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Abstract 
In current scenario of the rapid advancement, need the help of automation sectors and their products with reliable 

strength to prevent damages, worn out, cracked easily which creates a dire need of materials like Metal matrix 

composites. Desired properties like great toughness, corrosion resistance, durability it has a plethora of 

applications in, machinery, aircraft, weapon manufacturing and various other sectors. For development of MMC 

we use different methods along with composite material ratio calculations there are some MMCs will be ready 

utilizing different processes like metallurgy, Spray, Deposition methodology, fabrication, electroplating joints and 

different casting, of MMCs for this particular study of composite material we are using Aluminium, TiO2, Paint 

sludge as a primary material which is further processed to develop a final composite material of enhanced 

properties. 

 Keywords: - MMCs, Reinforcement, Composite material. 

1. Introduction 

The target of this chapter is to introduce the reader to the context information explaining the 
motivation and origin of the thesis. It presents the aluminium based metal matrix composite 
with its material engineering research activities [1]. Target, structure and scope of the thesis 
are defined and the content outline of this thesis is defined. Today’s fastidious era has advanced 
to technological growth including the manufacturing process and automation process, ensuring 
promising quality in terms of fracture point, weight, or physical and chemical properties. That 
can be achieved by the help of Metal Matrix Composites (MMCs). The desired characteristics 
here are usually the increased strength, phenomenal toughness and wear resistance, and finally 
the depletion proof material. It has a plethora of applications in automobile industry, 
manufacturing of aerospace parts and different other mechanical sectors. Industries fall in 
dilemma for choosing the best material for their component they’re manufacturing and is 



51 
 

challenging to engineer an exceptional material for the engineering processes with great 
efficiency [2-3]. Manufacturing a material according to industry standards is critical yet useful. 
In the growing industry, latest technologies on the profiting market and make progressive 
efforts in stepping up the market by bringing in some phenomenal innovations, impacting the 
overall growth of the industry and market both. Many new materials are potentially able-bodied 
to outperform the old ones, persistent in the industry. The advanced materials that are currently 
being manufactured are exposed to hybridization and include many powerful and efficient tests 
that consists of increased loads, extreme working conditions with unexpected circumstances, 
and more stresses. For example, in a missile, or a jet, working circumstances are drastically 
different from normal working machine or vehicle. In such conditions, an unconventional 
approach is applied where the strengthening and consolidation of material under (R&D) 
ventures are thrown in with better and advanced materials that are often hybridized and consist 
of Metal Matrix Composites (MMCs) [4]. These materials are known to have the best durability 
and many enhanced properties come in package, ultimately helping to develop a solid substitute 
material to the conventional ones. The enhanced properties give material a solid foundation 
that includes increased ductility, improved strength and toughness, etc. Such kind of 
reinforcements only enhance properties of the parent material. It’s impossible to obtain all the 
properties at the same time hence we add matrix material to metals. The materials are chosen 
on the basis of their properties they project. For example, Al can be easily transitioned into 
wired form, and give out a solidified result with impressive amount of strength and endurance 
and wear resistance [5-6]. Therefore, in such cases, ceramics are used to bolster the existing 
properties and make them even better by distributing the particles of ceramics. The Al Metal 
Matrix are cost effective too.  The isotropic properties of fibre make it extensively better than 
its competent materials and makes it stand out in the line of reinforcement materials used in 
fabrication. Hence, it can be used as a prerequisite material.  Choosing a befitting reinforcement 
for your material can give unexpectedly better results. Considering the above properties, it can 
also help materials tone down to showcase better results during different processes like heat 
treatment, chemical and physical properties, under various conditions and circumstances. 
There’s been an observation that any sort of reinforcement material or particle in addition can 
fetch improved tribo-mechanical properties. Though, for such tremendous improvement in 
properties, different casting techniques are incorporated and implemented. The conservation of 
the environment and the recycling of garbage have emerged as the most critical challenges in 
the fight to conserve the climate and natural resources [7]. The utilisation of renewable 
resources is a good method of achieving these objectives. Despite advancements in equipment, 
the textile industry continues to create waste that contains a significant volume of fibre. 
Because of the scarcity of non-renewable resources, it has become necessary to recover fibres 
from trash and employ them in the manufacture of valuable products. It is possible to spin these 
fibres into a coarser yarn that may be utilised for a variety of purposes [8]. The most recent 
trend is toward the use of this fibrous debris in the production of fiber-reinforced composites 
[9], which are composites made of fibres. Fiber-reinforced polymer composites are made up of 
fibre as reinforcement that is cemented together by a matrix to provide the required form and 
qualities to the final product. The history of composite materials may be traced back thousands 
of years. The Egyptians used straw to fortify the mud they used to construct their homes [10]. 
A composite construction, such as reinforced concrete, is a good illustration of this. Nowadays, 
glass fibre reinforced composites (GFRC) are the most extensively utilised kind of material. 
The worldwide market for fiber-reinforced composites is 8.7 million tonnes, with glass fibre 
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composites accounting for 87 percent of the total market. Even though they offer excellent 
strength and stiffness, in addition to corrosion resistance, the recyclability and biodegradability 
of these fibres are a significant concern. In addition, the glass fibres are acquired from a non-
renewable resource, and the current petroleum crisis has exacerbated the issues. Reusing glass 
fibre reinforced trash for building purposes has been attempted [11], however the results have 
been mixed. To meet this goal, biodegradable reinforcement derived from a renewable source 
with specified qualities equivalent to glass fibre must be used as a replacement for glass fibre. 
Natural fibres are often less expensive than glass fibres, because they are derived from a 
renewable resource. They also produce less health concerns, such as skin irritations, and are 
not suspected of causing lung cancer. Biodegradable starch-based resins and cellulose-based 
fibres are used to build ecologically friendly green composites, which are reinforced with plant 
or animal fibres and natural resins to create natural composite materials [12]. Traditional 
methods of fabricating composites include the use of fibre reinforcements made of several 
kinds of fibres, including but not limited to wool, cotton, silk, polyester, polypropylene, and 
nylon. These composites find use in a variety of products such as blended fabrics, carpet, 
conveyer belts, and so on [13]. Because of the activity of microorganisms, the components of 
green composites are quickly degraded into water and carbon dioxide. 
 

2. Material and methods 

2.1 Characteristics of Various Reinforcements 

Along the given proportions of the MMC Composite, relationship between constituent's square 
measure affirmed enormous and couple of plans of characteristics for the accomplishments. 
Design and vol. of each particle and its responsibility build the particular MMC composite 
achievements. Framework may be a steady region whose credits are just extension of upgrades. 
Particular aluminum structure is used to form Al metal composite. The Aluminum 
combinations utilized as lattice is offered in table no. 2 related to the plans in share of weight 
and a few other blends are misused for a medium in the checkout for metal making grid 
composites. Regularly worked materials are Al and its amalgams. And some of the 
investigations are educated their reasonableness with respect to Al-based MMC Composite for 
fundamental applications oxides like Al2O3, nitrides like Si3N and AlN, carbides like 
vellication and assault, and a couple boride (TiB2), all Nano-sized, are used for enhancers. 
carbide and corundum square measure premier commonly utilized ceramic underpinnings. The 
pertinence of Carbon nanotubes as partners is attempted in various works.   These partners 
bestow savvy mechanical attributes to metal lattice composite additionally; they work on 
electrical real marvels around that point make augmentation to be employed in electrical usage. 
Undoubtedly, even at increased temperatures, Al–Al3Ti Nano-MMC Composite demonstrated 
transcending mechanical qualities, although Titanium Aluminide–Nickel Aluminide - based 
metal lattice composite has shown poor assurance from high and break security from such 
plastic twisting. The various results on assessment urge N-American countries to derive the 
significance and appropriateness of such new exacerbated material during this driving edge 
period of mechanical design. 
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       2.2 Effect of Reinforcement on Mechanical Properties of Composites 

Reinforcing elements improve the metal matrix composites' characteristics. Metal matrix 
composites' mechanical characteristics benefit enormously from the use of reinforcing 
elements (MMCs). To enhance wear, one of the most important characteristics is to increase 
the work material's hardness. When it comes to improving metal matrix composites' 
characteristics, the manufacturing procedure may also play a role. In this study, we examine 
the relationship between the wear properties of metal matrix composites and the influence of 
reinforcing elements. 
 

3. Selection of Material 

3.1 Pure Aluminium 

Aluminum may be found in large quantities on the surface of the planet. It is available in a 
variety of forms, including oxide, sulphates, silicates, phosphates, and others. Bauxite is a 
mineral that contains the element Al. The Bayer process is then used to turn the bauxite into 
alumina, which is then used to make aluminium. Electrolysis and the Hall-Heroult Process are 
used to convert the alumina into alumina metal, which is then used in other applications. After 
the metal has been exposed to the atmosphere, a thin coating of aluminium oxide may be 
formed on its surface to restrict further oxidation and corrosion. Aluminium is the third most 
common metal and the third most common element in the Earth's crust, making it very plentiful. 
Aluminum is the second most widely used metal in the world, behind steel, due to its 
adaptability. Alloy (Al) is a silvery-white metal with good electrical conductivity and is soft, 
corrosion-resistant, nonmagnetic, and ductile. Grain size is 53 microns In order to avoid 
burning quickly, it is nonmagnetic. It is a soft, ductile, long-lasting, and malleable metal whose 
colour may range from silvery to dull grey, depending on the degree of surface roughness. 
Moreover, it's a good deal. The lowest mesh size possible for pure aluminium is 220 mesh. 
Pure aluminium has a tensile strength of around 90 MPa, however certain heat treatable alloys 
may boost that strength to 690 MPa. The yield strengths of pure aluminium range from 7 to 11 
MPa, whereas the yield strengths of aluminium alloys range from 200 MPa to 600 MPa. In 
aircraft, aluminium alloys are employed. There are 2.70 g/cm3 of aluminium in a cubic 
centimetre, and the melting point of aluminium is 660°C. Aluminum is roughly one-third the 
density and rigidity of steel. Extrusion, machining, casting, and drawing are all simple 
processes. Groups of aluminium atoms create FCC structures (facial-centered Cubic structures) 
(face centred Cubic structures). Compared to steel, aluminum's heat conductivity is three times 
greater. For cooling and heating applications, including heat exchangers, aluminium is the most 
crucial material. Solid rocket fuels, termite traps, and other pyrotechnics all use alum powder. 
 
3.2 Titanium Dioxide 
TiO2 is a renowned material that has a record of best stability and chemical structure and a 
promising set of physical and electrical properties. It also has a high refractive index up to – 
2.7. Rutile type tio2 has a tetragonal crystal structure. such type of titanium is mainly used as 
white pigment in paint. Titanium dioxide, its other name is titanium oxide or titania, it is the 
naturally occurring oxide of titanium. Tio2 exists in three mineral form: anisate, rutile and 
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brookite. Its density and melting point is   4.23 g/cm3 and 1843°C. It has an elastic modulus of 
228 GPa and tensile strength of 367 Mpa. It shows a high dielectric constant and hardness. 
Titanium oxide having a grain size 25 µm. Tio2 has various uses including the manufacturing 
of printing ink, cleanable ceramics and glasses, coatings, etc. It is also used for making a 
cosmetic product like sunscreen creams, whitening creams, other cosmetics cream, skin mills 
etc. for better opacity of paper it is also used in paper industry. 
 

 
Fig 1: - aluminium 

  

 
Fig 2: - TiO2 
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3.3 Paint Sludge 

One of the most recognised issues in industry that use the paint processing, generate a waste 
called Paint Sludge. It could be due to spray painting too, which generates the waste during the 
process when the paint particles miss the target. It can be washed off with the process of 
circulating or collection of the running water in sludge pit. It forms a mixture of sprayed paint 
and water which is called Paint Sludge. Paint based waste water might contain organic particles 
and solvents, and potentially heavy metals that are toxic, are often used in cleaning equipment. 
 

 
Fig 3:  Paint sludge 

4. Fabrication procedure 

The broad literature is available on the processing of Metal Matrix Composites. Choice of 
process directly depends on various factors including levels of reinforcements employed and 
degree desired amount of structural integrity. Processing of composite material is focused on 
acquiring metals with enhanced values compared to MMCs. The challenging part is that to 
homogeneously distribution of reinforcement in the composites to get a flawless structure.  

 

Fig 5: Processing Chart 



56 
 

Main focus for generation of Al matrix materials at organizational parameter is categorized 
into two different categories. Other processes are used for manufacturing matrix composites. 
5.  Result and discussion 
5.1 Hardness analysis 
From the above table 5.1 it is evident that 94%Al-3% paint sludge-3%TiO2 material has 
vicker`s hardness number of 79, 92%Al-4%paint sludge-4%TiO2 material has hardness 
number value of 87 where as  90%Al-5%paint sludge-5%TiO2 material has high hardness 
value of vicker`s hardness number of 92. 5.2 
 
5.2 Density Analysis: 
The test results show that 94%Al-3%paint sludge-3%TiO2 material has density value of 2.882 
g/cm3, likewise 92%Al-4%Paint sludge-%TiO2   material has density value of 2.901 g/cm3 
also   90%Al-5%Paint sludge-5%TiO2 material has high density value of   2.937   g/cm3.  

 
 

Fig 5.2: Hardness value comparison of composite material 
 

Examine the items of clothes you wear the sliding distance, the speed, and the load all had an 
effect on the wear behaviour of the aluminium composite material composite material 
composite material. The graph 5.3 shows the wear rate of composite material obtained by wear 
test performed at sliding distance of 500m and at load level of 5, 10, 15,20N with sliding speeds 
of 3.14 m/s. For all these combinations the rate of wear is 0.22, 0.24, and 0.27 respectively.  
The above graph 5.4 shows the wear rate of composite material obtained by wear test performed 
at sliding distance of 1000m sliding distance with same level of other input parameter the rate 
of wear obtained by wear test is 0.23, 0.25, and 0.28 respectively. For 1500m sliding distance 
with same level of other input parameters the rate of wear is 0.24, 0.27, and 0.28 respectively.  
 
6. Conclusion: 
In this paper the aluminum - paint sludge –leading to a successful fabrication of TiO2, therefore the 
impact of paint sludge and Tio2 was researched based on its properties composites like density, sliding 
distance, load wearing capacity, and velocity was studied by conducting some experimental test. after 
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increasing the Tio2 and paint sludge concentration on aluminum the performance on hardness, 
density and wear rate also increases. The scope of MMCs application increases when manufacturing 
cost reduced. 
 
 

 
Fig 5.2: Density value comparison of composite material 

 
 

 
 

Fig 5.3: -Wear rate of composite material for 500m sliding distance 
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Fig 9: Wear rate of composite material for 1000m sliding distance 
 

The most important commercial application in todays is the MMCs diesel engine piston made 
by Toyota company. It replaced the cast iron piston because the composite piston offers high 
temperature and better wear resistance. Composite not competing solely with monolithic metal; 
they are also competing with the whole range of advance material such as ceramic, PMCs and 
new metal alloy. MMCs have wide variety application. In fact, MMCs may be limited to niche 
application in which the combination of properties required cannot be satisfied by other 
structural material. 
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