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ABSTRACT
Al2024 aluminium hybrid composite be made-up by powder metallurgy process. The density, porosity,
hardness, microstructure and abrasive wear behaviour of the composites was founded. Microstructural
characterization of Al2024 hybrid composite showed on average consistent composition distribution. As compared
with pure Al2024, the density and porosity values of Al2024 hybrid composite were decreased and hardness values
slightly increased. The abrasive wear tests assured that the wear loss and friction of Al2024 hybrid composite was
decreased than pure Al2024 aluminium alloy. This was owed to the strong particulate-matrix bonding and high
hardness of Boron carbide.

KEY WORDS: Powder metallurgy, Hybrid composite, Aluminium Al2024, Abrasive Wear, Coefficient of friction.

1. INTRODUCTION

Suresha and Sridhara (2010), stated among the MMCs, Aluminium MMCs are more and more attractive
because of their low density, high specific stiffness and specific strength, as well as lofty wear resistance.
Basavarajappa, (2006), had investigated the persuade of sliding speed on the dry sliding wear performance and
subsurface warp of hybrid metal matrix composites by a liquid metallurgy technique. Riahi and Alpas (2001),
investigated that the development of a tribolayer belated the transition from mild wears to severe. In powder
metallurgy process, the Aluminium MMCs are made-up from powders without fleeting through a completely melting
condition. Also, P/M technique can achieve a further consistent circulation of particulates in the metal matrix without
or with less extreme reactions between the matrix and reinforcement. Ravindran, (2012), had studied the mixture of
its exceptional properties has made TiB, gradually more significant for a wide range of applications in erosive,
abrasive, corrosive or high-temperature environments. Through the past years, huge quantities of methods have been
working for the production of MMCs. Among these methods, powder metallurgy (P/M) procedure provides a number
of rewards for making composites. It requires the low built-up temperature and can gain the uniformity in the
reinforcement distribution. In the current effort, the major aim is to study the possibility of the production of B4C
ceramic particulate reinforced aluminium MMCs by P/M technique. An attempt is made to in sort to build up a more
inexpensive and easy process for aluminium matrix composite production.

2. EXPERIMENTAL SETUP AND PROCEDURES

The composites are made-up by the P/M method route. Aluminium Al2024 be worn as the matrix material
in the present study and information of its composition are given in Table.1. This matrix is selected since it provides
an exceptional mixture of strong point and harm tolerance at prominent and cryogenic temperatures. Table.2,
provides the specifics of the B4C and graphite particulates, which were worn as reinforcements. Powder mixtures
with calculated concentration of 2.5 and 5 vol. % B4C and 2.5% of graphite be varied by ball milling for 6 h, and
were cold pushed uniaxially into cylindrical preforms (18mm diameter and 20mm height) at pressures of ranging
from 235 MPa. The green preforms were heated to 500°C in a furnace, kept 1 hr for soaking.

Table.1. Chemical composition of the matrix alloy
% Al Fe Mn Cu Mg Cr Si
Al2024 | 90.7-94.7 | 0.5 max | 0.15min | 3.8-4.9 | 1.2-1.8 | 0.1 max | 0.05 max
Table.2. Details of reinforcements

Al2024 (%) | BC (%) | Gr (%)
100 0 0

97,5 2.5 0

95 2.5 2.5
92.5 5 2.5

Density measurement: Merola (1996), showed the calculation of theoretic density by the rule of mixtures. The exact
densities for the uncontaminated Al2024 and composite are calculated using Archimedes principle. The cylindrical
section be weighed in air (W2), then balanced in distilled water and weighed another time (Wy). The actual density
was projected according to Eq. (1).
pa=Wa/ (Wa - W) X pw ------- @
Where, pa. = Actual Density, where p,= Density of water
The section be weighed by a photoelectric balance among an accuracy of 0.1mg.
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Wear testing: Dry sliding wear tests are performing by pin-on-disc equipment (Ducom, model No: ED-201,
Bangalore, India). The contradict disc substance was of EN31 steel. Earlier to test, the pins and disc face be cleaned
by acetone. Every test is performed on different functional loads of 5, 10, 15 and 20 N with sliding speeds of 1 m/s.
A changeable sliding distance of 500, 1000, 2000m be engaged. Following every test, the sample and counter face
disk is cleaned by organic solvents to eliminate traces. The pin is weighed ahead of and after testing to an accuracy
of 0.1 mg to conclude the quantity of wear loss.

3. RESULTS AND DISCUSSION

Microstructure analysis: Microstructures of the pure Al2024 and Al2024/B.C/Gr hybrid composite powder
metallurgy samples were investigated using optical microscopy (OM). Figure.1, shows the OM image of Pure
Al2024, Figures.2-4, shows added reinforcements into matrix alloy Al2024. Also shows the even circulation of
reinforcements.
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Figure.3. 95%Al12024/2.5% B4C /2.5Gr Figure.4. 92.5%AI12024/5%B4C/2.5Gr
Porosity and Hardness: In serenity with Eq. (1), the authentic density of each material can be calculated; therefore,
the porosity of each material can be premeditated according to Eq. (2).

P=1—(pa/py) === (2)

Where P is the porosity of the material, p, iS the authentic density and pyis the theoretic density.

Table.3, shows the Rockwell hardness (HRC), density and porosity of the samples. Hardness and density
values of composite (sample 2) slightly increased compare to pure Al2024 and compared to sample 2, sample 3,
hardness slightly decreased due to adding up of graphite solid lubricant. Again hardness of sample 4 increased
compared to sample 3, this is due to increasing boron carbide. Porosity slightly decreased when increasing the
reinforcement, this is for the reason that size of reinforcements.

Table.3. Mechanical properties of samples

Material Type | Hardness (HRC) | Density (g/cm?®) | Porosity (%)
Pure Al2024 30 2.78 1.93
Sample 2 32 2.774 1.87
Sample 3 31 2.761 1.73
Sample 4 34 2.754 1.70

Wear resistance and friction: Table.4, shows the wear loss and coefficient of friction values of samples. When
compare with pure Al2024, wear failure of composite and hybrid composite of Al2024 were increased. In addition
compared with sample 3 and sample 4 wear failure increase very less, this is due to addition of B4C with constant of
graphite. Simultaneously coefficient of friction slightly increased with addition of reinforcement boron carbide and
slightly decreased with increased graphite.

Table.4. Wear properties of samples

Material Load-10N SD-1000m | Load-10N SD-2000m | Load-20N SD-1000m | Load-20N SD-2000m
Type Wear loss (gm) | 4 Wear loss (gm) | 4 Wear loss (gm) | 4 Wear loss (gm) | 4
Pure Al2024 | 0.0097 0.16 | 0.0019 0.18 | 0.0102 0.17 | 0.0159 0.19
Sample 2 0.0072 0.19 | 0.0013 0.21 | 0.0093 0.23 | 0.0138 0.26
Sample 3 0.0061 0.17 | 0.0011 0.19 | 0.0087 0.22 | 0.0122 0.24
Sample 4 0.0060 0.21 | 0.0010 0.23 | 0.0086 0.27 | 0.0119 0.31
SD- Sliding Distance W - Coefficient of friction
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4. CONCLUSION

In the current study, the Al2024 Aluminium hybrid composite was successfully made-up by the Powder
Metallurgy route. The density, hardness, optical microstructure and abrasive wear were evaluated. The obtained
density and hardness results can be summarized as mentioned above.

While compare to pure Al2024, density of hybrid composite slightly decreased. Hardness value of hybrid
composite slightly improved compared to pure Al2024 aluminium alloy. The micro structural characterization
showed the consistent circulation of reinforcement in Al2024 aluminium alloy.

The abrasive wear tests stated that the wear failure of Al2024 hybrid composite was decreased and coefficient
of friction was increased than pure Al2024 aluminium alloy. This was owed to the strong particulate-matrix bonding
and high hardness of Boron carbide.
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