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1. INTRODUCTION

Many technological properties of the commercial aluminium alloys are due to the presence
of the intermetallic phases as microstructure components. Some group of these alloys can be
considered as a part of the high Al portion of the multicomponent Al-Si-TM-Cu-Mg system
(where TM - transition metals) [1-3]. The phase composition of the material is some
superposition of the series of binary, ternary and quaternary equilibrium diagrams.
Complexity of this system causes that only the simple systems were investigated as a model
of the alloy microstructure. Total amount of the intermetallic phases, containing transition
metals Fe and Mn, produced in commercial alloys can be estimated as several thousands
tonnes a year. The structure, morphology and thermodynamics of these phases are still
examined using more and more detailed method because of their important part in the process
of the optimisation of the material utility. In spite the ternary both Al-Fe-Si [1,4,5] and Al-
Mn-Si [1,2,6-9] systems seem to be well known, the thermodynamic and kinetic factors
forming morphology of phase precipitates should be established in more detail. The need of
such investigations is particularly self-evident in case of the quaternary Al-Mn-Fe-Si system
[10,11] which approximates a large number of the phase components in both commercial
alloys of 3xxx series and residual liquid (interdendritic areas) in Al-Si cast alloys.

The equilibrium cubic phase o-AIMnSi arises in Al-rich alloys as a product of two invariant
peritectic reactions: L+B-AIMnSi—AlgMn+0—AIMnSi
L+AlsMn—Al+o-AlMnSi

Intermetallic phases precipitated from the liquid both metastable B-AlMnSi and stable
AlgMn form during invariant eutectic reactions. Presence of other transition element as Fe or
Cr introduces the modifications, sometimes of a great importance, into precipitation processes
and final morphology of the microstructure components. The effect of the Fe addition on the
transformation of the metastable B-AlMnSi into stable a-AlMnSi phase has not been still
determined. More data is attainable with regard to the effect of transition elements (Mn, Cr)
on the phases in the Al-Fe-Si alloys, especially on the substrate and products of the reactions
(phase transformations) taking part during alloy solidification [1-15]. Analysis of the
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chemical composition of a-AlMnSi phase particles precipitated from alloys of different
composition [16] showed that observed differentiation concerned mainly Si and Al contents.
It was assumed that this variety of Si concentration could be explained by following
mechanisms of mutual substitution of the atoms in the crystal lattice [16]:

¢ simple one-for-one Al«Si substitution stated in ternary phases both o-AlFeSi and

Oc-AlMnSi

e occupation of the vacant Al lattice sites by Si (observed in Al;Fe phase)

e Si substitution for Mn (stated in presence of Zn atoms)
The content of the transition metal Mn was rather stable as in the case of the Fe in the ternary
AlFeSi phases. The Fe«»Mn substitution in the crystal lattice of the cubic quaternary phase
AlFe(Mn)Si, difficult for direct observation, could be indirectly proved by relatively stable
summary content. However, an addition Mn into ternary AlFeSi alloy evolved modification of
the cubic AlFe(Mn) phase morphology and influenced the course of the peritectic
transformation L+Al;Fe—Al+AlFe(Mn)Si [17]. In alloys in which a-AlMn(Fe)Si phase was
the primary solidifying phase the occupation of the crystal lattice by Si atoms seemed to be
determined by Fe/Mn ratio. There is no data concerning the part of this factor on the course of
the peritectic transformation L+f-AIMnSi— AlgMn+0AIMnSi.

2. EXPERIMENTAL DATA

2.1. Material for experiments

Materials for experiments were synthetic AIMn6Si3 alloys with addition of 0.5%wt and
2.0%wt Fe. Additionally 0.15%wt and 0.5%wt Cr were added into AIMn11Si3Fe0.5 alloy.
The AIMn(FeCr)Si alloys were prepared from pure components: Al4N, AlSi, AlFe, AlCr
master alloys and Mn. This chemical composition was chosen to examine the process of the
formation of the intermetallic phases AlMnSi during the peritectic transformation
L+ B—AIMnSi—AlgMn+0—AIMnSi in range of the silicon content lower than in previously
published works [6-10]. The components were melted in the induction furnace with Ar
protective atmosphere and poured into graphite crucibles. The specimens for examinations
were cut from ingots obtained in this manner and examined in the as-cast state.

2.2 Examinations of microstructure and chemical composition of the phase precipitates

The microstructure of the alloys was observed on the metallographic microsections etched
with reagent: solution of 1%HF in distilled water. The microscopic observations were carried
out by means of the metallographic light microscope Neophot 32 and scanning electron
microscope Stereoscan 420. The chemical composition of the phase components was
estimated by X-ray microanalysis method using EDS microanalyser with ISIS 300 system
coupled to SEM S420.

3. RESULTS OF EXAMINATIONS

3.1. Microstructure of the examined alloys

Microstructure of the examined alloys is presented in Figs.1-3. One can see that the
peritectic transformation occurred in the investigated range of alloy composition, but
equilibrium microstructure state was not achieved. In alloy AlSi3Mn6 the primary precipitates
of the B—AIMnSi phase were covered with a product of the peritectic transformation in shape
of the layer of a-AlMnSi phase. These processes advanced as Fe was added into alloy. In
Figs. 2a,b there are visible changes of the profile of the a-AlMnSi/ a-Al interface due to Fe
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addition. Irregular profile of the interface in the ternary Al-Mn-Si alloy (Fig.1b) became
transformed into Chinese script when 0.5%Fe was added (Fig.2a) and then (in alloy
containing 2.0%Fe) the contours of the polyhedra of the new phase started to be visible
(Fig.2b). Isolated Chinese script precipitates present in all the examined alloys were
constituents of the polyphase eutectic: Al+a -AlMn(Fe)Si+Si, solidifying in the residual
liquid. Chromium addition stimulated the characteristic dendrite morphology of the
intermetallic a-AlMn(FeCr)Si phase (Fig.3a) and an appearance of its separated polyhedra.
The primary phase -AIMnSi was covered with the peritectic phase layer of the characteristic
"polygonal"profile (Fig.3b,c).

Fig.2. Microstructure of AlISi3Mn6Fe alloy, SEM; a/ AlSi3Mn6Fe0.5, mag.4000x,
b/ AlSi3Mn6Fe2.0, mag.4000x

Fig.3.  Microstructure  of  the
AlSi3Mn6Fe0.5Cr0.1 alloy, a/ LM,
mag. 200x, b/ microregion 1, LM.
mag. 1000x, c/ microregion 2,
SEM. mag. 4000x

3.2. Results of the X-ray microanalysis
Results of the estimation of the chemical composition of the phase components of the
examined alloys allowed distinguishing three groups of the precipitates: primary precipitates
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(lower Si), secondary precipitates - peritectic phase (higher Si) and precipitates in the residual
liquid regions (higher both Si and Fe).

The maps of distribution of the alloy components in the three-phase microregion (Fig.4a)
show the central microregion containing mainly Mn (Fig.4c) and Si (Fig.4d), surrounded with
the layer enriched in Fe (Fig.4b) and Si (Fig.4d). The contour of the layer enriched in Fe
(Fig.4b) corresponded to the peritectic transformation product (Fig.4a), while the Si
distribution map (Fig. 4d) showed the presence of the larger region enriched in this element.
The differentiation in the Si and Fe contents between primary and peritectic phase was clearly
visible in the concentration maps. The differentiation in the Mn content in these phases was
not very clearly revealed (Fig.4c) on the Mn distribution map; nevertheless it was detected
and estimated by means of the point analysis. The summary amount of the transition metals in
the primary phase B-AIMnSi was about 38%wt. (Fig.5a,b) whilst the Si content was estimated
as equal 5.6%wt. The peritectic phase o-AIMnSi contained of 31%wt. of the Mn (+Fe) and
higher amount of Si (6-7.5%wt in average). The transition metals summary content
corresponding to the previously established limits of the Mn was considered the criterion of
these phases identification together with the solidification sequence, revealed on the
metallographic microsections (Figs.1-3,4a). The Fe content detected in the primary phase was
lower than in the peritectic phase. It was stated that the precipitates forming in the successive
stages of the alloy solidification (also in the residual liquid) were enriched in this element
(Fig.5b). Chromium was almost entirely cumulated in both primary (0.6%wt) and peritectic
(0.4%wt) phases. It was not detected in the particles precipitated in the residual liquid. Silicon
concentration in the AIMnSi phases particles was influenced by alloy composition (Table 1,
Fig.6) especially in the a-AlMnSi. In Fig.6 the dependence of the Si concentration in the
intermetallic phases, primary () and peritectic (o), on the Si content in alloy was shown.

Table 1. Chemical composition of the intermetallic phases

9%0Fe(wt) in alloy 0.5 2.0

Mn/Fe in alloy 10 2.5

. primary 44 5.2

Mn/Fe in phase peritectic 31 4.5
. primary 5.7 5.6

% (wOSiin phase peritectic 7.7 6.3

Fig. 4. Microstructure of AlSi3Mn11Fe2.0 alloy; a/ SEM, mag.8500x, b/ map of distribution
of Fe, ¢/ map of distribution of Mn, d/ map of distribution of Si
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One can see that the trend stated in the high Si alloys [5-7,9,16] can be extended for alloys
of lower Si content, examined in the present work and reported in [17]. It corresponds with an
assumption that Si atoms occupy the vacancies in the lattice before replacing Al atoms.

The very initial results obtained in this work show that Si content is rather stable in the
primary phase (Fig.6, Table 1) while Si concentration in the peritectic phase seems to be
influenced by the Fe content in alloy.

In the examined alloys the equilibrium state was not achieved, so simple explanation of
this relationships could not be presented. First of all some increase in the density of the phase
takes place when a heavier Fe atoms substitute for Mn in the lattice. However others factors
should be taken into account such as changing value of the electron concentration e/a when Fe
atoms were building in the crystal lattice. Moreover the important decrease in the volume of
the unit cell when one Fe atom was build in [16] could be explained by an increase in the
vacancy number. The occupation of these vacant lattice sites by large Si atoms might be
difficult and then its content in the ot -AIMnSi phase particles would be reduced.
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Fig.5. Concentration of the transition metals Mn and Fe in the intermetallic phases o -AIMnSi
and 3 -AIMnSi in dependence on Fe content in the alloy (0—1 Chinese script, 0—2 separate
polyhedron)
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Fig.6. Si concentration in intermetallic phase in dependence on Si content in alloy Al-Mn-Si
&- phase @, acc. to [9,16]¢ - phase o, acc.to present work, gg- phase B, acc. to present work.

4. CONCLUSIONS

e In the examined alloys the stable phase o—AlMn(FeCr)Si has formed during
peritectic transformation from primary metastable high-temperature phase: L+p-
AIMnSi—0—AIMnSi and in the residual liquid as a constituent of polyphase eutectic.

e The transition metals Fe and Cr added into ternary Al-Mn-Si alloy were gathered mainly in
the stable o—AlMnSi phase. The Fe concentration in this phase was higher as the
temperature of its formation was lower, i. e. an increase in the Fe content was observed in
the eutectic precipitate of the a—AlMnSi phase.
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e Concentration of Si in the o—AIMnSi phase was influenced by the content in the alloy of
both Si and Fe.

REFERENCES

1. Mondolfo L.: Aluminium Alloys: Structure and Properties, Butterworths, London-Boston,
1982

2. Petzow G., Effenberg G.: Ternary alloys, A Comprehensive Compendium of Evaluated
Constitutional Data and Phase Diagrams, ASM International, USA, 1992

3. Phragmen G.: On the phases occurring in alloys of aluminium with copper, magnesium,
manganese, iron, and silicon, Journal of the Institute of Metals, 77 (1950), 489-552

4. Stefaniay V., Griger.A., Turmezey T: Intermetallic phases in the aluminium-side corner
of the AlFeSi-alloy system, Journal of Materials Science, 22 (1987), 539-546

5. Cooper M.: The crystal structure of the ternary alloy au(AlFeSi), Acta Cryst., 23 (1967),
1106-1107

6. Cooper M., Robinson K.: The crystal structure of the ternary alloy o-(AlIMnSi), Acta
Cryst. 20 (1966), 614-617

7. Redford K., Tibbals J.E.: Calorimetric data for a-AIMnSi and the a-to-f3 decomposition,
Thermochimica Acta, 158 (2000), No.1, 115-123

8. Robinson K.:The structure of B(AIMnSi)-Mn3SiAly, Acta Cryst., 5 (1952), No.4, 102207-
403

9. Zakharov A.M., Gulcyn L.T., Arnold A.A., Macenko J.A.: Issledowanie systemy Al-Si-
Mn v intervale koncentracji 10-14%Si, 0-4%Mn. Izv. VUZ., Cvetn. Met., (1988), No.2,
90-94

10. Munson D.: A clarification of the phases occurring in aluminium-rich aluminium—iron-
silicon alloys, with particular reference the ternary phase a-AlFeSi, Journal of the Institute
of Metals, 95 (1967), 217-219

11. Barlock J.G, Mondolfo L.: Structure of some aluminium-iron-magnesium-manganese-
silicon alloys, Z. Metallkunde, 66 (1975) 10, 605-611

12. Warmuzek M., Gazda A.: An analysis of cooling rate influence on the sequence of
intermetallic phases precipitation in some commercial Al-alloys, J. Anal. At. Spectrom, 3
(1999) 14, 535-537

13. Warmuzek M., Jasna B.: An analysis of the Al(FeMn)Si phase precipitation on the
primary intermediate phase/metal matrix interface in an alloy designed for hot rolling.
EMAS 97, 5th European Workshop on Modern Developments and Applications in
Microbeam Analysis, 11- 15 May 1997, Torquay, U.K. 368

14. Jasna B., Bonderek Z., Warmuzek M.: Intermetallic phases formed in Al-Fe-X-Si alloys
(where X -Mn, Cu). Proc. of the 14th Conference on Applied Crystallography, 22-26
August 1994, Cieszyn

15. Warmuzek M., Lech Z., Sek-Sas G.: Mikrostrukturalny aspekt obecnosci metali
przejsciowych (Fe, Mn, Cr) w stopach Al-Si. Migdzynarodowa Konferencja Naukowo-
Techniczna, Odlewnictwo Metali Niezelaznych: Nauka-Technologie, 6-8 czerwca 2002,
Lucien

16. Tibbals J.E., DavisR.L., Parker B.A.: Al-Si substitution in o-phase AIMnSi, Journal of
Material Science, 24 (1989), 2177-2182

17. Warmuzek. M., Sieniawski J., Gazda A., Mréwka G.: Processes of the formation of the
Fe(Mn)-bearing intermetallic phases in the Al-Fe-(Mn)-Si alloys, will be published in ASM,
No.4



