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Abstract. The efficiency of an engine material is closely correlated with its surface area. In order to
investigate wear properties, effect of surface contact area as well as silicon addition at the eutectic level
of Al-Cu-Mg alloy has been studied. This test is performed under room atmosphere and dry sliding
conditions using a standard pin-on-disk apparatus. Weight reduction method is adopted to measure
the wear rate in microns to get more accurate results. A load varying from of 5 to 50 N and a constant
sliding speed of 0.77 m s−1 are maintained throughout the test. The test results show that a lower
contact surface area has a negative impact on the wear properties having higher wear rate, while the
coefficient of friction of the alloy and Si addition into the alloy improve the properties to some extent.
Reduction of the contact surface area increases the unit pressure and decreased material volume causes
softening of the alloy matrix, resulting in a higher wear rate and coefficient of friction. The Si addition
offers such an improvement mostly for an increase in strength via the Si-rich intermetallic formation.
A microstructural study confirms a lower abrasive wear with a minor plastic deformation on the worn
surfaces of Si added alloy and wear with higher contact surface. The Si-added alloys contain the fine
and strong Si-rich intermetallic, which are responsible for such a smooth worn surface.
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1. Introduction
Cast Al-Si-Cu-Mg alloy is one of the most widely used
materials in the automobile industry for manufactur-
ing cylinder heads, engine blocks, pistons, bearings
etc. [1, 2]. Among the different high-quality proper-
ties like wear and corrosion resistance, machinability,
castability and the mechanical properties, the major
considerable factor is wear and frictional behaviour
of the alloy. So, in addition to the above, it is also
suitable for complex shape castings in machine man-
ufacturing and other sectors such as aviation, trans-
portation, and construction [3–5]. In these materials,
the alloying elements Cu and Mg are mostly consid-
ered because they provide age hardening properties
during heat treatment. Supplementary elements like
Ni, Fe, Sn, Cr, Zr, Ti, Sc, Er etc. are also added into
these types of alloys for solute strengthening and grain
refinement. It is not only considered for improving the
alloy strength, but also serves different purposes [6–9].
The concentration of the chemical elements may also
vary to achieve the desired purpose. For the best per-
formance, Cu and Mg content usually varies from 1 to
4 wt. % and 0.5 to 1 wt. %, respectively [10, 11]. In
terms of Si addition, the eutectic composition around
12.6 wt. % is the most favourable composition consid-
ering the overall properties. If the concentration of
Si is lower or higher, the alloys are considered hypo-
eutectic and hyper-eutectic, respectively [12–14].

Wear involves the removal of material through con-
tact surface damage and deformation in subject to
relative motion. Sliding speed, load, and the oper-
ating environment have a great impact on the wear
rate and frictional performance of the alloys. Material
properties, such as density, hardness, tensile strength
etc., associated with the composition of the mate-
rial also play an important role. Apart from these,
wear resistance depends on a number of parameters,
such as material shape, size, roughness, porosity, etc.
More specifically, wear resistance can be increased
by hardness and density of the material [15]. It was
found that wear increases significantly with increas-
ing load and sliding speed because of the frictional
heat produced at the contact surface, which weakens
the materials [16]. Previous research regarding the
sliding environment has been used to investigate the
wear and tribology properties. It has been observed
that, in comparison to dry sliding conditions, wear
rate and frictional coefficient decrease with the use
of lubricants. It happens as a result of a thin film
forming between the contact surfaces, which inhibits
heat generation to keep the contact materials from
softening and to reduce roughness. Similar observa-
tions have also been made about wear in corrosive
environments [12, 17]. Due to its combined effect on
subsurface cracking and the actual area of contact,
porosity in the materials causes a progressive increase
in wear rate in dry sliding conditions. However, in wet
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sliding conditions, pores serve as lubricant reservoirs,
which offers a significant advantage in terms of wear
properties [18]. The friction and wear are constantly
dependent on the characteristics of the two sliding sur-
faces and the wear properties decreases with a higher
surface roughness [19, 20]. Thus, for a longer engine
life, alloys with higher wear properties are required.
Consequently, it is still now of a great importance to
study the wear characteristics of these alloys under
different conditions.

Nevertheless, there have not been sufficient studies
on the wear behaviour of Al-based automotive alloys
where the effect of contact surface area has been con-
sidered. The aim of this study is to assess the effect
of Si at the eutectic level on the wear characteristics
as the contact surfaces of the alloy are reduced. To
complement the wear mechanism study, microstruc-
tural and fracture behaviour were also considered for
both no and Si-added alloys.

2. Materials and methods
Al-Cu-Mg alloys with Si content at the eutectic level
were prepared by conventional casting using pure alu-
minium, copper, magnesium, and the master alloy
of Al–50%Si. A pit type natural gas furnace with
a graphite crucible was used for melting the alloy
at around 750 °C. Then it was stirred in order to
homogenise the alloy at 700 °C, followed by pouring
in mild steel mould of 20 mm × 200 mm × 300 mm
preheated at 250 °C. Homogenous annealing was per-
formed at 450 °C for 12 hours, solution treatment at
535 °C for 2 hours in an electrical resistance furnace,
and then the alloys were rapidly quenched in cold
salt bath. The chemical composition of the alloys,
as analysed by spectrochemical methods, is shown in
Table 1.

Two sets of specimens were considered for the wear
study. The wear specimens, 12 mm in length and
5 mm in diameter, were machined from the two test
alloys. To reduce the contact surface area, a 3 mm
hole was drilled 5 mm deep into the specimens for
a further set. In this study, the solid specimens of
Alloy 1 were referred to as Alloy 1(S) and the drilled
specimens as Alloy 1(H). Similarly, for Alloy 2, the
solid specimens were referred to as Alloy 2(S) and
the drilled specimens were referred to as Alloy 2(H).
Artificial aging was performed for all the specimens at
200 °C for 240 minutes to achieve the peak strength
as investigated earlier [21, 22]. The density of al-
loys was determined from their chemical composi-
tion. Hardness testing of the aged specimens was
carried out using a Chinese-made SRS-150 Digital
Rockwell Hardness Tester at B scale. About nine
indentations were completed at different places on
each polished surface of the aged specimens. The
density of each alloy was calculated from the vol-
ume and weight measurements. At least five pieces
of each sample were considered. The test of the
tensile properties at room temperature was carried

Si Cu Mg Fe Ni Al
Alloy 1 0.244 2.158 0.767 0.211 0.199 Balance
Alloy 2 12.656 2.130 0.770 0.311 0.277 Balance

Table 1. Chemical composition by wt. % of the two
alloys.

out according to ASTM E8 specification using Hy-
draulic Universal Testing Machine (Shimadzu, Japan,
Model: UH-F1000 kN X). The sample gauge length
was 25 mm and the strain rate was 10-3s-1. Seven
tests were carried out for each condition. The surface
roughness of the stainless steel disc was measured
with Tylor-Hubson surface roughness tester, made in
England. The roughness was measured seven times
at different points and the average value was taken.
XRD analyses of the cold-rolled alloys, aged for one
hour at 100 °C, were carried out using a PANalyti-
cal Empyrean X-ray diffractometer (England made)
with the Cu-Kα radiation and at a scanning rate
of 1° min−1 and a Bragg angle 2θ ranging from 25°
to 85°.

The wear and frictional behaviour of both the al-
loys were observed in a pin-on-disc wear apparatus
via G99-05 ASTM standard [23]. The capacity of the
wear testing apparatus was 1hp and it was made in
Bangladesh. The 309s stainless steel disc was consid-
ered for the counter surface material, whose average
experimental hardness and roughness were HRB 95
and 0.45 µm, respectively. A load of 20 N was used for
both specimens in the dry sliding condition, with the
calculated contact pressures set at 1.02 MPa for the
solid specimens and 1.59 MPa for ther hollow spec-
imens. For this type of material, previous research
considered the applied load to be roughly 20N. In other
experiments, a load of 5 to 50 N was used [24, 25]. Dur-
ing the test, the disc rotated at 300 rpm on a 49 mm
diameter track. Hence the calculated sliding speed
was 0.77 m s−1 and variable distances from 231 m to
2 772 m were considered. All tests were performed
under ambient conditions at 20 °C and 75 % humid-
ity. At least nine readings were completed for every
test of the material. The exact weight loss (∆W ),
sliding distance (S.D.) and applied load (L) to the
samples were considered to calculate the wear rate.
The calculated sliding distances were obtained from
the diameter of the track and the rotation of the disc.
The friction coefficient (µ) was also determined from
normalising the load cell (F ) by the applied normal
load (L). The following equations were applied to find
the weight loss, specific wear rate (S.W.R.) and the
friction coefficient:

∆W = Winitial − Wfinal, (1)

S.W.R. = ∆W

S.D. × L
, (2)

µ = F

L
. (3)
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Figure 1. Photographs of specimens, stainless steel counter disc, and the testing apparatus of wear characteristics.

Density [gm cm−3] Hardness [HRB] UTS [MPa] % elongation
Alloy 1 2.851 ± 0.007 63.7 ± 2 139 ± 10 5.4 ± 0.29
Alloy 2 2.812 ± 0.009 81 ± 3.1 245 ± 14 4.6 ± 0.26

Table 2. Physical and mechanical properties of the two test alloys.

Microstructural observations were performed by
a Versamet-II-Microscope, where the specimens were
polished with alumina and chemically etched with
Keller’s reagent through conventional metallographic
techniques. The SEM analyses of the worn surface
along with the fracture surface were conducted with
the JEOL scanning electron microscope, JSM-5200.
Four specimens at a time were attached to the top of
the flat plate using double-sided carbon tape and the
plate was seated in the specimen holder and fastened
with a set of screws. Photographs of the specimens,
the stainless steel counter disc, and the test setup are
shown in Figure 1.

3. Results and discussion
3.1. Physical and mechanical properties
To give an idea of the physical and mechanical proper-
ties of both alloys, density, hardness, tensile strength,
and elongation at break are tabulated in Table 2. Fol-
lowing the table, it confirms that density decreases
by addition of Si into the alloy. The density of Si and
Al is 2.329 gm cm−3 and 2.700 gm cm−3, respectively,
so the density of Si is lower than that of Al. The
percentages of the other elements in the base Alloy 1

and Si-added Alloy 2 is similar apart from Si and
Al. Thus, around 12.7 % Si addition makes the alloy
lighter [26]. In addition, it has an opposite nature
with higher hardness than the values of the base Al-
loy 1. During the ageing treatment, different types of
intermetallic phases, such as Al2Cu, Al2CuMg, Mg2Si,
Al5Cu2Mg7Si7, and Al5FeSi, are formed and these are
responsible for the better hardness. Alloy 2 produces
higher level of Si-rich intermetallic phases due to the
the higher Si concentration in the alloy, resulting in
higher hardness [21, 27].

It can be observed from the table that the Si added
Alloy 2 is shows a higher tensile strength and Rockwell
hardness. It was discussed earlier that ageing treat-
ment forms different intermetallic phases in the alloy
matrix, but phases Al2Cu and Mg2Si are responsible
for increasing the tensile strength. Alloy 2 achieves
the best strength through the additional Mg2Si pre-
cipitates formed by the Si addition into the alloy [28].
The table also confirms that the percentage of elon-
gation is reduced when the Si is added into the alloy.
Addition of Si into the alloy means a higher fraction
of Si-rich precipitates into the alloy matrix. These
hinder the dislocation movement and make the alloys
brittle, resulting in a lower elongation [29].
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Figure 2. Discrepancy in wear rate by way of sliding
distance of the solid and drilled specimens for both
alloys.

3.2. Wear behaviour
Based on the experimental results, the wear and frac-
tional behaviour of the solid and hollow samples for
both the alloys is plotted in the following Figures 2, 3
and 4. In the graphs, solid and drilled specimens of
Alloy 1 are referred to as Alloy 1(S) and Alloy 1(H), re-
spectively. Similarly, Alloy 2(S) and Alloy 2(H) are for
Alloy 2. Sliding velocity of approximately 0.77 m s−1 is
considered for all cases. The first is the wear rate ver-
sus sliding distance under a constant pressure of 20 N,
which is 1.02 MPa for the solid specimen and 1.59 MPa
for the drilled specimen, as shown in Figure 2. It can
clearly be seen that as the sliding distance increases,
the wear rate also increases for both alloys. The wear
rate is higher for both the solid and drilled speci-
mens of Alloy 1 than that of Si-added Alloy 2. Again,
the wear intensity of the drilled specimens is higher
than that of the solid specimens. The increasing phe-
nomenon of wear rate is associated with softening of
materials. Prolonged contact between the two mating
surfaces generates heat through pressure and friction,
causing the alloy material to soften. Thus, the weak
alloy matrix makes it susceptible to damage [30]. This
softness is high for the drilled specimens due to their
relatively higher stress concentration at the contact
surfaces. The drilled specimens consist of less contact
area in addition to the volume of material, but the
applied load is constant for all the specimens.

These well studied alloys are generally made up
of the main element Al and various other alloying
elements, such as Si, Cu, Mg, Ni, Fe etc. During
heat treatment such as solution treatment followed
by ageing, different intermetallic phases are formed,
namely Al2Cu, Al2CuMg, Mg2Si, Al5Cu2Mg7Si7,
Al3Ni, Al3CuNi, Al5FeSi, etc., into the Al ma-
trix [10, 31]. Especially the formation of nano-sized
Al2Cu and Mg2Si precipitate phases improve the wear
and friction properties of the alloys. According to Ar-
chard’s theory, the wear rate of harder alloys is always
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Figure 3. Discrepancy in coefficient of friction by way
of sliding distance of the solid and drilled specimens
for both alloys.

lower under dry sliding conditions [32]. These hard
particles in the matrix have a higher load-carrying
capacity, therefore improving the adhesion resistance
of the alloys. In case of base Alloy 1, an insignificant
amount Si-rich intermetallic phases is formed because
of its impurity and the minor amount of Si. Alloy 2
forms a higher amount of Mg2Si phase, which refines
the grain structure and not only contribute to mechan-
ical properties, but also improve the wear behaviour
of the alloy. Sometimes, the presence of Mg in the
alloy forms Al3Mg2 intermetallic phase, which initi-
ates stress corrosion cracking and has a negative effect
on the wear [33]. This is reduced by the formation
of Mg2Si, when the addition of Si creates bonds with
Mg. The wear morphology also depends on the degree
of oxidation formed during sliding [34]. The stable
and hard oxide layer separates the contact surfaces,
resulting in a lower wear rate. When the surface of the
alloy is exposed to air, Mg2Si forms more MgO and
SiO2 layers [35]. In addition, the fine and uniformly
distributed Si phase generally increases the passiva-
tion at the edge during friction. As a result, the stress
concentration on the matrix is reduced. The obtained
results are supported by the physical and mechanical
properties presented in Table 2.

Figure 3 provides information on the effects of fric-
tional force at different sliding distances for both solid
and hollow samples of base Alloy 1 and Si-added Al-
loy 2. It can clearly be seen that the coefficient of
friction of the two specimens for the two alloys fluctu-
ates in the early stages of sliding distances and then
the decreasing nature is followed by the steady state.
As the contacting surfaces are comparatively rougher
at the beginning, the coefficient of friction is not con-
stant at the beginning. The increase in the coefficient
of friction can be attributed to the local adhesion of
wear debris on the Al surface, as reported by earlier
investigator [17]. Increasing the sliding distance in-
creases the contact surface temperature, resulting in
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higher oxidation of the surface. So, the coefficient of
friction decreases slightly as it reduces direct metal
contact [36, 37]. However, the coefficient of friction
is relatively lower for Si-added Alloy 2 than that of
base Alloy 1. The decreased frictional force can be
attributed to better hardness and strength, as the low
plastic deformation of the alloy at real contact areas
can lead to decrease of coefficient of friction [38]. The
drilled specimens always show higher coefficient of
friction than solid ones, as expected, due to higher
stress concentration with higher plastic deformation
in real contact.

Figure 4 shows the discrepancy in average coeffi-
cient of friction for both solid and drilled specimens
of the two tested alloys under different loads during
dry sliding conditions. From this figure, it can clearly
be seen that coefficient of friction decreases when the
load increases. However, the nature and intensity of
the trend is different for solid and drilled specimens.
These phenomena in the coefficient of friction can
be classified with the development of oxide layers on
the mating surfaces of the alloys. When the load is
increased, there is, as expected, an increase in tem-
perature between the disc and pin surface which acts
as a driving force for oxidation. Hence, higher load
means lower coefficient of friction due to higher oxide
formation [39]. Stable oxide layer reduces alloy sur-
face to disc surface contact, reducing the coefficient
of friction. In the case of the Si-added alloy, the Si
particles are deformed into tiny fragments and act
as a solid lubricant at the interface. These deformed
particles carry the majority of the applied load under
incessant sliding, so there is an inferior coefficient of
friction. The rate of decrease is lower for the drilled
specimens due to less oxidation caused by the lower
contact area.

3.3. Optical microscopy
The worn surfaces by the optical microscopy of both
solid and hollow specimens of the two alloys before and
after 2 772 m of wear are shown in Figure 5. A sliding
velocity of 0.77 m s−1 and a pressure of 20 N are used,
which is 1.02 MPa for the solid specimen and 1.59 MPa
for the drilled.

Both alloys exhibit smooth surfaces prior to wear
and no signs of plastic deformation. Some spots are
observed on the surface due to polishing with emery
paper. Without etching, such microstructures do not
provide any information. However, it consists of α-Al
phase surrounded by different eutectic mixtures in the
interdendritic matrix. Hence, the polished surfaces
exhibit somewhat dissimilar tones since various alloy-
ing elements of different levels exist within the alloys.
The tone is lighter or darker depending on the existing
elements contained in the alloy. However, the lighter
tone on the surface of the alloy containing 12.7Si be-
came more prominent due to the increasing percentage
of Si in the Al matrix [40]. Drilled specimens consist
of a circular mark which is the abidance of the drill.
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Figure 4. Discrepancy in coefficient of friction by
way of applied load of the solid and drilled specimens
for both alloys.

As can be seen from the photographs, the surfaces of
the alloys become plastically deformed after wear and
change in size and shape. Some grooves are observed
parallel to the sliding direction by local flow of the
surface material and subsequent detachment of mate-
rial and surface cracks. This issue is more prominent
for Alloy 1. It is because of the lower strength and
higher elongation properties of Alloy 1 than those
of Alloy 2 as shown in Table 2. These deformation
behaviours are more pronounced for drilled specimens
than for solid specimens, as hollow specimens carry
higher stresses. Also, surface cracks are relatively
smooth for the alloy containing Si, often from hard
and fine Si-rich precipitates. Consequently, both the
wear and friction are low for Si-added alloy.

Figure 6 shows the chemically etched microstruc-
ture of the two experimental alloys after the solution
treatment followed by ageing at 200 °C for 240 minutes
and further analysis using the worn surfaces shown
in Figure 5. The microstructure of the base Alloy 1
is mainly composed of α-Al phase with various in-
termetallic particles distributed in intragranular and
grain boundaries, there are no Si particles in the mi-
crostructure (Figure 6a). This type and the amount
of second phases have a significant influence on the
properties of the alloy. When Si is added at the eu-
tectic level, Alloy 2 microstructure then consists of
α-Al, eutectic Si, Si-rich and various other intermetal-
lic particles (Figure 6b). The eutectic Si is distributed
in the α-Al region, some even penetrating the entire
α-Al grain, increasing the segregation effect within the
matrix structure. The variation of silicon also refines
the structure and the eutectic compassion elongated
needle-like eutectic Si is formed [21, 41].

3.4. XRD study
Figure 7 shows the XRD patterns of both alloys in
the T6 heat-treated condition. Alloy 1, the base alloy,
shows peaks of Al phase and Al2Cu. When Si is added
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Before wear After wear Before wear After wear

(a). Alloy 1(S). (b). Alloy 2(S).

(c). Alloy 1(H). (d). Alloy 2(H).

Figure 5. Surfaces images of the solid and drilled specimens for both alloys, polished before wear and after wear for
a sliding distance of 2 772 m.

(a). Alloy 1. (b). Alloy 2.

Figure 6. Optical micrograph of Alloy 1 and Alloy 2 aged at 200 °C for 240 minutes corresponding to peak aged
condition.
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Figure 7. XRD patterns of Alloy 1 and Alloy 2 aged at 200 °C for 240 minutes corresponding to peak aged condition.
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(a). Alloy 1.

(b). Alloy 2.

Figure 8. SEM and EDX spectra of Alloy 1 and Alloy 2 aged at 200 °C for 240 minutes corresponding to peak aged
condition.

to the base alloy, Alloy 2 produces two more peaks of
Si and the silicon phase Mg2Si. It can be seen that
these two peaks result in a lower Al peak position level
compared to Alloy 1. These two intermetallic phases,
Al2Cu and Mg2Si, generally play an important role
in strengthening of the discussed alloys. Other peaks
are not clearly observed in the case of prior T6 heat
treatment, because the corresponding intermetallics
are in a very narrow range that is not detectable by
this analysis [10, 42].

3.5. Scanning electron microscopy
The SEM with EDX spectra to match the optical
images of the alloys are shown in Figure 8. Base Alloy
1 contains the α-Al phase with various intermetallic
particles and traces of Si particles in the microstruc-
ture (Figure 8a) were detected. The corresponding
EDX composition is 96.57 % Al, 0.17 % Si, 2.14 % Cu,
0.72 % Mg, and 0.40 % Ni in wt %. Similarly, Si-added
Alloy 2 contains α-Al, needle-like eutectic Si, with or
without Si-rich other intermetallics (Figure 8b). The
EDX composition of Si-added Alloy 2 is 85.37 % Al,
11.43 % Si, 1.71 % Cu, 0.63 % Mg, 0.29 % Ni, 0.26 %
Zn, and 0.32 % Fe.

Solid and drilled specimen surfaces of both the alloys
are obtained by an electron scanning microscopy from

the wear evaluation at a sliding velocity of 0.77 m s−1

and a sliding distance of 2 772 m. Their worn surfaces
are shown in Figure 9 to investigate the mechanism
of wear. It clearly indicates abrasive wear in the solid
specimen of the base Alloy 1(S), exposing grooves
due to the abrading action of the strong particles
(Figure 9a). For the identical Si-added Alloy 2(S),
the micrograph shows some small cracks, grooves, and
delaminations, clearly indicating a mixture of abrasive
and delaminating wear (Figure 9c). For the drilled
specimens of the base Alloy 1(H), under the same
wear setting, the micrograph showed deep grooves of
abrasive wear (Figure 9b). In addition, the drilled
specimens of Si-added Alloy 2(H) also showed cracks
with narrow grooves of abrasive and delaminating
wear too (Figure 9d). It was already stated that
the samples are used in its peak aged condition. So,
nano-sized Al2Cu and nano-sized Mg2Si phases, which
enhance the wear resistance, precipitate in the matrix.
In addition, formation of Mg2Si phase also refines
the grain structure of the alloy. That is why Alloy 2
has smooth surfaces. In case of the drilled specimens,
relatively higher surface damage is observed due to
greater unit pressure on the surface [21].

To complement the images of the worn surfaces,
a further SEM of the experimental tensile fracture
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(a). Alloy 1(S). (b). Alloy 1(H).

(c). Alloy 2(S). (d). Alloy 2(H).

Figure 9. Worn surfaces after wear for 2 772 m of sliding distance under SEM.

surface morphology is also shown in Figure 10. A clear
difference in fracture mode was observed between
them. Where the base Alloy 1 shows the fracture
throughout the grain boundary with a large number
of voids in the matrix evenly distributed in the mi-
crograph (Figure 10a and 10b). This is the most
common mode of fracture, such as intergranular frac-
ture with grain boundary. There are multiple dimple
morphologies and ductile α-phase fractures indicative
of composite fracture [43]. The figure also demon-
strated that the plane of the fracture depends on the
orientation of the grain. The Si-added Alloy 2 shows
signs of additional crack propagation caused by the
enormous cleavage of the niddle-type shapes and brit-
tle Si rich intermetallics (Figure 10c and 10d). Given
the fact that the Si content increased, a large amount
of these intermetallics would expected in the alloys,
extending the cracks. The amount of crack direction
also increases at fracture surfaces. Different types of
intermetallic phases are observed in this type of alloy
as it contains different levels of alloying elements, but
plate-shaped intermetallics are the most detrimental
to mechanical properties [44, 45]. Relatively deep
fracture is observed for drilled specimens, such as

Alloy 1(H) and Alloy 2(H), compared to the higher
surface area of Alloy 1(S) and Alloy 2(S). It is obvious
that it is caused by higher pressure due to higher
thrust and temperature in the case of hollow samples.
But the mode of fracture is identical for each alloy.

4. Conclusion
The wear characteristics of Al-based automotive alloys
with Si addition under different surface contact areas
have been evaluated and several conclusions can be
drawn from the research results:
• The reduced surface area of contact provides

a higher wear rate along with the coefficient of fric-
tion of the alloy. The reduction of contact surface
area increases the unit pressure and the reduced
material volume causes softening of the alloy matrix,
resulting in a higher wear rate.

• Si decreases the softening tendency to some extent.
The Si-added alloy achieved higher hardness due
to a variety of rigid Si-rich intermetallic phases
through the ageing treatment. Consequently, it
improves the wear characteristics of the Al-based
automotive alloys. The Si-added alloy has a lower
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(a). Alloy 1(S). (b). Alloy 1(H).

(c). Alloy 2(S). (d). Alloy 2(H).

Figure 10. SEM of the experimental tensile fracture surface morphology.

coefficient of friction due to its higher hardness and
the Si-rich particles act as a solid lubricant.

• The worn surfaces of Si-added alloy under dry slid-
ing condition have a lower abrasive wear and plastic
deformation due to grain the refining effect and
Mg2Si phase formation preventing the wear. These
deformations are higher for the drilled specimens
as they carry the higher stress.

• The surface roughness of the material is very impor-
tant in terms of wear rate and coefficient of friction.
The contact surface of drilled specimens is very
small. Therefore, it could not be measured. For
a better understanding, large area samples can be
combined.
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