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Structural inhomogeneity during prbduction
and processing of rapidly solidified AlI-6\Mg-5Fe

alloy
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A study of the structural changes occurring during the processing of a rapidly solidified
powder aluminium alloy has been performed. Considerable microstructural differences have
been noted from among different powder particles and from within the same particle. Three
typical microstructures were observed; small particles exhibited a microcellular structure,
medium-sized particles a dual morphology of microcellular and cellular structure, whilst in the
large particles coarse intermetallics were formed during solidification, acting as nucieation sites
for a cellular aluminium structure. Apart from «-Al three other phases were detected in the
powder microstructure, Fe,Al;;, (Fe, Mn)Alg and an unidentified phase termed “F”. The
formation of both spheres and needle particles was promoted at high temperatures irrespective
of the type of phase (Fe,Al,; or (Fe, Mn)Alg). It has been shown that the heterogeneity of the
microstructural features was maintained during subsequent consolidation via extrusion. The
influence of heating and deformation modifies the microstructures but was insufficient to
produce a uniform microstructure. The decomposition behaviour of the different microstruc-
tures has been examined in detail and the heterogeneities in the extrudate could be related to
the powder microstructure and ultimately the solidification behaviour during atomization. The
microstructural heterogeneity of the extrudates was characterized by the formation of long
bands which normally contained two types of structure. Bands with a high volume fraction of
needle-like precipitates and bands with a high volume fraction of spheroids originated from
the microcellular and coarser cellular structure, respectively.

1. Introduction

Materials which offer the possibility to achieve
superior mechanical properties are under intense
development internationally. The requirements for
higher strength, higher resistance to corrosion, higher
modulus, fatigue and thermal stability stimulated the
development of rapid solidification processes. The
improved properties resulted firstly from a refined
microstructure and secondly from greater chemical
homogeneity [1]. Properties were further improved by
the use of new alloy compositions through the exten-
sion of solute solubility.

The present investigation is an extension of the
research at Imperial College, concerning the study
of Al-Mg alloys [2, 3]. In general, Al-Mg alloys
exhibit medium to high strength, high ductility and
high corrosion resistance. However, solid solution
strengthening by magnesium in the aluminium matrix,
which is the major strengthening mechanism of the
binary Al-Mg alloys, does not improve high-
temperature strength. Transition elements have been
considered to fulfil the requirements for high-
temperature strength. These elements exhibit high
solubility in molten aluminium but low solid-solubility
in aluminium. These qualities together with a low
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diffusion rate in aluminium are one of the require-
ments for high temperature strength which is to
achieve the microstructural stability by the introduc-
tion of a fine dispersion of thermodynamically stable
particles. The volume fraction of suitable dispersoid
particles is limited in conventionally cast systems of
aluminium alloys but may be significantly increased
by rapid solidification, because by using the “rapid
solidification-powder metallurgy” approach the solid
solubility of the transition elements can be con-
siderably increased, e.g. the solubility of iron and
manganese from 0.05wt% and 1.4wt% to 7.9 to
11.7wt% and 11.5 to 16.7wt%, respectively [4].
The effect of transition elements such as chromium,
manganese and iron on an Al-7wt % Mg base alloy
has been shown in a preceding publication [3] to
improve strength levels and the elastic modulus.

It is important to study the evolution of the micro-
structure at each stage, from the liquid droplet to the
engineering material to ascertain any microstructural
changes which may affect product properties. A
detailed understanding and explanation of the solidifi-
cation mechanisms followed by a study of the con-
solidation procedure are essential to control the par-
ameters affecting the final structure and improve the
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mechanical properties. In this paper a microstructural
study of an Al-6Mg-5Fe R/S alloy is presented as
well as a study of the decomposition behaviour of
the metastable microstructure during heating and
thermomechanical processing, whilst emphasis is
placed on any inhomogeneities of the microstructure.
In general, rapidly solidified Al-Fe alloys exhibit a
variety of microstructures depending upon the cooling
rate they have experienced and therefore the size of the
rapidly solidified particulates. Jones [5] has observed
two zones termed zone A and zone B; Adam [6]
reported that P and WA/GPD alloys consist of micro-
eutectic and dendpritic structures, whilst Boettinger [7]
observed four general types of microstructure: micro-
cellular, cellular «-Al, fully eutectic a-Al-Al;Fe and
primary intermetallic Al;Fe structure.

The presence of iron in cast aluminium alloys has a
deleterious effect on properties as a result of the
relatively coarse intermetallic particles formed. How-
ever, the rapid solidification of aluminium iron alloys
has been shown to result in very fine dispersions of
stable FeAl; or metastable FeAly particles and,
therefore, better high-temperature properties than
existing commercial high-temperature aluminium
alloys [8]. Moreover, the alloy studied in the present
work maintains a tensile strength in excess of 550 MPa
at ambient temperatures and the elongation to fracture
is greater than 4% [3].

2. Experimental procedure

The material was supplied by the Aluminum Com-
pany of America in the form of fine powders produced
by using an up-draught air atomizer. The chemical
composition and size distribution are shown in Table L.
The size distribution was conducted by using a Mal-
vern laser particle sizer, whose working principles are
based on the scattering of a laser beam which strikes
an assembly of particles in suspension. The angle of
the diffraction beam is then used to determine the
powder particle size.

The study of the powder microstructure was per-
formed using the nickel foil technique, in which nickel
foils are impregnated with powder particles; the
technique is described in detail elsewhere [2]. Discs of
3 mm diameter were punched from the foil and were
mechanically ground to 50 um thickness. Subsequently
the specimens were either clectropolished in a solution
of 80% ethanol, 10% perchloric acid and 10% 2-
butoxyethanol at —30°C or thinned in a Gatan ion-
beam thinner. In order to study the evolution of the
microstructure and the phase transformations occur-
ring during heating of the powder, cold compacted
pads were subsequently hot compacted at 375°C in
the extrusion press. Thin slices were then processed to

TABLE I (a) Powder chemical composition (wt %)

prepare specimens, using the same grinding and elec-
tropolishing technique as for consolidated material.
The study was performed using a 1000kV HVEM and
a Jeol 120CX transmission electron microscope.

X-ray analysis was performed on the as-received
powder, heat-treated powder and consolidated material
in order to identify the existing phases and to calculate
the lattice parameter of the aluminium matrix. To
determine the effect of heating and hence the micro-
structural stability of the powder, the powder was
encapsulated in silicon tubes in an argon atmosphere
and heat treated at 50° C intervals in the temperature
range from 100 to 500° C. The silicon tubes were water
quenched to ensure rapid cooling of the powder.

The diffraction analysis was carried out in a Philips
diffractometer using filtered CuKu« radiation. The lat-
tice parameter of aluminium was calculated from the
higher order matrix reflections which were plotted
against the Nelson—Riley function and an a, value
obtained by extrapolation.

The powder was cold compacted to billets of approxi-
mately 76% density and then rapidly heated in an
induction furnace and extruded; details concerning
billet preparation and extrusion have been given in a
preceding publication [3]. However, a number of par-
tial extrusions has also been performed in order to
study the flow properties of the material and the
development of the microstructure from powder to a
fully dense product. The partial extrusions were ter-
minated during the steady state, just after a peak
pressure. The partially extruded billets were then
removed from the press and water quenched within
approximately 2 min.

Thin foils were prepared firstly from specimens
extracted from various positions of the partially
extruded billets and secondly from the extrudates
using a conventional electropolishing jet technique in
a methanol solution of 1.5% HNO, and 5% HCIO,.

3. Results and discussion

3.1. Powder microstructure

A significant number of powder particles was examined
in the transmission electron microscope and typical
examples are shown in Figs la to ¢. The structures
were observed to be inhomogeneous varying signifi-
cantly both within individual particles and from par-
ticle to particle. Inhomogeneities existing in individual
particles are shown in Figs la and b. Fig. la is a
cross-section of a powder particle in which regions of
differing microstructure can quite clearly be identified
as well as multiple solidification nucleation points
resulting in several single nucleation events. Fig. 1b
illustrates a particle exhibiting a structural discon-
tinuity of two quite distinct regions. In region A the

Si Fe Mn Mg Cr Ni Zn 0, Al

0.12 5.14 0.80 5.87 0.10 0.01 0.01 0.516 bal.
(b) Size distribution

Size (um) +55 —55 + 337 —33.7 + 23.7 —237 + 17.7 —17.7 + 13.6 —13.6 + 10.5 -10.5
wt % 17.7 28.8 18.5 11.0 6.3 35 14.2
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structure is extremely fine, designated microcellular,
whilst the region marked B has a much coarser cellular
morphology. The microcellular structure is one of a
uniform cellular network of a-Al solid solution with
fine intermetallics at the cell boundaries and it can be
seen that, although the transition from microcellular
to coarse cellular is relatively abrupt, there is a tran-
sition zone over which the cell size gradually increases.
Fig. 1c indicates a microstructural characteristic com-
monly observed in the larger powders in which coarse
primary intermetallic spheroids of about 0.2um
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Figure 1 Powder microstructure. (a} Typical cross-section of
medium-sized powder. (b) Dual microstructure morphology,
microcellular—coarse cellular. (c) Coarse primary intermetallic
particles acting as nucleation sites.

appear to form at commencement of solidification and
act as nucleation sites for a fine cellular aluminium
matrix which extends radially from the intermetallic.

Theoretical predictions concerning the thermal his-
tory of atomized droplets have been published [10-12]
but experimental observations of powder microstruc-
tures and interpretation of the solidification behaviour
to explain the microstructures have been less well
reported. The major factors affecting the particle
thermal history are the droplet size, nucleation under-
cooling, heat extraction rate, recalescence and the
solid—liquid interface velocity. The solidification
model proposed by Levi and Mehrabian [10, 13] sug-
gested two solidification mechanisms; adiabatic and
isothermal. In the adiabatic regime a solid—liquid
interface velocity advances within an undercooled
droplet, accompanied by the release of latent heat
whilst the role of the rate of heat extraction to the
surroundings is negligible. The amount of solid formed
in this regime thus depends upon the size of the par-
ticle and the degree of nucleation undercooling. In the
isothermal regime, rapid solidification is terminated
and the liquid solidifies at a rate determined by heat
transfer to the surroundings.

Clearly the powder microstructures observed can be
related to the solidification events occurring which are
related to the particle size and hence the atomization
process. A decrease in the liquid droplet size encour-
ages greater nucleation undercooling and hence the
propensity for adiabatic solidification. In the smaller
droplets nucleation occurred heterogeneously at the
droplet surface and solidification proceeded into the



bulk of the liquid. Large undercooling created the
force for a very high velocity solidification front which
resulted in the formation of the microcellular structure
at a strongly diffusion controlled plane front. As
solidification proceeded recalescence occurred due
to the release ot latent heat and at a rate dependent
upon the volume solidified. This reduced the solidifi-
cation front velocity until below some critical value a
cellular front was formed. Completely microcellular
structures were typical of the finest powders observed
whilst the medium-size powder exhibited a dual mor-
phology; microcellular and cellular. In the large drop-
lets solidification seemed to have been in the isother-
mal regime; the slower heat extraction rate allowing
the formation of randomly distributed solute-rich
particles which acted as nucleation sites for any fur-
ther solidification. Similar coarse morphologies have
been reported by Sheppard and Zaidi [14] in an Al-
Fe—Mn alloy suggesting that it is the addition of iron
which produces these intermetallics. It is certain that
magnesium cannot create such particles because pow-
ders containing magnesium additions of up to 15wt %
exhibit only cellular morphologies [2].

The microcellular type of structure has been
observed in other Al-Fe alloys subjected to high
solidification rates [5—7]; the fine microstructure being
described by differing terminologies including one
instance [6] in which the intercellular structure was
reported as amorphous. Clearly the iron addition
plays the dominant role during solidification of the
Al-Mg-Fe alloy promoting an extremely hetero-
geneous microstructure.

3.2. Phase identification
X-ray diffraction analysis revealed three intermetallic
phases to be present in the as-atomized powder; equi-

Figure 2 Characteristic electron diffraction pattern from the micro-
cellular type of structure.

librium Al;Fe, (ASTM 29-42), metastable Als—
(Fe, Mn) (ASTM 6-0665) and an unidentified phase
designated F. The major reflections identified from the
analysis are given in Table IT which also shows the
reported d-spacing for Al;Fe, and Als(Fe, Mn).
There is no available information in the literature to
aid in identifying the “F” phase of this alloy; clearly
it must be the result of the iron addition because a

TABLE II Experimentally determined d-spacings (nm) and summary of X-ray analysis

Refl. No. Metastable “F” Fe, Al (Fe, Mn); Al
Elect DP X-ray DP (ASTM 29-42) [17] (ASTM 6-0665) [18]}
Reported Observed Reported Observed
1 0.3645 0.2095 0.2097 0.2081 0.2086
2 0.2475 0.2049* 0.2269 0.22681
3 0.2455 0.2041* 0.2153 0.2141
4 0.2227 0.2101 0.2104 0.2027*
5 0.2120 0.2122 0.2031* 0.1892 0.1890
6 0.1510 0.1513 0.2021* 0.1478 0.1470
7 0.1291 0.1291 0.3545 0.3527 0.4925 0.4901
8 0.1071 0.2015* 0.2621 0.2614
9 0.3962 0.3970 0.2535 0.2522
10 0.4040 0.4040 0.2217 0.2206
11 0.3674 0.3674 0.2187 0.2176
12 0.3268 0.3272
13 0.2062*
14 0.4064 0.4058
Reflections recorded
Powder
as received 350°C 1h 1,2,3,4,5,6,7 1,4 1,2,3
450°C 1h no 1,4,7,9,10, 11, 12, 14 [,2,3,5, 10, 11
500°C 1h no 1,4,7,9,10, 11, 12, 14 1,23,5, , 10, 11
Extrudates
450°C 20:1 no 1,4,7,9,10, 11, 12, 14 1,2,3,5, 10, 11
500°C 50:1 no 1,4,7,9, 10,11, 12, 14 1,2,3,5 , 10, 11

*Reflections superimposed on an aluminium pattern.



comprehensive study of the Al-Mg system by Tan [2]
did not report the presence of any new phases.

Fig. 2 is an electron diffraction pattern of the micro-
cellular type structure. The ring pattern superimposed
on a spot a-Al pattern (zone axis [T 1 1]) is consistent
with an intercellular network consisting of fine ran-
domly oriented second-phase particles. The reflections
of these crystallites correspond to the unidentified “F”
phase in the X-ray analysis (Table I). Jacobs et al. [15]
observed similar fine structures in an Al-8Fe alloy
whilst Adam [6] in an analysis of an Al-8Fe-2Mo
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Figure 3 Microstructures from three annealing temperatures:
(@) 350°C, (b) 450°C, (c) 550°C.

alloy claimed that the intercellular network was amorph-
ous and of approximate composition Al(Fe, Mo).

Electron diffraction patterns of the intermetallic in
the coarser structures could not be obtained because
of the greater foil thicknesses required using the nickel
substrate technique. However, it seems very probable
that these are either Fe,Alj; or (Fe, Mn)Al, because
the solidification rates experienced by the particles
exhibiting coarser structures (i.e. the larger particles)
will have been much slower than the particles in which
microcellular regions were observed. Identical sphe-
roids have been reported in both coarse and fine struc-
tures of Al-8%Fe splats [15].

The reflections from the a-Al were broader and
moved towards lower diffraction angles when com-
pared with other rapidly solidified Al-Fe alloys indi-
cating an increase of the lattice parameter of alu-
minium which must be caused by the magnesium which
when in solution expands the lattice of aluminium.

3.3. Heat-treated powder

The consolidation of rapidly solidified powder to pro-
duce a fully dense product involves thermomechanical
processing which may or may not involve prolonged
exposure to high temperatures which is likely to modify
the particle microstructure. It is thus important to
establish the stability of the phases present in the
atomized particles. Representative samples of powder
were thus contained in silicon tubes and heated within
the hot-working range (350 to 550° C) for 1h before
quenching. It was considered that this time would
exceed that experienced by the powder in any practical
processing. Figs 3a to c illustrate the structures
observed within the hot-working range. At 350°C



there was no apparent change from that observed
previously indicating the stability of the alloy at this
temperature. X-ray analysis confirmed that the phases
remained unchanged and the metastable F-phase
untransformed. Increasing the temperature of exposure
resulted in considerable changes of microstructure
producing a uniform distribution of needle and plate
type precipitates as shown in Figs 3b and c. The
micrographs shown are representative of most of the
powder particles observed and one must conclude that
the microstructure is modified by heating. In addition,
the metastable “F” phase was transformed; the X-ray
results indicate that in powder treated at 450° C only
Fe,Al,; and (FeMn)Al could be identified.

In situ experiments in the HVEM were performed in
order to establish the structural transformations
occurring more clearly. The powder for the experi-
ment was compacted to 100% density at 375°C
and Fig. 4a shows that this short heat treatment and
minimal deformation had little effect on the powder
microstructure.

Fig. 4a shows the complete cross-section of a par-
ticle exhibiting the dual morphology discussed
previously. Region M contains the fine microcellular
solidification structure whilst the coarser, post recal-
escence morphology constitutes region C. This speci-
men was heated slowly to 400° C (15min) and held for
90 min whilst the structural changes were observed.
During heat-up (Fig. 4b) minor changes to the struc-
ture occurred; small discrete precipitates nucleated
in region M whilst the coarser structure remained
unchanged. After 8 min exposure at 400°C, needle
and spherical precipitates formed in both regions
although the needle-type precipitates were less pro-
nounced in region C. Thus at this stage the structure
is inhomogeneous exhibiting discrete zones of varying
structure corresponding to the original morphologies.
After 20min the volume fraction of precipitates
increased in each zone (Fig. 4c) and needle-type pre-
cipitates could clearly be observed in the coarse mor-
phology region. After 45min the differing zones still
existed but were not as prominent whilst after 90 min
the precipitates coarsened throughout the particle, the
structure became almost homogeneous and the differ-
ing zones were barely distinguishable (Fig. 4d). The
transformation is thus gradual with a larger volume
fraction of needle-type precipitates being nucleated in
the fine microcellular structure but coarsening rapidly
during the period 45 to 90 min such that the micro-
structure is almost homogeneous after 90 min.

3.4. Lattice parameter

Fig. 5 shows the variation of the aluminium lattice
parameter with exposure to temperature. In the as-
received powder the reflections of a-Al appear at lower
diffraction angles to pure aluminium indicating the
extension of solid solubility of the alloying elements in
the aluminium lattice. The gradual increase of the
lattice parameter with temperature (up to 300°C) is
consistent with the growth of second-phase particles
indicating that manganese and iron precipitate leaving
the magnesium in solid solution. At 350°C there is a
more significant increase in the aluminium lattice par-

ameter which is a result of the decomposition of the
intercellular region and of magnesium being taken
into solution. Mondolfo {16] has reported that the
lattice parameter of aluminium is practically unchanged
by iron contents up to the equilibrium solubility limit
(0.05% Fe) but is decreased to 0.04012nm when
8.4% Fe is retained in solution. Clearly then the
increase of the lattice parameter from 0.4071 nm in the
atomised powder to 0.4078 nm at 500°C must be a
result of redistribution of magnesium.

3.5 Development of structure during
extrusion

In this work, the powders were not subjected to a hot
pressing and degassing step and hence the extrusion
process converted the 76% dense cold compact to a
100% dense engineering material. The microstruc-
tural changes occurring within the extrusion chamber
were observed by stopping the ram just after peak
pressure had been reached and rapidly quenching the
partially extruded billet.

Fig. 6 includes a schematic diagram of a billet par-
tially extruded after being heated to 400°C at an
extrusion ratio of 20:1 and indicates the position
from which specimens were extracted from the billet
for microscopic examination. The structures of the
specimens extracted from the dead metal zone and
from the back end of the billet were not dissimilar. The
dead metal zone structure is shown in Fig. 6a to
consist of tightly packed powder particles clearly
defined by the oxide surface film formed during atomiz-
ation. The particles have been plastically deformed
but only sufficiently to ensure their rearrangement
into a fully dense structure; the inhomogeneity of
the structure generally reflecting that of the initial
powder structure. At this location, adjacent particles
having very different microstructures were frequently
observed. Particle A for example can be seen to consist
of coarse dispersoids, particle B has a high volume
fraction of needle-shaped precipitates and particle C
exhibits a coarse structure with a low volume fraction
of precipitates. Inhomogeneities can also be detected
on a smaller scale but within the same powder particle;
coarse and fine dispersoids can clearly be seen in
regions D, and D, which are not separated by any
clearly defined oxide interface. As the particles enter
the shear zone they are elongated as shown in Fig. 6b
and although the oxide film can still be identified it is
ruptured, forming at this juncture, coarse stringers
within the material (indicated in Fig. 6b). The needle-
shaped precipitates have been aligned in the flow
direction and some coarsening of both precipitates
and spheroids can be observed. As the material flows
through the shear zone the individual particles lose
their identity, interparticle bonds are formed and the
oxide layer fragmented (Fig. 6c) such that eventually
the oxide can no longer be identified (Fig. 6d). Fig. 6d
also illustrates the formation of a substructure which
at this stage is equiaxed. X-ray analysis revealed three
phases to be present in locations such as in Fig. 6c;
a-Al, Fe,Al;; and (Fe, Mn)Al,. These reflections from
the shear band were sharper indicating that during
plastic deformation the kinetics of coarsening is
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Figure 4 Structural changes during in situ heating of hot compacted powder specimens (375° C). (a) Starting microstructure. (b) 400° C, just

after the heating up period. (c) 20 min at 400° C. (d) 90 min at 400°C.

considerably enhanced by the imposed shear stresses.
The rapid billet heating (5 to 8 min) did not contribute
to homogenization of the microstructure, and the dead
metal zone gives an indication of powder that has
experienced rapid heating and only purely compressive
deformation; it is clear that if homogenization is
required the powder would require prolonged exposure
at elevated temperature. Comparison of the structures
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in Figs 3, 4 and 6a suggests that the small degree of
plastic deformation influences the rate of change due
to enhanced atomic mobility and increases in billet
temperature. Moreover, by comparing Figs 3, 4 and
6d, the conclusion can be drawn that it would not be
possible to reproduce the structures obtained by the
superimposed shear and temperature inherent in the
extrusion process by any purely thermal processes.
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Figure 5 Variation of the lattice parameter of aluminium with heat
treatment temperature (1 h duration).

3.6. Extrudate structure

The previous section has indicated that the extrusion
process does not remove all of the heterogeneity of the
individual atomized powders and hence it is not sur-
prising that the extrudate microstructure was also not
homogeneous. The strains imposed upon the powder
particles vary for each path through the deformation
zone but all are sufficient to ensure that the extrudate
exhibits a fibrous structure which is evident in Fig. 7a.
Fig. 7a also illustrates the inhomogeneity of the struc-
ture where bands of differing structure (presumably
from different particles) can be observed aligned in the
extrusion direction. In general the original oxide film
could not be detected having been fragmented into
submicrometre size dispersoids. There was no evi-
dence of oxide stringers which have been reported
by other workers [2, 9] but in at least one of these

works [9] the oxide content of the powder was sig-
nificantly higher. Stringers would not then seem
to be a particular problem, unless the atomizing
conditions are such that high oxide content is
produced. This does not presume that oxide dis-
persoids are not harmful; this has yet to be thoroughly
investigated.

The size of both subgrains and dispersoids are a
function of the processing condition in which the
temperature of extrusion assumes the dominant role.
The subgrain size was observed to be heterogeneous at
all extrusion temperatures due to the inhibition of
dislocation and subgrain boundary motion by the
high volume of precipitates distributed throughout the
matrix. The microstructural heterogeneity was in
general characterized by a banding phenomenon
which contained two discrete morphologies. Fig. 7b
shows such a band in which a high volume of dis-
persoids are distributed at sub-grain boundaries; such
structures clearly having originated from powder
particles with a coarse cellular structure. Bands con-
taining a high volume fraction of needle-type precipi-
tates aligned in the extrusion direction co-existing
with spherical dispersoids within the matrix (Fig. 7c)
were also a common feature in the extrudate. These
latter bands originate from the microcellular structure
observed in the powder particles with transformation
occurring during the thermomechanical process. The
“F” phase was not identified in the processed material
in which the dispersoids are precipitates of either
Fe,Al;; or (Fe, Mn)Al,.

Figure 6 Microstructures from the indicated locations from a partially extruded billet (400°C, 20: 1) during the steady state.
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4. Conclusions

1. The inhomogeneity observed in the microstructure
of the powder particles is an indication of differing
solidification behaviour. Small particles exhibit a
microcellular structure, medium size a dual mor-
phology which is microcellular and cellular, whilst in
the large particles coarse intermetallics formed during
solidification, act as nucleation sites for the formation
of a-Al cells.

2. Structural variations within the same powder
particle have been attributed to different interface
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Figure 7 Extrudate microstructure. (a) fibrous extrusion structure.
(b) bands with high volume fraction of dispersoids originated from
the coarse cellular structure. (¢) bands with high volume fraction of
needle-shaped precipitates aligned in the extrusion direction, origin-
ated from the microcellular type of structure.

velocities caused by the degree of nucleation under-
cooling and also by recalescence.

3. Two intermetallics, Al;(Fe, Mn) and Al;Fe,
were identified in the powder particles. An unidenti-
fied phase was also observed in the microcellular sol-
idification structure and designated “F”.

4. Whern loose powder is heated temperatures above
400° C are required to coarsen the Als(Fe, Mn) and
Al;Fe, phases which then assume ecither needle or
spheroidal morphologies. The initial heterogeneous
microstructure is retained until temperatures of about
550° C are encountered.

5. Transformation is much more rapid during the
extrusion process when the microcellular transforms
into fine needle and spheroidal precipitates whilst the
cellular structure transforms to a coarser morphology
containing mainly spheroidal precipitates. The “F”
phase cannot be identified following extrusion.

6. The extrudate microstructure is also hetero-
geneous and is related to the powder structure. The
structure consists of subgrains of varying size and a
non-uniform distribution of spheroidal and needle-
type precipitates of (Fe, Mn)Aly and Fe,Al;. Fre-
quently banding of dissimilar structures occurs.
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