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ABSTRACT
Aluminum matrix composites (AMCs) with their enhanced strength, improved stiffness, reduced
density, improved abrasion and wear resistance offer better alternative to existing materials used
for structural, non structural and functional applications. Commonly used reinforcement in
AMCs are of micro level, however technological advancement in nano sciences makes it
possible to use nano sized reinforcement in metal matrix composites and these are termed as
Metal Matrix Nano Composites (MMNCs). ‘Nanocomposites’ were proposed by Niihara , a new
material design concept where in second phase nano particles dispersed in matrix to enhance
various properties of composite materials. In MMNCs, the reinforcement is in the nano meter
rage (10” m) i.e. less than 100 nm which has interaction at interface due to its increased surface
area, this leads to superior material properties. Nano sized reinforcements can significantly
improve mechanical strength, creep resistance at elevated temperature, better machinability and
higher fatigue life without affecting ductility. Improvement in the properties of MMCs is
attributed to the hardening mechanism, fine particle size, uniform distribution, inter particle

spacing and thermal stability at high temperature.

Hybrid composites can have engineering combination of two or more forms of reinforcement
like fibers, short fibers, particulates, whiskers and nanotubes. It can have different materials as
reinforcement like (SiC, Al,O3 ), (Graphite, SiC) and (Graphite, Al,O3) etc. e.g. Car engine block
in which graphite and alumina are used in the form of particulates.There have been a very few
studies available on aluminum (Al) based hybrid composites which consist of nano particles as
reinforcement in hybrid form.Hybrid composites have improved properties compared to

monolithic materials and single reinforcement micro particle composites.



The research work presented in the thesis is carried out with the objective to fabricate and
characterize the aluminum based hybrid composite mechanically and tribologically. The hybrid
composites are fabricated with LM6 (Al Si alloy) as a matrix and Al,O;, SiC as nano size
reinforcement. Stir casting method is used to fabricate hybrid composites. Hybrid composites
fabricated consist of 0.5, 1.0, 1.5 and 2.0 wt.% of nano particles in equal ratio. The composites
are characterized by using density measurement, Vickers micro-hardness and tensile test to know
its physical and mechanical properties. The difference in theoretical and actual density is less,
which show the particles are distributed uniformly. The hardness and tensile strength of hybrid
composites are increased with increased wt.% of nano particles. Optical microscopy, SEM and
AFM techniques are used to know micro structure, particle distribution and particle morphology
respectively. The particles are very small so could not be seen in micrographs obtained using
optical microscopy. The SEM and AFM (2D and 3D) show the presence of nano particles and
their distribution in hybrid composites. EDAX analysis is also carried out to confirm the
presence of particle in composites. Pin on disc wear test is conducted to determine the
tribological performance of hybrid composites. It is exhibited from the results that there is
reduction in wear loss with increased wt. % of nano particles in hybrid composites. To further
optimize tribological properties ( Wear loss and Coefficient of friction) of hybrid composites,
CCD (Central Composite Design) a scheme of statistical tool Design of Experiment (DOE) is
used. Results exhibited that the hybrid composites have enhanced mechanical and tribological
properties. Only small wt.% of nano reinforcement in hybrid form resulted in substantial
improvement in properties of hybrid composites. Al based hybrid composites with nano size
reinforcement have high potential to be used for different applications due to their enhanced

mechanical and tribological properties.
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