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ABSTRACT:

The primary goal of literature is to portray society as it is. In this regard, it should be noted that

the author, Chetan Bhagat, is a contemporary author whose five novels dealt with the real picture

of a campus life and scoring system, the real aim of life is how to live a good life in this rapidly

growing world, how to improve our wrong steps and mistakes, love is the remedy for all troubles
and difficulties, and finally how to fight corruption and libel. In all of Chetan Bhagat's novels, 1t
is noted that today's middle-class youngsters are faced with choices and disappointments. All of
the novels are the result of the current generation's difficulties. When it comes to novel writing,

Chetan Bhagat is a household name, as he is recognised as the country's youth role model.
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It is well established that characterization of crystal structure, microstructure,
crystallographic texture, flaw, defects, residual stress, mechanical properties, chemical
composition and corrosion properties are utmost essential for materials used in various industrial
applications. By controlling the defect related microstructural parameters like small particle size
as well as lattice strains, dislocation densities and stacking faults, it is possible to obtain ‘tailor
made’ materials with desired properties. Among various techniques, X-ray diffraction method is
the most useful and non-destructive tool for material characterization, viz, crystal structure
determination, quantitative estimation of different phases present in a polycrystalline material,
microstructure characterization, measurement of residual stress and thereby mechanical
properties and determination of orientation in polycrystalline aggregates. In my research work,
some nanocrystalline chalcopyrites and metal carbides have been prepared by high energy ball
milling the elemental powder ingredients under inert atmosphere. Special emphasis has been
given on phase transformation kinetics of powder samples during milling, quantitative analysis
of samples containing a mixture of phases and detailed (microstructure characterization of

prepared nanocrystalline materials.

For the present study a number of nanocrystalline materials have been prepared and their
microstructures have been characterized by both XRD and HRTEM. All the nanocrystalline
materials have been prepared by mechanical alloying (MA) the elemental powders in a high
energy planetary ball mill at room temperature under argon atmosphere. All the starting materials

are of analytical grade (purity >99%).

The ternary chalcopyrite semiconductors belonging to II-IV-V2 and I-III-VI2 groups as
well as their mixed versions have shown potential technological promise for a wide variety of
applications including second harmonic generation (SHG), up conversion (UC), down
conversion (DC), optical parametric oscillation, detectors, LEDs, solar cells, various
optoelectronic and nonlinear laser device applications. Among the I-1II-VI2 chalcopyrite
compounds, CuAlS:2 with the direct energy gap 3.49 eV has emerged as a promising and suitable
material for blue to ultraviolet light emitting device. Magnetic semiconductors have been
attracting attention as suitable materials for spintronics applications, since they possess both
ferromagnetism and electronic transport properties. It is reasonable that the availability of

nanocrystalline chalcopyrite will introduce new type of applications or enhance the performance
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General Introduction Chapter 1
1.1 Introduction

Nowadays, nanostructured materials have promising applications in various fields of
science and technology such as materials science, biomedical science, electronics, optics,
magnetism, energy storage and eclectrochemistry [1-8]. These materials being smaller in
dimension, the surface areas are very large and hence they are highly reactive. Besides, these
materials are enriched with all defects and almost zero porosity can be achieved if these are
converted into bulk form. These extra features make these materials exhibiting different and
novel physical properties (mechanical, electrical, magnetic, optical etc.) compared to their
bulk (large crystallites) counterpart. In almost all the fields of science and technology an
observation of unprecedented advance due to different types of application of such
nanomaterials is going on. So, reducing the size of the materials up to nm (obviously as per
requirement) dimension and to characterize their properties and finally to apply them in

appropriate field is now become a major research interest.

It is well established that characterization of crystal structure, microstructure,
crystallographic texture, flaw, defects, residual stress, mechanical properties, chemical
composition and corrosion properties are utmost essential for materials used in various
industrial applications. By controlling the defect related microstructural parameters like small
particle size as well as lattice strains, dislocation densities and stacking faults, it is possible to
obtain ‘tailor made’ materials with desired properties. Among various techniques, X-ray
diffraction method is the most useful and non-destructive tool for material characterization,
viz, crystal structure determination, quantitative estimation of different phases present in a
polycrystalline material, microstructure characterization, measurement of residual stress and
thereby mechanical properties and determination of orientation in polycrystalline aggregates.
In this research work, some nanocrystalline chalcopyrites and metal carbides have been
prepared by high energy ball milling and special emphasis has been given on quantitative
analysis of samples containing a mixture of phases and studies of microstructural properties

of prepared materials.

Metal carbides are generally referred as refractory materials due to their high melting
temperatures and high hardness, and are being used as cutting tools, wear-resistance parts and

surface coating [9]. They also have remarkable thermal and electronic conductivity as well as



All the nanocrystalline chalcopyrites and metal carbides prepared for this
dissertation by top-down method using mechanical alloying have been characterized

primarily by XRD and in some cases using SEM and TEM.

The change of several important structural and microstructure parameter in these
nanocrystalline chalcopyrites and carbides compared to their bulk counterpart has been
noticed clearly. These nanocrystalline powders be shaped and consolidated
usingconventional ceramic route (bottom up method) according to requirements. It is well
known that the properties of materials depend extremely on method of preparation and

properties are very much related to structure and microstructure changes.

As metal carbides and chalcopyrites have numerous potential applications in industry due
to their high thermal and chemical stabilities,” good thermal conductivity, excellent
mechanical properties, andwide-band-gap semiconducting nature, the measurement of
mechanical, magnetic, optical and electrical properties would be very much interesting to
establish structure/microstructure’. — property correlations to prepare ‘tailor-made’
chalcopyrites and carbides with desired properties. There was an intention to measure the
magnetic, optical, mechanical and electrical properties of all these samples to design
chalcopyrite and carbidesamples for a particular application. Due to time limitations, it
was not possible to carried out these measurements for all these prepared samples. But, it

is again a huge tusk to carry on these works in coming years.

The X-ray powder diffraction technique have been used extensively for
microstructure characterization of these nanocrystalline chalcopyrites and carbides.
However, the magnetic properties of FesC, NisC samples could have been analyzed in a
more elegant way using Mossbauer spectroscopy. The analysis of the prepared
semiconductor chalcopyrites and SiC carbide could have been done in a more elegant
way using different kind of illumination spectroscopy and measuring the band gap and
electric conductivity. So in future the Rietveld analysis CuFeS2 and CuFeAlSausing x-ray

diffraction data for microstructure characterization can be done. As TiC is one of the
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hardest material, the mechanical properties of this sample can be analyzed. The
microstructure characterization of another important carbide WC prepared by mechanical

alloying can also be done.
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