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ABSTRACT 
 
 In this paper, Aluminum (Al-6063) has been added with the Titanium (Ti) & Boron Carbide (B4C) to form a metal matrix 
composite. The composition of Al-TiB4C is added in the percentage variation of Al6063- 75%, Ti-10% & B4C- 15% to form metal 
matrix composite by stir casting method. To know the hardness property of Al alloy-6063 and Al-TiB4C composite, Hardness and 
tensile test has been carried out .The result of two materials (Al-6063&Al-TiB4C) is comparable to enroll the new Metal Matrix 
Composite (Al-TiB4C) in the field of Aerospace and Aviation industry. 
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INTRODUCTION 
 

The Composite materials are the materials made 
of two or more different constituents of materials. 
Which has a different physical or chemical 
properties. The combination of these materials will 
produce a material with characteristics different from 
the individual components. The newly combined 
material includes materials properties, that are 
stronger, lower weight and less expensive to the 
economic background. 

A  metal matrix composite (MMC) is a 
composite material with at least two constituent parts 
of a material, in which one being a metal and another 
would be a different material with organic or 
inorganic compound. Example: cement is a 
composition of two or more constituents so it is 
considered as Metal Matrix Composite. 

In many developed countries and  several 
developing countries there exists continued interest 
in MMCs. Researchers tried numerous combinations 
of matrices and reinforcements since the work on 
MMCs began in the 1950s. This led to developments 
for aerospace, but the resultant commercial 

applications were limited. The introduction of 
ceramic whiskers as reinforcement and the 
development of in-situ eutectics in the 1960s aided 
high temperature applications in aircraft engines. In 
the late 1970s the automobile industries started to 
take MMCs seriously. In the last 20 years, MMCs 
evolved from laboratories to a class of materials with 
numerous applications and commercial markets. So, 
as to enhance further the properties of MMCs more 
than two materials were added in the matrix such that 
to give birth to hybrid metal matrix composites. 
There have been tremendous strides in engineering 
materials since the second world war, researchers 
from various manufacturing, metallurgy, aerospace 
and nuclear industries developed large number of 
super alloys. Since long back, MMCs were 
introduced in the aerospace and aeronautics 
industries and later on MMCs reached the 
automotive industry. However, MMCs are not 
widely used in these industries because of their poor 
performance in context of machinability. Such 
materials can only be machined, if we understand the 
reasons for their poor machinability and take 
effective measures to counter them. MMCs are 
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composed of a metal matrix and a reinforcement, or 
filler material, which confers excellent mechanical 
performance, and can be classified according to 
whether the reinforcement is continuous 
(monofilament or multifilament) or discontinuous 
(particle, whisker, short fiber or other). The principal 
matrix materials for MMCs are aluminum and its 
alloys. To a lesser extent, magnesium and titanium 
are also used, and for several specialized applications 
as copper, zinc or lead matrix may be employed. 
MMCs with discontinuous reinforcements are 
usually less expensive to produce than continuous 
fiber reinforced MMCs, although this benefit is 
normally offset by their inferior mechanical 
properties. Consequently, continuous fiber reinforced 
MMCs are generally accepted as offering the 

ultimate in terms of mechanical properties and 
commercial potential. 
 
Material Selection: 

The material selected for the metal matrix 
composite (MMC)  is as follows: 

• Aluminum- 6063 
• Titanium 
• Boron carbide 
 

Aluminum- 6063: 
It is an aluminum alloy, which has 

magnesium and silicon as the alloying elements. The 
standard controlling is satisfied by the Aluminum 
Association. It has good mechanical, heat treatable 
and weld able properties [1]. 

  
 It has following chemical composition by percentage. 

S.No Element Percentage 
1.  Silicon(Si) 0.62% 
2.  Iron(Fe) 1.21% 
3.  Zinc (Zn) 0.17% 
4.  Titanium(Ti) 0.021% 
5.  Copper(Cu) 0.20% 
6.  Aluminium(Al) 97.02% 

 
Titanium: 

It is a chemical element with the 
symbol Ti and with atomic number 22. It is a transition 
metal , which is of silver color, with low density and 
high strength. It is highly defendable 

to corrosion in saline water. Titanium is 
alloyed with iron, aluminum, vanadium element, 
molybdenum element and other compound mixable 
elements, to get strong, lightweight alloys 

 
 

 
Fig. 2.1: Titanium Powder 

 
Boron Carbide: 

Boron carbide is an extremely a cluster of 
hardened boron (as shown in Fig.2.2) - 
ceramic material used for tank armor, bulletproof 

jackets and applied in many applications of 
industries. It has a  Mohs hardness of about 9.497, 
due to this it is also one of the hardest materials in 
the periodic table of metals and alloys.

 
 

 
Fig. 2.2: Boron Carbide Powder 
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Fabriction Of Al-Tib4c Mmc: 
The stir casting technique is the fabrication 

process of Metal Matrix Composites (MMCs) as 
shown in Fig 3.1. This type of casting process has 
been used to produce a discontinuous particle 
reinforced metal matrix composites for decades [4,5]. 
This casting process is obtained to get a sufficient 
wetting of particle by liquid metal and to get a proper 
homogenous dispersion of the mixed particles. In the 
present study, aluminum 6063 alloys are mixed with 
titanium and boron carbide to get a metal matrix 
composite with the help of stir casting process [3]. 
 
Process Variables and their Effects on Properties: 
Speed of rotation: 

The control of speed is very important for a 
successful production of casting. Rotational speed 
also influences the structure. The most common 
effect of increase in speed being to promote 
refinement and instability of the liquid mass at very 
low speed, it is logical to use the highest speed 
consistently to avoid tearing. 
 
Pouring temperature: 

Pouring temperature exerts a major role on the 
mode of solidification and needs to be determined 
partly in relation to the type of structure required. 
Low temperature is associated with maximum grain 
refinement and equaled structures while higher 
temperature promotes columnar growth in many 
alloys. However, practical considerations limit the 
range. The pouring temperature must be sufficiently 
high to ensure satisfactory metal flow and freedom 
from cold laps whilst avoiding coarse structures. 
 
Pouring speed: 

This is governed primarily by the need to finish 
casting before the metal become sluggish. Although 
too high a rate can cause excessive turbulence and 
rejection. In practice, slow pouring offers a number 
of   advantages. Directional solidification and 
feeding are promoted whilst the slow development of 
full centrifugal pressure on the other solidification 
skin reduces and risk of tearing. Excessive slow-
pouring rate and low-pouring temperature would lead 
to the formation of surface lap. 

 
Mould temperature: 

The use of metal die produces marked 
refinement when compared with sand cast but mould 
temperature is only of secondary importance in 
relation to the structure formation. Its principal 
significance lies in the degree of expansion of the die 
with preheating. Expansion diminishes the risk of 
tearing in casting. In nonferrous castings, the mould 
temperature should neither be too low or high. The 
mould should be at least 25 mm thick with the 
thickness increasing with the sizes and weights of 
castings. 
 

Mould Coatings: 
Various types of coating materials are used. The 

coating material is sprayed on the inside of the metal 
mould. The purpose of the coating is to reduce the 
heat transfer to the mould. Defects like shrinkage and 
cracking that are likely to occur in metal moulds can 
be eliminated, thus increasing the die life. The role of 
coating and solidification can be adjusted to the 
optimum value for a particular alloy by varying the 
thickness of the coating layer. For aluminium alloys, 
the coating is a mixture of silicate and graphite in 
water. 
 
Mould life: 

Metal mould in casting is subjected to thermal 
stresses due to continuous operation. This may lead 
to failure of the mould. The magnitude of the stresses 
depends on the mould thickness and the thickness of 
the coating layer, both of which influence the 
production rate. Deterioration takes place faster in 
cast iron mould than in steel mould. 
 
Wettability between Reinforcement and Matrix Alloy: 

Wettability can be defined as the ability of a 
liquid to spread on a solid surface. It also describes 
the extent of intimate contact between a liquid and a 
solid. Successful incorporation of solid ceramic 
particles into casting requires that the melt should 
wet the solid ceramic phase. The basic means used to 
improve wetting are: 

(a)  Increasing the surface energies of the 
solid; 

(b)  Decreasing the surface tension of the 
liquid matrix alloy; 

(c)  Decreasing the solid-liquid interfacial 
energy at the particles- matrix. 

 Several approaches have been taken to 
promote the wetting of the reinforcement particles 
with a molten matrix alloy, including the coating of 
the particles, the addition of alloying elements to the 
molten matrix alloy, the treatment of the particles, 
and ultrasonic irradiation of the melt. In general, the 
surface of non-metallic particles is not wetted by the 
metallic metal, regardless of the cleaning techniques 
carried out. Wetting has been achieved by coating 
with a wet-table metal. 
 
String Steps: 

• Reinforcement was preheated to 300°C to 
remove moisture. 

• The aluminum 6063 was melted and added  
the titanium and boron carbide as reinforcement 

• The stirring was maintained between 10 to 
15 min at an impeller speed of 650 rpm 

• Sample is taken for a single composition 
(Al6063- 75%,Ti-10% & B4C- 15%) 

• The composition will be poured into the 
die. 
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Fig. 3.1: Furnace with stirring setup 

 
Specifications of Furnace with stirring setup: 
 

Dimension- 400x400x400 mm 
Max. Capacity  1kg 
Max. temperature 1400 co 
Rated speed -1350rpm 1350rpm 
Rated power-1/4Hp 1/4 hp 

 
Hardness Test Of Al-Tib4c: 
Hardness Mesaurement Of Al-Tib4c Composite: 

The measured hardness values of Al-TiB4C 
composites are given in Fig.4.1.The hardness test  

was carried out at a load of 500 kg .When we 
compare the hardness of the Al-TiB4C composite 
with the Al6063 alloy, the value of Al-TiB4C 
composite is higher than that of Al6063 alloy.

 
Hardness Test Values: 

S.NO HARDNESS VALUE OF Al-TiB4C HARDNESS VALUE OF 
Al6063 alloy. 
 

1.  46 30 
2.  45 29 
3.  47 30 
Average  46 29.66 

 

 
 
Fig. 4.2.1: Hardness value graph plotted between Al-TiB4C & Al6063 alloy. 

 
Tensile Test Value: 

The measured Tensile test  values of Al-TiB4C 
composites are given in Fig.5.1..When we compare 
the Tensile test  of the Al-TiB4C composite with the 

Al6063 alloy, the value of Al-TiB4C composite is 
has lesser elongation length and reduction area % 
compare to that of Al6063 alloy. 
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Fig. 5.1: Tensile Test value graph plotted between 
 
Al-TiB4C & Al6063 alloy: 
Conclusion: 

After determination of hardness test for Al-
TiB4C composite has showed comparatively a better 
performance compare to that of Al6063 Alloy. Due 
to its good hardness value, Al-TiB4C can be enrolled 
in the manufacturing of Aerospace component. 
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