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Abstract

In this dissertation impact of 3hions substituton on thermal, structural, spectral,
dielectric and magnetic properties ofoeMo sinkFe-xO4 (M: Ni and Zn), CulpFeO4

and LpsinkFe 5x04 (Where x = 0.00, 0.08, 0.16, 0.24 and 0.32) spinel nanoferrites
was studied and these were synthesized bygedohutecombustion route. Thermal
analysis of as obtained samples was performed egiimate the complete
decomposition and formation of spinel phase-ra} diffraction analysis revealed
spinel crystal structure of all synthesized nanoferrites. A nonlinear behavior of lattice
constant was evidenced from the synthesized samples. Thealiterysize was
calcul at ed s flornulanand thid ledicates thé namegime size of all the
synthesized samples (9-:38.21 nm). The X-ray density was increased in all four
series by the incorporation of3fhions. The behavior of tetrahedral armttahedral

radi as well as hopping lengths was analogous to the lattice conBiaunter
transform infrared spectra indicated two absorption ba@ads n ¢ dug to stretching
vibrations of tetrahedral and octahedral metals compléiass. characteristic bands of
spinel structurewere observed inal the samples Dielectric constant possessed
smaller value for all the compositions of prepared nanoferrites and exhibited Debye
type relaxation at high frequency. Dielectric loss and tanvesg found to decrease
with the increase in frequency. Both types of losses showed resonance peaks at high
frequency. AC conductivity of indium incorporated -Gy CuZn and lithium
nanoferrites was increased while for copper ferrites, it decreased.rdine gnd grain
boundaries contribution in dielectric behavior was investigated from complex
modulus spectroscopy. The magnetic study was carried out by vibrating sample
magnetometer (VSM) and various magnetic parametesse calculated. Saturation
magnetiaton (M) and coercivity (iJ were decreased by incorporation of*In
cations Anisotropy constant (K and Bo hr 6gpwasnaunc te decrease( €
with the substitution of indium ionsThe results of dielectric and magnetic properties
proposed that ysthesized nanoferrites are potential candidates for switching and high

frequency applications.
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Chapter No. 1

Introduction

1.1 Maternal science

Materials science and technology as field providesmost significant contributions to
nanoscale researchindium substituted spinel ferritesnvith improved or novel
properties one beingabricated. The area of researchcluding physics, engineering,
molecular biology andchemistry were studied The research in this fieldllowed to

examinethe properties of materials at nano lscdhe newarea isestablished in this
field where oneinvolved into abilty to synthesize, characterizand manipulate the

structure that could be controlled at nanometer scale.

The size of various electronic devices moved toward miniaturizationbased on
nanoscale buiding blocksThe microelectronics industryvas nanufactured storage
devicesand integated circuits whose basic units werapproabed tothe size of few
nanometersThe new method of preparation was used to control the size of material
up to nano scaleThe nanoparticles, nanotubes andnowiresare now common
jargon of scientific publications. These objectse smalest manmade unitsamong
materials. It displayechysical ad chemical properties which madieem promising
candidatesas fundamental buiding blockdor novel tansistors. The advantages
conceived here a@e lower power dissipationhigher device versatilty, fastemiching
speed and possibiity of packing many more transistors on a single ¢8iphmid,
2004).

1.2 Nanomaterials

The core of future technological developments in nanoscience and nanotechnology
was made by nanoscale materidfsthe size of materials reduced hano scale then

they exhibit remarkably different properties compared with materials at macro scale.
The range of nanomaterials waapproximately one to hundredanometers There

were two ways to get the nanomaterials such as bottom up and top Rimttem up

1



approachprovided the materials made of single moleculEsese materials were held
together by covalent forceShe amount of information stored in devices buids from
bottom up approach would be enormo@hemical co precipitation, micro emulsion
reaction laser pyrolysis, molecular selissembly, chemical vapor depositon (CVD)
and sol gel processing used bottom up technique to manufacture the materials at nano
level. Top down technique was used ¢onstructthe materials through method such

as molding, carving and cutting)sing these methods, we had been able to fabricate
tremendous variety of machineries and electronic deviteser ablation, hydro
thermal method, miling, physical vapor deposition aneéctebchemical technique
were used top down approach to fabricate the materials at nanometerrscadey

cases bottom up methods were preferable to top down method for fabricating complex

nanostructuregYousaf and Ali, 2008

Nanomaterials were extensively studied due to their extraordinary structural, optical,
thermal dielectric and magnetic propertieshe research on nanomaterials was
stimulated due to their vast range of applications in advanced nanotechridlege
materials were first used in technological applications as catalysts and pigments.
Nanomaterialspossessedarge surface to volume ratithat increased the chemical
activty. There was a significant cost advantage to fabricate the catalyst from
nanoparticles due to increase of chemical actiithe properties of some single
phase materials were improvdyy fabricating intonanostructure For example, de to
decrease of grain size sintering temperature was reduced and plasticity was enhanced
of single phase spinel structurdlultiphase nanomaterials exhibted novel behavior
because of smal size of individual pha$¢anomaterials were notonfined only to

their physical, chemicaland mechanicaproperties but also modified properties for
specific applications.The suitably annealednagnetic materials were developed which
exhibited significant magneto resistance effect even at low magmddicak 510 Oe.

This effect showed a great technological importance which used in magnetic

recording read head€ammarata, 1996

There were two main factors which caused the nanomaterials behave different than
buk; surface effect and quantum effethe chemical reactivity as wel as their
structural, optical, electrical, mechanical and magnetic properties of materials was
affected by these factordNanomaterials were classified in terms of their chemical

compositions such as nano metals, nano carbpd nano metals oxidesThe

2



nanomaterials  exhibited interesting systedor basic scientfic  investigation.
Nanoparticles showed deviaton meltng temperature and latticemgir. The
changed in lattice parameter in metals result from the effect ofcsudaess.The
reduction coordination of surface atoms was produced by surface stress and surface
free energy.Recently new techniques were developed by the researchers to fabricate
large quantities of other nanomaterials with better characterizéimech preparation
technique has its own advantagelhe technique that preparedanoferrites with
smaller size was considered as belst. this regard sol gel route was employed to
synthesize indium substituted spinel ferrites with narrow siz@Buzea et al., 20Q7

Wet Hong Zhong, 201R

1.3 Femites

We are surrounded by magnetic materials that plasigdificant role in various
devices ofeverydaylife. Magnetic materials were used in many applications such as
audio and video system that gve information and entertainment on wide range,
celphone and telecommunication system which linked the contindats, storage
system which interpenetrate Every human activity.The historically background of
magnetic materials were considered as the birth of mMhe. unusual properties of
magnetic ceramic i.e magnetite made miltary success of an ancient Chinese Emperor
(Valenzuela, 1994

In 1825 H. C. Oersted observed that magnetic field was produced by means of electric
current which bring a revolution in the field of magnetidviany theories, model and
discoveries were developed after this experimdéntwas interesting fact that all
varety of magnetic materials and their properties were originated from three elements
such as wkel, cobalt and iron which arferromagnetic at room temperatufeerrites

were extensively studied in the last 50 years and many theories or models were
estabbhed. The varieties of materials werebtained from metalic materials that can

be used in wide range of technological applicatidviegnetic ceramics were utiized

in every field of daily lfe. Ferrites were wel established but improvements and
innovation were continuouslytaken placed. The excitng interesting theories,
applications and preparation of new materials were currently under develogiment.

scientific study on ferrites at very largeale was held in Japa the occasion of's



International Conferencan October 1992 in which more than 550 research papers
were presented by 1159 authdBoll and Hizinger, 1983Buschow, 1991

The research on spinel ferrites was continued by T. Taki, N. Kawai and V. Kato in
Japan 1930J. Snoeck also studied the soft ferrites in Nether&@nthe same timel.
Snoeck and hixoleagues were succeeded to describe the practical ferrites materials
which possessed strong magnetic properties, low relaxation losses and high electrical
resistivity. The spinel ferrite was used in LC fiters in frequency division multiplexer
equipment. It was the first practical application of soft ferrteBue to strong
magnetic properties and high resistivity, spinel ferrites were core materials for fiter
operatingin the frequency range of 560 KHz. Ferrites were used in television as
high voltage transformer and electron beam defleclite spinel ferritexcan be used

in modern applications suchs in automotive markets, medical and cell phqfeedva

C, 2004.

1.3.1Types of ferrites
The types of ferritesarelisted below.

% Spinel ferrites or soft ferrites

+ Hexagonal ferrites or hard ferrites
+ Garnet ferrites

£ Ortho ferrites

1.4 Spinel ferrites

Spinel nanoferrites arevery important due to interesting properte3he most widely

used magnetic ceramic are spinel ferritdfie general formulaof soft ferrites is

AB,O, where A representglivalent metal cationsNaturaly occurred ferrite was

magnetite (FgO4) and al other ferrites were man madd. the soft ferrites possessed

simiar crystal structureof MgAl,O4 magnetic mineralln the magnetic spinel Mg

ions were replaced with divalent metahs such asnickel, cobalt, manganese, copper,

iron, zinc and their combinatian The trivalent metal cation Al can be replaced with

Fe’* and combinations of B& with other trivalent cationsThes pi nel unt ek r i t e 6 :
consist eight metal ions per formula uniind coordinated with four or six oxygen ions

which produced two distinct sites naméodand B sites.

4



1.4.1Structure of spinel ferrites

Bragg and Nishikawa were pioneershe first person who determined the crystal
structure of spinel ferrites in 1915 hey observed that spinel structure was cubic
closed packedwith oxygen ionslayer. The eight A sites while sixteen Bsites were
fled by cations in the structure of spinel latticeln tetrahedral site metal was
surrounded by four oxygen ions situated at the center to form the tetrah@&teon.
metal in octahedral site was enclosed of six oxygen ions located at the center of
octahedron.The unit ofspnel ferrtes waddisplayedin Fig 1.1. The unit cel of spinel
matrix contained64 tetrahedral and32 octahedrakites If all the sites wereoccupied

by metal cations thenvalue of negativecharge wassmaller than positvecharge. So
the structuredistorted andnot remained electrically neutralo overcome this effect
only 8tetrahedral and léctahedral sites were filed by catiorf&Soldman, 199p

The oxygen atoms were not located at the exact positions of seBdatticein spinel
structure. The positions of oxygen ions weraletermined by oxygen positional
parameter u.For an ideal closed packed spinel structure, the value of oxygen
positional parameter was 0.375 or 3Me ideal situatiordid not existand the value

of u for majority known spinel was in the range of 0.37885. The value of u
increased due to the am® in tetrahedral sites were forcefully moved in the direction
of [111] plane. The ratio of tetrahedral and octahedral cations rads estimated
from u value (Smith and Wijn, 195%Valenzuela, 1994

1.4.2 Types of spinestructure

FCC lattice in spinel structure was formed by oxygen ions. Spinel closed pack
structure possessed two kinds of crystallographic stes name as A sites and B sites. All
cations were resided on these two interstiial sites. The divalent metalscation
occupied on available A and B sites with oxygen coordination. The cations
distributions on these interstitial sites in spinel lattice lead to form three types of

spinel structure normal, inverse and intermediate spinel.



o) o9
A (T etrahedral sites)

O B (Octahedral sites)
® Oxygen

Figure 1. 1 Unit cell of spinel structure with tetrahedral and octahedral(Skterma et
al., 2018.

1.4.2.1 Normal spinelstructure

The spinel structure said to be normaklf the divalent metal cationdvie’*) tend to

go A site while trivalent cations Fe,®*) reside onB sites in the unit cel. Such type of
structure was known as normal spinel. The normal spinel structure was represented by
the structure formuldMe®*) [Feo**] 04%. The example of normal spinel was Zpbe

and CdFegO, ferrites. Schematic diagram of normal spinpresented in Fig.1.2.

Degree of inversion U4 for nor mal spinel
A [B]
Me*[Fe,”"]0,*

i 1o

Figure 1.2 Distributions of cations in normal spinel structddehmood, 2018

1.4.2.2 Inverse spinel structure

When trivalent cations Fg;®*) distributed equally among tetrahedmahd octahedral
sites and al divalent metal catiorl¥lef*) occupied on octahedral sitds. this crystal

structure remaining cations were randomly distributeStructural formula of
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investigated spinel structure was elaborated @5e5*)/Me?* Fe3* JO#-. Nickel and
cobalt ferrites are the example efich type of crystal structurd-ig 1.3 revealed

inverse spinel structwreDe gr e e

of inver sion ua for i nver

A

[

Fe'*[Me™*Fe'*] 02

B ]

tto

Figure 1.3 Distributions of cations in inverse spingructure (Mehmood, 2018

1.4.2.3 Intermediate spinelstructure

The proportion of M€**) and Fe**) cations distributed among both sites such as A

sites and Bsites represented the mixed spinel structure. The intermediate spinel

structure possessed
wasd Q "0Q 0 Q "0Q ] 04

bet ween z Struatural domdila od miged  ferrite

The most common example of intermediate

spinel is MnFgO4 has value of inversion parameter is OThe mixed spinel ferrite is
shown in figure 1.4Goldman, 2006Smith and Win, 1959

>

Me.; Fes

! .

Figure 1. 4
2018.

Distributions of cations in intermediate spinel structMehmood,

C
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1.5 Magnetsm

Magnetism is the property of materials that resptmn@tomic or subatomic levelith

the applied magnetic fieldMaterials showed differenbehavior in the presence of
magnetic ield. Magnetism in the magnetic material was arises due to magnetic
moment of incomplete shell of atom andnpaired electron in conduction band of
atom. In case of iron group, the incomplete shell was 3d sHed. magnetic moment

in the atom orignated from motion of electrdepin and orbital) Spin quantum
numbker value or momentvas 1/2 or-1/2 depending on the direction of orientation
while orbital magnetic moment has values 1, 2 &twe net magnetc momerng the

sum ofspin quantum number and orbitaloment for lighter nuclei is given by
J=gS+L 1.1

Where g is electron-factor and its valuespin angular momentum is 2.0023 but
normally takeras2.S and L are sum of spin and orbital momentofreach electran
For heavier atom J S+L.the magnetic moment magalculate by the following

equation:
‘ Q0 1.2
Hereegi s Bohr 0s (s aeotori gactor (Qlveida, 199§.

The magnetic field inside the magnetic materials was g by the following

relation:
o} D 0 1.3

Here B represent the magnetic field, is permeability constant, H showed magnetic
field induction and M is magnetizationnside the magnetic materials Idethat was
opposite to magptization also presents. Thigld is known aslemagnetizing did
(Fuller, 1987.

According to magnetic behavior, magnetismcagegorized into following types

a. Diamagnetism
b. Paramagnetism

c. Ferromagnetism



d. Antiferromagnetism

e. Ferrimagnetism

1.5.1 Diamagnetism

Diamagnetism isan inherent property of material which originated from the orbital
motion of electron in the magnetic fieldhe simplest way to classify the matio
properties of materials igespond in the applied field. Relative permeabiity and
susceptibiity was used to differentiate the magnetic materials. Diamagnetic materials
possessed negative susceptibiity and pebiitga It was observed only when atom

did not possessed net orbital momelite electronn orbital motiondeveloped a field

that was opposite to the applied fielthis effect leads to a negative susceptibdityd

reduced the net magredtion of materal when externalield is employed

Diamagnetism appeared in al materials. It was the tendency to oppose the applied
external field. There is no free or unpaired electron in diamagnetic materials.
Therefore magnetic moment of intrinsic electron may not produce any bulk effect.

such cases magnetization arises from the orbital motion of elediamagnetic

material employed inside field then electron experienced a fomghich attracted or

repelled depends upon the motion of orbital electronin diamagnetic matials

magnetic flux isinduced vhen external fieldis applied The external applied feldvas

opposed by the changing magnetic figo that diamagnetic material exhibited
antiparallel magnetizabn with respect to appled I That 6 s why imMmagnet i
diamagnetic material isproportional to appled feld.Many metals and most

nonmetals are diamagnetic.
1.5.2 Paramagnetism

Materials possessediet magnetic moments arealled paramagnetic materials
which each atom behave as individual magridéie magnetic momesitin this material
are partially aligned in the applied feldirecton These materials were tempiera
dependent and decreasedusceptibiity with the in@ased of temperature.
Paramagneticmaterials are independent of magnetic field strengthlost of metals
such as sodium, potassium, lthium, magnesium a&tcl some rare earth metals are
included in this class of material®eyond Curie temperature ferromagnetic materials

become paramagneticThe weak magnetization i$duced paralel to the field in



paramagnetic material when external field was employide induced magnetization
is proportional to the appled feld but not just likeamiagnetic material.The
susceptibiity is inversely proportional to absolute temperatuthis also known as
Curie Weiss law. For paramagnetic materidlse value of susceptibiity isn the

range of positve 16-10°.

There areunpaired electron in these materials and oriented in random direClien.
unpaired electran are free to align its magnetic moment in any directiém. various
magnetic materials such as tikated salt, as temperature asesed thermal agitation

of the pin was reduced. In these cases, Pierre curie showed that susceptibility

followed the CurieWeiss law. The susceptibility éefined as:
0 7O 1.4

Wher e G i s S U S c e pnagnelization dng H deMonstratep magietc n t s

field strength. Curie Weiss law determined the susceptibility:
oryY 15

When fied was removed the magnetizatiowas vanishel (M.C.lovel, 1977
Stefanita, 201R

1.5.2.1 Superparamagnetism

Magnetic ordering was present in the magnetic matemdich can ascribe by
hysteresis loops. The behavior of paramagneticferromagnetic and super
paramagnetic isdisplayed in figure 1.5.Superparamagnetism (SPM) & state of
magnetism described by the ferrimagnetic nanoparticles whose diameter was less than
hundred nanometersiVhen thermal energy isufficient to overcome the barrier of
reversal magnetization thenuper paramagnetismprevailed in the range of single
domain sized grainThese barriersproduced due to magneto crystaline and shape
anisotropy. The magnetization isblocked chances of spontaneous reversal became
negligible when energy of barriers was larger than the therewaérgy. The
nanopatrticles indicated certain preferences for the orientaton of magnetic moment
along the directon of magnetizatios called magnetic anisotropyf nanoparticles

aligned their magnetc moment in one preferred direction then it was kma®wvn
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uniaxial anisotropy.In uniaxial particles arerandomly orientated in the direction of

magnetization caused by the thermal energy.

.
M

m— FErromagnetism
s Paramagnetism

m— SUperparamagnetism

Figure 1.5 M-H loops for ferromagnetism, paramagnetism and super paramagnetism
(Mahmood, 2018

The sper paramagnetisndirectly related to magneti@nisotropy The magnetization

is randomly turning its direction under the influence of temperature in small size
nanoparticles.The time used to measure the magnetization of nanoparticles was much
larger than the Neel relaxation time nanoparticles exhibited zero magnetization and

particles aren the state of super paramagneti§Mahmood, 2018

1.5.3 Ferromagnetism

Paramagneti and diamagneti materials showed smalmagnetic influence when field

is appled to t Few materials exhibited very strong magnetic efieechagnetic field

is employed. This effect iscaused by the interaction of unbalanced spin of adjacent
atoms called exchange interactionhe exchange interactioaligned the unbalanced
spin of electrons so that material showed large spontaneous magnetizétion.
ferromagnetic materials arplaced inside the magnetic field then all domains aligned
in the direction 6 appled fend and material isaid to be magnetizedf the total
resultant magnetition became zero; material said to be demagnetizedihe applied
field varied the magnetizaton from zero to saturation vakerromagnetic materials
have unpaired free electronshe spins within the domain argigned by excainge
interaction and unbalanced spin of electrora. ferromagnetic materials each

individual atom behaved as magnet and exhibited strong magnetizatidine

11



susceptibiity of ferromagnetic waia the order of 10 which waslarge as compared

to other magnetic materials.

The domains exist in the ferromagnetic materials and definediugs amountof

atoms 16° to 10" aligned theirorientation ofmomentin the direction of field In a
magnetic field, alignment of the magneticmoment is decreased at higher
temperature.When temperature isncreased from certain value thermal agitation was
increased from exchange force and the properties of ferromagnetic were disappeared.
The temperature at which femagnetic become paramagpets known as Curie

temperature.ln the paramagnetic state, it folowed the curie Weiss law:
or’Yy — 1.6

Wher e d (Fslercl®8jst ant

1.5.4 Antiferromagnetism

The posttive alignment between electron spins occurred in the certain range of
interatomic spacingWhen spacing between the atomsvas increased then effect of
inter atomic forcesbecome negligiblelf the spacing reduced up to certain limit sign
of exchang force isaltered and it preferred antiparallel configuration of spifie
spins within domain aligned antiparalel and canadl the effect of each otheBSuch
type of material isknown as antiferromagnetic materi@n ordered arrangement of
antiparalel spinson different sub lattices i®ccurred in antiferromagnetic materials.
Antiferromagnetic material possessed small vabfe permeabiity and varied with
temperature. Antiferromagnetic natureexisted at certain temperature called Neel
temperature. Whentemperature isincreased beyond Ty then antiferromagnetic
characteristics vanished and became paramagnetic. Neel obsentedat thaw
temperature antiferromagnetic material did not folow the Curie law. For high

temperature it folowed the Curie Weiss law:
or’Yy — 1.7
Also; ... OF"Y Tn) 1.8

Where | = Neel temperatureNormal magnetic orientation was restricted due to
negative exchanged forae the applied field at low temperaturBue to this behavior
susceptibiity wasin the order ofl03. The exchange interaction igduced with raised

12



of temperaturesuch that negative exchangaeraction diminished. The susceptibility

is raised up to Neel point where negative exchange interaction disappeared. Now the

spin system behavedhs a paraagnetic with the expected CurigVeiss law

dependence

1.5.5 Ferrimagndism

Ferrimagnetic material isimportant class of magnetic materials and also caled

ferrites. The materials having antiparallel spin with different magnitude are called

ferrimagnetic materialsNeel developed his theory of antiferromagnetism, at the same

time J. Snoeck discovered a new class of oxide having very interesting properties at

high frequencies. He called them ferritds.new panorama was raised to calculate the

magnetic moment of @, ferrites. Theoreticaly unpaired electrons for J&k are 14
so that ma g n e t ig.cTheracardieenetectronsafe eadh4ferroions and
four for ferrousions Theexperi mentally cal cul atNoa
Neel extended his theory and included ferrteShere are two different
crystallographic sites in the crystal structure of spinel ferntéth same negative

exchange interactions.

ma g n e

The difference in antiferromagnetic and ferrimagnetic materials was only the

magnitude of magnetc momentn case of ferrimagnetic materialerientation of
magnetic moment is opposite in direction but different in magnitudeThis

phenomenon producedet magnetic momenthe abovephenomenon i®ccurred due

to differenceions distribution on either sitecalled ferrimagnetsmThe special case of

antiferromagnic materials isferrimagnetic. Ferrimagnetic materials have Curie point

at which it became paramagnetic. Above Curie temperature properties of

paramagneticand ferrimagnetic materials asame(Standley, 197

1.6 Magnetic interactions in ferites

There are two kinds of crystallographic sites present inctigstal structure of spinel

ferrites Exchange interactions occurre@mong metals cations through oxygen ions.

Instead of direct exchange interactiorsper exchange interactions atarried out
amongA and B sites cationsAmong three inter $u lattices, AB interactions isthe

strongest intexctions than the other two {A and BB) interactionswhen electron
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spins arein opposite directon at A and B site$¥hen nonmagnetic iorwas
substituted in spinel ferriteshén BB exchange interaction isomparable with AB
exchange interaction lead® tnon colinear structure at-#tes. Due to negative
energy of these intactions, the electron spins aogientated in antiparallel direction.
The strength of energies inrdle inter sub lattice sites adependent the distance
between the ions and angle between thd@ime energy of exchange interactioBs
varied directly with angle and inversely witistance.The configuration of ion pairs

in the Errimagnetic spinel ferrites ishown in figure 1.6.Basel on angle and
distance, AB exchange interaction was predominant than the other two interactions

because the value of angle is much high and the distarmreak(Gorter, 1954

B-B A-A

B=125%0 ,=154"34
(el p (ideal)

B.=79°38
(ickeal)

Figure 1.6 Magnetic exchange interactions in spinel ferr{8sravanan, 20}7

1.7 Hysteresis loop

The bdavior of magnetic materials iglescribed by the hysteresis loop$he
magnetization isincreased with the increased of magnetic fisldshown in figure 1.7

with dotted line. Further increased in magnetic field caused the magnetization reached

to maximum vaue6aé call ed s at WAl tha $pinsnareafignednie t i zat |
paralel direction exhibited saturation. After saturation no considerably increased in
magnetization was observed with the increased of magnetic iétegn applied field

is decreased then magnetization decreased but not in same ntatesral applied

field became zero but magnetization did r

remanence The magnat field is reserved in direction to make magnetization zéD.
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zero magnetization, appled feld i o t zero at p ovityn tFurthérc 6 c a |l
increased in magnetic field in treame direction, the material isagnetizedat point d

in reversed direction and attained saturatiBy. reversing the field again tonake

applied feldzer o at point 6ed known Ipmegualbe manenc
opposite i n Fdther Bcceased im khagretizatioh $wiped out from e to

f which was equabut opposite topoint 6 c Bhe magneti zation reac
with the raised of appled feld to complete the hysteresis Itiofhe material was
magnetized up to saturation level then magnetization did not change with applied

field. The magnetizatiorexhibited lag behind phenomenonthis phenomenon isalled
hysteresisandc ur ve Oabcdef & dhelmbaterid was gharoterzedsas s | o
soft or hard by thevalue of coercivity They can easiymagnetizeand demagnetized.

Whie measuring the magnetic hysteresis one could take intoustcthe shape of

hysteresis is/aried with the orientation of appliectldl to easy axigBertotti, 1998.

M (Magnetization) Saturation

Retentivity

N

Coercivity

N

-H H
Magnetizing Foree Magnetizing Force
In Opposite Direction

Saturation

In Opposite Direction

Figure 1.7 Hysteresis looSaraanan, 201}
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1.8 Neel theory of fermimagnetism

The crystal that contained atoms and ions possessed permanent magnetic moments.
Some materials exhibited spontaneous magnetization which was due to the
interactions of magnetic atoms aligned parallel to each offte. materials having
spontaneous magnetization could be divided into three types such as ferromagnetic,
antiferromagnetic and ferrimagfic. The existence of last two classes was recognized

by L. Neel In 1948, Neelpoint out in his papethat ferrite compound developed as
commercial magnetic materials by J. Snoek and hisvaxers were ferrimagnetic
materials. Neel theory of ferrimagnem is molecular field theory magnetic ordering

The main results of this theory are gven belivéel, 1952

V The curve of reciprocal of susceptibiity versus temperature above Curie
temperature was hyperbola.
V The curve of spontaneous magnetization versus temperature below the Curie

temperature might have any number of unusual forms.

The ferrites having formula ME©, satisfied the Neel assumption where*Fiens are
trivalent magnetic ions and M represent the-n@gnetic ions.The different kinds of
magnetic interaction were existed between ions but some of them were knovas such
A-A, B-B and AB. Neel assumed that-B interacton was paominant thanA-A

and BB interaction. The magnetic moment estimated from Neel theory was much
smaller than the sum of magnetic moment of constituent iBimstefore mathematical

form of Neel theory was needed.

The interaction within the material was described by Neel fpiss molecular field

theory.

In ferromagnetic materials, it was assumed t@at was same for all the atoms. When

this concept was applied on the ferrimagnetic materials we have:

©c 0 §O) 1.10
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Here 'O is molecular field acting on Aite and its sum €0  and samdor O . To
account the magnetic interactions between magnetic ions molecular field components

were written as:
o = 0 O = 0 O= 0 O = 0V 1.11

Here o indicated the iusirhted cmadnetic morentedf & c o e f
sites and U demonstratedmagnetic moments of Bsite. It may be shown that

[ = . It means molecular field coefficient wa®t changed if some nonmagnetic

ions were present on A and B sites &nd [ unlessthe atoms were identical.

Neel revealed that ff > O favoured paralel alignment of magnetization on A and B

sites and [ < 0 indicated antiparallel alignment of spins otetrahedral and
octahedralsites. When field 'O was appliedthen netfield acting on each sulattices

was given bySmart, 1955k

O o . C*r o o_l, ‘ 1.12

o 0 .C* ‘1, _, 1.13

1.9 Conduction mechanism

In semiconductor conduction was occurred due to electron and FAbleshopping
phenomenon of electrons through the crystal was responsible for conduction
mechanism in ferritesDivalent andtrivalent cations in spinel ferrtes occupied a fixed
positon in the crystal latticeThe ferrites sintered at high temperature produced
oxygen deficiencyand excess formation of Feions. If ferrous ions associated with
ferroic ions then it lowered the resistance greatly due to hopping of electrons occurred
very steadily. Conductivity was alteredvith temperaturebut carrier concentrationvas

not affected. In spinel ferrites cations werbounded withoxygen ions as wel as
isolated from each other by first order approximatidine electron of certain
magnetic ion remained isolated and localized within. im all types of ferrites
exchange of 3d lectrons were responsible for conduction betweefi-Fe?*. The
conduction in ferrites mainydependson Fé*/F€* ion pairs reside on B site and

activation energyAll the ferroic and ferrous ions pair occupied at B sites then total
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number of chargearrier was 1€ cmi®. If the conductivity was low then mobilty also

low even number of charge carriers was large.

1.10 Magnetic domains

In the nineteenth century scientists began to realize that magnetic matter consist of
elementary magnets just likeatter consist of atoms or moleculeghe concept of
elementary magnets was explained on the basis of two experimental facts: it was
impossible to isolate théNorth and South Poleof magnets.Langevin developed a
theory of paramagnetism in 1905 using stias thermodynamics modeBefore that

no effort had been made to understand the concept of magridéseoncluded that
independent magnetic moment exhibited a weak magnetism at room tempé&riagure.
strong magnetism was produced due to interaction ammic magnets. In
ferromagnetic materigls atoms interact with the neighboring atom such that their
magnetic axes become parallel i.e all north poles were pointed in the same direction.
Such type of interaction of atomic magnets with paralel magnetes ax caled

magnetic domain.

The magnetic domains within the material could be seen by powerful microscope.
Domains are the region in a single crystal oagnetic material and very largean the
individual atom. The magnetic domains in unmagnetizathterial are regions where

they aligned to make a complete loapl shown in figure 1.8When the material was
magnetized the magnetic domains altered their direction and oriented their axes in the
same direction. The maximum magnetizaton of material edll saturation
magnetization occurredvith the orientation of all magnetic spiris same direction.
Different domains aligned in different mannersBasicaly magnetostatic energyas
reduced with the formation oflomains. Splttihg of domain into smaller domain
caused to reduce the energy of system and more energy required to form the grain
boundary. When magnetic domains were algned in antiparallel direction (the angle
between them 180°) then material had preference tm afi the directon of
magnezation In spinel ferrites, the triangular domain also caled closure domain
played important role in the reduction ofmagnetostatic energy. Theeduction in

various types of energies such as magnetostrictive energy, magnetostatic energy,
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domain wall energy and magneto crystaline anisotropy enemgg responsible for
various type of size as wel as shape of domékdson, 1989 Schafer, 1998

Domains Domains
ran.domly aligned with
aligned external field

Figure 1.8 Different shapes of domainéSdafer, 1998

1.11 Applications of fermites

Ferrites were utiizedin high frequency applicationsn the basis ofmoderate to high
value of magnetization, permeabiity, permitivity and high electrical resistivitye

spinel ferrites attracted the intention of scientist and researchers dudraoordinary
properties. Spinelnanderrites were employed in switching, microwave frequency,
memory storage devices, magnetic recording media, transformer core, gas amshsing
many more electronic and biomedical applicatioAs. low frequency, spinel ferrites

are used as inductor core in power generation, conditioning and convetsidnigh
frequency, it can be used as active devices which send, receive and manipulate
eledromagnetic signals. Spinel ferrtes also utiized in mitary and commercial
radars. The radar applications aobviously miitary but it can be used in commercial
system such as oceanographic satelite radar, commercial aviation, automobile
anticolision radar and weather warning raddn the mid of 28" century taking

advantages of ferrites dielectric properties a wide range of microwave applications
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including isolators, circulators, power limiters, phase shifter, directional couples etc.
based onpolycrystaline ferrites There are two essential factors which make ferrites
as a versatle material i.e low electrical conductivity and low production Gbst.
market value of ferrites is very low as compared to o#fectro ceramic{Amiri et

al., 2019 Amor et al.,, 2019Han et al., 2019Hu et al., 2019aMailadit T. Sebastian,
2017 Muscas et al, 2039 Coppe nickel ferrites areused in high frequency
applications. Lithum ferrites are utlized in transformer cores and switching
applications.Copper ferrites may be suitable candidate for gas sensin@piamedical
applications. Copper zinc ferrites arepotential candidate for optical limiting and

catalytic applications.

20



Chapter No.2

Literature survey

The ferrite systemCuCkF».xO4 where x= 0.0, 0.2, 0.4, 0.6 and Owas synthesized

by usual ceramic techniquélhe dielectric behavior of chromium substituted copper
ferrtes was elucidatedPhase detector technigue was used to measure dielectric
constant. Dielectric studies revealed théielectric losses were reduced with the
inclusion of chromium ionsand increased the frequepm When CP* content and
frequency increased then value aélectric constant waseduced The real part of
permitivty showed dispersion peak at moderate temperatm@ dispersion peak
shited towards higher frequencies with the increase of temperatbee results of
chromium doped copper ferrtes demonstrated that phenomenon of polarization was
similar to the conductionThe dispensen peak appeared in dielectric study whge to

two types of chargese ptype and rtype @arries With the increase of temperature
dispersion peak shited towards high frequenty. general dielectric parameters
exhibited declined behavior with increasén frequency. The abnormal behavior

llustrated in the samples was explained by the Rezlescu r(ieideliti et al., 1995.

The effect of titanium on various propertes ofCuFeO, nanderrites were
investigated (Mazen et al, 1996 The samples were characterized by-ra§
diffraction, IR spectra,micro hardness, microstructure studies dd@ conductivity.
Two different cations distribution of “fi substituted copper ferrites were investigated
in terms of XRD data and IR spectrBlhe lattice constant was not affected b§/* Ti

substitution in the first seriedhe grain diameter was independent of dopant content

for the second system. Grahi amet er was decr e aswhdthefr om 4

increase of titanium concentration for the first systdimere was no change observed

in grain diameter with the additioof Ti** for the second systen®C conductivity of

both systems was decreased with the incorporation of titanium in copper ferrites.
Micro hardness of the sgms increased with the raised of titanium contdite
crystal structure of copper ferrites walkanged from tetragonal to cubic structure with

the substitution of i catiors.
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A series of polycrystaline GuCdiFe,O4 nanoferrites wassynthesized by standard
ceramic route(Ladgaonkarand Vaingankar, 1998 The convergenceof R factor from
0.0103 to 0.0315 was due to structural refinement of diffraction dat.theoretical
intensities were elucidatedrom cations distributionon either site The ratio of
theoretical intensites 0220 to 222 planesvas very sensitive to dgams distribution
among A and Bsites. The comparison between theoretical int@ssitratio and
intensities ratiowas calculated A new method wherein (theoretical intensity versus
inversion parameter) was ajppl to investigate the catisndistribution for 220plane

The experimentally calculated intensities of 220 plane were used to obtain the exact
value of inversion parametefhe cations distribution determined by wherein method

was similar to the cations dibution estimated from the magnetization method.

The various compositions of zinc substituted copper ferrites wedrtained using
double sintering ceramic metho¢Ravinder, 1999 Thermoelectric studies of €u
xZnFe0,4 nanoferrites(where x = 0.0, 0.2, 0.4).6, 0.8 and 1.pwere carried out at
different temperature The value of Seebeck coefficient for all compositons of
prepared ferrites was negative which revealed that Zubstituted copper ferrites
were n-type semiconductorThe values of charge carrier content were elucidated from
the perceived vaé of Seebeck eefficient. Seebeck cafficient and carrier
concentration were explained on the basis of temperature varidten.value of
Seebeck coefficientvas increased with the rise of Zncontent. The charge carrier
concentration was increasedittributed to increase temperaturéAfter Neel
temperature (Ty) concentration of charge carrier wasreduced as temperature
increased The quantity of ferrous ions was determined from standard titration
method. The minimum value of electrical conductivity and ferrous concentration were
observedfor Cw 4Zny ¢Fe0, ferrites. The increase of Zf contents in copper ferrites

increased the resistivity which was duedtcreasef ferrous concentration

The folowing formula CuyCdFeO4 (x remained in 0.2 tdl.0) of nanderrites was

produced by double sintering ceramic technigi®avinder, 2000 The electrical
parameters i . e el eand rthern@electric c powed UW($)t werei t vy
determined at different temperaturé.h e behaviour of3Twasg (GT)
inear and indicated transition near Curie temperatifbe results of Seebeck

coeficient demonstrated that cadmium doped copper ferrites have been categorized as

ntype semiconductorThe value of charge carrier concentraton was estimated from
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experimental value of Seebeck coefficient and mobiity was computed from the
electrical conductivity. The properties of cadmium doped copper ferrites were
compared with the zinc substituted copper ferritBseth cadmium and zinc were
nonmagnetic divalent ionand preferentially occupied on tetrahedral sif€se value

of thermoelectric powesand resistivity were found to be higher for cadmium doped
ferrites and less for znc substituted ferriteBor same concentration Curie
temperature for Gdn ferrites were high than &@Qd ferrites. Continuously increased

in the value of charge ca@r mobity was due to risen temperatureCharge carrier
mobilty was increasedwith temperatureproposed that conduction mechanism was
due tohopping between E&Fe**ions

The CuxCdFe04 (0.0 O x M.0) ferrites fabricatedsia ceramictechnique(ul-lslam et

al., 202. The resistivity measuremenisere estimated at room temperatufeC
resistivity was increased at lower concentration of cadnassociatedwith hindering

of hopping phenomenon of FeFe**. It was due to formation of stable bond between
CU** and Fé&*. For the temperature dependent resistivity two different regions were
perceived i.e paramagnetic and ferrimagneticActivation energy was highin
paramagnetic region than ferrimagnetic regiovhich revealed that conduction
phenomenon was occurreat high temperatureThermo power and resistivity of €u

Cd ferrites wereinterrelated At low temperature conduction was due to impurities.
Seebeck coefficient for all samples was investigated anduggestedthat all

compositions of Ct doped copper ferritesvere degenerate semicondustor

The mixed nano crystalineferrites Cu.xMxFe&.2x04 (WhereM = Ge and Ti) 00x O
0.4 were obtained using standard ceramic mettdldRawas et al, 2004 The
magnetic measurements weperformed at different temperatureMossbauer study
was carried at 77 K and 300. Mossbauer spectiadicatedthat Ge'* ions resideon
tetrahedral sites and “Ti preferentialy occupied on octahedral siteSaturation
magnetization was investigated in the temperature range/507 K. Magnetic
susceptibiity was determined byFaraday microbalance susceptometdiose range
was 500-1000 K. The variations inGn and Ms with temperature revealed th&@urie
temperature was decreasedth the rise of dopants concentrations and agnet
momentwas elucidated from data of saturation magnetizafidre magnetic moment
was est i madar énd éxplanedithdNeeb swo sub latticemodel. At high

temperature effective moment wagcreasedwith the incorporation of Ti and Gap
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to x = 0.4 Cations distribution was determined from the Mossbauer ditagnetic
moment calculated for CUi system was decreased with the addition of\Viagnetic

moment of CuGesystemwas increased with theubstitution of Ge

X. Wang et al(Wang et al., 200dpreparedNio.15CW 22Ny 650)(F& 1 MnyO340.5x)0.99 (

x = 010.04) nanoferrtes by citrate precursor methdthe infuence of Mn on
electromagnetic properties of NiCuZn ferritegas investigated Microstructure and
permeabilty of synthesized ferrites were also estimaléahno crystals were sintered
below 900 °C without adding the sintering aidslue to briliant sintering action
Incorporation of Mn in NiCuZn ferrites greatly affected the electromagnetic
properties. Initial permeabiity of nickel copper zinc ferries was ireated which
depend upon frequency.Inttial permeabilty greatly enhancedith the small amount

of Mn substitution then decreased with the increase of Mn coméittit. the addition

of Mn inttial permeabiity was enhanced from hundred kiohertz to several megahertz.
Quality factor of prepared ferrites first enhanced with the incorporation of Mn then
reduced with the excess amount of Mn. The manganese substitutednNiCu
nanoferritesfor x = 0.015 possessed fine grained microstructure, high value of quality
factor and high permeabilty greater than 500 at 1 MHz which showed that these
nanoferrites were very useful for high frequency Majer chip inductors

applicatins.

The nanocrystaline copper ferritdabricated via ceprecipitation route When high
energy miling in copper ferrites wagarried outin air for different time intervals then
progressive enhancement inagnetic propertiesvere measuredShifting in the super
paramagnetic limitvas detecteddue to risein the time interval It was due to shifting
of Mossbauer blocking temperature to higher valeed maximum zero field cooled
magnetizaton The increase and shiting in magnetizaton wadribated to
irreversibility betweenZF and ZFC The value of M a n dg were found to increase.
XRD pattern revealed therystalinty of spinel ferrites were improvetdy miling
process The miling process increasedrain size upto 13 nm and the value atrain
was reduced The cubic metastable phase of copper nanoferrites was stabiized after
the miling of 10 hourgStewart et al., 2004

The influence of nickel in copper ferromanganites having compositioni-Cu
«NixFeMnQ; ( 0 O  xwasOirlvestigated XRD analysis confrmed the single phase
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spinel structure of prepared compound$ie structuraltransition fom tetragonal to

cubic took place with the introduction of Mn in copper ferritédossbauer spectra of
nickel inclusion copper ferrites were carried out in the temperature range& K.
Mossbauer spectra of all prepared ferrites showed two welveesZeeman patterns
which corresponded to tetrahedral and octahedral sitglmssbauer spectra also
revealed weak quadrupole doubléhe paramagnetic doublet of nickel doped copper
ferrtes was due to super paramagnetic grains of ferrites and disappeared at low
temperature. The hyperfine field was increased with the increasef dopant
concentraton at room temperaturélhe cations distributon determined from
Mossbauer spectra indicated that all samples having partialy inverse spinel structure.
Curie temperature of substéat ferrites was increased with the rise of nickel content.
The speciic heat for GuNipsFeMnQ, and NiFeMnQ was investigated from
Mossbauer spectra for nucleus 6fFe. The temperature dependent hyperfine
parameters were also studied for these two compositims.one third power law

was applicable for sub lattce of magnetization in the range 0.46<0M1
(Roumaih et al., 2005

Ch. Venkateshwarlu et al. fabricated the various compositions of cobalt substituted
copper ferrites using differential methqenkateshwarlu and Ravinder, 200@hey
investigated the thermoelectric power studas different temperaturesuch asroom
temperature to well beyond Curie temperatéiethe samples have negative value of
seebeck coefficient which revealed thayntsesized ferrites behave astype
semiconductor. Seebeck coefficient Isa maximum value atT.. The seebeck
coefficient also investigated as a function of compositiofise value of seebeck
coefficient was decreased with the increaskcopper concentration in copper spinel
ferrtes. The variation in thermoelectric power as a functon of temperature was
determined. The value of thermoelectric power for all compositions was increased
with the rise of temperature up to certain limi lexhl Ts. Further increased in
temperature, the value of thermoelectric power was decreddethe compostions

of CuCo ferrites having negative value of thermoelectric power which revealed that

majority of charge carriers were electrons.

The copper spinel ferrite was fabricated by precursor method with the aid of

utrasound radiation.The variations in different preparation parameters were studied
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on the formation of copper ferriteCrystal structure of copper ferrte was explored

from XRD patterns under different processing conditiofse obtained precursor was
calcinated at 850 °C for 2 houCrystalite sizewas estimatedf r o m Scrélagonr er 0 s
and its value was68 nm. FTIR spectra were observed in the range of-800cm’.

Lowf r e g ue n gywasolasensd at 483 chiwhi |l e the high frequ
was appeared at 570 ¢m The high frequency band was caused by@dand atA-

sites whie low frequency band observed at octahedral sites was attributed to
stretching vibration of copper oxygen barnthe key factor to control the hardening
aggregation and producetthe uniform particle size was sonochemical reaction time.
When the calcinationemperature was changed then crystaline type and particle size

of copper ferrite was changedhe SEM micrograph showed thaize of prepared

particle was 60 nniLv et al., 2008.

Muhammad Ajmalet al. (Ajmal and Magsood, 200Q8replaced the Zi with ClL#*
having the compositons @w/nFe0, and thesewere prepared by standard solid
state route.The structural, electrical and magnetic properties were varied significantly
with the substitution of Zi ions in copper ferritesLattice parameter wafound to
increase from 8.370 8.520 A The voume of unit cell was increaseahd attributed to

the inclusion of large ionic raddf Zr** ions The bulk density was increased with the
substitution of Zfi" ions. The semiconducting nature of all samples was estimated
from electrical measurementwhose value reduced with rise in temperature. The
decreased in dielectric parameters was attributed to space charge polarization.
Intially, magnetc moment andVis were improved for lower concentrationand
decreasedthereatfter. Value of Yafet Kittle angles were zero up to x = Q@t2n

increased with the incorporation af in copper spinel ferrites.

The nanocrystaline copper ferrite was prepared using combustion method which
depends upon the ceramic route and glycine nitrate prodé®s. samples were
characterized bylR (infrared radiation) XRD, SEM, TEM (transmission electron
microscopy) and VSMtechnique The various structural, morphological and magnetic
parameterswere investigated.The compositions of copper ferrites having different
value of crystalite size were synthesized by varied the ratio between glycine and
nitrates with the changing of preparation temperatureThe tunable magnetic

properties were obtained from comlimst method using proper glycintrate ratio.
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The single phase spinel structure was confrmed from XRD and IR patieEns.
analysis indicated the needle lke tubulaanostructure with polygon particles.
Particle size of prepared ferrites was amplfied with the increaseof glycine/nitrate
rato. The magnetic studiesindicated that saturation magnetizaton has linear

relatonship with gystallite size(Deraz, 201D

V.K. Lakhani et al.employed ultrasonic pulse echo overlap technique to evaluate the
elastic properties o&luminum substituted copper ferriteat 300 K with the frequency

of 9MHz The elasticmoduli were determined from longitudinal and transverse wave
velocities and their variaton with the substitution of*Alons. The value of elastic
moduli was found to decrease with the inclusion of aluminum in copper férnie.

low value of elastic diness was due to the presence of vacant oxygen sites and
residual stress which induced spontaneous cracKihg incorporation of Al in
CuFeQ, ferrite possessed smal value of lattice energy as compared to their single
crystaline counterpartt could be explained on the basis of increased in the degree of
disorientation at grain boundarie3he decreased in the value of effective elastic
moduli was not due to the inclusion of3Alions which did not take part in the
formation of actve bond and enhanced the value of pore fraction but also due to
anisotropic thermal stresslhe anisotropic thermal stress produced the development
of micro cracks as wel as oxygen vacant sii#® polycrgtaline materials owingo

the small value of lattice energy as compared to their single crystaline was attributed
on the basis of conductingrairs as well as resistivgrain boundariegLakhani and

Modi, 2010.

Radheshyam Raet al. (Rai et al., 201} studiedthe impactof cadmium on structural

and ferromagnetic properties @@uFeQ, were fabricatedby citrate precursor method.

The techniqgues such adDSC, XRD, infrared spectroscopy and ferromagnetic
resonance were employed to characterize all sampB& curve indicated that no
absorption peak was observed beyond 400 °C which showed complete removal of
residual componentsThe structureof preparedferrites was analyzed fronXRD
patterns The particle size of cadmiursubstituted coppeferrites was found to 40 nm

and rediced to 20 nm with the increas¥ cadmium concentratiorlattice constant

was lnearly increased with the inclusion of cadmiufthen Cd?* ions were

incorporated in the system of copper ferrites, magnetic properties were varied
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significantly. At room temperature, all compositions revealed ferromagnetic nature
with significant value of remanent magnetizatiofhe variations in resonancéeld

and line width were recorded as a changed in temperdtareall the samples, the
values of magnetic moment were shifted from high value to zero at specific value of
applied magnetic fieldTo find out thevalue of different parameteiSmit Beliers (SB)

model wasemployed to the value of observed dafhe peak to peak analysis was
used to determine the value of anisotropy constantferrites, FMR signal with
changing magnetic moment revealed that SB approach may be used for the

determination oénsemble of magnetic particles.

The ferrtes system ME®, (where M =Cu, Ni and Zj were produced by sejel
techniqueand solution of aloeera extracted from plantFor economical and simple
prepaation of spinel ferrtesaloevera was usedThe thermal decompositon of as
prepared precursor was determined from TGA and DTA cuniée obtained ferrites
system wascalcinated at different temperature and its range was 600 to 900 °C for 2
hours. The fabricated ferrites system was characterizgdXBD, SEM, FTIR and
TEM. The crystal structure of copper ferrites was distorted and elaborated as
tetragonal whie nickel and zinc ferrites having cubic spinel structéde.the
compogions revealed polycrystaline nature with spinel structure havingstalite
sizes 151 70 nm. IR spectra of all samples showed that both low and high frequency
bands were appearedin 400 - 600 cnt. Crystalite size wasimproved with the
increased of calcination temperatuBEM images indicated the fine particles with
agglomeration and owing the value of crystalite size265nm for NiFeO4, 1835

nm for ZnFeO, and 2066 nm for CuFgDl,. When calcination temperature was
increased, particle size of these ferrites system was i@iseased. The magnetic
measurement wassal carried out by VSM and weexplained on the basis efirface

spin structure,cations distributionand i mp ur i t yFe@shM-Bl doopd) showed
ferromagnetic behavior for copper and nickel ferrtes whie fmdate revealed the
paramagnetic behaviolfhe simpleand cheapest method using aera provided well
crystaline structure with nano sized and acceptablenetiagproperties(Laokul et

al., 201).

The Cuy.xCoFeO, nanoferrites were fabricated by sol gel rodteoligh microwave

assisted. The following technique such XRD, SEM, impedance spectroscopy and
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dielectric were used tocharacterize synthesized ferrites Structure of synthesized
ferrtes was estimated fronXRD analysis possessedFd3m space groupin all
compositions of CGACo ferrites, no extra phase appeared which showed the complete
substitution of cobalt in copper ferritedwverage value of crystalite sizdetermined
fromSc her r er @u itsevguaredticedwitn the inclusion of cobalt in place of
copper.The value of dielectric parameters wesduced with thesubstitution of copper

up to 3% The data of impedance spectroscopy revealedsewicircles, one was due

to grain boundariesand other was due to grainThe impedanceanalysis described
that conduction mechanism take plabg grain boundags as wel as grasm The
conduction and polarization phenomenon was explained on the basis of electron hole
(Azam, 2012.

The various physicaproperties ofcopper nanoferrites wereinvestigatedand these
ferrites were synthesized by thermal treatment methad. preparation, copper and

iron nitrates were used as alternative sources of metals and poly vinyl alsetofor
capping agenwhich controlled the growth of particles and produced uniform particle
size Heat treatment was carried out in the temperatureer@ngi 823 K. The value

of crystalite size was varied between fi® 41 nm. The temperature effean various
properties such as microstructure, phase composition, morphology and degree of
crystalinty was explored by feld emission scanning electron microscopy (FESEM),
FTIR, TEM and XRD. Energy dispersion Xay analysisemployed to study the
presenceof copper, iron and oxygen ions ilese prepared ferritesAll samples
showed ferromagnetic behavior which was due to unpaired of electrons. This behavior

was confirmedby electron paramagnetic resonargmectroscopy{Naseri et al., 2013

The nanocrystaline manganese substituted copper ferrites were synthesized by
evaporation routeFor gas sensor applications, thesed egg white as wel as metal
nitrates. Effect of synthesisroute and annealing temperature on various propemies
structural, magnetic and microstructural ®&erexplained Lattice constant and
crystalite size both were increased when annealing temperature was incfBased.
average value of crystalite size was-3% nm. The conduciFe®s;) opbhase
synthesized nanoferrites was developed at 600 °The shape of particles was
determined from SEM images which were spherical in shBplktive atomic ratio of

Mn®* doped copper ferrite was closed to the expected value which was assisted from
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quantitative analysis oEDX. EDX analysis was also used to study the compostional
and elemental analysilemperature dependent of magnetic properties was estimated
from VSM analysis. Ms value of pure sample was highan substituted sampe
Conducting behavior of manganesebstituted copper ferrite was also measured by
exposing the materials under gas reducing agent like liquefied petroleunTheas.
sensor response of synthesized ferrites was observed whose value vaao@tigum

temperature 250 °@umar et al., 20149a

I. Mindru et al replaced F€* ions with chromium ions with the compositions
CuCkFe.xO4 which were fabricated by precursor methadth thermal decomposition

of gluconate mulimetalic complex(Mindru et al, 201p Elemental chemical
analysis, ultraviolet visible spectroscopy (UV), Mossbauer spectroscopyantR
thermal analysis were used to characterize the complex prec¥RDy. SEM, Raman
and Mossbauer technigue were employed to the obtained oxide pdBidestural,
morphological and magnetic properties of copper ferrites were significantly varied
with the substitution of Gf ions. The synthesized nanoferrites were calcinated at 700
°C per hour.Thermal conditons and composition of complex precursor play a vial
role in structual and morphological studiesCubic spinel structureof prepare
nanoferrites was analyzed from XRD spedwa x O 1.0 whie it showed tetragonal
structure for x = 0.0, 0.2 and Zhe crystalite size was calculated from XRD data and
its ranging from 19 to39 nm. From microstructural analysis particle size was
estimated andincreased with the increasef chromium concentrationThe relative
abundance, internal hyperfine magnetic field and site occupancy of cations for both
cubic and tetragonal structure wedetermined from Mossbauer spectroscdpyas
concludel that gluconge precursor methodvas low cost, fast and simple to fabricate
crystaline Ct*doped copper ferrite.

Le-Zhong Li et al fabricated zio substituted copper ferrite usirgpl gel technique
(Li et al., 2016k Structural, electricaland magnetic properties du-xZnFeO04
ferrites were exploredThe combustiorprocess wasised in three steps whickvere
observed from TGA and DTA curvéXRD patterns revealed the tetragonal structure
for pure sample. The secondary phasesh asFeOs;, CuO and CuFRg£, were
appeared in the XRD pattern of pure samplettice constant and average crystallte

size decreased whidheoreticaldensity was increased with thgubstitution of zinc
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into spinel lattice of coppeferrite. The value of MM i ncr eased for X
declined for higher Zr?* ions. Coercivity was monotonicaly reduced witthe
substituton of zinc ions.The charge polarizaton phenomenon was observed in the
frequency range of 100 Hz 10 MHz for all the samplesThe value ofdielectric
constant was exponentialyeduced with the inclusion of zinc ions The electrical
transport behavior in the prepared nanoferrites was similar to the impurity
semiconductor.The impact of Zfi" substitution on temperature dependent resistivity

was also measured.

M. A. Haija et al. synthesized coppeanoparticlesdy sol gel auto routéHaija et al.,
2017. Conductometric gas sensawas made by prepared ferrite¥he sintering
temperature was kept &0 °G750 °C respectivelyXRD and TEM analysisvere

used to identfy the crystal structure of synthesized nanopartEB® and TEM
analysis indicated the growth of nanoparticles as wellsi@scture trarsition from
cubic to tetragonal The low and high frequencyabsorpton bands of copper
nanoparticles were observed in the FTIR spectra which were the characteristics of
spinel ferrite. The powder of copper ferrte was pressed to form pellet for making a
gas sensor devicdrResuls of device showed that prepared pep nanoparticles were
sensitive for both hydrogen Bdé and hydrogen gasThe higher sensitivity for
hydrogen stidle was observed amall temperature.The concentration of ¥$ gas

was detected at 80 °C. For sensor operation low optimum operdtonaérature
required low power.Therefore prepared gas sensors could be used for practical

applications.

Y. Slmani et al. replaced lithium with copper and aluminum with iron having
compositions LikCu.xAlyFe.yOs with X and y varied from 0.0 to O.4&he® samples
were prepared by hydrahermal route(Slimani et al., 2018 The effects oflithium

and aluminumon various properties of copper ferrtes were examinedCations
distribution on each sidealso investigated Mossbauer spectraevealed that lithium
and aluminum reside on octahedral sitdbe average value of grain sizessessed
from SEM analysiswas 26 nm. Théoehavior ofcrystalite sizedetermined from XRD
analysis was simiawith grain size.lt was seen from MH loops that all compositions
showed super paramagnetic behavior except x = Th2 value ofMs was reduced

with the ircreased of dopants conten@Goercive fields, remanence magnetization and
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magneto crystaline anisotropy first increased tlEtined with the substitutionof

Li'* and AP". Squareness rato of lthum and aluminusubstiuted copper
nanderrites wasless than 0.5 which exhibited that all the samples were single domain
with uniaxial anisotropy.Magneto crystaline anisotropy constant increased for x =
0.2 and then reduced for higher percentage bf ahd AP* ions which ascribed on

the basis of cations replacement such as copper and iron were replaced with lithium

and aluminum.

The influence of indium and scandium on the properties of magnesium ferrites were
investigatedby P.P kirichok et al(Kirichok and Antoshchuk, 19%7and synthesized

with usual ceramicroute Mossbauer spectra were recorded by electrodynamics type
apparatus at room temperaturthe six line pattern of hyperfine splitting of lines in
the A and B sub lattice of magnesiupinel ferrite was observedhe variation in

fine structure was observedithvthe incorporationof indium and scandiumAt lower
concentration, number of Feions waslarge at B sites thanA sites. Correlation of
intensities between spectral components such as iron ions at tetra and octahedral sites
were changed with the incorporation of scandium and indiimthe magnesium
indium ferrites intensity of lines of tetrahedral iron ions was decreased rapidly

than the octahedral iron ionhere was no change in the crystallographic position of
Mg®* ions with the additon of fi in magnesium ferritelt produced sharp reduction

in the integrated line intensity whiotorrespondgo the iron ions at tetrahedral sites.
Mossbauer spectra of indiumagnesium ferrite revealed that®nions occupied at
tetrahedral sites for x < 0.2ntroduction of largein®* ions atA-sites may causetbe
significant distortion of oxygen ions aetahedral voids which increaseatagnitude

of quadrupolar splitting.

The electrical, magnetic and cations distribution of indium substituteeZrMferrites

were measuredMossbauer spectra of ZgMng sgdnkFe 05x04 ferrites werecarried

out at room temperaturéVlossbauer spectroscopic studies indicated that ¥ms
occupied at tetrahedral esit while manganese and iroeside on both tetrahedral and
octahedral siteslnttialy resistivity was increased with the addition of wndi then
decreased for higher concentration. The increased in resistivity was observed due to
In** ions replaced Mt ions from tetrahedral to octahedral sites and it becam& Mn

to enter octahedral site#\s a result hoping mechanism between ferrous and ferric
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was decreasedMossbauer spectra showed hyperfine splitting t@atrespondsto
distribution of iron ionsat A and B sitesMossbauer spectra revealed three sextets out
of two correspond to iron ions on B sites leviihe remaining oneorrespondgo iron

ions at Asites. The intensity of lines in Mossbauer spectra decreased with the rise of
indium content which confrmed that indium ions occupied on both siths. site
occupancy for various cations present in gmnel lattice was investigated on the
assumption that indium ionsccupied on both sites in same man@s manganese
(Rao and Mendiratta, 1983

The electrical and thermo power studied ofAand IF* inclusion of MgMn ferrites
were studied in the entireange of 300 to 700 KY. Purushotham et al. prepared two
series using differential and two probe methRUrushotham et al., 19P8Lattice
constant for indium substituted ferrtesvas increased whie for aluminum it was
decreased Electrical conductivity as a fation of temperature showetlansition at
Curie temperature. Elastic behavior of synthesized ferrtes as a function of
composition was studied by ultrasonic pulse transmission technique. It was seen that
elastic moduli was decreased continuously with the substituton of indium whie it
was increased with the inclosi of aluminum. Electrical conductivityfor all samples
was monotonicallyincreasedas temperaturerise. Activation energy for paramagnetic
region was high as compared to ferrimagnetic regiime chargecarrier mobility
versus temperature was calculated and found intbmease with the increasef

temperature.

The indium and chromiundoped magnesiuamanganese ferrites werabtained with
usual ceramic routeMagnetic parametsr.e Mg, €g, Tc and magnetic loss factor were
calculated. Ms value was increased slightly with the incorporation of*libns up to
certain level and decreased thereafiercase of CY, it was decreased continuously.
Curie temperature had been decreased with the dedeaf In** and Cr*
concentration.Curie temperature for €t substituted series was higher than th&" In
substituted series. The replacement of ferroic ions with diamagnetic or paramagnetic
ions decreased the value of Curie temperatlitee v a | u eg wad significatly
increased with the incorporationf indium as compared to chromiurValue of
magnetic loss factor wadetermined and these remainedthe range of 0.13 0.74
(Lakshman et al., 2002
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B. S. Chauhan et al studied the properties of substituted magmesnganese
ferrites having chemical formula MgMng 1AFeOs (A = In®*, AP*, C&") and
successfully fabricated using nonconventional citrate precursor méthbduhan et

al., 2004. The homogeneity of the samples was confrmed from SEM micrograph.
Citrate precursor method was used to attain high purity, better homogeneity, low
porosity, uniform grain growth and low processing tempegatuSaturation
magnetization, initial permeabiity, magneton number, thermal variaton of AC
susceptibiity and Neel temperature were calculated. Neel temperature for all the
samples was estimated from ac susceptbiity data. Among all three series, highe
values of Neel temperature wesbserved for MgoMng 1CoFe.xO4 (x = 0.3, 0.5 and

0.7) ferrites. It was observed that magnetic losses obtained from citrate precursor
method were low in order of-2 times than those MNIn ferrites synthesized by

conventbnal ceramic route.

The diamagatic indium ions substituted magnesiurmanganese ferries having
general formula MgoMngp 1InkFe>.xO4 were prepared by ceramic technigii@kshman

et al, 2004 The effect of indium on various properties was explored. The crystal
structure of mixed ferrites was estimated from XRD analysis. Mossbauer spectra
indicated two Zeeman sextets at small concentration of indium ions. Relaxation
mechanism explained these Zeeman sextets which correspond to the compositions x =
0.7 and 0.9. Hyper fine magnetic field, quadrupole splitting, isomer shit and line
width were studid as a function of fif concentration. Tére was no significantly
change in the value of hype fine field and isomer shiftwas observed with the
inclusion of In®*. When the percentage of indium ions were increased then value of
ine width was enhanced on And B sites. As a result extending of Mossbauer
spectral lines was observed. Hyperfine magnetic field was reduedd the
incorporation ofindium ions in MgMn nanoferrites.Variation in hyperfine magnetic

field due to increase of iiconcentraton wad e scri bed by Neel 6s mo

The polycrystaline nanoferrites with nominal composition of
Nio.65ZM0.375Tio.029MkFe1.05x04 ( 0 O x O  =prearedvEh)conventionad
ceramic techniqugdRao and Rao, 2005 The effect of indium on structural, electrical
and magnetic properties was investigated. With the inclusion of indium ion, values of

resistivty and M of nickel znc titanium nanoferriteswere improved. Lattice
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parameter, d, Ms a n dyc were calculated and variations in these values revealed the
site preference of indium ions. It was observed that indium ions occupied at
tetrahedral sites for lower concentration and octahedral sites feer legpncentration.

The increased in the value of'Tnconcentration decreased in Curie temperature was
observed. The saturation magnetization was slightly raised then reduced with the

inclusion of indium ions.

M. Maletin et al. substituted Yh with Zr?* ions having chemical compositions 1Zn
xIkFe0,4 in which x varied from 0 to 0.6 fabricated via -peecipitation route
(Maletin et al, 200y The following techniques i.e XRD, EDXTEM, Raman and
Mossbauer spectroscopy were employed to characterize the samples. The size of
nanoparticles was estimated about 4 nm
phase cubic spinel structure for x =0.0, 0.15 and 0.3. For higher concentrdiSh of

ions secondary phases were observed. The fabricated nanoparticles exhibited distinct
behavior than the bulk countermarfThe remaining samples possessed spinel as well
as additonal phase of In (OH) The lattice constant was increased whie clifsta

size was declined due to substiution of*InMossbauer spectra of two samples
exhibited simiar behavior with slightly broadening of lines and lower hyperfine field.

Raman spectra showed four broad ines moved towards positive frequency.

Ferrites system ZpxInsFeO, (Where x = 0.00- 0.60) were fabricated via low
temperature co precipitation routfMaletin et al, 2008 The dc magnetization
measuremenbf pure and doped samples having diameter aboutaddl 3 nm was
calculated The samples for x = 0.00 and 0.15 showed single domain ferromagnetic
below blocking temperature 25 K and super paramagnetic above thatratmgpe
The value of | was increased whie Mwas declined with the addition of indium in
zinc ferrites. The structural arrangement was distorted with the incorporatiori*of In

ions in zinc ferrites which changed the super exchange interactions betvedns.

Thakur et al replaced Fe with In**

in nickel zinc ferrites with compositions
Nio.58Zno 4dnsFexO4 (the value of x variedin the range0.0-0.2) prepared using
reverse micelle routéThakur et al,, 2009 Indium ions played a vital role to enhance
the magnetic properties dfli-Zn nanderrites. Masbauer spectra of pure -Kn
ferrtes exhibited collective magnetic excitation but indium doped teerrishowed

ferromagnetic phase. Thquadrupole splitting, hyperfine magnetic fieldomer shift
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and lne width were studied as function of indium conecetibn. The cations
distribution was not based on particle size but depend on preparation route. The
magnetic properties of al ferrimagnetic materials were depending on the synthesis
route. The reverse micelle technique was very promising technique foarg@re
nanoferrites. At room temperature, the presence of hysteresis loops and well define
sextets showed ferromagnetic couplings which suggested that fabricated ferrites were

useful in magnetic storage devices.

Incorporation of indium in nickel ferrtes mha substantial variations in various
properties having formula Nijlfe-xO4 (x = 0.00 to 0.3@nd thesewere prepared by
sold state reaction(Shirsath et al, 2009 XRD analysis provided the detaied
information about phase purity of the samples. Lattice constant of all compositions
was investigated from XRD th and showed a linear increasthe mean iao radii

of A and B sites, oxygen position parameter and theoretical lattice paraneter
calculated The strain in lattice of spinel ferrites was introduced with the substitution
of In** ions. Pulse field magnetization and ac susceptibiity technique employed

to calculate of magnetic properties. An effort had been made correlate the
experimental results with theoretical models. The data of Curie temperature of al the
samples were obtained from susceptibiity plots that indicated the decreasiig tren
with the increase of indium concentration. The weakening @ Auper exchange

interaction caused the reduction in the value of Curie temperature.

Electrical and dielectric properties of Nife,.xO,4 ferrites with x varied from 0.0 to

0.3 with step sizeof 0.05 were investigatedShisath et al., 2011 Polycrystaline
indium doped NiFgD, nanoferrites were prepared using sold state reaction
technique. DC resistivty was determined as a functon of compositons and
temperature. When indium ions were incorporated in nickel ferntesstivity and
activation energy were enhanceBielectric study of mixed ferrites as function of
compositions, frequency and temperaturgere investigated Al the dielectric
parameters were decreased with the increased of dopant concentration as wel a
frequency. The higher value of activation energy and stable bond formation between
Fe™- In*" implied higher electrical resistivity. Maxwel Wagner type interfacial
polarization was explained the dielectric behavior of all the samples. The conduction

process was attributed to hopping phenomenon between ferrous and ferroic ions that
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carried out at adjacent octahedral sites. The behavior of electrical and dielectric
studies suggested that prepared mixed ferrtes were potential candidates for data

storage ddces.

Influence of IR* upon various physical and electromagnetic properties of copper
manganese nanoferrites with chemical formuleg BGYbH 1Mng 1INkFe; ¢xO4 (Where 0.0

O x O 0. 4) (Kasars201d. ¥prlhighereahcentratiomn additionaphase
(tetragonal) was appeared. The semiconductor to semimetal behavior was observed
due to relationship of conductivity with temperature as increased the content of
indium. The two hopping mechansmwere observed such as correlated barrier
hopping at dwer concentration and small polaron hopping at higher concentration of
indium ions These wereascribed by the deviation in universal exponent with
temperature. At different frequencies, dielectric permitivity versus temperature were
studied which indiced the normal behavior of ferrites. At different temperature
changed in value of dielectric loss via frequency showed abnormal behavior having
extra relaxation peaks. The phenomenon of conduction was described on the basis of
electron exchange and hole pping mechanism between ¥#&=€¢** and Mrf*-Mn®*

ions at octahedral sites.

The spinel ferrites CokR®, and Colg.isFe gsO4 were fabricated using citrate gel
method (Nongjai et al., 201 The following techniques i.e XRD, EDX, SEM, Raman
spectroscopy, eleatal, dielectric and magnetic wasltiized to characterize
synthesized ferrites. Raman and XRD spectroscopy revealed crystal structure of
prepared ferrites possessed single phase. In the doped sample, value of grain size was
decreased whie lattice constant, porosity and specific sudseawere increased.

The compositional analysis was described by EDX. The microstructural information
was attained from SEM micrograph. The hysteresis loops indicated that saturation
magnetizaton was decreased but coercivity was raged increase of dopant
concentration. The structure changed from multidomain to single domak w
responsible for the increasa coerciity. Dieletric parameterswere studied as a
function of temperature and frequency. Deviation in dielectric parameters was
attributed to Mwxwell Wagner model and hopping phenomenon between ferrous and
ferroic at octahedral sites. The electromagnetic properties were explored and indicated

its strong dependence on grain siks value was decreased whie coercivity was
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increasedwith the incoporation of indium ions They conclude that microstructure of
cobalt ferrites was altered with grain size. Low value of dielectric losses and high

value of regtivity made these ferriteappropriate for power applications.

The general formula of ferritedigo NipsMmosiFe2xO4 (0. 0 O x O 0.
synthesized by citrate precursor technidMerma et al., 2012 Effect of diamagnetic
indium ions on structural and magnetic properties was determined. XRD patterns
showed structure of spinel ferriteghich wassingle phase. TEM micrograph revealed
micro structural features and highly agglomerated particles. Lattice constant first
increased after that its value declined for higher concentration. Lattice constant
indicated nonlinear behaviowith the increased dogmt concentration. Irregular
behavior of lattce constant ascribed to substiutional effect &f lons. The
saturation magnetization was monotonicaly decreased whie ctereids raised

with the increasepercentage of dopant. Samples exhibited higluevaof initial
permeabity and very low value of relative loss factor {0°) over a wide range of
frequency. At high frequency low value of relative loss factor showed that

synthesized ferrtes may have potential applications in microwave devices.

Two series of samples JdAnFeO, and Zn¥%Fe.xO, were fabricated using €o
precipitaton method(Mi | anovi | )eThe arhpositonal2effett3on cations
distribution in structural and magnetic properties was investigated. It was due to
produce magnetic ceramic with improved properties than buk materials. TEM
micrograph indicated that pr sample had uniform size and shape whie doped
samples had agglomeration. The particle size was diminished with the introduction of
indium. As a result lattice strain, coercive field and anisotropy constant were
increased. The number size distribution was estimated from scanning mobility particle
sizer spectrometer. The cations distributions among A and B sites and formation of
structure was calculated from Mossbaueecsscopy. At room temperature pure
sample showed super paramagnetic nature whie ferrimagnetic nature at low
temperature. The hysteresis loops did not completely saturate even high magnetic
field appled which indicated super paramagnetic single domaituren The
substitution of indium and yttrium caused considerably structural rearrangement

which affected the magnetic parameters.
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R. Pandit et al. substituted®frwith F€** in cobalt nanoferrite¢ColnFeO4 (x = 0.0

to 1.0) was fabricated with solidtate reaction rout@Pandit et al.,, 2014aThe result

of Rietveld ftted XRD analysis confrmed the single phase spinel structure of all the
samples. Some secondary phases appeared in the XRD patterns for higher
concentation of indium up to x = 0.6. High feld Mossbauer spectra at low
temperature was investigated to attain detailed information atadians distribution

In the presence of external magnetic field of 5 T spin canted structure associated with
ferroic ions at tetra and octahedral sites were examined. Integrated intensity ratio of
Mossbauer spectra determined from tetrahedral and octahedral sites rwere i
accordance with integrated intensity investigated from cations distribution. The
magnetic measurements wercarried out at low temperature showed canted spin
structure. From initial permeabilty curve it was seen that resonance peaks occurred at
very high frequency. The shifting of resonance peaks toward higher frequency and
relatve low loss factor were potah candidate for various industrial and
electromagnetic applications.

The effect of indium on electrical and microwave properties of ddm slnyFe.yO4
ferrites (where 0.0000 y O O.Kufabetdé, 035 ¢
20148. Indium substituted MiZn ferrites were synthesized by oxadat ce

precipitaton method. The structure of synthesized ferrtes was analyzed from XRD
patterns. Crystallite size deter maned fr
between 11 to 16 nm. FTIR spectra provided detail information about the vibrational
metas oxygen bands at tetrahedral and octahedral sites. Gmin@eased with the

increase of dopant concentration. The particles owitg large surface to volume

ration with hydro phobic surfaces. The compositional dependent dielectric parameters
such as permitivity, conductivity and tan lossvere investigated. Both real and
imaginary part of permitvity weredecreased correspond to increase in frequency.

Peak in AC conductivity graph was observed around 500 KHz. At resonance peak, ac
conductivity was in@ase with the inclusion of indium ions. The behavior &f In

doped manganese zinc ferrtes was examined with time varying signal which can be

explained by Neél sheory.

Conductivity behaviour of fi substituted zinc ferrites a8 investigated and these

were prepared via eprecipitation route(Cv e j i | e )X Tha trystal strdcré 5
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was established from XRD spectra. Crystalite size was declned with the
incorporation of indium ions. SEM images revealed morphology of ferrites. Grain
size calculated from SEMmicrograph and decreased with inclusion of* lions.
Frequency dependent dielectric constant and conductivity were measured at different
temperatte 300350 K. Universal dielectric response was applicable for ac
conductivity which transported the chargg hopping or tunneling mechanism. The
variation in degree of correlaton (n) between conductivity and frequency was
calculated as a function of temperature and discussed possible conduction mechanism
of indium substituted zinc ferrites. The rowverlapping small polaron indicated the
increasing behaviour wi t h t he rise o f Or
hopping process revealed the decreasing trend witinchease inof temperature. As
frequency increasedac conductivity enhanced as well aglelitric constant exhibited
declined behavior. Inttially ac conductivity was raised as inclusion of indium and
decreased for higher x. The phenomenon of ac conductvity was described on the
basis of occupancy of indium ions on tetrahedral and octahetsl si

The ferrites (MgIn;.xFeQy where x varied from 0.00 to 0.l6vere synthesized via sol

gel technique(Nakk and Salker, 2036 Two absorption bands observed in FTIR
spectra correspond to tetrahedral and octahedral which ascribed by the stretching
vibration of metals and oxygen. SEM and TEM micrographs exhibited spherical
morphology and nano sized of samples. The valence state of metlwas obtained

from X-ray photoelectron microscopy (XPS). The pure sample showed sextet while
doped samples exhibited super paramagnetic doublet in Mossbauer study. When
indium ions incorporated in magnesium ferrites then ac susceptibiity showed a
transition from single domain to super paramagnetic structure. The magnetic studies
of al the samples with changing magnetic field and temperature were studied.
Magnetic property showed decreasing behavior as a function of indium incorporation.
In M-T (magrtization varied with temperature) studies, blocking temperature
decreased to room temperature wheti lans were incorporated in ferrites. The super
paramagnetic behavior with zero coercivity of ferrite suggested that fabricated
nanoferrites were promig candidates for various applications such as catalysis,

drug delivery and imaging.
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The influence of indium on morphological and magnetic properties GZnNi
nanoferrites was investigateqSaini et al, 2016 The following composiions
Nio.sZnp 3Cop 2nkFexO4 (X = 0.2 and 0.4)were fabricated via ceorecipitation
technique and samples were sitered at 800 °C. Finaly samples were pressed into
toroids and sintered al000 °C. The structure of psantered indium doped MNAn-Co
nanoferrites was determined from XRD analysis. The average value of crystalite size
was found to be60 nm. The particle size of peintered nanoferrites was estimated
from FESEM and found toebin the range of 680 nm. The vector network analyzer
was used for electromagnetic characterization. The value of normalized characteristics
impedance closed to one was achieved up to 102 MHz frequency. The low value of
dielectric and magnetic losses ddsed that particles possessed stoichiometric and
homogenous structure. The value of miniaturizaton was 12.32 for the sample which

exhibited significant reduction in the form factor of antenna.

F. Meng et al. explored many properties of indium dopeklehierrite having general

formula NinfFe.xOs (x = 0.00.4) and these weresynthesized via sol gel auto
combustion rout§Meng et al., 201/ The extra phase ofJJ@; was observed in last
sample. lttice constant was improved with the incorporation &f.lThe presence of
agglomeration and inhomogeneous distribution of grain size was examined from SEM

i mages. The i nt ens;) appearedfat 584bchwems ipcteasedndueb a n d
to increase b dopant concentration. The value ofs Mas increased firsand then
decreased with the inclusion of*in The value of Id was decrased linearly with the
increase of dopant concentration. The maximum value of Mas obtained for

Nilng 2Fe; 04 sample.

Indium substituted MyeZno 4lnyFe.yO4 ferrites were fabricated via sgél chemistry

(Hashim et al, 2018 The crystalite sizewas foundin nanometer size26-34) nm

which was also confrmed by TEM analysis. The surface morphology was evaluated

by TEM analysis. The particles were distributed in polydispersed form having nearly
spherical shape with agglomeration. The dielectric propertes warged out by

LCR HiTester at diferent frequencies rom?18z to 5MHz The behavi or of
tant exhibited t emper at lbehasiors dua do hbppiegg u e n c
mechanism between ferrous and ferroic i o

showed decreasing behavior witicrease b frequency. The magnetic behavior was
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evaluated by Mossbauer spectroscopy at room temperatdyperfine field
interactions in  Mossbauer speatr were reduced with the increasef indium
concentration. The two Zeeman sextets were examined in Mossbauer spectra in which
one sextet showed Feions at tetrahedral sites having lower isomer shift and small
hyper fine field. Tk second sextet indicated occupancy of iron at B sites ascribed by
large value of isomer shift and hyper fine field. For all temperatures, small values of
dielectric losss were observed in the high frequency range which made them suitable

material for hip frequency microwave applications.
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Aims and Objectives

The aims ofthis dissertation is tstudy the impact of indium () metal ions on the
properties of transiton metals based spinel ferrites such as Cu, Ni, Li, Zn or their
combinations in the Isic spinel structure. The incorporation of indium*{jnin these
ferrites may enhance their structural, electrical, dielectric and magnetic properties. For
this purpose indium doped transitons metals based spinel ferritesbeitsynthesizd.

These feites wil be synthesizd by wet chemical route i.e sgel. Many researchers
prepared basic ferrites with alkali metals, alkalne earth metals, group Il metals,
transiton metals and rare earths metals as described earlier. The thermal, structural,
spectal, dielectric and magnetic properties of these purposed indium substituted
transiton metals based ferstehave not been investigatedTherefore impact of

indium ions ontransition metals based spinel ferriiedl be exploredin detalil
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Chapter No. 3

3.1Experimental procedure

3.1.1 Chemica$ used

The chemicals used for the preparationrsf substitutedcopper, lithumwith copper

nickel and copper zinbased spinel nano ferritesre as follows:

Cu (NO3)2.3H:,0 (Sigma Aldrich, 99.99%)
Ni (NO3)2.6H0 (Sigma Aldrich, 99.99%)
Zn (NOz3),2.6H,O (Sigma Aldrich, 99%)
LiC| (BDH, 99%)

In (NO3)3.xH20 (Sigma Aldrich, 99.9%)
Fe (NG)3.9H0 (Sigma Aldrich, 99.9%)
CeHsO7.H,O (Sigma Aldrich, 99%)

=4 =/ =4 A4 -4 A4 -

3.1.1.1 Copper

Copper originatedirom Latin word cyprium, meaning place where copper was in
abundant amount. The copper containing metals (copper ores) were easiy found and
reined. That 6 s why ¢ o p p eineral natgnere founde9000 BlRatki e s t
The humans learned the technigoe melt the mineral and getting copper from them

at least 7000years ago.Copper was detected in two types of ores i.e sulides and
oxidize ores.Native cgper was found in mineral formCopper was poly crystal
possessed largest single crystal struct@epper was extracted from minerals such as
chalcopyrite (CuFe$, bornite (CyFeS) and chalcocite (G&) etc.Copper ores were
found worldwide in many countries such as Canda, Russia, United States, Nevada,
Arizona, Chie, New Mexico, Zairand, Tennesseédichigan, Montana, Utah and
Zambia. The ancient metallurgic investigated that copper in pure form was very soft.
They used copper in weapons, cutting tools and also mixed with other minerals. The
known isotopes of copper were 32 out of 2 were presentotdadé s cr ust I n e
and remaining isotogewere radioactive. Copper hasange, brown and reddish color

made it fromtarnish thin layer on its surface when interact with gases.
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Figure 3.1 Native coppein mineral form(C.R.Hammond, 2000

According to Mad e lwasnfiipd by electrdne befdres 3d subdhed.h e | |
That rule was not applicable for copper because copper having only one electron in 4s
subshell instead of two electrondCopper was ductie, maleable and easiy
constructed into various shapes such as wire, pqubs, ingots, sheets, powder, coins
and tubing. Among all metals in pure form, copper kept second highest thermal and
electrical conductivity at room temperature. was used as heat exchanger and heat
sinks due to high thermal conductivity. has god atmospheric corrosion tharon. It

used in welding due tdremendousbrazing and soldering propertie€opper in
polycrystaline form used for various industrial and commercial applicatome of

the most fundamental characteristics of copper was lencelonductor for electricity

and hea{C.R.Hammond, 20Qrebs, 200&

3.1.1.2 Nickel

In the early stagethe study ofmetals was very difficult because n&i of metals
looked lke same Nickel was one of the metals about which scientists and chemists
were confused.The first person who discovered the nickeim cobalt minewas
Swedish mineralogist Axel Fredrik Cronstedte found new thing in minerals which
react different from known metals (cobalt, copper or any other known elerhient).
named it nickel Among al elements ickel was 23" elements who found in
abundance on earth crutickel made 0.00 . 0 2 % crestaltrwashb&lsved that
meteorites were often contained high percentage of nidkest of the nickel was
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obtained from the process ocycling. The countries which produced the nickel in
very large quantity include Russia, Indonesia, Canda, Caledoma Australia in
2008. The world largest single deposit of nickel was found at Sudbury Basin and it
discovered in 1883The one of common method used for getting the pure nickel was
metallurgy. Most of ores contained nickel as nickel sulide which heatedir and
converted into nickel oxide. The nickel oxide was chemically treated to remove the
oxygen. The naturally occurringotopes of nickel werdive. There were eighteen

radioactive isotopes which were known.

Figure 3.2 Nickel in mineral form(E.Newton, 201p

The nickel possessed shiny surface with sivery white cdlbe naturally occurred
strongly magnetic elements were three (nickel, cobalt and iron). The magnetism of
nickel was less than either cobalt or irgkt room temperatureit did not react with
oxygen or waterwhie at high temperature it reactedith oxygento make nickel
oxide. Nickel was mostly used to make alloys. 2008, United States used 86 % of
primary nickel to make alloy and half of them was sent to stainless Isteels also

used to make medical equipmemid super alloysNickel was used tgroduce super
aloys Super alloys retained their properties at high temperature and used in engine
parts and gas turbinedlickel was used in manufacturing the batteries and variety of
appliance such as electronics including portable DVD players, camarsrdcordless

and cell telephones, scanner radios and laptop compiEeéiewton, 201D
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3.1.1.3Lithium

The word I|lithium comes from Greek word
rock. It was third alkali metal occurred naturally on the eaftvo Braziian scientists

De Andrada and Statesmasited Scandinavia. During visit they found a new type of
mineral named palte. Some scientists were not convinced that petalte was a new
mineral. In 1817 Arfvedson studied the petalte and concluded that 10 percent mineral
was missing in the analysis of petalte. He named it lthium that thie lightest
element among all metaldaving density half of water The pure lithium was
extracted from its compound by Swedish chemist Wiliam Thomas Brande and
English chemist Sir Humphry Dawrifono, 1983.

Figure 3.3 Lithium in mineral form(C.R.Hammond, 2000

Lithium was 3% element found on the earth in abundarieturally fthium was not
existed in pure form because interacted with air and water.The spodumene,
lepidolte and amblygonite minerals ore contained small amount of lthium which
found in various countries United States, Europe, Africa and South America etc.
Lithium was extracted from its compound required very high temperature by
electrolysis processOn commercial scale lithium was produced byolting the
lithium chloride that heated with potassium chloridk had high melting point when
mixed with potassiumthen melting temperature was reduced up to several hundred.

There were seven isotopes of lthum out of two were naturally occurred and

remaining five were radioactvel he wor | dé s |l argest cConsume
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its compound was Unitedbtates Lithum was very soft in metalic fornirhe small
piece of lithium placed on the surface of water it was floated and reacted with water
released hydrogen gak. was excelent conductor of heat and electridifthium was

only metal with react with nitrogeat room temperaturdt also reacted wittacids to
produce hydrogen ga# did not react with oxygen at room temperature while at high

temperature reacted and produced lthium oxide.

In today industry Lithium is beingised in variety of applicationd.ithum metal was
used in batteriesThe batteries made from lithium were much lighter than the lead and
sulfuric acid batries. They decreased the usé toxic lead and cadmiunkithium ion
batteries were used in many appliances such as camera, toys, microcoetgetidr,
storage cel,watches, electronic games and many types of miltary vehiclgum
compounds were used as catalysts in various industrial procddbesn catalyst
was used to produce tough, strong and syntheticeruthlthium also used to make
alloys. Lithum alloy named Bahnmetall was used to make wheel bearing in rail road
cars. It also used in space vehicles due to strong and lightwdibet. formationof
oxides during welding was eliminated by lithiu@.R.Hammond, 20Q5E.Newton,
201Q Krebs, 200%

3.1.1.4Zinc

In 1746, zinc metal was discovered in Europe kylarggraf. He revealed that zinc
could be attained byeducing calamine with charcogC.R.Hammond, 2005 The
word zinc was derived from German word zinn. Zinc wa¥' Pbst abundant element
on eath. Naturally, it was not occurred in pure metalic form and refined from
mineral named as zinc suliddhe rocks containing zinc were presented in Canada,
Mexico, Australia, and Belgium, as wel as in the United Stairman analytical
chemist AndreasSigismund Marggraf recognized zinc and produced by heating
calamine with charcogKrebs, 2008

The main ores containing zinc were in the form of sulfide, carbonate, siicate and
franklinite. The ores were roasted to obtain zinc producing oxides and these oxides
were reduced with @ or carbon.Some other methods were also possible to obtain
zinc from minerals.Naturaly occurring zincpossessedive stable and twenty three
unstable isotopes and isomeffhe color of zincmetal was bluish white.Zinc was

found in two forms: brittle at ordinary temperature and malleable at1500°C. It
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was fair conductor of electricty and burned in pioduced heatvith evolution of
white cloud in the form of oxidelt produced several important alloys with eth
metal such as Brass, nickel silver, typewriter metal, commercial bronze, spring brass,

German siver, soft solder, and aluminum solder.

Figure 3.4 Zinc in mineral form(C.R.Hammond, 20Q0

Zinc was extensively used in die coasting, automotive, electrical, and hardware
industries. The one third amount of total zinc was used for galvanization of other
metals for example preventedron from corrosion.Zinc was nonmagnetic but ZrZn
showed ferrmagnetism at temperature lower than 35 ROr modern cwiization, zinc

oxide was unique and very beneficial materialwas extensively used to manufacture
paints, rubber products, cosmetics, pharmaceuticals, floor coverings, plastics, printing
inks, soap, storage batteries, texties, electrical equipment and many other products.
Zinc owing unusual solid state, electticaptical and thermal propertieZinc sulfide

was used to produce fluorescent light;rays, TV screens and luminous diaksl

healthy humans, plants and animals required130miligrams zinc per daylt was

found in proteins such as fish, egg, meatsl anik (C.R.Hammond, 2005 The
hundreds of zinccompounds wereised over past several thousand yedrg acetate

was used as a dietary supplemetimc chloride was used as an organic catagstc

oxide was used as seed treatment and cosmetics. Zinc suffate was used as wood
preservative and an animal feed. Zinc sulide was used to make white glass, rubber
and plastic(Krebs, 200%.
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3.1.1.5Indium

In the history of chemical element discovery of one elengerdssociated with the
other element. The discovery of thalium was a catalyst for the invention of new
element indium.In 1863 Ferdinand Reich interested to study the properties of
thalium. He decided to obtain a sufficient amount for his experimefe. studied the

zinc ores fortracing a new elementAccidently he produced a yelow sulide by
spectroscopy and called a new elementFirst time in the history spectroscopy
technique was used to identify elements by their respeatispie colorspectrum.
Unfortunately Reich was color blnded and asked his assistargxamine new
element byspectral analysisHieronymous Theodor Richtgrerformed arexperiment

and he succeeded in the very first attempt. He observed extremely bright blue line of
new element.Reich and Richter discover a new element and they named it indium

because its main spectral lines were briliant indigo Blugono, 1982.

Figure 3.5 Indium in mineral form(E.Newton, 201}

The word indium derived from Latin wordindium meaning indigo. Indium
compounds turn the flame of a Bunsen burner-tiblet. Indium was relatively rare
metal than other metaldndium was 68' e | e me n't t hat appeared
Indium was never found in natural metalic forih.was found in very smal quantity

and always combined with other ores of methisium was attained generaly from
zinc ores. Nearly 1,000 kgof indum was recovered from flue stacks of znc

refineries. Indium was obtained from the metals ores located at Russia, Japan, Europe,
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Peru and CanadaTotal isotopes of indium were 73out of two were naturaly
occurring. One was stable and other was radiwve. Indium was very soft and sivery

white metal. It was malleable and looked very similar to aluminum and ltidium

was noncorrosive and could naixidize at room temperature. The melting and

boiing point of indium were 156.60 °C and 2075 °The density of indium was 7.31

g/lcnt. It was soften than lead and wiped out on other surfad@im has one unusual
characteristic that it produced a shrieking sound when bent raftidietained its
characteristics of softness even at low temperafDte D this property indium might

be used in special equipment which required temperature near absolute temperature.
At room temperature, indium was corrosion resistant whie at high temperature it

could be oxidize.

Indium was utiized n manufacturingbatteries, liquid crystal displays and many other
electronic devicesIndium in pure form sticks very tightly on itself and other metals.
According to this property indium was used as solder. Solder was a material used to
join the two materials with eachther. Indium was used to produce alloys and also
caled metal vitamin in alloy.Small amount of indium was added in gold and
platnum alloy to make thermuch harcer. Such alloys were used in dental materials
and electronic devicedndium was used as ca@ materials in some parts of aircraft

to prevent them making reacton with oxygen in dindium was used in the
production of light emitting diode. In 2004, U.S. National Park Service changed all of
conventional lightng at Thomas Jefferson Memorial in Washington D.C. with light
emitting diodes enclosing indiunirhe sheets of indium foils weresed in nuclear
reactor to control nuclear fission reaction via absorbed some neuBon® indium
isotopes were used in medical scienbglium 113 was used to examibeain, lver,
spleen, heart, blood and pulmonary systemium 111 was used to sehrabscesses,

tumors, infections, gastric and internal bleedfggNewton, 201D

3.1.1.6lron

The word iron comesfrom Latin word ferrum.Iron was found to be 4™ most
abundance el e mewe 9bin sue and othed stars ofruniversaur
forefather was the first person who used iron in the form of metedritie. human
discovered iron about five thousand years afjoe process of extracted iron from

ores was invented in Egypt and Mesopotatmia thousand years B.C., in Asia Minor
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and Geece at the end of second milennium and in China at the middle of first
milennium. The Egyptians were made jewelry and tools from iromon Age was
started in the countries of new world with the arrival of European counti&sme
Africans were usedron as skipping that was Bronze Age of irde production of

iron was increased gradualy and become a precious eldinwas difficult to smelt

iron from ores because vehjgh temperature was required to melt irdre iron was

not extensively used to produce weapons. Art of metallurgy was developed about
1000 B.C.The metallurgy involved smelting of iron from its ores, making iron into
different shapes and iron alloy$he revolution in the production of iron was czdlri

out with the invention of furnaceCost iron was frst produced in China about 550
B.C. Later people know that cost iron which considered as waste product could be
convertedinto iron. At the end of 18 century, first smelting furnace was produce cost
iron at very large scalKrebs, 2006 Trifono, 1983.

Figure 3.6 Iron in mineral form(C.R.Hammond, 2000

The major sources foron minerals were hematite, magnetite and sideftewas
believed that earth consist of two layers of iron. The inner core of earth was made up
by molten iron. The outer core of earth was consisted of molten mddpmacolor of

ron was grayish or sivery whitelt was naturally occurred magnetic materighe

tensile strength of iron was very higlihe pure iron was ductle and malleable. It
converted into many shapes ie sheets, rods, ingots, wires, framing esdefugure

iron was highly reactive and interacted with oxygen in moister air to for@3F&he

most important property of iron was to become magnetized and retained magnetic
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field. The iron was only element which could be tempetedvas good conductoof

heat and electricitylt could be easily magnetized and loosed their magnetization at
very high temperaturelron contained four allotropic state§he alpha form was
magnetic and occurred at room temperature whie other foress exist at varied
high temperatureThe most important characteristic of iron was heaviest elerttent.
also reacted with very hot water and stream to evolved hydrogefEgdswton,
2010.

Among all the elements, iron was most important and widely ossteltoday. It was
impossible to list all applications of iron and no metal was available to replacédt iron.
was used in many products that could be classified into following categories such as
construction, automotive, rail transportation, electricaluipggent, ol and gas
industries, machinery and industrial equipment, applances and utensis, containers,
shipping and packingMost importantapplicationof iron was developed alloy (steel).
Special types of steel were also available for variety of applicatioms. was also

used for the purpose of protection from ionizing radiatidren possessed variety of
biological applications in plants, humans and animilsvas found in many dietary
sources ie lentis, fish, red meat, leaf vegetables, chickpeas, fortified bread, tofu,
poultry and wheat flourlron was major element to make hemoglobin in bldbat
carried oxygen andprovided to our cels of body (C.R.Hammond, 20Q0Krebs,

2006.

3.1.2Synthesis technique

The indium substituted spinel ferrites having compositionsy s8ig sinkFe-xOa,
CulniFe«x04, Cw 57 sinkFe.xO4 and L sinyFe 5404 in which xvariedfrom 0.00 to

0.32 having stepsize 0.08 were synthesized using -gel auto technique In sol gel
method, al the metalsvere takenin stoichiometric ratio and dissolved in the
deionized water. The solutions were prepared under continuous stirring. The molar
ratio of metals sal to citric acid was kept 1WWhen the temperature of solutions was
raised up to 40 °C then citric acid wappendedChelating agent i.eitdc acid was
utized that chelatel metal ions to obtain the homogeneity of all the componants
prevent the formation of precipitanin order to pH of the solutions up to neutral
level, small amount of concentrated ameao (NH;) was appended drop wise in

homogenous solutonMixture of citric acid and metals nitrates were obtained under
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continuously stirring by magnetic stirrer at 50 °fBr combustion reaction.The
resultant mixtures were dehydrated at 90 °C under uniform stirring and heating until
the development of viscous geAfter that selfignition of xerogel was take placed
with the evaluation of various gassagon further heating Finally black fluffy
powder (precursor)was formed and grinded imortar and pestle The phase
formation (FCC cubic spinel structure) of all four series, dried pavers sintered

at different temperature and time.

+ Indium substituted coppaiickel ferrite were sinterecat 900 °C for 5 hours.
+ Indium substituted copper ferritwere sinteredat 500 °C for 4.%ours.

+ Indium substituted copper zinc ferritgere sinteredat 500 °C for 3.%wours.
+ Indium substituted lithium ferritavere sinteredat 750 °C for 6 hours.

The sinering of precursor powder was carried out to remove residual components and
development of spinel phas@he pelets were maddrom synthesizedpowder in

which 5wt% polyvinyl alcohol (PVA)was assorteds binder.The circularp el | et s of
7mm were madeusing hydraulic press by applying the pressure of 30 KRhe

pressure wampplied forthree minutesand pellets were formedPellets weresintered

at 200 °C for 1.5 houfor PVA compaction

3.2characterization techniques

Following characterizationtechniques were employed to dheterize synthesized

ferrites

Thermal analysis
X-ray diffraction (XRD)

o o

0o

Fourier transform infrared spectroscopy (FTIR)
d. Dielectric measurement

e. Magnetic measurement
3.2.1 Thermal Analysis

The phase developmentf the material was studied by empigya simple test ie
heatingthe sample of materialn this way, temperature of the sample was increased

without changingits form. The changein the properties of samples wasientifically

54



studied by thermal methodEvery thermal method studied and measured a property as
a function of temperature.The experimental technique such termal gravimetric
analysis(TGA) was used to measure mass of the sample as a function of temperature.
The sample was heated at constant temperature rate and sample wabjatdedsto
nonlinear temperature such as controled TGA experimEmt. temperature program
was selected on the basis of required information about sanmp@A curve was
plotted againstemperaturewhich showed the weight loss or percent weight lvas
appeared in successive stepe loss in mass or weight occurred only when volatie
components were removed from the sampibe mass or weight changes were
described in TGA curveTGA measureent was used to evaluate chamgaemass by

oxidations or decompositions.
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Figure 3.7 Schematic diagram of general thermal analysigaines, 200R

The complementary presentation of data was used to take first derivative of TGA
curve with respect to temperature or time. It revealedvédination in mass and known

as differential thermo gravimetric (DTA) curvelhe peaks of decomposition of
residual componentsrere displayed in DTAcurve DTA analysis described the phase
changes and reactions with temperature differenBafierential scanning calorimetry
(DSC) was used to measure heat flotwmong all thermal techniques, DTA and DSC
were most widely used techniqueBSC technique was developed for quantitative
calorimetric measurementdhe heat flow curve exhibited two different corti@ms

one endotherm in downward direction and second exotherm in upward direction. The

55



endothermic phenomenon occurred the results showed incremerih energy
supplied tosample. When phenomenon of exothermic appeared in resultdeckvie
consumption of energyHaires, 20021. Gabbott, 2008

3.2.2 Xray Diffraction T echnique

The new Kkind of radiation caled -Ky diffraction was discovered by Rontgen
in1895. After discovery of Xrays two theories wereleveloped; some people
considered that Xays were produced due to vibration gees take place inside the
tube. Perrin experimentaly verified thatays emitted fromcathode were negatively
charged. Thomson evaluated thascattered beanintensity was inceased due to
scattering element o&tomic mass Bragg assumedthat if X-rays were bundle®f
energy concentrated in very small volume then they should be diverted when travel
through atom.Sommerfeld give the mathematical form of XRD and suggested that
X-rays behaved as a wave having shorter wavelength. 1912, Laue with his

colleagues were observed frst XRiatten of crystal

Bragg understod that Laue results were consistent with &approached of -Xays

and it was very difficult to explain particle nature ofrays. W.L. Bragg sorprovided
comprehensiveanalysis of Laueresults He noted that if crystal was considered as
stacking sequenceof planes then eackequencecontained series of parallel planes
with distance d apart from each oth®eflected waves produced the phenomenon of
interference only when angle between the incident beams was normal to planes of

crystakThe mat hematical f or mwrtteh ad3yv. L. Braggds
€ _ Qi Q¢ — 3.1

Her e @& iwhwlength of acidentd beam,dinote the spacing between two

planesa n dreprésenB r a gdifrécsion angle.
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Figue 38 Schematic di agr(Gulity, 1978. Braggbs | aw

W.L. Bragg designed a diffractometer in order to prove his th&bhen Xray beam

falls on crystal with somea ngl e known as Braggbs Taengl e p
photo graphic plate was replaced by ionization detector in order to measure the
intensity of reflected beam. This configuraton was caled Braggngement The

angle of incident beam fall on crystal plane was kept constant and measured the
intensity of diffracted beam using ionization chambeFhey observed maximum

intensity at an angle equal twice of incident angleThey found three maxima for

each reflectionBraggs cocluded that peaksvere appearedin the diffraction pattern

due to three different maxima which correspond to speciic wavelengtfihey

suggested experimental methothat used to estimate wavelength of incident

radiations from the measurement dfiffraction angles. XRD was used to determine

the internal structure of crystalintensities of diffraction peakaere based on several

factors such as particle sizesource and detectqrdistribution of particles, size and

shapes of partclesThe schematic diagram of Braggos
in igure 3.9(Culity, 1978 Guinebretiere, 2002
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Figure 3.9 Schematic diagram @ r agg 6 s d i(Gunebeetiete,020@2t e r

3.2.3Spectral technique

FTIR technique was utiized to estimate functional group having specific frequencies

of vibratons and also measured change in rotational and vibrational motion of atoms
or molecules. It was also used to measure the qualitatve and quantitative
characteristics of organic or inorganic moleculek solid, liquid and gassesThe

entire infrared spectrum of the sample was evaluated by FTIR anaifss.
relationship betweesine and cosine witltomplex interferogranwas studied by Jean
Baptiste Joseph Fourie-ourier Transformconverted time domaininto frequency
domain called. When light falls on the samplesome of frequencies were absorbed

whie some of them were transmitted.

We observedpresence of bonds in the sample of organic molecule because different
bonds having different frequencieShe vibrational and translational modes were
estimated by three region of electromagnetic spectline region of frequencies
below 650 crit was known as far infrared whie abev390 cm' was known asnear
infrared region.The region wasin the range 0f650-4000 crit called mid infrared

The molecules were in constant vibration at certain temperd&aeh bond possessed
certain energy and capable of absorbing energige vibraton of two atoms was

joined together with chemical bondf the frequency of nfrared radiations and
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vibration of atoms was matched then we get intense pé€Rles transmitance or
absorbance peakwere related to the frequency of vibratiobstween atomsThe
stretching energy of bonds was greater than the bending erEgy.principle of

FTIR spectroscopy was entirely different from Michelson interferomdterFTIR
spectrometer, when infrared lght was passed through scanning Michelson
interferometer then Fourier Transform give plot of intensity as a function of frequency
(kemp, 199)

Moving mirror

<=4

Beam splitter
IR source

Stationery mirror

Sample

Detector

Figure 3.10 Working of FTIR apparatugSmith, 201).

3.24 Dielectric measurement

The dielectric oxide ceramics brought out the revolutionthe microwave wireless
communication industndue to reduce of size as well esst of fiter. The technology

of wireless communication demanded the materials which possessed own special
requirements and functionghe dramatic decreased in the size and weight of hand
held communication applications such as cel phone was made by the new materials.
The miniaturization provided driving force for the discovery and development of
sophisticated materials to execute thgproved function with small size and weight.

The ceramics possessed low value of dielectric constant or perraitdtyt was used

in milimeter wave communication ands substrates for microwave integrated circultt.

The ceramics having medium value of mpivity 2550 such aswere utiized in
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satelite communicaton and cell phone based statidie materials owing high
value of dielectric constant were employed in mobie phone where the size of the

device is very important.

In 1939 Richtmeyertheoretical predicted that a piece of dielectric material with
regular geometry as wel as high value of relatve permitvity can confined
electromagnetic energy within itsefit was observed that piece of dielectric
possessed h icankorfed maogaveoehergyat few discrete frequencies
estimated by total multiple internal reflection The reflection coefficient was
approached,réacheduminfitiyd f a & h® , was inthe range of 2D

100 then wavelength inside the dielectric material was in miliméier. resonance

the dimension of the dielectric was samg.h e hi gher, resut lange of
confinement of energyreduced radiation losses and improved miniaior. The

| arge v a domsequeraed the Uhigh value of dielectric losses due to inherent
properties of material¢Sebastian, 2008

The room temperature dielectric measurements wemgedasut by Wayne Ker WK
6500 BC. Soft ferrites were rapidly grown in the last few years due to large
applications such as data storage, fast switching, peripheigis,frequency devices
and microwaveetc Spinel ferrites exhibited interesting properties wisebjected to
higher frequenes and meet with the requirements of microwave devic€R meter
was used to measure various dielectric parameters aschlielectric constant,

dielectric loss, tan loss and ac conductivity. €t€ao, 2004.

3.25 Magnetic measurements

The magnetic properties were evaluated by vibrating sample magnetometer (VSM)
Lake Shore model 7308t room temperaturavith appled external field of 3 Tesla

The static and uniform magtic field was employed to observmagnetic properties

of samples The variations in electric feld were measured which give the detailed
information occurred inmagnetic field. Uniform magnetic field was employed to the
studied sampleWhen sample wasnagnetic then applied field developed magnetic
moments or aligned the magnetic domaBample was vertically moved in up and

down direction that developed the magnetic field within the sample.
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The transducer was employed by the circuit which converteca¢hdrive signal into
sinusoidal vertical vibratonSample was vibrated in sinusoidal motion between pick
up cois then induced electric signal was produced within cois and meadJired.
changed magnetic fielihduced current produced in the cois wa®portional to the
sample magnetizationThe value of induced current was increased with the raised of
magnetic field strengthThe induced current was amplified via impedance amplifier.
The magnetizion of sample and its dependena appled feld stmgth was
estimated and seen on the computer screen by monitoring the soft&ve
apparatus It was standardizedwith Ni owing known magnetization.The hysteresis
loops of four series were obtained from VSM which indicated ldwg behind

phenomenon(Foner, 195%
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Figure 3.11 Working of VSM(Miller, 1969).
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Chapter No.4

Results and discussion

4.1 TGA/DTA/DSC studies

Thermal studies of uannealed sample were carried out by thermal gravimetric
analysis (TGA), differential thermal gravimetric analysis (DTA) and differential
scanning calorimetry (DSC). Fig. 4.1 revealed TGA, DTA and DSC spectra of as
obtainedpowder n the entire temperature range-880 °C in air. TGA curve showed
weight loss of as prepared sample that was due to disintegration of oxides and
nitrates. The development of the stable phase occurred about 730 °C, above this
temperature a negligble weigldsk was observed. In the first step 7 % weight loss
occurred which is ascribed by vaporization of water and solvent. In the second step 5

% weight loss was detected from the TGA curve.
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. L 004 3
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Figure 4.1 Thermal analyses of GeNip sFe04 powder sample

62



The overall weight loss investigated from TGA curve is 12 % that is due to
decomposttion of citric acid and organic constituedtier 730 °C small amount of
weight loss was observed, this ascribed due to whole decompositiomatésniand
development of spinel phasEig. 4.1 also shosvthe DTA curve in which two main
peaks were appeared, the peaks appeared about 100 °C described the decomposition
of anions. The exothermic peak occurred at 680 °C ascribed the decomposition of
metdic ions and the formation of spinel phase. DSC analysis indicates the type of
reaction i.e endothermic or exothermic. In DSC curve the exothermic peak associated
at 361 °C represent supreme decomposition of hydro oxide of precursor in single step.
It was investigated from DSC analysis that decompositon phenomenon was strongly
exothermic. The sinteringemperature forCw sNip sFe0O4 nanocrystaline ferrites was
found to be 900 °C. Thermal analysis of few other types of spinel ferrites have been
reported in lterature which have similar kind of trerfdanaid et al, 2036Reddy et

al., 2019.

4.2 XRD analysis

XRD patterns of indium substituted copper nickel ferrites pmesentedin Fig. 4.2.

XRD study illustrates Bragg seflecton of FCC spinel structure with most intense
peak of hkl (311) belonging to space group Fd3m. Diffraction pattern of base sample
revealed single phase spinel structure with the diffraction peaks indexed as: (220),
(311), (222), (400), (422), (8), (440) and (533).The absence of undesirable
secondary pdse for x = 0.00 establishatevelopment of single phase spinel structure.
The ionic radius of # (0.80 A) is much higher than £e(0.67 A) which limits the
solubility of indium in CygsNipsFeO, nanocrystaline ferritegZhang et al., 2014

The high concentration of indium may distort the crystal lattice and produces
additional phase on grain boundaries. This might be due to the replacement of smaller
ions with the larger iongZhou et al., 200 The la t i ce par ameter filao

from the folowing formula:

A A E E 1 41
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Here d denotes the inter planner distance and (hkl) is the indexray Xeflection
peaks. Table4.1 exhibited that value of lattce parameter increased 883349

8.3723A by the incorporation of¥hions into the copper nickel ferrite lattice.

Figure 4.2 XRD patternsof CuwsNigsinkFexOs (X = 0.060.32) nanocrystaline
ferrites.

The increase in lattice parameteraiributed to the substitution of bigger ions3{n

with the smaller ions (P&. The lattice parameter was incredisep to x = 0.24,

thereafter lattice constamtas decreased which was due to the formatioadaiitional

phase (Ravinder et al, 2001 Average crystalite size was estimated from 311
reflection peak of XRD patterns using Sc
range 17.7833.21 nm (Fig.4.3). The cell volume was increased with the increase of

indium content ascribedby the expansionof spinel lattice. It is observed that
substitution of I#* ions in CuNi ferrites for x O 0.24 wa
Thereforea secondary phase was detected which was elaborated as tetragonal phase

of indium oxide (InO3) identified by the ICDD ard No. 010731809 (Rosnhan et al.,

2016. The increase in Xay density may be due to the replacement &f lans

which has larger atomic weight (114 amu) as compared 16 (56 amu) ions. The
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