops are thought to
originate from helices rather than being a product of indapehdent
ﬁucle"+1on. |

Little ig xnowmn aoout the eygot nechhnlsm of helix IO“maulOﬁ.

Tﬁourlny atoms in solid soluuloq appedr. to be a very 1muortant pr gui-
ite. 4lso, the concentration must be higher than some minimum'value zs-

. ' .
evidenced by a tencency for randomAloon'formation in lowr solute content

2luminum baseécbppe “and éluminum base~ ma;ne3¢hm alloys (8) Impurity
,speéies'is imporﬁant.tob, e.z., helices aré seldom fownd in aluzminua
base—zing elleys contaiﬁing‘up_to 30% Zn;(a) _Iﬁ appsars that solute
atoms are effective in two primary vays; cclute atom—~dislocation inter-—
actibn end solute’aﬁom—'acancy interactivcii, Trecipitstion or clﬁstering_

mey cause pinning of the screm dlsloc tions so that they can act as
stationary vacancy s1nxs._ That is, statiOnary in the sensz that glide
is inhibit{ed. Once pinned the screw dislocations coﬁld réadily clirh
into helical fomm, Sedondly; vacancy-solute atoﬁ.interaction mey 53

nocessary 1o give a vacancy supersaturation thai is sufficiently hizh

S Tor the Tormation of sizble helices.



The purpose of the present work was to study quench-aging of
vacancies in the presence of solute atoms. Aluminum-,-S wted magnesium
alloy was chosen because the -phase, whaich might obscure the climb

A

effects of interest, does not occur as an observable precipitate during

a3)

isothermal anneal. For this reason the Al-}i% Cu alloy is not satisfactory.

EXPERTMENTAL PROCEDURE

A, Speciﬁxen Preparation.
: Specimens‘ were taken from Al-5% Mg (nominal) strip which had been
cold i'olied to 0.00S inch thickness with intermediate anneals. The

.'chemical é.nalysis for the two heats which Were'used is given in Table I.

TABLIE T

© CHEMICAL ANALYSIS

Mg Cu - Si - Fe Mn

Heat (4) $.11 .003 ,003 003 .00l
Heat (B)  5.12 003 .0l .007 .001

Heat A", 5.63 atoﬁic percent Mg, was used for all work including the
heating stage experiments. Heat .“B." s 5.65 atomic percent Mg, was used
to repeat observations on the quenched and 20_°C aged condition, The_re
was no observable d:i.fi‘érence between the two alloyé.

The specimens, L ins. by 1 in. by 0.005 ins., wer_e;heid at tempera;
ture s SSO°C 4 5°C , for oxie-hai.f hour prior to quenching :'mio ice-brine
at approximately minus.15°C_. The four :il.nc‘h strips were cut in half
after quenching to make two s;ﬁeci.mené. Thé/ quénched cqndition inclu'deé
a post-quench age of no less than 2L hours at‘appro'nma'tely 20°%C. Some

specimens were quenched from 520°%C into. 78°C water with no significant

difference in structure when ccmpared to.the 5509C quench. These samples



were supbsequently used for long time aging ﬁreatments.

A standard "window method" for making thin foils from aluminum base
alloys was used.(lh) The electrolyte, 1'§art perchloric acid to L parts
‘gtﬁyl alcohol, was maintained at ~15° to -20°C during polishing for best
results, Specimens from which bulk cbservations were made were saved :
and subsequentlj used for heating stage experiments. The Specimens were

examined in a Siemens Elmiskop Ib electron microscope operated at 100 KV,

B, Bulk Annealing.

Aging of bulk specimens (0.005 ins. thick) was carried out at 1000,
183°, and 300°C fér 60 minutes to study helix and loop growth. To find
- out where.precipitates would first form; two aging treatmenté viere ﬁsed.
 ,A 94 hour age at lOOOC waénused to bring &bout precipitation without |
annealing out the loops and helices. The second, ?B" age, was a sequence
of temperatures as follows; 20 hours at 200°C plus 30 hburs at 1500C |
plus 20 hours at 100°C.

The density per unit volume of prismatic loops and helical turns
~was determined for the quenched and the 60 min, 183°C age treatmeﬁts.
The two types of defects, coluggs of loops and helices, were treated
separately. The volume element was chosen to include only a singlé
loop column or helix. The area, which is illustrated in Figure 2,_waé
'taken as the projected defect length times the center-to-center distance’
of two adjacent defects. A féil thickness of S,OOOﬁ was assumed to hold |

for all measureménts. It was possible to measure the thickness in one

case, which was S,OOOX.

C. Heating Stage,
Thin foil annealing experiments were carried out using a2 Siemens

Heating Staze in the Siemens Elmickop In., 4 12-volt storage battery



served as the constant voltage power supply. Current to the platinum
furnace was regulated through a varievle resistance and monitored with

a watt meter. The Siemens calibration curve for specimen temperaturs

"as a function of power input is shown in Figure 1. Temperature is esti-

ﬁated to be accurate to ilS?C.(IS)

Loop growth was recorded using a Pzillerd-Bolex H16 movie camefa
to photograph the fluorescent screeh. The cémera was driven by a Bolex
Elect:ic Motbr, Type MC 17, which allowed continuous exposures of up
to 100 feet (4,000 frames). The combired camera and motor speed settings

gave a resultent film speed of 10 frames per second, or L0OO seconds

total for a maximum continuocus run.

The data were recorded on Rodek Tri~-X film using a Bell and Howell
£0.95 lens full open. Exposure was only just adequate in many cases,

but Tri-X film represents an upper limit to the loss of detail one can

tolérate.

EXPERIMENTAL RESULTS

A, Bulk Anneéling.
Stiucture attributed to the as-guenched condition is thought to
develop during quenéh and roon temperature storage prior to electro-
polishing, Adjacent regions of  the sPecimeﬁ includad poorly developed

helices, relatively uniform helices and columns of prismetic loops as

., shomm in Figure 2. OSome loops which appear to be .of random origin were

also present. The large variation in structure was always found., The
dislocation structure illustrated in Figs. 2a and 2o is-representative

of regions of the foil within the grain interior away from grain

boundaries, Figures 2c and 2d show the dislocation structure adjacent
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FIGURE 1. Temperéture calibration curve for the‘ Siemens heating stagc.



ZN-3970

Fig. 2. Al-5% Mg quenched from 550°C into ice-brine,
aged at 20°C,




ZN-3971

Fig. 2. Al-5%Mg quenced from 550°C into ice-brine,
aged at 20°C,



to grain boundaries.

common, (see Fig.2d).

The observation that helices occur in bands was

The tendency for loops and helices to become angular during azing

is illustrated in Figure 3 which represents a 60 minute age at 183°C.

The spacing and radii are still the same for both loops and helices.

The helical axis (at X, Fig. 3) is parallel to the [011) direction and

meets the (001) foil surface at a LS° angle.

The column of loops at ¥

in Fig. 3b is also parallel to the [01l] direction.

The density of dislocation loops and the density of helical disloca- *

tion turns in specimens queﬁched from 550°C and aged at 20°9C and 183°C

are given in Table II.

The loops and helical turns were counted within

TABIE IT
CAICULATED VACANCY CONCENTRATIONS
Specimen Treatment N¥  Diameter® C;
Loops/cm3 e
Quenched 550°C Helices 7.1x10%3 1,83 3.7x10~5
aged at 20°C. Loops 1.2x10%L 360 3.,6x10-5
Quenched 550°C and Helices 1.1x1013 2740 1.9x10~k
aged 60 min. at 183°C. Loops 1.1x1013 2890 2 .6x1074
Single large helix 7.1x1022 6250 6..3x10~k
Single large loop 3.6x101% 6250 3.1x10'h

N is Turns/cm3 and Diameter is that of circumscribing cylinder

in the case of helices.

separate volume elements, as described in the section of Experimental

Procedure, and can not be added together to give a total density.

The

loop density refers only to those loops occuring in columns. The
3 '
vacancy concentration Oy necessary to produce a given density of loops

N can be estimated by the equation,

C; = 712N



-l
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ZN-3972

¥ig.3. Al-5%Mg quenched from 550°C into ice-brine,
aged 60 minutes at 183°C,



where r is the average loop radius, and b the Burgers vector. The same
relationship can be applied to helices ﬁy assuming that a helicoidal line
can be approximated by a column of loops. In the case of helices, N

is the number of turns pér unit volume, and the radius is that of the
circumscribing cylinder.

The vacancy concentration associated with helices is approximate y
the same as that with columns of loops as shown in Table II. The
concentration has increased from 3.7x10”5 in specimens quenched from
550°C and aged at 20°C to 2.3x10~4 in specimens aged for 60 min. at
183°C, The single large loop and single large helix, each with diameter
equal to 62502, are included to represent an upper limit on the vacancy
concentration calculated for specimens aged at 183°C.

Very few dislocations were found after aging 60 minutes at 300°C .
The structure is shovm in Figure L. Those dislocations present are
arranged in a three-dimensional array, e.g., Figure La. No helices
were observed, but some trace of large loops, or what appeared to be
segments of loops after being cut by the foil surface, were observed.

Several long time aging treatments were used to obtain some informa-
tion on Beta~phase precipitation. These are illustrated in Figures 5 and
6. The only consistent indication of precipitation is that at grain
boundaries, e.g., Figure 6. The contrast, which was sensitive to
tilting, is thought to be due to strain fields associated with precipi-
tates. This contrast was also observed after annealing 9L hours at
100°C, but on a much finer scale. It is important to note that
Beat-precipitate has a high strain energy asséciated with it even at
grain boundaries as evidenced by the dislocations being generated and

by the contrast.
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- ZN-3973

Fig. 4, Al-5% Mg quenched from 550°C into ice-brine,
aged 60 minutes at 300°C,
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- ZN-3974

Fig. 5. Al-5%Mg quenched from 520°C into 78°C water,
aged 94 hours at 100°C,
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o ZN-3976

Fig., 6. Al-5%Mg quenced from 520°C into 78°C water,
aged according to '""B'" schedule in Experimental
Procedure,



Bulk annealing experiments indicate that loops and helices are

much more staole in A41-5% Lz, then are loops in pure aluminum. Thus,
one would hope to obtain information on vacancy diffusion in the
presence of magnesium atons from loop growth rate. Also, one would hope
to study the degeneration of helices in thin foils, provided the foil
bulk is adequate for completion of such a reaction.

The climb of prismatic loops as a function of temperature is
summarized in Figure 7. Above 250°C, loops were.always observed to
grow these data represent isolated loops with initial radii ranging
from 2008 to lSOOX. Loop growth above 250°C occurs with an energy
0.95 Z 0,05 eV, This is much smaller than the value 1.3 eV for loop
climb in pure aluminum.(lé) The low value of E<£) in Al-5% Mg and the
observation that loops grow in thin foils tend to support the hypothesis
of a strong magnesium-vacancy binding energy.

An exemple of loop growth is shown in Figure 8 and the change in
radius with time in Figure 9. Below 250°C, with the exception of a
single case, loops viere also cbserved to grow, However, the data are
not sufficient for kinetic analysis.

An example of helix growth is given in Figure 10. No kinetic data
for helices is available. However, it is important to note that helices
tend to become angular just as in aged bulk samples.

The only case of loop shrinkaze was observed at 2L0°C. The
lecrease in radius with time follows a parabolic growth law, as shovm in

Figure 11. The time (t) for a given locp to shrink to r=0 can be related

to the activation energy for vacancy diffusion,<16)

15
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FIGURE 7, Rate of increase of dislocation loop radius vs reciprocal
of the &bsolute tempsrature,
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ZN-3266

Fig, 8. Heating stage sequence showing loops growing at
365°C, Note the loop cutting a surface at''a' after
65 seconds,
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ZN-3267

Fig, 10, Heating stage sequence showing helical dislocations
growing at 280°C, The helices are attached to a foil
surface at each end,
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FIGURE 11, Decrease of prismatic loop radius with time at 2L0°C,
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vhers, E = L + Ep
to = rg(zﬂbzd =
r =100% at t = 0
t =29 sec, tor =0
z =11
D= 1013
b = 2,868
o = 50 (estimated from Ref. 16)
KT = 0.0LL eV at 240°C
The value calculated from Figure 11 is, E = 1,3 eV, This value is
that for E; + Ep in pure aluminum which is consistent with the results.
That is, the loop decreased in size indicating an inability of the
material to support supersaturation. One would expsct such to happen,

if for example, the region around the loop was low or lacking in solute

content,

DISCUSSION

A, Vacancy Supersaturation.

The apparent vacancy concentration associated with helices and
columns of loops is about 3.7):].0-S in specimens quenched and aged at
20°C. This is an order of magnitude lower than that determined for
pure aluminum(l’l7) and Al-1¢% Mg(8) using similar techniques., The
uralloyed aluminum was quenched from 58C-600°C, but the Al-1% Mg alloy
was quenched from 550°C. The calculated initial vacancy concentration,
obtained by measuring the density and sizes of‘loops,'after aging 60
ninutes at 183°C was increased to 2;3x10"h, that is, to a wvalue one

~would expect for 11-5% Mz quenched from 550°C assuming Ef = 0.76 eV,

21



and Ey to be of the order of 0.15 eV. 4 low concentration estimated
from quenched spacimens aged only at room temperature indicates that
these specimens contain uncounted vacancies, or a vacancy supersaturation.

1 3
The vacancy concentration ¢ in an alloy can be estimated if the
(18)

vacancy-solute atom binding energy is knowvm,

¢
n

A exp(-Ep/KT)(1-12¢c+12¢c exp(E,/kT))

where, Er = vacancy formation energy in pure metal
Ey = vacancy-zolute atom binding energy
¢ = atomic fraction sclute atom
L = entropy féactor
kT = Boltzmenn factor
I
If ¢ is measured and, C = A exp(-Ez/kT) for pure metals, is either
1
calculated or measured, the ratio G/C can be used to estimate E, by,

f
@ 3|
exp(Ep /xT) = (~—— = 1+l2c) =~ .
p(Ep /xT) (C 1 c)lzc
Using C = lxlO_h and values for C' from Table IT for 60 min. at 183°C,
the binding energies in Table III were calculated. A reasonable lower
limit for E; is 0.1 eV. An isolated large helix which was included
TiBIE III

ESTIMATED VACANCY~AGNESIUM ATOM
B INDING ENERGY

Spacimen Treatment c'/c By
Q5500 & aged 60 min. at 183°C
Av. both loops and helices 243 0.08 eV
Single large loop 3.1 0.10
Single large helix 6e3 0.16

to represent an upper limit gives B, = 0,16 eV. The volume element used
e helix wes the same as that used for the other density
ceterminations. A value of Ey = 0,2 eV has been estimated from clirb

sources in Al-Mgz alloy.(l9)' Climb sources are found in Al-Mgz alloy

22



after a slow silicone oil quench which should allow more vacancies
time to precipitate.

The ratio of the concentration of vacancies associated with
magnesium atoms to the concentration associated with aluminum atoms
can be calculated as a function of the solute atom-vacancy binding
energzy. This calculation hes been made for 4l-5 at,.% Mg at both
550°C and 20°C for E, = 0.1 eV and 0.2 evo(zo) The ratic at 20°C
for By, = 0.1 eV is approximately 102, or, assuming the total quenched
in concentration in Al-S% Mg to be '*1x10“3, there are zpproximately
1x10~5 unassociated vacancies just after quenching. The ratio at 20°C
is an order of magnitude higher for E, = 0.2 eV giving .lxlO"6 unasso-
ciated vazcencies immediately after gquenching. These concentrations
are lower than the measured concentration of 3,?'3(10"5 (from Table T,
The fraction of vacancies not associated with magnesium atoms should
come out of soluticn first, followed by wvacancies which are associated
with magnesium atoms and come out, as magnesium-vacancy pairs sink at
dislocations.

A binding energy in the range, 0.1-0.2 eV, gives reasonable
correlation with vacancy concentrations measured for Al-5% Mgz quenched
from 550°C if* the vacancies remaining in solution are considered.
Those remaining in solution after only room temperature aging ~ppear
well accounted for after an additional 60 minute anneal at 183°C.

The fraction of vacancies referred to as associated and thought to
remain in solution still represents a considerable room temperature

supersaturation,.i.e., the concentration in equilibrium at 20°C is

of the order of 10711, Rather than decay slowly, the high concentration

could be maintained if vacancies exist in tightly bound magnesium-

23
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vacancy clusters at 20°C. It is also possible that uncounted vacancies

exist in srall unresolveble loops.

B, Helix Climb

Columns of prismatic dislocation loops which are observed in quenched
A1-5% Mg appear to have formed from helices by some mechanism. The
interaction of a gzliding screw dislocation with a helix having the same
Burgers vector, and the interaction of adjacent helices of opposite
sign have been discussed.(7’12’2l’22) The latter case would result in
prismatic loops having twice the diameter of original helices, as is
found in electron micrographs. One would alsoc expect to find some
trace of gliding screw dislocations after the first reaction had occurred.
These mechanisms do not appear to account for many of the present
observations.

Two examples of loops which have formed within helices are shown
in Figure 12, In both cases the segment of dislocation which is repelled
by the loop after helik degeneration is evident. Figure 13 shows a
helix along which adjacent line segments appear ready to combine at X.
The straizht segment Y is parellel to the (1100 trace and may be pure
screw, Figure 1l is 2 heating stage sequence suggesting degeneration
of a single helical turn into a loop. The extra line segment, at Z,
pulled away and the loop subsequently grew. These results imply that the
degeneration of helicoidal lines into prismatic loops can occur without
interaction with a second dislocation.

The three cases illustrated in Figures 12 and 13 are not uniformly
developed, a feature which mey be important to loop formation. ILocal
fluctuations in vacancy or solute atom concentration, or stress fields

may allow one segment of helix to climb at a faster rate than neighboring
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ZN-3975
Fig, 12, Loops along helicoidal axes in Al-5%Mg. (a) quenched
from 550°C into ice-brine, aged 60 min, at 183°C and,

(b) quenched from 520°C into 78°C water, aged 4 hours at
100°C,
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Fig. 13, Al-5% Mg quenched from 520°C
60 minutes at 200°C,

ZN-3977

into 78°C water, aged
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197 sec

ZN-3268

Fig, 14, Heating stage sequence showing a possible loop
formation from single helical turn at "A', Foil .
temperature 280°C,



segments. A larger than normel turn, having a larger radius of curva-

ture, should be less stable under the influence of existing stress fields.
Considering the stress field associzated with grain ooundary precipitates,

e.2., Figure 6, one might expsct magnesium atoms clustered on a single

disleccation to exnhibit 2 similarly lairge stress. This is consistent
with the observation tnat helices beccne angular and appsar to increase
in edge character along portions of the helical turn, during isothemmal
annealing as shova in Figures 3 and S.

The effectiveness of stress in the process of forming columns of
loops may be more important during quenching. Data in Table II
indicate equivealent vacancy concentrations for both helices and columns
of loops. One would expect that columns of loops originated from helices
by & combined climb and glide process and not exclusively by climb.
Some of the glide could be produced by quenching strains. Helices
often zprsar in what could be described as bands emanating from grain
boundaries, see for exaﬁple Figure 2.

Uniform growth of helices in thin foils is shown in Figure 10,
The helices are growing at 280°C, which is zbove the solubility limit
for magnesium. It would scem more reasonable for a helix which termi-—
nates at both ends at a foil surface to act as a vacancy source and
straighten out, at least near the emergent points., Ths vacancy

concentration necessary to cause the observed growth could be supplied

by veacancy-megnesium clusters which have been discussed.

C. Prismatic Loop Growth.

The activation energy for loop climb above 250°C was determined

=,

rom iscthermal loop growth data to be, E(g) = 0.95 = 0,05 eV (Fig. 7).

o et g ; ' ; :
By assuwmming that the vacancy formation energy Ef and vacancy migration



M : . .
energy E for the alloy are prinary contxibutors to loop cllmo, then,
dia

¥

7
E(é) = Eo + E I the vacancy-magnesium binding energy is equally

i m*
effeciive in both E» and £, which represeat the most simple case, then
E(;) = Ep * E, ~ 2By where Ef and E, refer to pure 2luminum. ZToop climb
in bure aluninun vias found to have an acﬁivation energy in the range
1.2-1.3 eV,(lé)’wﬁiCh gives good corrclation with the activétion-energy'
for self diffusion in pure aluzinum, Ep = 1.3 eV. (Averére.of three
values repornea in the literature: 1.2 eV, (2L) and 1.33 - o, .05 eV). (25)

Correla tiQn of E(§) from the present wgrx with En from the litera-
ture is reasonsble, but not exaect, For e#ample,_assuming Ly = 0;1 eV
one ﬁould.expect to'measure E(o) = 1,1 evfwhich is higher than that
obtained. 4 binding energy of the order| of 0 .17 eV would give good
p@r:elgtion._ The assumption E 2y = Ef - &é is valid for loop clinb
in thin foils, if the vacancy source is some form of vacancy-nagnesium
cluster or ;nresolvable loops. 'If, in the most simple case, it was
possible for vacancy-magnesiun pairs to provice the vacancy source
for growth, the energy E(£> would igclude only Em‘ Tne binding energy,
Iusing E(2) = 0.95 eV and Eg = 0.5l eV, would be approxinately 0.4 eV
waich does not agree with results from bulk anneallng exgerinients.

The single case of negative loop climb observed during this-study
gave E(_;) = 1.3 eV which is in good ag reem=nt with the literature if
the interpretgtion given is valid., That is, the lqop may have been

surrounded by a solute deficient matrix so that supersaturation was

not possible.

29
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CONCLUSIONS

The magnesium-vacancy binding energy was estimated to be 0.1 eV
(lower limit) from bulk annealing experiments. The uncounted vacancies
remaining after only aging at 20°C are thought to exist as magnesium-

vacancy clusters or small unresolvable loops.

The magnesium-vacancy binding energy was estimeted to be 0.15 eV

from thin foil annealing experinents.

Dislocation loops and helides appsar to grow in thin foils just

as they do inm bulk specimens.

Helices appear to degenerate into columns of prismatic loops with-

out interaction with a second dislocation.

The helical dislocations and prismatic loops did not act as.pré—
ferential sites for precipitation during the aging treatments used.
The only dboserveble consistent precipitation occurred at grain

‘boundaries,
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