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ABSTRACT 
Tungsten-Titanium Carbide-Al6061 alloy composites having 20 wt%, 25 wt% and 30 wt% of Tungsten and Titanium Carbide were 

fabricated by stir cast method. The casted composite specimens were machined as per the ASTM standards. The composite 

specimens are tested for mechanical properties. They are tested for their tensile strength and impact strength. The test for tensile 

strength is carried out in universal testing machine. The test for impact strength is carried out in Izod impact testing machine. The 

properties of Tungsten-Titanium Carbide-Al6061 alloy composites are compared with those of aluminium. It has been observed 

that the addition of tungsten and titanium carbide with Al 6061 alloy gives the satisfactory results that are obtained from the tests. 
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INTRODUCTION 
 

There have been tremendous strides in engineering materials since the Second World War. Metallurgists 
from the aerospace and nuclear industries have developed a large range of super alloy and heat resistance 
materials mnemonics like ceramics and composite materials. With the vast and rapid progress in science and 
technology, modern industry has introduced a new generation of composite materials having low density and 
very light weight with high strength, hardness and stiffness to meet the current needs of modern technology and 
the challenges against liberalization and global competitiveness in market [1]. Particle-reinforced aluminum 
alloys have the potential to be used in a wide range of such engineering applications due to their higher stiffness 
and strength when compared with conventional aluminum alloys. For these materials, tungsten carbide (TiC), a 
commercially pure material, has become the main type of reinforcement used [2]. And most of the research 
work carried out on aluminium based composite materials involves silicon carbide as its reinforcing material. 
Therefore it is essential to look for the possibilities of fabricating aluminium based composite materials using 
waste or recycling materials like fly ash. 

Most of energy needs in the century is relied on the fossil fuels. Combustion of coal energy produces waste 
by product, i.e., fly ash in abundance. The disposal of this fly ash is a major challenging task [3]. 

A composite material (also called a composition material or shortened to composite) is a material made 
from two or more constituent materials with significantly different physical or chemical properties that, when 
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combined, produce a material with characteristics different from the individual components. The individual 
components remain separate and distinct within the finished structure. The new material may be preferred for 
many reasons: common examples include materials which are stronger, lighter, or less expensive when 
compared to traditional materials. More recently, researchers have also begun to actively include sensing, 
actuation, computation and communication into composites, which are known as Robotic Materials. 

Metal matrix composites, at present though generating a wide interest in research fraternity, are not as 
widely in use as their plastic counterparts. High strength, fracture toughness and stiffness are offered by metal 
matrices than those offered by their polymer counterparts. They can withstand elevated temperature in corrosive 
environment than polymer composites. Most metals and alloys could be used as matrices and they require 
reinforcement materials which need to be stable over a range of temperature and non-reactive too. However the 
guiding aspect for the choice depends essentially on the matrix material. Light metals form the matrix for 
temperature application and the reinforcements in addition to the aforementioned reasons are characterized by 
high moduli. Most metals and alloys make good matrices. However, practically, the choices for low temperature 
applications are not many. Only light metals are responsive, with their low density proving an advantage. 
Titanium, Aluminium and magnesium are the popular matrix metals currently in vogue, which are particularly 
useful for aircraft applications. If metallic matrix materials have to offer high strength, they require high 
modulus reinforcements. The strength-to-weight ratios of resulting composites can be higher than most alloys. 
The melting point, physical and mechanical properties of the composite at various temperatures determine the 
service temperature of composites. Most metals, ceramics and compounds can be used with matrices of low 
melting point alloys. The choice of reinforcements becomes more stunted with increase in the melting 
temperature of matrix materials. 

Ceramics can be described as solid materials which exhibit very strong ionic bonding in general and in few 
cases covalent bonding. High melting points, good corrosion resistance, stability at elevated temperatures and 
high compressive strength, render ceramic-based matrix materials a favourite for applications requiring a 
structural material that doesn’t give way at temperatures above 1500ºC. Naturally, ceramic matrices are the 
obvious choice for high temperature applications. High modulus of elasticity and low tensile strain, which most 
ceramics possess, have combined to cause the failure of attempts to add reinforcements to obtain strength 
improvement. This is because at the stress levels at which ceramics rupture, there is insufficient elongation of 
the matrix which keeps composite from transferring an effective quantum of load to the reinforcement and the 
composite may fail unless the percentage of fiber volume is high enough. A material is reinforcement to utilize 
the higher tensile strength of the fiber, to produce an increase in load bearing capacity of the matrix. The use of 
reinforcement with high modulus of elasticity may take care of the problem to some extent and presents pre-
stressing of the fiber in the ceramic matrix is being increasingly resorted to as an option.  

In this project, an attempt has been made to fabricate Tungsten-Titanium Carbide-Al6061 alloy composites 
and test the impact and tensile strength of the composite. 
 
II. Experimental Procedures: 

The matrix material used in this study is Al6061. This alloy is best suited for mass production of 
lightweight metal castings. Al6061 alloy has numerous benefits like formability, weldability, corrosion 
resistance and low cost. Table-1 shows the chemical composition of Al6061 alloy. Tungsten and Titanium 
Carbide are added to the Al6061 alloy by using stir casting. 
 
Table 1: Chemical composition of Al6061 alloy by weight percentage 

Mg (Magnesium)  0.920 %  
Si (Silicon)  0.750%  
Fe (Ferrous)  0.280 %  
Cu (Copper)  0.220 %  
Ti (Titanium)  0.100 %  
Cr (Chromium)  0.070 %  
Zn (Zinc)  0.060 %  
Mn (Manganese)  0.040 %  
Be (Beryllium)  0.003 %  
V (Vanadium)  0.010 %  
Al (Aluminium)  Balance  

 
III. Specimen Preparation And Testing: 

The test specimens were prepared by machining from the cylindrical bar castings. Each specimen having 12 
mm in diameter X 30 mm gauge length in size for tensile testing were prepared. 
 
Tensile Test: 

Test specimens were prepared according to ASTM standards, each specimen having 12mm in diameter and 
30 mm gauge length in size for tensile test. 
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The tensile test is conducted in the Universal Testing Machine. Figure 
testing. 

 

Fig. 1: Composite specimen after tensile test
 

Impact Test: 
The test specimens were prepared by machining from the square bar castings. Each specimen 

dimension of 10mm x 10mm x 75mm.
The Impact test was conducted on Izod impact testing machine. Figure 

testing. 
 

Fig. 2: Composite specimen after Impact test
 

 
Microstructure analysis: 

Figure-3 shows the microstructure of as cast Al6061 alloy in the received samples. Precipitations were 
evident both in the grains and along grains. Figure
Carbide-Al6061 alloy composite. The grain siz
composites. Micrograph clearly reveals minimal micro porosities in the casting. No clustering of reinforcements 
was observed in the matrix, and the dispersion of fly ash particles and e
uniform. No gap is observed between the particle and matrix and between the fiber and the matrix, and 
reinforcing materials are seen well bonded with the matrix.

 

Fig. 3: Microstructure of as cast Al6061 alloy.
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is conducted in the Universal Testing Machine. Figure - 1 shows composite

 
Composite specimen after tensile test 

The test specimens were prepared by machining from the square bar castings. Each specimen 
dimension of 10mm x 10mm x 75mm. 

The Impact test was conducted on Izod impact testing machine. Figure - 2 shows composite specimen after 

 
Composite specimen after Impact test 

RESULTS AND DISCUSSIONS 

3 shows the microstructure of as cast Al6061 alloy in the received samples. Precipitations were 
evident both in the grains and along grains. Figure-4 shows typical microstructure of the Tungsten

Al6061 alloy composite. The grain size of the matrix alloy is somewhat larger than that of the 
composites. Micrograph clearly reveals minimal micro porosities in the casting. No clustering of reinforcements 
was observed in the matrix, and the dispersion of fly ash particles and e-glass fiber was seen to be almost 
uniform. No gap is observed between the particle and matrix and between the fiber and the matrix, and 
reinforcing materials are seen well bonded with the matrix. 

 
Microstructure of as cast Al6061 alloy. 
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Fig. 4: Microstructure of Tungsten-Titanium Carbide-Al6061 alloy composite. 
 
Tensile Strength: 

Figure - 5shows the effect of addition of Tungsten and Titanium Carbide in the Al6061 alloy. 
From the graph it is evident that the tensile strength of the composite samples also increased substantially 

with increase in reinforcements. 
 

 
Fig. 5: Effect of variation of Tungsten and Titanium carbide in the composites. 
 
Impact Strength: 

Figure - 6 shows the effect of addition of Tungsten and Titanium Carbide in the Al6061 alloy. 
From the graph it is evident that the impact strength of the composite samples also increased substantially 

with increase in reinforcements. 

 
Fig. 6: Effect of variation of Tungsten and Titanium carbide in the composites. 
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Conclusion: 
Based on the study conducted on the Tungsten - Titanium Carbide - Aluminium 6061 composite material, 

the following conclusions can be made: 
a) Tungsten-Titanium Carbide-Al6061 alloy composites are fabricated by using stir casting method.  
b) The Izod impact test was conducted on the specimens by using Impact testing machine from the 

observed results that the percentage of tungsten and titanium carbide increases correspondingly the impact 
energy also increases.  

c) The tensile test was conducted on the specimens by using the Universal testing machine from the 
observed results that the percentage of tungsten and titanium carbide increases correspondingly the tensile 
strength also increases.  

d) From the observed test results, we conclude that the overall mechanical properties of the composites 
are enhanced when compared with the unreinforced matrix.  
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