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ABSTRACT

Development of rare-earth free, permanent magnetic materials plays a major role in
today’s world of technological advancement. Permanent magnets find applications in
electric motors, hard discs drive, loudspeakers and many more. Sm-Co and Nd-Fe-B are
two very famous rare-earth based permanent magnets in terms of commercial
applications because of their very good hard magnetic properties. But due to limited
resources and volatility of price of rare-earth metals, there is a high demand for rare-earth
free, permanent magnets from technological and scientific communities since the last
few decades.

First principles-based density functional theory (DFT) is one of the crucial realms of
research for designing tailor-made materials with specific properties. DFT calculations
have proven to be very useful and powerful tool in understanding atomistic origin of
magnetic properties of permanent magnets as well. These calculations not only help
understand the experimental findings but also open up new directions for designing the
experiments. DFT calculations have the capability to predict and explore tuning of
various electronic and magnetic properties of materials.

This dissertation investigates the electronic structure and magnetic properties of few rare-
earth free permanent magnets which are also experimentally realized. Out of several
known types of rare-earth free permanent magnet materials, our investigation was
focused on three different kinds of materials: (i) transition metal borides (iron doped
Ti3CosB2), important in context of alnico magnets, (ii) two cobalt based intermetallic
compounds (Co2TiSi and Co+xSn) and one silicide (Co3Si1) and (ii1) binary (four phases
of Fe-Pd) and ternary (four phases of boron doped Fe-Pd) intermetallic compounds. All

of them are important and potential candidates for rare-earth free permanent magnets.



Initial two chapter of the dissertation deals with the introductory background of rare-
earth free permanent magnets and with theoretical methodologies for studying and

understanding various magnetic properties relevant to permanent magnetism.
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