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Abstract

The article presents the concept of overheating the liquid AlSil7 alloy significantly above the Tiiq. temperature, holding it at this temperature
for a specified time, and casting it into two moulds with different cooling rates: a bentonite-based sand mould and a copper chill mould.
Based on the obtained research results, it was found that overheating the AlSil7 alloy to temperatures of 920-960°C significantly improves
mechanical properties, namely: tensile strength by approximately 40%, yield strength by approximately 70%, elongation by approximately
89% (for the sand mould - SM) and approximately 61% (for the copper metal mould - MM), reduction of area/ narrowness by approximately
67% (for SM) and approximately 51% (for MM) compared to the alloy without overheating. This process also reduces the scatter of the
tested properties, indicating better homogeneity of the cast structure. Overheating the AlSil7 alloy to the optimal temperature range above
Tiiq. (in terms of the tested mechanical properties) also affects the morphology of primary silicon crystals. Such a structure, improving
mechanical properties, increases the application area of hypereutectic Al-Si alloys, especially in the automotive and aerospace industries for
heavily loaded castings operating under extreme thermal-mechanical stress conditions.
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1. Introduction as a structural material is limited due to difficult mechanical
processing, especially low plasticity (yield strength, elongation,
reduction of area). These properties largely depend on the form of
the eutectica(Al)+f(Si) and the size and morphology of primary

thermal-mechanical stresses. This applies, for example, to the silicon cr}fsta.ls 13 (Si).  Traditionally made  castings .from
automotive, aerospace, and space industries [1-4]. A characteristic hypereutectlc silumins tend to he'we larg.e (approx. IOOum? primary
feature of these alloys is, among others, high strength at elevated silicon crystals unevenly distributed in the a(ADmatrix and a
temperatures (350-450°C), low thermal expansion coefficient needle-like (coarse-grained) form of the eutectic. These crystals

(approx. 20pm-(m-K)™"), high resistance to corrosion and abrasive most often tgke on a polygonal,. star-shaped, or thiCk plate
wear [5-7]. Unfortunately, the industrial application of these alloys morphology with sharp edges and pointed corners with twin growth

Hypereutectic Al-Si alloys (15-24wt.%Si) are widely used
wherever castings made from them are exposed to excessive
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planes [8-10]. This structure is probably the result of a specific
mechanism of surface and edge growth of silicon plates, proposed
by Wagner [11], Hamilton, and Seidensticker [12]. Fredriksson's
concept [13] of flat silicon crystal growth, known as the Twin Plane
Reentrant Edge-TPRE mechanism, is also quite popular.
Kobayashi and Hogan [14] studied the crystallographic structure of
silicon crystals in hypereutectic Al-Si alloys and found that these
crystals are star-shaped based on twin, decahedral nuclei. Such an
unfavourable structure, resulting from uncontrolled growth of
polyhedral silicon crystals, can be changed by, among others,
modification [15-18] or mixing in an electromagnetic field [19, 20].

Recent research results suggest that the unfavourable
morphology of primary [(Si) can also be changed by overheating
the liquid alloy significantly above the liquidus temperature Tiiq.
[21-23]. Unfortunately, the Authors of these studies do not provide
the optimal range of overheating for hypereutectic Al-Si alloys, nor
do they discuss the impact of overheating on the mechanical
properties of these alloys.

Therefore, it seems justified to undertake research on the
influence of overheating temperature on the size and morphology
of primary silicon crystals, which determine the performance
properties, especially the mechanical properties of hypereutectic
Al-Si alloys. Knowledge of these phenomena can be helpful in
predicting the predisposition of the liquid alloy to form different
types of crystal structures, and consequently, in increasing the
application area of castings from hypereutectic Al-Si alloys or
identifying new ones.

2. Scope and aim of investigations

The aim of the research was to determine the optimal range of
overheating of the liquid AlSil7 alloy in terms of achieving the
highest mechanical properties (Brinell Hardness - HB; tensile
strength -UTS) and plastic properties (yield strength -YS;
elongation - A and reduction of area after fracture - Z). To
demonstrate the effect of the degree of superheating, the examined
properties were compared with the AISil7 alloy cast under
standard conditions (without superheating but after modification
with CuP master alloy). To eliminate the influence of other
additives on the tested properties, pure AlSil7 alloy was used.

The scope of the research included:

- development of the technological concept of overheating the
liquid alloy — experiment plan,

—  studies of selected mechanical and plastic properties from the
static tensile test at room temperature (20°C). These results
were compared to the mechanical properties of the alloy cast
without superheating.,

- microstructure studies with particular emphasis on the shape
of primary silicon crystals (Si) in the AlISil7 alloy after
overheating and casting into moulds with different cooling
rates: sand mould and copper chill mould,

- summary and conclusions.

3. Test materials and methods

The selected AlSil7 alloy for the study was melted from pure
components (99.99% Al) and (99.2% Si). The research
methodology was adapted to the adopted technological concept,
which assumed overheating the liquid alloy significantly above
Tiq., maintaining it at this temperature for a specified time, and
casting it into two types of moulds with different cooling rates,
namely:

- a traditional bentonite-based sand mould with an average
cooling rate (from Tiq, to Tsi) of approximately
30-40°C-s’!, and

— a copper chill mould (approximately 98wt.% Cu) with a
vertical parting plane with an average cooling rate (from Tiig,,
to Tso1.) of approximately 300-350°C-s™!. Each time, the mold
was preheated to a temperature of approximately 200°C.

The AIlSil7 alloy was melted in a Balzers VSG02/631
induction furnace in a vacuum with a SiC crucible of 0.5-liter
capacity. To avoid the negative effects of phenomena related to the
gassing of the liquid alloy, which result from significant
superheating above the liquidus temperature (Tiq.), a protective
coating of Protecol-Degasal was used. This mixture (0.4 wt.%) was
introduced by immersion under the surface of the liquid alloy.
Then, 0.2 wt.% of Rafglin-3 was introduced under the layer of slag
formed. At a temperature of approximately 760°C, 0.05 wt.% of
phosphorus (P) in the form of CuP10 master alloy was added. After
reaching the selected overheating temperature according to the
research plan (Fig. 1), the alloy was held in the furnace for
approximately 40 minutes and then cast into moulds. The holding
time of 40 minutes for the alloy in the furnace was selected based
on the studies presented in literature [24].
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Fig. 1. Diagram and research plan of the overheating process
of the AlSil7 alloy

Both moulds had a cylindrical shape with a total diameter of
=60 mm and a total height of he=160 mm (Fig. 2).
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Thus, 12 castings were obtained (6 from the sand mould and 6 from
the copper chill mould), from which samples for static tensile
testing were made according to DIN 50125:2022-08. Brinell
hardness measurements were performed according to PN-EN ISO
6506-1:2021 on a Zwick ZHF hardness tester (Zwick Roell Ulm,

Austria) with a load of 187.5 kg and a steel ball of J=2.5 mm for
35 s. Tensile strength tests (UTS), yield strength (YS), elongation
(A), and reduction of area after fracture (Z) were performed
according to PN-EN ISO 6892-1 on an Instron 3382 machine
(Darmstadt, Germany). Eight samples were broken for each
overheating temperature (Fig. 1), discarding two extreme results,
and the arithmetic mean was calculated from the remaining ones.
The obtained results for HB; UTS and YS were rounded to the
nearest whole number, while A and Z were rounded to two decimal
places and compared with the AlISi17 alloy cast from a temperature
of 720°C (without overheating — Fig. 1), which was modified with
CuP10 in such an amount that the alloy contained 0.05wt.% P.
Metallographic sections were made from the fracture site of the
samples for mechanical testing. Microstructure observations were
performed on a MeF2 light microscope (LM) and a Hitachi S-
3400N scanning electron microscope (SEM) equipped with an
energy-dispersive X-ray spectrometer (EDS) Thermo Noran and a
wavelength-dispersive spectrometer (WDS) Thermo MagnaRay,
as well as a detector for electron backscatter diffraction (EBSD)
INCA HKL Nordys II (Hitachi High-Technologies Tokyo, Japan).
To better indicate the morphology of primary silicon crystals, the
sections were deeply etched in 10% HF acid. Ten images were
taken for each overheating temperature and for each casting mould.
The presented microstructures represent a representative image of
the effect of overheating on the form of primary silicon crystals in
the given experiment. The procedure for calculating the
stereological parameters of primary silicon crystals B(Si) is
described in the literature [24].
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I — total diameter of the casting mold, 60 mm

Jp — diameter of the sample for mechanical testing, 8 mm
hc — total height of the casting mold, 160 mm

hp — height of the sample for mechanical testing, 100 mm

Fig. 2. Casting mould: a) diagram; b) dimensions of the sample
for mechanical testing (mm)

4. Test results

The results of the chemical composition analysis of the AlSil7
alloy are presented in Table 1.

Table 1.
Chemical composition of the AlSil7 cast alloy.
Chemical composition, 9 (wt.%)
Alloy =" Fe Mn Mg Ni_ Al
AlSil7 16,63 0,07 034 0,03 0,04 0,02 rest

4.1. Results of the Mechanical Properties Tests
of the AlSil17 Alloy

The results of the influence of overheating temperature (Tp) on
Brinell hardness (HB), tensile strength (UTS), yield strength (YS),
elongation (A), and reduction of area after fracture (Z) are
presented in Figure 3.

Influence of averheating temperature on: Brinell hardness (HB), tensile strength
(UTS), and yield strength (¥S) for Sand Mould (SM) and Metal Mould (MM)
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Influence of overheating temperature (Tp) on elongation
(A), and reduction of area after fracture (Z) for Sand Mould
(SM) and Metal Mould (MM)

Temperature, °C

s, %-MM mZ,%-5M mA,%-MM = A, %-5M
0.95% - Elongation of AlSi 17 alloy without overheating
1% - Narrowing of the AlSi17 alloy without overheating

b)

Ovethealing | 4 o, sD(A) A% SDA)| 2% SD@) Z% SD)

temperature
sC SM SM MM MM SM SM MM MM
760 0.57 01 068 008 | 067 0.1 081 009
800 069 008 077 007 | 077 007 097 006
840 078 008 09 004 | 089 007 105 004
880 094 005 103 004 | 104 005 113 003
920 109 002 111 002 | 113 002 124 002
960 11 002 11 002 | 112 002 123 002

Fig. 3. Influence of overheating temperature on: a) Brinell
Hardness (HB), tensile strength (UTS), and yield strength (YS);
b) elongation (A) and reduction of area after fracture (Z) —
average values

4.2. Results of the Microstructure Tests of the
AlSil7 Alloy

The influence of overheating temperature on the microstructure
of the AlSil7 alloy is shown in Figure 4.
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3D 50.0um
Fig. 4. Microstructure of the AlSil7 alloy: a) without overheating;
b) after overheating to 840°C; c-f) after overheating to 920°C;
a-c) LM; d-f) SEM; e-f) deeply etched sections

From the SEM microstructures shown in Figure 4, it can be
seen that overheating the AlSil7 alloy to approximately 920°C
causes the primary silicon crystals to take on the characteristic
shape of regular octahedrons (Figure S5b-c), which were not
observed in the AlSil7 alloy without overheating (Figure 5a).

Depending on the cross-sectional plane of the metallographic
section, primary silicon crystals can take on various "flat" shapes,
examples of which are shown in Figure 6.

Overheating the tested alloy significantly above Tiq. (Fig. 1)
not only changed the shape of the primary silicon crystals but also
caused their refinement. The influence of the overheating
temperature of the AlSil7 alloy on the reduction of the size of
primary silicon crystals, determined by their surface area and the
longest diagonal of the surface area, is shown in Figure 7. The
averaged values were determined based on the measurement of
silicon crystals counted from 10 randomly selected microstructure
images.
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Fig. 5. Microstructure of the AlSil7 alloy with primary silicon
crystals: a) without overheating; b-c) after overheating to
approximately 920°C; d) diagram of an octahedron with different
cross-sectional planes
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Fig. 6. Microstructure of the AlSil7 alloy after mrheating to
approximately 920°C with the cross-sectional plane of primary
silicon crystals in the shape of: a) hexagon; b) triangle
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Fig. 7. Influence of overheating temperature on: a) surface area;
b) the longest diagonal of the cross-section of primary silicon
crystals (average values)

5. Discussion of results

The presented research indicates that overheating the AlISil7
alloy significantly above Tiq substantially affects the
microstructure (mainly the morphology of primary silicon crystals)
and the related mechanical properties.

The data presented in Figure 3 show that increasing the
overheating temperature of the tested alloy cast into a sand mould
causes an increase in Brinell hardness (HB) from approximately
100 (for Ty=760°C) to 125 (for Tp=920-960°C), which is about a
25% increase. For the copper chill mould, the increase is from 110
HB to 140 HB — about a 27% increase. It is worth noting that
overheating to a temperature between 880 and 960°C (regardless
of the type of casting mould) results in higher hardness than the
AlSil7 alloy cast from a temperature of 760°C after modification
with CuP10 (120 HB).

The tensile strength results indicate that overheating the alloy
to 920-960°C increases UTS by approximately 40% (for both SM
and MM) compared to T, of 760°C. This range results in UTS
values higher than those for the AlSil7 alloy without overheating
and after modification (255 MPa). The yield strength results
indicate that overheating the alloy to 920-960°C increases YS by
approximately 70% (for both SM and MM) compared to
Tp=760°C. Similar to UTS, this overheating range results in YS
values higher than those for the AlSil7 alloy without overheating
and after modification (185 MPa).

Overheating the AlSil7 alloy to approximately 920-960°C also
increased elongation by approximately 89% (for SM) and
approximately 61% (for MM) compared to Ty=760°C. This
overheating range improves elongation compared to the AlSil7
alloy without overheating and after modification (0.95%). Similar
results were obtained for the reduction of area after fracture, with
an increase of approximately 67% (for SM) and approximately
51% (for MM). Here too, overheating the AlSil7 alloy to
approximately 920-960°C improved the reduction of area
compared to the AIlSil7 alloy without overheating and after
modification (1.0%).

The data also indicate that the most optimal overheating
temperature for the AlSil7 alloy, in terms of the tested mechanical
properties, is approximately 920°C (200°C above Tii.). Further
increasing the overheating is not justified in terms of improving the
tested material properties. The results of the scatter of properties
measured by standard deviation (SD) are also noteworthy. In each
case, it was found that increasing Tp of the tested alloy reduces SD.
This may indicate better homogeneity of the alloy structure, i.e., a
more uniform distribution of primary silicon crystals B(Si) in the
solid solution matrix a(Al).

The consequence of the change in mechanical properties was
the influence of overheating on the morphology of primary silicon
crystals. Figure 4a shows that in the AIlSil7 alloy without
overheating, the primary silicon crystals have a typical star-shaped
structure with large (approximately 250-300um) plate-like silicon
crystals unevenly distributed in the solid solution matrix a(Al). As
the overheating temperature increases, the B(Si) crystals become
smaller and more evenly distributed in the matrix. After
overheating in the temperature range of approximately 920-960°C,
these crystals take on the characteristic shape of tetrahedrons and
octahedrons with an average cross-sectional area of approximately
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95um? and a side length of approximately from 30 to 60 pum
(Figures 5-7).

As suggested by research results [8-11], silicon atom clusters
in Al-Si alloys have a tetrahedral shape, which may be beneficial
for the formation and growth of primary silicon nuclei. As the
overheating temperature of the alloy increases, some bonds in the
Si-Si clusters are destroyed, and silicon atoms diffuse towards the
liquid aluminium atoms. Therefore, the higher the overheating
temperature of the alloy, the smaller the size of the Si-Si clusters
due to the destruction of their atomic bonds. Thus, the average size
of Si-Si clusters in the liquid alloy in the temperature range of 920-
960°C is smaller than in the typical casting temperature of AlSil7
alloy (720°C). Additionally, it is assumed that the higher the
cooling rate (resulting, for example, from the type of casting
mould), the higher the degree of undercooling AT during
solidification, which is accompanied by a reduction in the size of
primary silicon crystals (Figure 7), due to the increased density of
substrates for their heterogeneous nucleation. This is consistent
with the findings of studies [8] and the concept that the type and
size of Si-Si clusters have a decisive impact on the form of primary
silicon crystals. Xu and Jiang [8;9] suggest that large Si-Si clusters
can serve as substrates for the nucleation of star-shaped silicon
crystals, while smaller Si-Si clusters lead to the formation of more
favorable crystals with a compact polyhedral structure.

This is confirmed by Kobayashi and Hogan [14], who suggest,
that the nucleation of P(Si) crystals in alloys overheated
significantly above Tiiq. occurs by the addition of successive silicon
atoms uniformly in all directions — hence these crystals have the
morphology of compact bodies (e.g., tetrahedrons or octahedrons —
Figure 5). In alloys without overheating, when nuclei (e.g.,
impurities, foreign inclusions) of a certain shape are already present
in the liquid state, silicon crystals take on a star-plate shape, and
only modification can change their shape to a more favourable one.

Overall, it can be assumed that overheating to a temperature of
approximately 200-250°C above Tiq. may be an alternative to the
modification process of hypereutectic Al-Si alloys. This is
evidenced by both the changes in microstructure and the increase
in mechanical properties, but a fuller explanation of these
phenomena requires additional microstructure research, which is in
progress.

Further research is planned to investigate the impact of the degree
of superheating on the porosity of hypereutectic Al-Si alloys and
their technological properties, especially fluidity.

6. Conclusions

Based on the conducted research, the following final
conclusions were formulated:

Overheating the AlSil7 alloy above Tiiq significantly affects
the microstructure (mainly the morphology of primary silicon
crystals) and the related mechanical properties.

The most optimal overheating temperature for the AlSil7 alloy
(in terms of mechanical properties) is 920-960°C (200-250°C
above Tig). Further increasing the overheating is not justified in
terms of improving mechanical properties (HB; UTS; YS; A and
7).

Overheating the AlSil7 alloy to 920-960°C does not
significantly affect the change in Brinell hardness (HB), but it

increases: tensile strength by approximately 40%, yield strength by
approximately 70%, elongation by approximately 89% (for SM)
and approximately 61% (for MM), and reduction of area by
approximately 67% (for SM) and approximately 51% (for MM)
compared to the alloy without overheating. This process also
reduces the scatter of the tested properties, indicating better
homogeneity of the alloy structure.

The application of overheating to the tested alloy also reduces
the size of primary silicon crystals (from approximately 250-
300pum to approximately 20pum) and changes their morphology
from star-plate (typical for hypereutectic silumins without
modification) to compact bodies in the shape of tetrahedrons and
octahedrons.

References

[1] Hu, Z.,Huo, Q., Chen, Y., Liu, M. & Chen (2023). Improving
mechanical property of hyper-eutectic Al-Si alloys via
regulating the microstructure by rheo-die-casting. Metals. 13.
968-982, 1-14. https://doi.org/10.3390/met13050968.

[2] Lee, J.A. (2023). Cast aluminum alloys for high temperature
applications. The Minerals, Metals and Materials Society,
Automotive Alloys. 1-8.
https://ntrs.nasa.gov/api/citations/20030106070/downloads/2
0030106070.pdf.

[3] Kaufman, J.G. (2008). Properties of Aluminum Alloys.
Materials Park, Ohio, USA: ASM International.

[4] Elmadagli, M., Perry, T. & Alpas, A.T. (2007). A parametric
study of the relationship between microstructure and wear
resistance of Al-Si alloys. Wear. 262(1-2), 79-92.
https://doi.org/10.1016/j.wear.2006.03.043.

[5] Dai, H.S. & Liu, X.F. (2008). Refinement performance and
mechanism of an Al-50Si alloy. Materials Characterization.
59 (11), 1559-1563.
https://doi.org/10.1016/j.matchar.2008.01.020.

[6] Gupta, M. & Ling, S. (1999). Microstructure and mechanical
properties of hypohyper-eutectic Al-Si alloys synthesized
using a near-net shape forming technique. Journal of Alloys
and Compounds. 287(1-2), 284-294.
https://doi.org/10.1016/50925-8388(99)00062-6.

[7]1 Vijayan, V., Ravi, M. & Prabhu, K.N. (2021). Effect of Ni and
Sr additions on the microstructure, mechanical properties, and
coefficient of thermal expansion of Al-23%S:i alloy. Materials
Today Proceedings. 46(7), 2732-2736.
https://doi.org/10.1016/j.matpr.2021.02.421.

[8] Xu, C.L. & Jiang, Q.C. (2006). Morphologies of primary
silicon in hypereutectic Al-Si alloys with melt overheating
temperature and cooling rate. Materials Science and
Engineering A. 437(2), 451-455.
https://doi.org/10.1016/j.msea.2006.07.088.

[9] Xu, C.L., Wang, H.Y., Liu, C. & Jiang, Q.C. (2006). Growth
of octahedral primary silicon in cast hypereutectic Al-Si
alloys. Journal of Crystal Growth. 291(2), 540-547.
https://doi.org/10.1016/j.jerysgro.2006.03.044.

[10] Chaus, A., Marukovich, E. & Sahul, M. (2020). Effect of
Rapid Quenching on the Solidification Microstructure,
Tensile Properties and Fracture of Secondary Hypereutectic

100 ARCHIVES of FOUNDRY ENGINEERING Volume 25, Issue 2/2025, 94-101


https://doi.org/10.1016/S0925-8388(99)00062-6
https://doi.org/10.1016/j.matpr.2021.02.421
https://pdf.sciencedirectassets.com/271387/1-s2.0-S0921509306X03507/1-s2.0-S0921509306014912/dx.doi.org/10.1016/j.msea.2006.07.088

Al-18%Si-2%Cu  Alloy.  Metals.  10(6), 819-828.
https://doi.org/10.3390/met10060819.

[11] Wagner, C. & Laplanche, G. (2023). Effect of grain size on
critical twinning stress and work hardening behavior in the
equiatomic CrMnFeCoNi high-entropy alloy. International
Journal of  Plasticity. 166. 103651, 1-20.
https://doi.org/10.1016/j.ijplas.2023.103651.

[12] Hamilton, D.R. &Seidensticker, R.G. (1963). Growth
mechanisms of germanium dendrites: kinetics and the
nonisothermal interface. Journal of Applied Physics. 34(5),
1450-1460. https://doi.org/10.1063/1.1729599.

[13] Fredriksson, H. & Hillert, M. (1971). On the mechanism of
feathery crystallisation of aluminium. Journal of Materials
Science. 6, 1350-1354. https://doi.org/10.1007/BF00549679.

[14] Kobayashi, K.F. & Hogan, L.M. (1985). The crystal growth
of silicon in Al-Si alloys. Journal of Materials Science. 20,
1961-1975. https://doi.org/10.1007/BF01112278.

[15] Wu, Y., Wang, S., Li, H., & Liu, X. (2009). A new technique
to modify hypereutectic A1-24%Si alloys by a Si—P master
alloy. Journal of Alloys and Compounds. 477(1-2), 139-144.
https://doi.org/10.1016/j.jallcom.2008.10.015.

[16] Vijeesh, V.K., & Narayan Prabhu, K. (2014). Review of
microstructure evolution in hypereutectic Al-Si alloys and its
effect on wear properties. Transactions of the Indian Institute
of Metals. 67(1), 1-18. https://doi.org/10.1007/s12666-013-
0327-x.

[17] Xu, C.L., Yang, Y.F., Wang, H.Y., & Jiang, Q.C. (2007).
Effects of modification and heat-treatment on the abrasive
wear behavior of hypereutectic Al-Si alloys. Journal of
Materials Science. 42, 6331-6338.
https://doi.org/10.1007/s10853-006-1189-y.

[18] Jeon, J.H., Shin, J.H. & Bae, D.H. (2019). Si phase
modification on the elevated temperature mechanical
properties of Al-Si hypereutectic alloys. Materials Science
and Engineering: A. 748, 367-370.
https://doi.org/10.1016/j.msea.2019.01.119.

[19] Szajnar, J., Wrobel, T. & Jezierski, J. (2008). Inoculation of
pure aluminum with an electromagnetic field. Journal of
Manufacturing Processes. 10(2), 74-81.
http://dx.doi.org/10.1016/j.jmapro.2009.03.003.

[20] Lu, D., Jiang, Y., Guan, G., Zhou, R., Li, Z. & Zhou, R.
(2007). Refinement of primary Si in hypereutectic Al-Si alloy
by electromagnetic stirring. Journal of Materials Processing
Technology. 189(1-3), 13-18.
https://doi.org/10.1016/j.jmatprotec.2006.12.008.

[21] Wang, J., He, S., Sun, B., Guo, Q. & Nishio, M. (2003). Grain
refinement of Al-Si alloy (A356) by melt thermal
treatment. Journal of Materials Processing Technology.
141(1), 29-34.https://doi.org/10.1016/S0924-0136(02)01007-
S.

[22] Wang, J., He, S., Sun, B., Li, K., Shu, D. & Zhou, Y. (2002).
Effects of melt thermal treatment on hypoeutectic Al-Si
alloys. Materials Science and Engineering: A. 338(1-2), 101-
107. https://doi.org/10.1016/S0921-5093(02)00067-9.

[23] Da Silveira, A.F. & de Castro, W.B. (2004). Microstructure of
under-cooled Sn—Bi and Al-Si alloys. Materials Science and
Engineering: A. 375-377. 473-478.
https://doi.org/10.1016/j.msea.2003.10.017.

[24] Piatkowski J. (2013). Physical and Chemical Phenomena
Affecting  Structure,  Mechanical ~ Properties  and
Technological Stability of Hypereutectic AI-Si Cast Alloys
After Overheating. Silesian University of Technology.
Gliwice. (in Polish).

ARCHIVES of FOUNDRY ENGINEERING Volume 25, Issue 2/2025, 94-101 101


https://doi.org/10.1016/j.jallcom.2008.10.015

	Abstract

