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1.0 Introduction

With their exceptional quality and wear and fatigue
resistance compared to traditional unreinforced
materials, metal composites based on aluminium
alloys have the potential to revolutionise aviation and
defence applications [1]. Due to the movement of the
load between the lattice and fortifications, Al-based
MMCs require an enriched interfacial bond among Al
grid and fortifications, which dictates the mechanical
properties of the composites [2, 3].

Support material inserted into the metal increases
the specific strength, stiffness, creep, and fatigue

compared to standard engineering materials. Particle
MMCs (fortified), short fibre supported (fortified), and
continuous fibre strengthened and layered MMCs
(fortified) can all be classified according to the support
materials they are made from [4]. Preliminary studies
have shown that the use of consistent fiber-enhanced
MMC has been stymied by the high assembling costs
of the fortification strands and the arduous assembly
processes. As a result, their use has been restricted to
the military and other extremely specialised fields.
There has been a delay in the commercialization of
fiber-strengthened MMCs despite the fact that these
fortified MMCs have been shown to have superior
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Abstract
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thermal stability compared to particulate fortified
materials [5, 6]. Because of their easy formability and
low cost, particulate MMCs have recently been used in
a variety of construction applications. Indeed, PAMCs
have proven to be an excellent choice for a wide range
of automotive and aerospace applications. These
include braking mechanisms for trains as well as
automobiles; gas turbine motors; helicopter engines;
military aircraft and so on [7].

Wear resistance, stiffness, and indicated strength
are all achieved by combining various types of
particulate fortifications such as Al2O3, B4C, Fly ash,
ZrO2, and so on with aluminium [8, 9]. With high
modulus and resistance to thermal stress, these
ceramic particles are widely used as a support in a
variety of development materials. Improved rigidity of
the composites was achieved by increasing the amount
of aluminium amalgam particles in the mixture. B4C
improves the hardness and wear resistance of
aluminum-boron carbide metal grid composites by
acting as a lubricating film on the interaction surface
and with low warm extension. B4C improves the
mechanical, wear resistance, and hardness of the
material at high temperatures. Aluminum metal
composites are primarily used in aircraft and vehicles
because of their high explicit quality and strength as
well as their excellent resistance to wear and tear.

This is because the mechanical requirements and
desired properties of aluminium composites are closely
tied to the preparation technique, and thus, the choice
of creation process is critical [10, 11]. Delivery of
aluminium composites is hindered by higher support
material costs, non-homogeneous fortification
dispersion in the framework, and sometimes higher
venture costs. Composites’ expanding range of uses
depends on a well-thought-out assembly technique
[12]. Stir casting, compo casting, infiltration, and
powder metallurgy are the primary manufacturing
techniques for mass metal composites [13].

A two-stage reinforcement addition method was
used to make Al7010 composites by adding 4 and 8
wt.% of 20 to 25 micron sized B4C particles. A further
study was done on the mechanical properties of B4C
composites made of Al7010 alloy.

2.0 Experimental Details

Stir casting was used to create metal composites
containing 4 and 8 weight per cent of B4C particulates
with a diameter of 20 to 25 microns. Al7010 was used
as the main material, while B4C particles with a
diameter of 20 to 25 microns were taken as
reinforcements, as shown in the Fig.1. Table 1 lists the
alloy’s chemical composition for the current
investigation.

The liquid technique on stir casting technique is
used to manufacture Al7010 alloy with 20 to 25
micron-sized reinforced B4C composites. The electric
furnace is loaded with Al7010 alloy metal blocks of a
predetermined weight and heated to molten metal. The
melting point of aluminium alloy is 660°C, but the
metal is heated to a superheated 750°C. Thermocouples
with the appropriate temperature range are used to
measure melting and superheated temperatures, and
these values are recorded. About three minutes of
degassing with solid hexachloroethane (C2Cl6) is
required to remove the gas from the crucible’s
superheated molten metal. The molten metal is stirred
using a bladed fan type steel rotor coated with zirconia

Table 1: Chemistry of Al7010 alloy by weight %

Zn Mg Si F e Cu Ni Mn Cr Al

6.70 2.60 0.12 0.15 2.0 0.05 0.10 0.05 Balance

Figure 1: SEM micrograph of 20 to 25 micron sized B4C
particles
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ceramic material. About 65% of the crucible is filled
with molten metal, and the stirrer is submerged in the
molten metal and rotated at approximately 300 rpm
to create vortices in the metal. The pre-heated B4C
particles added into the Al molten material. Stirring
continues until the Al7010 alloy matrix and B4C
reinforce particulates are completely wettable, at
which point the interfacial shear strength is
established as a result. To make the Al7010 alloy with
a 4 per cent composite content, the molten metal of
Al7010 matrix and B4C is poured into cast iron moulds
with dimensions of 120 mm in length and with a
diameter of 15 mm. When producing composites with
B4C particulates, the same method is used, regardless
of the percentage of composites. Fig.2 shows the
composites of Al7010 alloy and B4C that were
prepared.

Scanning electronic microscopes are used to
examine the microstructure of the Al7010 alloy,
determining the even distribution of reinforcement
particles. Al7010 alloy and Al7010 alloy with varying
wt.% of B4C reinforced composites microstructure
images are taken. Microstructure specimens have a 15
mm dia., and a 5 mm height.

The densities of the Al7010 alloy with B4C
composites were analysed. According to the rule of
mixture, the theoretical values were calculated, and the
experimental densities used the standard weight
method.

The hardness test specimen is machined in
accordance with ASTM standard E10[14]. A Brinell
hardness tester machine is used to measure the
hardness. There is no roughness to the specimen’s
surface. The specimen has been subjected to a 250 kg
load and a 5 mm ball indentation has been taken. The
average of five indentation marks is taken into
consideration.

Machined as per ASTM E8 standard [15] to study
the tensile features of as-cast Al7010 alloy with
varying wt.% B4C particulate reinforced composites. It
is used to measure the tensile strength of Al7010 alloy
and B4C composites under unidirectional tension, as
well as to examine the effect of even dissemination on
its behaviour. The specimen has an overall length of
104 millimetres, a gauge length of 45 millimetres, and

a gauge diameter of 9 millimetres. The ultimate, yield,
and elongation of a material can be determined by
conducting this tensile test.

3.0 Results and Discussion

3.1 Microstructural Analysis
Figure 2: Prepared Al7010 alloy B4C composite

Figure 3: SEM of (a) Al7010 alloy (b) Al7010 with 4 wt. %
B4C (c) Al7010 with 8 wt. % B4C composites
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Microphotographs of the SEM images of Al7010 alloy,
Al7010 with 4 and 8 wt.% B4C composites are shown
in Fig.3(a-c). The SEM image of Al7010 alloy can be seen
in Fig.3(a). This shows the distinct grain boundaries
without the presence of any particles. There are no
voids or other casting flaws visible on the micrograph.
Fig.3 (b-c) shows micrographs of Al7010-4 wt.% of B4C,
and Al7010-8 wt.% of B4C composites. For B4C
reinforced composites, micro-particles can be clearly
seen in the images taken with a microscope. By
employing a novel, two-step stir casting route, these
composites are free from clustering and agglomeration.
Furthermore, the microstructure surface of Al7010
alloy with 8 wt.% B4C composites microstructure
contains many particles and also these are distributed
throughout the matrix Al7010 matrix.

A typical XRD pattern of Al7010 alloy is shown in
Fig.4a, where various aluminium phases can be seen
at various peaks. At 39, 45, 65, and 79, the presence of
Al phases is confirmed with varying intensities. At a
wavelength of 39, the Al phase reaches its peak
intensity. Al7010 alloy with 8% B4C particulates
reinforced composites is depicted in Fig.4(b). Phases
like Al and B4C are shown in Fig.4(b). As previously 3.2 Density Measurements

Fig.5 shows the density differences between the Al7010
and Al7010 with 4 and 8 wt.% B4C reinforced
composites. The rule of mixture is used to calculate the
theoretical density of Al7010 alloy and B4C composites.
Furthermore, the weight concept is used to determine
the experimental densities. In the study, B4C particles
had a density of 2.52 g/cc, which is lower than Al7010
alloy’s theoretical density of 2.80. The density of the
base alloy decreased from 2.80 g/cc to 2.775 g/cc as the
wt.% of B4C particles in the Al7010 matrix increased
from 4 to 8 wt.%. Because B4C particles have a lower
density than Al matrix, their incorporation results in
a decrease in density [16]. The overall density of the
matrix is reduced as a result of the lower density of the
reinforced particles. To make matters even more
confusing, a quick glance at the graph shows that
actual density values are only a tiny fraction of
theoretical values.

3.3 Hardness Measurements
Fig.6 depicts the hardness of Al7010 and Al7010 with
B4C micro particles composites. The hardness of Al7010
alloy increases as the percentage of B4C particles in the
alloy increases from 4% to 8%, according to the plot.
The hardness of Al7010 alloy is 65.5 BHN, in 4 wt.% of
B4C composites it is 81.3 BHN. Further, 8 wt.% of B4C
composites have 97.8 BHN. As the grain size of the
filler is influenced by the presence of micro particles,

Figure 4: X-ray diffraction patterns of (a) Al7010 alloy (b)
Al7010-8 wt. % B4C composites

Figure 5: Densities of Al7010 alloy with B4C composites

stated, there are numerous Al and B4C particles phases
available at various 2 angles with varying intensities,
as shown in the figure.
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an increase in hardness can be expected [17]. Adding
micro particles to Al7010-B4C composites can inhibit
grain growth, progress crystal grains in the matrix,
and have an impact on the refined composites.

3.4 Ultimate Tensile and Yield Strength
Figures 7 and 8 show the impact of B4C particles with
a diameter of 20 to 25 microns on the ultimate and
yield strengths of an Al7010 alloy. Addition of B4C has
increased Al7010 alloy’s tensile strength. This alloy has
an ultimate and yield strength of 185.1MPa and
147.2MPa. Al7010 alloy with 8 wt.% B4C particle
composites has an ultimate and yield strength of 285.2
and 228.9 MPa, respectively. The strength of Al7010 has
amplified more as the percentage of B4C in the alloy
increases from 4 to 8 wt. per cent.

Figure 6: Hardness of Al7010 alloy with B4C composites

The presence of micron-sized B4C particles in the
base Al7010 contributes to the alloy’s increased
strength. The thermal mismatch strain may follow up
on the matrix as pre-stress, or it may discharge the
disengagement loop and remove warm pressure.
When the lattice material expands due to B4C, it
increases its dislocation density, which acts as a
support effect on the Al network [18]. The Al7010
amalgam with B4C composites is stronger as a result
of the expansion in dislocation density. For composites
made from aluminium alloys such as aluminium alloy
Al7010, B4C is a good choice because it acts as a barrier
to particle dispersion and as a reinforcement of the
matrix, preventing separation and improving the
quality of the composites [19].

3.5. Percentage Elongation

Figure 8: Yield strength of Al7010 with B4C composites

Figure 7: Ultimate strength of Al7010 with B4C composites Figure 9: Percentage elongation of Al7010 with B4C
composites
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Fig.9 depicts the effect of 20 to 25 micron-sized B4C
particles on the Al7010 alloy’s ductility. Al7010's
ductility diminished as a result of B4C particles. The
presence of hard B4C particles is to blame for this
reduced ductility. As the B4C content rises to 8 wt.%,
the ductility decreases even more. The deformation of
the Al7010 alloy matrix is limited by the presence of
these particles.

3.6 Tensile Fractography
Fig. 10 depicts the fractured surfaces of Al7010 alloy
and boron carbide composites made from it. An
example of plastic fracture morphology is shown in
Fig.10(a). Al7010 fractures look like those shown in
Fig.13(a). An Al7010 alloy with 8 wt.% B4C micro
composites is depicted in Fig.10 (b). Al/B4C composite
dimple sizes and depths are altered when hard
particles are added. Because of the brittle fracture
morphology caused by boron carbide, this is a critical
morphology indicator. Crack propagation along the
interface of metal composites during the fracture
process disperses a small quantity of particles at the
edge of the dimple. Carbide particles in the Al7010
material cause the matrix to be more brittle when the
mass fraction of carbide particles in the alloy increases.

4.0 Conclusions

Stir technique was used to make Al7010 reinforced
composites with B4C particles of 20 to 25 micron size,

with B4C particle weight percentages ranging from 4
to 8 wt.%. The microstructure with density-hardness
and tensile characteristics of Al7010 alloy metal
composites were studied. SEM microphotographs show
that the composites are free of pores and have a
uniform distribution of micro particles. The XRD
analysis shows that the Al7010 alloy matrix contains
boron carbide particles. The B4C particles reinforced
composites outperformed the Al7010 alloy in terms of
hardness and tensile strength. When related to the
Al7010 alloy, metal composites had a slightly lower
density. Using a tensile fractured surface as a guide,
one can determine the nature of the fracture.
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