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ABSTRACT

The paper presents the results of research on the production of cast composites based on aluminum alloys with
a mineral filler with a porous structure. AlSi12 silumin and AlSi12 silumin with the addition of 3% magnesium
(AlISi12-Mg3) were used as the matrix material, while particles of natural zeolite, expanded perlite and expanded
clay with a size of 4 to 6 mm were used as the mineral filler. In order to increase the efficiency of the production
process, the mineral particles have been covered with a sodium silicon solution with the addition of silicon powder.
The coated particles were then heated at 400 °C for 1 hour to remove moisture from them. The prepared mineral par-
ticles were then placed inside a casting mold and flooded with liquid alloy at a temperature of 790 °C. The obtained
composites were subjected to macroscopic observations and analysis using computed tomography (CT). Phase
analysis was also performed to determine the phase composition of the obtained composites. In order to determine
the mechanical and physical properties, the obtained composites were subjected to compressive strength tests and
density measurements. As a result of the research, it was found that the use of the AlSi12-Mg3 alloy and coating in
the form of a solution of sodium silicate and silicon powder allows for the most effective production of composites.
The low density of the produced composites, combined with their favorable structure and strength properties, sug-
gest the possibility of use as light products transferring compressive stresses, as well as energy-absorbing products.
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INTRODUCTION

Composite porous materials have a signifi-
cant amount of empty spaces in their structure,
which makes them low density. These composites
are called metallic foams. Depending on the type
of pores, metallic foams can be divided into three
groups: metallic foams with open pores, metal-
lic foams with closed pores and metallic foams
filled with porous particles of the second phase
[1]. Composite materials filled with porous par-
ticles of the second phase are called syntactic
foams (MMSF - Metal Matrix Syntactic Foams)
in the professional literature [2]. Syntactic foams
are unique composite materials with a metal ma-
trix filled with second-phase particles, most of-
ten in the form of hollow ceramic balls or porous
particles of expanded perlite and other minerals.

Syntactic foams are characterized by high energy
absorption capacity and relatively high strength,
which, combined with very low density, makes
syntactic foams an attractive engineering mate-
rial. High absorption capacity makes syntactic
foams suitable for use in the automotive and
defense industries [3]. However, the low den-
sity combined with the relatively high strength
of syntactic foams allows them to be used in the
transport industry (weight reduction results in
lower fuel consumption). Light metals are most
often used as matrix materials for the production
of syntactic foams. Aluminum is the most com-
monly used matrix material for syntactic foams
due to its low density, good castability, good ma-
chinability and relatively low price. In addition,
aluminum alloys can be additionally strengthened
by heat treatment [4, 5]. Another metal used for
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the production of syntactic foams is magnesium.
Like aluminum, it is characterized by low den-
sity, but has a higher price and lower machinabil-
ity. Magnesium alloys are characterized by high
reactivity and therefore it is difficult to produce
syntactic foams using the casting method [6].
In addition to the above-mentioned metals, zinc
[7, 8], titanium and iron alloys are also used to
produce syntactic foams [9,10]. Low density of
syntactic foams is achieved by introducing hol-
low spheres or porous particles into the metal
matrix. Hollow particles are usually introduced
in the form of balls made of aluminum oxide or
glass [11, 12]. In the professional literature you
can also find information about hollow spheres
made of steel [13]. In the case of porous particles,
the most commonly used are expanded perlite
[14], expanded glass [15] or expanded clay [16].
Syntactic foams are most often produced by stir
casting or pressure infiltration, less frequently by
gravity casting and powder metallurgy [17, 18].
In addition to the advantages of syntactic foams,
there are also their disadvantages. The engineer-
ing materials used to produce hollow particles are
highly expensive. For this reason, cheap, avail-
able mineral materials such as expanded perlite
are increasingly used [19]. The use of ceramic
particles reduces the strength properties of porous
composites. Moreover, the use of mineral parti-
cles complicates the process of making syntactic
foams by gravity casting. Research is also being
carried out on the production of coatings for the
introduced particles in order to influence their be-
havior during contact with the liquid melt. Litera-
ture data shows that coatings can be obtained by
chemical or physical vapor deposition or electro-
less deposition of metals. These techniques signif-
icantly increase production costs and require the
use of chemicals that may negatively impact the
environment [20]. As part of this work, research
was carried out on the production of composites
based on aluminum alloys with a filler in the form
of porous mineral particles containing a coating
that improves wettability. Light mineral materials
were selected as the filler particles in the form of
zeolite, expanded perlite and expanded clay. The

work also analyzed the possibility of enriching
commercial aluminum alloys with additional al-
loying elements to improve the properties of the
produced composites.

RESEARCH METHODOLOGY

The material for the composite matrix was se-
lected from commercially available foundry alu-
minum alloys containing silicon (silumins). Silu-
mins have very good casting properties and high
abrasion resistance. Silumins may contain vari-
ous alloy additives that have a beneficial effect on
the mechanical properties and castability of the
alloys [21]. The criteria for selecting alloys in the
presented work were their casting and mechani-
cal properties, as well as the tests carried out on
the production of composites. The work also ana-
lyzed the possibility of enriching commercial alu-
minum alloys with additional alloying elements
to improve the properties of the manufactured
composites. For this purpose, 3% Mg by weight
was added to the AlSi12 alloy (alloy referred to as
AlSi12-Mg3). Table 1 presents the chemical com-
position of the tested composite matrix materials.
Light mineral materials were selected as the filler
particles in the form of zeolite, expanded perlite
and expanded clay.

Zeolite belongs to the group of aluminosili-
cates minerals. Its chemical composition includes
hydrated aluminosilicates, most often sodium and
calcium, less frequently barium, strontium, potas-
sium, magnesium and manganese. The density
of zeolites ranges from 1.8 to 2.3 g/cm’, while
the hardness, depending on the chemical compo-
sition, ranges from 3 to 5.5 on the Mohs scale.
Thanks to unique properties such as: negative
charge of the crystal lattice, crystalline structure,
thermal and hydrothermal stability, uniform mi-
cropore size, easy exchange of off-lattice cations
and others, they can be used in various fields such
as: ion exchange, catalysis, water and exhaust gas
purification or processing. crude oil [22].

Perlite is a naturally occurring rock of vol-
canic origin that contains several percent water.

Table 1. Aluminum alloys used as the matrix of composites

Materials Chemical composition/purity, % by mass
AlSi12 11,39 Si; 0,39 Fe; 0,02 Mn, Al balanced
AISi12-Mg3 AISi12 + 3% Mg

76



Advances in Science and Technology Research Journal 2024, 18(5), 75—89

Expanded perlite is produced from perlite. The
production process includes heating pearlite rock
at a temperature of 850—1000 °C. As a result of
heating, the rock softens and the water escaping
from it causes the material to expand. As a re-
sult, the density of pearlite rock decreases from
1.0-1.2 g/cm® to 0.03—0.25 g/cm’. Perlite consists
mainly of oxides of silicon, aluminum, potassi-
um, sodium, iron, calcium and magnesium [23].

Expanded clay is a light aggregate fired from
clayey clay at a temperature of approximately 1150
°C. It is produced from swelling clays. Expanded
clay has a porous internal structure surrounded by
a hard ceramic shell on the outside. Depending
on the fraction obtained, the density of expanded
clay varies from 0.23 to 0.58 g/cm?. The obtained
aggregate is a non-flammable, chemically inert
material, resistant to water and many organic sub-
stances. It has good thermal insulation parameters
[24]. The shapes of the mineral particles used in
the experiments are shown in Figure 1.

Based on the tests, the particle size of the zeo-
lite, expanded perlite and expanded clay filler was
selected to produce composites with the fewest
casting defects. The paper presents test results
for composites containing fillers with a particle
diameter of 4-6 mm. Composites were produced
using uncoated mineral particles and with an ad-
ditional coating of another material. Silicon pow-
der was used as the covering material. The sili-
con powder was applied to the ceramic particles
by mechanical or manual mixing in the presence
of an additional liquid in the form of an aqueous
solution of sodium silicate. The addition of so-
dium silicate served as a substance that allowed
the filler particles to be permanently covered with
another material. The following mass proportions
of ingredients were used: 82% filler, 9% pow-
dered substance and 9% aqueous solution of so-
dium silicate. After applying the coating, the filler

particles were then heated for 1 hour at 400 °C
to remove the water they contained. In the next
stage, a sand casting mold was produced. The
preliminary tests carried out enabled the selection
of the mold geometry and parameters of the com-
posite manufacturing process. The molding sand
used consisted of 92% fine quartz foundry sand
and 8% foundry bentonite. The mass was pre-
pared with the addition of 5% water. A channel
was designed in the casting mold, inside which
particles of mineral filler were placed. The de-
signed shape of the channel was aimed at assess-
ing the ability of the liquid alloy to fill the space
between the filler particles. Due to the presence
of filler particles and their effect on reducing the
speed of filling the mold with the liquid melt, it
was decided to use a relatively large cross-section
of the pouring system. The low density of filler
particles compared to the density of the alumi-
num alloy forced the use of a bottom gating sys-
tem. The advantage of using this type of pouring
system is the smooth filling of the mold, which
translates into a low risk of damaging the mold
cavity during pouring. In order to keep the filler
particles inside the channel during pouring, an
overflow with a diameter smaller than the filler
fraction was used. The composite manufacturing
process included preparing the molding sand us-
ing a circular mixer, followed by making a casting
mold at the molding station using models imitat-
ing the shape of the manufactured composite and
elements of the gating system. The casting mold
consisted of two parts. Punctures were made in
the upper part to increase the permeability of
the form. For molding work, a pneumatic ram-
mer operating at a pressure of 5 bar and manual
casting tools were used. The manufactured molds
were dried at ambient temperature for 72 h, after
which the internal channel was completely filled
with the prepared filler particles. The temperature
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Figure 1. Shapes of the mineral particles: (a) zeolite, (b) expanded perlite, (c) expanded clay
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of pouring the aluminum alloy into the mold was
790 °C. Figure 2 shows the geometry of the cast-
ing mold used to produce the composites.

The manufactured composites were subjected
to structural observations to determine the degree
of filling of the channel inside the mold and to as-
sess the presence of casting defects. Observations
were carried out using optical microscopy (Nikon
AZ100 Optical Macroscope and Nikon MA200
Optical Microscope, equipped with the NIS 4.2 im-
age analysis system). Measurements of the length
of the filled part of the canal were carried out using
an electronic caliper. The results are presented in
the form of an arithmetic mean for the length of
the part of the channel filled with aluminum alloy,
measured on the side edges of the sample.

Based on casting tests carried out for various
combinations of matrix material/mineral filler/
covering of filler particles, the component ma-
terials used to create a composite with a favor-
able structure and the lowest number of casting
defects were selected. Selected composites were
further analyzed using a Nikon Microfocus com-
puted tomography system with a 225 kV X-ray
source. The tested samples were also subjected
to phase analysis using the XRD method in or-
der to determine the phase composition of the
manufactured composites and to learn about the
chemical reactions occurring during the manu-
facturing process. Phase analysis was performed
on a Bruker D8 Discover device equipped with
a Co-Ka anode. The next stage of the research
included the analysis of the mechanical properties
of selected composites. A static compression test
was carried out using the ZD-100 universal test-
ing machine with a load of up to 1000 kN. Cubic
samples with dimensions of 18x18x18 mm were
used for strength tests. The strain rate was 2 mm/
min. Moreover, the manufactured composites
were subjected to density tests.

ANALYSIS OF THE RESULTS
Macro-structural investigations

Figure 3 shows an example macrostructure for
aluminum alloy/zeolite composites. The presence
of filler particle coverage and the aluminum alloy
used significantly affect the number of casting de-
fects in the produced composite. Table 2 collects
the results of measuring the length of the channel
part that was filled with aluminum alloy. The re-
sults for the variant in which the zeolite particles
were not coated with silicon are shown in Figure
3a. Zeolite particles clearly impede the flow of lig-
uid alloy into the channel in which they are located.
In this case, the average length of the channel filled
with aluminum alloy was only 15.2 mm. Figure 3b
shows the structure observed in the case where the
filler particles were used with an additional Si coat-
ing. In this variant, the aluminum alloy filled the
spaces between the particles in the mold cavity to a
much greater extent. The positive effect of the coat-
ing on mineral particles was also observed by other
researchers [20, 25]. The average length of the filled
portions of the channel was nearly 6 times greater
compared to samples with uncoated zeolite parti-
cles. When Si-coated zeolite particles were flooded
with AlSi12-Mg3 alloy (Figure 3c), complete fill-
ing of the channel spaces occurred. The obtained
results confirmed the literature information about
the beneficial effect of the addition of magnesium
on the castability of aluminum alloys, which was
the premise for producing an alloy with the addition
of magnesium. Applied coating of the zeolite filler
particles with silicon powder influenced the ability
of the liquid alloy to penetrate the space between
the particles. The use of a coating in the form of
silicon powder has a positive effect on the viscosity
and surface phenomena of the liquid aluminum al-
loy in contact with the surface of the filler particles.
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Figure 2. Geometry of the sand casting mold used
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Figure 3. Representative structure of composites prepared by pouring Al alloy into
zeolite particles. Variant: (a) AlSil2 alloy, particles without coating; (b) AlSil2
alloy, Si coated particles; (c) AlSi12-Mg3 alloy, Si coated particles

Table 2. Aluminum alloys used as the matrix of composites

Length of the filled part of the canal, mm
Variant
1 2 3 Average
AlISi12, particles without coating 121 19.6 14.0 15.2
AlSi12, Si-coated particles 87.4 100.0 82.7 90.0
AlSi12-Mg3, Si-coated particles 100.0 100.0 100.0 100.0

Figure 4 shows the structure observed in the
cross-section of the AlSi12-Mg3/zeolite compos-
ite produced using silicon-coated filler particles.
Space between the filler particles is well filled with
the alloy, with small pores located at the border of
the composite components. Microscopic observa-
tions indicate that there was no gravitational lift-
ing of filler particles despite their lower density
compared to the liquid AlSi12-Mg3 alloy. This
phenomenon may be due to the fact that the filler
particles occupied the entire volume of the chan-
nel in the casting mold. The obtained result indi-
cates the isotropy of the functional properties of
the produced composites on a macroscopic scale.

Figure 5 presents a macroscopic image of Al-
Si12-Mg3/expanded perlite composites produced
using uncoated filler particles and silicon-coated
particles. In both variants the entire length of the

channel was filled in the casting mold. These re-
sults indicate a beneficial effect of expanded pearl-
ite particles on the phenomena occurring in contact
with the liquid AlSi12-Mg3 alloy. Further observa-
tions carried out on cross-sections of AlSi12-Mg3/
expanded perlite composite samples (Figure 6)
confirmed the favorable behavior of expanded per-
lite during the pouring process. Samples obtained
both without particle coating and with Si coating
were characterized by the lack of significant de-
fects in the cross-section of the samples, and the
distribution of filler particles was even.

Figure 7 shows an image of AlSil2-Mg3/ex-
panded clay composites produced for the variant
with uncoated filler particles and when the filler par-
ticles were covered with silicon. In this case, the en-
tire length of the channel was also filled in the casting
mold for samples from both analyzed variants. These
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Figure 5. Representative structure of AlSi12-Mg3/expanded perlite composites
produced using filler particles: (a) without coating, (b) with Si coating

results confirm that expanded clay behaves favorably
incontact with the liquid AlSi112-Mg3 alloy and for the
applied process parameters it is not necessary to use
a coating that affects surface phenomena at the filler
particle/liquid alloy interface. A macroscopic image
of the cross-section of AlSil2-Mg3/expanded clay
samples (Figure 8) showed that the analyzed com-
posites were characterized by a favorable structure,
without major casting defects, and the filler particles
were evenly distributed in the matrix.

80

Computed tomography analysis

Figure 9 shows the result of a three-dimensional
analysis of the AlSil12-Mg3/zeolite composite with
silicon-coated filler particles, carried out using a
computed tomography system. A uniform distribu-
tion of mineral particles in the metal matrix can be
observed. The three-dimensional images of the com-
posite showed small pores, located mainly at the
interface between the matrix and the filler particles.
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Figure 6. Cross-section of AlSi12-Mg3/expanded perlite composites produced
using filler particles: (a) without coating, (b) with Si coating

Figure 7. Representative structure of composites made using a filler in the form of
expanded clay particles: (a) particles without coating, (b) particles with Si coating

b)

Figure 8. Cross-section of composites made using a filler in the form of expanded
clay particles: (a) particles without coating, (b) particles with Si coating
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Figure 9. Three-dimensional tomographic scan of a sample made of
AlSil2-Mg3/zeolite composite with silicon-coated filler particles

Figure 10 presents the result of the tomographic
analysis for the AlSil2-Mg3/expanded pearlite sam-
ple, both for the variant with uncoated filler particles
and with the filler covered with silicon. In both ana-
lyzed cases, even distribution of filler particles and
no major internal defects were observed. The result
for the AISi12-Mg3/expanded clay composite (Fig-
ure 11) also confirmed the favorable structure of the
obtained product, both for the variant with uncoated
filler particles and with the filler covered with silicon.
In both analyzed cases, an even distribution of filler
particles and small pores on the boundary between
the matrix and filler particles, which were located
mainly in the surface part of the composite.

Phase composition analysis

Figures 12—15 show the results of the phase
composition analysis using the XRD method for
the component materials of the composites pre-
sented in this work (AlISi12-Mg3 alloy, zeolite,

expanded perlite, expanded clay). The results for
the AlSi12-Mg3 alloy showed that its composi-
tion includes the following phases: Al, Si, Mg,Si
and Fe Al Si, .. In the case of zeolite, a complex
phase composition was observed, in which multi-
component compounds were present, such as:
clinoptilolite-Ca(KNa,Ca,(Si,,Al )O,,-24H,0),
clinoptiloliteNa((Na,K,Ca) (Si,Al),O,,-20H,0),
albite- Ca((Na,Ca)(Si1,Al),0,), quartz (Si0,).

The diffractogram for expanded perlite in-
dicated the amorphous structure of this min-
eral, which is confirmed by literature data stat-
ing that expanded perlite is silica particles with
an amorphous structure (SiO,). Expanded clay
is composed of the following phases: anorthite
(CaAlSi0O,), calcium-magnesium-silicon oxide
(Ca, Mg, ,51,0/), quartz (SiO,). Figure 16 shows
the X-ray diffractogram for a sample of the Al-
Si12-Mg3/zeolite composite with silicon-coated
filler particles. Contact of liquid aluminum alloy
with silicon-coated zeolite particles did not lead

Figure 10. Three-dimensional tomographic scan for a sample of the AlSil12-Mg3/expanded perlite
composite: (a) sample with uncoated filler particles; (b) sample with silicon-coated filler particles
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Figure 11. Three-dimensional tomographic scan for a sample of the AISi12-Mg3/expanded clay
composite: (a) sample with uncovered filler particles; (b) sample with silicon-coated filler particles
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Figure 12. X-ray diffractogram pattern for a sample from the AlSi12-Mg3 alloy
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Figure 13. X-ray diffraction pattern for a sample made of zeolite particles
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Figure 14. X-ray diffraction pattern for a sample made of expanded pearlite particles
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Figure 15. X-ray diffraction pattern for a sample made of expanded clay particles

to significant changes in the phase composition of
the materials used. The same phases from which
the component materials were composed were
observed in the composite structure.

Figures 17 and 18 show diffractograms for
AlSi12-Mg3/expanded perlite composites pre-
pared with uncoated filler particles and with
silicon-coated particles, respectively. Pearlite
particles reacted with the aluminum alloy during
the process. In the composite structure, both in
the variant with uncoated filler particles and with
coated particles, phases of the component mate-
rials were observed, and other complex phases
were formed, i.e. (FeMn),AL(SiO,),, Al FeMg-
,Si,. In the phase composition of AlSil2-Mg3/
expanded clay composites (Figure 19 — variant
with uncoated filler particles, Figure 20 — variant
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with filler particles covered with silicon), phases
originating from the composite materials were
also observed, but the multi-component Al-
;FeMg.Si. phase was also formed.

Density measurements

Table 3 summarizes the results of density
measurements for the component materials and
the manufactured composites. Mineral filler par-
ticles (zeolite, expanded perlite, expanded clay)
with a fraction of 4-6 mm are characterized by a
much lower density compared to the Al1Si12-Mg3
aluminum alloy. The use of these light particles
made it possible to obtain composites with rela-
tively low density. The lowest density was ob-
tained when the filler was expanded perlite.
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Figure 16. X-ray diffraction pattern for a sample of AlSi12-Mg3/
zeolite composite with silicon-coated filler particles
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Figure 17. X-ray diffractogram for a sample of the AlSi12-Mg3/
expanded perlite composite with uncoated filler particles
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Figure 18. X-ray diffraction pattern for a sample of the AlSi12-Mg3/
expanded perlite composite with silicon-coated filler particles
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Figure 19. X-ray diffractogram pattern for a sample of the AlSi12-Mg3/
expanded clay composite with uncoated filler particles
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Figure 20. X-ray diffractogram for a sample of the AISi12-Mg3/
expanded clay composite with silicon-coated filler particles

Compressive strength measurements

Figure 21 shows representative compression
test curves of the analyzed samples, presented in
the form of engineering charts. Average values of
the yield strength and compressive strength (mea-
surements for at least 3 samples from the analyzed
material) are summarized in Table 4. The yield
strength for the AlSi12-Mg3 alloy was 240.1
MPa. Above this stress, the material deformed
plastically until it reached the engineering failure
stress of 746.3 MPa, which was accompanied by
significant plastic deformation and an increase in
the sample cross-section. In the case of compres-
sion tests of the produced composites, significant-
ly lower values of the conventional yield strength
were achieved (average values 39.1-50.6 MPa).
After exceeding the yield point, the composite
samples deformed without maintaining a constant
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volume. The increasing deformation did not re-
sult in a proportional increase in the compressive
cross-section. The obtained results show a large
range of plastic deformation of the tested materi-
als while maintaining a relatively constant value
of compressive stress. Only with significant de-
formation (approximately 50-60%) was a clear
increase in the engineering stress value observed,
which may indicate significant deformation of
the porous filler particles and reduction of their
volume in the composite structure. During com-
pression tests, no effect of covering the filler par-
ticles with silicon on the compressive strength of
the tested composites was observed. The damage
mechanism of Al-mineral particles composites is
characterized by a layer-by-layer mode in which
uniform and continuous deformation occurs.
A similar phenomenon was observed by Orbu-
lov [26] and Sanchez [27] in their research. No
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Table 3. Results of density measurements

Material Apparent density, g/cm?® % of AlSi12-Mg3 alloy density
AISi12-Mg3 2.60+0.01 100
Zeolite 1.83+0.03 70
Expanded pearlite 0.23+0.02 9
Expanded clay 0.48+0.06 18
AlISi12-Mg3/Si/zeolite 2.10+0.15 81
AlSi12-Mg3/expanded pearlite 1.33+0.08 51
AISi12-Mg3/Si/expanded pearlite 1.32+0.07 51
AlSi12-Mg3/expanded clay 1.62+0.09 62
AISi12-Mg3/Si/expanded clay 1.59+0.11 61
800 - —AISi12-Mg3
—Alsi12-Mg3/si/zeolite
700 -+ ——AlSi12-Mg3/expanded pearlite

——AlSi12-Mg3/Si/expanded pearlite
——AISi12-Mg3/expanded clay
——AISi12-Mg3/Si/expanded clay

600 -

200 -
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0 T T T 1

0 20 40 60 80
£ %

Figure 21. Representative engineering plots of shear tests for the AISil2-
Mg3 alloy sample and the analyzed composites

Table 4. Results of the compression test of the matrix material and the analyzed composites (values for engineering
diagrams)

Material Yield strength (R, ,), MPa Compressive strength (R.), MPa
AlSi12-Mg3 240.1+24.4 746.3+31.4
AlISi12-Mg3/Si/zeolite 50.616.1 X
AlSi12-Mg3/expanded pear;ite 39.1£3.0 X
AlSi12-Mg3/Si/expanded pearlite 41.0£3.7 X
AlSi12-Mg3/expanded clay 43.4+6.8 X
AISi12-Mg3/Si/expanded clay 46.2+8.1 X

Note: x — measurement is not possible due to the lack of destruction of all samples of the analyzed material up to
the maximum compressive force.

obvious shear bands were found at an angle of 45° CONCLUSIONS
with respect to the compression direction. Similar

results were obtained in their studies by, among The research has shown that it is possible to
others, Movahedi and Majlinger, who used vari-  produce a composite based on aluminum alloys
ous filling particles [28, 29]. with a mineral filler with a porous structure using
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gravity casting into sand molds. The obtained re-
sults of tests conducted in conditions similar to
industrial ones enabled the selection of composite
materials, which can be used to produce a com-
posite characterized by low density and favorable
functional properties. The selected component
materials included casting aluminum alloy AlSil2-
Mg3 (composite matrix material) and a mineral
filler in the form of zeolite, expanded perlite or ex-
panded clay with a particle diameter of 4-6 mm.
Analyzes for various process parameters made it
possible to determine the possibility of shaping the
composite structure and, consequently, influencing
its properties. From the performed investigations
the following conclusions can be drawn.

In the case of a composite containing a filler
in the form of zeolite particles, it was necessary
to cover the filler with silicon powder by mixing
it with an aqueous solution of sodium silicate (so-
dium water glass). The applied coating influenced
the viscosity and surface phenomena of the liquid
aluminum alloy in contact with the surface of the
filler particles, resulting in an improvement in the
possibility of the liquid Al alloy penetrating into the
spaces between the filler particles. By using a filler
in the form of expanded perlite or expanded clay, it
was possible to create a composite with favorable
structure and properties, both with uncoated filler
particles as well as using a silicon-coated filler.

The results of structural and phase analyzes
showed that the filler particles are evenly distrib-
uted against the background of the composite ma-
trix, and during the manufacturing process, reac-
tions may occur that result in the formation of new
phases. Phase analysis and microscopic observa-
tions made it possible to obtain useful information
on the impact of the component materials used
and the parameters of the composite manufactur-
ing process on the structure and phase composi-
tion of the product, which are directly related to
the possibility of shaping the functional properties
of the manufactured material. Fabricated compos-
ites were characterized by much lower density
compared to aluminum alloys. The lowest density,
51% of the density of the Alil2-Mg3 alloy, had
composites containing an expanded perlite filler.

The produced materials were characterized by
lower compressive strength compared to the Al-
Si12-Mg3 alloy, however, the possibility of signif-
icant plastic deformation was observed. There was
no effect of covering the filler particles with silicon
on the compressive strength. Composites made
using silicon-covered filler were characterized by
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a yield strength similar to that of composites ob-
tained using uncoated filler particles.

The low density of the fabricated compos-
ites, combined with their favorable structure and
strength properties, suggest the possibility of use
as light products transferring compressive stress-
es, as well as energy-absorbing products, such as:
covers, controlled crumple zones, vibration damp-
ers, energy absorbers, and other similar elements.
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