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A high temperature stage has been used in the Sia~ns Elmiskop I 

and Hitachi H.U. 10 electron microscopes to follow directly the stages 

of decomposition of a supersaturated Al-20% Ag alloy, and the results 

recorded by cine photography. The e:;..."};lerimental techniques have been 

described previously (Thomas and Hb.elan, 1961). The purpose of this 

note is to present direct evidence for the dislocation reactions in-· 

valved in the nucleation, grm.fth, and d:tssolution of yv (Ag
2

Al) pre-

cip1tates. 

The y' phase is hexagonal (e.g., see Guinier, 1952; Ziegler, 1952; 

Glocker, et al, 1952)., and precipitates. on {lll} planes in the FCC .Al-Ag 

solid solution. Thus, the nucleation of y' is eX]?ected to occur e.t stack-

iug faults in the matrix. This process has been observed indirectly in 

foils made fra.m buJJr specimens (Nicholson and NuJGting, 1961; Frank, et 

a.l, .1961) 2 but no direct evidence for sue~ heterogeneous precipitation has '' ~) / <, 

so far been reported. 

There are two general possibilities for dislocations to promote pre-

cipitation o:r a HCP structure f1·a.'ll a FCC lattice •. First, a ~vhole dis-

location can split to produce a fault on only one of the {111} planes, 

e.g., by the reaction 

l/2a[ilo]-> l/6a[i2i} + l/6a[2llh fault on (111) (1) 
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Second, a 1vhole disloca-tion ca.11. dissociate to :produce a Frank sessile 

dislocation and a Shockley dislocation. to forra a fault on one {111} plane; 

the Frank sessile ca11. then breal~:. dol-ttl to for.a. a stair-rod and a Shocluey 

dislocation which produces another fault on one of the intersecting (111) 

planes. The tvio faults are then connected by the st.air-rod, e.g., 

1/2a[l10]--- l/3a(lll] + l/6a(il2] fault on (lll) (2) 

l/3a[lll)- l/6a(Oll] + l/6a[211] fa:u.lt on (111) (3) 

Reactions (2) and (3) can thut3 produce tw·o orientations of precipitate from 

a. single dislocation. L'"l order for tbese processes to occur in the JU-Ag 

solid solution, the stacking fault enere,ry must first be loi·iered, Thus, 

silver must segregate to dislocations. Figures la, b, show a sequence from 

a cine. film of' whole dislocat:J,ons present at 500°C(a), brealdng dovr.a on 

quenching a.Dd ag-lng (b) P to give a single orientation of ·(r by a reaction 

similar to (l) above. ~ne precipitates fo~~ as plates. Figures 2a,b,c, 

show a similar sequence but in which single dislocations D give rise to two 

orientations of y 1 in accord. ;vith equa/dons 2, 3. The line of intersection 

EF in Fig. 2c makes a trace on t.he foil surface 1)Sfallel to the trace of 

[Oll] ivhich is cons:i.stent w-lth the mechanism lll~oposed. The observations 

shoi'T that since y 1 r)lates form only at dislocations, their density should 

be the same as that expected for the initial dislocation density of the 

solid solution. Observations at the solid solution temperature (>450°C) 

and during aging to form ·{ 11 COP..firm that this is true • The :maxir:rum 

observed density in both cases is ~107 cm-3• The results also suggest 

t..i'lat silvel" atoms are associated ill""ith dislocations even at the solid 

solution temperature. 
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De'l)ending on the local concentration oi' silver atoms, the grmr'ch of 

•(i occurs -lengthwi.se very readily by the propagation of the partial dis-

loca"cions. ~..:.;.us precipitates formed on isolated dislocations, e ~g., a­

and H, Fig. 2, grmr very :rapidly~ The grmv-t;h in directions normal to the 

habit plane is not nearly as rapid since faults must_be created on alter~ate 

(ill) _planes in order to preserve a perfect HC'P structure. Hm·rever, from 

a ther.illodynam-l c vievi}10int, spontaneous nucleation of partial dislocations 

"idll be favored in order to allm-r continued grow·th and to preserve a stable 

interface betvieen each }?X'ecipi tate a:ttd the matriX • ll!ei·T partials could 

a.lso be nucleated as a result of _the shear strain in each layer, thus 

successive partials tend to move in opposite directions to minimize this 

st,rain. T'nis has been observed directly. Often successive loops of partial 

dislocation are created -vrhich Jchen expand. ove1.; the (lll) planes. The con-

trast effects observed at grovrlng or dissolVing particles are sirr~lar to 

those for overla1)ping stacldng faults, hence the gro1·rth in the direction 

normal to the habit plane occurs by the addition of successive layers. 

Part of a nevrly forming layer ce..u be seen e.t L in Fig. 2c. There is absolutely 

no evidence for a pole mechanism. Upon dissolution, the process is completely 

reve:t·sible. "f>IJ heating the specimen a-oove 450°C, each layer is successively 

removed by the contraction or elimination of the partial dislocations. Tne 

result;a."'l·t is either zero or the formation of a perfect < 110 > dislocation, 

e.g.Ji by the reverse of reac~cion (l). Figures 2a,b,c, and d shm.; such a 

dissolution sequence occurring at 475°0. Dislocations A', B', \A etc., 

have been emitted as successive layers are removed. Re-precipitation on 
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these dislocations can be effected simply by q,uenching the specimen in the 

microscope (i.e., by Sirltching off the heating current). In fact, the 

sequences sho~~ in Figs. l and 2 can be repeated by this operation. 

K-inetic data have been obtained from measurements of the rate of 

grov~h and dissolution of y 1 · pre~ipitates. The process is one of bull~ 

diffusion and. occurs vlith an activation energ-y of 37. 5(±4)k. cal. mol-1, 

-vt.o.ich is the same as that reported for dif'f"v.sion of silver in ·aluminum 

(see,e.g., Smithells, 1955). ~uis result confirms earlier suggestions 

(Nicholson and Nutting, 1961; Fra...nl<:., e-1:; al, 1961) and proves that silver 

nru.st. initially dif'fU.Se preferentially to the dislocations. Thus, the 

sequence of events can be SUiilr!la.:l:'ized as· follmrs: 

1. Growth: Silver diffuses to dislocations and lowers the stacking 

fault. energy. The dislocations split to for-.m the nucleus of the 

. HCP precipitate a..nd the gro-1vGh ·rate depends on J~e rate of' 

d.iff'usion·of silver to the faults. The precipitates thicken 

in layers by the spontaneous nucleation of stacking faults every 

alternate (111) plane. 

2. Dissolution: Silver diffuses away from the precil:;itate increasing 

locally the stac1~ing fault energy so that the partials are 

successively eliminated and the precipitates dissolve in layei~s. 

The velocity of the dislocations involved is thus deter.nuned by 

the rate of diffusion of 'a:tlver e;t.o.ms avray from the ends of' each 

layer a 

. / 
The events described here are most convenie11tly demonstrated by cine-

photogi."a:phy; more complete d.e·ta.ils will be published. 

.i 

i 
.. ! 
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F'IGTJflE CA1?TI 01\iS 

!:_:l-g~.J: -- Thin foil of' .Al-20% Ag. (a) Dislocationsi.A moving slo-vrly at 

500°C.;·(b) quenched in the microscope, 15 sec later shmling splitting of 

1 
dislocations A to f'onn y :Qrec:.t:pitates. The dislocations e~ctend prefer-

entia.lly at the surfaces, probably because of enhanced diffusion of silver. 

li'ig. 2 -- .A£ J:i''ig. 1, orientation [ll2J. (a) dislocations A,B~C,D at L~T5°C·; 

(b) quenched, 10 sees later; the ·dislocations C forming precipi ts/Gcs edge-on 

along (iil), d.islocaJGiOns D m.rcleating precipitates on (111):; (c) 15 sees 

later: t-vro orientation~ of y 1 have now·: forme~ a;t D and nevt long precipi ta.tes 

G and R have appeared n .. om isolat.ed dislocations (not in view in this 

sequence)~ 
. 1 

The f'ringe contrast due to ·the e.ppearance of y is sirllila:t:' 

to the.t for stacki:n.g faul to" 

Fig. 3 -- Showing a dissolu~tion sequence at 1~50°C; (a) t-r;o :partials M 

about to combine; (b) combination to form a Hnole dis1oca;tion A1 ; (c) 

pa.:ctials BB about to combine; (d) dislocations A1 and Bt d gliding on the 

cross-slip plw"1e,; a ne'vr dislocation D abou~c t,o be emitted; A layer is 

removed each time this haP'~ns. :tJotice also decrease in length of the 

precipitate. Time interval .... 0.2 sec. 

f.· 

/:i 
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