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Abstract:

The automobile industry always explores the latest and advanced materials for the enhanced
properties in today’s scenario. It’s all because raw material doesn’t show always required
properties under all working proportions. Metal matrix composites are fabricated by metal
as a matrix material and metal, organic compound, or ceramic as reinforcement. It is not
possible for the metal to fulfil the requirement of each and every application every time,
that’s why reinforcement of various materials has been done. Materials like Sic, Al203,
Boron carbide, Zircon, fly ash, etc. are used to reinforce in base alloy for enhancement of
properties. This experimental focus on the change in mechanical properties of Al 7075
reinforced with graphene oxide fabricated by using the traditional casting method. For this
purpose, Al 7075 with various weight percentages such as 12% of Graphene oxide (sample
1) and 14% of Graphene oxide (sample 2) reinforcements and its mechanical properties like
compression, Impact resistance, hardness, corrosion behaviour, and microstructure analysis

has to be analyzed in detail.
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1. Introduction
Fibers or particles embedded in matrix of another material are the best example of modern-day

composite materials, which are mostly structural. Laminates are composite material where

different layers of materials give them

the specific character of a composite material having a specific function to perform. Fabrics have
no matrix to fall back on, but in them, fibers of different compositions combine to give them a
specific character. Reinforcing materials generally withstand maximum load and serve the
desirable properties. Further, though composite types are often distinguishable from one another,
no clear determination can be really made. To facilitate definition, the accent is often shifted to the
levels at which differentiation take place viz., microscopic or macroscopic.

In matrix-based structural composites, the matrix serves two paramount purposes viz., binding the
reinforcement phases in place and deforming to distribute the stresses among the constituent
reinforcement materials under an applied force. The demands on matrices are many. They may need
to temperature variations, be conductors or resistors of electricity, have moisture sensitivity etc.
This may offer weight advantages, ease of handling and other merits which may also become
applicable depending on the purpose for which matrices are chosen.

Solids that accommodate stress to incorporate other constituents provide strong bonds for the
reinforcing phase are potential matrix materials. A few inorganic materials, polymers and metals
have found applications as matrix materials in the designing of structural composites, with
commendable success. These materials remain elastic till failure occurs and show decreased failure

strain, when loaded in tension and compression.

Composites cannot be made from constituents with divergent linear expansion characteristics. The
interface is the area of contact between the reinforcement and the matrix materials. In some cases,
the region is a distinct added phase. Whenever there is interphase, there has to be two interphases
between each side of the interphase and its adjoint constituent. Some composites provide
interphases when surfaces dissimilar constituents interact with each other. Choice of fabrication
method depends on matrix properties and the effect of matrix on properties of reinforcements.

One of the prime

considerations in the selection and fabrication of composites is that the constituentsshould be

chemically inert non-reactive.
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2. Experimental Setup
1 Aluminum alloy 95.5% , 94.0%
2 Graphene Oxide 3%

Table 1. Material Ratio

2.1 Fabrication Process
Material purchasing — Aluminum + Titanium + Silicon Carbide
Selection of fabrication process — [r———— Sand Casting method
Die arrangement # Mold die is create for.cxistiflg Piston and test piece
l dimension
Heating the material SN g Proposed material is heating with the help of casting
l L furnace. )
Test material & valve model — i After preparing the proposed material, the test piece A
l § material is creating. J
Testing & results _')[ Test piece material is testing for the strength properties.
2.1.1 Stir Casting

Stir casting is one of the most popular and widely used method in which material formation
(mainly Metal Alloys and Metal Matrix Composites) is done by melting metals and casting them
into suitable shapes and sizes by pouring them into cavities. It is also called as liquid metallurgy.
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Fig 2. Schematic Diagram of Stir Casting

2.1.2 Casting Process

Sand casting is a metal casting process that uses sand as the molding material. The sand will contain
the mold and cavity into which the metal is poured using various pouring methods. A 3D “die” is
created and compacted with sand leaving a negative mold that will then be filled with molten
metal.

pouring basin

strickling off sprue pin

drag flat sided
half pattern
flat sided
: sprue hole
sand

Fig 3. Sand Casting
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3. RESULTS AND DISCUSSION

3.1 TENSILE TEST:

Tensile testing provides details of the tensile mechanical properties of a material. These properties
can be plotted on a graph as a stress/ strain curve to show details such as the point at which the
material failed as well as providing details of properties such as the modulus of elasticity, strain and
yield strength.

(@) Yield Strength

The yield strength is the point at which plastic deformation occurs under stress. This is determined
during testing over a measured gauge length via the use of devices known as extensometers. The

devices may be either be mechanical clip on or video where non-
contact is a limitation, e.g. elevated temperature testing.

(b) Ultimate Tensile Strength (UTS)

The UTS is the maximum stress that a specimen is exposed to during testing. This may differ from
the specimen’s strength when breaking depending on if it is brittle, ductile or has properties of both.

These material properties can change depending on environment, for example in extreme hot or cold

conditions.
Test Parameters Observed Values
Alumunium 7075% + Alumunium 7075% +Sic4.5%
Sample ID Sic3.5% + Ti02 1.0% + TiO2 1.5%
Yield Strength(N/mm2 or Mpa) 101 108
Ultimate Tensile Strength 125 118
(N/mm2or Mpa)
%Elongation in 25mm Gl 1.68 4.25
Table 3.1. Tensile Test
3.2 BRINELL HARDNESS TEST:

The Brinell hardness test method as used to determine Brinell hardness, is defined in
ASTM E10. Most commonly it is used to test materials that have a structure that is too coarse or that

have a surface that is too rough to be tested using another test method, e.g., castings and forgings.
Brinell testing often use a very high test load (3000 kgf) and a 10mm diameter indenter so that the

resulting indentation averages out most surface and sub-surface inconsistencies. Brinell Hardness
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Testing is a nondestructive testing method that determines the hardness of a metal by measuring the

size of an indentation left by an indenter. At a defined ball diameter and test force, larger indents left

in the surface by the Brinell Hardness Testing Machine indicate a softer material.

Test Parameters Sample ID Observed Values
Alumunium 7075% + SiC 3.5% + TiO2 49.6,45.0, 54.8
BHN(10mm 1.0%
Ball/500

Alumunium 7075% + SiC 4.5% + TiO2
1.5% 43.2,54.6, 68.5

Table 3.2. Brinell Hardness Test

6.3 Charpy Impact Test:
A Charpy impact test is a test method that is used to determine the toughness of a material. Once
machined, a specimen of the material being tested is loaded into a Charpy impact test machine. The

amount of force required to fracture the material with a swinging pendulum is used to calculate the

toughness.
Specimen Size Notch Type TestTemperature Sample ID|Absorbed Energy
(mm) - Joules
Alumunium
7075% +SiC3.5% + 02
10x 10 x 55 Y% 240 C[T102
1.0%
Alumunium
7075%+ SiC4.5% 04
+ TiO2
1.5%

Table 3.3. Charpy Impact Test
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Compariso

Tensile Mpa,
125

—8— ALLUMUNIUM 7075+Sic 3.5
1%

—8— ALLUMUNIUM 7075+Sic 4.5
1.5%

Impact J,
4

Impact J, 2
1

Table 3.4. Tensile, Hardness, Impact Test Graph
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4, Conclusion

From the result and analysis of the investigation the following conclusions
MMCs(AI7075+SiC+TiO2).

e From the liquid metallurgy techniques AI7075 base alloy, AI7075+SiC+TiO2
compositeswere prepared successfully.

e The hardness of as cast Al7075-1.5%Ti02+4.5%SiC MMC:s is increased by and 35%
when compared with AlI7075 base alloy.

In this study of composites are used to increase the hardness of aerospace outer body in thisall
materials SiC & TiO2 the two materials have high hardness to improve the outer surface part of
all automotive vehicles.

Aluminium based metal matrix composites have been successfully fabricated by stir casting

technique with fairly uniform distribution of Silicon carbide particulates. The Microstructure images
revealed that SiC particulates are fairly distributed in Aluminium alloy Matrix.

The results confirmed that stir formed Al alloy 7075 with SiC reinforced composites is clearly
superior to base Al alloy7075 in the comparison of hardness i.e. the hardness increases after
addition of SiC particles in the matrix.

In Ultimate Tensile Test, as the silicon carbide percentage increases the UTS alsoincreases.

Finally, we conclude that results obtained at 4.5% SiC were the best.

REFERENCE

[1] Perov, B.V.; Khoroshilova, I.P. Hybrid Composite Materials BT—Polymer Matrix
Composites; Shalin, R.E., Ed.; Springer: Dordrecht, The Netherlands, 1995; pp. 269 304, ISBN
978-94-011-0515-6.

[2] Yamada, A.; Sasabe, H.; Osada, Y.; Shiroda, Y. Concept of hybrid materials, hybrid
materials-concept and case studies. ASM Int.1989, 18.

[3] Chavhan, G.R.; Wankhade, L.N. Improvement of the mechanical properties of hybrid
composites prepared by fibers, fiber-metals, and nano-filler particles—A review. Mater. Today
Proc. 2019, 27, 72-82.

[4] Vieira, C.A.B.; Susin, S.B.; Freire, E.; Amico, S.C.; Zattera, A.J. Characterization of
hybrid composites produced with mats made using different methods. Mater. Res. 2009, 12, 433—
436.

[5] Pitchayyapillai, G.; Seenikannan, P.; Raja, K.R.; Chandrasekaran, K. AlI6061 Hybrid
Metal Matrix Composite Reinforced with Alumina and Molybdenum Disulphide. Adv. Mater.

IINRD2210177 ‘

International Journal of Novel Research and Development (www.ijnrd.org) b410



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | IJNRD.ORG
Sci. Eng. 2016, 1-9.

[6] Bodunrin, M.O.; Alaneme, K.K.; Chown, L.H. Aluminium matrix hybrid composites: A
review of reinforcement philosophies; Mechanical, corrosion and tribological characteristics. J.
Mater. Res. Technol. 2015.

[7] Ahamed, H.; Senthilkumar, V. Hybrid Aluminium Metal Matrix Composites and

Reinforcement Materials: A Review. Int. J. Innov. Res. Sci. Eng. 2016.

[8] Rino, J.J.; Chandramohan, D.; Sucitharan, K.S. An Overview on Development of
Aluminium Metal Matrix Composites with Hybrid Reinforcement. IJSR India Online ISSN 2012.

[9] Bhatia, R.S. An Experimental Analysis of Aluminium Metal Matrix Composite using
Al203/B4C/Gr Particles. Int. J. Adv. Res.Comput. Sci. 2017

[10] Mavhungu, S.T.; Akinlabi, E.T.; Onitiri, M.A. Aluminum Matrix Composites for

Industrial Use: Advances and Trends. Procedia Manuf. 2017.

[11] Singh, J.; Chauhan, A. Characterization of hybrid aluminum matrix composites for

advanced applications—A review. J. Mater.Res. Technol. 2016.

[12] Kanthavel, K.; Sumesh, K.R.; Saravanakumar, P. Study of tribological properties on

Al/AI203/MoS2 hybrid composite processed by powder metallurgy. Alex. Eng. J. 2016.

[13] Murthy, K.\V.S.; Girish, D.P.; Varol, T.; Koppad, G.P. Mechanical and thermal
properties of AA7075/TiO2 /Fly ash hybrid composites obtained by hot forging. Prog. Nat. Sci.
2017.

[14] Sambathkumar, M.; Navaneethakrishnan, P.; Ponappa, K.; Sasikumar, K.S.K.
Mechanical and Corrosion Behavior of Al7075 (Hybrid) Metal Matrix Composites by Two Step
Stir Casting Process. Lat. Am. J. Solids Struct. 2016.Crystals 2021, 11, 1078 12 of 13

[15] Matli, P.R.; Fareeha, U.; Shakoor, R.A.; Mohamed, A.M.A. A comparative study of
structural and mechanical properties of Al-Cu composites prepared by vacuum and microwave
sintering techniques. J. Mater. Res. Technol. 2018, 7, 165-172.

[16] Ghasali, E.; Pakseresht, A.; Rahbari, A.; Eslami-shahed, H.; Alizadeh, M.; Ebadzadeh,
T. Mechanical properties and microstructure characterization of spark plasma and conventional
sintering of AI-SiC-TiC composites. J. Alloys Compd. 2016, 666, 366—371.

[17] Khan, A.; Matli, P.R.; Nawaz, M.; Mattli, M.R. Microstructure and Mechanical
Behavior of Hot Extruded Aluminum/Tin-Bismuth Composites Produced by Powder Metallurgy.
Appl. Sci. 2020, 10, 2812.

IINRD2210177 ‘

International Journal of Novel Research and Development (www.ijnrd.org) b411



http://www.ijnrd.org/

© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | [JNRD.ORG
[18] Oghbaei, M.; Mirzaee, O. Microwave Versus Conventional Sintering: A Review of

Fundamentals, Advantages and Applications. J. Alloys Compd. 2010.

[19] Chandrasekaran, S.; Ramanathan, S.; Basak, T. Microwave material processing—A
review. AIChE J. 2012, 58, 330-363.

[20] Matli, P.; Shakoor, R.; Amer Mohamed, A.; Gupta, M. Microwave Rapid Sintering of
Al-Metal Matrix Composites: A Review on the Effect of Reinforcements, Microstructure and
Mechanical Properties. Metals 2016, 6, 143.

International Journal of Novel Research and Development (www.ijnrd.org) b412

IINRD2210177 ‘



http://www.ijnrd.org/

