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Ferrites constitute a class of important materials which 
have wide ranging applications in the field of electronics 
technology and in microwave devices. Recent researches have 
shown that it is possible to process ferrites having 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. 
Cobalt ferrites have many applications as device material in 
electronics and microwave devices. Many researchers Have 
tried to improve 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 
still further by the addition of Zinc. Co-Zn ferrites have 
been studied by quite a few workers. Jonker [1] has 
investigated the semiconducting properties of mixed crystals 
of Cobalt ferrites. Josyulu and Sobhanadri [2J and 
Batyanarayana f3] have studied the DC conductivity and 
dielectric properties of Co-Zn ferrites. Saturation moments 
of Co—Zn ferrites have been measured and studied by Guillaud 
of, al [ 4 J. The effect of sintering time on these electrical
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and magnetic properties of Co—Zn ferrites have been very 
rarely studi<?d.

In the present* ease observations on DC electrical 
conductivity and magnetisation 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-Zn Fe^O^ system.

(1) Preparation of the Co-ZnFezOd ferrites with x = 0, 0.2,
0.4, 0.6, 0.8 and 1,

(2) Characterisation of ferrites by XRD,
(3) Measurement of DC electrical resistivity,
(4) Measurement of magnetisation, and IR absorption studies,
(5) Calculation of porosity, study of microstructure

obtained with SKM, and to establish correlation between 
microstrueture and properties of ferrites.
Chapter I 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 II. Methtxis of preparation of ferrite 
composition are discussed and the general ceramic method of
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ferrite preparation is represented by a 'flow chart’. Co-Zn 
ferrites with the general formula Co^Znt_xFej.04 (with x = 0,

0.2, 0.4, 0.6, 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 800UC for 20 hrs. By taking the 
presintered powder in a die and subjecting it to a hydraulic 
pressure of about 10 tons for 8 minutes, pellets each
weighing 1 gro approximately and measuring 1 cm in diameter 
and 0.2 — 0.3 cm in thickness were prepared. These pellets 
were subjected to final sintering in a Silicon Carbide 
furnace. As it was desired to study the effect of sintering 
time on physical proper-ties, one series of pellets was
sintered at 900°C for 15 hrs, and the other at 900°C for
30 hrs.

X—ray diffraction patterns for all of our samples were 
obtained using Ft-; — Ki>; radiation. XRI) maxima were indexed by

usual method and lattice parameter for each Co-Zn ferrite was 
calculated. All samples have exhibitted cubic structure. 
The compositional variation of lattice parameter with Zn 
content in the sample obeys Vegard’s law. The lattice 
parameter is minimum for CoFei04, increases linearly with

the addition of Zn, and becomes maximum for ZnFei04 . The
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variation is explained on the basis of atomic volume 
differences of Co and Zn.

Bond lengths RA and RB for each sample were calculated 

using the relatios

«A “ •V' 3 a 1 1 f8

and
/'

where S = u — 0.375, the deviation from oxygen parameter.

Bond length RA increases linearly with the increase of

Zn content in ferrite sample. This is considered to be 
associated with the increase of Lattice parameter as Zn 
content in the sample increases. Rjj decreases nonlinearly

with increasing Zn content. This is attributed to the 
increase in ionocovalent character of bonding with the
increasing Zn content in the sample | fiJ.
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The site radii rA and x*n were calculated using relationsB

rA = ./' 8 a u r <0* >,

and rB = »
5
8 u r (02 >,

where u = oxygen parameter of ferrite

. and r {0*") = Goldsmit radius of 0'i'“
= 1.35 A0.

Site radius rA inox-eases lixieax-ly, and rg decreases 

non--linearly with increasing Zn content in sample. Since rA 

values calculated for our system CoxZnt_xFez04 are much

smaller than the ionic radii of C0i+,Znz + ,Fe3 + ,¥ez+ ions, it 
is concluded that the site radii (rA) of A sites are too

small adroit these ions without local distortion of site or
ion, or both f6|.

In chapter III, the conduction models in ferrites and 
experimental measurement; of electrical resistivity are 
discussed. The electrical x-esistivity was measured on
CoxZn1 xFej.04 system between room temperature and 700°C by

two probe method.
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The plots of log10 P vs 103

T aro linear and show

change in slope at temperatures which agree well with Curie 
temperatures of corresponding samples. The change in slope 
is attributed to the disordering of electron spins at the 
Curie temperature [7|. Those breaks are supposed to suggest 
some predoioinont change in conduction mechanism due to 
magnetic phase transition. The break point on the curve 
separates upper ferrimagnetic region from Lower paramagnetic
r eg 1 < >n.

The activation energies in both the regions have been 
calculated from the slopes of the curves using the 
conductivity law in ferrites. The activation energy for 
paramagnetic; region is greater than that for ferrimagnetic 
region. This shows that the magnetic ordering has a role in 
influencing conductivity. The lowering of activation energy 
is attributed to such an ordering [8]. Activation energies 
of our samples vary from 0.2 -0.55 ev. , and high activation 
energy is accompanied by low conductivity. Our results of 
activation energy are in agreement with the theory given by 
Lrkhin and Turov [9J. For electron hopping the values of 
activation energies are reported to be 0.2ev of less [10,11J. 
As our activation energy values are greater than 0.2ev, 
conductivity may be due; to the hopping of polarons. The 
increase of Cobalt concentration in the samples increases
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their conductivity. This is attributed to the presence of 
large number of Cobalt ions in the variable; valency.

It has been observed that the activation energy and 
porosity of our samples doorcase with increasing sintering 
time. Such results have been explained on the basis of 
microstructural changes brought in by sintering conditions. 
For higher sintering time as densification increases porosity 
decreases, and consequently the impending paths to electrons 
are reduced . This results in increase in conductivity of 
the sample;.

Part- A of chapter IV is devoted for the theoretical back 
ground of magnetisation in ferrites and the experimental 
study on magnetisation of Co Zn ferrites. High field loop 
tracer, supplied by Arun Electronics, Bombay was used to 
measure magnetisation of the samples. It is observed that

the saturation magnetisation (Ms) and magnetic moment

increase to a maximum value when Zn-content in the sample is 
40% . Beyond this composition Ms and .ug decrease slowly

becoming almost zero for ZnFe£04.
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Zni+ is « non magnetic ion arid has a strong preference 

for A site, on going to A site, it forces equal number of 

Fe3 * ions to B- site and the resultant cation distribution 

becomes

Fe 3 I 
X Zr> ji + Fe - x Co i + °4

The magnetic moment of this formula unit is given by 

vg — 5 (2-x) * rnx - 5x,

where hi = 3 Bohr magnetons (for Cobalt). Thus on the 

basis of this formula the >g should start, from >*g = m = 3 for

pure Cobalt ferrite and should tend to 10 Bohr magnetons 
|12J. However, in practice this value of 10 is never 

realised. It is because Zri ferri be is anti-ferromagnetic 

even in the mixed ferromagnetic Zri 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 
parallei to each other. However, the substitution of Zn-ions

on A site weakens the A B interaction, and when Zn£+ ions 

suhsihuntcd on A-site approach 40% to 50%, the B-B 

interaction becomes comparable in strength with A-B

interaction, and magnetic moment decreases f13].
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The cation distribution for all samples is calculated 
using (Jil loo’s formula. values calculated from this
cation distribution .do riot 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 CoxZn1_xFe2.04
ferrite system beyond 40% Zn content in the sample [14].

Ms and are found to increase slightly with increase
in sintering time. This rise in magnetization is explained 
on the basis of redistribution of cations with the increase 
in sintering time, and also on the basis of microstructural 
changes brought in during sintering.

At higher sintering time\temperature Fe3 + ions (with 
m = fi) on A-site may diffuse to their preferred B-site and 
thus increasing the magnetic 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\temperature. Each grain possesses certain resultant 
magnetic moment. The increase in sintering time\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 time.

Part B of chapter IV is devoted to the study of IR 
spectra of Co • Zn ferrites. In general, the IR spectra show
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fche presence of three to four bands. The high frequency band 
vt (450 - 4B0 om 1 ) and low frequency band y.z (375-420 cm-1) 

are assigned to tetrahedral and octahedral complexes 
respectively. A small band v3 (320-350 cm-1) near y.z is 
assigned to octohedral metal-oxygen ion complexes. The 
lowest band v4 (290 cm'1) for highest Cobalt concentration is
attributed to lattice vibration of the system [15,16].

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

In the present work SKM micrographs of samples CoFe.z04

and CoC) 6Zn0 4Fe£04 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 is found that average 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 magnetization.

From the present study it can be concluded that porosity 
and grain size play an important 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 both para and ferriinagnetic regions. This is 
attributed to the increase in grain size and decrease in 
porosity at higher sintering time. However, it is essential 
to 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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