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Abstract  With the advent of modernization, there is a need 
for advanced engineering materials for various engineer-
ing applications. The current study employs Al6061 as the 
matrix material. The reinforcing particles employed are SiC 
and B4C. Al6061–SiC–B4C hybrid composites are fabricated 
through the utilization of stir casting technology. The SiC 
carbide particles are maintained at a constant concentration 
of 3%. The B4C particles are incrementally altered in 2% 
increments, ranging from 2 to 8%. Scanning electron micros-
copy is employed to analyze the microstructure of the manu-
factured composites. Brinell hardness testing equipment is 
utiliszed to conduct the hardness test on the manufactured 
composites. The tensile strength and compression strength 
of the manufactured composites are assessed using a univer-
sal testing machine. The wear test is performed via a Pin-
on-disc wear testing apparatus. The microstructure research 
reveals that SiC and B4C particles are evenly dispersed 
throughout the Al6061 matrix. The hardness value, tensile 
strength and compression strength findings demonstrate that 
the produced composites have higher tensile strength than 
the Al6061 matrix alone. The tensile fracture surfaces of 
the Al6061 + 3%SiC + 6%B4C composite are found to be 

brittle in nature. The maximum hardness and maximum ten-
sile strength is obtained for Al6061–3%SiC–6%B4C hybrid 
composite and is equal to 75.97 BHN and 141.4 MPa respec-
tively. The maximum compression strength and minimum 
wear rate is obtained for Al6061–3%SiC–6%B4C composite. 
The worn-out surface of composite shows the presence of 
sliding grooves. The developed composites are used in auto-
motive applications in components such as cylinders, brake 
drums and pistons etc.

Keywords  Al6061 · SiC · B4C · Hybrid composites · 
Tensile strength

Introduction

Now a day’s technology demands for the material with 
improved mechanical properties. In order to improve the 
properties of a material, several additional elements are 
added to improve their properties. Composite material is 
one among these category materials which has the ability 
to fulfill the above needs. The problems that are found in 
the conventional materials is been eliminated by the use of 
the composite materials, there are different materials that 
are available to be embedded in the matrix material and the 
combination of the material will be selected based on the 
application of the materials [1].

A composite material that consists of a metal or a metal 
alloy as its matrix is referred to as a metal matrix compos-
ite. The physical and mechanical characteristics of these 
materials are determined by the materials’ compositional 
components, the reinforcement’s volume proportion, and the 
manufacturing method. The matrix in MMCs will have the 
features of being lightweight, having good thermal conduc-
tivity, and being ductile, while the reinforcement, which is 

 *	 S. Udayashankar 
	 udaya_creative@yahoo.com
1	 Department of Mechanical Engineering, Dayanand Sagar 

College of Engineering, Bangalore, Karnataka 560078, India
2	 Department of Mechanical Engineering, Dayanand Sagar 

University, Bangalore, Karnataka 560068, India
3	 Mechanical Engineering Department, Bangalore Institute 

of Technology, Bangalore, Karnataka 560004, India
4	 Department of Mechanical Engineering, New Horizon 

College of Engineering, Bangalore, Karnataka 560103, India
5	 Mechanical Engineering Department, VTU, Belgaum, 

Karnataka 590018, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s40033-024-00649-0&domain=pdf
http://orcid.org/0000-0002-7637-8910


	 J. Inst. Eng. India Ser. D

1 3

typically ceramic, will have the properties of being highly 
stiff, having a high wear resistance, and having a less coef-
ficient of thermal expansion.

The interface that will link the reinforcement and the 
matrix is also taken into consideration throughout the selec-
tion process for both of these components [2]. This inter-
face can take the form of a straightforward zone of chemical 
bonding, but it can also take the form of a layer that is made 
of the matrix and reinforcement.

The usage of composite materials in aircraft technol-
ogy is widely known, and these materials are being used in 
fuselage-production technology as well as jet engine tech-
nology to enhance the mechanical strength of a variety of 
light-weight components. Due to desirable qualities such as 
high specific strength and stiffness, MMCs have been uti-
lized in autos and trucks for a considerable amount of time. 
Because they have superior resistance to wear, they are uti-
lized in the braking system, specifically in piston pins, valve 
spring caps, and accumulator plates. A new area of use has 
been made possible by the fact that MMCs can have their 
thermal expansion coefficient tuned by including ceramic 
reinforcement without losing the thermal conductivity of 
the metallic base metal. The fields of thermal management 
and electric packaging are the first to benefit from this novel 
application [3].

The incorporation of the particles into the liquid metal 
and casting it into the desired forms is an efficient method 
for generating these metal matrix composites. This method 
also helps keep production costs cheap. The strength of cast 
aluminum-alloy composites, which rely on composites, is 
proven to have a moderate improvement when contrasted 
to the strength of the standard alloy that does not contain 
any reinforcement. When it comes to evaluating how the 
mechanical properties of composites are influenced, the size 
of the particle reinforcement is a crucial factor that needs 
to be taken into consideration. The particle size is another 
factor that has an effect on the uniformity of the reinforce-
ment dispersion throughout the matrix. Smaller the particle 
size, higher will be the agglomerate content in the composite 
structure. Particle also directly influences the porosity con-
tent in the composite structure.

On the other hand, a noticeable reduction in ductility is 
shown with the addition of particle reinforcement with the 
intention of enhancing the material’s stiffness, strength, and 
tribological properties [4]. These materials’ poor ductility 
restricts their performance and the applications they can be 
used for. Matrix microstructure, reinforcement dispersion, 
porosity, and interfacial link strength, as well as the presence 
or absences of voids, all have a role in determining ductility.

The current research is a small attempt to investigate the 
impact of some of these parameters on the properties of 
Al6061-SiC-B4C based hybrid MMCs fabricated by using 
stir casting method.

Literature Review

Composites are a newly developed form of material that 
came about as a result of the need for various sectors to 
find materials that were both lightweight and exceptionally 
strong. Since aluminum Matrix Composites (AMMCs) are 
minimal in weight while yet maintaining a high strength-
to-weight ratio, they are typically utilized in applications 
in which the weight of the material is a limiting factor. In 
this part of the literature review, we will be focusing on a 
small portion of the work that was carried out by some of 
the researchers.

T h e  p r o p e r t i e s  o f  A 6 0 6 1 – ( G l a s s 
fiber + Al2O3 + SiC + B4C) composite that was produced 
using stir casting were the subject of research conducted by 
Subramani Nanjan et al. [5]. The findings indicate that the 
incorporation of SiC and B4C into the aluminum composite 
will result in an improvement in the mechanical character-
istics of the material. A study was conducted by Divakar 
Bommana et al. to investigate the impact of a 6 weight per-
cent particle reinforcement (B4C + SiC) on the mechanical 
characteristics of AA6061 aluminum composites [6]. The 
findings obtained through microscopic examination demon-
strate that the AA6061 matrix contains a consistent distribu-
tion of dual particles, specifically SiC and B4C.

Research conducted by Hashir Shafi et al. looked into the 
mechanical characteristics of aluminum MMCs [7]. It has 
been discovered that the composite material has a higher 
tensile strength in comparison to the alloy that was initially 
used, and it has also been proven to be more robust when the 
reinforcement represents the largest percentage. Studies on 
the mechanical behavior of Al6061–B4C composites were 
carried out by Vasanth Kumar et al. [8]. In comparison to 
the properties of Al6061 matrix, the properties of Al6061 
composites with different weight percentages of B4C were 
seen to be superior and enhanced.

Stir casting method was used to fabricate AA 6061 
MMCs. Ansar Kareem and his colleagues conducted a 
review of these composites [9]. AA 6061 aluminum alloy 
matrix composites that were manufactured using the stir-
casting method are the subject of this study, which offers 
an overview of the material. The bulk of the investigations 
demonstrated that the mechanical characteristics of the com-
posites were enhanced when the reinforcement content was 
increased through the use of reinforcement.

Composites are bi- or multi-phase materials with 
improved mechanical properties compared to the individual 
constituent materials. These properties are achieved by com-
bining two or more phases into a single material. One of 
the phases is typically discontinuous, more rigid, and more 
powerful; this phase is referred to as reinforcement. In con-
trast, the phase that is continuous, less rigid, and weaker is 
referred to as matrix. A second phase known as the interface 
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can sometimes exist between the matrix and the reinforce-
ment [10]. This can be the result of chemical interactions, 
but it can also be the result of other processing effects.

The properties of composite materials are determined by 
the properties of the components that make up the compos-
ite, in addition to the geometry of the phases and the distri-
bution of those phases. The volume (or weight) proportion 
of the reinforcement, often known as the fiber volume ratio, 
is considered to be one of the most essential characteristics. 
Reinforcement distribution throughout a material determines 
its degree of homogeneity or uniformity. If the reinforce-
ment is distributed in a manner that is not uniform, then the 
material will be more heterogeneous, and the likelihood of 
failure in places with the lowest strength will increase. An 
important factor in determining the anisotropy of the system 
is the geometry and direction of the reinforcement [11].

The function of each of the composite system’s various 
phases depends on the specific composite material and appli-
cation. Low and medium efficiency composites typically fea-
ture reinforcement in the form of short fibers or particles, 
which add some stiffness at the expense of overall mate-
rial strength. On the other hand, the matrix is the primary 
load-bearing element, and as such, it is the substance that is 
responsible for determining the mechanical characteristics 
of a material.

High-performing structural composites often employ con-
tinuous fiber reinforcement as the material’s backbone, as it 
is liable for assessing the material’s stiffness and strength 
along the direction of the fibers. Matrix phase functions 
include load distribution over the fiber reinforcement and 
preservation of the fragile fibers. The interface, despite its 
minute size, may play a vital role in establishing the mate-
rial’s failure processes, fracture toughness, and overall 
stress–strain behavior.

Researchers conducted research on the increase in metal-
matrix composite research and development activities that 
have been taking place all over the world, with a specific 
focus on cast metal-matrix particulate composites [12]. 
In India, cast composites offer a wide variety of potential 
applications, particularly in the transportation, energy, and 
electromechanical machinery sectors. The widespread use of 
composites has the potential to result in substantial savings 
in costs in these areas, in addition to a reduction in pollution 
in certain instances. Another perk of using composites is that 
they might help cut down on trash.

Researchers looked into how porosity affected metal 
matrix composites’ mechanical properties. In cast metal 
matrix composites (MMC), porosity is a defect that has 
traditionally been known to impair the improvement of the 
material’s strength. This is especially true in particle-rein-
forced MMC. The occurrence of porosity can be ascribed 
to various factors, such as the incorporation of air bubbles 
into the material forming the molten matrix, the existence of 

water vapor on the particle surfaces, the entrapment of gas 
during the mixing procedure, the generation of hydrogen, 
and the shrinkage that takes place during the solidification 
process. Because the failure process begins in the spaces 
that are produced, the presence of porosity in cast MMC 
resulted in deterioration in the mechanical characteristics 
of the material [13].

The processing of MMCs has been playing a significant 
role in recent years, and the majority of applications for 
MMCs center on aluminum as the matrix metal. MMCs are 
also known as matrix metal composites. aluminum alloys 
are commonly utiliszed in aviation components and automo-
tive applications due to its superior characteristics, includ-
ing a higher strength to weight ratio, chemical inertness, 
corrosion resistance, and excellent low-temperature perfor-
mance. These attributes contribute to their high machina-
bility index. This is owing to the fact that these properties 
make aluminum alloys ideal for use in these applications. 
The liquid metallurgy or vortex technique is the one that is 
used to build MMCs the most frequently out of all known 
techniques of fabrication for MMCs [14]. This is owing to 
the fact that it is the easiest method to manufacture and it is 
also the most cost-effective method. Porosity, blow holes, 
and an uneven grain structure are just some of the flaws that 
can be found in MMC materials that have been processed 
using primary procedures like stir casting and the powder 
metallurgy technique.

Among the available ceramic materials, Silicon Carbide 
(SiC) is the most commonly used due to easy availability, 
strong interfacial bonding, higher melting point, higher elec-
trical resistance, higher hardness which gives rise to desir-
able characteristics of the composite material. The process 
variables such as preheating temperature of particles, melt 
temperature, stirring speeds etc., were considered for fabri-
cating composites and the Al/SiC MMCs exhibited superior 
properties.

The stir casting method, a form of liquid metallurgy, was 
explored by Kumar et al. for the production of Al6061–SiC, 
a particulate MMC. Reinforcement was added in steps of 
0%, 6%, and 9% by weight, and the average particle size 
was 125 μm. The results demonstrated that a higher percent-
age of SiC particles led to a greater rise in the BHN of the 
composites samples. Also, the results demonstrated that a 
higher percentage of particles increased the strength of the 
engineered composites. However, when reinforcing percent-
ages increased, ductility declined [8].

B4C is one of the most extensively used reinforcement 
particulates in the aluminum based MMCs because it is 
very compatible with aluminum matrix. B4C has excellent 
mechanical, thermal, and wear resistance characteristics, 
which makes it useful in a wide variety of contexts. A heat 
treatment method can improve the matrix material’s ther-
mal conductivity. Al–B4C alloys are extensively used for 
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applications in the mechanical and tribological elements of 
IC engines, such as piston, cylinder blocks, cylinder heads, 
etc., because of their good castability, good formability, 
resistance against corrosion and light weight. However, the 
poor seizure resistance property of the materials restricts 
their use for the tribological application, addition of rein-
forcement materials leads to enhancement in the tribologi-
cal characteristics of the materials. Particulates of Boron 
carbide are reinforced in the MMC due to their enhanced 
specific properties which are of most important in the appli-
cations of automotive components [15].

Researchers studied on the characteristics of aluminum-
B4C composite materials where in the percentage of rein-
forcement is being varied in every 5% of volume addition 
fabricated by stir casting process. The outcomes of the 
tests performed indicate that a progressive increase in the 
strength is being noted up to 10% whereas for the 15% vol-
ume addition there is a reduction in the properties. The over-
all mechanical characteristics of the material were noted to 
following the similar trend of change in the properties [16].

According to the earlier review of relevant literature, no 
efforts have been made so far to produce and evaluate the 
microstructure studies and properties of Al6061–SiC–B4C 
composites. Therefore, an effort was undertaken in this study 
to produce Al6061–SiC–B4C composites. The microstruc-
ture of Al6061–SiC–B4C composites is investigated and 
their properties are analyzed in this paper.

Materials and Experimental Work Details

The materials and experimental work required for the cur-
rent study are discussed in detail below.

Selection of Matrix and Reinforcement Materials

In the current study SiC and B4C particle (30 µm) is added 
as reinforcement material along with Al6061 matrix mate-
rial. SiC carbide particles are taken as 3% and is kept con-
stant. B4C particles are varied in steps of 2% from 2 to 8%. 
The Al6061–SiC–B4C composite is produced by using liq-
uid stir processing technique which is normally termed as 

Stir casting process. Table 1 summarizes the particulars of 
the reinforcements’ % usage in this investigation.

The materials are processed by the stir casting method 
wherein the preheated reinforcement particulates were 
incorporated to the molten aluminum material. Samples 
are prepared according to ASTM standards for mechanical 
properties testing.

Figure 1 shows the Al6061 in the form of the billets that 
are used in the current research. The reinforcing particles 
(SiC and B4C) utilized in this investigation have an average 
particle size of 30 µm as shown in Figs. 2 and 3.

Stir Casting Process

Figure 4a, b and c shows the Stir casting furnace, Graphite 
crucible, and Stirrer used for processing of the composite 
material. Figure 4d shows the casted samples. The SiC and 
the B4C particles are pre heated up to 400 °C for 4 h to avoid 
the thermal mismatch during the casting process, the pre-
heating also helps in removing the moisture content from the 
materials. The stirring process is carried out where in stirrer 
is rotated at 300 rpm to obtain a good vortex which aids in 
uniform distribution [17]. The stirring is done for a period 
of time that ranges from 15 to 20 min. In order to reduce 
the amount of iron that the liquid metal picked up from the 

Table 1   Percentage of reinforcements

Sl. no aluminum alloy SiC (%) B4C (%)

Sample 1 Al6061 0 0
Sample 2 Al6061 3 2
Sample 3 Al6061 3 4
Sample 4 Al6061 3 6
Sample 5 Al6061 3 8

Fig. 1   Al6061 billets

Fig. 2   SiC powders
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stirrer blades, they were manufactured of stainless steel and 
coated with a ceramic substance. SiC carbide particles are 
taken as 3% and is kept constant. B4C particles are varied 

in steps of 2% from 2 to 8%. After ensuring that the molten 
melt remained in a stationary state, it was poured into the 
metal mold in order to achieve the appropriate shape for each 
of the castings.

Specimens Preparation

In accordance with ASTM standards, cast rods were sub-
jected to machining in order to prepare samples for hardness, 
tensile, compression and wear test.

Figure 5a, b, c and d shows the hardness, tensile test, 
compression and wear test specimens used in conducting 
the above tests.

Hardness of both reinforced and non-reinforced compos-
ites were measured using Brinell hardness testing machine. 
The hardness tests were carried out as per ASTM E10 stand-
ard. All the tests measure the resistance to the indentation 

Fig. 3   B4C powders

Fig. 4   Stir casting process
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on the composites by the application of load [18]. A load of 
10 kgf is applied gradually during the test on the surface of 
the sample.

The tensile tests were performed as per ASTM E8 stand-
ard. At least three tensile specimens were machined from 
a section of cast composite and unreinforced alloy, respec-
tively, and tested using universal tensile testing equipment 
[19].

The compression test techniques were conducted in 
compliance with the ASTM B577 standard. Using univer-
sal tensile testing equipment, at least three tensile samples 
were machined from a segment of cast composite and unre-
inforced alloy, respectively. These samples were then sub-
jected to testing.

The wear test procedures were conducted in compliance 
with the ASTM G99 standard. By utilizing a pin-on-disc 
testing apparatus, a minimum of three wear specimens were 
fabricated from a section of cast composite and an unen-
hanced alloy, correspondingly.

Results and Discussions

This section provides an in-depth examination of the find-
ings obtained in the ongoing investigation.

Microstructural Properties

Scanning Electron Microscopy of SiC

In order to conduct the micro structural analyzes, samples 
were obtained by cutting cast bars and then grinding them 
using grit paper of varying sizes. The mounted specimens 
were then mechanically polished with an alumina-powder 
that was 1 micron in size. After that, fine polishing to achieve 
a finish that was nearly mirror-like was accomplished with 
0.5 micron diamond paste, and the specimens were etched 
with Keller’s reagent. Figure 6 indicates the SEM image of 
the SiC particulates, it can be observed from the images that 
the reinforcement particles are having sharp corners which 
help in adhering to the Al6061 matrix [20]. It is seen that 
the particles are of uniform size and shape having average 
particle size of 30 µ. Figure 7 shows the EDAX image of the 
SiC powders and it can be observed that the purity of the 
material is being highlighted with the sharp narrow peaks in 
the analysis. Table 2 indicates the elemental composition of 
the SiC where in Si content is found to be the major element.

Scanning Electron Microscopy of B4C

The scanning electron microscopy (SEM) image of the 
B4C particles is displayed in Fig. 8. It is clear from the pho-
tographs that the reinforcement particles also have sharp 

Fig. 5   Hardness, tensile, 
compression and wear test 
specimens
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corners, which contribute to their ability to adhere to the 
matrix material. It can be observed that the particles are of 
a consistent size and shape, with an average particle size of 
thirty-three micrometers. Figure 9 shows the EDAX image 
of the B4C powders and it can be observed that the purity 
of the material is being highlighted with the sharp narrow 
peaks in the analysis [21]. Table 3 indicates the elemental 
composition of the B4C where in Boron content is found to 
be the major element.

Scanning Electron Microscopy of Composite with SiC 
and B4C

It can be seen from the pictures that the reinforcement parti-
cles have been incorporated on to the matrix material with a 
good bond. The SEM image of the composite material with 

SiC and B4C particulates is indicated in Fig. 10a, b, c and 
d. It is observed that the particles are dispersed in an even 
manner throughout the matrix material, which contributes 
to the achievement of desirable levels of mechanical and 
tribological qualities [22]. Figure 11 shows the EDAX image 

Fig. 6   SEM of SiC powders

Fig. 7   EDAX of SiC powders

Table 2   Elemental analysis of 
SiC powders

Element Weight 
percentage 
(%)

Si 68
C 22
Al 3
O 7

Fig. 8   SEM of b4c powders
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of the Composite material with SiC and B4C particles and 
it can be observed both the identical elements are present in 
the Al6061 matrix and the same is reflected in the Table 4.

Evaluation of Properties

Brinell Hardness Test

The hardness of composites made utilizing Al6061 with SiC 
and B4C particles as reinforcements is determined by using 
Brinell hardness testing machine. SiC carbide particles are 
taken as 3% and is kept constant. B4C particles are varied in 
steps of 2% from 2 to 8%.

It is seen in Fig. 12 that an increase in the quantity of 
reinforcements leads to an increase in the hardness of the 
material. It is possible that the higher density of hard rein-
forcing particles is responsible for the enhanced intensity 
of the material [23]. Among the processed material Sample 
4 (3%SiC + 6%B4C) has experienced higher hardness com-
pared to other samples.

By increasing the composite material’s resistance to plas-
tic deformation, reinforcing particles boost the material’s 
hardness. When a soft ductile matrix contains a hard ceramic 
phase, it is noticed that the ductility of the composites 

decreases. Because the presence of the hard ceramic phase 
reduces the amount of ductile metal, the hardness value dra-
matically increases. It can also be observed from the figure 
that the BHN has been increased upto 6% and decreased for 
8%, the reason could be the brittleness nature of obtained 
for the higher percentage. As the reinforcement fraction 
increases, more reinforcement particles will be dispersed 
throughout the matrix. Because of this, there is a greater 
possibility that a load will restrict the movement of the rein-
forcement particles [24]. This behavior causes the composite 
material to become brittle, which in turn lowers the materi-
al’s overall level of hardness. The composites have hardness 
values that are higher than those of the alloys made of alu-
minum 6061. The inclusion of stronger and stiffer SiC and 
B4C particles is responsible for this phenomenon. While the 
matrix is being tested for its hardness, these particles prevent 
the matrix from deforming in a plastic manner. In addition 
to this, the presence of these particles results in the atomic 
layers in the base alloy that is identical being less regular.

Tensile Strength Test

Similar to the hardness test the tensile strength test has also 
been carried out for the processed composite material as 
per the ASTM E8 standard and an average of three trials 
for identical percentages has been performed to obtain the 
tensile strength.

Figure 13 demonstrates that increasing the proportion 
of reinforcement leads to an improvement in the tensile 
strength of the composites. It can be noted from the figure 
that the 3%SiC and 6%B4C reinforced composite materials 
have obtained a higher amount of strength compared with 
the other percentages. The enhancement in tensile strength 

Fig. 9   EDAX of B4C powders

Table 3   Elemental analysis of 
B4C powders

Element Weight 
percentage 
(%)

B 62
C 26
O 12
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can be attributed to the increased matrix and reinforce-
ment material bonding, along with increased hardness of 
the material itself [25]. The matrix material’s strength has 
increased as a result of the reinforcement particles being 
distributed uniformly throughout the matrix material, which 
has resulted to an increase in the material’s overall strength; 
nevertheless, when a higher proportion of reinforcement is 
used, there is a small drop in the material’s overall strength 
owing to the brittleness of the materials. A material’s tensile 
strength is proportional to its hardness, and as the hardness 
of the material varies, so does the material’s tensile strength. 
The SiC and B4C particles that are present in the alloy pro-
vide support to the matrix that is more delicate. The increase 
in ultimate tensile strength (UTS) can be attributed to the 
enhanced solid rigidity of the framework mixture, which is 

achieved by including hard ceramic particles such as SiC and 
B4C. This is because they contribute value to the previously 
indicated mix of frameworks [26].

Tensile Fracture study

The above, Fig. 14a and b, display the tensile fracture sur-
faces of the Al6061 alloy and the Al6061 + 3%SiC + 6%B4C 
composite. The fracture surfaces of Al6061 alloy exhibit 
ductile characteristics when subjected to tensile forces. 
There is a natural tendency for the tensile fracture surfaces of 
the composite material Al6061 + 3%SiC + 6%B4C to be brit-
tle. This is because there are particles of hard SiC and boron 
carbide present in the material [28]. The observed increased 
quantity of dimple generation on the shattered surface can 

Fig. 10   SEM of composite materials
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be attributed to the structure of the non-reinforced Al6061 
material, which exhibits a more ductile behavior compared 
to reinforced composites. This was observed as a result of 
the material’s structure. An observation was made that the 
presence of B4C in the material caused a reduction in the 
formation of dimples on the shattered surfaces. It is because 
of the trend of the B4C ratio, which causes composite mate-
rials to become more brittle, that this result occurred. It was 

observed that the B4C particles on the fractured surfaces had 
become detached from the matrix [12]. This is due to the 
inadequate bond between the Al6061 matrix phase and the 
B4C particles in composite materials that are strengthened 
with B4C.

Compression Strength Test

The variation in compression strength when compared to 
several composite samples is depicted in the above Fig. 15. 
Increasing the proportion of boron carbide yields in rise in 
compression strength of up to 6%, after which it begins to 
drop. This is because reinforcement particles have clumped 
together in a cohesive manner. As the number of boron car-
bide particles in a composite material rises, the compressive 
strength of the material falls. The reason for this is that there 
are particles of boron carbide that are quite hard. A reduction 
in dislocation is achieved through the presence of reinforcing 

Fig. 11   EDAX of 
Al6061 + 3%SiC + 6%B4C 
composite

Table 4   Elemental analysis 
of Al6061 + 3%SiC + 6%B4C 
composite materials

Element Weight 
percentage 
(%)

Al 64
Si 21
B 9
C 6

Fig. 12   BHN versus percentage of reinforcement

Fig. 13   Tensile strength versus percentage of reinforcement
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particles, which hold the aluminum matrix in place. There 
is a substantial difference between the compression strength 
of SiC and B4C particles and that of the Al matrix [27]. 
SiC and B4C particles have a significantly higher compres-
sion strength. Because of the way reinforcement behaves, 
the material is able to endure the compression load that is 
imparted to it. Consequently, the capacity to bear compres-
sive loads rose even more as the proportion of these particles 
in the underlying material expanded. The particles occupy 
a larger volume, enabling them to effectively withstand the 

matrix’s deformation under load. The composite material 
Al6061 + 3%SiC + 6%B4C achieves the highest possible 
compression strength attainable.

Wear Test  The difference in wear rate between the several 
combined specimens is depicted in the above Fig. 16. When 
the amount of boron carbide in a material increases, the wear 
rate lowers by up to six percent, and then it increases after 
that. This is because reinforcement particles have clumped 
together in a cohesive manner. As the number of boron 
carbide particles in a composite material rises, the rate of 
wear decreases [29]. The reason for this is that there are 
particles of boron carbide that are quite hard. A reduction 
in dislocation is achieved through the existence of reinforc-
ing particles, which hold the aluminum matrix in place. The 
higher the hardness of the grains, the higher the quality of 
the composites, and the higher the quality of the composites, 
the greater the wear resistance these composites have. Using 
a composite consisting of Al6061, 3%SiC, and 6%B4C, the 
least wear rate is achieved.

Worn‑out Surface Study

Figure 17a and b illustrate the worn-out surfaces of the 
Al6061 alloy and the composite material consisting of 
Al6061, 3%SiC, and 6%B4C. These surfaces are illustrated 
in the previous figure. Wear tracks can be linked to the 
sliding of the sample against the disc, and the existence of 
carbide particles can be distinguished by the presence of 
white particles in the SEM pictures. According to the images 
obtained from the scanning electron microscope, adhesive 
wear is the principal mechanism responsible for wear [30]. 
The phenomenon known as adhesive wear occurs when a 
portion of the surface plows and adheres to a different seg-
ment of the surface. The significant amount of heat that is 

Fig. 14   a and 4.8 b fractured surfaces of Al6061 alloy and 
Al6061 + 3%SiC + 6%B4C composite

Fig. 15   Compression strength versus percentage of reinforcement

Fig. 16   Wear rate versus percentage of reinforcement
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produced as a result of friction causes the component to 
adhere to the surface. The existence of reinforcement was 
discovered to result in a reduction in the breadth of the 
grooves, as can be seen in the images. There is evidence of 
delamination, which can be attributed to the production of 
wear debris. The composites were subjected to a wear test, 
and throughout the process, it was noted that the sliding 
direction contained fine and shallow grooves that contained 
very small debris. A reduction in groove width and debris 
generation was achieved as a consequence of the introduc-
tion of strong SiC and B4C reinforcement, which ultimately 
led to a reduction in wear rates [31]. The enhancements to 
the composite’s load-bearing capability also improved its 
abrasion resistance, which resulted in a reduction in the wear 
rate.

Conclusions

Taking into account the findings of the ongoing inves-
tigation, the following conclusions can be drawn:

•	 Stir casting process is effectively utilized in processing 
the composite material with constant SiC percentage and 
varying percentage of B4C as reinforcements.

•	 The microstructural examinations that were conducted 
using the scanning electron microscope revealed that the 
matrix exhibited good bonding and homogeneous distri-
bution, indicating the presence of reinforcing particles.

•	 SEM of the composites upto 3%SiC and 6%B4C volume 
reinforcement has proven to be good with fair distribu-
tion which can be evident from the mechanical properties 
also.

•	 It was demonstrated that the hardness, tensile strength, 
and compression strength of the material significantly 
enhanced up to a weight percentage of 6% of B4C; but, 
after that point, these characteristics began to decrease.

•	 It has been observed that the Al6061 + 3%SiC + 6%B4C 
composite exhibits brittle tensile fracture surfaces.

•	 The produced composites exhibit more tensile strength 
than the Al6061 matrix on its own, as evidenced by the 
results of the tensile strength tests. The maximum hard-
ness is obtained for Al6061–3%SiC–6%B4C and is equal 
to 75.97 BHN. The maximum tensile strength is obtained 
for Al6061–3%SiC–6%B4C and is equal to 141.4 MPa.

•	 The composite Al6061–3%SiC–6%B4C exhibits the high-
est compression strength.

•	 The Al6061–3%SiC–6%B4C composite has the lowest 
wear rate. The presence of reinforcement was found to 
reduce the breadth of the grooves, as seen in the worn-out 
surfaces.
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