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CHAPTER 1
AN INTRODUCTION TO FERRITE
1. INTRODUCTION

Magnetic materials and compounds have attracted
much attention due to their structural and magnetic
properties. These have wide applications and this has
become the subject of a tremendous interest to
physicist and chemists. These materials continue to
attract the attention of research workers because of
potential applications as electronic and magnetic
ceramics. The technological importance of magnetic
materials can be gaugéd from the apectrum of
applications. Magnetic materials are of different
types, such as, ferromagnetic materials, hexaferrites,
magnetoplumbite magnets, alloys, oxides etc. Of these
hexagonal ferrites are considered to be the most
significant materials due to their apecific electrical
and magnetic properties.

Lodestone (FelOFealx) is first natural occurring
ferrite. The systems Bell — Mel — Feally have became of
recent technical intereat, due to their high quality
maghetic behaviour. The simultaneous reguirement of
optical, electronic and magnetic'properties in the
advanced electronics, and microwave, and computer

technologies have focussed the attention of scientist



on  magnetic méterials, viz. the family of Barium
ferrites and substituted magnetoplumbites.

The technological importance of ferrites can be
gauged from the spectrum of the application in high
frequency and pulse transformer, inductances,
deflection coils and other applications depending on
the requirements of high permeability and low loss at
high frequencies. Ferrites with square loop
characters of B-H curve, find extensive use in computer
memory as core devices.

During the last two decades a substantial to
prepare the ferrite materials to fulfil the qualitative
as well as quantitative demand in electronic and
telecommunication technology. Fig.1.1 shows the
spectrum of applications of ferrites as a ferrite tree

(2Q).

1.2 HISTORICAL

During 602 BRC Greeks reported magnetism in the
mineral loadetone{Magnetite) which iz the first
ferrite.

About 100Q A.D first application came out,
mariners used lodestone in compasses. The modern
period with the work of Snoek (1947} and then the
development of ferrite material started as outlined

significantly in Table (1.1).
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Table 1.1
S8cientist Arsa Sigificance Ref.
Hilpert 8ynthesis of Success to reduce 2
ferrites losses in inductor of
transformer
Kato, Takei, Magnetization The structure of ferrites
Barth, Posjank and other was eatablished to be
views gspinel type I.,4,8
Snoek Preparation & Developed commercialy b,7
Magnetic prop. usefull Ferrites
Veruay Electrical Established the reason of
properties electronic conductivity a
in ferrites
Crystal stru-~ Bhows inverse structure
cture ferrites are ferrimagnetic
& normal spinel structure
are non-magnetic
Neel S8pin - spin Provide a theoratical key

Anderson &
Vanvieck

Yafat &
kittle

Gorter &
Guilland

Smorter &
Garter

Shull &
Strauser

interaction

Basic inter-
actions

Theory of mag.
sublattices

Magnetization

Magnetisation
& microwave
resonance

Neutron deff-—
raction

o oo o e e st oaaap e S et Shnse Wt M

& introduce the concept of 9,
mag. sub-lattice 10
Developed theory of super— 11

exchange interactions

Faormulate theory of a
"triangular" arrangment of 12
three sublattices

13
14

Bave direct expt. proof of
Neels theory .

Corelated independantly the
cation distribution 18,16

Confirm Neel’'s theory for 17

Magnatite & In—ferrite

continued

“wenme



Gilleo

Koops

Magnetisation

Conductivity

Corelate Curie temperature 18
with cation distrubution
& magnetisation

Gave phenomenalogical theory
to explain copductivity
behaviour




1.3 CRYSTAL STRUCTURE
The magnetic oxides exhibit the following the
structures in general.
1. Hexagonal structure
2. Magnetoplumbite
2. Spinel and perovskite structure

4. Garnet structure.

1.3.1 Hexagonal structure

Higher oxides with large molecular weight are
found to exhibit magnetic behaviour similar to spinels,
these are also called hexagonal ferrites, due to their
crystal structure. The cubic and tetragonal ferrites
have spinel and distorted spinel structures with
general chemical compositions as XYala.

The hexagonal structure has chemical formula
MFesa0ie where M can be Ba, 8r, Ca. Fe ion may be
substituted by Al or Ga ions. Hexaferrites haye
attracted great attention as they have significant
applications in industry, as magnetic recording media
and isclators etc. Some of the typical examples of each
type are s BaFe*32.,04 (B), BaFe*2*,0,.4 (M3,
BaMer ¥ Fel X%, g0n (W), BasMeiT Fel??, 50ho {Y),

“HagMeXIFaX3%, , 041 ~ (Z)y  HaaMe* Fe**2,4,04s wﬁX), and



agvailable,  for two adjacent tetrahedral sites, which

BasMe®i Ferffy, 0ia (U). These are referred in short as

B, M, W, Y, Z, %X, and U respectively (Braun 1987).

The system Bal ~ MeO — Feals and 8r0 - Mel —~ Feals
have become important due to their high quality
magnetic behaviowr ( Rathenau 1953, Coehart 1963, Saure
et al 1978, Ram 1989, Sato et al 1990 ). The compounds
of the system MO — Feaxlly — Bax0x ( M = Ba, 8r, Cu, and
Pb ¥ on the other hand are useful as glass ceramics.
The generally quoted ferromagnetic compounds of the
type LaMeFe,ss1Uir9, where Me represents Co, Ni, Mg, Cd,
Cu, or In have alzo been reported by V.N. Mulay (1970@)

as hexaferrites.

Structure Details 13

The structure of these ferrites have been
mentioned as closely packed oxygen ions, built up of
layers of cubic and hexagonal stackings alternately.
The structure has cubic blocks which have their triad
axis (111) parallel to the ¢ - axis, coupled by
“hexagonal blocks containing the separate Oxygen, Barium
layers. The Fe®* ion may be located in three different
sites octohedral, tetrahedral and bipyramidal sites.gjs 2,

In the hexagonal structure only one metallic ion

occupies intermediate position along ¢ -axis.



TE TRAHEDRAL

BIPYRAMIDA

‘éo

SITE OCTAHE DRAL

Fig-4:2

L SITE

GITE

7 A



1.3.2 Magnetoplumbites (Hexagonal Ferrites)

In case of cubic ferrites, substitution of Fe¥*
ions is possible by some suitable ions, the common teras
spinel, rather than ferrites, appears to be mere
appropriate. Similarly substitutions of FPb=*, Ba®* or
Fe¥+ cationg are called as magnetoplumbites even in the
absence of plumb, if it crystalize in M - structure,
all such compounds are shortly called M — ferrites.

The ferrimagnetic oxides having a structure
gimilar to the mineral magnetoplumbite
FbFes . .aMns . sfhe.5Tie.elis are referred to sometimes as
hexagonal ferrites. The permanent magnet material
BaFeix0s9 referred as Ferroxdure is an often quoted
example of magnetoplumbite structure. The
magnetoplumbite compounds alac have hexagonal structure
and their chemical formula is XBa0:YFeals1ZM*20 where M
iz a transition metal. They are best axamples of
permanent magnetic materials. This type of compounds
were extensively studied by Jonker et.al{(24). Several
ferrimagnetic oxides have also been discovered, (Table
1.1). These materials have a large magnetic
anisotropy. Ferroxdure has an external anisotropy
field of 17,008 gauss. This type of matefials be have

- otherwise very ‘much 1like * a ' ferrite with a Neel
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.tamperature of 468« C and maximum magnetization of 4715
gauss (Lox & Button 1962 ).

The chemical composition diagram Fig.(1.4) and
Tableti,l.X illustrate the close relationship between
these compounde and the ferrite spinels denoted by 8.
These compounds 8, M, W, Y and Z appear in the
composition diagram near the apex. Fezls, we should
expect they posses analogous magnetic properties as
found in - ferrites. This is attributed due to the
presence of the Fe>+ ions in tetrahedral and
octmhedral‘ sites, The long anisotropy however arises
because of the existence of the large barium ion and
the slight alternation of structure in the neighborhood

of the barium ion.

" 1.3.2.1 The mixed Cubic - Hexagonal crustal structure
A large portion of the M structure viz Barium
ferrite, is identical to the spinel, where the oxygen
ions are arranged in a cubic close — packed lattice
with the metal ions in the interstices [Fig.1.3],
exhibite in every fifth layer of oxygen ions in the
structure M, there appears one barium ion in place of
oxygen ion. This layer ie denoted by "Barium layers".
The shaded portion denoted by "Oxygen - 4" containing
four oxygen layers, are the same as the cubic spinel §

structure. The difference between the hexagonal clase -
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Fig 4+4:The system BaO-MeO-Fe;05. M = BaFerOq, Y =
BagMerFe;s02, Z = BaaMegFenuOuy, W = BaMesFesOz, and S
= MeFesO, Me = Co, 2n, Cy, Ni, Mg, Fe, or Mn.
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Table 1.2

Symbol No.of Mol.

—-— — o tvoet o

Chamical forsula Compositon{mali)

per/unitcell MeO BaO Feaons

8 Mel.Feals (MeFexD.) 5@ - 50

T Ba0.2Fex20s (BaFel0») - 33.33 bb6 . &7

B Bal.Feals (BaFea04) -~ 50.00 50.00

M 2M HaO.bFexlx - 14.29 85.71
(BaFei1alis)

W 2MeW 2Mel.Hap . efF exls 18.18 9.01 72.71
(MeaBaFe,; 02 )

Y IMeY 2Meg.=2Bao . oFeals 20.00 20.00 60.00
{MeaBasFe:a0aa)

Z 2MeZ? 2Men.3Bao. 1zFealx 11.76 17.6% 7@.59
(MezBayFeaelae)

X IMeX 2Men . a2Bac. 14Feals 11.11 11.1Fr 77.78
(MeRazFeaelss)

u Mel 2Mea. aBio. r1efFeals 8.7 16.87 7%5.00

(MezBaas.Fesaloenm)

-~ oo o —— oo

M - type and other hexagonal compounds
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Table 1.3
Compound Composition Interelation
8 Me=2*Fenlla or MeOFezlx
M Pho. 6F9z03
HBFE;QO_‘,Q or Baa - QFBQ‘O:'
W BaMeax2*Fe, 05y ot W =M+ 28
RalD2ZMeg . afF ealls
Y BaZl.Me®*"Fesallan
QHao - QMQQ - QFQQB:’ or
4 Ba3M922+F924 Qas or Z =M+ Y

P ]

IBan. aMen . 1 2Fenlx

—. e bt - ——
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packed structure, in the neighborhood of the "BRarium"
layers and the spinal 8 cubic close packed structure
elsewhere lies in the arrangement of metal ions in the
interstices.

We can examine this by considering the environment
;f the oxygen ion marked 0 in the Barium block. The
position of neighbouring oxygen ione in  horizontal
plane are generated by two 120 rotations, one forward,
one backward, about the vertical axes of three fold
symmetry.

In the Fig.1.B there is a metal cation C located
above the oxygen plane and another an equal distance
below. 1f, however, we choose the ox?gen ion O in the
"oxygen -4 block", the oxygen ions nearly have the same
symmetry, but the cation layers above and below are not
identical. The metal cations now occupy three types of
sites. These are octohedral eites (open <aircles) and
tetrahedral sites (black dots) as in spinel. In
addition, the single ion (double circle) to the left of
0 is the Barium layer occupies a new type of site.

This latter ion is Fe™* surrounded by five oxygen
ions i.e one metal ion between two tetrahedral sites.
These abnormalities in the "Barium layer” result in a
preferential  direction of-- magnetization along > the z—

axis in M ~ structure viz BRarium Ferrites.
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Fig 1-5:- Mixed cubic Hexagonal crystal structure.
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1.3.2.2 The Superexchange Interaction in M — Ferrites

i1t has been shown that (SBorter 1934) the magnetic
properties of those oxides are due to the ferrimagnetic
interactions. The superexchange interaction in M -
compounds is shown in Fig.l.6.

The superexchange interactions for Fe®* — 0 - Fe®*
in magnetoplumbites are strong and negative when the
angle through the intervening oxygen ion is near 180°
and when the distances of closest appraoach are
relatively small.

The three metal ions surrounding O shown in Figure

1.6. The angle Fe®*(3) - 0O - Fe¥*(2) is 140* and angle
Fe*+(2) - 0 - FeS*(3) is 80-. Therefore the
supere)change interaction between 2 and 3 is

negligible. Both 2 and 3 align antiparallel to 1. Ion

Fe®+*(3) is turn, is coupled to the "oxygen 4" block by

strong negative interaction Fe3*(3)- 0 ~Fe™®*(4).
Therefore, the alignment of ions I and 4 are
antiparallel. The interaction Fe3+(1) - 0 ~ Fe**(4)

does not compete effectively because the distance of
No. 1 from the intervening oxygen ion is about 2.3 A
compared with a typical interaction distance of about
1.3 A=,

= Theﬁguperexchange*interactimn in the neighbourhood

of the barium layer accounts for the uniaxial

Py
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Fig 4.4- The principle superexchange intemctions in BdFeuOu
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anisotropy of Ferroxdure along the c axis. 8ince the
cubic spinel block has no strongly praeferred axis of
alignment, the coupling from the barium layer impose
ite strong preferential orientation on the saspinel
block.

Each Fe®+ ion contributes 3 uMB to the magnetic
moment at absolute zero, and we may form an algebraic
aum of the contributions to determine the saturation
magnetization. The twelve Fe®* ions of the formula unit
consist of one in the barium layer(up) and two
octahedral ions(down) and in the "Oxygen - 4" black,
seven octahedral ilons(up) and tetrahedral lons(downs).
The total is 3 B x ( 1-24+7-2) = 20 aB. This value is
in ercellent agreement with the correasponding
experimental measurements of magnetization at very low
temperatures. The superexchange interaction scheme
which produces the unique temperature dependance of the
magnetization.

The resultant magnetic moment per unit formula in
M - structure i1s equal to the sum of the seven
octahedral ions and the ion in the layer containing
barium, reduced by the moments of two octahedral and
two tetrahedral ions, which are oppositely oriented to
them. Directions of the magnetic moments.given in Table-

1.4.
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Table -~ 1.4

. oo pe—

Coordination Number of UWyckof's Dir. aof Mag.
number positions notation momt.per mole
& 12 k 24242
(Octahedral site) 4 1 v ¥
2 @ 2
4 4 1 ¥ ¥

{Tetrahedral site)

b
{Trigonal bipyra-—
midal site )

[N
o
- 2

Direction of magnetic moment of Fe ions in the unit

cell of magnetoplumbite (M).
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1.3.3 Spinel Structure

The general chemical formula for the ferrospinel
igs MFexls where M is the divalent metal ion and Fe is
trivalent ion. All the compounds of this type have a
cubic, face centered crystal structure (Fig 1.7, a,b)
of the space group (0,7 — Fx - 0m) with unit cell
containing 8 formula units.

In this structure two types of interstitial
positions occur with respect to odygen lattice and
tﬁese positions are occupied by metal ions. There are
946 interstitial sites per unit cell in all, &4 baeing
tetrahedral and 32 octahedral. Out of these 8
tetrahedral and 16 octahedral sites are occupied by
cations., Tetrahedral sites are usually called as A
sites and are surrounded by 4 oxygen ions and
octahedral sites are called as B sites which are
surrounded by & oxygen ions. When all the 8 divalent
iong occupy the tetrahedral sites and all the 16
trivalent ions occupy the ocfahedral sites then the
structure is called the normal spinel. It the
tetrahedral sites are occupied by 8 trivalent ions
instead of divalent ions and the 8 divalent occupy the
octahedral sites along with the remaining 6 trivalent

cions then structure is called inverse spinelJ 2



Fig 4-7a.THE SPINEL STRUCTURE
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The M - type compounds are similar to spinels, due
to the fact that, the interacting orientation of the
iron ion magnetic moment in the spinel block of
hexragonal ferrite is same as the orientation of the

spinel in the fervites having spinel structure.

Perovskite Structure

The Ferovskite structure has a chemical formula
LnFeQs [F;‘g 1-3]
where Ln may be Y, Ge, Pry, Nd etc. The structure is
arthorhombic with space group Dand**—pbnm. The unit cell
containe four group of LlnFeaOs. In this oxygen ions
constitute central cubic blocks with two types of sub
lattices. One is dodecohedral i.e. rare earth ion is
surrounded by 12 oxygen ions and second one isa
octahedral i.e. Fe ion is surrounded by & oxygen ions.
Thig type of materials have been studied by Geller (20)

and Travern (21).

1.3.4 Garnet structure

The natural garnet is grasslarite Ca;Ala(SiB4)3:
The most wideiy studied garnet so far is the vttrium
iron garnet having chemical formula SFealz. 3IYals.
Garnet structure was fully explained by Bertant (19)

and Bellevr and Gilleo(£7)."*f%

3
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Perovskite Structure
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The garnet structure 1is cubic and has a space
group Dn*®-Jla.3d. The structure has three types of
cations sites designed as a,c,d. The metal ion
positions, lda have octahedral, 24c have dodecahedral
and 24d have tetrahedral oxnygen surrounding. The large
Y ions are located in dodecahedral sites and & small Fe
ions are located in tetrahedral and octahedral sites.
Each oxygen ion has two Y™ ions, are Fe®* ions from A
sites and one Fe® ione from A site as neargat
neighbours. In Fig. 1.9, the garnet structure is shown.

The Y ion in YIG formula can be replaced wholly or
in part by trivalent rare earth ions substitutionally.
This changes the magnetic properties. The Fe ion may be
replaced by other trivalent ions which may prefer one
af the two a, d sublattices, depending on size and
cther unknown considerations e.g. Al and Ge prefer
tetrahedral sites whereas In and Se prefer octahedral

sites.

1.4 APPLICATIONS OF FERRITES
Technological advances in ferrite manufacture and

property control have permitted the electronics

industry toa go far in effectively applying their

versatile properties. - New:applications - are constantly .,

being reported.
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The high permeability and high resistivity
characteristics of soft ferrites are used in
applications such as transformers and chokes. The
ferrites are used in high frequency applications,
where the use/uf metallic core is ruled out because of
the eddy current losses. Major applications of soft
ferrites are as high frequency tranzformer cores,
antenna rods, recording heads, induction tuners etc. In
the input circuit of radioc receivers, areal rods of
various shapes are employed to improve sensitivity. The
coil wound on the ferrites is generally used as the
input circuit thereby the obviating the need for areal
matching, low noise and directional sensitivity are
characteristics of ferrite areal.

The use of tubes, rods and screw cores for tuning
in RF applications favour the trend towards
miniaturization. The important benefites are high O
factors and wide tuning range due to the high
permeability. The applications of ferrite is confined
to its typical frequency range. Cup cores or tubes of
high permeability ferrites shield Rf coils with sinimum
strray fields. The residual losses increase with

frequency. This particular property of ferrites permit

s the use of heads or ferrites tubes for broad band

damping in the ”frequency range 18 MHz to 1000 MHz. In

ns
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order to decrease spurious radiation and to avoid
undesired coupling in radio and TV receivers, motors,
ignition circuits and convertor, ferrite core broad
band chokes are used with advantage.

Some hexagonal ferrites are suitable as permanent
magnetic materials because of their high uniasial
anisotropy. The important applications include loud
speakers, motors, generators, sticking device. & large
quantity of oxide magnetic materials is used for
magnetic recording purposes. The important
characteristics required for this purpose are
1. High remanance and 2. Maderately high coercivity.

The ferrites can be used in magnetic amplifiers as
non linear circuit elements. For this purpose ferrites
with very small coercive force are to be used which
give a sharp kink in the hysteresis curve. Storm(24)
and Attura(23) used Mn-In ferrites for this purpose in
order to get coercive force as low as Fﬂs%ﬁe.

Peizomagnetic ferrites can be used in ultrasonic
transducers in which magnetic eignal is converted into
a mechanical vibration. The development of
piezomagnetic fervites has been reviewed by van der
Burgtant and S8tujjts{24).

In large nuclear particle accelerators the near

circular path of the charged particles can be obtained

iw
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by the use of guiding magnetic fields. The magnetic
design of such huge machine is of great importance and
many hundreds of tonse of commercial ferrite material
has been used in the proton synchrotrons at present in
operation. In a accelerating machine named as
synchrotran, a ferrite accelerating resonator, is

being proposed by Averbukh(27).

1.5 ORIENTATION OF PRESENT WORK

As discussed in earlier sections much work seems
to have been done on ferrites in general. The more
detailed survey of magnetoplumbites points out that,
barium, strontium, calcium and lanthanum (Deschamps et
al 1967, Dritenik et al 1973, wvan Dieten et al 1974,
1978, Mulay et al 1978, Due et a1l 1983, Borkar 1987)
containing M compounds are studied, but correspondingly
nickel M—-compounds have no detail reference in
literature. The ferromagnetic compounds of the types
La¥*Me®* Fe.1,® 0. where Me represents Co, Ni, HMg, Cd,
Cu or In have been reported by V.N. Mulay{(1i970) as
heraferrites, but the NiFei20.e will be the nickel
ferrite in pure form and the compound in perfect

stoichiometry finds na place in the literature. However

deviated stoichiometric similar compounds are reported-

{Ichinase et al 1963, Rotgering et al 1980, Yamamoto et

al 1979) which indicate that such addition of trivalent

¥4
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metal ion such as La®™* essential for the formation of
the M structure.

Keeping in view the above mantioﬁed work of
various scientists, it is proposed to prepare a ferrite
NiAl  Fein.-.Oie system with variation of Al ions. The
interesting electrical and magnetic properties of the
samples in the system obtained by us are reported in
this thesis.

The samples were prepared by the standard ceramic
technique using pure oxide constituents. The necessary
instrumentation was fabricated in the Departmental
workshop.

After having prepared the ferrite samples of
degired composition, the crystal structure
characterization was made by »i-ray studies. The work on
d.c. electrical resistivity and the studies on the
cation distribution of the system were reported.

The hysteresis study of .ferrites is of lmportance
to estimate satuwration magnetization, coercivity and
remanant magnetization. Correlative studies of d,c.
registivity and cation distribution were discussed.

FParticularly the compounds in which Al™® is

substituted for Fe®+, Cr®* and Co™*, the distribution

~-of cations in different crystallographic positions is

easy. This is so sincef*ﬁl“*“@hhve@large*'scattertng

e

lo
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factor relative to 3d cations. Thus a systematic
comparison of Ni ion containing M type compounds forms

a significant subject of the present thesis.
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