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INVESTIGATION OF VACANCY LOOPS AND PRECI PITATES IN Al -3d 
ALLOYS RAPIDLY QUENCHED FROM THE MELT 

A.M .Tonejc and D. Kunstelj

Insti tute of Physi cs of the University, Zagreb 

As-quenched samples of Al -0 .06at%Ce and Al -2at%Ni al l oys were 
investigated by means of transmission el ectron microscopy (TEM) . Two 
ki nds of defects were occas ional ly observed: di sl ocation l oops and 
hel i coidal disl ocati ons (an exampl e i s  shown i n  Fig . 1 a ) .  

The exi stence of di sl ocation l oops i n  metastabl e sol id  sol u­
tions have been stated earl i er by Warl imont et al . ( 1 )  in Al Fe and 
Al Cr, They concl uded that vacanci es condense into disl ocation l oops 
at l east up to 0 . 5at% Fe and up to 5at%Cr, respect ively. Thi s  i ndi ­
cates that the bindi ng energy of vacancies and sol ute atoms 
E�-cf< E�-Fe " In our i nvesti gations we observed di sl ocation l oops
up to 2at%Ni . Thi s suggested that .E�-c;: E�-Ni< E�-Fe · An anal o­
gous concl us ion coul d not be drawn for Ce di ssol ved in al umi ni um 
because at the metastabl e sol ub i l ity l imit (0 .06 at%Ce) l oops were 
st; 1 1  observed . 

We found (Fig . 1 a )  that the l oops are arranged i n  rows a long 
<. 1 1 0>di rections in both i nvestigated systems . The formation of 
rows of l oops was expl ai ned accordi ng to the model of Saada (2 ) , 
Gri lhe ( 3 )  and Guyot (4 ) . In th i s  model vacanci es preci pitate on 
the screw di sl ocat ions and di ffuse al ong the di sl ocation core 
thus forming cl usters which col l apse to Frank l oops . Beyond a 
certain s ize ,  loops are immobil e  thus ancbori-ng the di s l ocatfons . 
The energy supply ,  due to the quench i ng stresses , opens two 
poss ib i l ities : a )  the �crew di sl ocation i s  torn away , l eavi ng 
l oops in J.. 1 1 0'>  directi ons ; further preci pi tation of vacancies 
transforms them i nto Frank l oops , b) the cl usters are suffi ­
ci ently l arge to form Frank l oops ; the screw dislocations can be 
pul l ed off the l oops by the unfaul ti ng process .  In th i s  process 
the Shockl ey partial sweeps a l oop,  g iving ri se to a perfect 
pri smatic  di sl ocation l oop . Now , accordi ng to the Gri l hi 
model ( 3 ) , these perfect l oops can react with the screw disl o­
cation to form a hel i x .  



Fig 1 a  
Rows of l oops i n  Al -0 . 06%atCe 
splat cool ed 

Fig 1 b  
Dark-fi el d micrograph showing 
the growth of a new phase i n  
Al -0 .06at%Ce o n  di sl ocati on 
l oops 

The rows of di sl ocation l oops we observed may have thei r ori ­
gin according to a )  or b ) . According to theory (4 ) , the cri ti cal 
l oop s ize i n  al umin i um i s  about 1 4  bp or 30ft. The l oops in the
Al -0 . 06at%Ce al l oy ,  shown i n  F ig . 1 a ,  have a radi us from 300 to 500 
ft. These l oops may have orig i nated from smal l l oops (30ft or l ess ) 
wh ich escaped from the screw di sl ocat ions and grew to thei r s i ze by 
further vacancy condensation . Duri ng the anneal i ng of the specimen 
in the mi croscope we observed the growth of a new phase on the di s­
location l oops and the preci pi tates of the · new phase were arranged 
i n rows . Thi s  was observed in both investigated systems . The preci ­
pi tates in the Al -Ce system can be seen in Fig . 1 b . Thi s i s  further• 
evi dence of di sconti nuous preci pi tati on duri ng spl at cool i ng ,  whi ch 
was fi rst observed i n  Al -Cr al l oys ( 1 ) .  
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