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Abstract

In this study, the microstructure, hardness, tensile strength, and dry wear properties of the cast A1Sil0Mg alloy as well as the
effects of processing parameters on the oxidation behavior of this alloy were investigated. In this context, AISi10Mg (wt%)
alloy was produced by gravity die casting method, and then, air cooling, quenching, and T6 treatment were applied. The
microstructure of the alloy was investigated using an optical microscope, SEM, and EDS. Additionally, thermogravimetric
analysis (TGA) was used to determine the effect of processing parameters on the oxidation behavior of the samples. The
friction and wear properties of the alloy were investigated using a ball-on-disk wear test device. It was founded that the as-cast
AlSi10Mg alloy’s microstructure contained phases of a(Al), Si, and -Mg;Si. It has been observed that the microstructure of
the cast AISi10Mg alloy gradually turns into a spherical form when quenching and air-cooling heat treatments are applied.
Also, T6 heat treatment led to further spheroidization of Si particles, formation of -Mg2Si precipitates, and elimination of
the Chinese script morphology of the f-Mg,Si phase. It was observed that the yield strength of the AlSi10Mg alloy in the
as-cast state decreased negligibly compared to the air-cooled state, while there was an increase of up to 70% in the aging-
treated condition. The results show that the tensile strength of the as-cast AlSil0Mg alloy increased by 115% after aging.
Additionally, it was found that the AlSi10Mg alloy’s wear resistance increased with the aging process.

Keywords AlSil0Mg - Wear properties - Heat treatment - Microstructure

1 Introduction

Aluminum alloys are one of the most widely used materi-
als after steel in automotive manufacturing, aerospace, and
other fields due to their low density, high specific strength,
and good thermal and electrical conductivity [1-3]. It is well
known that even with all of these advantages, binary alu-
minum alloys are not suitable for all applications. Therefore,
various methods are applied to increase the strength and
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ductility properties of aluminum alloys used in industrial
applications. The most important of these methods is element
addition to the primary aluminum phase [4—7]. Aluminum’s
ability to form compounds with other chemical elements has
led to the development of various alloys (including Al-Cu,
Al-Si-Mg, Al-Mg—Zn, Al-Mg, and Al-Si) [8-10]. Alu-
minum-silicon alloys are currently the most widely used
of these alloy types. Because of their exceptional qualities,
including high specific strength, low thermal expansion coef-
ficient, high fluidity, and high resistance to corrosion and
wear, Al-Si alloys are extremely important in the automotive
industry [5-10]. These alloys contain elements like cop-
per and magnesium, which dissolve in the a-Al phase and
form precipitates [10-13]. The 6 (CuAl;) phase consisting
of Cu and Al and the $-Mg,Si phase consisting of Mg and
Si are the main phases observed from these alloys. Addi-
tion of more than 1% of Mg results in a volume fraction
of the -Mg»Si phase [10-13]. The hard and brittle -Mg,Si
phase in the microstructure reduces the tensile strength of the
alloy and causes crack tendency. For this reason, the magne-
sium content of aluminum-silicon alloys is kept below 1%
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[10-13]. It has been determined that the microstructure of the
Al-10Si-Mg alloy in as-cast state consists of a-Al phase,
needle silicon particles, and skeletal Mg,>Si phase [5-8,
11-16]. After applying an air-cooling heat treatment to the
Al-10Si-Mg alloy, it was observed that the Mg, Si skeletal
phase was largely eliminated. Subsequently, the quenching
and aging heat treatments caused the needle silicon particles
to become spherical. In industrial applications, many alloy-
ing elements are added to aluminum-silicon alloys [14—17].
These additive elements can be listed as copper, magnesium,
and zinc, respectively. 1-4 (wt%) copper additive forms the
6 (CuAl) phase in the a-Al phase and increases the strength
and hardness of the alloy [18—23]. In addition, zinc improves
the strength properties of the alloy as it dissolves in the a-Al
phase. The addition of magnesium to this alloy causes the
formation of the Mg, Si phase in the matrix, which increases
the alloy’s wear resistance [18-23]. Studies have shown that
adding up to 1% Mg to the Al-Si alloy results in the creation
of the B-Mg2Si phase, alters the morphology of silicon par-
ticles, and converts the plate-like AlFeSi phase into a more
ordered m-AlI8Mg3FeSi6 phase. It has also been reported
that these changes increase the alloy’s strength [20-22]. In
another study, it was determined that the addition of more
than 1.5% Mg increased the ratio of f-Mg2Si and m phases
in the microstructure [15, 16, 24, 25]. These phases reduce
the load-bearing ability of the alloy and form internal cracks,
negatively affecting the tensile properties [15, 16, 24, 25].

There are numerous studies in the literature on the pro-
duction of Al-10Si-Mg alloys. However, in these studies,
the effect of process conditions on the microstructure and
mechanical properties of the alloys was investigated [24-27].
Based on the literature studies, it was concluded that apply-
ing different heat treatments to the Al-10Si—-Mg alloy did not
fully reveal its friction and wear properties. Therefore, the
aim of this study is to investigate the effect of heat treatment
on the microstructure, strength, wear behavior, and oxidation
resistance of Al-10Si—-Mg alloy and to determine optimum
data for tribological applications.

2 Experimental

The initial A110SiMg alloy used in this study was fabricated
by using gravity die casting method. The chemical composi-
tion of the alloy was detected by the spectral analysis method
(Table 1).

For microstructural investigations, alloy samples were
subjected to sanding, polishing, and etching processes. Etch-
ing was performed by electro-etching with fluoroboric acid
using the Struers Lectropol device. Al10SiMg alloy was
melted at 700 °C using an electrical resistance furnace. The
melted alloy was mixed for 5 min and then poured into a mild
steel mold at 690 °C. The dimensions of the casting mold are

Springer

Table 1 Chemical composition of Al-10Si-Mg alloy

Alloys Chemical composition (%wt) Density
(g/em?)

Al Si Mg Other
Al-10Si-Mg 88.8 9.71 0.385 1.045 2.6360

Dimensions are in mm.
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Fig. 1 Shape and dimensions of the casting mold

180 mm long and conical, with a lower area of 52 mm and an
upper area of 72 mm. The technical drawing of the casting
mold is shown in Fig. 1. The spectral analysis method was
used to ascertain the alloy’s chemical composition as soon as
solidification was finished. To determine the alloy’s proper-
ties, it was subjected to 2 hours of solution heat treatment at
560 °C, followed by 5 hours of quenching and aging at 180 °C
[28, 29]. The microstructures of the alloy were investigated
using a Zeiss Axio Observer Alm optical microscope. Den-
sity was determined by dividing the mass of the alloy by the
sample volume. Microhardness values of the alloy were mea-
sured with the STRUERS DURAMIN A/S DK-2750 device,
and Brinell hardness values were determined with the Inno-
vatest Nemesis 9000 Universal Hardness Tester. Average
values were obtained by taking at least five measurements
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Fig.2 Schematic of the wear test device

from each sample in the microhardness and hardness tests.
The yield and tensile strengths of the alloy were measured
by making at least five measurements at a deformation rate
of 5 x 10~* s~! using the MTS Criterion Model 45 universal
testing device in accordance with ASTM:ES standards.

The friction and wear properties of the alloy were investi-
gated using a UTS Design Tribology wear device, based on
ball-on-disk type and meeting ASTM: G99 standards. The
schematic image of the friction and wear test device is given
in Fig. 2. 100Cr6 steel balls were used to abrade the sam-
ples. In friction and wear tests, the test speed and load were
0.16 m/s and 5 N, respectively, and the sliding distance was
between 250 and 1500 m. Each sample that was tested for
friction and wear was cleaned in an ultrasonic cleaning device
using a mixture of alcohol + trichlorethylene. The mass loss
of the worn samples was measured with a balance with a
sensitivity of £ 0.01 mg. The volume loss was detected by
dividing the measured mass losses by the density of the alloy.
SEM images and EDS analysis of the sample surfaces were
investigated using the Zeiss Evo LS10 device. Thermogravi-
metric analysis (TGA) is used to determine the oxidation
behavior of samples. PerkinElmer TGA4000 was used for
TGA analysis. The experimental procedure of the TGA was
specified as 30-650 °C temperature, 20 °C/min heating rate
and air.

3 Results and Discussion
3.1 Microstructure

Figure 3 shows the microstructure of the as-cast Al-10Si-Mg
alloy comprised of a-Al and Mg, Si phases and Si fragments.
The Si particles in the alloy’s microstructure were found to be
needle-like and block-shaped appearance (Fig. 3a), whereas
the Mg> Si phase appeared to be skeletal, as shown in Fig. 3b.
It was shown that the Si particles in the microstructure of the

alloy exhibited a needle-like and block-shaped appearance,
while the Mg, Si phase exhibited a skeletal appearance. It
is known that needle-shaped Si particles in the alloy are
formed as a result of eutectic transformation, and block-
shaped Si particles are formed directly spontaneously during
solidification [30-32]. When the solidification behavior of
Al-10Si-Mg alloys in the casting state is examined, the first
a(Al) nucleus is formed when the molten alloy begins to
cool. As the temperature decreases, the a(Al) phase begins to
grow. As the chemical composition of the Al-10Si—-Mg alloy
approaches, the eutectic point, silicon, and magnesium react
to form B-Mg;Si, and solidification is completed [26, 27].
The formation of the B-Mg2Si phase reduces silicon concen-
tration in molten solution. This prevents the growth of silicon
particles and causes the formation of finer silicon particles
[23-27]. There is no important change in the microstructure
of the air-cooled Al-10Si—Mg alloy samples compared to the
as-cast condition (Fig. 3b). However, it was determined that
there was a relative increase in the a(Al) phase ratio in the
internal structure of the air-cooled sample. It is thought that
this situation may be related to the continuous withdrawal of
the Mg2Si phase from the liquid metal during solidification.

The microstructure of the Al-10Si-Mg alloy in the
quenched and aged state shows that the silicon particles
become relatively spherical and the B-Mg,Si phase disap-
pears (Fig. 3c, d). However, it was observed that there were
more primary silicon particles in the quenched alloy and these
particles tended to cluster. The reason why the primary sili-
con particles in the quenched state of the Al-10Si-Mg alloy
is higher than in the cast state of the alloy may be due to the
growth of needle-shaped eutectic silicon particles during the
dissolution and quenching process. The disappearance of the
Mg, Si phase in the structure can be explained by the high dif-
fusion rate of magnesium in the a(Al) phase [26, 27]. During
aging, Mg and Si atoms are withdrawn from solution, form-
ing unstable fine Mg;Si precipitates [23—27]. On the other
hand, it has been stated in other studies that silicon atoms
display a faster diffusion rate than Al atoms [14-19, 26, 27].
This causes the needle-shaped silicon particles to break down
and turn into a relatively spherical form and be distributed
homogeneously throughout the structure.

3.2 Mechanical Properties

The yield and tensile strength, hardness, and microhard-
ness curves of the as-cast, air-cooled, quenched, and aged
Al-10Si-Mg alloy samples are given in Fig. 4, respectively.
Moreover, Table 2 shows numerical values of mechanical
properties of the Al-10Si-Mg alloy samples. It is seen that
the hardness and microhardness values of the alloy exhibit
similar changes with yield and tensile. Additionally, as shown
in Fig. 4, samples that were allowed to cool in air demon-
strated a slight decrease for all values, whereas samples
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Fig. 3 Microstructure of Al-10Si-Mg alloy: a as-cast, b air-cooled, ¢ quenched, and d aged treatment state

Fig.4 The change of the tensile,
yield strength, hardness, and
microhardness of Al-10Si-Mg
alloy samples
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Fig.5 SEM photographs of fracture surfaces of the alloys with different heat treatments: a as-cast, b air-cooled, ¢ quenched, and d aged treatment

state

Table 2 Yield, tensile strengths,

hardness, and microhardness Alloys Mikrohardness Hardness Yield strength Tensile strength

values of Al-10Si-Mg alloy (VHN) (BHN) (MPa) (MPa)

samples
Al-10Si-Mg 68 £2 48 +2 124 £3 135+ 4
Al-10Si-Mg* 66 £3 41+1 1105 124 £5
Al-10Si-Mg** 96 +2 7243 1825 200+ 6
Al-10Si-Mg*** 107 £3 116 £4 2105 29247

(*) Air-cooled treatment, (**) quenched treatment, and (¥**) aged treatment

that were quenched and aged demonstrated a continuous
increase. These changes can be explained by examining the
microstructures of the Al-10Si-Mg alloy in different heat
treatments [14—19]. In contrast to the cast state, the amount
of primary Si in the Al-10Si-Mg alloy decreases when it is
air-cooled. Considering the load-carrying effect of primary
silicon particles in the microstructure, it is expected that there
will be some decrease in hardness and strength as this effect
decreases. In the quenched and aged states of the alloy, the

relatively spherical homogeneous distribution of silicon par-
ticles within the microstructure increases the hardness and
strength of the alloy samples. In addition, the disappearance
of the Mg, Si phase, which has a skeletal phase appearance in
the microstructure, reduces the crack tendency and increases
the strength values [23-27]. In addition, it was observed that
after quenching, the primary silicon content decreased and
there was a relative increase in the amount of a(Al) in the
microstructure (Fig. 3c). The presence of primary silicon
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Fig.6 The change of friction coefficient of as-cast, air-cooled,
quenched, and aged state Al-10Si-Mg alloy samples

in the alloy caused a partial increase in the yield strength
(Fig. 4). The aging process of the sample resulted in a par-
tial improvement in microhardness due to the growth of the
a(Al) phase in its internal structure, but it also significantly
increased the hardness values (Fig. 4b).

Fracture surfaces of alloys, which subjected to various
heat treatments, are shown in Fig. 5. It was observed that the
fracture surfaces of the alloy comprise of a small amount of
cleavage planes (CP) and mostly tear ridges (TR). It should
be noted that the CP consists of hard phases with silicon and
magnesium, while the tear ridges have soft a(Al) phases.
Similar fracture surface characteristics were determined in
all alloys subjected to different heat treatments. However,
the transformation of silicon particles in the microstructure of
quenched and aged samples into a relatively spherical shape
causes more cleavage planes on the fracture surfaces (Fig. Sc,
d).

3.3 Wear Behavior

Figure 6 shows the variation in the Al-10Si-Mg alloy’s fric-
tion coefficient values depending on the sliding distance in
both the as-cast and heat-treated states. The friction coeffi-
cient of the alloy initially increased sharply for each sample
and reached a relatively equilibrium state. This situation can
be explained by the tribological behavior of the materials
[33-35]. At the beginning of friction and wear experiments,
the contact surface between the ball and the sample is point-
like gave rise to high pressures. The adhesion bonds formed
between the contact surfaces create resistance to sliding,
causing the friction coefficient to increase suddenly [33-35].
As friction continues on the sample surfaces, the contact area
increases and reaches equilibrium after a certain period of

@ Springer
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Fig.7 The change of volume loss of as-cast, air-cooled, quenched, and
aged treatment state Al-10Si-Mg alloy samples by sliding distance

time. However, particles broken off from the material sur-
face during friction enter between the ball and the sample
surface. This causes a variable coefficient of friction.

Figure 7 shows the volume loss values for the Al-10Si-Mg
alloy in its cast and heat-treated states as a function of sliding
distance. From this Fig. 7, it can be noted that the volume
loss increases linearly with increasing sliding distance for
each case. It was determined that the alloy that was sub-
jected to aging heat treatment, quenched, cast, and cooled in
air exhibited the highest wear resistance, respectively. This
observation can be explained depending on the microstruc-
ture of the alloy, its hardness, and Archard’s equation [31-33,
36-39]. As mentioned above, when heat treatment is applied
to the Al-10Si-Mg casting alloy, silicon particles turn into a
relatively spherical shape and spread homogeneously into the
microstructure. This increases the hardness in the microstruc-
ture of the alloy and improves the wear resistance due to
the load-carrying ability of hard and brittle silicon parti-
cles. Moreover, according to Archard’s equation, volume loss
increases as sliding distance increases and decreases as hard-
ness and strength increase [36-39]. Since the hardness and
strength increase when heat treatments are applied to the
alloy, volume loss is expected to increase as the sliding dis-
tance increases [36-39].

The change in volume loss value of Al-10Si-Mg alloy
in both cast- and heat-treated states depending on pressure
is given in Fig. 8. This alloy samples exhibited a gradu-
ally increasing volume loss characteristic in all cases, and it
was determined that the lowest volume loss was the sample
with aging heat treatment. This observation can be explained
based on hardness and strength. Hard and brittle silicon
particles dispersed homogeneously and relatively spheri-
cally within the microstructure have a load-bearing effect,
causing an increase in wear resistance [40—43]. In addi-
tion, the needle-like and block-shaped silicon particles in
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the microstructure of the as-cast and air-cooled samples may
have created a notch effect and caused the particles to break
off due to the increasing pressure from the sample surface.
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This situation negatively affects the wear resistance of cast
and air-cooled samples compared to quenched and aged sam-
ples.

SEM images showing the wear surfaces of the as-cast and
heat-treated states of the Al-10Si-SEM images showing the
wear surfaces of the as-cast and heat-treated states of the
Al-10Si-Mg alloy, the particles morphologies obtained from
the wear tests, and the ball surface used in the wear tests in
the as-cast state are given in Figs. 9, 10, and 11, respectively.
Since the wear surfaces, debris pictures and ball surface pic-
tures in different heat-treated states of the alloy are similar,
representative as-cast alloy pictures are given. As a result of
friction and wear tests, it is observed that the wear surfaces
of the sample consist of scratches and delamination layers
(Fig. 9). It can be seen that the ball surface is relatively cov-
ered with wear material, and the wear particles comprise of
large and small particles. The EDS analysis results of the
materials adhering to the sample and ball surfaces and the
debris are given as a table within the SEM images. According
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Fig.9 SEM images with EDS analysis of worn surface of the alloy: a as-cast, b air-cooled, ¢ quenched, and d aged treatment
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Fig. 11 SEM images and EDS analysis of ball surface after wear test of
1500 m for just as-cast Al-10SiMg alloy

to this table, it was determined that the chemical composi-
tion consists of the elements aluminum, silicon, magnesium,
iron, chrome, and oxygen. These examinations can be asso-
ciated with the microstructures of the Al-10Si-Mg alloy

@ Springer

in its as-cast and heat-treated states. The microstructure of
Al-10Si-Mg alloy consists of soft a(Al) matrix, hard silicon
particles, and Mg, Si phase [26,27,30-32]. The hard and brit-
tle Si particles are easier to smear onto the sample surface
thanks to their superior load-carrying abilities. On the con-
trary, since the a(Al) phase is soft, it is more smeared to the
ball surface. In friction wear tests, initially point contact and
high-pressure cause particles to break off from the sample
surface. Some of these particles adhere to the sample surface
and some to the ball surface, causing an adhesion layer to
form on the surface. This adhesion layer becomes brittle as
oxidation increases. Thus, delamination layers are formed. In
addition, hard and brittle particles within the microstructure
of the alloy cause cracks on the wear surfaces. These cracks
progress under the influence of oxidation and break off from
the sample surface. Some of the broken pieces move away
from the sample surface under the effect of centrifugal force,
while the other part turns into dust between the ball and the
sample surface.
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Fig. 12 TGA curves of the samples of Al-10Si-Mg alloy samples

3.4 Oxidation

Figure 12 shows the results of thermogravimetric analysis of
Al10SiMg alloys subjected to casting, air cooling, quench-
ing, and aged treatment processes, respectively. As can be
seen in Fig. 12, no significant mass increase was observed in
the TGA experiments of all test specimens up to 650 °C. As a
result of the oxidation experiments, the highest mass increase
was 0.12%. This can be attributed to the Al,O3 layer formed
on the Al surface with increasing temperature. Oxide layers
formed on the metal surfaces can be evaluated as protective
and non-protective oxide layers. The most concrete expres-
sion related to this observation can be explained with the
Pilling—Bedworth ratio. The Pilling—Bedworth ratio is a rule
used to determine the oxide films formed by metals as pro-
tective or non-protective and was presented by N.Pilling and
E.Bedworth. The formula for the Pilling—Bedworth ratio is
given in Eq. 1 [44, 45].

Mxide X d,
Pilling—Bedworth Ratio = oxide 7 Cmetal )
n X Mmetal X doxide

where M is the molecular mass, » is the metal atom per one
oxide molecule, d is the density.

Calculating the Pilling—Bedworth ratio for the oxidation
of aluminum;

3
2A1 + 502 = AlO3 2)

It is known that the molar mass of aluminum is about
26.98 g/mol and molar mass of Al,O3 is about 101.96 g/mol.
Density of aluminum is 2.70 g/cm?, and density of Al,O3 is
3.95 g/cm? [46]. Accordingly, the Pilling—Bedworth ratio for

aluminum was calculated using Eq. 3:

MAa1,0;5 X dal

Pilling—Bedworth Ratio of Aluminum =
nx Ma x dA1203

3
Pilling—Bedworth Ratio of Aluminum

101.96 & 2.78 3
_ /mol X /cm — 129 @)
2 % 26.98 &/ 0] % 3.95 &/ 13

If the Pilling—Bedworth ratio is less than 1, the oxide
film formed by the metal is very thin and has no protec-
tion. If the Pilling—Bedworth ratio is greater than 2, the oxide
film is extremely thick and easily disintegrates. However, if
the Pilling—Bedworth ratio is greater than 1 and less than
2, the oxide film formed by the metal is protective. When
the Pilling—Bedworth ratio is calculated for the oxide layer
formed by aluminum metal, a value of approximately 1.29 is
reached. This proves that aluminum forms a protective oxide
layer [45]. According to the literature studies, it is understood
that the oxidation mechanism for aluminum proceeds very
slowly up to a temperature of approximately 550 °C and that
there is a not very high oxidation between 550 and 600 °C.
This is due to the protective oxide layer formed by aluminum,
as explained by the Pilling—Bedworth ratio. In other words,
aluminum undergoes oxidation with increasing temperature,
but the progress of this oxidation is prevented by the amor-
phous oxide layer (Al,O3) formed on the aluminum surface.
Thus, aluminum can remain resistant to oxidation almost up
to its melting temperature [47, 48].

In the present study, the effects of the production of
AlSiMgl0 alloy by casting method and subsequent sec-
ondary treatments on oxidation resistance were investigated.
In this context, it is understood that all test specimens have a
very low oxidation rate, i.e., very high oxidation resistance,
in accordance with the literature studies (Fig. 12). In addition,
the relative effects of microstructural changes due to casting
and subsequent secondary processing can also be understood
from the TGA results. When the wt% change is examined up
to a temperature value of approximately 400 °C, there is a
small mass decrease for all samples. This is a similar situation
to that encountered in the literature and in previous studies.
Researchers have interpreted it as a situation encountered
due to the removal of water or other residues from the struc-
ture. Park et al. observed a decrease in the wt% values of Al
up to about 600 °C in their study, which they interpreted as
the removal of moisture and impurities absorbed by the sam-
ple during the experiment by thermal experiment and thus a
decrease in mass [49, 50].

The cross-sectional investigation of the Al-10Si-Mg (as-
cast) and Al-10Si-Mg*** coded sample is shown in Fig. 13.
Figure 13 shows that the oxidized surface contains nearly
three times more oxide than the polished surface. The reason
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Fig. 13 Cross-sectional investigation and EDS analysis of the Al-10Si-Mg (as-cast) (a) and Al-10Si-Mg*** coded samples (b)

for the presence of oxide on the polished surface is that Al
can easily form a protective oxide layer on its surface even at
room temperature in an open atmosphere. In addition, when
the EDS spectrum analysis of the surfaces and the wt% values
of the elements are examined, it is clear that the amount of
oxide is still lower than the amount of Al even on the oxidized
surface in parallel with the TGA results. This confirms that
the oxide layer formed by Al with O is a protective oxide
layer.

4 Conclusions

1. The microstructure of the cast Al-10Si-Mg alloy con-
sists of a(Al), eutectic silicon, primary silicon, and B-Mg2Si
phases. Due to the aging heat treatment, the silicon particles
in the Al-10Si-Mg alloy microstructure become compar-
atively spherical. Additionally, heat treatment leads to the
removal of B-Mg2Si’s Chinese script morphology.

@ Springer

2. Heat treatment led to an approximate 60% increase
in hardness, a 70% increase in yield strength, and a 115%
increase in tensile strength for the as-cast Al-10Si—-Mg alloy.

3. The fracture surfaces of the cast and heat-treated alloy
consist of cleavage planes and tear ridges. There are relatively
more cleavage planes in the heat-treated state of the alloy.
This reveals that the heat-treated alloy exhibits a more brittle
behavior.

4. Adhesion, delamination, and cracks were observed on
all wear surfaces of the Al-10Si-Mg alloy, both as-cast and
heat-treated. It was determined that heat treatment increased
the alloy’s wear resistance.

5. In the friction and wear tests, it was observed that the
variation of the friction coefficient with the sliding distance
showed a sudden increase at the beginning of the test and
reached a steady state.

6. It was determined that the volume loss values of the
alloy increased linearly with the sliding distance and pressure
values and the highest wear resistance was reached in the
Al-10Si-Mg alloy with aging heat treatment.
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5. No significant weight change was observed with
increasing temperature for all alloy types until temperatures
close to the melting temperature. This result is due to the
high oxidation resistance of Al-based alloys. On the other
hand, as the melting temperature approached, the oxidation
resistance decreased due to the loss of effectiveness of the
protective surface layer and the beginning of the transition
of the material to the liquid phase.
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