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INTRODUCTION

“rerrites® as they are known as an artificial version of
load stooe {Foso‘) also called Ferrous Ferrite, the first megmetic
material known to man, Ferrites assune isportance as magnetic
materials possessing a wide range of magnetisation sand Qus %o
the fact that togethwr with their property of eleetrical insulation,
the propagation of high f£ield slectromagnetic Waves through them
takes place with lov attanuation,

Kilpert 4in 1909 tried to devalop the ferrites to reduce
eddy curpent losses in inductors and transformers but without
success, as the ferrites exhibited large losses, low permeability
and could mot be reproduced relisbly. Lster Kato and Tekail,
Froesteir,? Barth and Posjnak’ develaped ferrites in various
points of view, Snock? and nis colleagues carried out intensive
work on ferrites to study thelr magaetic propexties, mm”
proposed theory of Feprrimagnetisnm, The experimental confismation
vas offered by neutron diffpaction studies on Wﬁa" and zine
urﬂmﬁ’ Sugcesses vere achieved by ths workers in processing
substitutional ferrites to suit tha cegquirsnents of pormsabilivy
values for the high fregquency spplications in the field of
comunication,

The «ork was further carried out as the ferritas exhibit
a wide range of magnetisation, property of elesctricsl mam‘



lov attamation that led o the propogation of high field
slectromaonetic wayes through them,

At present mamufacture and $nprovement of ferrites are
poasible because of their ever-grovwing demend in the fields of
microvave componants and memory switching circuits in computars,

2.2

The minerai awzo‘ and maturslly occurring magnetic
Fe,0, have apinel structuce. The genersl formula of faerrite
is MFa.0 & where ¥ reprosents a divalent metal ion m“") and irzon
is a trivalent fon (7e°"), Ferrites exnibited spinel structure.
Compounds of this type possess cubie or face centered structure.
The oxygen jons form a face centered cubic lattice. The smallest
unit cell contains eight molacules of MFe,0 4 Hence the formula
of unit cell is M}*re}3od3. The cations ocowpy nterstitial
positions of which there are two distinetly different types,
"teatrabedral or A.site and octahedral or B site, In tetrahedral
or s-site magnetic ion is surrounded by four exygen ions located
at the corners of a tetrahedron as shown 4in Figs l.l. When the
magnetic jon is surrounded by six oxygen jons placed at the
versices of octahedron as shown in Fig. 1.1 it is called as
octahedral or B aite. The unit cell contains 96 interstitial
sites, Sixtyfour sites are setrahedral and 32 sites are octahedral,
T™he cations occupy 8 tetrahedral and 16 octahedral sites,
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In the normal spinel ferrites all the M'3 fons ocouwpy the
totrahedral A sites, Muwgamammmmaum.

nfe.0, ard w;,o‘ are the Peccites with nopmal spinal

structure, The cation distribution of Wcaa* is

2% +3 4+3 -
[ 2n®* P [ re*? re*3)® o}
The pornal ferrites are not Fercimagnetic,

1e2:2

In the inverss apinel farrites, the sight divalent metal
Sons 11ie on B site. The trivalent iron fons (re'?) iie in eyual
numbers on A mﬂ B site, 'ﬂw cation distribution is represented
as [ Fd’*]ﬁ :B} Mgrnze 4 and cwaza‘ ars inverse spinel
regrites which are !wﬂmgmuc in naturea.

1,23

nere M?* and re®* sons are myaummwum
A and B sites dgpending on the physico cmtml mmm of
preparations, The general formla for pummy MM farrites
is usually written as \‘

[HFe o I* 00, Fo 0%,




MnPe,0, and CuFe,0, are partially inverted Ferrites.

In Ferrites overy oxygen ifon is surrounded by thres
Becations and one Aecation, The wglma are given s
Mool = 125° 9¢ As0uA « 79° 58 Bu0eB = 90°, If motal oxygen
distances are small and M.O.M angles are 180% the intersctions are
strong, S0 AB interaction is the strongest, While 3.8 interaation
is weak and AeA interaction is the weakest of the three.
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12 the divalent metal ions are subetituted by an aslternative
magmetis or nonmagnetic cations, the ferrites ace called as
substitutional ferritag, The substitution Can be dons in two ways:

1) Replacing divalent M ion by other divalent M jon,
2 Replacing the trivalent iron ions by other
trivalent #"  ions,.

in magnesiun fegrite n.q?q:e‘ magnagium may be substituted
partly or completely by sine, Zn gy o F 8,0, soRe times the part
of iron may be substituted by ons of trivalant nonmagnetic
slements Al, Cu.

nw«z_xux% » Nickel Aluminium Perrite.

s
/ i S

Magnetisation in Ferrites

Forrites are magnetic because of distribution and alignment



of magnetic fons on the octahadral and teteahedral cation sites,
The cations sitting on ths same subelattice are so oriented

that thair magneti¢ moments are in the same direction. For tio
subslattices the moment of cations on one sublattice are aligned
antiparallel to the moments of cagions on the ether subs.lattice.
The net magnetisation of tha crystal is the resultant of the
msunetizations on the two sube.lattices,

Hagnetic ferrites possessing invarse spinel structure
have cation distribution which is jiven by

whare the cations shown in the agquare bracket are on the A site
and in the othor bracket are on B sita.” The unit cell of ferrite
gontains sight molecules, Accordingly on thé i subelattice the

3 cations ars locatad while on whe 5 subelattice the
X

moments of 3 Fe
magnetic moments of 8 (?03 + 342*) cations are present per unit

eall, The resultant magnetization is given by

=8 (m, +my «8m,

- %
whare ¥, and My ere the momémts of the subslattices and m, and m,
are the mpin magnetic moments of the individual fons. The parallel
aligment of moments on sach subslattice is a consequence of supor



suchange interaction betsesn the magnetic ions on one sublattice
and those on the other, The parallel alfognment of moments on esch
sublattice which is a charactaristic of . ferrimagnetism required
the sufficient concentration of the magnetic species on one
sublattice to maintain parallel aligmment on th# other sublattice.
Ferrices with normsl spinel structucre acre noneferromammetic L.e,,
Znie,0, and Care 0.+ In these fercitas the intaraction A-B doss
not sxist because there are no magnetic ions on the A sites, the
BB inteoraction lines wp half the magoetic jons Lin ons direction
and other half 4n the opposit direction so that alternate planes
of B sublattice are magnetised in opposite drections rendeping
thess fercvites noneferromagnetic,

Due to swer mhmqﬁm interattion batween two cations via
an intcrmediate oxygen ion if the three lons are colinear and their
seoarations ave aot oo lapgas the sublattice wmagnetions are
mupamzal.u The ions agranged in the spinels ace tmu in
Fige 1224 In Fige 1e2{a) both anvie and distance betwesn the ions
ara favourable for supsr sxchange intaraction whils for othsr
figures elther the angle (l,2c), distance 1,2 bed or both (l.4e)
are unfavourable, This arcangenent 4i£ ions in th® spinel leads to

the conclusion that A«B interactions are strohger than A«A or BeB,

The net magnetic momant per forsmla unit of an inverse
ferrite structure cannot exceed 5 Bohr magnetons. However, it has
bean found that on addition of normal spinel ferrite like
aa:;ze‘, the molecular ma;netic moment of an inverse ferviis



FigO 1.2



increases, The 22:{"2 ions, on addition, ovcupy A sites and an egual
manher of NP dons are sransferred to B sites, For the ferrites

2+ maz* 0, ean ba written as

e o .
3«5»])\ 3+ 2¢. B
[F' ﬂ{?' M) 93

where arrov indicates the dircction of magnetic moment, On addition
of X (ZnoFe,04) and (1ex [Feo (F M)0,], the cation distribution

M

becomes
n= [5Q+0 + n(ex) « 5(lex) ] Sohr magnetons
w [m+ (Q0em)X]
vhere m is the momant of Yol ion in Bohr magnetons, Thas, on

addition of z.na* {rmg) , the moment should tend to 10,

Gam:n axparimentally verified that magnetization
increzses for small concentrations of the added ferrite, but with
the increase in the concentration of m:*z deviation increases,

Using the same approach as that used for Wiss molecular
field theory of ferromagnotism Nesl formulated tiw thaory of
antiferromagnetism, In a noneatomic solid the sinmple exchange
interaction as that of ferromagnetism is not possible bocsuse of
formation of sublattices due to intervening anions or other kind
of atoms due to structural peguirements, When in a majnetic material
the magnetic fons are chemically identical but are located on two
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sublattices, The exchange interaction, direct or indirect, is
said to be responsible for antiferromagnetio mupi&nm”a
thaory of antiferromagnetism allows o Astarming the gurie
constant and ¢he molecular £ield constants that describe tiw
antiferromagnetism. When the two magnetic sublattices in a magnetie
substance are antiparallel as in an antiferromagnetia gsubstance,
but differ in magnitude of their magnetisation leading t0 non.
compensation, the material is called as urm;gggg, Fercites

E—

Heel's

are typical of ferrimagnetics, In a siople ferrimagnetic substance
aither there may be to sublattices occpied by the magnetic ions
with different spin magnetic moments or the same magnetic ions
baing located on orystallographically different asites, thus
forming o sublattices. In actuality both these affects may bhe
prasant simultanecusly as is observed for various ferrites,

Ageording to Neel 'a“

theory of Ferromagnetism the
magnetisation and the susceptibility can be expressed in terms of
the molecular field coefficients thau characterise the A.A, BB
and AB interactions, where A and B ave the fons on A and B
sublattices, If Aaa’ “bb and Ay, ace molecular field coefficients,
the total effective field on a magnetic dipole in each sublattice
and due to its neighbours can be written as in the absence of an

external magnetic field as

Hy ® Aga Ma * MMy

Hy = gy Ma ¥ Ay,
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The constants may be positive or nejative. Magnetisation of sach
sublattice would obey the curie relation,

Ha ™ ? (Hy + H)o My = %h (g + 1)

where c and cb are ::ut:le mmum. Eldiminating H and Bb the
sublateice mgmumuom bmmu

C_(Teh  C) + CC A
ﬂa - ) - » E‘ia ;‘3
fm.c‘a”) (T.-cb%b) - u’r‘b"ah
c {TmA +* C C.A

(w:: Aga) t'r.cb;\%) - C (..b);w °

The increase susceptibility in the saramagnetic region is given by

H Y ,
where C = T, and
e o d 3

wie C :
2, 2 2
= c!' [ca (A gpran = Aab = Pag)

PR @ hgig - k- AL

*x abg‘ab - Aah"na * a‘a.t:?‘leuﬁ:z + Aaaabb)} 1.8
P o 1
=2 @A = Mt Mo 1.7



The eguation (1,4) represents a hyporbola vith asymytote

A S 1.8
L3

The ¥ intercept of the line da A~ given by the equation 1.5 and
g

the line extrgpolatos € the polnt, which is called as asymptotic

curie point, The hyperbola of eguation is shown in Fig, (1.3).

The ferrimagneticz material is parapagnetic at tesperature
above T, and is spontaneously magnstised in the reglon
0 LT L7 « The Nesl temperature my be epressed as

. MaaCa b MaC 2,0 92
R IR CYCIRRWCY DR P PR

The susceptibility becomes infinite aither at Ty (positive square
root) or T {(nezative square root).

Bxnapimintal results of the susceptibility data in the
paramacnatic regics have been sucoessfully used & £ind out the
interaction paranmeters which, in turn vere spplied ¢ conmpute the
magnetisatisn curve belov the Neel temperature: The agreswnt with
the sperimental results demonstrated the applicability of the
mplecular £ield treatment in emplaining the fercimagootisnm,

Bmploving the statistical %reatment developed by Neel the
aimltanesus sjyuations for N and Mg in the forn of Brillouin
functions which use spin quantum mmber '8' for ¢ty transition
metal instead of total sbgular momentunm quantum nusbey 'J', ¢an be
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A sketch of the inverse suscept:bmty of a ferr:magnet:c,?-

i substance. as'a functnon of absolute temperature R
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Fig. 1033 :
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— The an'ama'lous s;hApes' of the spontaneous magnetisation
vs temperature curves for fernmagnettc substances accordmg

" neels: theory
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solved for different temporatures.

M i, H B 98

Thus, the theoretical analysis points out to the peasibility of
the differeont shepes for the net magnetisation curves depending on
the parameters of the exchanoe interactions and the relative
magnetisation of the individual sublattice (Fig., 1.4) . The net
masnetisation cucves provide useful data about the ferrites f£rom
the point of view of their spplications, Hovwever, in substitutional
15 or due to temperature affect, the relative magnitudes
of B and B.B interactions become comparable leading to Lot.qniwm
toiangular agrangements, Further, structural oomplications lead

to helical and canted spin configurations deteminod by the
minimisation of energy considerations.)’

ferritos,

¥ihtn the major constituent in a ferrite is other than Fe,
ebsarved mmmamnls is less than that calculated by enploying
Heel's model, In addition, net mametisation increases or
decreanaes as absolute zero is reached and % AoatT=0%x
which is prohibited by the third law of thermodynamics,

Heel's theory of magnetic sublattice was thorefore MM
by Yafet and Kistle?® in 1953, They showed that for certain ratio
of exchanges interactions in mpinels thire exists a possibility of
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nejative interastion within sublattice B, giving rise o sublattices
B, and By vith their magnetisation nelther exactly antiparallsl to
eath other nor to A sublattice, However, the yesultant magnetisation
of By ard B, remains antiparallel with that of sublattice A as
shown An FPige lede

1.5

The resistivity of ferrites liss in the wide range 10~ to
167 ohmemeter at room temerature. For magnetic (?&3*)‘&(?02*} 3&:"’
the resistivity 18 5 x 10°° ohm meter spproximately, This high
conductivity is associatsd with the simultaneous presence of Fe’'
and Fe* ions wpon fdentical lattice sites in the spinel structure.
The electrons move from ferrous (Fe?') to farria (Fe°') ions
through the continuous chain of the octahedral positions and those
transitions of electrons do not cause any change in the ensrgy state
of crystal,

Van Uitert {1559) showed that an ewcess of iron above
stoichiomwtry and high firing temperature both cause remarkable
reduction in the resistivity.

The resistivity also depends won the following faotors
apart from the inherent properties of the material,
1) Prosity and peres filled by ale,
2 Grain size,
3} Chemical inhomogeneity caused during preparation, heat
treatment rete of cosling,
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The temperaturs dependence of resistivity § can be
wipressed by %%
€ =S,

Tha different values of AE (the activation eneggy) determined

from the slope of logs versus % plot represant different conduction
mechanisms. Komar and Kiivenin'? observed breaks in the vicimity of
the ferromagnetic curie temperature of several ferrites, Ctaani
gm.w have cbserved more than two bresks in the log § —— i/
plots for Cu.Ri ferricesy which are attributed to change in
activation energy AE,

1.6

Ferrites £ind numerous spplications in electrical
electronic, microwave and computer fields, They are used as band
pass filters from SOKH, to 150KH, in telephons circuits, In I
transformers and Ain slug tuned faductors, Because of their high
resistivity they can be used as pole piaces for concentrating
£lux n hf, inductor heaters,
used in the field of memory and switdhing circuits in digital
computers,

Fercite copes are now widely



Ferrites assume importance since they £ind applications in
elegtronic and electrical fields, Efforts are being mde %W prepare
the Ferrites to suit their utility for core memories, core of the
transform:ra, core of the antenna ard 0 ons In the gpplications
point of view, the studies on electrical and magnetic properties
have been carried out by many workers, The preparation technmigques
have also been inovated o improve won the factors like porosity
and keep at minimum the factors that degrade these properties,
Mixed Mgin Feprite system has been studied bw many workers, However,
effect of gquanching in modulating the electrical and magnetic
propepties needs to be carefully studled for the want of
sufficient literature on this, Ye have, therefore, carried out the
studies on the gquenched system of Mgin mixed forrites and conpared

- our gesults with the slov cooled system, For these following
studies were undertaken

1) By using the standard ceramic technigue zwn_xmze‘
ferrites vere prepared, vhere X = 0, 0,2, O 4, 0.8, 0,8, 1,

2) Xeray diffrsction study for determination of crystal
styucture,

3 Electrical conductivity from room temperature upto 873%K
and the plots of log %---7-.},- gimilarly ve had the plots of
109 gm compositions at constant températures.

£ Determination of Curie tempersture,

5) Saturation mametisation,
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