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Abstract

Solidification of AlSiFe alloys was studied using a directional solidification facility and the CALPHAD technique was applied to calculate
phase diagrams and to predict occurring phases. The specimens solidified by electromagnetic stirring showed segregation across, and the
measured chemical compositions were transferred into phase diagrams. The ternary phase diagrams presented different solidification paths
caused by segregation in each selected specimen. The property diagrams showed modification in the sequence and precipitation
temperature of the phases. It is proposed in the study to use thermodynamic calculations with Thermo-Calc which enables us to visualize
the mushy zone in directional solidification. 2D maps based on property diagrams show a mushy zone with a liquid channel in the
AlSi7Fel.0 specimen center, where significant mass fraction (33%) of B-AlsFeSi phases may precipitate before a-Al dendrites form.
Otherwise liquid channel occurred almost empty of B in AISi7Fe0.5 specimen and completely without B in AlSi9Fe0.2. The property
diagrams revealed also possible formation of a—AlgFe,Si phases.

Keywords: Aluminum alloys, Directional solidification, Mushy zone, CALPHAD, Fe intermetallics, B-AlsFeSi

and thermomechanical properties in a studied system. The

1. Introduction

The design of industrial processes requires understanding of
the relationship between composition, microstructure and process
conditions. In materials science, the complex correlations can be
described as phase diagrams, for simple and complicated
materials systems. The equilibrium phase diagram mainly
presents the regions where substances or phases are stable and
two or more of them coexist. The very extensive study of phase
diagrams was presented by Massalski [1]. The modern technique
CALPHAD (CALculation of PHAse Diagrams) can be applied to
model thermodynamic properties of occurring phases and to
predict behavior and interactions between phases [2,3]. The
CALPHAD [3,4,5] method requires data bases with theoretical
and experimentally received information about phases equilibria

interrelations between phases and each phase are modeled with
the Gibbs free energy, using mathematical modeling aided by
some parameters [3,4,5]. It is not possible to receive a precise
description of the values of the Gibbs energy of a complex system
with analytical equations. The parameters for phases description
or the relationship are gained by fitting the model to existing
information. After collecting data bases, models and parameters,
it is possible to calculate the phase diagram especially in regions
without experimental data or for metastable states and for multi-
component system [3,4,5].

Cast aluminum alloys are cost-effective materials due to the
low melting point and high strength. The most important cast
aluminum alloy system is Al-Si, where silicon (4.0-13%)
contribute to give good casting properties. Aluminum alloys are
widely used in engineering structures and components where light
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weight or corrosion resistance is required, especially in
automotive industry. Alloys composed mostly of aluminum have
been very important in aircraft and aerospace manufacturing and
still competitive to plastic composites. The microstructure of AlSi
alloys consist of a-Al dendrites, Al-Si eutectic and other phases
by presence of Mn, Fe, Mg, Cu and other elements. Aluminum
alloys with even small amounts of iron causes formation of
intermediate Fe-rich phases like the deleterious monoclinic /-
AlsFeSi (Fig. 1 and 2, for interpretation of the references to color
in all figures legend, the reader is referred to the web version of
this article).
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Fig. 1a. Ternary phase diagram — Al-Si-Fe system
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Fig. 1b. Ternary phase diagram — Al-Si-Fe system
— Liquidus projection of Al rich corner

One of the important research techniques is directional
solidification technology. The directional solidification allows to
control cooling rate and temperature gradient in broad range
inside the solidifying directionally specimens and to study
interface evolution, solute redistribution, phase selection and
crystal growth instability [6,7]. Well known are instruments of
Czochralski [8], Bridgman-Stockbarger [9] and Chalmers. One of
the methods for conduction of directional solidification is the
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aerogel based power down method that uses two controlled
heaters [10,11,12].

In the current paper we applied the thermodynamic
calculations for estimation of the mushy zone and prediction of
phases precipitation in directional solidification [10,12]
experiments of AlSi alloys with Fe-rich intermetallics. The
software package Thermo-Calc [13] was used for calculation of
ternary phase diagrams, Scheil solidification and property
diagrams and to create 2D maps of the mushy zone.

2

o-Al + B—A15FeSI + A113Fe4

a-Al + B-AlsFeSi + Si
T
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Fig. 2. Ternary phase diagram — Al-Si-Fe system
— Isothermal section at 20 °C

2. Methodology

For the studied alloys and their properties we have applied
Thermo-Calc 4.1 [13] software (using the CALPHAD approach)
with TCAI3 (TCS Al-based alloys database v.3) and MOBAI3
(TCS Al-alloys mobility database v.3) databases. Thermo-Calc
can be used for a wide variety of applications like calculation of:
stable and meta-stable heterogeneous phase equilibria, amounts of
phases and their compositions as a function of temperature and
chemistry, phase transformation temperatures, such as liquidus,
solidus, phase diagrams, binary, ternary and isoplethal and
isothermal sections for higher order systems, thermochemical data
such as enthalpies, heat capacity and activities, driving force for
phase transformations, solidification applying the Scheil-Gulliver
model.

For the study we made use of the part of the experimental
results [14,15] for aluminum alloys with 5, 7 and 9 wt.% Si and
0.2, 0.5 and 1.0 wt.% Fe prepared from pure components: Al
(99.999% Hydro Aluminum Deutschland GmbH), Si (Crystal
Growth  Laboratory, Berlin, Germany) and Fe from
ferroaluminum (50 wt.% Al-50 wt.% Fe, Goodfellow Cambridge
Ltd, UK) [14]. Specimens with 8 mm diameter and 120 length
were processed in Artemis-3 facility, which allows directional
solidification of metal alloys under controlled conditions
[10,11,12]. The cylindrical specimens were solidified
directionally upwards with a temperature gradient G = 3 K/mm
and solidification velocity v = 0.04 mm/s, with fluid flow induced
inside the specimen by a rotating magnetic field (RMF) with
induction B = 6 mT at a frequency of 50 Hz, inducing first
azimuthal flow and additionally secondary flows in radial and
axial directions [14,15]. The solidified samples were cut (Isocut
4000, Buehler) at a height of 45 mm (for longitudinal section, Fig.
3) from the bottom heater. The composition on the specimen
sections (Fig. 4) was investigated with EDX (Oxford INCA
System) [14].
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Fig. 3. A microstructure on the longitudinal section of the Al-
Twt.%Si-1.0wt.%Fe specimen solidified under influence of a
rotating magnetic field (G =3 K/mm, v =0.04 mm/s, B =6 mT)

12 L T 5 T L T x T L T ¥ T T T ¥ 2,0
T - Si (%] f
111 . —A—Fe[%][ 18
. I
10 1 ><' L 1,6
9 r _14
e ™ [ e
% 8 - Ny L12.2
W /.X '
7 —.—t'—'\.—,/ —————————————— Aot i - = =0 = 1,0
= /\/v- ol
6- L0,8
A ‘\AKI I
5 T T T T T T T 0,6

Sample diameter [mm]|
Fig. 4. Si and Fe concentration profile on the Al-7wt.%Si-
1.0wt.%Fe specimen (G = 3 K/mm, v =0.04 mm/s, B =6 mT)
measured on cross section in 22 points (distance 0.333 mm)

In the current study, we selected and made use of the four
specimens, with composition AlSiSFel.0, AlSi7Fel.0, AIS7Fe0.5
and AlSi9Fe0.2 solidified only with induced flow (with RMF).
The measurement of the chemical composition presented the
segregation on the cross-section [14] (Fig. 4) that was also visible
on the longitudinal section as increase in eutectic fraction (Fig. 3).
The measured chemical compositions were presented on the
ternary phase diagram Al-Si-Fe and were treated as potentially
solidifying alloys in the specimens. For selected extreme
compositions, the solidification paths with Scheil Solidification
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(Scheil-Gulliver) in Thermo-Calc was calculated, to make
possible analyzing the different solidification manner.

For selected chemical compositions (measurement points on
the section) the Property Diagrams in Thermo-Calc were
calculated, for presentation of the precipitation sequence and
fraction of solidified phases, e.g. for AlSi5Fel.0 specimen, the
compositions AlSi6.63Fel.71 and AlSi5.09Fe0.57 were analyzed.
The chemical composition was chosen adequately to present the
extreme possible solidification manner and was visualized as
property diagrams (mass fraction of the phases as function of
temperature). For all specimens and measured compositions (in
all 22 measurement points on cross-section, with distance
between 0.333 mm, Fig. 4), the Property Diagrams were
calculated. For each specimen, the Property Diagrams were
collected to prepare 2D maps showing mass fraction (of Liquid,
o-Al, p-AlsFeSi) as function of location on the longitudinal
section and temperature of phases precipitation. The controlled
solidification condition (temperature gradient, velocity, cooling
rate) in Artemis-3 allowed for rescaling the temperature axis into
the length axis, showing in this way 2D maps of mushy zone, as
function of location across and along the specimen (solidification
direction).

The Ternary Phase Diagram (Fig. 5 and 6) was calculated in
Thermo-Calc [13] as Liquidus projection by temperature range
550-900 °C and interval 2 °C. Scheil Solidification was prepared
by temperature interval 1 °C and mass fraction interval 0.005.
Property Diagrams (Fig. 7-14) were generated by temperature
interval 2 °C and mass fraction interval 0.017-0.059 (for Liquid),
0.017-0.059 (for a-Al), 0.00017-0.00148 (for S-AlsFeSi).

3. Results and Discussion

The specimens with nominal compositions AlSi5Fel.0,
AlSi7Fel.0, AIlSi7Fe0.5 and AlSi9Fe0.2 [14] solidified
directionally in Artemis-3 with fluid flow (generated by RMF)
were precisely examined. The chemical composition measured on
the cross-section was presented on the phase diagram together
with selected solidification paths. For selected points on the cross-
section the phases precipitation and mushy zone was investigated
using property diagrams and created 2D maps.

Considering the mentioned alloys and nominal compositions
(AlSi5Fel.0, AlSi7Fel.0, AlSi7Fe0.5 and AlSi9Fe0.2) and
analyzing the solidification path on the basis of the ternary Al-Fe-
Si phase diagram (Fig.1 and 5), we can state, that for AlSi5Fel.0
specimen (for nominal composition Al-5wt.%Si-1.0wt.%Fe), first
a-Al form at the 900.4 K (627.4 °C) (L — a-Al + L), then sample
enriches in Si to a concentration of 7.77 %Si and 1.63 %Fe and
reaches the eutectic reaction at 881.4 K (608.4 °C). Next
solidification follow the eutectic groove L — a-Al + f-AlsFeSi +
L starting from 881.4 K (608.4 °C) and ends at 848 K (575 °C)
where final eutectic reaction L — a-Al + -AlsFeSi + Si occurs.
For AlSi7Fel.0 specimen (for nominal composition Al-7wt.%Si-
1.0wt.%Fe), a-Al start to form at the 887.7 K (614.7 °C) (L — a-
Al + L), then sample enriches to 9.19 %Si and 1.35 %Fe and
reaches the eutectic reaction at 872.5 K (599.5 °C), and follow
the eutectic groove L — a-Al + f-AlsFeSi + L. Solidification ends
at 848 K (575 °C) with final eutectic reaction L — a-Al + -
AlsFeSi + Si. For AlSi7Fe0.5 (for nominal composition Al-
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Twt.%8Si-0.5wt.%Fe), a-Al start to form at the 888.6 K (615.6 °C)
(L — a-Al + L), then sample enriches to 12.26 %Si and 0.94 %Fe
and reaches the eutectic reaction at 851.0 K (578.0 °C), and
follow the eutectic groove L — a-Al + f-AlsFeSi + L to 848 K
(575 °C) with final reaction L — a-Al + p-AlsFeSi + Si. For
AlSi9Fe02 specimen (for nominal composition Al-9wt.%Si-
0.2wt.%Fe), first, a-Al forms at 875.5 K (602.5 °C). On further
cooling, the melt enriches up to 12.5 wt.% Si and 0.3 wt.% Fe and
reaches the eutectic valley at 849 K (576 °C), where the AlSi-
eutectic form L — a-Al + Si + L, next solidification follows until
848 K (575 °C), where the final ternary eutectic reaction L — a-
Al + p-AlsFeSi + Si occurs.

Fluid flow generated during solidification caused segregation
on the cross-section (Fig. 4) [14]. Chemical compositions
(measured with EDX) in distinct points (22 points on the cross
section, along sample diameter on Fig. 4) were transferred on the
ternary phase diagram AlSiFe (Fig. 5). On the specimen with
nominal composition AlSi5Fel.0 (marked as filled red circle, Fig.
5) the measured compositions (marked as red circles, Fig. 5) are
located in the area in that a-Al dendrites form as first phase. Only
in one point with chemical composition AlSi9.43Fel.99 p-
AlsFeSi can precipitate as first phase. On the specimen with
nominal alloy composition AlSi7Fel.0 (filled blue triangle) in 16
from 22 measurement points (marked as blue triangles), a-Al was
noticed as first phase to grow, whilst 5-AlsFeSi in other 6 points.
On the specimens AlSi7Fe0.5 (green square) and AlSi9Fe0.2
(brown rhombus), in all points a-Al dendrites start to grow as first
phase. For selected chemical compositions (measurement points)
with extreme content of Si and Fe (in chosen specimen)
solidification paths were calculated (Fig. 6) and these differ from
mentioned above paths for nominal compositions (AlSi5Fel.0,
AlSi7Fel.0, AlSi7Fe0.5 and AlSi9F¢0.2) in the specimens.
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Fig. 5. Ternary phase diagram — Al-Si-Fe system.
Liquidus projection with marked chemical compositions
measured on the specimens in selected 22 points (as on Fig. 4)

Property diagrams (Fig. 7-10) presenting mass fraction of
growing phases in function of the temperature were calculated for
chosen compositions (points on the cross-section). It is clear that
for the specimen AlSi5Fel.0 (Fig. 7) there occur places (points)
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where liquidus temperature can have different value, 628 °C in
point with composition AlSi5.09Fe0.57 and 615 °C for
AlSi6.63Fel.71. For the composition AlSi6.63Fel.71 (point with
coordinate 4.8 mm) the precipitation of o—AlgFe,Si phase in
temperature range 614-612 °C (Fig. 7) was observed, similarly as
for AlSi4.57Fel.1.7 (point with coordinate 0.5 mm, white ellipse
in the Fig. 11) and AlSi4.62Fel.23 (point with coordinate 5.8
mm), where solidification follow first eutectic groove L — a-Al +
a-AlgFe,Si + L and just next L — a-Al + -AlsFeSi + L.

For AlSi7Fel.0 a-Al is the first phase to grow (Fig. 5-6).
Property diagram for the point with composition AlSi6.7Fe0.69
(Fig. 8) shows a-Al dendrites starting to grow at the temperature
617 °C and S-AlsFeSi just at 590 °C, whilst for AlSi11.18Fe1.93
first precipitate f-AlsFeSi at 619 °C and a-Al at 587 °C. This
indicate that in the place with composition AlSill.18Fel.93
(point with coordinate 3,50 mm), a-Al started to grow at 587 °C
while fS-AlsFeSi released largely already with mass fraction
0.0332 (almost half of the whole amount). At the end of eutectic
grove L — a-Al + f-AlsFeSi + L, p-AlsFeSi mass fraction f3
reached 0.0453 and 0.0700 at 575 °C with final L — a-Al + f-
AlsFeSi + Si reaction.

In principle, in the whole specimen AlSi7Fe0.5 (Fig. 9), a-Al
dendrites grow as first, e.g. at 618 °C in place with composition
AlSi6.57Fe0.33 and at 607 °C for AlSi8.21Fe0.86. About half of
the specimen has composition where fS-AlsFeSi grow as the
second phase, e.g. at 590 °C for AlSi6.57Fe0.33, whilst in the
second half AISi eutectics start as the second at 576 °C, before the
p-AlsFeSi at 575 °C.

In the specimen AlSi9Fe0.2 (Fig. 10), as first a-Al dendrites
start to grow e.g. at 603 °C for AlISi9.01Fe0.16 or at 584 °C for
AlSil11.54Fe0.44, and next AlSi eutectics at 577 °C or 576 °C
respectively, and finally f-AlsFeSi at 575 °C.
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Fig. 6. Ternary phase diagram — Al-Si-Fe system.
Liquidus projection with marked solidification paths
(Scheil-Gulliver solidification)

Property diagrams calculated for each measured chemical
composition (each of 22 points along sample diameter) were
located according to the position on the specimen and allowed to
create 2D maps (Fig. 11-14) showing mass fraction (of Liquid, a-
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Al, p-AlsFeSi) as function of location on the longitudinal section
and temperature of phases precipitation. Controlled solidification
in Artemis-3 allowed for rescaling the temperature axis on the
length axis, showing in this way 2D maps of mushy zone.
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Fig. 7. Property diagram for alloy with chemical composition
AlSi6.63Fel.71 and AlSi5.09Fe0.57
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Fig. 8. Property diagram for alloy with chemical composition
AlSi11.18Fel.93 and AlSi6.71Fe0.69

Liquid mass fraction f; (Fig. 11a) and a-Al mass fraction f,
(Fig. 11b) for specimen AlSiSFel.0 clearly show the liquid
channel in the specimen center, 0.5 mm wide in the bottom at the
temperature 595 °C and 3 mm on top at 625 °C. a-Al dendrites
start to grow at about 630 °C in external part of the specimen, and
at 595 °C in the center and the mushy zone seems to be in the
temperature range from about 575 °C to about 630 °C (Fig. 7, 11),
this means about 18 mm long. S-AlsFeSi (Fig. 1lc) start to
precipitate in the center at about 600-610 °C (earlier than outside),
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Fig. 10. Property diagram for alloy with chemical composition
AlSi8.21Fe0.86 and AlSi6.57Fe0.33

and this corresponds with high Liquid mass fraction (Fig. 11a)
and very low a-Al mass fraction (Fig. 11b). The final
microstructure solidified at 757 °C in the center is richer in /-
AlsFeSi (mass fraction about f;=0.07) and agrees qualitatively
with the measurements of number density n; and length L; [14] of
p-AlsFeSi phases. Solidification range for f-AlsFeSi is about 575-
610 °C and e.g. B-AlsFeSi mass fraction f;=0.02 reaches the
temperature 605 °C. In one central point on the specimen cross-
section with composition AlSi9.43Fel.99 (Fig. 5-6) p-AlsFeSi
start to grow as first before a-Al dendrites. The liquid channel
agrees with central area enriched in f-AlsFeSi. In the three points
with coordinates 0.8 (composition AlSi4.57Fel.17), 4.8 mm
(AlSi6.63Fel.71) and 5.8 mm (AlSi4.62F¢1.23) as a first o-
AlgFe,Si phase may precipitate (before f-AlsFeSi) in temperature
range 612-614 °C (white vertical ellipses on Fig. 11).
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For the specimen AlSi7Fel.0 (Fig. 12), Liquid mass fraction
fr and a-Al mass fraction f;, show the liquid channel wider and
deeper than for AlSi5Fel.0, and dendrites free area is 1 mm wide
in the bottom at 577 °C and 4 mm on top at 610 °C. The mushy
zone is shorter than for AISiSFel.0, temperature range is about
575-615 °C (13 mm long) for a-Al and 575-600 °C for S-AlsFeSi.
The completely solidified microstructure in the center is also
richer in f-AlsFeSi (mass fraction about f3=0.07). f-AlsFeSi mass
fraction f4=0.02 reaches the temperature 600 °C, and area in the
center enriched in f-AlsFeSi specimen appear parallel to liquid
channel. By the shorter mushy zone (a-Al and Liquid mass
fraction) and only slightly shorter f-AlsFeSi growth range, in the
center appeared the area (6 measurement points, Fig. 5-6) where
p-AlsFeSi precipitate before a-Al (Fig. 8).

Liquid mass fraction f; and a-Al mass fraction f, for
AlSi7Fe0.5 (Fig. 13) are almost the same as for AlSi7Fel.0,
temperature range is about 575-615 °C (13 mm long mushy) and
dendrites free area is 1 mm wide in the bottom at 577 °C and 4
mm on top at 610 °C. The area of 5-AlsFeSi growth is very small,
e.g. mass fraction 0.01 reaches temperature about 580 °C and in
only one selected point -AlsFeSi start to grow at about 585 °C. -
AlsFeSi mass fraction (about f4=0.03) in temperature below 575
°C is higher in the specimen center. High liquid mass fraction, low
a-Al mass fraction and low $-AlsFeSi mass fraction indicate high
fluidity in the specimen center.

For the specimen AlSi9Fe0.2 (Fig. 14), Liquid mass fraction
and a-Al mass fraction show the liquid channel, mushy zone
temperature range is about 575-600 °C (8.5 mm long mushy) and
dendrites free area is 3 mm wide in the bottom at 575 °C and 4
mm on top at 600 °C. The higher Si content is clearly visible in
comparison to previous specimens, so that a-Al mass fraction at
575 °C reaches value about 0.3, whilst for specimen AlSi7Fel.0 is
0.5. p-AlsFeSi (Fig. 1lc) start to precipitate at 575 °C (about
J5=0.015 in the center), and liquid channel occur without this
phase, so that formed widest and shallowest (575-600 °C) liquid
channel is completely empty of iron reach f phase.

The phase diagrams, Scheil-Gulliver solidification and
property diagrams are the technique that is long time successfully
used in materials science for description of complex relationship
between composition, microstructure and process conditions.
Described in current study application of property diagrams for
mushy zone prediction is first and unique idea. On the 2D maps
(Fig. 11-14) the most reliably are values of mass fraction for
solidified area, at temperatures below 575 °C. The view on mass
fraction above 575 °C is the projection resulting from chemical
composition mostly frozen at 575 °C, but real mushy zone is
determined by Si and Fe release and intensive stirring (RMF) and
can differ from Fig. 11-14.

The study on simulation of directional solidification for AlSi7
(G =4 K/mm, B =3 mT) by Hainke [16] take into consideration
among other things solute release and fluid flow. The melt flow
calculations [16] present velocity isolines that descent 4 mm in
the specimen center in comparison to external part. The
simulation results [16] showed liquid mass fraction isoline f;=0.0
also reaching 4 mm deep into mushy in the central part of the
specimen, and mass fraction isoline f;=0.325 reached 7.15 mm.
Current study presents comparable results to calculated by Hainke
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(without presence of fS-AlsFeSi), but clearly showing deeper
liquid channel, 12-15 mm deep for specimen AlSi7Fel.0 and 9-13
mm for AISi7Fe0.5, with high liquid mass fraction and low a-Al
mass fraction, and the presence of S phases.

The 2D maps showed the precipitation of f-AlsFeSi before a-
Al in liquid channel in AlSi5Fel.0 and especially in AlSi7Fel.0
specimen and the effect was earlier qualitatively described in [15].
From property diagram (Fig. 8) and 2D maps (Fig. 12) is known
that about 50% of S-AlsFeSi can precipitate before a-Al, and that
happened for 6 points in area (liquid channel about 4 mm wide)
about 2 mm wide (with final mass fraction f;=0.07 below 575).
Whilst in the rest of the area (about 6 mm wide) S-AlsFeSi
precipitates between dendrites or in eutectic reaction at 575 °C. In
this way it may be estimated, that about 33% of f precipitate
before a-Al phase and can unbounded flow in the liquid melt.

Current results revealed precipitation of a—AlgFe,Si phase in
temperature range 614-612 °C (Fig. 7 and white ellipse in the Fig.
11) before p-AlsFeSi for AlSiS Fel.0 specimen. In two points it
has appeared between dendrites, while in the third one in liquid
channel where the phases might be carried out by stirring.

The 2D maps revealed mushy zone 18 mm long for
AlSi5Fel.0, 13 mm for AlISi7Fel.0 and AlSi7Fe0.5, and 8.5 mm
for AISi9Fe0.2. The Si concentration means different fraction of
AlSi eutectic and a-Al dendrites. For AlSi5Fel.0 and AlSi7Fel.0,
2D maps present liquid channel filled with S-AlsFeSi, whilst for
AlSi7Fe0.5 and AlSi9Fe0.2 it stay almost empty of f. This three
factors strongly determine permeability of mushy zone in outer
area and in the specimen center, and by generated magnetic field
the occurred fluid flow should be analyzed carefully for each
specimen. In the AISi5Fel.0 specimen, the fluid flow may be
stronger damped by longer and denser dendritic structure and
liquid channel filled with -AlsFeSi. However in AlSi9Fe0.2, the
stirring of the alloy may be stronger because of mushy (shorter
and thinner of a-Al) without S-AlsFeSi (in wider liquid channel).

4. Conclusions

Property diagrams of phases mass fraction, based on the
thermodynamic calculations and applied for building 2D maps
seem to offer attractive method for visualizing mushy zone in
directional solidification. Property diagrams and solidification
paths (Scheil-Gulliver solidification) presented the segregation
effect on the temperature and sequence of phases precipitation.

2D maps revealed liquid channel in center of the mushy zone,
that can reach deep into mushy zone till final solidification
reaction at temperature 575 °C. The calculations presented the
spatial location and mass fraction of phases (Liquid, a-Al, -
AlsFeSi) in the mushy zone.

The study confirmed the qualitative results [15] showing
precipitation of f-AlsFeSi phase before the formation a-Al
dendrites in the specimen center. Based on 2D maps, it was
estimated that about 33% of all f-AlsFeSi phases precipitated in
the liquid channel, and possibly can flow (because of magnetic
stirring) into liquid melt just above mushy zone. Current results
revealed local precipitation of a—AlgFe,Si (before f-AlsFeSi).
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Fig. 12. 2D maps of mushy zone for AlSi7Fel.0 specimen: a) Liquid mass fraction f;, b) a-Al mass fraction f,,
c) f-AlsFeSi mass fraction f; in function of sample diameter and temperature/sample length
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The found out liquid channel with f-AlsFeSi shows high flow
possibility of melt only and melt with Fe phase and the potential
influence on the microstructure. Different flow possibilities in
dendritic and eutectic area impose detailed analysis of the effect
of fluid flow on the microstructure of each studied specimen
alloy.
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