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ABSTRACT

Transmission eléctron microscope studies of an Al-Mg-8i alloy
using the thin foil t_échnique hgw'e reveaied many ﬁztéreating features in
the qu‘enche.d and aged conditm‘ns.’ The concentration of vacancies
annealed. 6ﬁt to form dislocaaion loops in quenched specimens was aibout

3 x10 6. and the loop’ denaity about 1014/cm . The zones which form

 firet upon aging were resolvad as needlee on {1 10} with <1 00> growth

directions; their density was about 2-6 x 1owlcm . Prolonged aging

revealed the aging sequence as a continuous change: needles-rods-plates; '

. the rods being an intermediate foim of the equilibrium plates of Mg, 81,

It i suggested that the change zones-rods occurs as a result of Mg-Si«
vacanoy groups diffusing to zones and that the final transformation to
Mg,5i is diffusionless, Age hardening in this elloy is due chiefly to

INTRODUCTION

The use of the thin _foil technique for transmission electron micros
scopy has élre'ady “provéd to be a baluable method for etudying the mor~
phology of aging realgtsons in light alln;n&’.‘_1 -3) end is particularly superior

-/
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to the average diameter is, however, about '100;&._ The vaverage den-

' sity of dislocation loops was determined from many micrographs and
was foﬁnd to be about 101v4/cm2 assﬁming a foil thickngss of 1000:&. i
_these 1oops are formed as a result of the condensation of vacancies:.

: _inj:o collap'sed discs, the required vacancy concentration (_equal: to

- wfsz whére r is the average 150p radius, b the Burgers vector and

N the nurhber of lolops per cm3)', tlo prodﬁce_ these lattice defects

Works out to be about 3 x 10-6. -‘Quen‘ching experiments on pure alum-

(16, 19) 4

inum have shown that the concentration of vacancies is 10~

aftexj quenching from 550° C and that these have all gone»towards the

(16). This now leads to two possibilities in regard

-vfor'rna;cion of ioops
ft;) thé Al-Mg-Si alloy where a lower ahnealed—out vacancy concen-

tration hés been found, viz. (i) nét’ all the vacancies have gone to form

_ 1b'ops,' or (ii)‘thére is a lower. vacanéy concentration in the ternary

"alloy than in the puré metal. However, other quenching experiménts on
vbinary aluminum alloys(”) have shown that the concentration of quenched-
| in vacancies actually increases with alloying (e. g., in dilute Al-Cu

 alloys concentrations of 1073 were founa'! ™,

This indicates that the
rﬁajor fract’ion of \}acancies are refainéd in soiution, probably as

-a result of interaction with solﬁte atoms. Because vacancies'have
s'(_;ra..i:ni. energy as well as _'surfaée energy, it is to be expected that

the‘y‘ Woﬁldabe attracted to regions 6f strain in tr;é lattice, e. g., to
 solute 'atOmsv_of different siZe from solvent atpms. -In the alloy used

in this inv.est.ri_gation',' magnesium atémé ére larger and silicon atoms

' are smaller fhan the par-enft aluininurﬁ atém’s; | 8o that it is only those
vé.dancies in"éupersatura‘;ion apd free fro_m solute atoms which can con-

dense, collapse, and form dislocation loops :upon- quenching, If this is

N n



50, then since 'th.e concentration ofA annesled-out vacancies is _of the order
oi‘ 3 x 16—6 (neglecting those condenSed on incioient dislocationsj), and as
1t'is lil'ely tnat a total concentration oi‘ et leest 10'4 are quenched in, it
_'is concluded that most of the vacancies remam in solution after quenching
Al—Mg-Si alloys. ' - | | | |

| An mteresting feature which was observed in quenched foils was
that loops tended to coalesce together Some isolated e:iamples of this
are shown in A in Fig 1 There were no anomalous features (i e., |
streaks or extra spots) observed in the dii‘fraction patterns taken frorn _ |
quenched samples indicating zones were not present immediately after
"quenching It was not possxble to determine what plenes the dislocation .
1oops formed in because they were very smau and had irregular shapes
(rig. 0. | -
' Precipitates were sometimes observed at the grain boundaries in _
.'the quenched samples but were more readily resolved a;fter a slight
a:mount of aging, e 8., Fig. . It is observed that these particles lie '
mainly in the regions edjacent to the grain boundary rather tha.n in the
'boundary plane. This form of grain boundary precipitation is a unique .
‘feature in Al«Mg-Si alloys and has not been observed in thin foil studies
of other light alloysu)

I‘oils exhibiting this form of precipitation were examined in an |

R C. A, electron diffraction camera, Patterns were obtained in which

there were a few spots matohing the d- spacings of randomly oriented

silicon. Owing to the diffuseness of the diffraction spots however, it is

.



not certain that this evidence ie conclusive. waever, similar
results have been obtained by Stumpf (private comﬁm_nication) 80
that the precipitates in fig. 2 are tentatively identified as pure qili-
‘con. There was no evidence for precipitation of MgQSL

2, Aged Alloys

The first evidence of a change in the supersaturated solid
solution was obtained from the electron diffraction patterns. Very
faint streaks we‘rve observed parallel to the [100] and [010]) Al direc-
tions with the originé at 110 Al, as shown in fig. 3, 'The pattern
_ is redrawn in fig. 4 for the sake of clarity. From this it can be seen
that the habit plan_és are 110 with <100> growth directions, These |
are forbidden reflections for a f,c.c. lattice and could correspond
té a superlattice struéture of small dimensions with axes pgrpendtcu_lgr
to the electron beam, i.e., in <100> orientation, This "diffraction | _
effect shows that a change in composition of atoms in the 110 .,pléneisﬂ
of the lattice has occurred, and thus corresponds vto:t_he formation of

(20)

~zones in this alloy . This was observed after one hour at 71°C,

twenty-four minutes at 149°C and five minutes at 204°C. The streaks .
were not observed in specifnens aged above 204° C. At longer aging .
times at lower temperatures, the streaks becarrie more intense (b.“f‘,,-«
still very much weaker than the matrix reflections) but remained con-
tinuous through the {110} reciprocal lattice pointé\.\ .T-hi.a was inter-
preted in termé of further growth of zones in <10Q>'w1thagnttle' or'no - |
increase 1# thickness., An exémple of the microétru;turé corresponding
to these diffraction effe cts after the 204°C aging treatment, is :aho.wn”
in fig. 5 In this, one observes thin dark lines parallel to [100] and
(010} which are revealed only when the foil is exactly in the [100] or

(110] orientations. Thus the resolution of these effects is extremely



the density decreased to ~10 / em

difficult end sharp pictures can be obtained only frdm very thin foils
viewed exactly in the right orjentation. There were no contrﬁst effects
around these precipitates as haq?_been observed in Al-Cu alloys(_z)‘, 80
that it is concluded that these _precipitatéu .are exactly coherent with
the matrix with only small elastic coherency strains involved., It is
unlikely that zones of _suéh smau’vdimer;sions are n.oncoherent‘._‘ The
streaks on the diffraction patterns indicate that the zones could be

plates or needles, A close examination of ﬂg.‘ 5 shoWs that there are

. black spots, e.g., at A, 6f dlameter Goﬁ‘correqundi’ng to the width

of the black lines at B, and appear to‘ba”_needi_leta viewed end-on, I
this 18 go, then there should be ebout one-half as many spots as lines |
1n micrographs taken from foils in [001] orientation since the three

<001> orientations are équ'any frequent, Estimates of the number of

- spots and lines in fig, 5 (and other similar areas) shows that this is

the cage, This must mean that the zones in Al - Mg Si Alloys are
needle~ shaped and that the spots in fig. 5 are needles lying normal to

\

the foil surface along [001]), The long dimensions _c};f the needles vary

~ from. about 200& to over. 1000‘& as the aging time and tefnperature ig |

increased but the diameter of the needles stays faix'ly constant at. abaut o
60‘& The average density of zones was found to be about 2+58x% 10154 cma,

' and they wery always umi’ormly distributed throughuut the alloy. .

At aging temperatures above 200°C the needles were observed to

change into rods by an inerease both in their. length and diameter whilst

3‘ <At the aame time the diffraction

~ patterns changed from a .ayst_e.m of streaks to a c\:ross:gmd pattern of

spots, - Figure 6 shows an eax’;]y{stage_ in the formation of rods, The '

“thee <100> orientationa are clearly. visible; the foil orientation is



approximetely [311] and rods in {100} are inclined at 26° to the fo’il
surface whilst those in {010] and {001] are inclined at 72° to the
surface. Thie proves conclusively that the second stage of aging
corresponds to the formation of rqd,s and not platelets., The dotted
contrast along the precipitates in [610] ‘and (001} {s due to an electron
- interference effect. | v
At higher aging t‘emperatures the rods thicken to about IOOOA
diameter, e.g., as shown in Fig. 7 in which the black spots are rods
observed end<on in the [001} direction, From thg‘cresa grid spot -
patterns obtained by selected area electron diffraction the orientation
relationship was found to be <100>-Al// 4110> rod; a result which -
was previously known from x-ray inveatigations(o) (10)‘ The diffrac~
tion patterns corresponding to the rods were found to be consistent
with af,c.c. lattice in which ae6,42 + 0, 07A ' ' o
Since the equilibrium phase Mg,8i is f.c.c. ((:al“3 structure)
with a = 6,304, the rods can be considered as an {ntermediate
Mg‘asl phase which has a structure corresponding to a highly ordered
unit--ce‘llvo;f Mgas‘i. The formation of Mg,S1 can thus occur directly |
from the zonee and will be discussed in more detail later. | |
At thig stage the grain boundary precipitates are concentrsted malnly
in the plane of the grain boundary,” e. g., Fig. 8, and in which the precipi-
tates .are still predominantly silicon. With prolenged aging, however, ithey
vch‘nnge»to MgaSi. Figure 8 showa a structure m:\#hich there are vrod.a
apparently oriented at random-. - Bome of these have bent shapes, It
wes not possible to distinguish between these rods and the rods lying :
along <100> and there were no extra spota in the diffraction patterns,
80 that this effect remains unexplalned. In Fig. 8 the grain A is in poor
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contrast, and this demonstrates the necessity for orienting the foil

into a strong diffracting position in order to obtain good contrast,

The equilibrium Mgzsi phase was observed to form after three

hours at 260°C (500°F), The structure after this time is predominantly

the intermediate phase, e.g., fig. 9, but at (4) small plates of Mg,81
were observed. Figure 9 is taken'fmm an oxide repliéa-*the'Mgzsi
particles are not oxidized appreciably, so they may temain in the

‘ oxide film In most caaes the Mgam plates: grow out of the inter~-

‘mediate rod atructure, 9, g. , at. (A) fig. 9, but oecaaianany othars

seem to nucleats independently, e. g., at (B). Aging for 2-1/2 hours '

" et 316°C (600°F) resulted in the formation of hrge plates of Mgzsi
R Figure 10 shows. clearly how the platas develop chieﬂy from ithe rods

by growth in a direction normal to the length of the rod, ‘This process

ris accompanied by dissolution of nearby roda, e g, at (A).

Precipitation was never obaerved to occur on dmlocations

e g., see fig, 7.at A) and at all stages of agmg the’ pracipttatea were

uniformly distributed throughout ‘the matrix, This meansd that mcipient

dislocations and dislocation loops have no eﬁ’ect on the morphalogy of

precipitation in this alloy, whereas in Al - Cu and Al - Ag alloys

dh)

preferential precipitation on d;alocations is commonly observe
Dislocations were: obaer*ved to more through the precipitatea

with apparently little or no difficulty. Figure 11 ‘shows dislocation

traces in the same area aa that shown in fig. 6 after the foil had been’

" exposed to a fine focus beam ~ 10 e ydiameter for 2.3 mlnutes. Un~

: fortunately, -after this time. owing to the depeaition of carbonaceous

material on the foil aurface,-- the resolution is considerably-worsened

The replicas are better than the thin foils at this stage becauae the par-
ticles tend to be leached out of the foils during preparation. This fact
leads to the conclusion that the formation of MgQSi involves & complete
loss of coherency. ' -



10.

8O .that it is not possible to clearly recognize the precipitates, except

possibly at A. vHowever, “it can be seen that the slip traces are con-

tinuous throughout the length of the grain and that there is no cross-

slip. Thia shows that the dislocations must cut through all the pre-

cipitates which intersect the glide plane. |
SUMMARY OF RESULTS

(1) In quenched alloys the concentration of iracancies annealed out
to?forfn dislocation loops was found to be ~8 x 10° indicating that a
large fraction of vacancies remain in solution. The average |

| number of lbops was ~-1014/cm3._ |
(2) In ‘a-ged'a-lloys the sequence of decompositions of the super- -
| éatunated solid solution. depended on the aging temperature and
was found to be contihuoué=- and of the form: - '
Zones —~ intermediate Mg,Si -+ equilibrium Mgy81.
The zone stage exista énly'l:vat tempera?:ﬁres below 220°C, *
(3) ~The average number of zones was 2-6x 1'01-'5/»cm3. |
(4) . The zones can be rresolved only. m thin foils orienteted such
 that one of the <100> axes lies perpendicﬁlar to the incident -
-electron beam. | o
(6)  The orientation relationships found from e.lectrandiffract'idvn‘

(8) (10)

confirmed the x-tay results of other workers and were

(a) <100> needles paralled <100> matrix in a
o superlattice structure, The habit planes "
of needles are the: {110} ‘matrix planes, -
(b) <110> Mg, 5t parallel <100> matrix,
(6) . The mfeimediate-Mgzsii»im- f.c.c. and mW-ﬁoz‘x"_és‘p’ond to a
o éup‘erlattice of the e‘quihbr;gm"'Mgasi. g |



110

(7) Precipitation near the grain boundaries follows thé seqﬁence:
pure silicon adjacent to boundaries -+ Mg,Si in boundaries,

 DISCUSSION

1. The Aging Sequence

in the present elec_tron microacopic investigation the new

| _ features observed during the quenching and aging'b‘i""éh"Al-‘-Mg-Si

‘alloyk were }(-1) the resolution of the quenched structure, (2) the re-
solution of the zone stage, | and {3) the morphology of the matrix and
,grain boundary precipitates, A8 a result of obtaining this informa-
tion it is possible to consider the influence of Quenching on subse-
‘quent pr_ecipitation during aging. In the first stages, i.e,, zone
 formation, the needle;s.nucleate oh {:1103- pianeé, and grow along <100>,

(10'_ suggested that because of the ionic nature of

Guinier and Lambot
~ the ‘M_gzsi phase, zones formed prior to precipitation of Mgzsi ‘should
consist of atom rows along <100> such that one row of sblicon atoms o
is bounded by two rows of magnesium atomxjs.. : Looking into this picture
more closely and considering what sort of strains arise from such a
zone, it is found that the least possible elastic strains occur if the
zones (or needles) are in fact composed of atom rows in the ratio one
| <100> silicon to two <100> magnesium, This can be e‘se‘en_.fx"om the
following: . the atomic diameters (distance of closest'v approach) of -elum-
;1num,“ silicon and magnesium atoms are 2, 862‘&, 2.351A and 3,1064
- respectively. Assuming the,ﬁm_ma 1xivzone\':;s océ,upy the same spé.é_e ‘gs
.they do normally, then a single. -l_ayer ;idné of tﬁjx"-e'e atoms widé'. 1. é. »
one silicon and tWo. magnesium rows, would thu‘é occupy a width of
3 x 3.106) + 2.361 = 8, 7434, end this wo uld replace three rows of
aluminum atoms in which the width would be (3 x 2, 862) = 8, 586A. This



me’ans’ the formation ofé needle_aiong <100> on {119} involves an
expé.nsion of about two percént. ‘The needles are thus in a'state of
cyliddrical c‘:o'n'np_ressi'on. .Fitting in other possible combinations of
| v'Mg:Sil.fatios it can easily be shown that a ratio of 2 Mg:1 Si involves
the least ‘am‘ount'of elaétic strain. This argument only holds if the
binding in the zone is metallic and not ionic. The arrangement of
planes in the zone would then appear as a supe_rlattice as shown in
» iFi'g. 12 a and b. _'I‘he.coherency strains due to the zones are illus-
trated schematically in Fig. 12b.

The for_mation of the disc-shaped G. P. [1] zones in Al-'—i% Cu
alloys involves elastic strains corresponding to about ailo% contraction
also along <100> directiqns normal to tﬁe plane of the dviscs. i. e.,
.{100} .. These strains have been observed to show up as contrast |
.'effects in thin foils(z). The fact that no such effects were observed
in thé pres__ent‘WOIrk. even though careful tilting»bf the foils was done,
may indicate that the estimated 2% expansio,ﬁ aseociated with the
neédle_s is too _low a strain to_ ‘show up any contrast effects in the
. éléctron fn-icrographs. The magnitude of elastic strains is thus im-
portant in thin foil work where ma‘ny'fé‘at.‘ures arerevealed only as a
result of coherent scattering of electrons by the strain field around |
the feature being examined (e.. g., dislocations, phase interfaces, etc.),
‘and this alone may set a limit on resolution. This might explain why
it was not possiblé to resolve needles thi.rmer than SOA . )

The electron diffractioa results (see Fig. 3) show that the habit
planes of the needles are {1 10} , which are also the fnost highiy favored

planes on which needles can be nucleated, since they are the least



close-packed in the f. c. c. lattice.- Since each (LIO} « plane contains
oniy one <100> direction, e. g., (011) has (10 , (101) has.[010] and
(110) has [001], only three orientations of zones parallel to <-100>iare.
possible. Thus once a zone 18 nucleated on any one {110}_ ‘plane it
can grow in only one of the <100> directfons. The resultant precipi-
tation pattern is Widmanstatten, as demonstrated in Figs: 6-8. . The
| reason for <100> being préferrgd growth directions may be inferred
from the model prlop_o‘sed in Figs. 12a and b, ,In‘ 12 {a), & section is
shown containing two (011) pla;nea for the 2 Mg: 1 Si atom rows in the
 zone. The open squares nnd circles represent atoms in the next plané
‘above or below those. represented by closed _fsﬁuarea and circle 8. ;-.‘fl’hfev
 .' growth. diréction in this case is [1ooj.i. . e.,.along AA ﬁnd BB (‘Flg‘ o
i2b); ‘The zone is in a state of cylmdr!eal compression as. Lndmated |
by the shape of the surrounding matrix. planes (shown a8 broken ltnas)
Thus the .'interfaces’ AB would be the most preferred places for atom_s ‘
to become attached. The other'p.ossibllaa. growth»‘diriectionsi -aregthose :
normal to AA and BB, {.e., (011]. -but. thése are close packedr-direétions
already, so that it is unlikely that the zenes would expand mueh radially.
as has been shown by the experimental resulta. This could mean that

the zone diameters are fixed by the size of tha initial nuclet..

It is interesting to note that the zones are uniformly distributed.' -

throughout-t_he' matrix and no preéipitatidr’x’was observed on loops or

(1-3)

dislocation lines. This is consistent with previous results and

shows that the zones are nucleated as a resuli of the. movement of Iexcéss

vacancies retained bya qﬁeﬁehirj’g after solution heat%réatmentand beours

independent ly,?.d'f‘t thei dislocation substrueture: in: the!'alloy.

13.



14,

If the atomé in so_lutxon are attached to vacanc}e_s, as seems e

highly likély. then vacancy-assisted diffusion of solute atoms would
be expected to occur readily towards the poéitions at ABI (F_ig. 12 b)
- because vacancies would be attracted to these regi_qr;g-,,singg,they e{re
in compression. Vacancies could then be lostat the i;qe; fhemsglves,
thereby relieving the internal strains. This process can continue
only as long as vacancies and solute atoms are available fc;r_ diffus‘lon.
The growth rate should then stop when all the vacané{ie'a are lost in
“the precipitate or at’ other sinks. The final stage ‘“_‘ diffusion _is:t‘h}g;s., }
the formation of the rod structure. The _'elect_.ron microgta}php_ﬁgpd
diffraction patterns algowe_d that the gr@wth_ of_,zgnes,i‘nto g:qd_s seems
to be an 1ntermed1ate_step in the clvn‘a'u‘g.e; zones - Mg,8l. This change |
is thus continuous and }tl_.mé eq_uuibripm‘phasg_ can readily be produ___ceq
by only minor atom n__:ovexﬁents within the zones as_illustratgq in
Figs. 12 c and d. This shows that tk,ie _finé.l transformation is dlffuston-
less. In Fig. 12 c a section of Mg,8i {8 drawn along two adjacqqﬁq(pﬂ‘)
planes. The MgQSi phase vi_s an 1on1_c;‘.étrgcture}v lt_).f the CaF2 type. By _
comparing Figs. 12 a and ¢, it can be séeAn. that the Mg,5i structure can
be produced by silicon atoms in positions 1 moving td 1' and magnesium
atoms in positions 2, 3 moving to 2', 3' respectively, Alternatively

it is only necessary for magnesium atoms at 2 and 3 to move to a half-
way position in (100_] thereby dropping into position to form the center
of a tetrahedrén between silicon atoms in the two (Ofl)_plqnes; This
- latter mechanism thenurequi_res only a small :;re_adjust,ment of siu_cqn‘_ oy
atoms. Either ﬁfoce-ss results in a Can type struc;ture., This change
then brings the magnesium and silicon rows alo.ng,v;(l‘.oo_] into equidistant

positims with ‘respéct to each other (Fig. 12d),



e

It will be seen from Fig. 12 that the transformation of zones to
Mgzsi involves a contraction. At ﬁrstl-sight this seems to b_e .va real
difficulty because the {}1(9 planes of the zones aretalreacb" close
packed. However, if it {8 assumed that the binding bgtween atoms in
the zones (and rods) is metallic, then the number of nearest neighbors
remains at 12 as in the surro{mding matrix, whereas in the fonic
structure of Mg281,' the magnesium atoms have only foﬁf nearest
neighbors, and silicon eight. Furthermore, since magnesium atoms
have a much smaller diameter in the ionic state, then the MgQSI struc~
ture occupies less space than the zones and a contraction 18 therefdre
to be éxpeoted. | »

‘The Mg'"ZSi phase has been observed to' form as plates Whlch grow
only by dissolution of nearby prec‘ip{tétea (e.g., at A, Fig, 10), This
means that there are not enough sblﬁte étcins left in supersaturatibn
in the matrix to cause further growth once they are formed, and this
supports the view thaf the final phase transformation is diffusionless,
The growth of Mgzsi ag plateswm-occur to ’préduce the :ntnimum in« |
creaée in strain enei-g’fy. ' Figure 12 ¢ shows that the re‘stfieted direc-~

tion s that normal to the (011) faces as is expected, because atomi

are more easily attached along [100) and [.011]‘th‘an'a'lbng [0111"’;’- “The

micrographs (Figs. 9 and 10) show that [100] and [011] are in fact -

the grovithv directions,

| To sum up, the aging process in this alloy can be considered |
as a sequence involving (1) eliminétion of free vacancies into éollaﬁsed

discs producing dislocation loops with simultaneous formation of zones,

~ (2) growth into rods by vacancy assisted diffusion of solute atoma to

zones with simultaneous elimination of associated vacancies at the

precipitates',' and (3) tr.ansformatién to the equilibrium Mgzsi structure,

15



Finally, it is interesting to note that in alurﬁinuin alloys where there
is a iarge éiié faétoi‘ difference between solute atoms an‘d‘ aluminum
atoms, the zones are never spherical and the preferred directions
of precipita.tion are <100> with {100} or {110} habit planes, e.g.,
Al Cu a.nd Al- Mg -S54, whereas in cases where there 1s only a small L’
size factor gdifference, the zones are spherical and subsequent pre- '
cipitation occurs on {llﬂ matrix planes, e. g., .Al-Ag, Al-Z_n,
Al-Mg-&nxu. This confirms Guinier's suggestion n'mde'in /51949'.(4).
Thus, although much is now known about zone formation in light

alloys, more detailed information is required on the role of vacax{éies
in nucleating zones and the effecta of vacancy°solute atom 1nteractions
in any subsequent diffusion progress. o | |
2, I—Iardening _ -

Although no ége-hardening data was obtained in the present work,
St.umpf (private communication) has shown that m‘abtimum'h_ardeningf in
this alloy occurs when it is aged to produce th'e needie' Structure.i. Since
there appears to be only a small elaetic 1nteraction at the needle matrix
interface, it is unlikely that coherency strains play an 1mportant par‘t
in hardening. Since dislocaxions hvave been obsverved to cut through
the p\recipi‘tates during glide, t‘he‘bhi_ef reéis’taﬂcé to dislocation move-
' ment must arise from the gain in ”chemiéal energy which {s involved
in the intersection process, as this would result in the bresking of
Mg-5i bonds. This mechanism has been extenaiveiy' déirélopéd by

(22)

' _Kelly and Fine and Kelly(ga) to account for zone hardenmg in Al Cu

end Al-Ag alloys.;
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ZN-2690

Fig. 1. Al-Mg,Si alloy quenched after 2 hrs. 550°C, showing
Dislocation loops and networks., Note coalescence at A,
X 30,000,
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ZN-=2691

Pig. 2 Al-MgZSi alloy aged 5 mins. 204°C, showing precipitates
adjacent to grain boundaries. X 45,000.
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ZN-2692

Fig. 3. Selected area electron diffraction pattern of Fig. 5
showing streaks in <100>from {110}, Foil orientation
[001].
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Fig. 4. Schematic representation of electron diffraction pattern
shown in Fig, 3.
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ZN-2693

Fig. 5. Al-Mg,Si alloy aged 4 hrs. 204°C. The three <100>
orientations of needles are visible at A and B. The foil
surface is (001). X 30,000.
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ZN=-2694

Fig. 6. Al-Mg,Si aged 5 hrs. 220°C; the intermediate Mg, Si
stage. Foil orientation [311]. Showing the three <100>
orientations of rods and dislocations at A. X 40,000.
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Fig. 7. Al-Mg,Si alloy aged 5 hrs. 288°C. Foil orientation
[0C1]; noterods seen end on, i.e., in [001], X 15,000.
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ZN-2696

Fig. 8. Al-Mg,Si alloy aged 10 mins. 288°C. X 20,000.
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lica taken from Al-Mg,Si alloy ‘after aging
GC. X 30,000,
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ZN-2698

Fig. 10. Oxide replica taken from Al-Mg,Si alloy after aging
2-1/2 hrs. at 316°C showing development of plates of
MgZSi from rods at A.X10,000.
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ZN-2699

Fig. 11. Same area as Fig. 6 after dislocations have been
moved across the foil. X 40,000.
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Fig. 12a,b. Proposed model for zones in Al-Mg-Si alloys.
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Fig. 12¢,d. The equilibrium Mg,5i structure formed from
the atom movements shown in (a).
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of ény\information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or
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