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Introduction 

An earlier paper (1 ) described a microstructural transition 
(fig . l )  in cross-sections of Al-Fe alloy splats . surface reg­
ions , designated ' zone A ' , showed a limited etching response 
and about twice the hardness  of central regions darkened by 
etching , and designated ' zone B 1 • Electron microscopy of thin­
ned samples and x�ray diffraction showed (a) zone A to contain 
a fine-grained second phase network (spacing v1 O. 03 ,.u.m) within 
o<Al grains . and supersaturated regions, (b) zone B to have a 
coarser second phase network (spacing "' O .  03 JLm) , and ( c )  concur­
rent development of primary intermetallic (notably including 
FeA16 ) growth •

. Thi s  paper presents more resul t s ,  including replica studie s ,  
a s  a bas_i s for discussion of possible transformation mechan­
isms operative . A particular aim, in the light of ancillary 
,studies (2-4) , was to assess the role of primary intermetallic 
growth with respect to the zone A to B transition in these 
splats . 

Results 

Fig . l  shows a carbon replica of a zone A to B transition . 
The linear array normal to the zone B boundary is  notable . A 
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similar array (wi th a smaller spacing )  was observed ( fig . 2a )  
adjacent to regi ons apparently free of subs truc ture in thin­
ned regions of splat otherwi se showing typi cal ( 1 )  zone A 
ne twork struc ture . Als o ,  radial growth wi th thi s morphology 
from primary intermetal lic growth centres was evident where 
these were present ( fig . 2b) . Repl icas of zone B ( figs . 3a and 
b) as well as zone A regi ons showed variations in frequency
of identifiable primary intermetallic particles . Dendri tic
branching l s  evident in the o(Al background structure in
fig . 3a .

Discussion 

Two main points emerge from thi s study : 
( a ) An ' el ongated dendri tic ' ( 5 ) , or cellular , growth morph­
ology i s  evident where the growth direction makes a small
enough angle wi th the pl�ne of observation ( figs . l ,  2a and b ) :
( b ) The volume fraction of identifiable primary interme tallic
phase i s  always well  below the maximum total intermetallic
possible , and as l ow as 1% or less in some zone A areas , so
that most of  the interme tallic forms intercellularly or inter­
dendri tically ,  accompanying or following OC'Al formation .

There would seem t o  be three basic mechani sms which might 
form the polycrystalline second phase ne twork di s tribution in 
zone A .  Spinoidal decomposition ( 6 )  in the liquid or s olid 
phases ,  however ,  lacks thermodynamic ( 7 )  or consti tutional ( 8 )  
support , and a second transformation would be needed to give 
the phases observed ( the second phase has been identified (4)  
as FeAl , basically a bee structure ) .  Furthermore , in spi te of 
indications ( 9 )  that relatively coarse cellular s tructures · 
develop on ageing a dilute Al -Fe al l oy ,  the finely polycrysta­
l l ine struc ture of our second phase would not be expected 
i f  cellular precipi tation ( 1 0 )  were responsible . Al so ,  a cell 
spacing smal ler than typical of zone A would be expected from 
the diffusi on coefficient of Fe in solid Al ( 1 1 )  and the avail­
able time for diffusion ( 2 ) . 
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Thi s  consideration i s  n o  limi tation for solidification ,  how­
ever,  which thus accounts sati sfactorily for the micros truc ­
ture . The absence of dendritic branching and evidence such 
as that of figs . l ,  2a and 2b suggest that the �Al in zone A 
has the rod-like growth morphology which displaces normal 
plate -like cellular-dendri tic growth at high freezing rates 
( 12 ) . Thermodynamic ( 1 3 )  and kinetic (14) c�nsiderations pre­
dict the distribution coefficient k� 1 at sufficiently high 
undercooling or freezing vel oci ty . The magnitude of the lat­
tice parameter change observed ( 1 )  suggests k = 1 might be 
approached in some regions ( e . g .  fig . 2a) . The marked second 
phase pattern elsewhere in zone A implies  a k-value somewhat 
less  than unity . Theory ( 14) predicts  a transi tion range of 
freezing vel ocity in which k increas�s from i t s  equilibrium 
value ( 0 . 03 for Al -Fe )  to uni ty and that the freezing vel ocity 
� 40mm/ � ( 2 )  characteristic of zone A could be in this range . 
I t  i s  easily shown from the Scheil equation ,  as modified ( 15 )  
for s olute back-d.iffusi on ,  that supersaturation even t o  ten 
times equilibriUril ( i . e .  to k = 0 . 3 )  still  allows enough micro­
segregation to form interdendri tic intermetallic . 

Possible mechanisms for the displacement of zone A by zone B 
might involve interface s tability ,  competititive growth or 
nucleation concepts ( 1 ) . Except possibly for regions showing 
no second phase ( fig . 2a) , o(Al in zone A freezes by non;..planar 
growth . Thi s  i s  consi stent wi th the conditional s tability 
cri terion ( 16 )  for the poss ible temperature gradients ( 1 )  and 
growth rates ( 2 )  applicable and with the absolute s tability 
criterion ( 1 6 )  provided k<0 . 75 .  Perturbation theory has not 
yet been developed for suppression of eutectic growth in favour 
of growth of either component phase . Our preliminary s teady 
state experiments however indicate that both coupled eutectic 
and primary FeA1 3 growth are uns table wi th respect to a(Al
growth at applicable growth rates ( 2 ) . The limi ted primary 
intermetallic growth observed in s plats plays a role in act­
ing as centres for «Al growth but there was no clear evidence 
for any more direct role · in giving rise to instabil i ty of zone 
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A relative t o  zone B .  

The key problem i s  then to account for the difference in cell  
spacing be tween zones A and B .  Heat transfer considerations 
( 1 )  and observations on Al -CuA12 eutectic splats ( 2 )  indicate
only small changes in cool ing rate and freezing vel oc i ty with 
posi ti on in the splat thickness . Marked changes  would be 
expected , however , if  a process akin to  a columnar to equiaxed 

crys tal, transi ti on occurred . ·  The earlier sugges tion ( 1 )  that 
zone A was columnar has been confirmed by heavy e tching , and 
electron microscopy indicate s an « Al grain size much l arger 

in zone B than in zone A, as expected if  zone B were equiaxed . 
In ingots ,  however , no discontinuity in dendri te cell  s i ze 
occurs at the columnar/equiaxed boundary �1 7 )  because dendri te 
coarsening ( 1 5 )  can occur in both regions . Thi s coarsening 
cannot occur in zone A since cellular growth appears through­
out . 

The mean hardness  difference between zones A and B can be acc ­
ounted for by modifying , for a continuous second phase , Hansens 

model ( 1 8 )  of hardening by a ne twork of discrete hard particles. 
I f  the Orowan stress required to  force piled-up dislocations 
between particles  is replaced in his analysi s  by the yield 
stress  of a continuous second phase , hardness  values in good 
agreement wi th those reported ( 1 )  for zone A and B can be deri ­

ved . 
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Two s tar plastic/carbon. replica of e tched normal section bf<
an Al 4 / o ( aw / o)  Fe splat ,  showing zone A to B trans.i t-ion •. " 

Electron micrograph of thinned splat ( a) /s}.: za/ o  ( 4W/ o) Fe 
showing cellular growth and areas apparently/fc:ree  of second 
phase  networrk (b )  Al 4a/o  ( 8W/o)  Fe_ showing . primary inter­
metallic acting as growth centre ·foi- - .o< Al . ·  

Single stage carbon replicas of an, e tched section of Al 4a/o  
( 8W/o )  Fe  splat showing cfAl dendrftic  branching and variation 
in amount of identifiable primary intermetallic phase , 
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DISCUSSION 

Did you obtain  samples containing only zone A,  because on 
your fi rst s l ide you showed two distlnt:t zones (A and B) ? 

We obtained samples containing zone A and zone B and 
studied both by rep l ica and transmision e lectron microscopy.  
Zone A had a cel l s ize 0 . 03 ;im, while zone B had one of
0, 3 ;im for Al 4 at% Fe produced by the gun technique .

We have performed some experiments on Al -Fe system and we 
observed g lobular prec ip itates at the ce l l  boundaries . 
How -do-your-observaiTons 1H-tl-tis- fa-et ? 

H .  Jacobs wi l l  speak about it . 




