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S MHERY AKND CTOHOCLUSTITONS

Ferrites constitute a class of important materials which
have wide ranging applications in the field of electronics
technology and in microwave devices. Recenl researches have
shown that it is possible to pProcess ferrites haviﬁg desired
properties to suit the requirements of a particular
application.

In the present work the studies on DC electrical
conductivity and magnitization of Co-Zn ferrites are reported.
Copalt ferrites have many applications as device material in
electronics and microwavé devices. Many researchers have
tried 1o iwprove their electrical, dielectric and
magnetization properties. The saturation magnetization, one
of  the important parameters for application purpose, is quite
high in Cobalt ferrites and is expected to be improved upon
8111 further by the addition of Zinc. Co—Z4n ferrites have
heen studied by quite a few workers. Jonker [1] has

investigated the semiconducting properties of mixed crystals

of Cobalt ferrites. Josyulu and Sobhanadri [2] and
Satyanarayana {3} have studied the DC conductivity and
diclectric properties of Co-Zn ferrites. Saturation moments

af  Co-4n  ferribtes have been measured and studied by Guillaud

et al  [47. The effect of sintering time on these electrical
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and magnetic properties of Co—Zn ferrites have been very
rarely studied.

in the present, case obhservations on DC electrical
conduct.ivity and magnetization of Co—Zn ferrites sintered for
two different sintering times have been reported and
explained in the light of their microstructure obtained by

using scanning electron microscopy.

The orientation of the problem thus involved the

following studies on the Co~in Fe, 0, system.

(1) Preparation of the Co-ZnFe_.Q, ferrites with x = 0, 0,2,
A §

0.4, 0.6, 0.8 and 1,

—~
N
~—

Characterization of ferrites by XRD,

{(3) Measurement of DC eleclrical resistivity,

{(4) Measurement of magneltization, and IR absorption studies,

(%) calculation of porosity, study of mwicrostructure
obtained with SEM, and to establish correlation between
microstructure and properties of fefrites.

Chapter 1 gives a brief account. of historical
developments, spinel structure, properties and applications
of ferrites along with the orientation of the problem for the
present work.

The preparation and characterization of ferrites is
dealt with in chapter I1. Methods of preparation of ferrite

composition are discussed and the general cerawic method of
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ferrite preparation is represented by a ’flow chart’. Co-iZn
ferrites with the general formula Conn‘__xFezO4 {with x = O,
0.2, 0.4, 0.8, 0.8 and 1) were prepared by the conventional

double sintering process. Cobalt oxide, Zinc¢ oxide and Ferric

oxide (all AR grade) were mixed in stoichiometric proportions

and presintered in air at 800°C for 20 hrs. By taking the
presintered powder in a die and subjecting it to a hydraulic
pressure of about 10 tons for % minutes, pellets each

weighing 1 gu approximately and measuring 1 cem  in diameter

and 0.2 — 0.3 c¢m in thickness were prepared. These pellets
were subjected to final sintering in a Silicon Carbide

furnace. As 1t was desired tovutudy the effect of sintering
time on physical properties, one series of pellets was
sintered at 900”°C for 15 hrs, and the other at 900°C for
30 hrs.

X—ray diffraction pobtterns for all  of our samples were

oblained using Fe — K, radiation. XRD maxima were indexed by

usunl wethod and lattice parameter for each Co-Zn ferrite was

calculated. All samples have exhibitted cubic structure.
The compositional variation of latbtice parameter with Zn
contentl, in the sample obeys Vegard's law. The lattice

parameter is winiwmum for CoFe, 0,, increases linearly with

the  addition of Z2n, and becomes waximum for ZnFe, O, . The
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explained on t.he basis of atomic volume

[
=

variation
differences of Co and Zn.

Bond lengths RA and RB for each sample were calculated

using the relatios

——e 3 1 ’
Ry, = ~° 3 a +
A L 8 ]
.-'/
/A i ~
and Rp = a A SO T
B S 16 2
where o= g — 0.37H, the deviation from oxygen parameter.

Bond length RA increases linearly with the increase of

FAS conltent In ferrite sawmple. This 1s considered to be
associabed with the increase of lattice parameter as 4n
content,  in the sample  increases. Ry decreases nonlinearly
with increasing Zn content;.  This is attributed to the

increase in ionocovalent. character of bonding with the

increasing Zn conbent in the sample [b].
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The site radii rp and rp were calculated using relations

g [ 1 ) .
== ,‘:,"'b 3 i u — s e - (O‘: ),
r A a ] 4 |
i t > t (0% )
= a —— Y - r ,
ane B 5 ‘
where u = oxygen paramelter of ferrite

cand  r (0%7) = Goldsmit radius of 0%~

o

= 1.35 A",

Site radius rap increases linearly, and rp decreases
non--linearly with increasing Zn content in sample. Since rp

values calculated for our system Coyldn, [ Fe O, are much

smaller than the ionic radii of CO0*Y,Zn** Fe®?,Fe*t ions, it
is concluded that the site radii (ra) of A-sites are too
small Lo admit these ions wiLhoUt local distortion of site or
i(.m‘, or both [67.

In c¢chapter I11, tthe conduction models in ferrites and

experimental peasurement, of electrical resistivity are

discussed. The electrical resistivity was measured on
. , o

Cogln, Fe O, system between room temperature and 700°C by

two probe method.
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k]
10~ .
Povs e arce linoar and show

The plots of log T

10
change in slope al  Lemperatures which agree well with Curie
temperatures of  corresponding samples. The change in slope

is attributed to the disordering of electron spins at the

Curie tLemperature [7}. These breaks are supposed to suggest
some predominent chande in conduction mechanism due to
wagnetic phasc transition. The break point on the curve

separates upper ferrimagonelic region from lower paramagaetic
region.

The activation energies in both the regions have been
calceculated from the slopes of the curves using the
conductivity law in ferrites. The activation energy for
paramaghetic region is dgreater than that, for ferrimagnetic
region. This shows that the pagnetic ordering has a role in
influencing conductivity. The lowering of activation energy
is attributed to such an ordering [8]. Activation enerdies
of our samples vary from 0.2 — 0.55 ev., and high activation
energy is accompanied by low conducbtivity. Our results of
activation energy are in agreenment with the theory given by
lrkhin snd  Turov [9]. For electron hopping the values of
acltivation enérgies are reported to be 0.2ev of less [10,11].
As our activation energy values are greater than 0. 2ev,
conduclivitby way be due  to thoe hopping of polarons. The

increase of Cobalt. concentration in the samples increases
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their conductivity. This 1is attributed to the presence of

large nuwber of Cobalt ions 1o the variable valency.

It has been  observed that the aclLivation energy and
porosily of our sawples decrease with increasing sintering
time. Such resulls have been explained on the basis of

microstructural changes brought in by sintering conditions.
For higher sintering time as densification increases porosity
decreases, and consequent.ly the iwpending paths to electrons
are reduced . This results in increase in conductivity of
the sample.

Part~A of chapter 1V is devoted for the theoretical back
ground of magnetization in ferrites and the experimental

study on magnetization of Co-Zn ferrites. lligh fiel.l loop

tracer, supplied by Arun Electronics, Bombay was used to
measure wagnetization of the samples. It is observed that
the saturation magnetization (Mg) and magnetic moment (»p)

increase to a maximum value when Zn-content in the sample is

40% . Beyond this cowmposition M, and »up decrease slowly

s

becoming almost zero for ZnFe_O,.
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Zntt  is a non magnetic ton and has s strong preference

for A -site, on going Lo A-site, it forces equal number of
Fett ijons to B-site and the resultant cation distribution
becomes

Fr - ¥ 3 -

Fei' an{x | Feiﬂ*x (:U§+. 0z
The magnetic moment  of this formula unit is given by
s = b (Z27x) b wx bx,
where m = 3 Bohr magnetons (for Cobalt). Thus on the

basis of this formula the *p should start from Hg = m = 3 for

pure Cobalt ferrite and should tend to 10 Bohr magnetons

1121. However, in practice this value of 10 1is never
realised. It is because 4n ferrite is anti-ferromagnetic
@ven in the mixed ferrimagnetic 4n-ferrite. The effect of
this interaction is usually marked by the strong A-B

interactions which cause the spins in B-site to be aligned

parallel Lo each other. However, the substitution of Zn-ions
on A-site weakens the A B interaction, and when Zn®*' ions
subsituated on A-site approach 40% to 50%, the B-B
interaction becomes comparable in strength with A-B

interaction, and magnetic moment decreases [137.
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The cation distribution for all samples is calculated

using? Gilleo’s formula. up  values calculated from this

caltion distribution .do not. agree well with those
experimentally observed for samples with Zn-content more than
40% . It is therefore concluded that Gilleo’s formula is not

applicable to evaluate cation distribution in CouZn,_,Fe O,

ferrite system beyond 40% Zn content in the sample [14].

M,  and #p are found to increcase slightly with increase

in sintering tiwe. This rise in wmagnetization is explained
on Lthe basis of redistribution of cations with the increase
in sintering time, and also on the basis of microstructural

chandges brought in during sintering.

At higher sintering time\temperature Fe®t ions (withy
v =5} on A-site may diffuse to their preferred B-site and
thus 1ncreasing the wmagnetic moment. of B-site and hence the
net magnetic moment of the ferrite sample.

Microstructure also plays an important role in
increasing the magnetization at higher sintering
time\tewperature. Each drain possesses certain resultant
magnetic moment. The increase in sintering tLime\temperature
increases grain size and reduces porosity, there by decreases
impediment: to the domain wall motion. As a result the
magnetization of ferrite increases with sintering tiwe.

Part- B of chapter 1V 1s devoted to the study of IR

spectra of Co-Zdn ferrites. In general, the IR spectra show
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the presence of three o four bands. The high frequency band

v, {450 - 480 ¢m™ ') and low frequency band v, (375-420 em™ )

1

are assigned to tetrahedral and octahedral complexes
respectively. A small band ¥, (320-350 cm™') near V¥, is
assigned to octohedral metal-oxyden ion complexes. The
lowest band ¥, (290 e ') for highest Cobalt concentration is

attributed to lattice vibration of the system [15,16].

Ferrite mecrostructure is dealt with in detail in
chapter V. Microstructure affects structure sensitive
properties of the materials. These days it is possible for
us Lo produce cerawic materials with desired properties, for
specific applications, by controlling their microstructure by
following  approprinLe sintering procedure during their
manufacture,

In the present work SEM wmicrographs of samples CoFe,O,

and  Co, .Zn, Fe,0, sintered at 900°C for 15 hrs and 30 hrs

were obtained from the Mineralogical Institute, University of
Mysore, Mysore. The average grain size of these samples was
measured by the line intercept method {17]) using travelling
microscope. It 1is found that averade grain size increases

with increase in sintering time. The increase in grain size
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increases densification, decreases porosity and hence
"increases conductivity and wagnetization.

From the present study it can be concluded that porosity
arxi grain size play oan  iwportant role in deciding the
activation enenergy, conduction mechanism and magnetization.
Higher the sintering time more will be the conductivity,
magnetization and less will be the activation energy for
conduction in bobth para and ferriwmagnetic regions. This is
attributed to the increase in grain size and decrease in
porosity at. higher siontering time. However, it is essential
Lo  carry out the microstructural analysis of the samples over
a wide range of sintering time and temperatures, for detailed

understanding of microstructure-property correlation.
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