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Abstract— Metal matrix composites have created distinct 

interest as of late adding to the strength to weight 

proportion, stiffness, good ductility, excellent corrosion 

resistance, availability and low cost good creep resistance & 

fatigue properties over that of conventional engineering 

materials. This is the reason past the extended requirement 

for advancement of composites with unique properties. 

Powder metallurgy is an ideal method for production of 

MMCs because of the capability of process to produce near 

net shapes with minimal material waste associated with 

production. Tribological and mechanical properties have a 

noteworthy part in production of MMC's utilized 

extensively in automotive and aviation industries. The 

present investigation is an attempt made to disperse nano 

sized silicon carbide particles in Al 6061 base alloy by 

powder metallurgy technique and study its effect on wear 

properties of Al 6061 alloy.  Addition of Titanium Dioxide 

particulate reinforcement has been varied from 5% 10% & 

15% by weight of base alloy. Powder metallurgy composite 

specimens fabricated were machined according to test 

standards the tribological and mechanical properties has 

been examined and compared with that of base material 

Al6061 alloy significant improvement in wear properties, 

hardness is noticeable with increased volume wt% of TiO2. 
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I. INTRODUCTION 

A. Overview of Composites 

The advancement of composite materials and related plan 

and assembling advancements is a standout amongst the 

most essential advances ever. Composites are 

multifunctional materials having phenomenal mechanical 

and physical properties that can be customized to meet the 

necessities of a specific application. Numerous composites 

additionally display incredible imperviousness to high-

temperature consumption and oxidation and wear. These 

novel attributes furnish the mechanical designer with outline 

opportunities impractical with routine solid (unreinforced) 

materials. Composites innovation likewise makes 

conceivable the utilization of a whole class of strong 

materials, earthenware production, in applications for which 

solid adaptations are unsuited in light of their extraordinary 

quality disseminate and poor imperviousness to mechanical 

and warm stun. Further, numerous assembling procedures 

for composites are all around adjusted to the creation of 

substantial, complex structures, which permits merging of 

parts, diminishing assembling expenses.  

B. Composites 

There are some materials which are composed of two or 

more constituents and these constituents have different 

chemical and physical properties and these are insoluble in 

each other .Thus the two or more constituents which 

combine with each other and retain their identities. Basically 

composites are composed of two materials, one is base 

material called as matrix and another is filler material called 

reinforcement. Whenever it is required, binders are added to 

combine these constituents to enhance its material property. 

Composite possess properties different from its constituents 

and have unique properties which are not obtained by 

traditional materials. 

C. Powder Metallurgy 

Necessity of powder metallurgy arises because processes of 

making alloys by melting were unsuitable for following 

cases. 

 Problems like poor quality due to melting and 

solidification in case of casting. 

 Two elements which are used to fabricate in 

casting due to difference in melting temperature 

one would enter the gaseous state before other has 

melt. 

 Constituents loss their inherent identity during 

melting. 

 In order to obtain special properties alloying is 

done but there are some special classes of materials 

which do not form liquid solution. 

II. LITERATURE SURVEY 

A. Role of Reinforcement 
1
G. Elango et al. (2013) has carried out the work on 

tribological behavior of hybrid (LM 25 Al+ SiC+ TiO2). 

Manufacturing of Al MMC is done by stir casting method. 

In this study the base metal is LM 25 and reinforcement of 

ceramic particles is done in different proportions. The stir 

casting process involves the melting of LM 25 alloy in the 

electric furnace after reaching the required temperature SiC 

and TiO2 are introduced into the furnace and stirring is done 

by using mechanical stirrer. After that billet is removed 

from the mold and wear specimen is prepared. The wear test 

is conducted for different % of reinforcement that is LM25, 

LM 25 with SiC, LM25 with SiC+ 2.5% of TiO2and , LM25 

with SiC+ 5% of TiO2. 

The wear test is conducted at reinforcement using 

pin and disc wear testing machine and results of this 

experiment revealed that wear testing resistance increases 

with increases % of reinforcement and also reveals that TiO2 

is reinforced and its lubricating property increases wear 

resistance. And micro structural studies shows that porosity 

of specimen increases with increase if reinforcement of 

particulate.  
2
Puneet Bansal et al. (2013)In this work, 

investigating is done on tool wear during turning operation. 

Here fabrication of MMC is done by sand casting method. 

Al2O3 is taken as reinforcement material. The reinforcement 

percentage is 10, 20 and 30 and design of experiment is 

done by Taguchi method and the experiment are conducted 

on different % of reinforcement, hardness, tensile strength, 
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tool wear, MRR and surface roughness experiments are 

conducted. These experiments reveal those tool wear rates 

are calculated for coated and uncoated as reinforced ratio in 

component. Higher the reinforcement lesser will be the 

MRR. Hardness and tensile strength of MMC increases with 

increase in % of reinforcement. 

B. Studies on Mechanical properties of Aluminum matrix 

composite processing by powder Metallurgy Technique. 
3
R. Narayanswamy et al. (2010) carried out the work to 

study the flow ability and compressibility of AA6061 with 

different percentage of TiO2 and Nano composite powder 

processed by powder Metallurgy route. Due to change in 

internal friction in the particles, various densities decrease 

with altered percentage of composition. Compressive 

behavior of Al 6061 with altered volume of TiO2 composite 

powder reveals that compressibility of nano composite and 

also green density of composites decreases as percentage of 

filler material increases. 
4
D.R Kumar et al. (2010)In this work, experimental 

study is conducted to determine the effect of different % of 

glass in aluminum and studied the strain hardening and 

workability behavior. The fabrication process is done by 

powder metallurgy techniques. Initially powder mixture of 

Al and glass are filled in the die and punch assembly made 

required dimensions and powder mix is compacted from the 

top of die, using hydraulic pressing machine. The compacts 

are pressed under the pressure of 520 Mpa were taken out 

and sintered at the temperature range of 605
0
C for one hour. 

Then the sintered specimen is taken for deformation and 

microstructure were analyzed , results shows that as glass 

content in Aluminum matrix increases porosity level 

decreases. Experiment also reveals that stresses like hoop 

stress, true stress will also increases with percentage of 

increase in volume fraction of filler material and formability 

index also increases. 

C. Research Objectives 

Based on the guiding principles, the objective of the present 

research are as follows: 

 Processing of Al6061- TiO2 by powder metallurgy 

route to achieve desire properties. 

 Machining process for required components 

according to ASTM standards. 

 Studies on mechanical properties such as Hardness, 

compressive strength, modulus of elasticity. 

 Evaluation of tribological characteristics of Al-

6061reinforced with different percentage of TiO2. 

 Inspection and observation of micro graphs with 

the variation of reinforcement. 

 Wear of the components based on the Taguchi 

technique for different parameter and level. 

 Analyzing the wear results using Minitab software.  

 Selection of most favorable parameter from overall 

development in properties. 

D. Material 

Following materials are used in powder form to prepare 

specimens. 

1) Materials used 

 
Fig. 1: Materials used 

2) Mixing of powders 

Total four categories of mixtures were prepared. The 

following percentages of compositions were used to prepare 

specimen. Compositions (%wt) of specimens are % of 

compositions of powders 

Specimen Al 6061 Tio2 

1 100 0 

2 95 5 

3 90 10 

4 85 15 

The uniaxial pressing is done by applying a load of 

250kN which accounts for 600Mpa pressure. Then the 

compacted samples are taken out of the die by backside 

compression. The compacted samples are known as green 

compacts. The below figure shows the green compacts with 

different percentage of TiO2. 

 
Fig. 1: Green compacts 

III. RESULTS AND DISCUSSIONS 

A. Hardness Test 

In present study Rockwell b. scale is used for measuring 

hardness value with a load of 100N.Surface hardness values 

of MMC with different percentage of TiO2 are listed in the 

table.  

 
Fig. 2: Hardness Test 

B. Compression test behavior 

The test results of TiO2 reinforced Al6061 and unreinforced 

Al 6061 for compression strength are mentioned in the 

below table. Typical load versus displacement curves of 

Tio2 particulate reinforced Al 6061 composites (as-cast) is 

shown in figure 
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Fig. 3: Compression test 

C. Results of Porosity 

 

 
Fig. 4: Results 

Density and porosity values of different percentage of TiO2 

reinforced with Al 6061 are shown in below table. Density 

of composites increased by reinforcing TiO2 as compared to 

reinforced aluminum alloy. Experimental density is obtained 

by conducting experiment when it is compared with 

theoretical density. There exist a difference between them; 

this is mainly due to the presence of porosity. This is one of 

the important properties of material which are fabricated by 

powder metallurgy route. The result also exhibits an 

increase in density with increase in total content of TiO2 in 

base material, because of higher density of TiO2 than base 

material. 

D. Tribological test results 

Wear loss volume for different percentage of reinforcement 

is given below. 

1) Wear Volume Results 

Abrading 

Distance 

(m) 

Wear volume  (mm
3
) 

Al 

6061 

Al 6061+ 

5% TiO2 

Al 6061+ 

10% TiO2 

Al 6061+ 

15% TiO2 

250 
0.031

4 
0.0280 0.0257 0.0248 

500 
0.049

2 
0.0465 0.0437 0.0409 

750 0.092 0.0868 0.0828 0.0747 

5 

Table 2: Wear Volume Results 

 

 
Fig. 5: Specific wear rates for 20N load 

IV. CONCLUSION 

As per the work conducted in the present study to study the 

mechanical, tribological behavior ,morphological structure 

of Al 6061 with different percentage of TiO2 processed by 

powder metallurgy route ,following conclusions can be 

made out. 

Composites reinforced with 5% of TiO2 exhibits 

good hardness behavior compare to other percentage even if 

increases its hardness goes on decreasing, consequently the 

compressive strength of the composite is recommended for 

5% reinforced material .Even wear resistance increases with 

the filler till composition of 15%. All these properties are 

analyzed using microstructure by which we can come to the 

conclusion how the grain structure size will be and path how 

it nucleate, these all can be obtained by micrographs. Even 

the porosities are determined after 5% of reinforced material 

porosity increases thus reduce material property. SEM 

pictures give the uniform distribution of TiO2 in the base 

material. A density measurement shows the voids present in 

the prepared compacts. Therefore this experiment reveals 

that we can increase the material property of Al 6061 alloy 

by adding the reinforcement up to certain level thus making 

its usage in applications more efficient.  
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