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ABSTRACT

The materialsunder consideration are binary aluminium-iron alloys (5at.%
to 58at.%) elaborated by high frequency magnetic induction fusion. The
resulting microstructures have been observed by standard metallography,
x-ray powder diffraction and microhardness measurements. Structure of

eutectic Al Fe phase is described within this article.
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Vickers microhardness reachesamaximum of about 900 M PA around 50at.%
Fe. This paper reports some structural features of different Al-Fealloysand
highlights, with the help of experimental observations, metastableAl Fein

Al-17at.%Fe. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Numeroustechnol ogicd applicationsrequiretheuse
of intermetalicaloys. New materid scanbemadere a
tively easily by changing the stoichiometry of theinter-
metdlicdloysandtheir crysta structures. Of particular
interest arethetransition meta duminides, e.g. FeAl,
NiAl, and CoAl, which areresistant to corrosion and
oxidation, haveinteresting magnetic properties¥, and
are used ashigh-temperature structural materialsand
soft magnetic materids. The partial diagram of theor-
der-disorder transformationsin theiron-auminium a-
loyswas established by x-ray crystallographic anaysis
by Rimlinger?. Thisdiagram definesthefid dsof exist-
ence of the Fe, Al (DO3) phaseand FeAl (B2) phases
and providesthecritica temperaturesof thetrangtions.

Characterization of solidification microstructuresis
essentia in many applications. However, the composi -
tion complexity of most technical aloys makessuch
analysisquitedifficult, in particular for copper-based-
loys.

Themain purposeof thisstudy isto determinethe
solidification structure, and phasetransformation after
melting and casting aloyswith different compositions
representing therange of iron contentsin standard alu-
minium alloys, for aninvestigation with X-ray powder
diffractionand qudititativemicrostructureandyss. The
hardnessof thedloyswasalso determined.

EXPERIMENTAL

Thesamplesinthisstudy were obtained by ahigh
frequency inductionfusion. Powder duminium, andiron
(99.999%) in proportions defined according to the
composition aimed of aloy havebeen used. Thetotal
mass of the sampleto be elaborated lies between 8g
and10g. Cold compaction of mixed powder (Al-Fe)
has been achieved to obtain adense product (60%),
intended for high fusion Frequency (HF). Thesample
thusdengfiedisthenplacedinacylindrica duminacru-
cible(Height: 3cm, Diameter: 16mm), whichisintro-
duced into aquartz tube and placed in the coil prior to
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high frequency fusion. After a pumping in primary

vacuum, one beginsthe heating of the sampleby steps,
with ten minutes mai ntenance stage towards 600°c and
goneup until completefusion of thedloys. Figure 1.

Figurel: Shapeand sizeof specimen.

Heat trestment at 500°c during one hour has been
achieved under controlled atmosphere. Light micros-
copy (Philips) has been used for surface observation
TABLE 1. X-ray diffraction andys shasbeen performed
using Philips X-ray diffractometer working with cop-
per anticathode (A = 0.154nm) and covering 110° in
20. Thestructural evolution of variousAl-Fealloysin
relationwith aloyingelement compositionisindicated
inTABLE 1.

WSO

RESULTSAND DISCUSSION

Metastable Al Fe phase appears beside stable
Al FephaseinAl-17.16at. %Fe.

Thebinary alloysAl-Fehaveaconsiderablein-
terest. Their mechanical propertiesaswell asther oxi-
dation behavior were studied in detail®4. Sincethe
detailed study of the system Al-Fe by Kastner!™, sev-
eral new resultswere acquired, other one entersor-
der B, and DO, aswell asvariation of concentration
of vacanciesaccording to thetemperature and com-
position of theiron rich side of the equilibrium phase
diagram.

Intheduminium-2at%irondloys, Figure2, and ac-
cordingtothevaluesof theG /V ratio, atendency to
alignment different from fibers of the eutectic phaseis
noted. Thusfor ahigh gradient (~ 100-150°C/cm), the
aignment of fibersisamost perfect.

Theaspect of theAl Fefibersisthusprimarily in-
fluenced by heat gradient G, : Therateof solidification
playsasecondary roleinthiscase.

Theeutectic phaseAl Fewith monodlinic structure
(=1.549nm,b=0.8nm,c=1.248nm,3 =107°71, space
group C2/m) appearsin the fiber shape parallel with
thedirection of growth of duminium. Figure2.

Thesefibersareactually rather lengthened plates
whosegreat dimensonispardld tothe[111] direction
Figure3.

Habit planesare (100) and (-201) having nearly
thesame anglewith twin plane (001) Figure 2.

Thesefibersareactualy rather lengthened plates

Habit planes: (-201) and (100)
Twin plane: (001)

Figure2: Optical micrograph (inverted contrast) showingAl Fe plateletsphase within aluminium matrix.
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TABLE 1: Sructural evolution of variousAl-Fealloysin relation with alloying element composition at theas-solidified state

and after subsequent heat treatment.

Composition AlgosFenos  AlogoaFep o7

AlogsFepan

Alg g74F €035 AlgsroFep s AlgFeysro

As-salidified structure oAl + AlsFe oAl + AlsFe oAl + AlsFet+ AlgFe  aFet AlFet AlsFe,  Bo(AlFe) + Alb.Fe  By(AlFe) + AlLFe

Composition AlogsFen.05 Alo.gozFe€p.107

AloggFepar

Aloe74F€0.325 AlosroFeps Al sF €579

Annealed structure oAl + AlsFe oAl + AlsFetAlLFe oAl + AlsFet+ AlsFe, aFe + Al Fet AlsFe, By(AlFe) + Al Fe B,(AlFe) + Al Fe

G/V=<100

T [010]

(100)

> [010]
G/ V> 1000
(GL/ ¥V en °Cs/mm)

Figure3: SchematicAl Fephaseplateletsorientation.

whosegreat dimensionisparalel tothe[010] direc-
tion.

For Al-Fe-S dowly solidified alloys, Iglessis® no-
ticed an equilibrium eutectic Al jFe phaseintroducing
(100) planeor closeto (100) well devel oped. For higher
solidification rate, thesurface of Al Fe phasedecreases
on across section and other plans of accollement ap-
pear aswell devel oped.

Somestructura evolution of variousAl-Fedloysin
relationwith aloying e ement composition areindicated
inFigure4and TABLE 1.

ThemetastableAl Fe phase appearsbeside stable
Al FephaseinAl-17.16at. %Fe.

Two factorscan determinethe morphology and the
kind of phaseswhich appearsduring solidification: The
solidification conditionsand the chemical composition
of thedloy.

Figure 5 representsthe eutectic temperature ver-
susthe cooling ratefor theintermetallic compounds
Al FeandAl Fe¥. Thelater appearsfor relatively high
cooling rates. After subsequent heat treatment Al Fe
disappears, leaving placeto equilibrium Al _Fe,com-
pound.

In Figure 6 one notesthat thetwo curvesof varia-
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Figure4: X-ray diffraction pattern of variousAs-solidified
Al-Fealloys.
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Figure5: Temperatureversuscoolingrate®.
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tion of the microhardnessof the as-solidified and heat
treated samplesundergo asimilar form qualitatively.
Between 10% and 30% Fethemicrohardnessremains
almost constant. Beyond 42at.% Fe the value of
microhardness will begin increasing. We notean S
shaped curvefor as-solidified alloyssimilar tothat es-
tablished for Al-Cu dloysdaborated by high frequency
induction fusion!™.

Let usnotethat for Al-Fe deposits®, theintrinsic
microhardnessof thinfilmsincreasesaccordingto the
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maximum in form of plate of 8000 M Palocated be-
tween 45 and 70 %Fe and follows adecrease to reach
that of iron towards 4000M Pa.

Vickers Microhardness
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Figure6: Microhardnessevolution withiron content.

CONCLUSION

Aswe can gather from our discussion, themain

resultsof the present study are:

theas- solidified aloy isaproof of theefficiency of the

The precipitation of ametastable phase asAl Fein

processto produce new or not predicted compounds.

Thehardnessof Al-Fealloyscan beboosted by an

increasein the Fe content. Thehardnessvauesfound
inthiswork arewell beyond theva ueswhich have, till
now, been found. As has been pointed out, theincreas-
ing hardnessof thedloysasthe Fecontent increasesis
explained by theintermetallicAl Feand Al Fe phase
formation. Thesephasesarefound in an eutectic-like
structure nearely throughout the whole composition
range.
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