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�emicrostructure, mechanical characteristics, and tensile fractography of Al2014 alloy reinforced composites with 5 and 10%wt.
% of 150 to 160 micron-sized SiC particles were investigated in this study. �e melt stir process was used to make composites
comprising 5 and 10% SiC particles in the Al2014 alloy. To increase the wettability between Al matrix SiC particles, SiC particles
were warmed to 300 degrees Celsius before being disseminated into the Al2014 alloy matrix in two phases. SEM, EDS, and XRD
were used to examine the specimens micro-structurally. ASTM standards were used to evaluate the mechanical characteristics of
micro SiC particles reinforced Al alloy composites with a content of 5 to 10%. SEM and EDS microstructural tests revealed the
existence and dissemination of micro SiC particles in the Al2014matrix.�e addition of 5 and 10%weight % of micro SiC particles
to Al2014 alloy improved its hardness, ultimate, yield, and compression strength. With the addition of 10wt. % of SiC, the
hardness, ultimate strength, yield strength, and compression strength of Al2014 alloy improved to 15.96%, 35.2%, 43.8%, and
38.7%, respectively. Furthermore, the presence of SiC particles reduced the ductility of Al2014 alloy. SEMmicrophotographs were
used to examine the manufactured Al2014 with SiC composites for tensile fracture analysis, revealing the various mechanisms
intricate in tensile fracture.

1. Introduction

Acompositematerial can bede�ned as a combinationofmore
than one identi�able constituent intentionally combined to
obtain homogeneous structures with better properties than
individual used alone [1, 2]. In contrast to metallic alloys, the
constituents of the composites retain their mechanical,
physical, andchemical properties.�estrength andsti�nessof
the composite is provided by the reinforcing phase. Inmost of
the cases, the reinforcement employed in composites is
stronger, sti�er, andharder than thematrix and it can be in the

form of a �bre or a particulate [3, 4]. �e dimensions of the
particulates used in composites aremore or less equal in all the
directions. Particulatesmay be of spherical, platelets, or of any
other regular or irregular geometry. Continuous �bre com-
posites tend to be much stronger and sti�er than particulate
composites. Because of the di¡culties in processing and in-
creasing brittleness, particulate composites contain less re-
inforcement which makes them much cheaper and are
referred as discontinuously reinforced MMCs [5, 6].

Further, particulate-reinforced composites are isotropic
in nature when compared to �bre-reinforced composites
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and offer higher ductility which makes them an attractive
alternate to the conventional metals. From a practical point
of view, chemical compatibility among the matrix and re-
inforcement is of high significance. It is required to retain the
separate identity of the matrix and reinforcement during
their exposure to extreme processing temperatures and
applications [7]. To achieve thermal compatibility, under-
standing and controlling of extensive chemical reactions
between the reinforcement and matrix within a bound are
necessary. Nonthermal compatibility between them results
in degradation of mechanical and thermal properties.
During cooling of composites from their processing and
forming temperatures, due to the large difference in co-
efficient of thermal expansion between the matrix and re-
inforcement, residual stresses and deformations gets in-
troduced. *ese residual stresses and deformations can also
be introduced during their applications at higher temper-
atures which could be deleterious. Both strength and stiff-
ness also depend on the type of reinforcing element and their
orientation in the matrix [8]. Continuous fibres possess large
aspect ratios and normally have a preferred orientation. On
the other hand, discontinuous fibres have small aspect ratios
and generally oriented in random directions. Out of all the
properties, the directionality is possibly the prime charac-
teristic that differentiates the fibre-reinforced composites
from the conventional metals/particulate composites.

In aerospace and automotive applications, hybrid
composites with better mechanical and chemical charac-
teristics are frequently employed. Because of their inex-
pensive cost, aluminium hybrid MMC are commonly made
and employed in structural applications [9, 10]. Following
that, much study has been done in AMCwith the addition of
reinforcements to aluminium such as B4C, Al2O3, SiC, and
fly ash, among others [11, 12]. *e purpose of this analysis
was to highlight the most recent advancements in AMCs as
well as the impact of reinforcements [13]. *e impact of
aluminium matrix composite mechanical and tribological
behaviour has been discussed. *e Al2014 alloy was chosen
for this investigation because it is readily accessible com-
mercially and is frequently utilized for structural purposes in
the manufacturing industry. A lot of research has been done
on adding B4C, Al2O3, SiC, and fly ash to improve hardness,
tensile, YS, wear resistance, machinability, good abrasion
resistance, stiffness-to-weight ratios, strength-weight ratios,
and enhanced high temperature performance as shown in
the current work [14, 15]. *e current study looks at how to
make (fabricate) these sophisticated engineeredmaterials via
stir casting. *e mechanical behavior of composites will
increase as the amount of SiC rises. It was also discovered
that when the particle size increased, the wear rate reduced at
a fixed volume fraction. *e addition of SiC to aluminium
improves composites’ wear resistance [16]. It also demon-
strates that higher operating temperatures result in increased
specific strength, stiffness, and wear resistance [17, 18].

MMCs are produced by various manufacturing pro-
cesses which are typically classified on the basis of their
processing temperature. Of course, the method of intro-
ducing reinforcement into givenmatrix is generally specified
by the type of reinforcement, particle size, and morphology

of the reinforcement [19]. Fabrication of MMCs in the liquid
state is generally done by a stir casting route due to its
reliability and lower cost [20]. Seo and Kong [21] noted that
this method is simple, flexible, and most suitable for pro-
duction in large quantity. Naher et al. [22] showed that the
cost of preparing composites by the casting method is just
30–50% of the other competing methods.

Using 150 to 160 micron-sized SiC particles in an
Al2014 alloy matrix, a limited research was carried out
based on the available literature. Stir casting was used to
create Al2014 alloy metal composites with SiC particles. To
avoid agglomeration, SiC added to the aluminium melt in
two stages, instead of adding SiC particles in one time into
the melt; in the present study, a novel two step stir casting
method is adopted. After that, the manufactured alumin-
ium matrix composites are put through a series of me-
chanical tests.

2. Experimental Details

2.1.MaterialsUsed. Al2014 is a wrought alloy with copper as
the principal alloying element, which has a melting point of
660°C and a density of 2.80 g/cm3. *e Al2014 alloy is
primarily used in aerospace and transportation applications.
Al2014 offers excellent toughness, corrosion resistance, and
higher temperature strength, as well as a strong self-healing
capacity throughout the welding process. Table 1 displays the
chemistry of Al2014.

*e silicon carbide reinforcing material from Bioaid
Scientific Industries Ltd., Bangalore, is 150 to 160 µm in size.
*e reinforcement material is black in hue. *e density of
the reinforcement particle is 3.10 g/cm3 [23], with a melting
point of 3200°C and a hardness of 3100–3150 kg/mm2. *e
SEM and EDS of SiC utilized to make the composites are
shown in Figures 1 and 2.

2.2. Methodology and Testing. *e Al2014-SiC composites
are made using the stir casting process. In a graphite cru-
cible, a measured amount of Al2014 alloy is put. After that,
the crucible is positioned in the electric furnace. To melt the
Al2014 alloy, the furnace is kept at 750 degrees Celsius.
Simultaneously, SiC particles are roasted to 300°C in a
separate oven to eliminate moisture content and promote
wettability. Hexochlorthane, a degassing agent, is given to
the molten metal to prevent undesirable gases from es-
caping. A unique two-step reinforcement addition approach
is used to pour a known quantity of SiC particles into molten
metal. *e casting is then mixed homogeneously using a
mechanical stirrer made of a zirconium-coated material at
300 rpm for 5 minutes. *e molten metal is put into the
mould die right away. Cast iron is used to make the die. *e
cast iron die has a length of 120mm and a dia. of 15mm.*e
procedure is repetitive for SiC particles reinforced com-
posites with 10% SiC. To perform the needed testing, the
castings are machined according to ASTM standards. *e
stir casting setup utilized to make the Al2014–SiC com-
posites is shown in Figure 3. Figure 4 shows the composites
that were prepared for the study.
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*e specimen is arranged for microstructural analysis
after casting to determine the uniform circulation of SiC
reinforcement in the Al2014 alloy. Microstructure pictures
of Al2014 alloy and Al2014 alloy SiC composites are taken.
Microstructure specimen dimensions are 10mm in dia., and
5mm in height. 300, 600, and 1000 grit paper are used to
grind the specimen’s surface. *e surface is then polished
with a polishing paper for a smoother finish. Following that,
the samples are cleaned with distilled water to eliminate any
foreign particles such as dirt or other contaminants that may
have accumulated on the polished surface. Keller’s reagent
[24] is used to etch the specimens to create a contrast surface.

*e specimen is machined according to ASTM standard
E10 [25] for the hardness test. *e Brinell hardness tester is
used to test the hardness. *e polished surface of the
specimen is smooth. A 5mm ball depression is made on the
specimen, which is then loaded with 250 kg. On the surface
of the material, three indentation marks are made and the
consequences are analysed.

*e density measurement is based on the existence of
porosity in the sample. *e rule of mixture is used to de-
termine theoretical values for the base and Al2014-SiC
composites. *e ASTM D290 [26] method is used to de-
termine the experimental density values using the Archi-
medean method.

To investigate the tensile strength of Al2014 alloy and SiC
composites, the samples are machined according to ASTM
standard E8 [27]. *ree samples are taken for the tensile test
to ensure precise results. *e computerized tensile machine
is used to determine tensile strength, examine the effect of
even dissemination, and investigate the behavior of
Al2014–SiC composites under unidirectional tension. *e
sample has an overall length of 104mm, a gauge length of
45mm, and a gauge dia., of 9mm. *e mechanical

presentation of cast alloys and composites can be examined
using this tensile test to determine ultimate, yield, and
elongation. *e tensile sample is shown in Figure 5. *e
compression strength of Al2014 alloy and its SiC reinforced
composites are evaluated as per ASTM E9 standard [27].

3. Results and Discussion

3.1. Microstructural Studies. Scanning electron micropho-
tographs of Al2014 alloy reinforced composites with 5 and
10% SiC particles are shown in Figure 6(a)–6(c). *e SEM
picture of Al2014 alloy is shown in Figure 6(a). *is indicates
the absence of particles and the presence of clean grain
boundaries.*ere arenovoidsor other castingflawsvisible on
themicroscope.Microphotographs ofAl2014-5wt.% SiC and
Al2014-10wt.%SiC composites are shown inFigures 6(b) and
6(c), respectively.*eSiCparticles,which arenoticeable in the
micrographs, are present in 5 and 10% of SiC strengthened
composites, according to the micrographs. Because of the
revolutionary 2-step stir casting technique used to create the
composites, these particles are devoid of agglomeration.
Furthermore, the microstructure surface of Al2014-10 wt. %
SiC composites comprises a greater number of SiC particles,
which are spread throughout the matrix Al2014 alloy.

*e EDS spectra of Al2014 alloy with 10% SiC particles
composites are shown in Figure 7(a) and 7(b). Cu is the
predominant alloying element in Al2014 alloy, which also
comprises Si, Fe, and Mg, as shown in Figure 7(a). *e EDS
spectrum of Al2014-10wt. percent SiC particles composites
is also shown in Figure 7(b). *e attendance of SiC in the
Al2014 in the form of Si and C elements was visible in the
EDS spectrum of composites. *e existence of Si and C
elements, as well as Cu, Mg and Fe elements, validates the
integrity of the composites casting approach.

*e Al2014 and Al2014-10 wt. percent SiC composites
are analysed using an x-ray diffractometer (PANalytical,
Netherland-made). *e XRD pattern of Al2014 is given in
Figure 8(a); typically, aluminium phases are existing at
various peaks, as seen in Figure 8(a). At 39°, 45°, 65°, and 79°,
the incidence of Al phases is established with varying in-
tensities. At 39°, the Al phase has the highest intensity. *e
XRD pattern of Al2014-10 wt. percent SiC composites is
shown in Figure 8(b). Figure 8(b) shows the different phases,
such as Al and SiC. As previously stated, Al phases are
generally available at various 2 theta angles with varying
intensities; while SiC particle phases can be found at 36°, 60°,
and 71° degrees with varying intensities. *e presence of
silicon carbide particles in the Al2014 alloy has been found in
the form of SiC phases.

3.2. Density Measurements. Figure 9 shows the densities of
Al2014 alloy, Al2014 with 5 and 10 wt. percent SiC particles
reinforced composites. *e rule of mixture is used to cal-
culate the theoretical densities of Al2014 and SiC reinforced
composites. Furthermore, experimental densities are cal-
culated using the Archimedean principle. Al2014 has a
theoretical density of 2.80 g/cm3, but SiC particles employed
in the study have a density of 3.10 g/cm3. *e density of the

Table 1: Chemistry of Al2014 alloy.

Elements Si Fe Cu Mg Zr Zn Cr Mn Al
Weight (%) 0.7 0.5 5.0 0.3 0.20 0.1 0.10 0.4 Bal

Figure 1: SEM micrograph of SiC particles.
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base alloy has grown from 2.80 g/cm3 to 2.827 g/cm3 as the
weight % of SiC particles in the Al2014matrix increases from
5 to 10wt. percent. *e higher density of SiC particles in
contrast to Al matrix accounts for the increased density with

SiC particle integration. *e reinforced particles higher
density improves the matrix alloy’s overall density. Fur-
thermore, as seen in the graph, the experimental densities
are slightly lower than the theoretical densities, and the
difference amongst the two is tiny. *e expected density of
the Al2014 matrix is 2.80 g/cm3, whereas the observed
density is 2.732 g/cm3, highlighting the importance of the
composites’ casting procedure.

3.3. Hardness Measurements. Figure 10 shows the hardness
of Al2014 alloy, Al2014-5, and 10wt. % of SiC composites.
*e plot shows that the hardness of Al2014 increases when
the percentage of SiC particles increases from 5 to 10%. *e
hardness of the alloy as cast is 70.2 BHN, while it is 81.7 BHN
and 97.4 BHN after including 5 and 10wt. percent SiC,
respectively. *e hardness of Al2014 alloy-10wt. % SiC
composites increased by 38.7%. *e existence of hard SiC in
the ductile matrix improves the hardness of Al2014 alloy. SiC
particles have a hardness of 3150 BHN, so incorporating
such a high-hardness substantial into a soft Al material helps
to improve hardness. Furthermore, the dislocation density is
created by the thermal co-efficient mismatch among the
Al2014 alloy and SiC particles, resulting in greater strain
hardening in the composites. *e composites hardness is
increased through the strain hardening phenomenon
[28, 29]. Basically reinforcements are more rigid and
stronger than the Al2014 alloy matrix and these strength-
ening particles always try to avoid plastic deformation.

3.4.UltimateTensileandYieldStrength. Figure 11 depicts the
effect of SiC particles on the strength of Al2014 alloy. *e
strength of the Al2014 alloy has increased as the weight
percent of SiC increases in the soft Al matrix as shown in
Figure 11. *e Al2014 alloy’s ultimate tensile strength is
194.4MPa. In addition, the UTS of Al2014-5wt. % SiC and
Al2014-10wt. % SiC composites are 224.5MPa and
262.4MPa, respectively. After incorporating 10% weight
percent of 150 to 160 micron-sized SiC particles into Al2014
alloy, the UTS improved by 35%.

Figure 12 depicts the effect of SiC content on the yield
strength of the Al2014 alloy. *e strength of the Al2014 alloy
has increased as the weight percent of SiC content increases
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0.90 k
0.45 k
0.00 k

0.0
Lsec:30.0 34 cnts 0.310 keV Det: Octane Pro Det

1.7 3.4 5.1 6.8 8.5 10.2 11.9 13.6 15.3
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Figure 2: EDS spectrum of SiC particles.

Figure 3: Stir casting setup (courtesy: PES College Of Engineering,
Mandya).

Figure 4: Al2014-SiC composite after casting.

Figure 5: Tensile test specimen.
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in the soft Al matrix as shown in Figure 12. *e Al2014 alloy
has a yield strength of 161.5MPa. In addition, the YS of
Al2014-5wt. % SiC and Al2014-10wt. % SiC composites are
201.2MPa and 232.1MPa, respectively. After incorporating
10% weight percent of 150 to 160 micron-sized SiC particles
into the Al2014 alloy, the YS improved by 43.7 percent.

*e strength of Al2014 was increased with 5 and 10% wt.
% of tiny SiC particles, as shown in plots 11 and 12. *e
existence of the SiC element in the matrix increases the
strength of Al alloy. *e hard elements make the soft matrix
brittle, allowing it to withstand higher directed loads. *ese
hard particles operate as load-bearing elements in com-
posites, enhancing the composites’ strength. Furthermore,
according to the Hall–Petch strengthening process [30], the
insertion of microparticles in the Al matrix reduces the grain
size of the composites, which contributes to the material’s
increased strength [31]. *e temperature mismatch among
the Al2014 and the SiC particles is large, resulting in density

dislocations according to the Orowan principle [32]. *e
formation of density dislocations causes strain strengthening
within the Al-SiC melt, resulting in increased strength.

3.5. Percentage Elongation. *e ductility of the Al2014 alloy
and Al2014 alloy with 5 and 10% micro-SiC composites is
shown in Figure 13. *e plot shows that ductility diminishes
as the amount of SiC in the matrix increases. *e decrease in
ductility is due to the presence of hard SiC in the matrix;
however, the intense multidirectional stresses at the Al2014
alloy SiC contact prevent further material elongation. *ere
is a strong connection between Al and SiC particles, as well
as the efficient transfer of applied load to a larger number of
tiny SiC particles. As a result of these possessions, the
elongation obtained in Al2014 alloy–10% SiC composites is
lower than that obtained in base amalgam and 5% SiC
particles reinforced composites.

(a) (b)

(c)

Figure 6: SEM microphotographs of (a) Al2014 alloy, (b) Al2014-5 wt. % of SiC, and (c) Al2014-10wt. % of SiC composites.
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3.6. Compression Strength. Figure 14 shows the compression
strength of Al2014 and Al2014 with 5 and 10% SiC com-
posites. *e incidence of hard particle phase boosted the
compressive strength of the Al2014 matrix, which rose
further as the wt. % of SiC increased, according to the plot.
Because these ceramics are tougher in nature, compressive
strength is always used to determine the strength of the
carbide or oxide particles. *e large quantity of grain

refinement produced with the inclusion of SiC particles, the
presence of evenly distributed tougher components, and
dislocation formed due to the modulus discrepancy and
thermal expansion co-efficient can all be contributed to the
Al-SiC composites’ strength [33]. According to the results of
Figure 14, the effect of SiC content on compressive strength
is significant. *is validates the clear effect of SiC on Al-SiC
composites’ strength.
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Figure 8: XRD patterns of (a) Al2014 alloy and (b) Al2014-10wt. % of SiC composites.
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Figure 7: EDS spectrum of (a) Al2014 alloy and (b) Al2014-10wt. % of SiC composites.
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3.7. Tensile Fractography. SEMpictures of the fractured areas
of Al2014 and Al2014 with 5 and 10% SiC composites are
shown in Figure 15(a)–15(c). *e excellent bonding among
the matrix and the SiC reinforcement can be inferred from all
of the tension fractured micrographs. In Figure 15(a), the
shattered surface of 500x magnification pictures of Al2014
alloy is shown. *e ductile fracture is shown by the fractured
surface of the as cast alloy, which has visible grains.

*e cracked surfaces of Al2014-5wt. % SiC and Al2014-
10wt. % SiC composites are shown in Figure 15(b) and
15(c). According to the micrographs, the composites be-
come more brittle as the SiC reinforcement increases. *e
fractured surface of Al2014-10wt. % of SiC composites
demonstrates this increased brittleness. Furthermore, the
brittle fracture is directly connected to the composites’
elongation [34]. *e ductility of the composites decreases as
the weight percent of SiC increases, as discussed in the
percentage elongation section.

4. Conclusions

*e Al2014–SiC metal composites were successfully pro-
duced using the metallurgical process and the stir casting
method. SEM/EDS and XRD patterns were used to examine
the microstructural characteristics of the produced Al20214
alloy and Al2014 with 5 and 10% SiC composites. SEM
micrographs, EDS analysis, and XRD patterns were used to
show the distribution and existence of SiC particles in the
Al2014 alloy. As the SiC proportion grew from 5% to 10%
wt., the density of the Al2014–SiC composites improved.*e
results showed that when the micro-SiC content in the
Al2014 alloy increased, the ultimate, yield, and compression
strength increased with a minimal drop in ductility. In an
unreinforced material, fractured surfaces showed ductile
mode fracture. Furthermore, as the reinforcing concentra-
tion increased to 10%, the composites began to shatter in a
brittle manner.

(a) (b)

(c)

Figure 15: Tensile fractured surfaces SEM images of (a) Al2014 alloy, (b) Al2014-5 wt. % SiC, and (c) Al2014-10wt. % SiC composites.
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