
Abstract
This experimental research analyses tensile and microstructural behaviour followed by Al7475 (Al-Zn) metal alloy with 3 and 
6 wt% of composites of B4C. The liquid metallurgical technique was used in this analysis for creating the Al7475 alloy with 3 
and 6 wt% percentages of B4C particle composites. Additional techniques such as EDS/SEM were also employed in this analysis 
to determine the microstructural behaviour. ASTM Standards are followed to study the mechanical behaviour of Al7475 alloy 
with B4C-reinforced composites. The incorporation of B4C particles into Al7475 resulted in extreme characteristics in the field 
of the composite material thereby enhancing its maximum application. By combining different materials, the hardness and 
tensile strength of the composites improved. Tensile fractured surfaces indicated the brittle and ductile mode of fracture 
behaviour in the Al7075-B4C composites. 

*Author for correspondence

1.0  Introduction
The possible ranges of strength, stiffness and density in 
typical monolithic materials are limited. General metal 
composites are gaining popularity as an alternative to 
counter these weaknesses and keep up with the ever-
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increasing engineering demands of modern innovations1. 
In most cases, standard aluminium compounds do not 
provide the desired properties. However, by adding 
ceramic particles, these amalgams can be made more 
resilient to environmental stress. Aluminium Matrix 
Composites (AMCs) is the common name for these 
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reinforced aluminium matrix composites, which describe 
a family of extremely light and strong aluminium 
frameworks. Currently, aluminium grids are widely 
used in metal matrix composites2,3. Due to the superior 
strength, stiffness and wear opposition, AMCs have 
garnered special attention among metal grid composites 
over the past three decades4,5. 

Strength, density, corrosion resistance, high-
temperature stability, thermal expansion coefficient, 
electrical properties, electrical performance, wear 
resistance and damping capacities are all areas AMCs 
excel when compared to their unreinforced alloy 
counterparts. A common metal composite comprises 
reinforced aluminium such as SiC or alumina and soft 
particles such as graphite powder.

Composites can be characterised according to their 
matrix in several ways, including increased resistance to 
wear and tear, great strength, good sliding appearances, 
resistance to thermal shocks and fatigue behaviour that 
considers a reduced load. Therefore, the mechanical 
properties of the composite, as well as its assembly and 
ecological phases must be considered before deciding 
whether or not to use composites strengthened with hard 
ceramic particles.

High explicit strength and stiffness make aluminium 
alloys a promising material among the various matrix 
materials available6. Unfortunately, their low resistance to 
wear restricts their usefulness. Since particulate-fortified 
aluminium network composites have better mechanical 
and tribological possessions than standard alloys, they are 
being considered worldwide in the aviation industry. The 
development of moderate aluminium-based composites 
with hard formations7-9.

The matrix’s ability to bond the reinforcements 
together, transmit and distribute peripheral loads to 
the individual particle, etc. is central to the fortification 
in MMCs. Casting composites requires great wetting as 
a prerequisite for ageing a desirable bond between the 
reinforcements and the liquid Al metal framework10,11.

Ceramic particles are effective reinforcement agents 
in aluminium composites, improving both mechanical 
and other properties. Most MMC fortifications are made 
from ceramics and these can be broadly classified as either 
continuous or dis-continuous. The MMCs they produce 
are known as consistently (fibre) strengthened composites 

and irregularly fortified composites12. However, they can 
be systematically broken down into the following five 
groups: In the absence of wires, fortifications are typically 
manufactured from ceramic materials, most commonly 
oxides and carbides. 

Based on the nature of the starting material and the 
desired level of reinforcement, a wide variety of state-
of-the-art fabrication techniques, squeeze casting and 
liquid metal13 were put into the production of MMC 
materials. The stir casting system, also known as the 
“vortex strategy” or “stir casting method,” is the simplest 
and most judiciously applied process. It is appealing due 
to its simplicity, minimal effort of handling, adaptability, 
economy and the fact that large-sized components can be 
prepared with near net shape.

The weight of a component is crucially important in 
the aerospace industry as it has a direct impact on the 
overall performance of aerospace vehicles. As a result, 
there is a need to improve high-tech common Al alloys. 
With the help of a novel stir casting technique, the current 
work synthesises Al7475 alloy with 3 and 6 wt.% of 15-20 
micron sized B4C particle reinforced composites to 
improve the trends. These Al7475-B4C composites were 
synthesized by a novel two-stage stir-casting method to 
improve the wettability between the matrix and particles. 
Different metals were examined to determine the impact 
of the B4C particles’ addition in Al7475 alloy.

2. Experiments

2.1 � Preparation of Composites and Material 
Characteristics

To develop metal composites Al7475 alloy ingots were 
purchased from FENFE Metallurgical, Bengaluru, India. 
Table 1 depicts the alloy composition and B4C particles 
used as reinforcement, which range in size from 15-20 
µm, from Speed India Pvt. Ltd. in Chennai, India. The 
characteristics of the matrices and reinforcements are 
listed in Table 2. The Scanning Electron Micrograph 
(SEM) of B4C particles used to make Al7475-B4C 
composites is shown in Figure 1.

Making MMCs with the latest techniques such as 
liquid metallurgy is a quick and cheap technique. A liquid 
metallurgical method was used to create the Al7475 alloy 
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with B4C composites. 2 kg of Al7475 alloy was weighed 
and added to a Graphite which is a special technique 
that can use upto750˚C. To remove the unwanted gases, 
hexachloroethane was used, and flux was effectively 

utilised. Minute addition of magnesium contents helps 
to molten the alloy for improving the wettability between 
the matrix and reinforcement particles. The molten Al 
alloy was mixed using a Zr-coated steel stirrer rotating 
at a continual speed. To increase wettability and reduce 
moisture content, a measured amount of micronised 
B4C powder was sealed in Al foil and heated to 300˚C. 
B4C powder is warmed up in two stages. For the next 
5-10 minutes, the mixture was stirred to ensure that the 
reinforcing material was evenly distributed throughout 
the matrix alloy. The molten metal is swelled into moulds 
and allowed to cool to normal temperatures. B4C powder 
reinforcement was added at concentrations ranging from 
0% to 6%, in 3% steps. After cooling, the samples took on 
the shape of the cylinders measuring 15mm in diameter 
and 120mm in length. The casting of Al7475 B4C is shown 
in Figure 2. In the preparation of any metal composites, 
the reinforcement particles can be added a maximum of 
up to 15 wt.%. In the present study, an attempt has been 
made to understand the impact of boron carbide particles 
on the properties of Al7475 alloy with a maximum of 6 
wt.% of B4C. 

Material BHN Density (g/cm3) Modulus (GPa) Tensile Strength 
(MPa)

Al7475 70 2.82 70 220
B4C 3100 2.52 420 345

Zn Mg Si Fe Cu TI Mn Cr Al

6.20 2.60 0.10 0.12 1.90 0.06 0.06 0.25 Balance

Table 1. Chemistry of Al7475 alloys by weight %

Figure 1.  15–20-micron sized B4C particles SEM image.

Figure 2.  Al7475 alloy with B4C composite.

Table 2. Properties of Al7475 alloy and B4C particles
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SEM microstructural analysis was performed on 
the cast specimen to ascertain if they were distributed 
uniformly concerning Al7475 alloy. Micrographs of the 
microstructure of Al7475 alloy and Al7475 composites 
with varying amounts of B4C were analysed. The 
specimens for microstructure were dimensions of 10 mm 
and 5mm followed by diameter and height. The surface 
of the prepared sample piece was grit-papered with 242, 
602 and 802. After the pieces were polished, they were 
freely cleaned with purified water to check the surface 
corrosion settled during the polishing process. To build 
up the physical visualisations and accurate results Keller’s 
reagent was effectively utilised here14. Figure 3 shows the 
process flow chart.

Both cast and B4C reinforced composites of Al7475 
alloy were analysed for density. The estimated theoretical 

densities of the mixture were compared to the densities 
measured in the lab.

Samples were prepared in accordance with ASTM 
followed by E1015 for hardness testing. Special BHN 
machines were used to assess the material’s tensile 
structures. The top surface of the test specimen was 
meticulously polished. The sample was depressed with 
a ball depressor of 250kg in mass, measuring 5mm in 
diameter.

The tensile behaviour of pure Al7475 and Al7475 
varying wt% of B4C composites is studied by milling 
specimens in accordance with ASTM standard E816. 
Uniaxial tension was applied to Al7475 alloy-reinforced 
composites to measure tensile strength and study 
their behaviour. The uniform distribution effect is also 
evaluated using a computer-measured tensile machine. 
Figure 4 depicts the tensile test specimen.

Figure 3.  Flow chart of composite preparation and testing.
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3.0 Results and Discussions

3.1 Studies of Microstructural Behaviour
The microstructure of the cast Al7475 shown in Figure 
5 (a) indicates that no B4C minute coarse particulates 
persist. SEM microstructure contains Al7475-6 by weight. 
B4C-reinforced composites with particle sizes between 15 
and 20 microns are shown in Figure 5 (b).

SEM micrographs reveal a nearly uniform distribution 
of micron-sized B4C reinforcement particles of varying 
weight per cent across the Al7475 matrix (Figure 5 (b)). 
This also demonstrates that there are no empty spaces or 
icy closures. The B4C reinforcement particles have a strong 
interfacial connection with the Al7475 alloy matrix. The 
SEM images show how the uniform particle distribution, 
lack of defects involved in the casting process and virtues 
associated with Al7475 - B4C composites contribute to the 

microstructural behaviour and significantly affect both 
mechanical and tribological qualities17,18.

Energy Dispersed Spectroscopy (EDS) is a powerful 
and useful technology for identifying components and 
their relative abundance patterns and transmission of 
energies. Though chemical investigation can identify the 
elements existent in a sample, it can be difficult to precisely 
quantify their amounts. Al7475 alloy and Al7475 and 6% 
B4C reinforced composites undergo elemental analysis 
using EDS.

Figure 6 shows energy dispersive spectra of 
15–20-micron B4C reinforced composites and Al7475 
alloy (a-b). As can be seen in Figure 5, Zn is the most 
abundant alloying constituent in the aluminium 7XXX 
series alloys (a). In addition, Figure 6 (b) reveals boron (B) 
and carbonised (C) structures concerned with different 
amplitudes, revealing different incidences of B4C in the 
Al7475 composition followed by B4C.

Figure 4.  Tensile test specimen.   

 

Figure 5.  (a-b). SEM microphotographs of (a) as cast Al7475 alloy (b) Al7475 - 6% B4C

			   (a)							       (b)
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3.2 Density Measurements
For each example, we show both the theoretical and 
experimental values. Since the estimated and practical 
values were acquired via an analytical method, it is 
expected that the experimental values in this study will 
closely match the theoretical values. It is fundamentally 
difficult to obtain experimental results that are exactly 
determined by standardised formulas. Using a weighing 
system, we can determine the density. 

Figure 7 displays Al7475 alloy composites reinforced 
with 3 and 6 wt.% B4C. Boron carbide with a definite 
density of 2.512g/cm3, aluminium alloy Al7475 range of 
definite density followed by 2.82g/cm3, and aluminium 
alloy with 3% B4C has a theoretical density of 2.81g/cm3. 

(a)

(b)

Figure 6.  (a-b). (a-b). SEM microphotographs of (a) as cast Al7475 alloy (b) Al7475 - 6% B4C

Figure 7.  Al7475 alloy and its B4C composites densities.
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As B4C is less dense than Al7475 alloy, the composite as 
a whole is lighter. Composites made by mixing Al7475 
alloy with 6% by weight of B4C particles have a lower 
theoretical density than the Al alloy alone. It is also 
important to remember that actual densities are less than 
those calculated. Additionally, the theoretical density is 
very close to the experimental density, demonstrating the 
right technique for producing composites.

Figure 8 indicates the porosity of as cast Al7475 
alloy, Al7475 with three and six weight percentages and 
15 to 20 microns sized B4C composite proportions. The 
porosity level in the as-cast Al7475 alloy is 2.10% weight 
boron carbides, which increases up to three to six per 
cent by weight thereby increasing the porosity level. The 
increased porosity is well within the range of 2 to 3% as 
per industrial requirements. 

3.2 Hardness Measurements
BHN intender capacity of 5 mm, 250 kgf force and 
a duration of 30 seconds with multiple locations on 
each sample of as-cast Al7475 and Al7475 with B4C 
compounds containing 3 and 6 wt. percent (Figure 9). 
The B4C particles, which are uniformly distributed, 
are responsible for the hardness trend because of the 
progression of disruptions, making the composite 
harder. The matrix-reinforcement relationship is so 
strong that the results and conclusions are in line with 

Figure 8.  Porosity of Al7475 alloy and its B4C  
composites.

Figure 9.  The hardness of Al7475 alloy and its B4C 
composites.

those of other researchers. Al7475-6 weight per cent B4C 
composites outperform the matrix by 34.5 per cent. The 
same thing has been found in the investigations of other 
researchers19,20. The increased toughness is incorporated 
with solid B4C particles into the Al7475 matrix, which 
prevents dislocations from freely migrating throughout 
the material. The addition of microparticles such as 
boron carbide, typically improves the strain energy at 
the particles’ periphery, leading to increased hardness in 
composites. As a result of these predicted influences, the 
hardness of composites can be tailored to meet specific 
needs. Due to the B4C reinforcement’s effect of refining 
the grain, matrix strength can be increased. The addition 
of hard B4C increased the composite’s overall toughness. 
Orowan strengthening is a strengthening mechanism that 
begins when dislocation movement is met with resistance 
from closely spaced, hard particles21.

3.3 Tensile Properties
Figures 10 and 11 show that the UTS  is concerned with 
YS. The wt.% of both UTS and 

YS are boosted by more B4C material. The B4C particles 
protect the more malleable matrix. As cast Al7475 alloy 
has a UTS of 208.8 MPa and a YS of 176 MPa, additionally, 
the UTS and YS values increased as the wt.% of B4C 
increased from 3% to 6% in 3% increments. UTS and YS 
are measured to be 230.7 MPa and 198.5 MPa in Al7475 
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Figure 10.  UTS of Al7475 alloy with B4C composites. Figure 11.  YS of Al7475 alloy with B4C composites.

Figure 12.  Elongation of Al7475 alloy with B4C composites.

alloy - 3 wt.% B4C composites. The superior strengths 
concerning the ultimate behaviour and yield behaviour 
reinforced by B4C nanoparticles at a weight percentage of 
6 wt% are 263.5 MPa and 221.1 MPa, respectively.

The UTS has increased when related to the base 
Al7475 alloy as the percentage of B4C composites have 
changed. When the matrix and the particles are joined 
together correctly, a substantial boost in strength results. 
The harder the grains, the greater the wear resistance20. 
Incorporating the ceramic B4C particles, which benefit the 
framework combination by making the solid more rigid is 
credited with the improvement in UTS. The coefficient of 
expansion from the elastic particulates released from the 
brittleness factor expand these hard particles could have 
caused severe, persistent compressive behaviour.

Polycrystalline metals are more prone to permanent 
deformation as a result of dislocation glide preferences, 
phase changes and stress conditions. The alloy’s 
microstructure is not uniform, which can cause inefficient 
deformation. Cast alloys can benefit from B4C particles by 
providing a good site for different phases, both of which 
lead to grain refinement. This is the result of vigorous 
stirring, which may also help increase microstructure 
homogeneity after dispersing B4C particles, to ensure that 
the plastic deformation of grains in response to a tensile 

force is well coordinated. The contact will crack because 
of the non-coordinated deformation of Al7475 and B4C. 
Cooperative deformation dislocations form to prevent 
cracking at the contact. These lead to pile-ups as the 
applied stress increases. Refining increases the area of the 
grain boundaries, which shortens the grain dislocations. 
As a result, the surrounding grains won’t experience 
dislocation glide. Thus, greater shear stress is needed 
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to induce greater plastic distortion in composites22,23. 
Incorporating these two safeguards increases the 
composites’ durability.

Figure 12 displays the change in ductility of Al7475 
alloy and composites as a result of incorporating B4C 
particles with a diameter of 15 to 20 microns. When the 
specimen is loaded along its axial axis, the material tends 
to lengthen. When a material is put through its paces in 
a tensile test, its elongation is determined by comparing 
its new, cracked gauge length to its original, unbroken 
gauge length. A material is considered more malleable if 
its specimen parameter, elongation has a higher value in 
percentage terms24,25. As can be seen in Figure 12, as-cast 
Al7475-based alloy and composites containing 3 and 6 wt. 

per cent B4C particles, when B4C particles are added to 
Al7475 alloy, the percentage of elongation decreases. This 
trend continues as the wt %of reinforcement in Al7475 
alloy rises. With the addition of just 6% by weight of B4C, 
the elongation of Al7475 alloy drops from 12.22% to 
10.53%. A decrease in elongation leads to brittle elements 
in the Al7475 alloy matrix. This loss of ductility is being 
brought on by the strengthening process.

3.4 Tensile Fractography
Figure 13 (a) displays the surfaces of fracture of Al7475 
alloy, while Figure 13 (b) and (c) depict the fractured 
surfaces of Al745 with 3 wt.% and 6 wt.% of B4C, 
respectively.

(a) (b) 

(c)

Figure 13.  Elongation of Al7475 alloy with B4C composites.
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Fractured SEM surfaces of Al7475- B4C composites at 
500X magnification are shown in Figure 13 and broken 
faces of samplings of Al7475 and Al7475- B4C composites 
are shown in Figures 13(a)–13(c). Fracture analysis is to 
determine how B4C modifies the fracture characteristics 
of composites. Transgranular and intergranular regions in 
a fracture of an Al7475 alloy (Figure 13(a)) are indicative 
of brittle fracture. The SEM images in Figure 13 (b)-(c) 
are of Al7475- B4C composites with 3 and 6 wt.% B4C. 
Fracture zones show plastic deformation, including 
ripped edges and cleavage facets26,27. Dimples in the 
matrix are visible in some places along composite fracture 
surfaces. The distortion, decohesion and fragmentation 
of B4C may have induced the formations, which would 
account for the presence of these dimples. Maybe the 
matrix is flawed in the first place. Microfractures did 
not propagate through the B4C, but rather to the matrix 
via the Al7475- B4C contact, as shown in Figure 13(c), 
demonstrating the proper operation of the particle-matrix 
interface. A localised area of high stress can develop if 
dislocations accumulate at the contact due to an applied 
load and if the stress is greater than the interfacial binding  
forces. 

4.0 Conclusions
•	 The stir cast method is suitable for producing 

Al7475 alloy with 15 to 20-micron-sized B4C 
composites.

•	 The scanning electron micrographs and EDS 
spectrums determined the uniform particle 
distribution and existence of boron carbide 
particles in the Al7475 alloy composites.

•	 The density of Al7475 alloy composites decreased 
as weight percentages of B4C particles increased 
in the matrix.

•	 Al7475 alloy with 6 wt. % of B4C particle 
composites showed an improvement of 34.5% in 
the hardness.

•	 Ultimate and yield strength of Al7475 alloy has 
been increased with 6 wt. % of boron carbide 
particles. An improvement of 26.2% in ultimate 
and 25.6% in yield strength increased with the 
addition of 6 wt. % of B4C.

•	 The ductility of the composites decreased as weight 
percentages of reinforcement particles increased 
in the matrix.

•	 A ductile mode of fracture is observed in the 
Al7475 alloy and in the case of composites it is 
brittle and a ductile combined mode of fracture.
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