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Abstract: Unmodified hypoeutectic silumins have a microstructure composed of large-sized phases,
which are the reason for their low mechanical properties. Many years of research have shown the
modifying effects of many chemical elements and their compounds, including the master alloy
consisting of Al-Ti-B, often in the form of the finished AlTi5B alloy. In this work, it was decided
to check how the proportions of Ti and B content in the Al or AlSi-based master alloy affect the
microstructure and mechanical properties of a hypoeutectic silumin, AlSi7Mg. It has been shown that
a master alloy containing silicon (with the participation of Al + Ti + B) has a more effective impact
on the refinement of the microstructure, and thus an increase in the mechanical properties of the
AlSi7Mg alloy, than a master alloy without silicon. It has been shown that the ratio of titanium to
boron content in the very-often-used AlTi5B modifier is not always optimal. It has been shown that
the use of a master alloy with a composition similar to that of modified silumin with titanium and
boron in a 2:1 ratio allows the obtaining of an AlSi7Mg alloy with higher mechanical properties than
the alloy after the modification of the AlTi5 master alloy.
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1. Introduction

The development of technology places high demands on construction materials. More
and more construction materials are being created, and the materials used are gaining
increasingly higher mechanical properties. Achieving mechanical properties with higher
parameters requires research to be conducted. In the case of classical construction materials,
their chemical composition has already been largely optimized. Their further development
can be achieved by influencing technological processes. These processes allow for the
shaping of the microstructure of alloys and, consequently, the mechanical properties of the
alloys [1–11].

Hypoeutectic silumins have been widely used in industry. This is due to their good
corrosion resistance, good mechanical and physical properties and low melting point.
Unfortunately, despite the large number of advantages, they have a rather troublesome
disadvantage, which is the tendency to create a microstructure with large dimensions of
individual phases. Large eutectic silicon platelets constitute the natural notches of the
microstructure. They are the reason for the low mechanical properties of alloys. For many
years, a number of technological procedures have been known to refine the microstructure
and, at the same time, increase the mechanical properties resulting from the microstruc-
ture [12–22]. Hypoeutectic silumins are one of the few alloys in which, as a result of
changes in the microstructure, it is possible to increase all mechanical properties, e.g.,
tensile strength and elongation, at the same time. In most metal alloys, as one parameter
increases, the other decreases. Many technological processes are known that allow for the
modification of the microstructure. The literature provides the results of research leading to
an increase in the properties of silumins, using temperature gradients [23], electromagnetic
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fields, heat treatments [24,25], chemical modifications [26–40], etc. Chemical modification
and heat treatment have been widely used in industrial practice.

The process of the chemical modification of hypoeutectic silumins was described in
1921 [41]. Since then, a lot of works have been written showing the influence of various
elements, chemical compounds [42–45] and the technological processes [46–57] on the
microstructure and mechanical properties of the tested silumins. Unfortunately, despite
such a significant amount of research, it has not been possible to clearly identify the
mechanisms causing microstructure refinement and increases in mechanical properties.
A number of hypotheses have described the mechanisms of modification. Based on a
literature analysis, it can be assumed that there are many modification mechanisms. Taking
into account the large number of published results and the constant lack of a clear and
reliable modification mechanism, it can be assumed that, at the current level of technique,
this is a very complex issue, and is very difficult or even impossible to explain [26–57]. Most
likely, for this reason, many authors of research papers present research results without
even trying to create further theories of the probability of the chemical modification process
of alloys.

Works have been found in the literature describing the influence of master alloys
containing aluminum, titanium and boron on the microstructure and properties of hypoeu-
tectic silumins [58,59]. Some authors have conducted research with different proportions
of titanium and boron in the master alloy [59–62]. In many studies, the authors modify
hypoeutectic silumin by introducing titanium and boron into the liquid alloy in the form of
a powder or rod. There are works presenting the results of silumin modification using the
available industrial alloy, AlTi5B1 [58]. There are works in which the authors define the
titanium-to-boron ratio of 5:1 as optimal [63,64].

There are also publications that show the better performance of mortars based on
an alloy with a chemical composition similar to the modified alloy than those based only
on aluminum [7]. Taking the above into account, it was decided to check the effect of
a modifier in the form of a master alloy containing various proportions of titanium and
boron and a complementary master alloy composition containing only aluminum or an
aluminum and silicon alloy.

2. Materials and Methods

For the tests, it was decided to use one of the most popular hypoeutectic silumins in
the form of the AlSi7Mg alloy. The chemical analysis of the tested AlSi7Mg alloy is shown
in Table 1.

Table 1. Contents of chemical analysis of tested hypoeutectic silumin, AlSi7Mg [55].

Chemical Element Si
wt %

Mg
wt %

Mn
wt %

Fe
wt %

Cu
wt %

Ni
wt %

Ti
wt %

B
wt %

Al
wt %

Average contents 7.24 0.30 0.26 0.13 0.10 0.006 0.00 0.00 bal.

An industrial alloy delivered in the form of ingots was used for the tests. The supplied
alloy did not exhibit microstructure uniformity, which is normal for this form of alloy.
To obtain a homogeneous microstructure, the alloy was pre-melted in a crucible made of
Al2O3 with a capacity of 5 dm3 at a temperature of 700 ◦C in an electric furnace. The shapes
were cast into a steel mold from the liquid alloy. Master alloys were melted in an Al2O3
crucible heated in an electric furnace. Aluminum and silicon with a purity of over 98%
were used, as well as titanium in the form of powder with a purity of >98.5% and boron in
the form of boron puriss p.a. crystalline pieces with a purity of >95%. The production of the
master alloy began with the production of the AlSi7 base alloy in a crucible with a capacity
of 5 dcm3. At test points where no silicon was added, the appropriate amount of aluminum
was added. To ensure comparable conditions, the alloy was cast in the form of a rod, from
which, after cooling, appropriate sections were taken to produce a master alloy appropriate
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for a given point of the research plan. The master alloy was produced, maintaining the
weight proportions of titanium and boron to the weight of the modified silumin. For this
purpose, an individual master alloy was produced for each modified alloy, ensuring the
quantitative and qualitative chemical composition in accordance with the assumptions
for individual test points. The amount of the modified alloy was selected in a way that
ensured its excess by 30 to 60% in relation to the alloy necessary to pour the casting mold
(Figure 1). The content of titanium, boron and silicon per mass of the modified alloy is
presented in Table 2. The mass of aluminum was selected so that the titanium, boron and
silicon constituted approximately 10% of the master alloy. A diagram of the casting mold
used for all melts is shown in Figure 1 [55].
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Figure 1. The diagram of the casting mold: 1—pouring cup, 2—sprue, 3—mold, 4—casting (samples):
(a) section, (b) top view.

Table 2. Modifier components and their levels of change.

Marking Chemical Element
Component Share Change Levels, wt %

Basic Changes Lower Higher

X1 Ti 0.03 0.03 0 0.06

X2 B 0.03 0.03 0 0.06

X3 Si 3.5 3.5 0 7

The first series of tests was carried out based on a factorial design of 23. Modifiers
were produced from chemical elements at the adopted levels of changes (Table 2).

The research results were processed mathematically, obtaining answers in the form of
an equation for the analyzed parameters (1):

ŷ = b0 + b1x1 + b2x2 + b3x3 + b12x1x2 + b13x1x3 + b23x2x3 + b123x1x2x3 (1)

The obtained equations of the general form (1), in order to be presented graphically,
describing the mechanical properties of the AlSi7Mg alloy after modification in accordance
with the research plan (Table 2) were reduced to two variables, assuming the third variable
at the lower and higher levels of changes (Table 2).

Each melt was made from the new AlSi7Mg alloy. The modification was carried out in
a crucible at a temperature of 700 ◦C and a time of 20 min.

An Olympus IX70 optical microscope was used for the metallographic examination.
After preparing the metallographic sections, they were etched with a NaOH reagent. A
phase analysis was performed using an X-ray Phaser Bruker diffractometer with the Difrac
EVA and HighScore Plus software and a crystallographic database. A static tension test
was carried out on the ZD10 machine on five-fold cylindrical samples with a measuring
diameter of 6 mm according to EN ISO 6892-1:2016 [65]. Two samples for each heat were
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tested. The Brinell hardness was tested on the heads of samples prepared for a static tensile
test in accordance with ISO 6506-1:2014 [66] using a ball with a diameter of 2.5 mm, a load of
306.5 N and a load time of 20 s with the HPO 250 hardness tester. Three measurements were
made on each sample. The arithmetic mean of the measurements was used for the analysis.

3. Results and Discussion of the Research Results

Figure 2 shows the microstructure of the AlSi7Mg alloy after modification in accor-
dance with the test plan (Table 2).
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Figure 2. Microstructure the AlSi7Mg alloy without modification (a) and after modification
with (b) AlTi0.06, (c) AlB0.06, (d) AlTi0.06B0.06, (e) AlSi7, (f) AlTi0.06Si7, (g) AlB0.06Si7,
(h) AlTi0.06B0.06Si7.

Figure 3 shows the changes in the tensile strength of the AlSi7Mg alloy with the
modifiers in accordance with the test plan (Table 2).
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Figure 3. Tensile strength of AlSi7Mg alloy with B ∈ < 0, 0.06 > wt %, Ti ∈ < 0, 0.06 > wt % and
Si ∈ < 0, 7 > wt %: (a) B ∈ < 0, 0.06 > wt %, Si ∈ < 0, 7> wt % for Ti = 0 wt %; (b) B ∈ < 0, 0.06 > wt %,
Si ∈ < 0, 7 > wt % for Ti = 7 wt %; (c) Ti ∈ < 0, 0.06 > wt %, Si ∈ < 0, 7 > wt % for B = 0 wt %; (d) Ti ∈ < 0,
0.06 > wt %, Si∈ < 0, 7 > wt % for B = 0.06 wt %; (e) B∈ < 0, 0.06> wt %, Ti ∈ < 0, 0.06 > wt % for
Si = 0 wt %; (f) B ∈ < 0, 0.06 > wt %, Ti ∈ < 0, 0.06 > wt % for Si = 7 wt %.

Figure 4 shows the changes in the elongations of the AlSi7Mg alloy with modifiers in
accordance with the test plan (Table 2).
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wt %: (a) B ∈ < 0, 0.06 > wt %, Si ∈ < 0, 7 > wt % for Ti = 0 wt %; (b) B ∈ < 0, 0.06 > wt %, Si ∈ < 0, 7 >
wt % for Ti = 7 wt %; (c) Ti ∈ < 0, 0.06 > wt %, Si ∈ < 0, 7 > wt % for B = 0 wt %; (d) Ti ∈ < 0, 0.06 > wt
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(f) B ∈ < 0, 0.06 > wt %, Ti ∈ < 0, 0.06 > wt % for Si = 7 wt %.

Figure 5 shows the changes in the Brinell hardness of the AlSi7Mg alloy with modifiers
in accordance with the test plan (Table 2).
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0.06 > wt %, Si ∈ < 0, 7 > wt % for B = 0.06 wt %; (e) B ∈ < 0, 0.06 > wt %, Ti ∈ < 0, 0.06 > wt % for
Si = 0 wt % and 7 wt%.

The AlSi7Mg alloy without modifying additives, which is the first point of the research
plan for Ti, B and Si at a lower level (Table 2), is shown in Figure 1a. The microstructure
of this alloy consists of eutectic (α + β) against the background of the dendritic primary
α phase (solid solution of silicon in aluminum). The eutectic β phase (solid solution of
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aluminum in silicon) occurs in the form of thick plates with differently oriented symmetry
axes. The result is a low tensile strength of Rm = 138 MPa (Figure 3a), an elongation of
A = 0.7% (Figure 4a) and a Brinell hardness of H = 51 HB (Figure 5a). After modifying the
alloy with a master alloy with (0.06% Ti + Al), the β phase was still present in the form of
plates. The partial parallel arrangement of the plate axes indicates the beginning of the
stabilization of the crystallization process. This confirms the beginning of alloy modification
(Figure 1b). This state was reflected in the mechanical properties: Rm = 150 MPa (Figure 3b),
A = 2.2% (Figure 4b) and H = 56 HB (Figure 5b). After modifying the alloy with a master
alloy composed of (0.06% B + Al), further standardization of the eutectic (α + β) was found.
The eutectic silicon in the dominant-part platelets have a clearly uniform orientation of the
symmetry axis. A significant fragmentation of the alloy microstructure was also observed
compared to the unmodified alloy (Figure 2a). The effect of eutectic fragmentation is an
increase in the strength (Rm) to 156 MPa (Figure 3d), A = 2.9% (Figure 4d) and H = 58
HB (Figure 5d). After modifying the alloy (0.06% Ti + 0.06% B + Al), a lamellar eutectic
(α + β) was still obtained, but with a high degree of fragmentation (Figure 2d). Smaller
dimensions of the dendritic α phase were also obtained. The result of the microstructure
refinement are higher mechanical properties than for the modification of the alloy with
a master alloy containing only titanium or boron; Rm = 176 MPa (Figure 3e), A = 4.5%
(Figure 4e), H = 61 HB (Figure 5e). The use of a master alloy consisting of only 7% silicon
and aluminum to modify silumin resulted in a microstructure similar to the alloy without
modification (Figure 2e). Similar observations concern the mechanical properties, where
Rm = 139 MPa (Figure 3f), A = 0.7% (Figure 4f) and H = 51 HB (Figure 5e). The graphical
form presenting the regression equation (Figure 5e) describing the hardness for the Si
variable at both the lower and higher levels (Table 2) looks the same because this variable
does not appear in the regression equation (it is insignificant at the statistical level of 0.05).
This is confirmed by Figure 5a–d, in which the course of the function relative to the Si axis
is independent of the silicon content (parallel to the axis).

For silumin with the master alloy (0.06% Ti + 7% Si + Al), a microstructure was
obtained, consisting of long, thick plates with parallel axes of symmetry occurring within
the boundaries of individual grains (Figure 2f). Comparing this microstructure with the
microstructure of the alloy after modification (0.06% Ti + Al), it was found that it had
eutectic silicon platelets with smaller dimensions. Therefore, the addition of silicon in
the master alloy has a beneficial effect on the refinement of the eutectic alloy. Similar
observations were made for the mechanical properties. Rm = 169 MPa (Figure 3f), A = 4%
(Figure 4f) and H = 60 HB (Figure 5f) were obtained, which is an increase in strength
by 12% and elongation by 81% compared to the alloy after modification with titanium
but without silicon. After modifying the silumin master alloy (0.06% B + 7% Si + Al), a
microstructure was obtained, consisting of large-sized plates with parallel axes of symmetry
within the boundaries of individual grains (Figure 2g), but with slightly coarser grains
than after the modification with (0.06% Ti + 7% Si + Al) (Figure 2f), and finer than after
modification with (0.06% B + Al). Similar relationships were observed for the mechanical
properties, Rm = 163 MPa (Figure 3d), A = 3.2% (Figure 4d) and H = 58 HB (Figure 5d).
These observations confirm once again that the master alloy containing silicon (therefore a
component of the modified alloy) has a more intense effect than the master alloy without
silicon. Test results were also obtained, indicating a higher effectiveness of the impact
on microstructure refinement and increase in the mechanical properties of titanium than
boron. The greatest refinement of the AlSi7Mg alloy microstructure (both the eutectic and
the primary α phase) was observed after the modification of the master alloy composed
of (0.06% Ti + 0.06% B + 7% Si) (Figure 2h). The microstructure after modification with
this modifier still consists of lamellar eutectic (α + β) against the background of the α

phase, but with a large dispersion of the β phase and fine dendrites of the α phase. This
microstructure is reflected in the highest mechanical properties in the analyzed test plan;
Rm = 181 MPa (Figure 3d), A = 5.1% (Figure 4d), H = 61 HB (Figure 5d).
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The effectiveness of introducing modifier components into the AlSi7Mg alloy was
confirmed via an XRD analysis. An example record for the master alloy modification
(0.06% Ti + 0.06% B + 7% Si + Al) is shown in Figure 6. On this basis, the presence of
titanium and boron introduced into the alloy via the master alloy was confirmed. The
introduction of aluminum and silicon cannot be confirmed because these chemical elements
are a natural component of the tested alloy (they occur naturally in silumin). It should
be noted that the amount of individual chemical elements introduced in the form of the
master alloy in relation to the mass of the processed alloy is small. This is the reason for
small peaks confirming individual phases. However, the purpose of the XRD analysis was
not to determine the content of individual elements in the alloy, but only to confirm their
transition from the master alloy to silumin.
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Figure 6. XRD of AlSi7Mg alloy with (0.06% Ti + 0.06% B + 7% Si + Al).

Analyzing the obtained results of the mechanical properties tests (Figures 3–5), it was
found that both titanium and boron influence the increase in the analyzed parameters. Both
of these components, both together and separately, have a more intense effect when silicon
is included in the master alloy. The modification of the silumin master alloy (Si + Al) did
not bring any significant benefits. When comparing the effectiveness of titanium and boron,
small differences were found. In the absence of silicon in the master alloy (lower level of the
research plan), boron has a more effective impact on the refinement of the microstructure
and the increase in mechanical properties. However, when the silicon content in the master
alloy is similar to the silicon content in the modified alloy, titanium is more effective. With
the above in mind, it was decided to conduct further research using, in addition to titanium
and boron, a solid component in the master alloy in the form of (Al + 7% Si).

It was shown [67] that hypoeutectic Al–Si casting alloys are most effectively frag-
mented via small additions of boron above 0.01% by weight. It has also been shown that
boron introduced in the form of an aluminum master alloy dissolves slowly and tends
to agglomerate, which may reduce the effectiveness of the modification. However, it is
believed that boron completely dissolves in the master alloy with silicon [68]. These views
may explain the reason why the master alloy containing silicon has a more effective ef-
fect than that based only on aluminum. These views are also confirmed by the results of
research on the microstructure and mechanical properties of hypoeutectic silumin [29,55].

In the second series of tests, it was decided to check the influence of the AlSi7 master
alloy with 0.06% Ti and 0.06% B added in the proportions 1:1, 2:1, 3:1, 4:1 and 5:1 (TiB,
Ti2B, Ti3B, Ti4B and Ti5B, respectively) on the mechanical properties of the AlSi7Mg alloy
(Figure 7).
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After modifying the AlSi7Mg alloy with the master alloy (TiB + AlSi7), values of
Rm = 166 MPa (Figure 7a), A = 3.3% (Figure 7b) and H = 59 HB (Figure 7c) were obtained,
which represents an increase in strength by 21% in compared to the unmodified alloy,
as well as an increase of 312% in elongation and 10% in hardness. After increasing the
titanium content to 0.12%, the strength increased to 170 MPa, the elongation to 4.5%
and the hardness to 61 HB. After modifying the master alloy (Ti3B + AlSi7), strength
(Rm) = 175 MPa, elongation (A) = 5.5% and hardness (H) = 63 HB were obtained. These are
the highest values for this phase of research. After increasing the share of titanium in the
master alloy to the Ti4B proportion, a slight decrease in mechanical properties was noted
to Rm = 172 MPa, A = 4.2% and H = 62 HB. After modifying the silumin with the master
alloy (Ti5B + AlSi7), another reduction in mechanical properties was noted (Rm = 169 MPa,
A = 4.9% and H = 61 HB).

There are works available in which the authors suggest the possibility of boron removal
with excessive Ti addition resulting from the formation of TiB2 particles [68]. This could
explain the decrease in the mechanical properties of the tested silumin with an increasing
share of titanium.

In the second phase of the second series of tests, it was decided to check the influence
of the AlSi7 master alloy with 0.06% Ti and 0.06% B added in the proportions 1:1, 1:2, 1:3,
1:4 and 1:5 (TiB, TiB2, TiB3, TiB4 and TiB5, respectively) on the mechanical properties of the
AlSi7Mg alloy (Figure 8).
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After the modification of the AlSi7Mg alloy with the master alloy (TiB2 + AlSi7),
an increase in mechanical properties was found, both in comparison to the unmodified
alloy and in comparison to the modification of the master alloy (TiB + AlSi7). The tensile
strength was Rm = 167 MPa (Figure 8a), elongation (A) = 4.3% (Figure 8b) and hardness
(H) = 60 HB (Figure 8c). An increase in some parameters was observed compared to the
master alloy (TiB + AlSi7). There was a significant increase in elongation, which amounted
to 30%, while the strength and hardness oscillated within the measurement error. The
observed increase in parameters compared to the mortar (TiB + AlSi7), i.e., strength and
hardness, were within the measurement error, while the increase in elongation is significant
and amounts to 30%. After further increasing the amount of boron in the modifier by
introducing the components TiB3, TiB4 and TiB5 into the master alloy, a gradual decrease in
mechanical properties was achieved. Their reduction was due to the increase in the amount
of boron in relation to titanium. A reduction in strength from 162 MPa for TiB3 to 158 for
TiB5 (Figure 8a), elongation from 3.3 to 3.2% (Figure 8b) and hardness from 58 to 57 HB
(Figure 8c) were obtained. The reduction in all three of the above mechanical parameters is
not significant.

By analyzing the changes in mechanical properties after the modification of the silumin
with the master alloy with a variable share of titanium (Figure 7) and boron (Figure 8), it
was found that the AlSi7Mg alloy after the modification with the master alloy (Ti3B + AlSi7)
has the highest properties. In the third series of tests, it was decided to determine the
optimal share of the Ti3B component in the master alloy. For this purpose, it was decided
to modify the hypoeutectic silumin with the master alloy (Ti3B + AlSi7) (Figure 9).
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After the modification of silumin (AlSi7Mg) with the (0.04% Ti3B + AlSi7) master alloy,
the tensile strength (Rm) = 171 MPa (Figure 9a), elongation (A) = 4.5% (Figure 9b) and
hardness (H) = 61 HB. After increasing the amount of the modifier to 0.06%, the mechanical
properties increased to Rm = 176 MPa, A = 5.1% and H = 62 HB. The highest mechanical
properties of the analyzed parameters were obtained for the master alloy given above.
After modifying the AlSi7Mg alloy with the (0.08% Ti3B + AlSi7) master alloy, a change in
all analyzed mechanical properties was achieved within the error limits: Rm = 175 MPa,
A = 5.2% and H = 63 HB. When further increasing the Ti3B in the master alloy to 0.1 and
0.12%, the strength decreased to 171 and 169 MPa, the elongation to 4.9 and 3.3%, and
the hardness to 62 and 57 HB, respectively. It should be remembered that the amounts of
titanium and boron discussed refer to the same mass of each of them in relation to the mass
of the modified alloy. The analysis of the test results presented in Figure 9 shows that the
highest mechanical properties were obtained for 0.06 to 0.08% (Ti3B + AlSi7).

By analyzing all the presented results of the mechanical properties (Figure 9), it was
decided to check whether by increasing the amounts of both modifiers from 0.06% to 0.1%
(basic share) it would be possible to obtain similar modification effects reflected in the me-
chanical properties of the processed AlSi7Mg alloy. For this purpose, research was carried
out on the modification of the AlSi7Mg alloy with the master alloy (AlSi7 + Ti + B) for 0.1%
Ti and 0.1% B at the basic level TiB (1:1) and for a larger amount of titanium—respectively,
Ti2B (2:1), Ti3B (3:1), Ti4B (4:1) and Ti5B (5:1) (Figure 10).
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The AlSi7Mg alloy after modification with the (TiB + AlSi7) master alloy obtained
Rm = 169 MPa (Figure 10a), A = 4.4% (Figure 10b) and H = 60 HB (Figure 10c). The highest
mechanical parameters were obtained for the master alloy containing 0.2% titanium and
0.1% boron (Ti2B), amounting to Rm = 173 MPa, A = 5.0% and H = 62 HB. After increasing
the proportion of titanium to boron to Ti3B, the mechanical parameters of the modified
silumin decreased to Rm = 170 MPa, A = 4.6% and H = 61 HB. Subsequently, when
the proportion of titanium to boron was increased, the analyzed mechanical properties
were further reduced for Ti4B to Rm = 167 MPa, A = 4.4%, H = 59 HB, and for Ti5B to
Rm = 163 MPa, A = 3.5%, H = 58 HB. Therefore, for the share of Ti at the level of 0.1% and
boron at the level of 0.1% (Figure 10), a different course was obtained for different Ti/B
ratios in the master alloy than with the share of each of them at the level of 0.06% (Figure 7).
It follows that the efficiency of a master alloy containing titanium and boron depends not
only on the ratio of titanium to boron, but also on their share in the master alloy in relation
to the mass of the modified alloy.

Analyzing the presented research results, it was found that the problem is not easy
and unambiguous to describe. Although the optimal titanium to boron ratio of 2 to 1 (Ti2B)
was selected for different proportions of both components in the master alloy (Ti and
B), changes in the mechanical parameters were obtained depending on the percentage of
mass in the master alloy of each of the components in relation to the mass of the modified
AlSi7Mg alloy.

The results of studies on the modification of silumins with titanium and boron pre-
sented in the literature indicate different effects of these chemical elements [26,69,70].
In [26], the authors, comparing the influence of Al5Ti1B and Al5Ti2B on the microstructure
and mechanical properties of the A333 alloy, found that Al5Ti1B was the most effective,
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which also confirms the results presented in this work that changing the content of individ-
ual components affects the effectiveness of the modification of hypoeutectic Al-Si alloys.
The research results presented in [67,68] confirm the advisability of introducing silicon
into the master alloy. This confirms the statements contained in the author’s previous
works [7,40], stating a higher efficiency of the modification of hypoeutectic silumins using
master alloy compositions with a chemical composition similar to the chemical composition
of the modified alloy.

4. Conclusions

In the presented results on the modification of a AlSi7Mg alloy, the following can
be concluded:

• It was confirmed that a master alloy containing 7% silicon has a more intense impact
on the modification process than a master alloy with a similar composition but not
containing silicon; this may be due to the better solubility of boron in the master alloy
containing silicon [68] than only aluminum;

• The optimal Ti/B ratio (for maximum values of mechanical properties) was set at 2:1;
• The optimal mass fraction of titanium and boron in the master alloy in relation to the

mass of the modified AlSi7Mg silumin was set at 0.06 to 0.08%.
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11. Lipiński, T. Quality, Microstructure, and Properties of Metal Alloys. Materials 2023, 16, 3019. [CrossRef]
12. Samuel, E.; Samuel, A.M.; Songmene, V.; Samuel, F.H. A Review on the Analysis of Thermal and Thermodynamic Aspects of

Grain Refinement of Aluminum-Silicon-Based Alloys. Materials 2023, 16, 5639. [CrossRef] [PubMed]
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