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Abstract— A phrase heard often in recent years, advanced composite materials like Al/AI203 metal matrix composite is gradually
becoming very important materials in industries due to their superior properties. The present study examines the mechanical
properties of aluminum (LM®6)/ Al203 reinforced particles metal-matrix composites (MMCs) by varying weight fractions of
AI203. For this (LM6)/ Al203 reinforced particles MMCs are fabricated by stir casting method at air atmosphere . The MMCs are
prepared in the form of bars with varying the reinforced particles by weight fraction ranging from 3 %, 5 % and 7 %. The
reinforced particles size of Al203 is varying between 25-40 microns. The Mechanical properties like, Brinell Hardness, Rockwell
hardness & Wear test are investigated on prepared specimens of MMCs. It was observed that the hardness of the composite is

increased gradually from 5 % to 7%.
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I. INTRODUCTION

Metal Matrix Composite (MMC) is one of the major renovations
in recent years and is engineered combination of metal (Matrix)
and hard particles (Reinforcement) to mechanical properties. the
mechanical properties of MMCs increases their usage in
automobile industries [1] Metal Matrix Composites (MMC’s)
have very light weight, high strength, and exhibit greater
resistance to corrosion, oxidation and wear [2]. The
improvement of tribological properties of materials has been
studied to raise the load bearing capacity of materials [3-4]. The
effect of wire electrical discharge machining) parameters of the
Al6063 reinforced with SiC in the form of particles with 5%,
10% and 15% volume fractions has been studied [5]. Fatigue
resistance is an especially important property of AI-MMC,
which is essential for automotive application. These properties
are not achievable with lightweight monolithic titanium,
magnesium, and aluminium alloys. Particulate metal matrix
composites have nearly isotropic properties when compared to
long fibre reinforced composite. Only the mechanical behavior
of the composite depends on the matrix material composition,
size, and weight fraction of the reinforcement and method
employed to construct the composite. The dispersion of the
reinforcement particles in the matrix alloy is influenced by
various genes such as behavior of the matrix melt, the particle
incorporation method, interaction of particles and the matrix
before, during, and after mixing [6 - 7]. Non homogeneous
particle distribution is one of the greatest problems in casting of

metal matrix composites. The distribution of the reinforcement
material in the matrix must be uniform and the wettability or
bonding between these substances should be optimized.
Aluminum-AI203 metal matrix composite has low density and
light weight, high temperature strength, hardness and stiffness,
high fatigue strength and wear resistance etc. in comparison to
the monolithic materials [8-10]. This paper presents the study of
mechanical behavior when aluminium is reinforced with
different weight fraction of Al203.

Il. MATERIALS AND METHODS

Aluminum with Al203: The reinforced metal matrix composite
material selected for present investigation was based on LM6
matrix alloy source of materials in Table.l.and its chemical
composition is shown in Table (2). The matrix material used in
the present investigation was pure aluminium The different
volume fraction of AI203 aluminum alloy composite was used
for this investigation. The equipment used includes a crucible
furnace, stainless steel stirrer (powered by a motor), a
thermocouple, heat treatment furnace, tensile, impact and
hardness testing machines and an optical microscope is used for
micro structural evaluation [11-15]

Table (1): Source of Materials

SiNo Material Supplied by
1 LM6 Prism Industry
2 AL203 Hindalco, Belgaum

Table (2): Chemical composition of LM6
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Element Composition Element | Composition
Si 0.4430 Mn 0.0132
Fe 0.1638 Zn 0.0001
Cu 0.0041 Cr 0.0024
Mg 0.5382 Ti 0.0078
Mn 0.0132 Ca 0.0003

Final metal matrix composite material undergoes the fabrication
and testing methods as stated below:

a) Stir casting method

b) Hardness test

) Wear test

B. Manufacturing process
a) Stir casting method: First of all stirring system has been
developed by coupling motor with gearbox and a mild steel
stirrer. All the melting was carried out in a graphite crucible in
an Induction furnace. Scraps of aluminum were preheated at 450
0C for 3 to 4 hours before melting and mixing the AL203
powdered particles were preheated at 1100 OC for 1 to 3 hours to
make their surfaces oxidized. The furnace temperature was first
raised above the liquids to melt the alloy scraps completely and
was then cooled down just below the liquids to keep the slurry in
a semi-solid state. At this stage the preheated AL203 powdered
particles were added and mixed manually. Manual mixing was
used because it was very difficult to mix using automatic device
when the alloy was in a semisolid state. After sufficient manual
mixing was done, the composite slurry was reheated to a fully
liquid state and then automatic mechanical mixing was carried
out for about 10 minutes at a normal stirring rate of 600 rpm. In
the final mixing process, the furnace temperature was controlled
within 760 + 100 OC. Pouring of the composite slurry has been
carried out in the Permanent Die shown fig 1.

Fig 1 Design and fabrication of die

b) Hardness Test: The Brinell hardness test for the cast samples
was conducted on a 15 mm x 10 mm test pieces. Both grinding
and polishing were carried out starting with coarse filing and
finishing using a motor-driven emery belt. A load of 187 kg was
applied on the test piece for 15 seconds and the diameter of the
impression measured. The average hardness values of the test
pieces are displayed in Table (4) & (5).

¢) Wear Test: A cylindrical pin of size 8mm diameter and 24mm
length Hybrid composite specimens were prepared and loaded in
a pin- on -disc wear testing rig as shown in Fig.2. Before testing,
the surface of the specimens was polished by using 1000 grit
paper. Wear tests were carried out at room temperature for 5
minutes. The igure 2 shows.Wear test setup.

Fig2 a picture showing a component tested on wear testing
machine.
I1l. RESULT AND DISCUSSION

a) Wear Test

Wear, the progressive loss of material from the sliding surfaces
of the elements of a tribo system can be determined in terms of
weight loss. Material properties of the sliding elements, applied
load and disc speed determine the wear rate. The result of wear
test is shown in Table 3. By these result we can see that the wear
resistance is increased by increase in addition of AL203 in a
LM6- AL203 Hybrid composite. The results of wear test is
shown in Table 3

b) Hardness Test

The hardness of the samples was determined using Brinell and
Rockwell hardness testing machine which is shown in fig 3. In
Brinell the load applied was of 187.5 kgs and 2.5 mm ball
indenter. In Rockwell the load applied is of 100 kgs and 1/16”
ball indenter of red dial B scale is used.The test results of
Rockwell & Brinell hardness is shown in Table 4 & Table 5

yi =
> o

Fig 3 a picture showing the Brinell and Rockwell Hardness
Testing machine.
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Sr. MATERIAL INITIAL FINAL WEAR
No. | (Weight% of | WEIGHT | WEIGHT | VOLUME
reinforcement) (gms) (gms) (mm®)
1 | LM6 11.615 11.595 9.22x10°
2 | AL203 (3%) 17.995 17.975 7.38x 10°
3 | AL203 (5%) 14.87 14.85 5.53x 10°
4 | AL203 (7%) 17.92 17.915 1.85x 10°

Table 3 shows the result of wear rate by keeping Load.5kg;
Time 5min., & 500 rpm Disc Speed.

Sr. MATERIAL DIA OF 2@ | 39 [ BHN
No. | (Weight % of IDENTATION
reinforcement) 1" READING

1 LM6 15 15 | 15| 804

5

2 AL203 (3%) 1.6 16 | 16 | 824

5

3 | AL203 (5%) 1.6 16 | 15| 865

2

4 AL203 (7%) 15 15 | 15| 954

9

Table 4 shows the result of Brinell hardness test results

Sr. | MATERIAL 1 2" 1 39 [ AVERAGE
No. | (weight % of | READING
reinforcement)
1 [ L™mé 23 19 | 19 20
2 | AL203 (3%) 23 19 | 19 20.33
3 | AL203 (5%) 22 25 | 23 23.33
4 | AL203 (7%) 43 42 | 44 43

Table 5 shows the result of Rockwell Hardness test results

10

8 1 mLM6

6 - HAl203 3%
4 - — Al203 5%
2 ____ mAI2037%
0 -

Graph 1 shows the representation of Wear rate.

150
100 B Lm6
m Al203 3%
50 Al203 5%
0 . HAl203 7%
RHN BHN

Graph 1 shows the representation of RHN & BHN.

V. CONCLUSION

The mechanical behavior of reinforced of aluminium with
different weight fraction of Al203 has been studied. The
specimens were prepared by stir casting method with weight
fractions of Al203 standard of as per ASTM G99 to find the
mechanical behavior. Brinell hardness test and wear test were
carried out on test specimen to determine hardness and wear rate
respectively. From the test results it was observed that the
hardness of the composite has increased gradually from 5 % to 7
%. From the wear test result analysis it has been observed that
the percentage of Al203 increases the wear rate decreases.
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