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A '.,l UDY OF PHASE TRANSFORMAT IONS fN ULTRARAPI D LY QUE NCHED 
ALUMIN IUM- IRO N A l.LOY 

Introduction 

E .  Bab ic ,  R .  Krsnik, B .  Leon l i c  and 1 . Zoric 
I nst i tute of Physics of the Un iversity of Zagreb, Yugoslavia 

It is not possible to fol l ow the process of formation of sol id solutions . Ono r.an 

obtain mme information about this process by i nvestigat ing kinet ics and morpholof1y 

of decompmi t ion of sol id  solutions . Among numerous m,! thorh , that of onnca l i ng I-hi!, 

samp les is one of !he best because i t  enables us to fol l ow the process i n  opt imum 

time i n tervals . An eosi ly  measurable phys ical property which strongl y  depends on 

these processes is the e lectrical resistance . Because of that we have chosen 

resistorr>etric analysis of both k ine tics  and morphology of phase trans it ion, duri ng 

the annea l i ng process . The resul ts are compared with those obtained by other 

authors who used different me thods (X-ray measurements, microhardness, elec tron 

microscopy) . 

�xperimental procedure 

The samp les obtained by sp lat cool ing (1 ) and by the use of a rotating mi l l  

dev ice (2) contained iron concentrations between O .  4 and l . 88 at% . For our 
') 

measurements we se lected samples , with surface rang ing from 4 to 1 00 rnm' and 

thickness of 10  to 30 JJm , Eoch samp le had previous ly undergone residual 

resistance measurements . The ratio 

R = 
R4 . 2  

R273 - R4 . 2

may b e  considered as a measure o f  "qual ity of quench ing" of a samp le with a 

given i ron concentration (3) . The samples were subjec-:ted to isoch ronous onneol im_1 

start ing at room temperature and end ing at 420°C .  This anneal ing took p lace i n

o i l  b�rt hs whose temperatures increased i n  steps of about 20°( .  The annea l i ng at

each temperature la�ted for o period of 10 minutes, at !he end of whir:h the

samp l!-i was immedia le ly  p laced in l iquid n i trogen and i ts resistance measured
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by the usual rneth()d of compensation . The activation energy forfT,e process of phale 

transfornwHon via� measured by the "rat io of s lopes" method . 

Rewl r "  ond discu� ; ion 

Typicai behaviour of e lectrical resistance changes for three samples of two different 

F"e <;l>nce 11f rol icm m a function of anneal ing temperature is shown by tho curves in 

F ig . 1 .  
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Elecf'rkal resist iv i ty changes for three samp les wi th 
various Fe concentrations 

We see f i , ,:/ c1t h i ,_.1ht', !empemtur•�s of annea l i ng a large r.hcmge of R lec tricol 

radstanr:e is cbSt, i .fed . :,ud 1 behaviour starts at temperatures sl ightly above 200°(

tmd exte r11:h up lo '.l51J°C .  l:..t the end of this region e lectrical resistance is down

on 25% oi i fs odginal value for al l samples . Such a behaviour is typical for 

phase tramition . Dud ng further anneal ing at temperatures higher than 350° C the

JJroc.ess l>f recover y :·ont i n1 1•}� as evidenced by a slow decrease in resistance . 

Limitat ions uf experimentc�I technique prevented us from fol lowing. the process 

beyond 420°C .  From Fig , 2  we con concl ude two important things: a) The rate

nf pho5e: t ro11$fonr,o!io•1 is lo1tJest in tetnperature region 250-300°(, and

h) for anneal ing t,,mpe, atures of about 400°( h igh resistance ratio and behaviour

,�f the curve R29:i ll . ) show that the transition is over . That is, the systern![-� �!t in 
TI 
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The ratio R297 versus temperature of the Isochronous anneal ing (Time 
R77 Interval of the annealing is 1 0  min)

consists of pure Al and Al /e ,  I n  accordance with · (4) and (5) . 

At temperatures where the phase change takes p lace, activation energies were 

measured for the process . From our curves of isochronal anneal ing, X-ray 

diffraction (4) and e lectron microscopy measurements (5) we be l ieve that there is 

a single activated process In  the temperature interval of the phase transformation . 

Because of that we used a "ratio of s lopes"  method for determination of the 

activation energies of the process . For each sample the activation energy was 
0 

measured at several temperatures between 250 and 300 C .  A mean value of 

(1 . 2 : 0 .  3) eV has been derived . It turns out that this activation energy Is 

substantial ly Independent of I ron concentration In this concentration Interva l ,  

but shows a tendency of s low increase with temperature . However we have not 

been ab le to establ ish a c lear functional dependence an temperature owing to 

considerable errors which this method e ntai l s .  

I n  order t o  obtain more precise resu lts on the kinetics of decomposition of these 

sol id solutions we Inte nd to appl y  lsothennal annealing and the combination of 
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Isochronal and isothermal annealing in the temperature region of the phase 

transition . Also we intend to extend the anneal ing to higher temperatures up to 

the formation of Alle phase . The whole experiments should be done once more 

with magnetic susceptibi l i ty measurements, to see the fractional composi t ion of 

the sample (Al+Fe , Al/e and Alle)  at any moment during anneal ing .  Tl1 l s work 

is bee Ing pursued . 

Conclusion 

Our measurements show definite existence of a phase transition at anneal ing 

temperatures around 300°C.  The anneal ing temperature at which this phase ch1,nge 

takes place does not depend significantly on iron concentration within c�ncentr·1tlon 

interval studied . The fact that no phase change oc�urrs below 250°C as we l l  as 

the large temperature interval over . which this transition proceeds indicates a 

relatively h igh stabi l i ty of the solid solution in the Interval of Iron concentration 

studied . These measurements are consistent with X-ray (4) and electron microscopy 

measurements (5) .  
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D ISCUSS I O N  

Resistivity changes can be produced b y  numerous processes 
(anneal ing out of defects, nuc leation,  growth , coarsening 
etc which are assoc iated with different activation energies . 
The assoc iation of a resistivity change with a spec ific process 
can , therefore , only be unequivocal ly  established by 
determining the nature ot this process by some other means· 
of observation . Which of the processes assoc iated with the 
precipitation of Al6Fe is giving rise to the activation energy 
which you have determined from your resistivity measurements ? 

From e lectron micrographs it can be see n  that the rapid 
partic le coarsen ing takes p l ace between 200 and 400°C,
together with a drastic change in the type of  the prec ipitation 
patterns (Refe rence : D .  Kunste l j  and A .  Bonefacic,  
Meta l lography 3 ,  (1 970) 79 . This work Is done in  the samp les 
produced by th;; use of the same splat cool ing equipment . 

If we had indeed two disti nct processes we would genera l l y  
get two steps i n  the c urve . The fact that w e  get only one 
seems to indicate that we are e i ther dea l ing with only one 
process or that we have Indeed more processes that by accident 
occur· at the same temperature . I n  any case our interpretation 
ls put forward in con function with the results of our ·col leagues" 
working with X-ray and e lectron microscopy.  

There are many cases whe n  resistivity measurements give 
perhaps the only means for fol lowing a phase transition ,
This is the case especial l y  at the very beginning of a process 
(e .g . in Al Mg SI )  when the amount of the new phase is too 
sma l l  to be detectable by diffraction means . 

Only a short comment on the determination of apparent 
activation energies . With I iquid-quenched Al-40 wt% Ag 
studied over the same temperature range using e lectrical 
resistance and high-angle X -ray the fol lowing was obtained : 
e l ectrical resistance 20 ± 2 Kcal/mole high-angle X-ray 
27 "t 2 Kcal/mole . There is no way I know to reconc i l late 
the two estimates . 

Suggestion : Better, probabl y  to combine the isochronal and 
isothermal data (Meehan . B rinkmann , Phys . Rev . 1 03 ,
(1 956) 1 1 93 .) This wi l l  give a straight l ine (if thereis a 
unique anneal ing p rocess) , which slope is used for actlvatfon 
e nergy determination . The method presented in the paper 
Imp l ies a unique anneal ing process . 
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I t  is intended to do that i n  further work . 

We now have so many rel iable techniques for lde n l l fyging 
physical processes responsible for changes in  mic r o,, "P i<
processes in metals+al loys , that perhaps we �houlcl dnduro ,_, 
moratorium on the determination and Interpretation of 
activation energies . 

Studies of slmple and wel l  known systems (Al -Ag , AI -Zn) 
have shown the d ifficulty to reconci le resist ivity measur�mer,f� 
and structural X-ray or e lectromlcroscoplc investigation . 




