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Abstract
The investigation explored about the aluminum metal matrix composites as a result of interesting innovations which can be 
utilized and recognized as a promising material for many commercial uses in a variety of sectors. MMCs have outstanding 
characteristics when compared to traditional metallic materials as well as metals. Within MMCs, a new category of composite 
materials, aluminum metal matrix composites (AlMMCs), is grabbing recognition. Aluminum metal matrix composites (AlMMCs) 
are a class of materials which have proved effective in achieving the majority of the stringent standards in applications requiring 
low weight, higher hardness, and moderate toughness. With a wide range of reinforcing elements and manufacturing flexibility, 
mechanical features, lightweight, as well as low cost. AlMMCs hold considerable promise for the production of blends with the 
appropriate characteristics for specific applications. Even though the components have the same structure and quantity, various 
feature characteristics may be achieved by modifying the production procedures and introducing the reinforcing component. 
The aim of this study is to offer a quick introduction to the new explored material and study of the previous materials, with an 
emphasis on the stirring cast technique, as well as numerous aspects that impact the fabrication procedure generally.
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1. Introduction
Several sectors are looking to composite material to obtain 
unique architectural reinforcements. They hope to find 
solutions to the problems that fiber-reinforced materials 
encounter. These reinforce are made from composite 
materials. In the economy, there are several composite 
manufacturing processes. Your choice is influenced by the 
composites materials, structure, or applications. These are 
a few of the more prevalent approaches (Sakowicz, 2013). 
The composite can be metal matrix type of fiber matrix 
type. The selection depends on the type of application and 
properties required. The latter can be fabricated using the 
following methods as shown in Table 1.

Table 1. Method for fabrication fiber matrix composites

1 Lay-Up of the 
Hands

Hand lay-up is perhaps the most 
fundamental way of production 
for thermostat materials. Hand-
laying prepreg pegs onto such a tool 
to make a laminated stacking is a 
method. When the lay-up is finished, 
add the adhesive to the covering of 
the flanges. In a further form of the 
hand lay-up called the wet lay-up, 
every ply must be coated with resins 
before being layered simultaneously 
(Vernagaard, 1970).
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2 Transparent 
molding

Contact molding, also known as 
exposed molding, is a reduced 
technology used to create fiber-
glass composites products. Before 
manufacturing can start, the mold 
is coated with a releasing agent or 
gel. Apply the molding ingredients 
to the surface of the concrete using 
both the spritz-up and manual lay-
up methods. Apply the resin & cut 
filaments onto the molding surfaces 
at the same time during the spray-up 
procedure. The lamination is next 
compacted by hand using wheels, as 
well as any base substance is added 
at this time. Final spraying up coat-
ing aids in the positioning of the 
core components between both the 
lamination. After that, you may let 
the molding cure. To decrease work, 
you may occasionally employ hand 
lay-up together with spray lay-up 
(Belyakov, 2020).

3 Techniques of 
Resin Infusion

Because of the increased desire for 
composites components, there is a 
greater requirement for a quicker 
manufacturing pace. Several 
individuals are abandoning the 
lay-up procedure in favor of other 
ways that foster manufacturing 
automation (Montés, Sánchez & 
Pineda, 2013).

The metal matrix composite (MMC) has different method 
for their fabrication as compared to fiber ones. There is 
a wealth of information accessible on the preparation of 
MMCs. The processing path chosen is determined by a 
number of criteria, particularly the kind & intensity of 
reinforcement pressure as well as the required degree of 
micro structural stability. The goal of composite material 
fabrication is to produce materials with better qualities 
than the matrix material (Rozhbiany & Jalal, 2019). The 
homogenous distribution of reinforcing stages to create 
a defect-free microstructure is a significant problem 
in composite manufacturing. The main procedures for 
producing AMCs on an economic level may be divided 
into two categories. MMCs are manufactured using a 
variety of techniques, which are detailed below (Dinaharan 
& Akinlabi, 2018). These methods are categorized based 
on the temperatures of the metallic matrix throughout 
treatment; the procedures are divided into two parts:
1. Processes in a Liquid State (as shown in Table 2)
2. Solid State Methods (as shown in Table 1)

Table 2. Comparison of MMC liquid state fabrication 
(Fukumoto, Mekaru, Shibata & Nakayama, 2005):

Route Cost Application Comments

Compo 
casting

Low Used extensively 
in the automotive 
& aeronautical 
sectors.

Appropriate 
for discontinity 
fibers, 
particularly 
particle 
reinforcement. 

Spray casting Medium It is used to make 
frictional surfaces, 
electronics 
brushing & 
contacts, as 
well as cutting 
& polishing 
equipment.

Particulate 
reinforcement 
is employed, 
and full 
density 
substances are 
possible.

Liquid-metal 
infiltration

Low/
Medium

Used this to 
create structural 
structures 
having maximal 
characteristics 
in a uni-axial 
direction, 
including such 
rods, tubes, and 
beams.

Reinforcement 
threads were 
employed.

Stir casting Least 
expensive

Suitable for 
large-scale 
manufacturing. 
Commercial 
process for 
making 
aluminum- based 
composites.

It is 
determined by 
the materials 
qualities 
& process 
conditions. 
Ideal for AMC 
particulate 
reinforcement

Squeeze 
casting

Medium Primarily 
employed in the 
automobile sector 
for the production 
of pistons, 
connecting rods, 
rocker arms, and 
cylinder heads; 
capable of making 
complicated 
items.

It is usally 
suitable to 
any sort of 
reinforcement 
& might even 
be utilized on a 
wide level.

In-situ 
(reactive) 
processing

Expensive Automobile apps The reinforcing 
particles are 
distributed 
uniformly.
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Table 3. Comparison of MMC Solid State Fabrication

Route Cost Application Comments
Powder 
metallurgy

Medium For the 
manufacture of 
tiny (particularly 
round) items, 
bolts, pistons, 
valves, high 
strength, and 
heat-resistant 
substances.

Both the 
matrix and the 
reinforcements 
are in powder 
form; this is 
optimum for 
particulates 
reinforcement; 
because no 
melting is 
required, 
no response 
zone forms, 
resulting in a 
high strength 
composite.

Ultrasonic 
assisted 
casting

Expensive Used for mass 
manufacturing 
net shape 
manufacturing 
of complicated 
structural 
elements.

Handling 
matrix foils and 
sheets, as well 
as reinforcing 
component 
fibers.

Diffusion 
bonding

High It is used to 
make sheeting, 
blades, vane 
shafts, or 
structural parts.

Handles matrix 
foils or sheets, 
as well as 
reinforcement 
component 
filaments.

Friction Stir 
welding

Moderate/
Expensive

In the 
automobile or 
aeronautical 
industries

Used for surface 
enhancement. 
Surfaces 
microhardness 
improves 
significantly, 
as does wear 
durability.

2. Materials and Fabrication
2.1 Aluminum
2.1.1 Properties of Aluminum
Aluminum, as a fabrication element, is often rapid and 
simple to form because of its lightness and flexibility. Its 
characteristics, meanwhile, may alter based on how it is 
mixed with the other elements to form alloys (Sharma, 
2021).
2.1.2 The Benefits of Aluminum in Fabrication
Because of its special blend of characteristics, aluminum 
is a famous substance. It is a lighter metal with a greater 

strength-to-weight relation that is one-third the mass of 
stainless steel. Aluminum is also a simple metal to deal 
with because of its softness, durability to chemicals, and 
recyclability. Its non-toxicity has rendered it an attractive 
option for foods preparations machines, while its reflecting 
and non-combustive qualities have solidified its position 
in light sources (“Aluminum Beverage Cans Provide 
Countless Benefits to Brewers and Consumers”, 2021).
2.1.3 Aluminum Fabrication Downsides
In the very same period, when compared to stainless steel, 
this flexibility and fragility might result in less strong final 
goods. Since of its heat conductivity, many varieties of 
aluminum may be challenging to the welder for unskilled 
welders although it can be readily melted completely.
Aluminum may be fragile in various ways due to 
production procedures, therefore specific strains can lead 
metal to shatter (Cao, Li, Yu & Luo, 2015).
2.1.4 Composites using an aluminum metal matrix 
(CsAlMM)
Aluminum alloys and AlMMCs are well-known materials 
that are utilized in sectors such as aircraft, transportation, 
automobile equipment, as well as the production of items 
for everyday usage, therefore they perform an essential 
part in a person’s life and work. CsAlMM is a form of 
CMM that has been enhanced to fulfill the contemporary 
needs for better technological implementations in the 
technical region. These requirements are addressed by 
increased mechanical characteristics, the ease of standard 
manufacturing processes, as well as a decrease in assembly 
prices (“Aluminum based metal matrix composites”, 
1992). The efficiency of such components is determined 
by the proper reinforcing materials mix. Aluminum and 
its alloys are the most often utilized matrix components 
in the production of CsAlMM and outstanding materials 
owing to their great characteristics. The production 
process is a key aspect of CsAlMM manufacture since 
it determines the end product’s qualities. The primary 
popular manufacturing techniques for CsAlMM are solid-
state procedures or liquid form techniques. The much 
more frequent fluid phase approach is stirring castings.
2.2 Detailed Explanation of Aluminum metal matrix 
composites fabrication processes
The fabrication techniques of composites elements may be 
separated primarily through into solid-state technique, the 
liquid state technique, or some additional specific novel 
manufacturing techniques, with the liquids technique 
including castings techniques as well as the infiltration 
technique (Parikh, Badheka, Badgujar & Ghetiya, 2021). 
MMCs are practical and cost-effective for liquid-state 

32



Ankit Jain and Cheruku Sandesh Kumar

Journal of Mines, Metals and FuelsVol 70 (9A) | September 2022 | http://www.informaticsjournals.com/index.php/jmmf

production, which is highly sought in so many sectors. 
Figs. 1 and 2 show the various ways of infiltration or 
casting.

2.2.1 Methods of Liquid State Fabrication
To create a new composite materials through the liquid 
state manufacturing process, a base metals is first brought 
to a molten state and then combined with a reinforcing 
element. This results in the formation of the new material. 
It was believed that the liquid metallurgy technique would 
be the most successful one since it would be the easiest to 
produce. The liquid metallurgical route is a gainful and 
beneficial technique for producing large elements despite 
the fact that both these paths are much more effective 
in terms of the properties that can be achieved and the 
microstructure that can be produced. This is because 
the liquid metallurgical path is categorized by its ease of 
manufacturing in addition to its cost economic system (Li, 
Xiao, Xiong & Huang, 2013). Both the oxidizing reaction 
of the matrix or the contact interaction between both the 
matrix material as well as the reinforcing material may 
be efficiently controlled using this technology when the 
temperature is high. During in the manufacturing process, 
it is common practice to use protective methods such as 
vacuum or inert gas, in addition to other methods shown 
to be efficient, in order to forestall gas absorption and 
oxidizing of the metal melt (Xie, Ito & Higgins, 2007). The 
liquid manufacturing method is by far the most successful 
method for the efficient and cost-effective preparation of 
MMCS for use in industrial settings. When the matrix 
comes into contact with the reinforcement, several ways of 
manufacturing that take place in a liquid state have indeed 
been developed. These techniques include the matrix being 
partly molten or entirely molten. In most cases, this results 
in excellent engagement between both the molten metal as 
well as the reinforcements, which ultimately leads to the 
formation of a stronger bond; but, it may also promote to 
the creation of a fragile interfacial barrier. During the liquid 
state procedure, reinforcing elements are introduced into 
the matrix of molten metal. This is followed by a mixing 
phase, following which the liquid metal is allowed to 
solidify into elements of various shapes or billets, making it 
suitable for subsequent manufacturing.
The process calls for an intelligent choice to be made 
concerning the variety of the reinforcement predicated 
on the matrix substance, where the compatibility with the 
composite is typically the primary factor that is carried into 
evaluation. Additionally, wetting agents must be got to add 
to the melt in order to enhance the wetting between both 
the reinforcement material as well as the matrix material. 
The issue of poor wettability of the molten metal matrix 
as well as the reinforcements may be solved by using the 
force insemination technique (Khondoker & Sameoto, 
2016). Utilizing the liquid state method allows for the 
production of items with intricately sculpted designs. The 

 

   

 

   

 

Infiltration 
Methods

Ultrasonic 

Pressure

Gas 
Pressure

Liquid Melt

Vaccum 
Pressure

High 
Pressure 

Centrifugal

Casting 
Methods

Centrifug
al Casting

Stir 
Casting

Squeeze 
Casting

Vaccum 
Die 

Casting

Rheo 
Casting

Compo 
Casting

 

   

 

   

 

Infiltration 
Methods

Ultrasonic 

Pressure

Gas 
Pressure

Liquid Melt

Vaccum 
Pressure

High 
Pressure 

Centrifugal

Casting 
Methods

Centrifug
al Casting

Stir 
Casting

Squeeze 
Casting

Vaccum 
Die 

Casting

Rheo 
Casting

Compo 
Casting

Fig.1: Infiltration methods

Fig.2: Casting Methods

In comparison with the solid-state procedure, the liquid 
state procedure for MMC is very simple since the great 
bulk of MMCs is made from metals and alloys with low 
melting points.
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most significant drawbacks of the liquid state approach 
are the difficulty in dispersing reinforcement throughout 
the matrix material, the inability to achieve a homogenous 
matrix microstructure, and the fact that this process limits 
the total amount of reinforcement that may be applied. In 
spite of these drawbacks, the liquid state approach is widely 
used for the production of MMCs in the industry. One of 
the various ways that have been classified as belonging to 
the category of liquid state fabrication techniques is known 
as stir casting. Additional information about the process 
will be covered further down.

2.2.2 Stir Casting Process
The stir casting technique is a low-cost, straightforward 
method for producing particle-reinforced MMCs. The 
easiest and cheapest method of producing AlMMCs is 
to dissolve the solid reinforcement in liquid metal and 
afterwards harden the mixture in an appropriate mold while 
the reinforcing component is gradually added in melted 
component. The matrix substance is heated beyond its 
melting point first before reinforcing component is applied. 
Stir casting is a popular technique for manufacturing 
MMCs since it is a much simpler way than the typical metal 
processing procedure. A multitude of parameters must be 
considered while fabricating MMCs using the stir casting 
technique in general, including achieving a homogenous 
distribution of reinforcement material, permeability, as well 
as a good bonding amongst reinforcement material and 
matrix material. The hardening of melted material engaging 
reinforcing material have to be under specific circumstances 
in order to obtain the necessary scattered phases dispersion 
in the matrix throughout casting (“Modifications in Stir 
Casting Process for the Development of Metal Matrix 
Composites”, 2020).
The essential idea behind this technique is that the 
reinforcement elements are immediately introduced to the 
molten metal as well as the particulates are consistently 
dispersed by stirring. In order to produce the greatest 
potential properties, the reinforcement material should be 
spread equally in the matrix element. Reinforcement element 
particles are inserted into the liquid matrix component 
during this operation. The dimension of the reinforcement 
particles is often tiny, and their wettability with liquid 
metal is low, causing a difficulty with uniform dispersion 
of reinforcement particles in molten metal. Due to the 
obvious poor wetting between both the reinforcements or 
matrix components, a mechanical force, generally stirring, 
is required to mix all constituents. In this procedure, 
reinforcements are typically in the shape of powder, which 
is uniformly blended in the molten metal with both the 
help of automated stirring, because ceramic reinforcements 
substances have a greater density than matrix materials, and 

matrix material will settle to the bottom of the flask if not 
blended properly (Mogal & Patil, 2022).
Mechanical stirring is employed in this procedure to 
combine the molten metal and the reinforcement in the 
furnaces. The resultant mixture is then molded or cast to 
create the required form. Filtration of the melt is needed 
by a suitable medium, since molten metal interacts with air 
components, causing deterioration of the matrix material’s 
properties. However, this technique has several particular 
limitations that create production challenges.

▶ Method of operation
The casting set up, as shown in the picture, comprises a 
feeder for feeding the reinforcement element into the burner, 
a burner for heating and melting the matrix component, as 
well as a mechanical stirrer utilized to create a swirling for 
optimal reinforcement material blending with the molten 
material. The stirrer is linked to the motors, which may 
rotate at different speeds and therefore is regulated by a 
regulation attached to the engine. When the reinforcing 
materials have been incorporated with the melted material, 
rapid pouring is necessary to guarantee that the reinforced 
particles do not settle at the bottom of the burner, which is 
accomplished by heating the matrix substance in a crucible 
furnace. The stirring operation was initiated by a motor 
located on top of the mixer. After stirring, the reinforcing 
ingredient is introduced to the matrix. Furthermore, 
preheating is performed to avoid thermal deformation of 
the composite’s materials (Prasad, 2020).
The dual or 2 casting technique is a more complex version 
of the stir casting process. The matrix substance is generally 
warmed to the above its melting temp and afterwards 
cooled down to a temp in which it preserves in a semi-
solid condition, as well as 
reinforcement substance 
that has been preheated 
is now introduced as 
well as blended with the 
assistance of a mechanical 
stirrer, as well as the sludge 
is warmed to molten temp 
as well as entirely mixed. 
Nowadays, this approach 
is frequently employed 
in the production of 
AlMMCs to get a more 
homogeneous microstru-
cture than the traditional 
stir casting technique. 
Fig. 3 depicts a stir casting 
machine. Fig.3: Stir Casting Machine
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2.3 Parameters of the Procedure
The parameters that are important in the distribution 
of reinforcement in molten metal and excellent contact 
interaction are explored more below (Shatinskii, Karpenko 
& Shtykalo, 1974). Fig. 4 depicts the variables.

■ Components of Wetting
Alloying components including such calcium and 
magnesium added to the aluminum melt may improve 
wettability with reinforcing materials. Because it lessens 
surface tension, magnesium may be introduced to liquid 
aluminum to improve wettability. The addition of mg also 
increases the strength of the alloy; it also interacts with 
oxygen to generate magnesium oxide, which causes the 
blown pores in the castings to shrink.
■ Preheating for Reinforcement
Preheated reinforcement materials to remove humidity 
or any gasses that may occur inside this substance. To 
eliminate dangerous compounds, the reinforcing particles 
may be heated at high temperatures (Althahban et al., 
2022). This method improved the wettability of the 
reinforcement with both the matrix.
■ Molding Preparation
Preheating the mold is vital because it assists release 
absorbed gas from the slurry, which would normally be 
the source of permeability, hence it is a great approach for 
avoiding porosity (Belyakov, 2020).

3. The Earliest History
The use of the compound alum altered the origins of 
aluminum. The Greek historian Herodotus made the 
earliest recorded account of alum in the fifth century BCE. 
It was employed by the ancient world as a colouring raw 
umber, in medicines, in chemicals mills, and also even 
as fire-resistant material covering for wood to safeguard 
strongholds from foreign arson. Nobody has ever heard of 
aluminum metal before. In his book Satyricon, the Roman 
writer Petronius said that extraordinary glassware was 
brought to the emperors after it had been hurled on the 
ground; it did not shatter but simply warped. A hammer 
was used to restore it to its original structure (“Fabrication 
of metal and ceramic matrix composites”, 1994). Upon 
discovering from the creator that no one else understood 
how to make this substance, the king had to have the 
scientist killed so the gold price would not fall. Derivatives 
of this narrative were quickly reported by the Roman 
historian Pliny the Older in Natural Histories and so by 
Cassius Dio in Romans Historian. According to various 
reports, this glass might be made of aluminum. We don’t 
know whether aluminum alloys were manufactured in 
China during the rule of the very first Jin kingdom.
Alum was a valuable product in global trade and was 
essential in the European textile industry. Small-scale 
aluminum mining existed throughout Catholic Europe, 
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• Preheating for Reinforcement
• Molding Preparation

Process 
Parameter

Fig.4: Process Parameters

■ Stirring Velocity
Stirrer velocity is a critical component in the stir casting 
procedure. The pace of stirring affects or determines the 
formation of a swirl, which is responsible for the dispersion 
of reinforcing particles in molten metal. As a result, stirring 
clearly promotes wettability. The flowing arrangement 
of molten metal is directly proportional to the stirring 
velocity. Stirring, which is a key component that promotes 
the homogenous dispersion of the reinforcement elements 
in the molten metal, may be performed by a high-speed 
rotating mechanical stirrer or perhaps an ultrasonic stirrer 
to enhance the wetting between both the metal melts as 
well as the reinforcing materials.
■ Period of Stirring
The stirring duration is a significant processing variable 
in the stir casting procedure. Reduced stirring time 
contributes to the non-uniform dispersion of reinforcing 
particles. Due to the obvious increased stirring duration, 
there is a greater chance of stirrer blade displacement, 
therefore enough stirring time is required. The stirring 
duration is significant; more churning adds to uniform 
particle dispersion, whereas less stirring causes particle 
clustering at specific locations (Mazumdar, Yadav & 
Mahato, 2002).
■ Temperature of Pouring
Pouring speed, pouring temperature, reinforcing height, 
and length between mold and furnace are all critical aspects 
in casting performance. To minimize gas entrapment, the 
pouring percentage must be consistent and the pouring 
temperature should really be suitably high (Downey, 
1967).
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but the majority of the middle eastern supplied the 
aluminum. Aluminum was exported across till the mid-
fifteenth century, whenever the Ottoman took control 
of the Mediterranean Ocean, significantly raised export 
tariffs. Alum was found in large quantities in Italy for 
many decades. Pope Pius II prohibited all goods from the 
eastern and used the earnings derived from the aluminum 
business to launch a campaign against the Ottomans. This 
freshly discovered alum had a major role in European 
pharmacy, however, the exorbitant rates imposed by the 
papal administration ultimately forced many governments 
to begin their independent manufacturing; large-scale 
alum mining began in those other parts of Europe in the 
16th century.

4. Magnesium Powder
History of Previous Study
The term magnesium comes from the Greek term for places 
associated with the magnets family, whether magnesia 
in Thessaly and Magnesia ad Silybum, which is today in 
Turkey. It is linked to magnetization or magnesium, both 
of which evolved in this location and had to be separated 
as independent compounds. This background may be 
found in manganese.
In 1618, a landowner in Epsom, England, sought to provide 
his cows with water from a nearby well. The cattle hesitated 
to drink due to the harsh flavour of the liquid, but the 
farmers discovered that it tended to cure scrapes and sores. 
The compound gained recognition as Epsom salts, as well 
as its popularity grew. MgSO4

.7H2O was later identified as 
hydrated magnesium sulfate. Sir Humphry Davy separated 
the metals for the first time in 1808 in England (“Study 
of the interaction of magnesium powders with hydrogen”, 
1991). He utilized electrolysis on a magnesia and mercuric 
oxides combination. It was coherently created in 1831 
by Antoine Bussey. Davy’s original name proposal was 
magnesium, although magnesium is presently used in 
English in all main European languages except Russian.

5. Physical Characteristics
Mg is a gray-white light metallic having twice the mass of 
aluminum. Mg has the highest melting temperature (923K 
(1,202°F)) or boiling range (1,363K (1,994°F)) every alka-
line earth metal may be used.
Clear polycrystalline mg is brittle and breaks quickly 
across shear bands. Usually combined with a little quantity 
of another metal, including such 1% aluminum, it gets 

significantly highly bendable. Polycrystalline magnesium’s 
malleability may also be considerably enhanced by 
lowering its grain size to 1 micron or even less (“Production 
and processing of magnesium and magnesium alloys by 
powder metallurgy”, 1995).
Magnesium, when highly powdered, may combine in the 
presence of water to produce hydrogen gas:
Mg(s) + 2H2O(g) → Mg(OH)2(aq) + H2(g) + 1203.6 kJ
This process, although, is considerably less spectacular 
than the interactions of the alkali metals with freshwater 
since magnesium hydroxide prefers to accumulate on the 
surfaces of purified magnesium metal thus inhibiting the 
response from happening.

6. Chemical Characteristics
Whenever subjected to air, it taints somewhat; unlike the 
bigger alkaline earth elements, though, a fully oxygen-
free environment is not necessary for preservation since 
magnesium is covered by a luminous coating of oxide 
that is quite impervious and expensive to erase. At room 
temperature, the direct reactions of magnesium plus air 
or oxygen produce simply the typical oxide MgO. This 
oxide, meanwhile, may be mixed with hydrogen peroxide 
to make magnesium peroxide, MgO2, which can then be 
coupled with ozone at lower temperatures to generate 
magnesium superoxide, Mg(O2)2.
At ambient temperature, magnesium interacts with 
water, however considerably relatively quickly compared 
to calcium, a similar class two metals. While immersed 
in water, hydrogen bubbles develop gradually on the 
metal’s surfaces; but if powdered, it responds significantly 
faster. High temps accelerate the process. The reversible 
interaction of magnesium with water may be used to retain 
energies and power a magnesium-based engine (“Effect 
of magnesium on sintering of aluminum powder”, 2001). 
Magnesium likewise combines exothermically with many 
of these acids, including hydrochloric acid (HCl), creating 
metal chloride as well as hydrogen gas, as does HCl with 
aluminum, zinc, or additional elements.

7. Flammability
Magnesium is very combustible, particularly whether 
powdered and shaved in very thin strands, although it is 
hard to ignite in large quantities. While flame temps of 
magnesium or magnesium alloys may exceed 3,100°C 
(5,610°F), the flame’s altitude just over burning metals is 
typically less than 300 mm (12 in). Explosive flames are 
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hard to put out once they start, since ignition occurs in 
nitrogen, CO2, or water. This feature was exploited in 
explosive weapons as during bombing attacks on towns 
throughout WWII when the main effective civic to 
defend, a flaming firework was buried under dry sand. 
remove the environment from the ignition (Di Benedetto, 
2013). Magnesium could also be used as just an ignition 
source for explosive material, a powdered combination 
of aluminum or iron oxides that only flames at extremely 
high temperatures.

8. Light Sources
Whenever magnesium is burned in the air, it emits a 
brilliant white light with high UV frequencies. In the initial 
periods of photographing, mg powder (flash powder) 
was employed to illuminate the image. Subsequently, 
mg filaments were utilized in single-use electronically lit 
photographic flashbulbs. Mg powder is often utilized in 
pyrotechnics and maritime lights to produce a dazzling 
white light (Xie, 2020). It also was utilized in a variety of 
dramatic performances, including lightning, gun bursts, 
or otherworldly apparitions.

9. Silicon Carbide Powder
Silicon Carbide Characteristics
1. Sturdy crystal architecture
Silicon carbide is made up of lightweight components such 
as silicon (Si) or carbon (C). Its fundamental A crystalline 
comprised 4 carbon atoms organized in a tetrahedron 
and covalent bonded to a singular silicon atom in the 
center is used as a construction component. SiC exhibits 
polymorphism as well since it exists in a range of stages or 
crystalline states. (“Growth of single-crystal films of cubic 
silicon carbide on silicon”, 1967).

2. Extreme toughness
Silicon carbide does have a Mohs toughness grade of 9, 
rendering it the toughest substance easily reachable, 
followed by boron carbide (9.5) and diamond (10). Because 
of this obvious feature, SiC is a great materials option for 
mechanical sealing, bearings, or chopping instruments 
(Yazdani Sarvestani, Beausoleil, Genest & Ashrafi, 2020).
3. High-temperature tolerance
The durability of silicon carbide to high temperatures 
or heat stress is what permits SiC to be employed in the 
production of firecrackers and similar compounds. At 
2000°C, silicon carbide begins to decompose.

Fig.5: Silicon Carbide Crystal Architecture

Fig.6: High-temperature tolerance in SiC

4. Conductivity
When SiC is refined, it behaves like an electrical insulator. 
Nevertheless, by controlling contaminants, silicon 
carbides may display semiconductor-like electrical 
characteristics. Cheating with different amounts of 
aluminum, for example, results in p-type semiconductors. 
A manufacturing SiC typically possesses a clarity of 98 to 
99.5%. Aluminum, iron, oxygen, and free carbon are all 
frequent contaminants (Doussan & Ruy, 2009).

5. Chemical resistance
Silicon carbide is a chemical inert and robust material 
that has a good corrosion tolerance also when exposed to 
or heated in acids or bases. It is discovered to react with 
chlorine, but only at temperatures of 900°C or higher. 
Whenever the temperature is about 850°C, silicon carbide 
will begin an oxidative process in the air to generate SiO2.

10. Silicon Carbide’s Brief History
Because the earth’s crust is made up of around 28 per 
cent silicon and 0.03 per cent carbon, you may expect to 
discover sufficient Silicon Carbide (SiC) to form just a few 
semiconductors die clinging to the bottom of your boots 
after just a lengthy stroll in the countryside. You may 
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discover a few specks if you walked over a meteorite impacts 
crater — the one and unique organically occurring SiC are 
in the shape of Moissanite, which is supernovae debris or 
ejecta from carbon- rich, red massive stars swept up in 
space before ending as micrometers pieces in the meteorite. 
We may not have been aware of SiC’s presence, but in 1891, 
American inventor Edward G Acheson was attempting to 
create fake diamonds by burning mud (aluminum silicate) 
or carbon (RABIN, 2010). He discovered glossy hexagonal 
crystals linked to the carbon arc light used for heating and 
named the substance carborundum, believing it to be a 
kind of crystalline alumina similar to corundum. He may 
have believed he wouldd struck 2nd place since ruby or 
sapphire are both forms of carbides, but he recognized he 
would discovered anything unique, a composition almost 
as hard as diamonds that could be manufactured on an 
economic level as chips or powder for use as an abrasion.
SiC is effective
SiC was identified as a promising contender for a semi-
conductor gadget earlier on, so what kept it behind and 
allowed silicon to become the benchmark? The key issue 
was eliminating flaws in the SiC crystals, which included a 
broad range of border dislocations, screws displacements 
of various sorts, triangle flaws, or basal planes disloca-
tions. The fewer crystal resulted in extremely poor reversal 
blockage efficiency, rendering the components practically 
useless (Mynbaeva & Lebedev, 2009). There were addition-
al issues with combining SiC and silicon dioxide (SiO2) 
to create the famous MOSFET and IGBT gadget kinds. 
Continuing research, on the other hand, has increased the 
reliability to the point that 6-inch wafers may provide an 
adequate yield, as well as breakthroughs known as nitrifi-
cation or annealed in nitrogen dioxide or oxides of nitro-
gen allow SiO2 coatings to be formed reliably onto SiC.
Comparison with Stablish Material NDT
NDT is the technique of examining, analyzing, or assessing 
substances, elements, or assembly for abnormalities 
or changes in properties while causing damage to the 
component or systems under consideration. To put it 
another way, after the examination and testing are finished, 
the component may still be utilized. Some testing, in 
contrast to NDT, is damaging in character so, as a result, is 
performed on a restricted number of specimens instead of 
on the substances, parts, or components that are currently 
being used in the production process. These dangerous 
exams are frequently used to decide bodily qualities of 
components including such effects opposition, ductility, 
generate as well as final tensile resilience, crack hardness, 
as well as fatigue militancy; however, nondestructive 
testing is more efficient at detecting singularities as well as 

variation in content features than damaging testing.
In today’s modern production, fabricating, as well as in 
examinations, current non-destructive procedures are 
used to verify products quality and dependability, manage 
manufacturing operations, minimize operational costs, 
and keep a consistent level of standard. Nondestructive 
testing (NDT) is used during the renovation to monitor 
the performance of components and key agreement during 
fabrication as well as precast stages, as well as in NDT 
audits are used to guarantee that used goods maintain the 
credibility required to make sure their continued usability 
as well as the security of those who use or interact with 
them (“Application of nondestructive testing techniques to 
materials testing”, 1990).
Eddy current or ultrasonic non-destructive testing (NDT) 
are 2 of the most essential non-destructive testing methods 
for aluminum welders. All approaches are capable of 
revealing a wide range of defect kinds while also providing 
extensive investigative techniques. Eddy present testing or 
ultrasonic testing allows you to scan more regions in less 
time while also obtaining more accurate information in 
the procedure. Eddy current technology (ECT) works well 
on thin, aluminum-coated, or multilayered structures. It 
allows users to investigate surfaces and close subsurface 
movement. When employing UT, probes are placed on a 
volumetric basis, therefore similar faults may be discovered 
using a particular process.
In comparison with wrought magnesium elements, die-
casted magnesium components display substantial interior 
permeability and latent stresses. Forming magnesium 
alloys offer a larger range of uses in the automobile or 
aeronautical sectors than aluminum alloys. Shaped 
magnesium alloys, also known as forged magnesium 
alloys, are grabbing the attention of the industries these 
days. To accurately recognize as well as correct harm 
caused by rapid loads as well as surprises in such apps, 
numerous non testing (NDT) methodologies including 
thermal imaging, X-ray diffraction, and other techniques 
have been established to investigate pores or their impact 
on the power, grain framework, or other properties of 
fabricated elements. Thermal imagery is however one 
technique (Schafer, Schmitz & Muller, 1983).
Ceramic matrix composites (CMCs) are frequently 
separated into 2 categories of materials procedures: oxide-
based ceramic matrix combinations and non-oxide-based 
ceramic matrix combinations. Examples include carbon 
fibers with such a carbon matrix (Carbon/Carbon), 
carbon fibers with such a silicon carbide matrix (Carbon/
SiC), and silicon carbide fibers with such a silicon carbide 
matrix (SiC/SiC) of non-oxide systems, while oxide-
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based processes are comprised an oxide fiber as well as 
an oxide matrix. Furthermore, a variety of treatment 
techniques have an impact on the physical and heat 
characteristics of these substances, which has an impact 
on their suitability for nondestructive evaluation (NDE) 
application. Additionally, the majority of these substances 
are protected by an ecological barrier layer that shields the 
basic material from the atmosphere. This additional layer 
hampers the NDE uses, as well.

2005). The numbers of the tensile force are displayed on 
the vertical axes, while the values of the elongation are 
represented on the horizontal axis. The specimen goes 
through a series of phases that may be easily identified, 
including the limits of proportions, the yield point value, 
the lower yield valuation, the ultimate stress valuation, as 
well as the fractures power valuation.
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11. Result and Discussion
In order to investigate the casting capabilities of Al/SiC-
MMCs, a number of experimental tests were carried out on 
samples of fabricated MMCs with varying weight fractions 
of SiC (five per cent, ten per cent, fifteen per cent, as well 
as twenty per cent) and sizes of SiC particles (two hundred 
mesh, three hundred mesh, and four hundred mesh).
■ Tensile Strength
The tensile test was performed at ambient temperatures 
using a Universal Testing Machine made by Blue Star 
Ltd. that has the following specifications: model UTN-
20, serial number 4/79/239, maximum capacity 2000 
kgs. The typical dimensions of the sample for the tensile 
test are shown in Fig. 8. Al/SiC-MMC test samples with 
conventional parameters, such as those illustrated in Fig. 
9, were constructed for varying sizes (220 mesh, 300 mesh, 
or 400 mesh) or mass fractions (5 per cent,10 per cent,15 
per cent, and 20 per cent) of SiC particles (Gugulothu, 
Seetharaman, Vijayakumar & Jenila Rani, 2022). The 
measurements of the test samples were as follows:
Fig. 10 outlines the steps involved in conducting a tensile 
test. (a) and (b) Fig. 10c shows the results of the test on a 
total of 12 samples. For each of the 12 samples, a graph 
was created to show the relationship between the tensile 
force, measured in kgf, and the extension, measured in 
mm (Sasaki, Shinoda, Fuyama, Mastugi & Yanagisawa, 

Fig.8: Tensile test sample used as the benchmark.

Fig.9: Standard sample for the tensile test that  
was created by adjusting the mesh size as well as  

the weight fraction of SiC

Fig.10: (a) UTM Machine (b) Sample undergoing testing 
on the UTM Machine (c) Samples following test

■ Density
By using the Archimedean principle, researchers were 
able to determine the density of 12 distinct specimens of 
Al/Sic-MMCs with varying lengths and mass fractions of 
SiC particles. As example components, standard blocks 
measuring 15 by 15 by 10 millimeters were created. The 
diagram of the apparatus that was devised and built 
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specifically for the assessment of density. A steel rod 
with a diameter of 2 millimeters is bent into the form of 
a U. Another end of the rod is fastened to a rectangular 
steel sheet with a thickness of 3 millimeters, while the 
other end is left unattached. The apparatus in its whole is 
then positioned atop the pan of an electronic measuring 
machine with a least count (LC) of 0.1mg (B.S, 2016). A 
normal beaker with 100 ml capacity was used, and it was 
loaded with distilled waters up to the marking. The beaker 
was then put on top of the wooden slab, as well as the digital 
balancing was kept away from it. A bit of threads was used 
to hold the sample pieces in place while they were loosely 
hanging from the top end of the steel rod. First, the sample 
weight while it is suspended in air, denoted by the symbol 
w1, is determined. Subsequently, the same material was 
submerged in distilled water or its new weight, denoted 
w2, was measured (Xu & Watt, 1996). The below equations 
were used in order to get the precise value for the density: 
Density=w1/(w1-w2).

12. Conclusion
The investigation showed increased need for products 
that are both cheap in price and high in performance has 
shifted the focus of research and development towards 
composites technologies. A composites substance is a 
blend of two or more different substances that have unique 
stages or features while also being better to the basic 
element in terms of strength or durability. Metal matrix 
composites (MMCs) are continually changing as a result 
of new and interesting innovations. They are extensively 
utilized andrecognized as a promising material for a broad 
range of commercial purposes in a wide range of sectors, 
including aerospace, automotive, and defense. By altering 
the production process’s procedures and using reinforcing 
materials, we were able to achieve our goal. Comparing 
the cost of producing MMCs using the stir casting 
technique to other competing technologies, the stir casting 
approach is much less expensive. With the advancement 
of AlMMCs, more stringent criteria are being imposed on 
their qualities, manufacturing methods, or applications 
areas. This is why the industries are concentrating their 
efforts on the continued creation of AlMMCs with novel 
features and their use in innovative ways to fulfill current 
and prospective requirements. Composites elements 
are employed in a wide range of applications because of 
their exceptional mechanical qualities. Because of its 
ease of use, adaptability, and economic feasibility, the 
compression molding approach continues to be the most 
widely investigated method for manufacturing AlMMCs.
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