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DIRECT OBSERVATIONS OF HETEROCENEOUS PRECIPITATION
oy
J.A. Hren and G. Thomas

Inorganic Materials Research Division
Lawrence Radiation Leboratory

University of California, Berkeley, U.S.A. .

A high tenperature stage has been used in the Siemens Elmiskop'l
and Hitachi H.U. 10 electron microscopes to follow directly the stages
of decomposition of a supersaturated Alseo% Ag alloy, and the results
recorded by cine photégraphy. The experimental techniques have been
described previcusly (Thomas and Whelan, 1961). The purpose ofvthis
note is to giesent direcﬁ evidence-for the disloéétion reactions in-’
volved in the nucleatlion, growth, and‘dissolution of y! (AggAl) pré-
cipitates.

The yv' phase is hexagénal {e.g., see Cuinier, 1952; Ziegler, 1952;
'élocker, et al, 1952), and précipitates_on {111} planes in the FCC 4l-Ag
solid solution. -Thus, the nucleatlon of y! is expected to occur at stack-
- ing'faﬁlts in the materix. Thié process has been observed indirectly in
foils made from bulk specimens (Nicholson end Nutting, 1961; Frank, et
al,‘l961), but no direct evidence for such heﬁerogeneous precipitation has =2
_sovfar been reported.

There are 1two general possibilities for dislocations to promote pre-
cipitation of a HCP structure frdm a FCC létticel PFirst, a whole dis-
location can split to produce a fault on ohly one of the {111) planes,

~

e.g., by the reaction -

i

| 1/2a[I10}—> 1f6a[I2I] + 1/6al311]; fauit on (121) (1)
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Second, a whole dislocation can disaocigte to pfoduce a Frank sessile
dislocation and a Shockley dislocatibn-to form'é fault on ocne {111} plane;
the Frank sessile can then breek down to form a stair-rod and a Shdckley
dislocation which produces another faulﬁvon one of the intersecting (111)
planes. The two faults are then connected by the stalr-rod, e.g., |
1/2al110}— 1/32[I11] + 1/6a[113] fault on (I11) (2)

.-l/3a[ill]-— 1/6af011] + 1/6a{§11]'fau1t'on (111) (3)
Reactions (2) and (3) can thus produce two crientationsvof precipitate from
a single disibcation, In ordér'fﬁr these processes t0o occur in the Ai-Ag
sclid solution, the stacking feult energy must first be lcwered,. Thﬁs,
gilver must segregave o dislocations. Figufes la, b, show a gequence from
2 cine film of whole disiocations ﬁresent at 500°C(a), breaking down on
quenching and aging (b)p to give a single orientation of v} by a reaction
similar to (l) above, The pﬁecipitates form as plates. Figures 2a,b,c,
shov & simila:~sequence'but in which siﬁgle dislocations D give rise to WO
orientafions of rx in accofd with equaﬁions 2,3. The line of intersection
IF in Fig. 2¢ mekes a trace on-the foil surfaée parsllel to the trace of
[0I1] which is consistent with the mechaniém proposed. The observations
show that since ?3 platés form only at dislocations, their density should
be the same as that expected for the initial dislocation density of the
>solid solution. Observationsbat the solid solution temperature (>450°C)
and during aging to form r%, con®irm that this is true. The maximﬁm
observed density in both cases is ~lO7 cmﬁB. The results also suggest

that silver etoms are associzted with dislocations even at the solid

solution temperature.
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‘Depending on the local concentration of silver atoms, the growth of
¥'7 occurs lengthwise very readily by the propagation of the partial dis-
 locations. Thus precipitates formed on isolated disloccations, e.g., G

'and H, Pig. 2, grow very rapidly,v‘Thé growth in directions normal to the
habit plene is not nearly as rapid since faﬁlté mnstAbe created on alternate
(111) planes in order to preserve a perfecf HC? sﬁructure; Eowefér, from
a thefmcdynamic viewpoint, spontaneoﬁs nucleation of partial dislocations
will be favored in order to allow continued growth and to preserve a stable
interface between.each_precipita%e aﬁdAthe matrix, WNew partials could
a;so be nﬁcleated a8 & vesult of the shear strain in each layer, thus
successive pertials tend 4o move ip Qpposite directions to minimize this_
stréin. This hQS'beeﬁ»observeé-&irectly. Often successive lcopé of partial
dislécaticn are c:eaﬁed vhich then expand over the {lll} planes. The con-
trest effects observed at growing or dissolving pa:ﬁicles are s;milar tq
those for overlapping stacking faults, hence the growth in the direction
nO;mél to the habit plane‘ocgurs by theladdition of sﬁccessive layers.

Part of a newly forming layer caﬁ be seen &t L in Fig; 2¢. There 1s absolutely
no evidence for & vole nechanism, Upon dissolubtion, thé process is completely
reversible. By heating the specimen above 450°C, each layer is successively
removed by the contraction or elimination of the pariial dislocétionsaj The
resultant is either zero.or the formation of a perfect { 116 } dislocation,
e;g.j_by the reverse of reaction (2). Figures 2a,b,c, and d show such a
dissolution sequence coccurring at k75°C. Disloéationé Af, BT, & ete.,

have been emitted as successive layers sre removed. Re~precipitation on

a
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these dislocations can be effected simply by quenching the specimen in the
wicroscope (i.é., py switching off the heating current). In fact, the
sequences shown In Figs., 1 aﬁd’e can be repeated by this operation.

Kineﬁic date have been obtained from weasurements of the rate of

growth and dissolution of vf'precipitates.‘ The process is one of bulk
diffusion and occurs u1dh an actxvatlon anergy of,?T 5(‘+)5, cal. mol l
wiich is the same as that reported for di usion of.51lver in aluminum :
(see\efg., Smithells,';955).’ This result confirms earlier suggestiohs
(Nicholson and Nutting, 1961; Frank, et al, 196L) and proves that silver
mus®, in*tially di fuse prezcrenclally to the alslocauions, Thus, the
SQQQence‘of events can be summarized as follows:

1, Growth: Silve?vdiffpses‘ﬁO-dislocationsiand lowers the stacking
fault.energya The dislocations split to form the nucleus of the
,HCP rrecipitate and ;hm érowuh faue leper xd on the rate of
-&iffusion‘of'si;ver to the faulﬁs, ?he precipltates thicken
in layers by tno opOﬂ sanecus nucleat ion of stacking faults every
alternate (111) Ulaneov

2. Dissolution: Silver Qiffuéés‘away frgm the precipitate increasing
locally the stécking fault eneréy 50 £hat the partials are |
succesSivelyleliminate& ﬁd *ae DfCClpitaCGB dissolve in layers.

%c veloc;by of th oc ns involved is thus determined by
the rate of dlffusion of silver,atoms ewvay from the ends»of each
l&f@ra ' . . . :

The eVCﬂtg d@SCbeéd here are most con venlencly &“monstrated by ciné-

photograyhy; moravcomplete detalls will be published.
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FIGCURE CAFTIONS

Fig, 1 -- Thin foil of AL-20% Aéa (a) Diélocations;A moving slowly at
500°C3{b) quenched in the microscopé, 15 sec later shoving splitiing of
dislocafions A to form rl precipitaﬁesl The dielocatibns extend prefer-
entially at the surfaces, probably because of enhanced diffusion of silver.
Fig; 2 -- As g, i,ﬂérientatibn f112]. (g) éislocatidns 4,B,0,D at L75°Cs
(b) quenched, 10 secs later; the ‘diglocations C forming precipitates edge-on
along (iil), dislocations D nunleating.piecipitates on (lll);i(c) 15 secs
lgtgr{ Lwovorientationélof fl bgﬁe nowrformeé at D aand gew iong precipitates
G and E hdve appearved from isolaﬁedlﬁislocatipns (not in view in this
seq@eﬁcg)} The fringe contrast due‘to the eppedrance of fl-is similer

to that for stacking Taults.

Pigs 3 -- Showing a dissclubion sequenée at k50°C; (a) two pgrtials A -
about to combine§ (v} combination to form a whole dislocation av; (e

partiale BB about to combine; (d) dislocations A' and B* ¢ gliding on the
cross-slip plane; a new dislocatidn D about tb be emitted; A layer is

removed each time this happens. Notice alego decrease in length of the

precipitate. Time inmberval ~ 0.2 sec.
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