' Chapter -1

~ Ferrites An Introduction



1.1 INTRODUCTION

L

Lode stone was first magnetic material known to man.
The chemical formula for Lode stone 1is Feo FeQ__O3 (Ferrous
Ferrite) and 1is nothing but naturally occuring ferrite. The
ferrites are magnetic materials, essentially mixed crystals of

various magnetic oxides.

Ferrite continue to évoke interest because thgy are the
most important electronic and magnetic ceramics. The
simultaneous twin requirements of optimal electronic and
magnetic properties in the advanced electronics , microwave and

computer technologies have focused the attention of research

workers on ferrites.

The technological importance of the ferrites can be
gauged from the spectrum of application in high frequency and
pulse transformer, inductances, deflection coils, anetenas and
modulators and numerous other applications depending on the

requirements of high permeability and low loss at high

frequencies.

Ferrites with squareloop characteristies of B-H curve,
“ind extensive wuse in computor memory as core devices.
Atrernate selection and control of variables in preparation of
“errites has been used to give ferrites of lower permeability

anGg targer magnetostriction. Microwave applications depend on
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the nature of gyromagnetic resonance of ferrites which are

exemplified in Faraday rotation, phase shifters, modulators.

1.2 (a) HISTORICAL :

The first known magnetic material was made available
by nature itself in magnetite which is nothing but ferrous
ferrite. There arose a need for the magnetic materials to
reduce eddy current Tlosses, which was met by preparing

synthetic ferrites.

Hi]peréi)(}QOQ) was working with synthetic ferrites to
reduce eddy current losses in inductor and transformer. After
some years when the utility of ferrites was proven beyond
doubt, the studies of ferrites from the point of view of
electrical and magnetic properties and chemical and
crystallographic characteristics gathered impetus. In
thirties Kato(L%nd Takai, Forestier&s)Barth and Posjnak have

studied ferrites from various points of view. The structure

of the ferrite was established to be of spinel type.

5,6) . .
X carried out extensive

A decade later Snoek
systematic studies of preparation of ferrites and their
magnetic properties. This 1led to various applications of

ferrites. Verweyc?)

established that the electronic
conductivity of ferrites is mainly due to the exchange of

electron between divalent and trivalent ions of idron in the

ferrites.
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His study on crystal structure of various ferrites
showed ferrites with inverted spinel structure to be
ferrimagnetic) hereas those with normal structure to be non

magnetic.

The basic theory of Spin-spin interaction 1in ferrites
was announced by Nee{?ﬁe introduced the concept of magnetic
sub~-lattices, applying the same molecular field theory of
exchange interaction in ferromagnetic materials except the
possibility of spin a?ignment in the antiparalilel sense. A more
detailed examination of basic interaction was made by Andersoéﬁj
and VanVleck who developed theory of super exchange. Yafet and
Kittle“o) extended the theory of magnetic sublattices by
postulating a "triangular" arrangement of three sublattices
when the antiferromagnetic exchange interaction between
sublattices is comparable to that among spin moments within
sublattices formed by Fe'® 1ions on tetrahedral and octahedral

sites.

: (i) uz) . . ~
Gorter "~ and Gulljaud gave the direct experimental
proof of Neel's theory. Gorter measured the magnetization of

Mn,Fe,Co,Ni,Cu and Mg ferrites mixed with Zn ferrites as a

Function of Zn composition.

Gullfay as® etal explained the variation  of
magnetization as a function of temperature for mixed ferrites
itk varying composition and temperature 1in ferrimagnetic

region. Neel modified the earlier theorqQtical treatment which
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could not zccount for the temperature dependence of Weiss
molecular 1interaction constant as per the experiments. The
modified theory was confirmed positively by experimental
results. The direct proof of Neefg model of ferrimagnetism
came up only with neutron diffraction studies on magnetic and

zinc ferrite.

(3) (4)
Other research workers especially Smart and Gorter

also correlated independantly the cation distribution found

out by microwave resonance and magnetization.

Recently the work on ferrites has assumed large
proportions during the last two decades and it has proceeded
on all the fronts starting from better control of structural
parameters as 1in single crystals and epitaxial films to the

use of information on ferrites towards understanding of

. X
ferrites.Q)

103 CRYSTAL STRUCTURE :

The magnetic oxides exihibit the following structures

in general.

(1) Spinel Structure (3) Hexagonal Structure

(2) Garnet Structure (4) Perovskite Structure

1.3 (a) SPINEL STRUCTURE :

The general chemical formula for ferrospinel is MFe,0,

Where M is divalent metal ion and Fe is a trivalent ion.
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A11 the compounds of this type have a cubic, face
7
centred crystal structure (Fig.1.1) of the space group O -Fzdm

with a unit cell containing 8 formula units.

The cations occupy interstitial positions of which
there are two distinctly different types - Type one known as "
tetrahadral " or ~ "A-site ", 1in which magnetic ion s
surrounded by four oxygen ions located at the corners of a
tetrahedron as shown in Fig.(1.2Q). And the type two is known
as " Octahedral" or B-site, in which magnetic ion is
surrounded by six oxygen ions placed at the vertices of an
octahedron as shown in fig.(1.2 b). There are in all 96

interstitial sites are occupiej by cations per unit cell.

The distribution of cations on the A and B site is
obtained by relative site preference energies of the

respective metal ions present in the ferrite.

The Spinei ferrites are classified on the basis of

cation distribution as follows

i) NORMAL SPINEL FERRITES

: +2
In ‘the normal spinel ferrites all the M 1ions occupy

the tetrahadral A-sites, while ng jons are in the octahedral

B-sites.

The cation distribution of Normal-Spinel ferrites as

follows:

( M2+) A ( Fe3+ Fe3+ ) B 042-
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ii) INVERSE SPINEL FERRITES :

If the tetrahedral sites are occupied by 8 trivalent
jons instead of by divalent 1on§%occupy the octahedral sites
along with the remaining 8 trivalent ions then the structure

is called as "inverse " Spinel.

The general the cation distribution may be represented
by :
3+ A 2+ 3+ \B 2-
( Fex ) ( M, F%rﬁ )" 04

The inverse spinel ferrites shows ferrimagnetic behaviour.

i11) RANDOM SPINEL FERRITES

' +2
In the random spinel ferrites M and Fe*a are randomly
distributed over the A and B sites depending on the

physicochemical conditions of preparation.

The general formula for the partially inverted

ferrites is usually written as ....

@ oar 2+ By 2
( M Fe ) (M Fe.. B 04
1- Tex
X X X T+x . cod’fﬁ.c{?m'fm“(’)’
AN .
1.3 (b) GARNET STRUCTURE : |~& ~ coaft oF Inversin,

The natural garnet is grasslarite Cay A],_(Sioq)5
The most widely studied garnet is YIG-Yittrim Iron Garnet and

~nemical formula is£25%fg&~3l¢n£936arnet structure was f:;]y
2xplained by Bertayt "and Farrat and by Geller and Gie]]oe



The garnet structure 1is cubic and space group is
912 Ia 3d.The garnet structure has three types of cation site

designated as a,c,d.

The metal ion position 16a have octahedral 24C have

dodecohedral and 24d have tetrahedral oxygen surroundings.

The large Y ions are located in dodecohedral sites and
small Fe& jons are located in tetrahedral and octahedral sites.

5

Each oxygen 1ions has two y)r iqﬁs, one Fe*sions from ‘'a' site

and one Fe™ jons from 'd' site as nearest neighbours.

In Fig.1.3 the garnet structure is shown with respect
of the feature in connection with the interpretation of the

saturation magnetization data.

The Y dons 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 1ions which may prefer one of the two a,d,

sublattices depending on size and other unknown

considerations.

1.3 (C) HEXAGONAL STRUCTURE

The Hexagonal structure has chemical formula M Fellchs

Where M can be Ba, Sr, Ca and Fe may be substituted by Al or
Ga.
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The magnetoplumbide compounds also have the Hexagonal
structure and their chemical formula is X Bao )Y Fe,04}Z Mo
Where M is the transition metal . They are generally known as

permanent magnetic materials i

The crystal structuref§l.4 consists of closely packed
oxygen dons, built up of layers of cubic and hexagonal

stacking alternately.

The structure consists\ of cubic blocks which have
their triad axis (iii) parallel to the C-axis coupled by
hexagonal blocks containing oxygen - bapium layers and firon
with unique five fold.coordination. The Fe 1ion may be located
in three different interstices octahedral and tetrahedral and
sites surrounded by five oxygen atoms forming a single

bipyramidal site with triangular base in barfum~oxygen layers.
In this hexagonal structure only one metallic ion is
available for two adjucent tetrahedral sites which occupied an

intermediate position along C-axis.

1.4 MAGNETIC PROPERTIES OF FERRITES

The properties of ferrite can be clasified 1in two

catagories, intrinsic and structure sensitive.

Saturation magnetisation, anisotropy, magnetostriction
and . curie temperature are basically the intrinsic

properties,while permeability hysteresis and other
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losses,resistivity and dielectric constant etc.very much

structi e sensitive,

1.4 (a) MAGNETIZATION IN FERRITES

The magnetization exihibited by ferrites was explained
molcras

on the basis of Weiss's Afield theory, Weiss field theory

neglects two physical phenomena one, at very low temperature

single spin interacts with a field that 1is parallel to the

ato™

magnetization of its neighbouringprather than with a uniform
not '

fieldaparallel to the -not magnetization. This attribute small

deviation of atomic moment from aligment with its neighbour.

Second at and Jjust above <curie point, the Weiss theory

magrenC
predicts that for T> Tc in the absence of externa]Afield the

spin order vanishes completely.

The normal spinels ferriteg are non magnetic e.g.
InFe, 04 and Cd Fe: Uq while 1inverse spinels are
ferrimagnetic. However, for a mixed ferrite system on a

simplistic approach, the observed magnetization could not be

explained.
( Fe+3 )A ( M2+ Fe3+ )B 02—

The Fe™ ions on A site are coupled with their spins
antiparalled to those of Fef3ions on B site. So that the net

2
moment is only due to divalent M* metallic ions.

Fet 5B Feyy 5 Mgy, T (M)
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Suppose that M is a transition element with n
electrons in d shell, the magnetic moment AUpg per unit
formula is & 77148 or (10-n) -148 depending on d shell which
js filled less than half or more than half respectively. The
degree of inversion is a fraction X of the divalent metal ions

that are on B site. The arrangement of moments could be
WTryirtemy ag

---(12)
CoCr-0 my T Fep 2 [(0-x) Feg v mgy]

The net moment 4*8 is written as .....

Alg

u

M ( (1-x) =X) =514+ (1-x) - X)
M ({ 1-2x) - 10 ( T=x ) =cecee- - (13)

For normal spinels X

i

0

inverse Spinels X=1

The indirect exchange coupling between metallic ions
acting through the oxygen ions is maximum for those ions X and
Y for which the angle XOY is closet to 180° for the perfect
spinels lattice the major angles between the ions are AOB 125°J3,

& and 154°34 BOB 90°and 125° g'and AOA 79° 34'(fig.1.5)(3%

1.4 (b) ANISOTROPY :

Anisotropy term is used to describe directiqna]ity of
magnetisation along certain crystallographic direction which
is called as a easy direction. It is also known as anisotropy

energy which can be applied to change the direction of

nagnetization from easy direction to hard direction. It plays
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an important role in determining the properties 1ike

permeability, hysteresis and magnetostriction.

This energy arises from spin #rbit interaction and
dependent upon the corientation of magnetisation with respect

to crystallographic axis.
In cubic material the energy is described as ...

£ =Ko+ KT (AT &2+ oy hy® 4 ATy (g g

Where Ko, K1 and K2 are called as anisotropy constant and ls#
A4 °{5 be the direction cosiﬁes.
/ 7
When magnetization vector deviates from preferred
direction the anisotropy energy increases. This increases in

energy is due to the effective field (Ha) acting on sping.

The anisotropy constant varjes with crystal structure

and kind of magnetic ion involved.

The electronic structure of magnetic fJon also
contributes to anisotropy constant?7)Magnetic anisotropy may
=150 arise due to stress anisotropy and shape anisotropy.

v .y Stress anisotropy may
be reduced by slow cooling of specimen. This can be
effectively reduced by 1incorporation of Féfl in small amount

in the crystal such as it reduces the magnetostriction to
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Y
zero. Shape anisotropy may be rduced by preparing ferrites in
such a way as voids are spherical and few in number with the

help of prolonged sinter1ng§'8)

1.5 NEEL'S THEORY FOR FERRIMAGNETISM

Neel has considered the two sublattice model for
ferrites to describe the feromagnetic properties. Then the

molecular fields for ferrite magnetic material 1is given by

(14)
Hy = HBB + H

Tt st St N Sma? vot®

Ha 1s molecular field acting on ion of A site is sum
of molecular fields Hpyq from neighbouring A atoms and Hpg from

B atoms.
Molecular field components may be written

H oy M

AA AA

1]

A

/

—e = 0S)

o’

pe s
{

BB

BB MB

.
BA BA

L e

q%are the appropriate molecular field coefficient

and My and Mg are magnetic moments of A and B Sablattices.

Then c9>AB = ’?BA where vaA ?ﬁvBB unless two

sublattice are 1identical (and exchange integral -ve for
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parallel alignment ) %PAB <0 favouring antiparalel
alignments of MA and Mg gives rise to ferrimagnetism. In
the presence of applied field Hy the total magnetic field
acting on each sublattice may be written by using above

equations.

)
Ha = H0 + HA ; g
= H o+ "?AAMA + 'A’ABMB ;
) (e
- )
Hb = HO + HB )
)
)
)
)

a) PARAMAGNETIC REGION :

In an assembly of N paramagnetic ions per unit volume
each with angular momentum quantum number J and total

magnetisation M then volume susceptibility can be defined as

M
" B R

I[f the magnetic field H from equation (1.7) taken to
be (H+Hm), then we have...
M M

= — --e= (1.8)
H + Hm H + %m

and this leads curie weiss low.

- C
x b T'TC ® 00 s 8w e e o0 (109)
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Where Tc = 2c this gives experimental determination for
molecular field coefficient Neel applied this to Ferrites and
Nand AL are defined as fraction of same magnetic ion

distributed in two sublattice where

AN+ A =1 L Ceeeos ( 1.10 )
Then we can write using equation (1.9).

He

T ) H

(1.11)

M, = ( Ac ) H and M, = ceene
A = " s b

a.
Where ‘Xcand'ikcare volume ocupied by magnetic ions in each
sublattice writing X =%and M = MA + MB the equation for

paramagnetic susceptibility becomes...

' 2
2 2
+ s Tl 0 2 AURT ¢ P MY, L5-1)

cee(1.72)
C(T-Alc 2,2 +A+8))

%Y AA |
>’ AB % AB
following Neel for clear explanation we rewrite (1.12)as
- Ty 1L s (1.13)
X C Xo T-60
Where ’]‘o = V(2 a4 - Xy - s
- (2 + K+ B )
& =P A Al

2
XAB Ae ( A1+ LK) -4(14p) )2

y)

The first two terms of equation (1.13)gives the temperature
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dependence of susceptibility of curie-weiss law and third term
has no contribution in ferromagnetic case. equations

(1.13)represents hyperbola which cuts at axis.

TA = - C where TQ is assymptoic curie point
X
0

This 1is considered»above curie temperature. Above curie point

ferrimagnetic interactions play a little part.

Tp the paramagnetic curie point is found by equating

_%_to Zero and gives Tp as

»pg C \'
Tp = —BE—— (K U+ § (A= Up)Ps a3 )

L ...(1.14)

If TpLo 1i.e. negati&e the material remains with paramagnetic
values of susceptibility down to absolute zero of temperature.
If Tp‘)o; X becomes theoretically infinite at this temperature
below which a spontaneous magnetisation of the material
appears and remain finite as the applied magnetic field is

reduced to Zero,

b) SPONTANEOUS MAGNETISATION :

equation (1.14) can be written as

T =4 Vb ae Al + (- )2 Y2 L (1.15)
ro1r C r \ Y
o= Pt DA -TCEM - g2, 4oty T 3 06)

assuming positive square root is taken at each time. Tp is
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curie temperature where MA and MB antiparallel and Tp' curie

temperature when MA and MB parallel.

If Tp! ;> Tp the antiparallel arrangement of
magnetisation will occur and be stable at all temperatures
below Tp. This is in agreement with negative interaction of A

and BR sublattices.

The individual magnetisations MA and MB cannot be
observed independently but net magnetization M can be written

as M = MA + MB.

As the two magnetisations are oppositely directed then
M = MA - MB or MB - MA spontaneous magnetisation can be

written assuming the similar behaviour below and above curie

point.
M,S, _ B
AP = ANgd UBPY (4,9, yp Hy | KT ) oo (1.7)
0 R
Fluase_ = B, ( Algy I —UGHA/KT ) ceee (1.18)
Masat

the terms have their usual meaning.

In general J ¥y S spin quantum number since orbital

contribution is small.

Total observed spontaneous magnetisation 1s given

by....



M = M - M

ASP cesens

The solutions of Mgp with variation of temperatures can not be
found analytically, for solving these graphical methods are
used and known as (0 ,T) curres where
T e e T - L(.20)
Msat Tp
and shown in fig (1.6).

( 07, T) curves must depend on relative values of interaction
and relative magnitudes of sublattice magnetisations must
depend on AK-U and B in simple Neel Model where only one

type of magnetic ion 1is present.

1.6 YAFET - KITTLE THEORY :

Neels model was inadequate for the spinels containing
chief constituents other than Fe, where the observed
magnetisation is much smaller than calculated by Neel's model
for spin arrangement. The type M,R and V also conflict the
third law of thermodynamics. Therefore Yafet and Kitt]éﬂuhave

proposed a triangular type of spin arrangement.

The finteraction energy E between two atoms having

spins Si and Sj given by Heisenburg as

e Sy S5 ceeeces (1.21)

Where Je 1is exchange 1integral measure of extent to whic

electronic charge of the two atoms concerned overlap
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another.

They showed that for certains ratios of exchange
interaction in spinels there can exist three sublattices with
triangular spin configuration and has lower energy than two
sublattice structure. In such a case there exists a
possibility of negative interaction with in the sublattice
itself giving rise to B, B, sublattices which are neither
exactly antiparallel to each other nor to A sublattice
individual. However, there resultant magnetization of B, and
B, remain antipara11e1 with that of A sublattice, holding in

store all the possibilities of ferrimagnetism and

antiferrimagnetism.

The interaction energy E for this case has been given

as

- - 2 -
E = 8N (693, 5,5 COs@ -3, S, (2c08-1)..(1.21)

@ is angle between magnitisation of two sublattice. E is
minimum for Jy,  negative and Jbbpositive if 8 = o is Neels

state. If Jp, is also negative and ratio of exchange energies

is given by ey as

¥ =
ex Yoo 5o/ Yab Sa > 34 L....(1.22)
Then Neel's state will not become minimum and magnetisation

vector of sublattice will bent from colinear position by an

angle g
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Where

CoS @ = 34 Sa / 43 S ee.o(1.23)

ab bb. b

They proved that Neel's structure 1is stable for
Tex < 3/4 if the.total number of sublattices are restricted
to six(i.e. number of different magnetic ion ).

1.7 SPIRAL S¥RLFEFURE

Kapa1anL

zoﬁtudied and showed that y-K model does not
minimise the exchange energy {f Jab > o and he proposed sprial
type of spin configuration by neutron diffraction in some
compounds. He found that they have lower energy for all values
of rex > 2/3. The theory of spiral configuration was further
developed by Lotgering%aoThis theory he applied to his own

experimental results on oxides and sulphides.

1.8  ELECTRICAL PROPERTIES OF FERRITES :

Ferrites are semiconductor by nature. Their resistance

3

- (22,
can vary from 10 —<2cm to 10¥ cm at room temperature.)The

physical and chemical properties of ferrites are dependant on
the mechanism of charge transport. The mechanism of charge
transport can be studied or derived from the measurement of
electrical conductivity, thermoelectric power , magneto
resistance and Hall Coefficient. The charge trnasport can vary
with the composition of ferrites and method of preparation of

ferrites and also greatly affected by the presence of

impurities.

an
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1.8 (a) CONDUCTIVITY :

Ferrites are semiconductors and their resistivity
should decreases with increase 1in temperature according to

relation.

Q:Qoexp (Eg/KT) .... (1.24)

Eg 1is the energy required to cause an electron
jump,Linear relationsnip of 10g% ¥ 1/T resulting a straight
1ine and break occurs at a temperature which corresponds
closely with the observed ferrimagnetic curie temperaturé?a)
The value of Eg results between 0.1 ev to 0.5 ev. The high
Eg is associated with high resistivety at roomtemperaturé}Q)In
general the substitution of a cation that tends to stay in
lTower valence state leads to P-type conduction and
substitution of cation that tends to stay in higher valence
state leads to n-type conduction. Electmic conduction of
ferrites can be asociated w1th)the presence of ions of given
element 1in more than the valence states distributed randomly
over crystallographically equivalent lattice points. In
ferrite the conductvity is attributed to the occurance of both
FJ%Fg?ons upon identical lattice sites in spinel structure. If
this is the situation the electron can move from trivalent
iron to divalent 1iron ion within octehedral positions without
causing the change in the energy state of a crystal as a
result of transition. The clasic example is Feﬂ'Few> 04 one of

2
257)
the non metallic conductorél The presence of Fet® ion will be

considered to assure reduced resistivity in ferrite system. To



27
achieve high resistivity it is common practice to avoid an

excess of Fel.Q5 and oxidising atmosphere during sintering.

The resistivity will also be <caused by following
factors apart from the inherrent properties of the material 1)
porosity and porosity is fifiled by air (2) The grain size of
individual crystallite influence the conduction path due to
number of grain to grain contac%%e)(3) chemical in homogeneity

caused during preparation or heat-treatment.

General methods for determination of resistivity is
two probe contact method or four probe contact method. The
four probe contact method 1is always free from contact
resistance difficulties, and is always used to measure Tlow

resistivity materials.

1.8 (b) DIELECTRIC PROPERTIES

Ferrite is also an insulator, W even though in a
ferrite eddy current may flow due to dielectric displacement.
In ferrites three principle mechanism of polarisation can be
distinguished with in a frequency range extending from zero
frequency to U.V. frequency region. At optical frequencies
the polarisation mechanism 1is electronic. Total electronic
polarisation is sum of polarisation of dindividual electrons
- plus effect of interactions. At higher optical frequency and
at  U.V. frequency, absorption due to actual electron
transitions becomev important. The absorption <caused by
conduction electrons migrating between 1iron idons on the

octahedral sites by transition from 3d to 4S States, and by
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transitions involving the oxygen anions and various cations.
At frequencies below infrared the mechanism is atomic or ionic
polarisation, and arises from the movement of cationg,anions
with in the crystal lattice. The part of the permitivity at
microwave frequency 1is due to this mechanism. Below the
microwave frequency region the polarisation arises from the
macrostructure of polycrystaline material and from the
migration of free charge carriers. These charge carriers are
trapped at the grain boundries. Field distertion results due
to build up of space charge and shows an 1increase in
permitivity. This phenomenon is  known_ as interfacial
polarisation. The ferrites have permitivity between 10 to 20.
Abnormally high dielectric constant have been reported by
several authors as result of 1low frequency measurement on

27
ferrites& 2

Koopézsaescr1bed the good phenomenological theory of
dielectric dispersion in ferrites at 1low frequencies. The
dielectric dispersioiﬁheory is based on the assumption of
parallel resistance and capacitance of material results from
an equivalent to solid state model consisting of compact of
relatively good conducting grains separated by poor conducting
layers. The theoratical and observed frequency variation

dielectric constant and resistivity are in goodagreement for

/
"~ some samples.



1.9 ORIENTATION OF PROBLEM :

After 1950 ferrites are—used consideraple  interest
because of their electrical electronic microwave and computor
applications. Being technolugically important materials they
have been extensively studied from the point of view of
determination of their electric and magnetic properties to
check the suitability of certain applications. They were also
subjected to rigo'rous finvestigations using the techniques
like X-rays diffraction, neutron diffraction mossbauer:
techniques, etc, in order to understand the Phisico-chemical
State and structure, property relationship. The results
obtained are most contraversial in quite few cases.

: ole perna@ela

The contraversies may be due to structural aspectsAon
preparation conditions or partly due to lack of understanding.
However this circumstance although trouble some in itself
endows with the possibilities of tailor making of ferrites
with desirable properties to understand the role of various
parameters of conditions of preparation in determining and
affecting the structural aspects including cation distribution
€opper ferrite appeared to be interesting from the above point
of view because it shows electrical switching Tlattice
distortion, structural changes with composition and
temperature of preparation including quenching, Recently most’

of studies on Cu mixed ferrites have under taken.

The compositional variation of Ni,Zn Mn,Cd with Cu ferrite

L -CY)
have been carried out. By many workers (#&=%o=33)They tneito
\ . '
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establish the conduction mechanism and structural relationship

with composition.

In order to wunraval the role of composition in
affecting the <crystal structure, cation distribution and
conduction mechanism and also the behaviour of quenching
temperature on the magnetisation and electrical resistivity of
the ferrites, We have under take the following studies on Cu,

2 Co|,x Fezpﬁ system.

1) Preparation of Cux Coy.x & Fe, O4 where
(X=02,64,06,8) by ceramic method at an appropriate temperature

due care being taken for non reduction of copper 1ions.

X-ray diffraction studiesi¥errite samples for finding
the R¥avieslattice and lattice parameter with view to find

out variation of C/a ratio with composition.

2) Electrical resisiivity and Qurie temperature
measurement studies for finding out the conduction Mechanism
involved in ferrites and behaviour of resistivity with

composition of Co.

3) Magnetisation studies on these ferrites for finding
out the cation distribution and magnetic moment behavior with
the composition. With view to find out the role of Co ion in

changing the magnetisation with composition and quenching

temperature.
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