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ABSTRACT

Development of metal matrix composites has
become an important area of research interest
in Materials Science. In the present work, Tin
alloy based particulate Metal Matrix
Composite (MMC) with fly-ash and TiC as
reinforcements were fabricated. Tin alloy
was reinforced with Tungsten Carbide and
Fly-ash through Stir Casting Technique. Two
different  reinforcement samples were
prepared as Tin based MMC one with 5%
TiC and another with 5% Fly-ash. Then, its
mechanical behaviour is investigated by
conducting tensile test and hardness test. An
attempt was made to analyze and compare the
results of the experiments.

KEYWORDS: Mechanical properties, Fly
ash, Metal matrix composite

1. INTRODUCTION

A composite material is a macroscopic
combination of two or more distinct materials,
having a recognizable interface between them.
Composite is a multiphase material that exhibits
significant proportion of the properties of both
constituent phases such that a better combination

of properties is realized. Metal Matrix
Composites (MMCs) are suitable for
applications requiring combined strength,

thermal conductivity, damping properties and
low coefficient of thermal expansion with lower
density. These properties of MMCs enhance
their usage in automotive and tribological
applications. In the field of automobile, MMCs
are used for pistons, brake drum and cylinder
block because of better corrosion resistance and
wear resistance. MMCs are broadly refers to a

composite system which is based on metal or
alloy substrate, combined with metallic or non-
metallic reinforcements. MMCs are widely used
in aerospace industry and other high technology
fields. In the past years, MMCs have been
extensively studied, especially including the
fabrication methods.Combining high specific
strength with good corrosion resistance, metal
matrix composites (MMCs) are materials that are
attractive for a large range of engineering
applications. Given the factors of reinforcement
type, form, and quantity, which can be varied, in
addition to matrix characteristics, the composites
have a huge potential for being tailored for
particular applications. One factor that, to date,
has restricted the widespread use of MMCs has
been their relatively high cost. This is mostly
related to the expensive processing techniques
used currently to produce high quality
composites. In this paper, the relatively low cost
stir casting technique is evaluated for use in the
production of fly-ash and Tungsten Carbide /tin
alloy MMCs. The technical difficulties
associated with attaining a uniform distribution
of reinforcement, good wettability between
substances, and a low porosity material are
presented and discussed. Particulate reinforced
tin alloy composites fabricated by semisolid
stirring  assisted ultrasonic vibration were
subjected to extrusion. The results showed that
grains of matrix in the Tin/TiC nano composites
were gradually refined while the amount of TiC
nanoparticle bands was decreased with the
extrusion temperature increasing from 250 to
350 °C. Under the same extrusion conditions, the
grain size of the matrix was gradually decreased
while the distribution of TiC nanoparticles was
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improved in the extruded nanocomposites
fabricated by decreasing the stirring time. The
yield strength and ultimate tensile strength of the
nanocomposites were gradually enhanced with
increasing the extrusion temperature. Significant
improvement of tensile strength was obtained in
the nano composites fabricated by decreasing the
stirring time. manufacturing of Tin alloy based
casting composite materials via stir casting is one
of the prominent and economical route for
development and processing of metal matrix
composites materials. Thus the aim of present
paper is to fabricate Tin alloy based particulate
metal matrix composite by stir casting method
with Fly-ash and TiC as reinforcements.
Investigate its mechanical behavior by
conducting tensile test and hardness tests.

2. EXPERIMENTAL PROCEDURE

2.1 Materials

Tin Alloy material is composed of 80 to 90%
tin, with about 3 to 8% copper and 4 to 14%
antimony added. An increase in the copper or
antimony increases hardness and tensile strength
and decreases ductility. Reinforcement intended
to increases the strength, stiffness and the
temperature resistance capacity and lowers the
density of MMC. In order to achieve these
properties, the selection depends on the type of
reinforcement, its method of production and
chemical compatibility with the matrix. MMC
reinforcements can be metallic, such as tungsten
and cobalt; non-metallic, most often carbon or
boron; or ceramic, Tungstan carbide (TiC),
Aluminum oxide (AI203), boron nitride,
tungsten carbide, titanium diboride.

2.2 Preparation of Composite

The tin-base babbitt pieces were sized to the
according to the requirement and convenience
for its melting in the furnace.

| "’Fig. 1: Tin alloy

The fly-ash kept in planetary ball milling
machine for about five minutes in order to get the
even sizing of the material. Then the ball milled
fly-ash was sieved using three different sieves of
sizes such as 74 microns, 53 microns and 38
microns. Stain steel material is used for
fabricating the blade setup with four blades and
twist angle of 60°. Gas welding is used for fitting
the blade to the stirrer rod. As Tin material is at
low melting point the withstanding, the material
can’t easily react with the blade the life period of
blade will be more. The method chosen for
fabricating Tin babbitt /TiC with flyash Metal
matrix composite (Tin alloy+10% TiC+10%
flyash) is stir casting. stirring at a speed of 350-
500 rpm to a time of 6-8 minutes. Meanwhile
preheat the mould to avoid shrinkage of casting
material. Then the melted matrix and reinforced
particles is poured into the preheated mould and
the pouring temperature should be maintained at
680°C.Repeat the same procedure for the other
two combinations of the reinforcements. Finally
withdraw the specimens from the mould after
complete cooling. And confirm the solidification
of casting before removing from the mould. This
is because the processing expenses are low and
also a better method to achieve dispersion in a
low time and cost. The process of fabrication
also includes preheating of die. Here we used a
cast iron die, which facilitates two kinds of
cavities.
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3. RESULTS AND DISCUSSION
Table 1: Tensile test and hardness results

Stress at Ultimate % of

SI.No Specimen elastic limit | strength Elongation RHN
(MPa) (MPa)

1 Tin Alloy 38 69 4.5 78

2 Tin Alloy + TiC 29 73 4.3 83

3 Tin Alloy + Flyash | 33 71 3.9 80

The hardness test results are shown in the below
graph 1 for all composite specimens. It was
observed that the hardness of the composite
linearly increasing with the increase in weight
fraction of the Tungsten Carbide particles with
Tin Alloy and hardness slightly reduced by
addition of flyash with Tin Alloy. This occurs
due to increases in surface area of the matrix and
thus the grain sizes are reduced. The presence of
such hard surface area offers more resistance to
plastic deformation which leads to increase
hardness. The strengthening of the composite
can be due to dispersion strengthening as well as
due to particle reinforcement. Thus, fly ash as
filler in Al casting reduces cost, decreases
density and increase  hardness.  The
reinforcement’s fly ash and TiC of 10% weight
showed maximum hardness.

Tin AlloyTin AlloyTin Alloy
+TiC + Flyash

Ultimate
e strength(MPa)
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Fig 2 Ultimate Tensile Strength Graph

Tensile test was carried out in Universal testing
machine. The three specimens with differ
different proportions of the reinforcements given
the ultimate tensile strength. From the results it
was clear that the increase in weight percentage
of the TiC itself leads to improve the tensile
strength up to a certain weight proportion. It can

be inferred that the tensile strength increased
with an increase in the weight percentage of TiC
but there was a decrease in the tensile strength of
the samples with Fly ash is at 10 % weight
proportion.
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Fig 3 Percentage Elongation Graph

The percentage elongation is the measure of
ductility of the material. The ductility can be
defined as the property of material by which the
material can be drawn into a wire under tensile
force. The percentage elongation of the three test
specimens are given in the graph. From the
above results it is clear that the composite having
reinforcements each of 10% weight has more
percentage  elongation. The  percentage
elongation decreases with increase in Fly ash and
TiC because the increase in weight % of Fly ash
decreases the ductility of the composite which
leads to the failure of composite under load.
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Fig 3 Hardness Test Graph
CONCLUSION

Tin Alloy, Tin Alloy + TiC, Tin Alloy + Flyash
composites were successfully fabricated by two-
step stir casting process. Wetting of
reinforcements with the Tin Alloy matrix was
further improved by the addition of magnesium.
Based on the experimental observations the
following conclusions have been drawn.

The tensile strength of the composite is found to
be decreased when Fly ash is increased and is
maximum when TiC are taken each of 10%
weight.

The percentage elongation decreases with
increase in Fly ash and TiC because the increase
in weight % of Fly ash decreases the ductility of
the composite which leads to the failure of
composite under load

The Hardness of MMC increased with increased
% of TiC and decreased with increased % of Fly
ash.

REFERENCES

1. H. C. Anilkumar, H. S. Hebbar and K. S.
Ravishankar, “Mechanical properties of Fly
ash reinforced Aluminium alloy (al6061)
composites”, International Journal of
Mechanical and Materials Engineering
(NMME), vol. 6, no. 1, (2011), pp. 41-45.

2. D. Siva Prasad and Dr .A. Rama Krishna,
“Fabrication and Characterization of
A356.2-Rice Husk Ash Composite using Stir
casting technique”, International Journal of
Engineering Science and Technology, vol. 2,
no. 12, (2010), pp. 7603-7608.

3. J. Hashim, L. Looney and M. S. J. Hashmi,
Metal Matrix Composites: Production by the
Stir Casting Method, J. Mater. Proc.
Technol., 92, 1-7 (1999).

4. K. B. Nie, X. J. Wang, L. Xu, K. Wu, X. S.
Hu and M. Y. Zheng, Influence of Extrusion
Temperature and Process Parameter on
Microstructures and Tensile Properties of a
Particulate Reinforced Magnesium Matrix
Nanocomposite, Mater. Design, 36, 199-205
(2012).

5. M. H. Jokhio, M. I. Panhwar and M. A. Unar,
Manufacturing of Aluminum Composite
Material using Stir Casting Process. Mehran
Univ. Res. J. Engg. Technol., 30(1),53-64
(2011).

6. L. Rasidhar, A. R. Krishna and C. S. Rao,
Fabrication and Investigation on Properties
of  Illmenite  (FeTiO3) based Al-
Nanocomposite by Stir Casting Process, Int.
J.  Bio-Sci.Bio-Technol., 5(4), 193-200
(2013).

7. S. Das, V. Udhayabanu, S. Das and K. Das,
Synthesis and Characterization of Zircon
Sand/Al-4.5 wt% Cu Composite Produced
by Stir Casting Route, J. Mater. Sci., 41(14),
4668-4677 (2006).

8. S. M. K. Sudarshan, “Synthesis of fly ash
particle reinforced A356 Al composites and
their characterization”, Materials Science
and Engineering, A 480, (2008), pp. 117-
124,

9. Adnan Ahmed, Andrew J. Neely, And
Krishna Shankar, Experimental comparison
of the effects of Nano-metric and
micrometric particulates on the tensile
properties and fracture behavior of al
composites at room and elevated
temperatures, Metallurgical and Materials
Transactions, vol 42a, 2011, 795-815.

10. M. Raja Kumar, M. ShunmugaPriyana,
A.Mani, “ Investigation of Mechanical and
Wear properties of Aluminium-Fly Ash
composite material produced by Stir Casting
Method”, IJSER, 2014, Vol.5, Issue.5.

11. Mahanthesh G, Umashankar, “Preparation
and Property Evaluation of Aluminium Alloy
(6061) Reinforced with Bottom Ash
Particulate composite (ALBAP
Composite)”, ISR, Vol.1, Issue.4

ISSN (ONLINE): 2395-6151, VOLUME-3, ISSUE-3, 2017



