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IMPORTANCE OF FERRITES :

Ferrites are the magnetic oxides with iron oxide as
the main camponent. Now a days Ferrites have assumed
tremendous importance in scientific & technological
fields because of their useful magnetic properties. An
additional advantage of ferrites is the wide range of
magnetisation & resistivity, high initial permeability,
providing possibilities of apﬁlications in wvarious
fields. They exhibit magnetic prsgerties which are
sensitively dependent on chemical as well as thermo
physical history, method of preparation etc. This
offers their  suitability over wider range of.
applications.

The technological importance of ferrites can be
appreciated from spectrum of applications in high
frequency, pulse transformer, inductances, deflection
coils, antennas, modulators & number of other
application in which high permeability & low loss at
high freguency are desired. .

Now a days the magnetic materials have been used in
numerous products, automobiles, communication equipments
& dataprocessing devices. These materials have now
become a vital part of everyday life in modern times.

The coercive force He is the most important
property of magnetic materials that are used in
applications at 1low & high frequency while hard
materials have large energy product of (Bu) max & are

used in permanent magnet applications.
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For the soft ferrites useful for 1low & high
frequency applications, the most important technical
properties are Ms, Hc, ms & losses. The low frequency
applications of soft ferrites include magnetic recording
heads, inductor & transformer & filter cores. The high
frequency application of soft ferrites includes a large
number of microwave camponents such as circulators,
isolators, ©phase shifters. For high frequency
applications, high resistivity & variations of R.F
permeability are important. In hard ferrites, a large
crystalline anisotropy is a characterstics. Hence a
large coercivity is an inherent property of hexaferrites
& due to suitable (Bax) max of hexaferrites. It assumes
wide importance in motors, generators, loudspeakers &
telephones.

Ferrites are also wused in radio, Television
microwave & satellite communication, bubble devices,
audio, video & digital recording systems.

At this time newly developed power transistor gave
rise to the introduction of the high frequency switched
mode power supplies (8MPS). Important new developments
of low loss ferrites the growing demand for high

permeability low induction materials. [24]
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HISTORICAL DEVELOPMENT :

Ferrites may be defined as magnetic materials
composed of oxides containing ferric ions as the main
constituent.

The first known magnetic material of any type was
the natural spinel 'Magnetite' or Ferrous ferrite
(FeaOs4 ). Popularly called lodestone. Hilpert (1) in
1909 for the first time synthesised ferrites. He had

great difficulty in determining the exact magnetic

'phases that were prepared. The systematic studies on

the crystal structure of ferrites were carried out by S.
Nishikawa in Japan & W.H.Bragg (2) in England. Around
1928 Forestier (3] & Hilpert were interested in the
chemical & magnetic properties of ferrites & gave
information on saturation magnetisation & curie
temperature. The ferrites reached the stage of
commercial importance in the late 1930's through the
efforts of Kato & Takai [4] Barth & Posjnak [5] studied
ferrites from various angles.

Snok [6] carried out extensive & systematic studies
on preparation of ferrites & their electrical & magnetic
properties. According to verwey et al the electrical
conductivity of ferrites is mainly due to the exchange
of electrons between divalant & trivalent cations the
conduction mechanism in ferrites called hopping

mechanism. .
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Neel [7] in 1948 introduced the idea of two sub
lattices generally referred to an A & B with magnetic
‘moment of B dominating that of the A.Q'A more detailed
examination of the basic interaction of the spinel
system was made by Anderson [8] & Van Vleck [9]. Yafet
& Kittel [10] extended the theory by postulating the
triangular spin arrangement of three sub lattices.
Neel's [11] theory was confirmed by neutron diffraction
on magnetic & zinc ferrites [12]. Gorter [13] &
Guilland [14] reported variation of magnetiéation with
content of Zn for several mixed ferrites containing Mn,
Fe, Co, Ni, Cu & Mg. Later Smart [15] worked on the
microwave resonance & magnetisation which helped to
determine cation distribution. Gillea [16] observed a
correlation between  magnetisation & the curie
temperature.

Globus [17] developed a model which gives
contribution to the permeability due to domain walls.
M.T.Johnson et.al [18] have developed a model to
describe the grain size dependence of the rotational
permeability.

Ferrites show abnormally high dielectric const &
dispersion of dielectric constant & resistivity [19].
The dispersion is explained by Koops [20] & Moltgon [21]
to be due to inhomogeneous dielectric structure

suggested by Maxwell [22] & Wanger [23].
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Research work on ferrites has progressed on all
the fronts starting from the better control of
structural parameters as in single crystals & epitaxial
films, to the use of almost all techniques together to
extract a maximum possible information about the

ferrites towardé the better understanding of their

behaviour.
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STRUCTURE QF FERRITES :

Ferrites are classified in three different crystal
types

A> Spinel Structures : Spinels have a general formula
Me2+Fe23+042- where Me?* is divalent metal ion. In
this structure there are 8 tetrahedral & 16
octahedral sites are surrounded by four & six
oxygen ions respectively.

B> Garnet Structure : With geeral formuala
Me3+Fes3+0122- where Me3* is rare earth element or
yttrium ion, garnet are used in microwave & bubble
domain application.

C> Hexagonal Structure : with general formula
Me?+Fe123+0192- where Me2+ is Barium,these are used
as permanent magnet materials.

SPINEL STRUCTURE :

The general chemical formula of ferrospinel. is

MeFe204, where Me is a divalent metal ion & Fe is a

trivalent metal ion. Spinels have a cubic face

centererd crystal structure with space group Ont-Fim¢

" as shown in fig. [1.1]. The structure is derived from

that of mineral spinel MgAlaO4. The gpit cell contains
8 formula units of MeFe20s. Hence the unit ceil formula
is Meaf’ Fe1e¢3* 0322- , The 32 oxygen ions forms two
kinds of interstitial sites tetrahedral or A sites (four
oxygen neighbours) & octahedral or B sites (six oxygen

neighbours) per unit cell. 1In all 64 being tetrahedral
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THE SPINEL STRUCTURE

(b) Octahedral B site

(a) Tetrahedral A site -

Fig. 11

— CRYSTAL STRUCTURE OF SPINEL FERRITES
SHOWING TETRAHEDRAL AND OCTAHEDRAL

CO-ORDINATION .
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& 32 octahedral out of these 8 tetrahedral & 16
octahedral sites are occupied by cations.

In an ideal close packed structure of oxygen anions
lattice can incorporate in tetrahedral sites the metal
ions with a radius rtetra < 0.30°A & in octahedral sites
ions with radius roet < 0.55°A. To accommodate cations
such aB Mg?+ Co2+ etc. The 1lattice needs to be
‘expanded. The tetrahedral sites & octahedral sites are
enlarged in same rétio & distance belween tetrahedral
site (0,0,0) & oxygen siie is 3/8 & Uidea1 = 3/8 the
incorporation of divalent metal ions in tetrahedral
sites induces a large expansion of tetrahedral sites

Uobs is always larger than Uideal.
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1.4 CLASSIFICATION OF SPINEL FERRITES :

Ferrites can be classified on the basis of cation
distribution spinel ferrites are classified in three
groups.

'1.4.1 Normal Spinel Ferritaes :

In normal spinel ferrites all the divalent metal
ion occupy A site & all the trivalent ions occupy B
sites. The structural formula for such ferrites is

[Me2*+]a [Fe3* Fe3*]s 042~
Example : CdFe204+ & ZnFe204 have this type of structure
& they are nonmagnetic.

1.4.2 Inverse Spinel Ferrites :

In inverse spinel ferrites all the divalent metal
ions occupy B sites.& trivalent Fe3* ions are equally
distributed among A & B sites they are represented as

[Fe3*+ 1A [Fe3+ Me2+]B 042-

Example : NiFe204 & CoFe204 have this type of structure
& thery are all ferrimagentic. |
1.4.3 Random Spinel Ferrites :

In random spinel ferrites all the divalent metal
ions and trivalent iron ions are randomly distributed on
A & B sites depending on the sintering conditions. The
general cation distribution is

[Ma2+ Fe1-a3+]JA [M1-a2+ Fe1+a3*]B 042-

where 4 = 1 for normal spinel
d = 0 for inverse spinel
d = 1/3 for random spinel

Example : CuFe204 & MgFe20¢ have this type of structure

& they are ferrimagnetic.
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REVIEW OF WORK DONE ON INITIAL PERMEABILITY (mi) :
Initial permeability mi is dependent on the method
of preparation, porosity within the material,
chemical composition, temperattre frequency &
microstructure for nickel-Zinc ferrite system [25-
28]

Sean, X.Li [26] found that for Ni-Zn ferrite
the initial permeability ui increases linearly with
the grain size on the mi & showed that it is
proportional to (Dm)/3 where Dm is the average
grain diameter. This relationship <can Dbe
theorotical derived from Globus [30] relation.
Inui [31] compiled a number of references &
obtained a linear relationship between ui & average
graih size Dm.

SU. IL, PYUN at . al [25] have studied
permeability variations in Nio.4Zno.s Fez204 & with
additives such as Bi20a, V20s. Addition of Bi20s3
increased the densification of ferrite at lower
temperature with consequent increase of pi.
similarly for V20s doped ferrite specimen shows
maximum densification rate.

Smit & Wijn [28] have studied dispersion of
inital permeability Mi in Ni Zn ferrites & observed
dispersion only in high frequency region of the

order of few megahertz.
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N. Rezlescu et. al [32] studied the effect of
Fe replacement by R ions (R-yb,Er, Sm, Tb, Gd, Dy &
Ce) on the properties of Nio.4Zno.aFe204 Ferrite,
result was obtained concerning the temperature
dependence of the pi for the samples containing
heavy rare earth ions (Er,yb,Dy, Tb & Gd) the
curves show a plateau which extends on a
temperature range whose width depends on the R ion
type. The value of the wui increases with
increasing R ions radius for Ce substitution
initial permeability increases continuously with
temperature upto the curie point.

A.MORELL [33] shown variation of initial
permeability with sintering temperature for three
types of sintering, for hot pressed samples the
maximum bermeability is obtained at 1125°c¢ for
conventionally sintered samples the mi was high
about 3000 sintered at 1225°¢, for fast sintered
ceramics a maximum of ui was detected for sintering
temp. of 1350°c (1800). ‘ '

Gary. G.Bush [34] have studie§ the permeability
variation in Ni4 Zni-4 Fez204. The real part of the
permeability (Mi) decreases with frequency as well
as variation of 4 for small value of d permeability
is maximum.

J.KULIKOWSKI et at [35] show the influence of
the Co?* content on the magnetic initial
permeability with increasing Co2?* content, the

domain wall energy increases & the value of
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pi decreases.

H.T Hahn [36] studied the substitution of
cobalt for nickel in stoichiometrjc Ni-Zn ferrite
for composition CoxNio.s-xZno.sFe204. A
significant increase in u" was found as x increased
to 0.04 to 0.03 as the frequency increased
permeability is maximum for lower concentration of
Co.

E - Rezlesuc et al [37] studied the effect of
addition on the properties of sintered Nio.3e¢Zno.eés
Fe20¢ ferrite. It can be seen that the initial
permeability decreases with increasing impurity 3
content ([CaO,N20,Zx02,Li20,K20 & 8Sb20a] for Li20
doped samples the mi increses continuously with
content with tripple additive of N20-Ca0O-Li2Q, Mi
value is higher than that of Cao or N20 added
ferrites or for a ferrite without additives at high
frequency. This improvement of the initial
permeability mui can be explained alsoc by the
segregation of additives on the grain boundaries
pinning the domain walls.

Jen Yan Hsu et al [42] shown the variation of
jpi value with sintering temperature for NiCuZn
ferrite at 1MHz. Also the effect of V20s doped
NiCuZn ferrite, ui value decreases with the higher

additions of V20s.
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INITIAL PERMEABILITY :

The initial permeability mi called the simply the
permeability of a material is defined as the derivative
of the induction B w.r.t. the internal field H in the
demagnetised state

M = dB/dH H—>0, B—¥0for polyc\rystgalline materials
with large nos of randomly oriented crystallites the

permeability is scalar at least at low frequency

B=H + 4nM
dB/dH = 1 + 4ndM/dH
M=14+4n"%
u-1
X = -;r-r— is the sus;:eeptibility

The magnetic energy d'ensity E
B = 1/4nfH.dB
for time harmonic fields H = Hsinwt the dissipation can
be described by a phase difference d between H & B
Define/ﬁ = AB/}? ratio of amplitudes of B & H
B = B-! Sin(Wt-d) = ;.\ﬁ sin(wt-d)
The maximum stored magnetic energy density E!
1/4rr (H cos 4 a(an)
1/8n peH2 Cosd

El

1.6.1 PERMEABILITY MECHANISM :

A demagnetised magnetic material contains nos of
weiss domains with Bloch walls between the domains. The
walls are bound to the equilibrium positions. These
postions result from the interactions with the

magnetisation in neighbouring domains & form the
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influence of pores, crystal boundaries & chemical
inhomogeneties which tend to favour certain wall
postions.
Wall Permeability Quw) : One permeability mechanism
arises from the displacement of walls in small fields.
Rotational Permeability (urx) : A second permeability
mechanisms arises from the rotation of magnetisation in
each domain

pw = (ui) - (urex - 1)

= nrk

The contribution to the permeability from rotation of
spin has been found to be smaller than that due to
domain wall motion [30].

The permeability due to domain wall motion is given
by

3nMs2D Ms2D

i-1)y = ——mmmm i@ pi = mmmmen
ud- a A K1

Ms = Saturation magnetisation

D = mean grain size

V= magnetic domain wall energy which is proportional
to Global anisotropy const. [38]

Rotational permeability can be calculated as

4nMs
rk -1 = 2/3 (1-p) -=—===m==
a Ha
4nMs Ms
= 0.5 ——~—mm- £ 6.284 ————wm
Ha Ha
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1.6.2 TEMPERATURE DEPENDENCE [40] :

- In most magnetic materials /uc’l increases with
temperature upto the curie temperature Tc. This is
because the anisotropy field usually decreases with
temperature much faster than Ms. In an ideal
homogeneous ferrite, however, there is only one
temperature at which the crystal anisotropy is exactly
zZero. The crystal anisotropy K shown schematically in
Fig.(1.2), passes through zero at the tempez;ature Tk &
the permeability then rises to a high péak at this
point. Ferrites with similar m - T curves have been
obtained in practice by a very careful technology but
such ferrites apparently cannot be used if a small
variability is necessary. Some times mi - T curve
exhibits double peak feauture. It is caused by presence
of excessive ferrous ions within the materials.

1.6.3 DISACCOMMODATION [40] :

The other mechanism which contributes to the
variability is the disaccommodation, the variation of
permeabi.lity with time. The dominant diffusion
mechanism in ferrites has been found to be migration of
cation vacancies [39]. These vacancies can result from
an excess of Fe20s in the compostion. Whicit} dissolves
in the spinel phase & forms vacancies. M:An'vlr.‘»his can be
formulated as Fes;3[]1,/304 where [] indicates a cation
vacancy.

According to this model, the disaccomodation is
small in stoichiometric ferrites (cation-anion ratio -

3:4) which are prepared from very pure raw materialg.

R L
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The disaccomodation is usually measured as the relative
difference Au/u of the permeabilities measured at 1 min
& at 24 hr. respectively, after demagnetization. In
stoichiometric ferrites au/u values of 0.01 are found.

| A tentative explanation of the grain size effect is
that any deviation from the ideal cvmpostion (pore,
impurity, inhomogeneity, inclusion, grain boundary) acts
as an obstacle to rotation of the magnetization. As for
the pore distribution many small pores inside the grains
appear to be more effective in trapping of the walls
than a few large pores of the same total volume at the

grain boundaries.
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APPLICATIONS BASED ON PERMRABILITY FOR Ni-Zn FERRITES :

There are many grades & types of ferrite nearly all

of them can be placed in to relatively few categories

according to the principal application for which they

are intended

1.

6.

M > 1000 wide band transformers operating in the
approximate freq. range 1-300 MHz, pulse
transformers for short duration pulses.
p : 500-1000 wide band transfomers operativg in

the approximate frequency range 5-300 MHz. Pulse
transformers, ferrite antenas & cores for electro-
magnetic interference suppression.

p @ 150-500 ferrite antennas for medium & long
wave broadcast bands, power transformers, operating
in the approximate frequency range 0.5-5 MHz &
corse for electromagnetic interference suppression.

M ¢ 70-150 inductors for resonant circuits

operating in the approximate freq. range 2-20 MHz.
Ferrite antennas for short wave broadcast bands
power transformers for the approximate frequecy
range 2-30 MHz & <corse for electromagnetic
interference suppression.
M : 35-70 inductors for resonant circuits operating
in the approximate frequency range 10-40 MHz &
corse for electromagnetic interference suppression.
p : 12-35 inductors for resonant circuits operating
in the approximate freq.range 20-60 MHz & cores for

electromagnetic interference supperssion.
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7. pzl2 inductors fér resonant circuits operating at
frequency about 30 MHz & cores for electromagnetic
interference suppression. [40] .

ORIENTATION OF THE WORK : ©
It was proposed to synthesize by chemical method

Nio.s-x Cox Zno.s Fe20¢ & study effect of Co**

substitution on initial permeability of these ferrites.
Ni-Z2n & Mn-2n ferrite systems have assumed in

industrial importance because “of their wide spread

applications in Telecommunications, radio, & T.V.,

Computer, Microwave devices, magnetic recording heads as

permanent magnets etc. Mn-Zn Ferrites are difficult to

synthesize ‘because of multivalent nature of Mn. In

comparison Ni-Zn Ferrites are easy to prepare both by
ceramic as well as chemical methods & do not require any
special preparation conditions therefore we decided to
work on Ni-Zn Ferrite system.

Initial permeability (umi) is a technologically
important parameter & its improvement wig become an,f
important aspect in the device fabrication. Improvement
in‘ui can be achieved by densification & improvement in
the grain size that is by controlling the microstructure
However with the help of chemical method large grain
size cannot be achieved as a result the courses left for -
the improvement of ui are B
i> Improvement of bulk density &
ii> Reduction of the crystal anistropy Ki

We therefore desided to synthesis the ferrite by

chemical route to upgred the densification & to add Co**
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in small quantities to compansate for the negative value

of Ki of Ni-Zn ferrite system.

such

i>

ii>

iii>

Other studies were also proposed to be under taken

as

XRD analysis to confirm single phase formation of

the material & to study lattice parameter variation

Microstructure analysis to understand role & grain

size on the physical properties.

Bulk Magnetic properties

a)

b)

A.C. Suseeptibility_& hysteresi's studies to
explore the existance of multidomain (M.D.)
single domain (S.D.) & super paramagnetic
(S.P.) particles in the material.

Initial permeability studies to understand the
variation of initial parmeability with
composition & temperature.

Hysteresis loop study at room temperature to
observe the variation of magnetic moment

coercive force & Remenance ratio.
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