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Abstract: Metal matrix composites (MMCs) possess significantly improved properties including high specific
strength;  specific  modulus,  damping capacity and good wear resistance compared to unreinforced alloys.
There  has been  an  increasing interest in composites containing low density and low cost reinforcements.
With the increasing demand of light-weight materials in the emerging Industrial applications, fabrication of
aluminium 707.1 based TiB2 particle reinforced composites is required. The influence of process parameters of
aluminothermic reaction synthesis of in-situ Al-TiB2 metal matrix composites on their mechanical properties.
The reaction between the salts potassium fluoborate (KBF4) and Potassium hexafluorotitanite (K2TiF6) in the
aluminium melt leads to the formation of TiB2 particles. The process parameters of reaction time (Rh), reaction
temperature (Rt) and weight percentage of precursors (W) were carefully controlled in order to regulate the
volume fraction of TiB2 formation in the aluminium melt.
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INTRODUCTION Discontinuous reinforcement uses whiskers, short fibres,

Metal Matrix Composites: A metal matrix composite is a category is Titanium diboride. 
type of composite material with at least two constituent The major advantages of Aluminium Matrix
parts, one being a metal. The other material may be a Composites compared to unreinforced materials are as
different metal or another material, such as a ceramic or follows:
organic compound. The matrix is the monolithic material
into which the reinforcement is embedded [1] and is Greater strength 
completely continuous. This means that there is a path Improved stiffness
through the matrix to any point in the material, unlike two Reduced density (weight)
materials sandwiched together. In structural applications, Improved high temperature properties 
the matrix is usually a lighter metal such as aluminium,
magnesium, or titanium and provides a compliant support Manufacturing Process of Metal Matrix Composites
for the reinforcement. In high temperature applications, Ex-Situ Composites: In ex-situ composites,
cobalt and cobalt-nickel alloy matrices are common. reinforcements are synthesized externally and then added

Continuous reinforcement uses monofilament wires into the matrix during composite fabrication. 
or fibres such as carbon fibre or silicon carbide. Because In this work, powder metallurgy route was used to
the fibres are embedded into the matrix in a certain fabricate the composites. Commercial available SiC and
direction, the result is an anisotropic structure in which Al O  particles are added to the AA7075 Al alloy matrix
the alignment of the material affects its strength [2]. One powder and mixed well, than the compacted powder was
of the first MMCs used boron filament as reinforcement. sintered to get better microstructure. These composites

particles. The most common reinforcing materials in this
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were synthesized with different particle size and volume minimum or maximum. The deviation in the
fraction of the reinforcement. Mechanical and tribological performance characteristic from the target value is
properties are evaluated and correlated with the used to define the loss function for the process.
microstructure. Determine the design parameters affecting the

Microstructure: process  that  affect  the  performance measure that

Fig. 1: Microstructure below.

In-Situ Composites: In in-situ composites, reinforcements array to collect data on the effect on the performance
are synthesized internally in the matrix during the measure.
composite fabrication. Complete  data   analysis   to determine   the  effect

In this work, mixed salt reaction casting route was of the different parameters on the performance
established to get in-situ composites. K TiF  and KBF measure.2 6 4

salts are added to the liquid Al to yield Al-TiB  in-situ2

composites, whereas K TiF  and graphite are added to The pictorial depiction of Taguchi method and2 6

liquid Al to get Al-TiC. These research was carried out on additional possible steps, depending on the complexity of
various binary (Al-4Cu, Al-7Si) and commercial (A356) Al the analysis is given in the form of a flow chart.
alloys with different volume fraction of in-situ formed
reinforcements (TiB  and TiC). Mechanical and Analysis of  Variance:  The  purpose of product or2

tribological properties of these composites are much process development is to improve the performance
superior to the base matrix alloy [3]. characteristics of the product or process relative to

Microstructure: experimentation should be to reduce and control variation

Fig. 2: Microstructure Minitab: Minitab is a general purpose statistical package

Taguchi’s Method Design of Experiments: The general designed as a tool to be used in teaching statistics. Its
steps involved in the Taguchi Method are as follows: interactive features make it well suited to instructional

Define the process objective, or more specifically, a a teaching tool. However, Minitab is sufficiently powerful
target value for a performance measure of the that it is also used by many people in analyzing research
process. The target of a process may also be a data.

process.  Parameters  are  variables  within the

can  be  easily  controlled.  The  number  of  levels
that the parameters should be varied at must be
specified.
Create orthogonal arrays for the parameter design
indicating the number of and conditions for each
experiment. The selection of orthogonal arrays is
based on the number of parameters and the levels of
variation for each parameter and will be expounded

Conduct the experiments indicated in the completed

customer needs and expectation. The purpose of

of a product or process and decide which parameter
affects the performance of the product or process.
Analysis of variance (ANOVA) is a statistical method
used to interpret experimented data and make decisions
about three parameters. ANOVA is a technique which
breaks down total variation down into accountable
sources; total variation is decomposed into its appropriate
components.

designed for easy interactive use. Minitab was originally

applications and Minitab's greatest popularity remains as
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Uses of Minitab: Potassium Hexafluorotitanate: Potassium

Data and File Management - spreadsheet for better
data analysis.
Power and Sample Size
Tables and Graphs
Multivariate Analysis - includes factor analysis,
cluster analysis, correspondence analysis, etc.
Measurement System Analysis
Analysis of Variance - to determine the difference
between data points.

Fabrication of Metal Matrix Composite
Materials
Aluminium Alloy 707: Aluminium alloy 707.1 with
Titanium diboride as the primary alloying element. It is
strong, with strength comparable to many steels and has
good fatigue strength and average machinability, but has
less  resistance  to  corrosion  than many other al alloys.
Its relatively high cost limits its use to applications where
cheaper alloys are not suitable.

Fig. 3: Aluminium material

Chemical Composition: The chemical composition for
aluminium alloy 701.1 is given in Table 1.1.

Table 1: Chemical composition
Element Nominal Composition
Aluminum, Al 90.7 - 93.5 %
Chromium, Cr 0.20 - 0.40 %
Copper, Cu <= 0.20 %
Iron, Fe <= 0.60 %
Magnesium, Mg 1.9 - 2.4 %
Manganese, Mn 0.40 - 0.60 %
Silicon, Si <= 0.20 %
Titanium, Ti <= 0.25 %
Zinc, Zn 4.0 - 4.5 %

TiB : Titanium diboride (chemical formula TiB ) is an2 2

extremely hard compound composed of titanium and
boron which has excellent resistance to mechanical
erosion. TiB  is also a reasonable electrical conductor, so2

it can be used as a cathode material inaluminum smelting
and can be shaped by electrical discharge machining [5].

Hexafluorotitanate is a water insoluble Titanium source for
use in oxygen-sensitive applications, such as metal
production. In extremely low concentrations (ppm),
fluoride compounds are used in health applications.
Fluoride compounds also have significant uses in
synthetic organic chemistry. They are commonly also
used to alloy metal and for optical deposition. Certain
fluoride compounds can be produced at nano scale and in
ultra high purity forms. Potassium Fluotitanate is
generally immediately available in most volumes. Ultra
high purity and high puritycompositions improve both
optical quality and usefulness as scientific standards.
Nano scale elemental powders and suspensions, as
alternative high surface area forms, may be considered.
Potassium Hexafluorotitanate(IV) is generally immediately
available in most volumes. High purity, submicron and
nano powder forms may be considered.

Potassium Tetrafluoroborate: Potassium
Tetrafluoroborate is a water insoluble Potassium source
for use in oxygen-sensitive applications, such as metal
production. In extremely low concentrations (ppm),
fluoride compounds are used in health applications.
Fluoride compounds also have significant uses in
synthetic organic chemistry. They are commonly also
used to alloy metal and for optical deposition. Certain
fluoride compounds can be produced at nano scale and in
ultra high purity forms. Potassium Tetrafluoroborate is
generally immediately available in most volumes [4]. Ultra
high purity and high purity compositions improve both
optical quality and usefulness as scientific standards.
Nano scale elemental powders and suspensions, as
alternative high surface area forms, may be considered.
American Elements produces to many standard grades
when applicable, including Mil Spec (military grade); ACS,
Reagent and Technical Grade.

Mechanical Properties
Hardness: Hardness is the resistance of a material to
localized deformation. The term can apply to deformation
from indentation, scratching, cutting or bending. I n
metals, ceramics and most polymers, the deformation
considered is plastic deformation of the surface. For
elastomers and some polymers, hardness is defined at the
resistance to elastic deformation of the surface. The lack
of a fundamental definition indicates that hardness is not
be a basic property of a material, but rather a composite
one with contributions from the yield strength, work
hardening, true tensile strength, modulus and others
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factors. Hardness measurements are widely used for the Selection of Control Factors Through Taguchi”s
quality control of materials because they are quick and Method:
considered to be non-destructive tests when the marks or
indentations produced by the test are in low stress areas.
There are a large variety of methods used for determining
the hardness of a substance.

Fabrication Method
Stir Casting:

Fig. 4: Schematic view of setup for Fabrication of
composite

Experimental Conditions for Stir Casting Process
Die Size:
Breadth of the work piece, b=45 mm 
Length of the work piece, l =160mm
Height of the work piece, h=45mm
 Die volume=l*b*h
=160*45*45=324000 mm?
Density of the material
=2.7*10?? gm/mm?
Die capacity=volume of the die*Density of the material
=324000*2.7*10??10
=874.8 gm

Fig. 5: Diespecimens

Table 2: Control Factors
Level
----------------------------------

Symbol Factors 1 2 3
A REACTION TIME 30 45 60
B REINFORCEMENT% 2 4 6
C TEMERATURE 700 750 800

Taguchi Optimization Table 3:

Tensile Testing Machine (UTM) is shown in Figure 6

Testing Result for Stress

Table 4: Result Table
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Summarized of the Result Anova

Table 5: Anova Result

Fig. 7: Percentage of contribution of F cal for stress

Verify Results Using Minitab:

Fig. 8: Minitab Result

Fig. 9: Minitab Result
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Fig. 10: Minitab Result

Fig. 11: Minitab Result

Summarized of the Result Anova for Hradness: In factor prepared with different composition using stir casting
A and B, F >F . It is clear that the factor A and B have furnace. The compositions of different metals werecal tab

significant effect on stress. Since F the factor A is greater selected using Taguchi technique (Orthogonal Array). cal

than F  Hence factor A and B is the best factor among The  materials  were  tested for its Stress in the lab.tab.

the three factors available to us. So increasing the value The results obtained were verified using the software
of Temperature and Reaction time the stress will Minitab and ANOVA calculation.
decreases. By increasing the reaction temperature and time the

CONCLUSIONS

The metal matrix a composite of aluminium alloy 707.1 composites, this composite can also be useful to the
is reinforced with titanium diboride was fabricated by world among those because of it properties. 
using stir casting set up along with electrical resistant This can be further extended by varying reaction time
heating furnace. Nine combinations of materials were and temperatures.

tensile strength of the composites will increased.

Scope of Future Work: In the modern world of



Middle-East J. Sci. Res., 24 (4): 1563-1569, 2016

1569

REFERENCES 4. Han, N.L., Z.G. Wang and G.D. Zhang, 1997. Effect of

1. Accura tus mate r i a l s -S i l i c oncar b ide? , properties and low cycle fatigue behaviour of
http://www.accuratus.com /silicar.html, 15 April 2008. particulate SiC/Al composites?, Composites Science

2. Balasivanandha Prabu, S., L. Karunamoorthy, S. and Technology, 57: 1491-1499.
Kathiresan and B. Mohan, 2006. Influence of stirring 5. Hashim, J., L.Looney and M.S.J. Hashmi, 2000. Metal
speed and stirring time on distribution of particles in matrix composites: production by the stir casting
cast metal matrix composite?, Journal of Materials method?, Journal of Materials Processing
Processing Technology, 171(2): 268-273. Technology, 92-93, pp: 1-7.

3. Bindumadhavan, P.N., T.K. Chia, M. Chandrasekaran,
Heng KengWah, Loh Nee Lam and O. Prabhakar,
2001. Effect of particle-porosity clusters on
tribological behavior of cast aluminum alloy A356-
SiCp metal matrix composites?, Materials Science and
Engineering A, 315(1-2): 217-226.

reinforcement size on the elevated temperature tensile


