ABSTRACT

The hexaferrites, which occupy a major class of oxides with significant magnetic
properties, have been investigated and applied during the last 60 years. The applications
of these materials encompass an impressive range extending from millimeter-wave
integrated circuitry to intricate power handling transformers, simple permanent magnets
to sophisticated reading heads, and many other remarkable technical involvements.
Although all these applications belong to the basic properties of ferrites, a vast level of
research has begun concentrating on tuning these basic parameters through elemental
manipulations.

The Y-type hexaferrite (Co2-Y), having the chemical formula (Ba>Co2Fe12022), is
a magnetoelectric multiferroic (type II) material. It has planar magnetic anisotropy at
room temperature and is made up of alternating stacking of T (BaxFegO14) and S
(Coz2FesOs) blocks with a corresponding rotation of 120° along the c-axis after each TS
pair. The S block is responsible for the net magnetic moment for this ferrite system along
the direction of Fe*" ions from the octahedral site. In contrast, the magnetic moments of
the T block cancel out the contribution arising from the octahedral and tetrahedral site
ions. The inherent properties such as better thermochemical stability, excellent
mechanical hardness, wear and corrosion resistance, and higher value of Curie
temperature associated with Co-Y hexaferrite may facilitate the adoption of this material
to be utilized within the diverse field of applications.

The present research work includes several aspects of achieving a successful
tunability of the concerned compound, i.e., Y-type barium hexaferrite (Co2-Y), to
overcome the flaws associated with earlier studied ferrite (especially spinel-type) systems

within its real-time adoption by the industries. The thesis deals with exploring the
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performance of substituted Cox-Y hexaferrite, synthesized using the citrate-nitrate auto-
combustion method, within five versatile fields, including 1) heterogeneous catalysis for
oxidation (conversion of styrene to benzaldehyde), 1ii) heterogeneous catalysis for
reduction or hydrogenation (conversion of nitrobenzene compound to aniline), iii)
heterogeneous photocatalysis for wastewater treatment (degradation of aqueous methyl
orange ), iv) as a microwave absorbing material for EMI shielding application and v) as a
biocompatible hyperthermia agent.

The cerium substituted nanocrystalline Y-type barium hexaferrite {Bao-
xCexCorFen02 (x = 0.0, 0.1, 0.2, & 0.3)} can be selected as an industrially adoptable
heterogeneous catalyst for the conversion of styrene to benzaldehyde. The as-prepared
hexaferrite shows excellent catalytic performance due to its high surface area and large
dispersity by providing additional active sites for the reaction. The optimum catalytic
efficiency has been achieved by using 20 mg of BaisCeo2Co2Fe1202, hexaferrite at a
reaction temperature of 120°C for 24 hrs with trifluoroacetic acid (TFA) as an oxidant. It
results in the 71% isolated yield for the concerned product (benzaldehyde) with a total
consumption of styrene. The as-prepared catalyst is magnetically separable to reprocess.
There is no remarkable loss of catalytic activity when it is reprocessed for five
consecutive trials.

The cerium substituted nanocrystalline Y-type barium hexaferrite {Ba>CoxFej.
xCexO2 (x = 0.0, 0.1, 0.2, & 0.3)} can be designed as an industrially adoptable
heterogeneous catalyst for the conversion of nitrobenzene to aniline. The as-prepared
ferrite powder can be utilized in a large-scale wastewater treatment plant or industrial
conversion of aromatic nitro compounds to the corresponding amine. The optimum
catalytic efficiency has been attained by using 100 mg of BaxCoxFei1.80Ce020022

hexaferrite at a reaction temperature of 100°C for 12 hrs with 2 mmol of hydrated
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hydrazine within the water as a solvent. It results in the 73% isolated yield for the
concerned product (aniline) with a total consumption of nitrobenzene.

The Ti-substituted nanocrystalline Y-type barium hexaferrite Ba;CozFeioxTixO22
(x=0.0,0.1,0.2, 0.3, 0.4 & 0.5) can be explored as a heterogeneous photocatalyst for the
degradation of methyl orange from the wastewater. The UV-visible spectrum analysis
supports the enhancement in visible light absorption and decreasing behavior for bandgap
value by increasing the substitution level of Ti*" ions within the sample. The
photocatalytic degradation study of aqueous MO solution in the presence of HoO»
suggests the superiority of Ba)CooFei16Ti0.402 compared to pristine Co>-Y barium
hexaferrite with an apparent rate constant of 1.9 x 102 min"! and turn over frequency of
393 x 10° mole g'min'. This enhanced photocatalytic activity for sample
Ba;CoxFei1.6Ti04022 can be correlated to the fine crystallite size; the presence of active
Ti*" species to promote the reactivity of catalyst surface; the presence of mixed Fe** &
Fe’" to slow down the recombination process by trapping the photogenerated electrons
and holes; the existence of oxygen vacancy to enhance the visible light absorption and
leads to narrowing the bandgap by creating an extra impurity level adjacent to the valence
band.

The lanthanum and magnesium substituted nanocrystalline Y-type barium
hexaferrite BaxxLaxCoxxMgxFe2022 (x = 0.0, 0.1, 0.2, 0.3, 0.4 & 0.5) can be employed
as a microwave absorbing material for EMI shielding applications. The magnetic
measurements reveal that the saturation magnetization decreases, and the coercivity
increases with increasing La** and Mg®" content. The optimum EMI shielding and
microwave absorbance performance have been achieved by BaisLagsCo1.5sMgosFe1202
composition at a thickness of 5 mm with a moderate value of reflection loss (Rp<-10dB),

resulting in 90% absorption of the incident microwave.
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The chromium substituted cobalt-based nanocrystalline Y-type barium hexaferrite
Ba;CooFe2xCrxO2 (x = 0.0, 0.1, 0.2, 0.3, 0.4 & 0.5) can be applied as a biocompatible
hyperthermia agent. The surface of the ferrite particles is functionalized using oleic acid
to overcome the issue associated with ferrofluid stability and analyzed their
biocompatibility using the MG-63 cell line. The optimum hyperthermic performance is
accomplished by BaxCosFei1.7Crg302, ferrite under an applied AC magnetic field of 25
mT at a frequency of 114.1 kHz, resulting in the SAR value of 84.39 W/g and ILP value
of 1.86 nHm?*/Kg with excellent biocompatibility.

The enhanced performance of all these substituted Co>-Y hexaferrite samples has
been explained by the variations in structural, magnetic, morphological parameters and
the presence of multivalence elemental states within the samples. This work indicates that
the catalytic oxidation, catalytic reduction, photocatalytic degradation, microwave
absorptivity, and the magnetic hyperthermia activity of the complex ferrites are not only
limited to conventionally utilized soft ferrite materials but also can be explored to hard
ferrites too. The substituted Y-type barium hexaferrite (Co2-Y) proves its promising
candidacy with several advantages such as ease of separation, better reusability, excellent
thermochemical stability, total conversion of reactant, better selectivity for the desired
product, lower value of band gap energy, total degradation of non-biodegradable dye, the
optimum value of EMI shielding and microwave absorption, exceptional heating

capability within AC magnetic field and excellent biocompatibility.
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