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The paper deals with the solubility and influence of the melting method of alloying elements (Zr, Mo and
Sr) on selected properties and structure of the hypoeutectic aluminum alloy AlSi5Cu2Mg. Alloying ele-
ments in the form of master alloys (AlZr20, AlMo10, and AlSr10) were melted in two different methods.
The first method consisted in melting the master alloy together with the batch material in an electric
resistance furnace, the second method consisted in separately melting the master alloy in an induction
electric furnace and then introducing the master alloy into the molten batch. The presence of alloying
elements led to an increase in the porosity in all experimental alloys, which negatively affected the result-

ing physical and mechanical properties.
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1 Introduction

The AlSi5Cu2Mg alloy is a relatively new alloy with
significant application in the production of high-stress
castings intended for the automotive industry. The
AlSi5Cu2Mg alloy, having an advantageous combina-
tion of mechanical and physical properties, was de-
signed by the manufacturer with a specific chemical
composition. The AlSi5Cu2Mg alloy is characterized
by a low content of Si (5 to 6.5 wt. % Si) and T1i (max.
0.03 wt. %). Due to the limited content of Ti, there is
no effective modification effect through standard Al-
Ti-B based modificators, which is achieved by adding
0.04 to 0.1 wt. % Ti. In general, the physical and me-
chanical properties of alloys based on Al-Si-Cu-Mg are
limited by the thermal stability of phases rich in Cu
and Mg. Based on this fact, the operating temperature
of AlSi5Cu2Mg alloys is limited to a temperature of
200 °C. One of the possibilities of effectively increas-
ing the mechanical and physical properties of the
AlSi5Cu2Mg alloy is the use of alloying elements [1-
0].

St with a melting temperature of 777 °C is one of
the most progressive modifiers of eutectic silicon in
hypoeutectic and eutectic Al-Si-based alloys. It is pre-
sented in the form of master alloys with Al, usually
with a content of 3.5 to 10 % Sr. In general, as the
temperature of the melt increases, the rate of dissolu-
tion of the Sr-based master alloy increases, and at the
same time, the modification effect of Sr starts faster.
To achieve the optimal modification effect of hypoeu-
tectic alloys based on Al-Sj, it is necessary to dose 150
to 200 ppm of Str. Premodification of Al-Si Sr alloys

results in a decrease in mechanical properties due to
the formation of coarser particles of the Al4SrSi2
phase. Modification of Al-Si alloys by means of St can
increase the porosity in the castings [2,7-12].

Zr is a transition metal with a melting point of 1855
°C. Zt finds application as an alloying element for Al-
Si-Cu-Mg metals, which increases the thermal stability
of specific castings for the automotive industry [13].
Zr also has modifying effect on Al-Si-Cu-Mg metals.
In aluminum alloys, Zr crystallizes preferentially in the
form of intermetallic phases of the type Al3Zr or
AlSiZr |2]. Al3Zr phases have significantly high ther-
mal stability and resistance to dissolution. The thermal
stability of Zr-rich intermetallic phases and the grain
refinement effect of Zr contribute to their being suit-
able for use in the development of new high-strength
aluminum alloys that operate at elevated temperatures
(above 200 °C) [12, 14-16]. The literature desctibes the
metastable solubility limit as 0.87 wt. % Zr at 660 °C
[17]. The solubility of Zr in Al alloys can be signifi-
cantly affected by the presence of alloying elements Li,
Cu, Mg, Zn, which suppress the crystallization of
Al3Zr intermetallic phases due to crystallization. As a
result, there is a decrease in the solubility of Zr and a
decrease in the modification efficiency of Al-Si-Cu-
Mg Zr alloys [17,18].

Mo is a ,,difficult-to-melt” metal with a high melt-
ing point of 2623 °C. Mo favorably affects the heat
resistance of aluminum alloys and acts as a cotrector
of ferric phases, which negatively affect on the me-
chanical and physical properties of the aluminum alloy
[19]. The maximum solubility of Mo in Al-Si alloys is
0.25 wt. % in the peritectic reaction. Adding Mo in the
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form of a master alloy to Al-Si alloys leads to the for-
mation of thermally stable Mo-based dispersoids, as a
result of which there is an improvement in creep re-
sistance at elevated temperature (above 300 °C) [2,3].
The limited solubility of Mo in aluminum leads to the
formation of intermetallic phases rich in Al and Si.
The presence of Mo in Al-Si-Cu-Mg alloys positively
affects mechanical properties, wear resistance and cor-
rosion resistence [20,21].

The aim of the research was to analyze the solubil-
ity and the influence of the melting method for the
selected alloying elements strontium, molybdenum
and zirconium on the physical properties, mechanical
propetties, porosity and microstructure of the hypo-
eutectic aluminum alloy AlSi5Cu2Mg [2]. Alloying el-
ements were added to the melt in the form of master
alloys AlSr10, AlZr20 and AlMo10. Master alloys
based on AlZ120 and AIMo10 belong to difficult-to-
melt master alloys. Their melting in an electric re-
sistance furnace, together with the batch, leads to an
increase in temperature and holding time at a given
temperature in order to ensure their complete dissolu-
tion. These metallurgical changes in the melt prepara-
tion process lead to a deterioration of the resulting
mechanical and physical properties due to a negative

increase of porosity. One of the ways to effectively
melt Zr and Mo-based master alloys is the use of in-
duction heating. Induction melting causes alternating
currents to be induced in the batch, as a result of
which the batch heats up and melts relatively quickly.
During melting, the metal is also electrodynamically
mixed by the action of eddy currents, which achieves
a uniform chemical composition of the bath. Melting
master alloys separately from the batch could lead to a
positive improvement of the mechanical and physical
properties of the AlSi5Cu2Mg alloy. The master alloys
were melted in two different methods, in an electric
resistance/induction furnace in order to characterize
the effect of changing the metallurgical method of
melt preparation on the properties of the AlSi5Cu2Mg
alloy.

2 Materials and Methods

For the experimental work was chosen the non-
normalized hypoeutectic aluminum alloy
AlSi5Cu2Mg. The chemical composition of the expet-
imental AlISi5Cu2Mg alloy is shown in Tab.1. The spe-
cific chemical composition of experimental alloy is
specified by the supplier company.

Tab. 1 Chemical composition of reference alloy AlSi5Cu2Mg [wt. %]

Si Cu Mg Mn Sr

Mo Zr Ti Mn/Fe Al

5.40 1.85 0.29 0.03 0.008

0.0006 0.0006 0.013 0.09 Bal.

The AlSi5Cu2Mg alloy was melted in an electric re-
sistance furnace. Experimental alloys were prepared
by alloying 0.12 wt. % Str, 0.20 wt. % Zr and 0.15 wt.
% Mo. The stated contents of alloying elements were
selected based on the literature survey and our previ-
ous investigations [3,7,12,20]. Additive elements in the
form of master alloys AlZr20, AIMo10, and AlSr10
were melted in two different methods and introduced
into the melt at a temperature of 770 °C £ 5 °C [3].
The first method consisted in melting the master alloy
together with the batch in an electric resistance fur-
nace at the melting temperature. In this case, the ex-
petimental alloys were labeled St/Zr/Mo-R. The sec-
ond method consisted of melting the master alloy in
an electric induction furnace and then introducing the
molten master alloy into the batch. In the second case,
the experimental alloys were labeled St/Zr/Mo-1. The
chemical composition of the experimental alloys is

Tab. 2 Chemical composition of experimental alloys [wt. %]

shown in Tab. 2. The chemical composition was meas-
ured by using optical emission spectroscope Spectro-
lab S. The chemical composition of the experimental
alloys was evaluated on experimental samples with a
diameter of 38 mm and a height of 10 mm. For each
experimental variant, 3 samples were cast for chemical
analysis. The experimental samples were cast in 3
stages of the casting process. The first sample was cast
at the beginning of the casting process, the second
sample was cast after the 3 castings were cast into the
non-normalized metal mold (Fig. 1), and the third
sample was cast at the end of the casting process.
Three independent chemical composition measure-
ments were made on each experimental sample. For
each experimental alloy, the resulting chemical com-
position was determined by the arithmetic average of
the 9 measurements.

Si Cu Mg Mn Sr Mo Zr Ti Mn/Fe Al

Sr-1 5.75 1.88 0.29 0.015 0.14 0.0007 0.0007 0.012 0.12 Bal.
Sr-R 5.75 1.88 0.29 0.015 0.14 0.0007 0.0007 0.013 0.15 Bal.
Z1-1 5.60 1.88 0.29 0.015 0.009 0.0006 0.19 0.013 0.14 Bal.
Zr-R 5.51 1.87 0.30 0.015 0.008 0.007 0.20 0.012 0.12 Bal.
Mo-I 5.72 1.92 0.29 0.015 0.007 0.13 0.0007 0.013 0.11 Bal.
Mo-R | 5.69 1.94 0.28 0.015 0.008 0.13 0.0007 0.013 0.13 Bal.
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The experimental samples were cast using gravity
casting technology into a not standardized metal mold
(Fig. 1). The material of the metal mold was steel [2].
Metal mold was coated with a graphite powder [2].
The casting temperature was 740 °C + 5 °C and the
mold temperature was 180 °C = 5 °C. The tempera-
ture of the metal mold was maintained by flame [2].
The experimental alloy was not metallurgically af-
fected or degassed in the preparation process [3].

Fig. 1 Metal mold with the marked extraction place for the
tensile test bar (yellow field)

The experimental samples were subjected to an
evaluation of the area fraction of porosity. The area
fraction of porosity was evaluated with the graphic
software Quick Photo Industrial 3.2. The size of meas-
urement area was 2460 pm x 1700 pm. The measure-
ment area was consistent for all samples. Samples for
the evaluation of the area fraction of porosity were
taken from the same location as tensile test bar, the
extractions place for the tensile test bar is marked with
a yellow field in Fig. 1. For each experimental sample,
five randomly selected locations were evaluated.

The conductivity of the experimental alloys was
evaluated by the alloy manufacturer’s method. This
method was based on the measurement of the electri-
cal conductivity using a Sigma Check 2 conductometer
with a touch sensor. Five measurements were per-
formed for each experimental alloy. The values of the
electrical conductivity (o) were substituted into the
empirical equation (1) to calculate the thermal conduc-
tivity (A) of the experimental samples [2]:

A=429 . 0— 13321 [W.m1K] 1)

The mechanical properties of the experimental al-
loys were determined by a static tensile test. In accord-
ance with the EN ISO 6892-1 standard, a universal
tearing device Inspekt desk 50 kN was used to per-
form the tensile test. A series of five test circular rods
with a shank diameter of 8 mm were made for each
experimental variation [2]. Fig. 2 shows the scheme of
the tensile test bar. The tensile test bars were obtained
from the casting extraction place (Fig. 2) by cutting
and subsequent turning.

|
|
|
|
|
|
|
|

65
120

Fig. 2The scheme of the tensile test bar

The Brinell hardness test was used to determine
the experimental alloy’s hardness in accordance with
EN ISO 6506-1. The measurements were carried out
with a Brinell Innovatest Nexus 3000 hardness tester
according to HBW 5/250/10 (indentation body - 5
mm diameter carbide ball/ load size 250 kp/ load time
10 s) [2]. Five measurements were made for each var-
iant of the experiment [2].

The microstructure of the experimental alloys was
evaluated with a Neophot 32 optical light microscope
and a TESCAN LMU II scanning electron micro-
scope with a BRUKER EDX analyzer [2]. Experi-
mental samples were prepared by standard methods.
Samples with the most appropriate combination of
mechanical and physical properties were subjected to
microstructural analysis.

3 Evaluation of Area Fraction of Porosity

The effect of Sr, Zr and Mo elements on the po-
rosity of the experimental AlSi5Cu2Mg alloy was de-
fined by the area fraction of porosity. The atea fraction
of porosity of the experimental alloys depending on
the additive element and the method of melting and
introduction of the additive elements into the melt are
processed into a graphical dependence Fig. 3. [2]
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Fig. 3 Area fraction of porosity of experimental alloys

On each experimental alloy, five different locations
were selected for the measurement. The area fraction
of porosity of the experimental alloys represents the
average of five measurements. Pores were identified in
the plane of the metallographic cut through the "phase
change" function, as shown by the red areas in Fig. 4.
2

The area fraction of the porosity of the experi-
mental alloys with the St, Zr, and Mo Addition in-
creased substantially compared to the reference alloy
AlSi5Cu2Mg [2,3]. The largest increase in surface po-
rosity by 243 % compared to the reference alloy was
recorded by the Zr-R alloy. Conversely, the smallest
increase in surface porosity of 71 % was recorded by
the Zt-1 alloy compared to the reference alloy. The
area fraction of the porosity of the experimental alloys
differs significantly also due to the method of melting
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and introduction of alloying elements into the melt.
The area fraction of porosity of the St-1, Zr-1, and Mo-

I alloys decreased compared to the surface porosity of
Sr-R by 24 %, Zr-R by 50 % and Mo-R by almost 34
%. The increased porosity of Sr-R, Zr-R, and Mo-R

Area fraction of porosity: 1.5 %

Area fraction of porosity: 1.1 %

Area fraction of porosity: 1.3 %

f 200pm i

alloys could be significantly influenced by the metal-
lurgical process of melt preparation [2]. The melting
temperature and the holding time at the given temper-
ature were slightly increased due to the complete melt-
ing of the master alloy AlSr10, AlZr20, and AIMo10
[2,23,24].

Area fraction of porosity: 2.4 %

Area fraction of porosity: 2.0 %

Fig. 4 Evaluation of area fraction of porosity of experimental alloys: a) Sr-1, b) Sr-R, ¢) Zr-1, d) Zr-R, ¢) Mo-1, f) Mo-R (0.5 %
HF etch.)

4 Evaluation of Physical Properties

The electrical and thermal conductivity of the ex-
perimental alloys was processed into a graphical de-
pendence Fig. 5. Due to the influence of the alloying
elements Sr, Zr and Mo, there is a decrease in the
physical properties of the studied alloy. The largest de-
crease in physical properties by an average of 18 %
was recorded in the Zr-R alloy compared to the

reference alloy. The smallest decrease of approxi-
mately 7 % compared to the reference alloy was ob-
served in the St-R alloy. The electrical and thermal
conductivity of experimental alloys with the addition
of Sr and Mo does not fundamentally change depend-
ing on the method of melting and introduction of the
additive element into the melt. On the contrary, the
physical properties of the experimental Zr-R alloy de-
creased by an average of 10 % compared to Zz-1.
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Fig. 5 Physical properties of experimental allpys

In general, any alloying element added to an alumi-
num alloy negatively affects the physical properties [2].
Alloying elements block the movement of electrons,
resulting in a decrease in the physical and electrical
properties of the aluminum alloy. The physical prop-
erties were also significantly influenced by the porosity
present [2]. The porosity of the casting depends both
on the amount of hydrogen present in the melt and on
the metallurgical process of the melt preparation |2, 3].
In order to completely melt the AlSt10, AlZ120, and
AlMo10 master alloys, it was necessary to increase the
melting temperature and extend the holding time at
the given temperature. The changes made to the met-
allurgical process led to an increase in the porosity of
the experimental alloys. The potes acted as "impuri-
tes" and prevented the free passage of clectrons
through the environment, causing a decrease in phys-
ical properties [25].

5 Evaluation of Mechanical Properties

The resulting values of the mechanical properties
are shown in Fig. 6 and represent the average of 5
measurements [2,3]. Alloys with the addition of St do
not show significant changes in mechanical properties
compared to the reference alloy [2]. The St-I alloy
shows a negligible decrease in R, and HBW compared
to the Str-R alloy. The Rpo2 value, on the other hand,
slightly increased compared to the Sr-R alloy. The duc-
tility of the experimental alloys with Sr addition was
identical. The addition of Zr to the reference
AlSi5Cu2Mg alloy had a more significant effect on the
resulting mechanical properties. The mechanical prop-
erties of Zr-1 increased slightly compared to the refer-
ence alloy, Sr-R and Sr-1. The highest Rp02and HBW
values were achieved with the Zr-I alloy. Compared to
the reference alloy Rpo2, HBW increased by approxi-
mately 9 %. On the contrary, the mechanical proper-
ties of Zr-R decreased compared to the reference alloy
AlSi5Cu2Mg, St-R, St-1, and at the same time there
was a significant decrease compared to the Zr-I alloy.

The Zt-R alloy had the lowest values of Ry and Rpoz,
which decreased by approximately 12 % compared to
the Zr-I alloy. The decrease in the mechanical proper-
ties of the Zr-R alloy could be caused by the presence
of hard and brittle Zr-rich intermetallic phases [2]. Al-
loys with the addition of Mo achieved the best me-
chanical properties. HBW did not change significantly
due to the method of melting and introduction of the
AlIMo10 master alloy into the batch material. The val-
ues of the mechanical properties Rn and As of the ex-
perimental Mo-1I alloy slightly increased compared to
the Mo-R alloy. The largest increase in Rm and As (10
% and 63 %) compared to the reference alloy was
achieved for the Mo-I alloy.
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Fig. 6 Mechanical properties of experimental alloys

Based on the obtained results, it can be concluded
that induction melting of AIMo10 and AlZr20 master
alloys was more effective in terms of the achieved me-
chanical properties for alloys with the addition of Mo
and Zr. Master alloys AIMo10 and AlZr20 are charac-
terized by a high melting temperature. When introduc-
ing the master alloys into the melt in the electric re-
sistance furnace, it was necessary to increase the melt-
ing temperature and the holding time at the given tem-
perature in order to ensure complete melting of the
AlZr20 and AIMo10 master alloys. Due to the change
in the metallurgical process of melt preparation, the
porosity increased which led to a negative effect on
the mechanical and physical properties of experi-
mental alloys [2]. Induction melting of AlZr20 and
AlMo10 master alloys resulted in the formation of
eddy currents, which caused relatively rapid heating
and melting of the master alloys. As a result of the
melting of the master alloys separately, it was not nec-
essary to change the parameters of the metallurgical
process of the melt preparation, which would lead to
an increase in the porosity [2,3].

6 Evaluation of Microstructure and EDX
Analysis

The microstructure of the AlSi5Cu2Mg alloy in the
as-cast state consists of primary a-phase, eutectic Si,
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and Cu and Fe-rich intermetallic phases (Fig. 7) [2].
Due to the fact that the reference alloy was supplied
in a pre-modified state, eutectic Si was observed in the
form of imperfectly round grains. Fe-based interme-
tallic phases were precipitated in the form of gray
plates with split ends [2].

The microstructures of the experimental Sr-I and
Sr-R alloys in the cast state can be seen in Fig. 8. Cu-
based intermetallic phases were observed in the metal-
lographic cut plane in the form of a ternary eutectic
with a compact morphology. Eutectic Si is excluded in
the form of almost perfectly round grains due to the

modifying effect of St [2]. Fe-based intermetallic Fig. 7 Microstructural evalnation of AlSi5Cu2Mg alloy
phases were present in both experimental alloys. (H2850; etch.)

a-phase s
s
P 1 Cu-rich phase

Fig. 8 Microstructural evaluation of experimental alloys: a) Sr-1, b) Sr-R (H285Oy etch.)

In the experimental St-I alloy, the presence of
sharp-edged formations was detected in the matrix
(Fig. 9). By EDX analysis, these structural compo-
nents were identified as particles with a high concen-
tration of Sr. Considering this fact, it can be concluded
that in the case of the experimental Sr-I alloy, the
AlISr10 master alloy did not completely dissolved. An
increased concentration of Cu-rich intermetallic
phases was demonstrated in the vicinity of sharp-
edged particles. On the contrary, based on the EDX
analysis of the experimental Sr-R alloy, the presence
of sharp-edged formations that could be identified as
Sr particles was not demonstrated. In this case, it can
be concluded that complete dissolution of Sr in the
melt occurred. The presence of sharp-edged for-
mations could lead to a decrease in the physical prop-
erties and Ry, of the experimental St-I alloy compared

SEM HV: 30.00 kv MICh VEGAWN TESCAN
WD: 25.07 mm Det: SE Detector

”
SEMMAG:3.00kx  Date(nvdly): 03/27/23 Digital Microscopy Imlnlngu

Spectrum: 4

to St-R [3]. El AN Series unn. C norm. C Atom. C Error (1 Sigma)
- . [wt.%] [wt.3] [at.3] [wt.%]
As can be seen in Fig. 10, the microstructure of the
experimental Zr-1 and Zr-R alloys in the as-cast state Mg 12 K-series  6.09  6.32  8.43 0.39
, : oS Al 13 K-series 63.87 66.31 79.67 3.23
consists of primary a-phase and eutectic Si. Interme- Fe 26 K-series 1.07  1.11  0.64 0.07
: : Cu 29 K-series 10.56 10.97 5.59 0.31
tallic phases l?ased on Fe and Cu were present in the e IiE. At B e
metallographic cut plane of the experimental alloys
Zt-1 and Ztr-Z. Intermetallic phases rich in Cu were Total: 9632 100.00 100.00
observed in the form of a ternary eutectic with a com- Fig. 9EDX analysis of Sr particles of experimental alloy

pact morphology. Sl
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The presence of Zr-rich intermetallic phases was
identified by EDX analysis (Fig. 11). The Zr-phases
present in the experimental Zr-I and Zr-R alloys were
identified as AISiZr and Al3Zr-based phases. Interme-
tallic phases based on Zr wete excluded in the form of
individual thicker needles. The presence of hard and
brittle intermetallic phases based on Zr could lead to
a decrease in the physical and mechanical properties
of the Zr-1 and Zr-R Experimental alloys [2]. EDX
analysis showed an increased concentration of Cu-rich
intermetallic phases around the Zr-based intermetallic
phases.

The microstructures of the experimental Mo-I and
Mo-R alloys in the as-cast state are shown in Fig. 12.
Intermetallic phases based on Fe and Cu can be ob-
served. The experimental Mo-I alloy was characterized
by a local thickening of eutectic Si compared to Mo-
R.

EDX analysis proved the presence of intermetallic
phases rich in Mo (Fig. 13). An increased concentra-
tion of Mg and Fe-rich intermetallic phases was de-
tected in the vicinity of phases rich in Mo. The pres-
ence of Mo reduces the adverse effect of Fe in alumi-
num alloys and thus acts as a corrector of Fe phases.

SEM HV: 30.00 kV MICh
WD: 24.99 mm Det: SE Detector 8 um
SEM MAG: 8.00 kx Date(m/dAy): 03/27/23

VEGAN TESCAN
Digtal Micoscopy Imaging Il

Spectrum: 3

E1l AN Series unn. C norm. C Atom. C Error (1 Sigma)

[wt.%] [wt.%] [at.%] [wt.%]
Mg 12 K-series 1.43 1.29 1.67 0.12
Al 13 K-series 74.86 67.84 78.89 3.78
Si 14 K-series 9.12 8.26 9.23 0.45
Fe 26 K-series 6.52 5.91 3.32 0.21
Cu 29 K-series 8.46 7.66 3.78 0.26
Zr 40 K-series 9.97 9.03 3.11 0.49

Total: 110.35 100.00 100.00

Fig. 11 EDX analysis of Zr intermetallic phase

Cu-rich phases

Fig. 12 Microstructural evalnation of experimental alloys: a) Mo-1, b) Mo-R (H2850y etch.)
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SEMHV:30.00kv  MICh Lev w1000 | VEGANTESCAN
WD: 25.02 mm Det: SE Detector 20 ym !

SEMMAG:300kx  Date(midty): 03/27/23 Dighal Microscopy Imaging I

Spectrum: 2

El AN Series unn. C norm. C Atom. C Error (1 Sigma)

[wt.%] [wt.%] [at.%] [wt.%]
Mg 12 K-series 1.20 1.13 1.39 0.11
Al 13 K-series 79.82 75.71 83.70 4.03
Si 14 K-series 6.15 5.84 6.20 0.32
Cr 24 K-series 0.64 0.60 0.35 0.05
Fe 26 K-series 11.81 11.20 5.98 0.34
Cu 29 K-series 4.40 4.18 1.96 0.16
Mo 42 K-series 1.40 1.33 0.41 0.22

Total: 105.42 100.00 100.00

Fig. 13 EDX analysis of Mg intermetallic phases

7 Conclusion

The aim of the work was to analyze the solubility
of selected elements (Sr, Zr, Mo) and the influence of
the method of their melting on porosity, physical/me-
chanical properties and microstructure of reference al-
loy AlSi5Cu2Mg. Based on the obtained results, the
following conclusions can be stated:

The method of melting of the alloying ele-
ments had a significant effect on the porosity
of the investigated alloys. Porosity of Sr-R,
Z1-R and Mo-R alloys increased substantially
compared to St-1, Zr-I and Mo-I alloy proba-
bly due to the change in the metallurgical pro-
cess of melt preparation. The change in the
melt preparation process consisted in increas-
ing the temperature and holding time at a
given temperature to ensure the complete dis-
solution of the master alloys in the batch dur-
ing the melting in an electric resistance fur-
nace. As is generally known, porosity nega-
tively affects the resulting physical and me-
chanical properties of aluminum castings. The
presence of pores blocks the transfer of elec-
trons through the medium [2]. As a result,
there is an unfavorable decrease in the physi-
cal properties of the casting.

The addition of Sr, Mo and Zr negatively af-
fected the physical properties of the reference
alloy AISi5Cu2Mg in the cast state [2]. Alloy-
ing elements generally act as a barrier for the
free movement of electrons through the envi-
ronment, resulting in an unfavorable decrease
in physical properties. Depending on the
method of melting, no significant changes in
the physical properties of the experimental al-
loys with the addition of Sr and Mo were
noted. On the contrary, the physical propet-
ties of the Zr-1 alloy have increased compared
to Zr-R.

The mechanical properties of the experi-
mental alloys with the Sr, Zr, and Mo addition
increased compared to the reference alloy
AlSi5Cu2Mg. Considering the achieved me-
chanical properties, it was demonstrated that
the induction melting of AIMo10 and AlZr20
master alloys was more effective. An im-
portant role in this case is played by the rate
of the porosity, which increased in the case of
Zr-R and Mo-R alloys as a result of the
change in the metallurgical process of melt
preparation [2]. Experimental alloys with Sr
addition did not show significant changes in
selected properties depending on the method
of melting the AlSr10 master alloys. The best
mechanical properties from the studied set of
alloys were achieved by the experimental Mo-
I alloy. Conversely, the worst mechanical
properties were achieved by the Zr-R alloy.
An increased concentration of phases rich in
Cu and Fe was detected in the experimental
alloys. By EDX analysis, particles with a high
concentration of St were identified in the ma-
trix of the experimental Sr-I alloy, which were
excluded in the form of sharp-edged for-
mations. In this case, the AlSr10 master alloy
did not completely dissolve.

Similarly, to experimental alloys with Sr addi-
tion, an increased concentration of phases
rich in Fe and Cu was recorded in experi-
mental alloys with Zr addition in the vicinity
of the Zr-rich intermetallic phases. EDX
analysis proved the presence of hard and brit-
tle intermetallic phases based on Zr, which
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were excluded in the form of needles. Hard
and brittle intermetallic phases based on Fe
and Zr could lead to a decrease in physical
and mechanical properties of Zr-R and Zr-1
alloys.

* The Mo-I alloy was characterized by local
thickening of eutectic Si compared to Mo-R.
EDX analysis detected the presence of Mo-
rich phases in the vicinity of which an in-
creased concentration of Fe phases was rec-

orded.

* Based on the above conclusions, it can be
demonstrated that the melting of AIMo10 and
AlZr20 master alloys is more efficient in
terms of the obtained results in an electric in-
duction furnace. On the other hand, with the
relatively easy-to-melt AlSt10 master alloy,
the method of melting does not play a signif-

icant role.
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