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ABSTRACT

Light and strong metal matrix composites (MMC) are highly anticipated for aerospace
and automotive industries. The MMC’s application fields can be significantly expanded if
they possess enhanced strength at elevated temperatures also. This paper aims to study
about the mechanical characteristics of Metal Matrix Composite (MMC) of Aluminium
fabricated by Stir Casting and by Powder Metallurgy. The MMC of Aluminium consists of
Magnesium, Zinc, Graphite and Graphene. Microscopic and Spectrometer studies were
done on all the specimens. The Static tests like Tensile, Compression, Bending and
Hardness were done in order to characterise the properties of the MMC. Using Pin on
Disc wear machine, the wear properties of the Specimens which are made out of Cast and
Powder Metallurgy were found by changing the Load, Velocity and Distance. The Wear
surfaces of the Cast and Powder metallurgy specimens were also studied with the
microscope. A Pre-Cracked Fracture Mechanics and virtual wear mechanics study of the
Specimens is developed in ANSYS 18 using the material data obtained from CES-
EDUPACK for the composite in order to obtain results about the crack propagation and
wear in the MMC.
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1. INTRODUCTION

There is an appreciable need for advanced materials with improved mechanical properties
accompanied by cost reduction and feasibility of fabrication in the engineering world. Being a
lightweight, cheap, corrosion-resistant metal it is widely used as a metal matrix composites
(MMC’s) for improving mechanical properties [23, 24]. Aluminium is usually reinforced with
materials like Silicon Carbide, Titanium-di-Oxide, Boron Nitride, Molybdenum Sulphide, etc.
This has led us to innovate a Metal Matrix Composite using Aluminium alloyed with Magnesium
and Zinc and further reinforced with graphite and Graphene. We have fabricated the Metal Matrix
Composite through two different manufacturing techniques, Stir Casting [18, 19, 21] and Powder
metallurgy [15, 26] for understanding the mechanical properties in a better manner. The metal
powders of Magnesium (0.5%) and Zinc (0.5%) were alloyed with Aluminium in order to improve
the strength of the parent metal which find it’s application in a lot of aerospace application.
Moreover it is found from the state of art that the alloying metals with low melting point compared
to that of the parent metal decreases the porosity during fabrication. Further the alloy is reinforced
with materials like Graphene (2%,4%,6%)and Graphite(2%,4%,6%). The principle aim of adding
Graphite into Aluminium is to increase the strength further and Graphite is added to make the
component self- lubricating when this Metal Matrix Composite is used for bearing application. All
the materials which are used are inexpensive and are available in abundance, though graphene
whose production was once considered as expensive is now produced at very low cost. The
elemental motivation behind the research is to find out which form of manufacturing either Stir
Casting or Powder metallurgy proves better for the engineering applications especially for resisting
the wear [16,25,27] . The wear debris were collected and metallurgical studies were made over it.
The manufactured materials were made to undergo proper etching processes to have a good
microscopic study results [30]. The fracture mechanics [1-9] model which is developed using
ANSYS is also very much useful in studying about the propagation of Model,Mode2 and Mode3
fractures along with energy needed for it’s propagation in the composite. A virtual custom made
wear mechanics program is developed in ANSYS in order to compute the wear rate of different
composites. The technical data needed for modelling the crack in ANSYS is obtained by CES-

Edupack.
2. MATERIALS AND METHODS

2.1. Raw materials

The raw materials used for both types of manufacturing i.e Stir Casting and Powder Metallurgy is
the same, with the only difference in the form that the matrix metal is used for instance aluminum
billets are used in case of Casting and Powder alumnium of 99% purity is used for powder
formation. The zinc and Magnesium powders of 99.9% of mesh size 200 is added as an alloying
metal to the aluminum. Further, graphite of particle size 4 pm and graphene of 60 nm were added
as a reinforcements.

2.2. Fabrication of Stir Casting Specimens

Aluminium 6063 in the form of billet is melted in the crucible of the Stir Casting equipment to a
temperature of 700°c and then the dried alloying metals like Magnesium(0.5%) and Zinc(0.5%) is
added, the percentage of Magnesium and Zinc are kept constant for all the batches. The Graphite
(2%, 4%, 6%) and Graphene (2%, 4%, 6%) reinforcement is added respectively to each batch,
henceforth three batch of composites with three different percentage of reinforcement were
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obtained. The total output weight of the stir casting is 1100g and the percentages were calculated
from that reference weight. The stirrer is made to rotate at a rpm of 300 in order to obtain a uniform
dispersion of the reinforcements and ‘coverall’ is added to remove impurities present in the casting.
The final MMC obtained from casting is about 300mm in length and 30mm in diameter.

2.3. Fabrication of Powder metallurgy Specimens

The Pure Aluminium powder is mixed with other metal powders like Magnesium(0.5%),
Zinc(0.5%) and are mixed well and it is followed by the mixing of grapheme (2%,4%,6%) and
graphite(2%,4%,6%) reinforcements. The total weight of the powder that the die can take is found
to be 17.08g and the percentage of reinforcments is calculated in accordance with the weight that
the die can hold. The mixture is compressed under a constant load of 1.1KN for around 5 minutes.
As the output of the compression, solid MMC is obtained. Similar to the Casting the percentage
of Magnesium and Zinc is kept constant and only the percentage of graphite and graphene is
changed to get a three different MMC composites. The formed MMC is sintered in a furnance with
Argon supply for around 550°C(achieved in 15 minutes and maintained for 30 minutes in the same
temperature) and allowed to cool inside the furnance till it reached the room temperature with
continued Argon supply.

2.4. Mechanical Testing:

The specimens which are manufactured by both powder metallurgy and stir casting is made to
undergo static mechanical testings like tensile and compression (all the test specimens are made
in accordance with the ASTM standards i.e is dog bone for tensile and cylindrical for
compression).The results obtained from the CES-Edupack and Physical testing were almost in
accordance with each other. Vickers Hardness tests were taken for all the specimens whose results
are presented below in table 1 and table 2.

2.5. Mircroscopic study

The specimens manufactured by stir casting and powder metallurgy has been polished using proper
equipments and etched with an appropriate etchant and studied under opticat microscope using
500x magnification. The methods of preparation for the microscopic study for both Stir Casting
and Powder metallurgy remains the same with an only difference where being the powder
metallurgy specimens are directly abraded using the abrasive of grit size P600.The procedure for
the microscopic study is made as follows:

¢ [Initially the specimens are cut with a thickness of Smm and diameter 30mm.

® The specimen is abraded with a Silicon Carbide sand paper of grade P240 (P600 incase of sintered)
for around two minutes by hand in order to a plane surface.

¢ Then the specimens are given a co-planar finish by abrading in a polishing machine.

e The specimens are polished using a silk cloth which is intermittently applied by Alumina
Solution(Particle thickness 3 micorns)

e Then finally the specimens are etched using Keller’s Reagent having a composition of
e  95ml water, 2.5ml of HNOs3, 1.5ml Hcl, 1ml HF for around 10 seconds.

e After the etching process is done the specimen is washed with ethanol and dried using the drier.
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The images obtained from the Optical Microscope for both Stir Casting and Powder Metallurgy
specimen is given below.

2.6. Fracture Mechanics

Using the results obtained from CES-Edupack, the library of new composite materials are created.
The geometry is drawn for a dimensions with length 20mm, width 10 mm and thickness 7mm, this
dimensions are chosen to have a optimum fracture study. Semi-Elliptical crack is developed on
this geometry in the middle and meshed using appropriate meshing tools of ANSYS. The Static
loads and Boundary conditions are applied on the geometry and using the fracture tool, the
different modes of Fracture namely K1, K2, K3 are studied along with the free energy (J-integral).
Since the values obtained from the CES-Edupack for different composites show very minimal
deviation form each other, henceforth fracture mechanics for Pure aluminium cast and one

composite is computed.

2.7. Wear Mechanics

The virtual wear mechanics of the custom made specimens haven been developed in ANSYS by
using ANSYS APDL codes. The results of wear obtained for the custom made material has been
presented below.

CONCLUSION

e Pouring temperature plays a major role in the strength of the cast.
e Blow holes tends to reduce the strength of the cast.
e The percentage of Magnesium and Zinc plays a major role in determining the strength of the cast.

e More the percentage of Magnesium, more care should be taken during casting and sintering because
Magnesium tends to catch fire, vaporises other reinforcements as well.

¢ Sintering temperature and the method of cooling plays a major role in determining the strength of
powder formed specimens.

e The wear properties of cast is found to better than that of Sintered. * More machining of the cast
specimen leads to wastage of reinforcements.

e The graphite tends to reduce the strength of the specimens.
e More percentage of graphite, better the lubrication but it tends to spread and cause more wear.

e The compression force that is applied to form specimens using Aluminium powder show applied
gradually and maintained constant for atleast three minutes in order to obtain a good specimen.

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



Characterisation of Mechanical Properties of Aluminium Composites Fabricated by Stir-Casting and
Powder Metallurgy

Figures and Tables

Figure 1 Optical Microscopic Images of MMC by Stir Casting (a)Pure
AL(b)MMC1[0.5%Zn,0.5%Mg,2%graphite,2%graphene];
MC2[0.5%7Zn,0.5%Mg,4%graphite,4%graphene|; MMC3[0.5%Zn,0.5%Mg,6%graphite,6%graphene];

Figure 2 Optical Microscopic Images of MMC by Powder Metallrgy(a)Pure
AL (b)MMC1[0.5%Zn,0.5%Mg,2%graphite,2%graphene] MMC2
[0.5%7Zn,0.5%Mg,4%graphite,4%graphene]; MMC3[0.5%7Zn,0.5%Mg,6%graphite,6%graphene];
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Figure 3.SEM images for tracing the elements present in Stir Casting Specimens;Zoom
level=100um;Dark Grey=Al,0s3;Light Grey=Al; Black between grains=Al/C/Mg/O;Bright and White
Points=ZnO/Fe;03(on the Surface);Bright and White Points=MgO(embedded);

Figure 4.Tribology Results obtained from SEM for Sir Casting;Zoom
level=500pum(a)Adhesive;(b)Adhesive;(c)Adhesive;(d)Adhesive;
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Figure 5 SEM images for tracing the elements present in Powder Metallurgy Specimens;Zoom
level=100um; Dark Grey=Al0s;Light Grey=Al; Black between grains=Al/C/Mg/O;Bright and White
Points=ZnO/Fe,O3(on the Surface);Bright and White Points=MgO(embedded);

Figure 6 Tribology results obtained from SEM for Powder Metallurgy Specimens;Zoom
level=500um;(a)Adhesive;(b)Abrasive/Adhesive; (c)Abrasive/Adhesive;(d)Abrasive/Adhesive;

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



Juan Carlos Del Real Romero, Jesus Jimenez, Ragul Manoharan, Revanth Shankar, Richard Joseph and
Hariharasakthisudan

(a) 1.00

0.50

Friction Coefficient

0.25

0.00

{b} 10.0000

7.5000

5. 0000

Wear 10-3 {mm3 N-1 m-1)

2.5000

0.0000

Fig.9.Pin on Disc;Load=5N;Sliding Distance=400m;Speed=180rpm;Track Radius=4mm; (a)Variation of
Frictional Coefficient of the different composites manufactured by Powder Metallurgy; (b)Variation of
Wear of the different composites manufactured by Powder Metallurgy;
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Fig.10. Pin on Disc;Load=5N;Sliding Distance=400m;Speed=180rpm;Track Radius=4mm; (a) Variation
of Frictional Coefficient of the different composites manufactured by Stir-Casting; (b)Variation of wear
of the different composites manufactured by Stir-Casting;
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Fig.11.Transient Stress Analysis made in ANSYS18; (a) Variation of stress with respect to time for
Powder Metallurgy Specimens;(b)Variation of stress with respect to time for the Stir-Casting Specimens.
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Figure 12 The Young’s modulus and Density variation after adding each reinfocements.

Table 1 Microhardness test result for casting

Hardness Vickers Test @ 0.5 Kgf Load, Dwell Time 10 Sec

[Location 1 Location 2 ILocation 3
1 76.0 74.9 74.7
2 48.3 45.9 47.3
3 50.1 52.5 48.1
4 37.8 39.4 35.5
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Table 2 Microhardness test result for Powder metallurgy

Hardness Vickers Test @ 15 Kg Load, Dwell Time 10 Sec

Location 1 Location 2 Location 3
1 58.05 58.08 58.07
2 131.94 131.68 132.01
3 118.23 118.25 118.20
4 100.98 100.95 100.93
Table 3 Fracture results.
K1 K2 K3 J-Int Von-Mises
Pure Al -6839.9 1.3196 5.7168 931.7 58758
Al Composites -6839.9 1.3198 5.7169 932.46 58758
Table 4 CES-Edupack properties for composites
PROPERTIES COMPOSITE 1 COMPOSITE 2 COMPOSITE 3 UNITS
A.Physical Properties
Density 2.67e3-2.73e3 2.67e3-2.73e3 2.67e3-2.73e3 Kg/m®
B.Mechanical
Properties
'Young’s modulus 6.89¢10-7.19¢10 6.87¢10-7.19¢10 6.87¢10-7.19¢10 Pa
Yield Strength 1.56e7-5.74e7 1.56e7-5.73¢7 1.56e7-5.73e7 Pa
Tensile Strength 4.16e7-1.53e7 4.16e7-1.53e8 4.16e7-1.53e8 Pa
Compressive Strength|1.56e7-5.74e7 1.56e7-5.73e7 1.56e7-5.73¢e7 Pa
Flexural modulus 6.89¢10-7.19¢10 6.87¢10-7.19e10 6.87¢10-7.19¢10 Pa
Flexural strength 1.56e7-5.74e7 1.56e7-5.73¢7 1.56e7-5.73¢7 Pa
Shear modulus 2.49¢10-2.7e10 2.49e10-2.7e10 2.49¢10-2.7e10 Pa
Bulk modulus 6.3e10-8.3e10 6.29¢10-8.29¢10 6.29¢10-8.29¢10 Pa
Poisson’s ratio 0.32-0.36 0.32-0.36 0.32-0.36
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