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Abstract— Metal matrix composites (MMC) are attracting more attention for use in the automotive, aerospace, and defence
industries. The materials utilised for these applications typically need to be lighter and more resistant to wear than materials
used in conventional applications. A new category of metal matrix composites called aluminium hybrid composites meets
the demands of modern advanced technical applications. These requirements are met because to improved mechanical
qualities like light weight and high wear resistance, suitability for traditional processing methods, and the potential to lower
production costs. Since several of the processing parameters are linked to the reinforcing particles, the performance of these
materials is largely contingent on choosing the appropriate combination of reinforcing materials. Aluminium hybrid
composites contain just a few envisioned combinations of reinforcing particles. The mechanical and tribological behaviour
of aluminium composites affected by various combinations of reinforcing elements is summarised in this work. Numerous
studies have shown that adding ceramic reinforcements greatly enhance the mechanical and tribological properties of
composites made of aluminium.

Index Terms— MMC, aluminium, hybrid. (key words)

I. INTRODUCTION

The particle growth required to preserve the final product's nanostructures substantially limits the use of conventional
treatment procedures. Therefore, developing consolidation and consolidation technologies appropriate for nano and hybrid
composites takes an hour. The construction of nano-reinforcing materials is a challenging undertaking due to the huge surface
area and high surface activity of ultrafine particles, which makes them prone to contamination and decreases the physical,
chemical, and mechanical properties of AMC. To fully benefit from the nano size effect, treating nano enhancement carefully is
necessary [1].

The hardness, yield strength, and tear strength of composite materials are all greatly increased by the addition of
nanoparticles. The accomplishment of various strengthening processes, such as reinforcement, particle downsizing, CTE
mismatch correction adjustment between matrix and particles, load acceptance effect, etc., contributes to the improvement of
strength. The fracture surface of the tensile test piece had several pits of varying diameters, which supported the nano composite's
excellent ductility. [2]. The base metal's qualities are improved by the addition of compounds like graphite and mica, leading to
MMCs with improved mechanical properties like higher tensile strength, increased hardness, increased heat deflection
temperature, and decreased warpage. [3].

The hardness, toughness, strength, corrosion resistance, and wear resistance of composites are all further enhanced by using
hybrid reinforcements as opposed to single reinforcements [4]. One such characteristic that tends to diminish with the addition
of reinforcements is ductility. Due to the addition of silicon carbide, it reduces steadily; however, when fly ash is added, it only
starts to decline after up to 10% [5]. The TiB2 fortification rate, which contributed 38.86 percent to the surface roughness, was
found to be the most significant factor by machining analysis. The surface roughness value will rise with the addition of TiB2
reinforcement [6].

In comparison to earlier studies, the Ni rich sample attained the right balance of strength and ductility (380 MPa at UTS,
16.4 percent elongation at break) thanks to the enhanced ultrastructure. [7]. Al203 (2 percent constant), SiC (3 percent, 6 percent,
9 percent), and heat treatment temperatures (140° C, 160° C, and 180° C) were shown to be crucial for experimental planning.
Selected [8].

By increasing it by 1% by weight, alloy Al7075's hardness rises from 102HV to 120HV. matrix of Micro Sic and A7075
with 1.5wt percent C particles. Hardness has increased by 15.24% compared to the base alloy [9]. A variety of material zones
underwent metallurgical testing, and samples with improved tensile strength and hardness characteristics underwent
metallurgical analysis [10].

Il. LITERATURE REVIEW
[1] R.Kartigeyan et al. [2012] Through the use of liquid metallurgy successfully created Al 7075 alloy and Short Basalt Fibre
composite. The ultimate tensile strength, yield strength, and hardness are all maximised by the addition of short basalt fibres. In
comparison to the base matrix's hardness of 92 Mpa, the composite comprising 6 percent by weight of short basalt fibre indicates a
greater hardness value of 97.1 Mpa. The maximum tensile strength is increased by 65.51 percent when reinforced with Al-
7075/short basalt fibre at a 6 volume percent ratio. In the metal matrix, the distribution of reinforcements is actually uniform.
According to the research paper mentioned above, under tension stress without compromising tensile ductility, Tensile strength
measurements rise. For AI-MMCs, experimental values of short basalt fibre produce the greatest results.
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[2] Pradeep P et al. [2017] The stir casting approach has been used to manufacture Al 7075 and Titanium DI Boride (Tib2). 4
percent, 6 percent, and 8 percent are the quantity fractions of TiB2 that were prompted. They assessed the qualities of hardness,
wear, and microstructure. The basic matrix is strengthened when TiB2 at 8 percent weight reaches its maximum hardness of 126
VHN. In view of the work hardening the material surface, explicit wear rate decreases as the sliding rate increases up to rotation
speed (1.6 m/s) and weight. The composite reinforced with 8 Wt% TiB2 had a negligibly little impact on the wear rate. With the
light weight, the speed and sliding distance are at their extremes. The micro picture shows that the aluminium debris are uniformly
distributed throughout the particle matrix with the greatest volume percent of 8%.

I inferred from the aforementioned study that the wear and abrasive area characteristics of MMCs using aluminium as the base
material depend mostly on the filler particle used, including its size and weight distribution. If the lattice was reinforced with
particles, the wear obstruction would increase as the volume of the support materials was divided.

[3] Arun kumar D T et al. [2018] Using the stir casting technique successfully produced Al-7075 composites with mica and
kaolinite reinforcements. They carried out a wear test for various time intervals under constant load using equal volume fractions
of mica and kaolinite, which are [(2+2)%, (4+4)%, (6+6)%), and (8+8)%. Wear loss is seen to diminish more slowly in composite
materials that contain 8% mica and kaolinite. The composite's SEM microstructure shows that the reinforcement is distributed
uniformly throughout the matrix, with no signs of agglomeration.

I deduced from the aforementioned study that the inclusion of mica and kolonite increased wear resistance and reduced wear
loss.

[4] Rajesh Kumar Bhushan et.al.[2013], contemplated Al7075 combination interfaced with SiC particles was made. For
combinations of Al7075 with SiCp of various work sizes, specimens are prepared for the examination using the fluid vortex cast
process (20-40). Investigations using EPMA, XRD, SEM, EMPA, and DTA were conducted on composites containing different
volume divisions of filler components (10% and 15%). The interface-based synthesis processes have been restricted by SiC
oxidation. Because of the numerous mixed combinations of filler materials, the wetting operation linking the base material and Si
particles improved. The homogeneous distribution of filler particles is seen by SEM micrographs. The Al4C3 XRD chart shows no
increase. According to the EPMA analysis, copper, zinc, and magnesium were included in the particles as well as aluminium, which
was the basic constituent.

I deduced from the aforementioned study that Al alloying with 2.52 weight percent Mg and its detachment at the interfaces has
been found to be very effective in limiting the course of the Al4C3at the interfaces during example planning. These composites are
appropriate for use in cars, aeroplanes, and protective applications because there are no opposing designed reactions.

[5]Madhuri Deshpande et.al.[2016] using the Powder Metallurgy (PM) process, effectively synthesised pitch-based carbon
fibre added to Al matrix composites. Uncoated (UnCf) and coated milled pitch-based carbon fibres (NiCf) make up 5 to 50 percent
of the weight of carbon fibre, whereas AA7075 serves as the matrix and has varying carbon fibre volume percentages. Carbon fibres
that were both uncoated and nickel-coated were strengthened using AA7075 aluminium alloy powder before being hot-pressed and
their density and hardness strength were investigated. When compared to Al7075 as it was cast, a 50Vol percent Cf Composite
exhibits a density loss of up to 11%. It stated that when compared to Pure AI7075 hot pressed specimens, composites made with
uncoated carbon fibre have the lowest hardness values. While the Ni-coated carbon fibre composites exhibit an up to 20% increase
in hardness. For all weight percent compositions, it can be seen from the microstructures that the carbon fibres are uniformly
dispersed throughout the aluminium matrix.

I deduced from the aforementioned research paper that the electroless nickel coating on the fibre surface enhances the
interfacial bonding, increasing the composite's hardness. Improved density results from double action hot pressing, and the density
gradient in the composite is not visible.

[6] Manoj Singla et.al.[2009], successful execution They tested the hardness and impact strength of materials by varying the SiC
weight percent (5 percent to 30 percent at intervals of 5 percent). The uniform dispersion of SiC particles in the Al matrix reflects
an upward trend in the liquid vortex method used to prepare specimens. The study's findings suggest significant expansions in
hardness, impact strength, and standardised strain have been seen with inclusions in SiC particle. For 320 grit size SiC particles at
25% weight fraction, the best results were obtained for hardness 45.5BHN and maximum impact strength 36.6N-m.

I deduced from the aforementioned study that homogenous mixtures of SiC particles in the alloy Al exhibit an expanding
pattern in the examples shown by not using a mixing process, by manually guiding, and by using a two-stage stirring process for
liquid vortex method independently.

[7] Jamaluddin Hindi et.al. [2016], Al 7075 was successfully prepared. Stir casting is used to create reinforced grey cast iron
with varying weight percentages of 2 percent, 4 percent, and 6 percent, as well as 2 weight percentage of fly ash. Tensile strength
was seen to increase as the weight percent of GCI increased. At 6% GCI, the maximum tensile strength of 275Mpa was obtained.
With an increase in the weight percentage of GCI in the composite, hardness increases opulently. The wear rate decreases from 410
m with an increase in the weight percentage of GCI.

I deduced it from the research paper mentioned above. Support material increases and intermolecular space decreases as the
weight percentage of GCI in the grid increases. The matrix shows no signs of having developed holes.

[8] Mohan Kumar S et.al.[2014], completed examinations on an Al 7075-T6 with a 10-20 m thick electroless nickel coating. In
this investigation, the plane strain crack mechanics and confirmation were used. Uncoated Al 7075-T6 composite shows a 560 MPa
yield nature, and when EN coating is applied on a mix of 10 and 20 m, the yield nature increases to 569 MPa and 603 MPa,
respectively. The critical load for uncoated aluminium is 4.44 KN, and the Kic value is 22.28 mpa Ym. Additionally, secured
aluminium compound has an essential load of 6.67 kN and 7.41 kN for 10 and 20 microns, respectively, which contrasts with KIC
estimates of 34.48 MPa Ym and 37.67 MPa \m, respectively.
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| deduced from the aforementioned research paper that the EN covering experiences improving delamination and crack at the
highest load because of the ductile material's tendency to plastic deformation. Due to the strong adhesion between the EN coating
and the aluminium alloy, the split development is unstable.

[9] Bateshwar Prasad et.al.[2022], metal matrix composites of Al-7075 and SiC mix together by the stir casting process for the
uniform distribution throughout the process, after completion of the casting process composites material is undergo to the finishing
in the lathe machine, after that prepared composite material is undergo to polishing for microstructure testing of the surface, and
also for the hardness testing, result of hardness test on AA 7075 alone without adding reinforcement (nanoparticles) of silicon
carbide produced the final calculated result of 901.23 BHN; tests on the same sample with silicon carbide reinforcement of 0.25
percent of its weight produced 936.96 BHN; tests on the same sample with silicon carbide reinforcement of 0.50 percent of its
weight produced 951.34 BHN; and finally tests on the same sample with silicon carbide reinforcement.

I deduced from the research paper mention above the hardness analysis, the parent or original AA 7075 obtained a hardness
of 901.23 BHN, and with reinforcement materials of 0.25, 0.50, and 0.75 percent, the hardness was 936.96 BHN, 951.34 BHN, and
970.94 BHN, respectively. In light of the aforementioned findings, it is also possible to draw the conclusion that the mechanical
and hardness properties of the AA 7075 with nano silicon carbide reinforcement were improved over those of the parent AA 7075.

I1l. CONCLUSION

The yield strength, tensile strength, and other mechanical properties of distinct categories of ductile and brittle materials are all

determined by the tensile test, which has many uses. Numerous studies have demonstrated that, compared to the base matrix, the

tensile strength improves as the amount of reinforcement material is increased. When various reinforcements, such as SiC, B4C,

Al203, Graphite, Carbon fibre, and Grey Cast Iron, are added to aluminium base alloy, the tensile strength of the alloy increases to

278 MPa, exceeding the base matrix's 167 MPa. From the foundation material of aluminium, the tensile strength rises by 60—70%.

When the composites' hardness was evaluated, taking all factors into consideration, it was discovered that as the support material

in the framework material grew, so did the composites' hardness. In addition, experiments designed to determine the equivalent

showed that (Vickers and Brinell's hardness) expanded hardness with enlarged support substance when compared to the base lattice.

It goes without saying that the fortifications' architecture and other characteristics influence how the composite materials behave

mechanically.

The primary goal of a wear test is to gather data on parameters that significantly affect tribological properties, such as sliding

distance, friction behaviour, heat treatment, lubrication, load, and speed. The wear resistance of the composite aluminium metal

metal matrix increases with the addition of the hard ceramic particles. According to the statistics in this survey document, adding
reinforcing material causes a reduction in wear rate of up to 50% when compared to base matrix.

In this study, numerous studies on the mechanical and tribological characteristics of various aluminium material series and various

filler particles added to the base matrix are covered. This broadens our understanding of composite materials and piques our interest

in cutting-edge materials utilised in cars, planes, and other daily necessities.

All of the study papers reach the same conclusion: The mechanical, physical, and tribological properties of different aluminium

series materials are significantly influenced by the reinforcement materials. This encourages other researchers to examine various

mechanical qualities by fusing novel materials to aluminium in the hopes of obtaining the best mechanical and tribological results.
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