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PREFACE

The properties of various ferfites are generally modified
and»upgfaded by substitutiﬂg optimum amounts of various impurity
ions in basic ferrifes, -Some of their properties liké ﬁermear
bility, magﬁetib losses, eléctrical_resistiﬁity and coercive
force areAalso affected by the gréin éize,'poroéity and inclu-
sions in the matrix, Incorporation of tetra- or‘benta—valenﬁ
ions in the ferrite matrix causes locaiization of fhe Fe2+ ions
preventlng them from taking part 1n the electrical conduction,
They also change the cation vacancy concentratlon leadlng many
times to a change in den51f1catlon and grain growth klnetlcs.

A number of workers have studled the effect ‘of doplng
trivalent, tetravalent or pentavalent 1mpur1t1es ;nto the Ni-Zn
ferrite amd the distribution of ions on the tetrahedral amd
octahedral spinel sites of this ferrite system is more or less
established, The addition of tetravaient impurities like SiOZ,'
GeO,, or Sn0, in the Ni-Zn ferrite is of bartipular interest a
it repoftedly leads to coarse crystallization and grain growth,
A detailed stud? of the effect of these additives on the sinter
ing kinetics and grain gqowfh of this ferrite syétem is not yet
avallable. |

The aim of the present work is to experlmentally study
the magnetic and other physical properties of Ni-Zn ferrlte of
a stahdard composition of commercial interest substituted with
si** ions of ionic radius 0,42 8, cet ions. of "ionic radius
0.53 4 aﬁd Sn4+ ions of ionic radius O'7l.i separately‘with
succe551vely increasing concentratlons. It has also been the

purpose of these studles to see if the Globus model of grain



size limited domain wall could be applied to these doped ferrites
Accordingly, three series of polycrystalline ferrite ‘samples of
the followiné composition -were prepared by the standard ceramic

technicue for carrying out the above named studies,
Nio.582no.4QFez.04°4+6A*,X(MQOZ)'
Where Meoz.is one of the_three-oxides‘SiOZ/GeOé/SnOZJand x varies
in eight steps from 0,0000 to 0,0128; & is the excess oxygen.
| " This work is divided into fivé cﬁapters which are briefly
escfibed as follows, , ~ _

The f?rst chapte; provides the feievaht.theoretical back:
round and\experimental_techniques'fér the studies undertaken.
Lsummary of the claséicai_model of magnetizafidn mechanism in

soft ferriteé’and:the Globus model ﬁas beén'included to illus-
trate the basic differences between the two, A‘brief'disqussion ‘
on gfain growth kinetics has.aiso been iﬁéluded.'

The second chapter éomprisés:of two parts., . The first part
deals with the preparation methodolﬁgy t0~achie§e the required
consistency of samﬁle quality.‘ The second part deals with the
sample-ché;gcterizétion. ‘The'limits of impurity/dissolutionfﬁe;e
stﬁdied by X-ray microprobe-analysis, Auger Spectrqscopy and
p-T measurements, Chémical‘analysis~of segregaté& phases was
conducted through fhé'Scanning Eléctron Midrqscope used in the
EDS mode, It hés’been concludeq that SiOZ/Geoz/_SnO2 have
increasing solubility in the NieZn férrite in that order, as.
predicted from theirvionic'radii, Sid2 has negiigible soluﬁiiity
in the ferrite matrix., Even if some solubility exists, it is

not possible to locate the solubility limit since the aw
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materia}s used themselves contained silica (upto 0,02 percent)
as a natural impurity, Sn0, énvthe other hand has an ionic
radiqs'comparable in size to the cations in the host lattice
and'its solubility iimit‘iies far beyond the highest dopént‘
concentratioh tried in the present sfudies. GeO, is found to
have a solubility limit upto 0,32 mole *.. “
In‘phaptér fhree, the results of the 'present stﬁdies on
the grain growth and densificafion 6f fefrite samples as a
function of impurity concentraéion'and sintering time have‘been
presented.and discussed, It has been concluded that the SnOé
doped samples upto the highest concentration levei follow:the
Burke's model of impurity limited grain g:dwth as given by

- D
-+ Ln “%‘f“%> = kt
f i

5 D~ D D
( D

Where D, is the limiting grain diameter, D, the initial particle
size, D is the average grain diameter of the sintered sample, kK
- is the rate constant and t is the sintering time,

- In fhe~case of SiOZ/GéO2 doped sample (at >0.64 mole */.)
the activation energy of grain growth decreases -to ~s55 kcal/
mole which suggésts sintering in the presence of aliquid phase,
The data is found to be obéying Lay's relationship for liquid

phase sintering given by

3 3 _ E
D” - D, = kt )

The fdurth‘chapfer presents the magnetic and electrical
properties;that is,the initial permeability, magnetic.loss;
disaccomodation éud electrical conductivity of the three sample

series, The initial permeability changes in the case of 8102/

(iii)



GeO2 doped samples are attributed to the'micréstructure'developéd
by the discretely segregated 8102 phase and a uniform preclpl—
tation of undlssolvcd Ge02 aro?nd the grains, The- addltlon of-
SnOZ/GeO2 produces three dlsaccombdation peaks in the thermal
spectra of disaccomodation., The felaxatidn peak III has béén
found to split into two processes~III; and I1I, fhese peaks

(namely. III' III and II) are attributed to the relaxation of

by 2+

»F_2 - [J pairs locallzed by Me ions, Fe“” - 11 pairs and

Fe2+

-Fe2+ palrs respectlvely. The d.c. conductivity at room
temperature of Si0, doped sample (containing 20.64 mole%? show
a decrease of several orders of magnitude from thé averége
-value 0f ~5107° Nolop L, These results are attributed to the
existence of two parallel cohduction méchanisms dominant at two
different temperature ranges. | \

 The fiftﬂ chaptér‘relates to the analysis of the minor
hysteresis loops of the three sample séries obtaiﬁéd by using
an.electronic B~H loop recording system fabricated for these
studies by the author, It has been cmeluded that even when '
the;e_is significant magﬂetic inhomogeneity ip the material the
Globus model of magnetisation mechanism is applicable and the
minor B-H lobp areas can.be'related,to the magnetic parameters
and grain.size asiper this model.- '

Finally, the main cbnclusions from this study have been

“summarized in the sixth chapter,

(iv)
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