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Research Plan for the next 5 years
Introduction

Ferrite cores find themselves in ever increasing utility in small and compact electronic devices

with their increasing demand in the present technological applications. Since throughput power in

these cores is proportional to product of frequency and induction within the permissible loss

levels, the main trend in their development has beento improve the performance by increasing the

operating (switching) frequency. However, the conventional studies explicitly point out that the

increase in frequency can be realized either by increasing the magnetization or by decreasing

different losses involved or by both. Hence, efforts were made to obtain higher values of

saturation magnetization while keeping the losses within the permissible levels by way of

adopting different cationic substitution mechanisms including the approach of simultaneous
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substitutions into both the octahedral and tetrahedral sub- lattices in ferrites. In recent times, the
advent of nanotechnology has opened a new opportunity to develop novel high frequency
nanoferrites. In conventional bulk ferrites, each particle possesses many magnetic domains which
cause interference or resonance. Domain wall resonance restricts the frequency characteristics of
the initial permeability. When the size of the magnetic particle is smaller than the critical size for
multi domain formation, the particle is in a single domain state. Domain wall resonance is avoided
and the material can work at high frequencies. Addition of High valency dopants in ferrites is
found to improve power losses.

Main thrust

Thus, investigation of ferrites and their composites at nano scales has been looked as quite
promising for the simple reason that the magnetic nanoparticles coated with insulating matrix in a
core shell arrangement are proved to be excellent materials for miniaturized high frequency
electronic devices due to their high electrical resistivity and useful exchange coupled
ferromagnetic properties. Besides, apart from the applications of high frequency electronic
devices, the magnetic nanoparticles of high magnetic moment were found to be beneficial for in
vitro and in vivo targeted drug delivery, hyperthermia and imaging applications. Similarly, cobalt
ferrite nanoparticles and metal bonded cobalt ferrite composites have recently been shown to be
competing materials for automotive and non-contact torque sensor applications. Further,
nanoparticle filled ferrite-polymer nanocomposites with good microwave absorbing characteristics
are increasingly found to be good candidates for electromagnetic interference problems and stealth

applications.

Importance of the work

The importance of the proposed work mainly lies in its design in exploring the highly useful
materials by novel investigative methods. In the process, it is proposed to make good use of
expertise and potential of both chemistry and physics people apart from involving a good number
of research scholars and post-graduate students at various stages of the project. In view of the fact
that magnetic nanoparticles offer inexpensive solutions to number of applications of current
technological interest and contribute significantly to miniaturization, biomedical and stealth areas,
a systematic progress of the proposed research by understanding the chemistry, properties and
potential of the magnetic nanoparticles would certainly throw more light, both from technological
and academic point of view, inelucidating the finer aspects in their design for future requirements.
Novelty of the work

The field of nanoscience and technology is being explored by the scientific community all over
the world as the advantages offered by these materials have been demonstrated in many

applications today, and we can expect they will continue to make the daily life easier and better
6



for most people tomorrow. The proposed materials are novel in terms of their development and
they are aimed at specific applications in each of the cases. Still lot of work on high valency doped
nanoferrites can explore new applications.

Aims and objectives of the proposed research

a. Design and synthesis of magnetic nanoparticles doped with cations using wet chemistry

b. Characterization of nanoparticles

c. Functionalization/suitable surface modifications

d. Consolidation of powders into desired shapes

e. Structural, electrical and magnetic properties of the finished products

f. Explore the possibility to use the materials in application systems.

Work Summary

Selective compositions with expected improvements based on theoretical models will be designed
and followed by processing in different forms. Comparison of properties so measured for each
material and their analysis would be expected to contribute to the development of concepts for
nanostructured materials and their elaboration. In order to meet the aims and objectives
mentioned, the work plan of the proposal will broadly be categorized into the following six stages

and then working for realizing the same in specified time frames:
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