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ABSTRACT 

The Aluminium matrix composite reinforced with 5 and 7.5 wt. %TiC nano particles was prepared by stir 

casting route. The high strength AA 6063 was selected as matrix material. This composite is expected to be used 

in aerospace, automotive and similar engineering industries. Theaddition of 5 and 7.5 wt. %of nanoTiC as the 

particulate in the matrix of AA6063, the microstructure can be greatly changed. Hence the detailed study of the 

micro structure of the composites was carried out. The microstructure of AA6063-5and 7.5 weight % TiC nano 

composites were analyzed using optical microscope (OM) and reported.  
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1. INTRODUCTION 

The advances on industries are required for light weight and high strength materials in the field of material 

science. The use of aluminium in light vehicles has increased dramatically with the need to the automobile weight 

and improves fuel efficiency. Aluminum based metal matrix composites (MMCs) have been extensively 

synthesized for aerospace, automotive and military applications. These material having a lower density, higher 

thermal conductivity and high coefficient of friction compare to others. The reinforcement particulate such as TiC, 

TiB2, TiO2 Al2O3, AlN, SiC, and ZrB2, has added to conventional materials to produce MMC. The new properties 

are derived from structure features in the size of 1-100 nm, as nano particulates. It can improve the mechanical 

properties of the matrix by promoting the hardening mechanisms than micron size particles. The term Aluminum 

matrix nano composites (AMNCs), can overcome those disadvantages associate with the conventional AMCs. The 

properties of AMNCs would be improved considerably even with lower volume fraction of nanoparticles and 

improved performance at elevated temperature.  The processing technique for preparation of composite materials 

the liquid state processing especially stir casting is used for synthesis of AMNCs because of their simplicity and 

scalability. Gopalakannan (2013) fabricated metal matrix nano composite (MMNC) of AA 7075 reinforced with 

1.5 wt. % SiC nano particles by a novel ultrasonic cavitation method. The Al-TiC and Al-TiB2 composites and 

composite powders with up to 40 vol. % of fine reinforcement were reported. Tong has investigated in situ produce 

Al-TiC composites with refined microstructures and enhanced dispersion hardening of the reinforcing phases. The 

synthesized TiC particles possess a metastable FCC crystal structure with an atomic composition of TiC08 and a 

lattice parameter of 0.431 nm. Lin et al. performed a preliminary study on the fabrication of in situ TiC particulate 

reinforced Ti matrix composites by means of the CAC.  

Synthesized Al-10TiC in situ composite by the reaction of molten Al with K2TiF6 and graphite powder at 

12000C. In stir casting process the presence of TiC, and the TiC particles were segregated towards the grain 

boundary. TiC particles can be synthesized in situ by several ways such as salt reaction with the molten Al, addition 

of Al-TiC powder compact or by the reaction of CH4 gas with the melt. Akshay Dvivedi et al. investigated the 

machinability of an AA6063-SiCp metal matrix composite developed using the melt stir squeeze quench casting 

route and was characterized for density, porosity and electrical conductivity. 

 

2. MATERIALS AND EXPERIMENTAL METHOD 

A typical chemical composition and properties of AA6063 and TiC is provided in Table 1 & 2. The SEM 

image of nano TiC powder is shown in Fig.1 and the size of the nano particles is marked in the image. The required 

quantity of AA6063 and TiC particles are taken in order to make the 5 & 7.5 wt. % of TiC composites. The stir 

casting techniques was used to prepare the nano composites.  Initially AA6063 was melted in a crucible by heating 

it in a furnace at 750°C for 3 to 4 hours. The nano TiC particles were preheated at 1000ºC to make their surfaces 

oxidized. The furnace temperature was first raised above the liquidus temperature of Aluminum near about 750ºC 

to melt the AA6063 completely and then it was cooled down just below the liquidus to keep the slurry in semi-
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solid state. The preheated nano TiC was added at this temperature and stirring of slurry was performed for 3-5 

minutes with motor controlled stirrer. The composite slurry was then super-heated to 7200C and a second stirring 

performed by mechanical stirrer to improve the distribution of the nano TiC particles in the molten of AA 6063. 

The molten composite was then cast into prepared cast iron molds.The experimental setup for synthesizing 

AA6063-TiC composite is shown in Fig. 2. The presence of reinforcement throughout the specimen was inspected 

by cutting the casting at different locations and under microscopic examination. The specimen surfaces were 

prepared by grinding through 600 to 1000 mesh size girt papers and for velvet cloth polishing is done to get fine 

surface finish. After that the specimens were etched using Keller’s reagent (HCl+HF+HNO3), the microstructures 

were observed using optical microscope. 

 

Table.1.Chemical composition of the AA 6063 Table.2.Properties of AA 6063&TiC powder 
AA 6063 Si Cu Mn Mg Zn Ti Al 

Weight (%) 0.44 0.02 0.03 0.56 0.66 0.02 Bal. 
 

 

Properties AA6063 TiC 

Density kg/m3 2700 4935 

Yield Strength MPa 48 120 

Melting point °C 650 3200 

    
Fig.1.SEM image of nano TiC powder            Fig.2.Experimental setup of stir casting process 

 

3. RESULTS AND DISCUSSION  

Fig.3-7 shows the microstructures of as cast AA 6063 - 5 and 7.5 wt. % nano TiC composite. The 

reinforcement particles have shown little clusters forming fairly uniform particle distribution in composite 

containing 5 and 7.5wt. % reinforcement. However, at lower magnifications of optical microscope (Fig.3(a&b), 

6(a&b)), the samples seems to have a more uniform distribution of the TiC reinforcement.But with an increase in 

the magnification, the presence of particle agglomerations is clearly visible as in Fig.4(a&b), 7(a&b). Another 

observation in Fig. 5(a&b), 8(a&b) images is the breakdown of TiC aggregates into smaller individual particles 

with 5 and 7.5 wt. % of reinforcement. The shear force applied on the composite mixture by the impeller is the 

main reason to break down most of the TiC aggregates and overcome its cohesive force. It is noticed in the 

microstructures of the composites that some of the TiC particles are of in fine size. These particles are less then 40 

nm in size, which is still within the range of initial particle distribution. The rotation of the stirrer generates a vortex 

through which the TiC particles are drawn into the melt.Moreover, the rotation of stirrer can create high and local 

shear forces that are exerted on the clusters helping to break down TiC cluster particles. Due to high shear and 

intensity of turbulence, liquid metal can penetrate into the clusters of the particles and displace the individual 

particles apart. During the stirring and mixing process, the air bubbles are sucked into the melt via the vortex 

created. The TiC particles tend to become attached to these air bubbles would envelope the reinforced particles, 

leading to the formation of particle porosity clusters. The interfaces between TiC and AA6063 matrix are atomically 

abrupt, and no impurities were detected (Fig.5&7). From Fig.5&7 it can be seen that TiC reinforcement particles 

(35-40 nm) were broken to smaller particulates. Most of the particulates may not appear in the figure because their 

sizes are less than 5 nm. Fig.5 shows the micrograph of as cast AA6063-5 wt. % TiC, the light gray areas indicate 

the TiC particles that are embedded in the AA6063. The starting coarse TiC particles are broken down to less size 

and their distributions are more uniform compared to as cast structure shown in Fig.4. Stir casting process achieved 

uniform distribution of TiC in the matrix, as it is one of the problems associated with the production of cast AMNCs 

by other process. 
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Fig.3.Optical micrographs of AA6063- 5%TiC nano composite at magnification of 40x. 

 
Fig.4.Optical micrographs of AA6063-5%TiC nano composite at magnification of 100x. 

 
Fig.5.Optical micrographs of AA6063-5%TiC nano composite at magnification of 200x. 

 
Fig.6.Optical micrographs of AA6063-7.5%TiC nano composite at magnification of 40x. 
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Fig.7.Optical micrographs of AA6063-7.5%TiC nano composite at magnification of 100x. 

 
Fig.8.Optical micrographs of AA6063-7.5%TiC nano composite at magnification of 200x. 

4. CONCLUSIONS 

The following conclusions are drawn from the above investigation 

 AA6063-5 and 7.5 wt. %TiC nano composite have been successfully synthesized using stir casting 

technique.  

 The uniform distribution of the reinforcement is seen in the microstructure of the AA6063-5 and 7.5 

wt. %TiC nano composite was carried out using optical microscope.  
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