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3.1 INTRODUCTION

Ferrites are semiconductors by nature and have a large
range of variation in resistivity, as the Farrites possess high
resiativity they are used in high fregquency cperation which exhibit
large eddy current losses, The studies on mn&guvity provide
useful data from the application point of view as well as from the
point of view of understanding the mechanism of conduction. In
this chaptar the studies on resistivity of annql*uﬁo:e 4 sarples;
slovw cooled and quenched from 800°C, in the temperatuce range of
300°K to 873°K have been presented, A brief survey of conductivity
models is given and pesults are explained on their basis.

3,2

In Perrites Nﬂ ions are present arong ”ﬂ ions which lead
to the netype mmmmvzwl at temperature which are high enough
so that extra electyon on the Fc"z fon can move through the crystal.
The pesistivity 3 ¢an be written as «

g u [e (n.p.‘ + nhp,h) ]’1 (1)
where e = alectronic charged, n, and ny, are concentrations of
-mobile carriers, n, and /u.‘ are the mobilities of carriercs,

The temperature dependsnce of resistivity in many cases
i3 given by
Q= comp [ 2]

o676
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where C = temperature indspendent constant which depends won
the nature of the material, K is Beltzman constant,
T = agbsolute temperature, AR » Activation energy.

Breaks and discontinuities that occur in the log S Vs %
plots can be ascribed to several sources. Komar and Klivahin® have
observed changes in the activation energies for conduction which
ocour at high terperature in several fercites and correlate with
Ferromagnetic curie temperatures of the ferrites, This offers s
#0l1d evidence for influence of magnetic ordering uwon conductiviey
in ferrites,” The breaks may also be due to change in dominant
conduction mechanism,® For the transition metal oxides the modal
of electron hopping has been pmm,s In this model slectrons
jump from one lattice site to another, On the basis of this |
model D, Condurache” has explained the conductivity of Cu

containing ferrites,

An additional element has been introduced in the thoory
of electrical conductivity by "The hopping of rolarons”, by
thermal aativamm’
narrovw cornuction band small polaron formation is more probable, In

In solids with large cowling constant and a

oxides of iron group of metals the overlap of 3«4 wave function
between neighbouring metal fons 4s relatively small, There iz a
strony experimental proof for the existence of small polarons and
the hoopping pm&s&;"g The energy levels and the bands for
ferrites have been celculated only after waking a number of

simplifying assurmptions and using suitable mm&mmm.v
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Kiinger has explained the conduction mechanism in magnetite

like so0lids using two phase polaron mdal.a Ha has conaluded that st

low temperature the conduction is via tharmally activated motion
of strongly correlated polaronsy and at high temperature via
weakly hopping wotion or a norwactivated Brownian like tunnelling

motion of polarons,

The conductivity of ferrites presents many complexities,
The interpretation of DC pesistivity in polycrystalline materials
becomes pather involved due to presence of grain boundaries)
giving rise to additional scattering, The cation or anion
vagancies may be responsible for acceptor and donor level and
the nunber charges carriers may remain uncertain in a ferrite
sample especially when it has undergons a unigque heat treatment,
This presents additional complexities from the point of view of
intempretation of DC conductivity data, Besides the anjons and
cation vacancies may also contribute a component of ionic
conductivity to the DC conductivity of the sample,” various
conduction mechanisms based on differant models for donor levels

have been given by different mz‘komﬁ"m

The ceall for the measurement of DC conductivity consisted
of two silver discs about 1 om in diameter ard 0.5 mm 4in thickneces
electrically connected to silver wires, The pellet was plaeced :

ONNVERN
bétredn2)

{ )

between these two ailver discs and the assembly was he
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o thick brass cylinders £ixed to porcelain dlscs, These discs
were tightly held by three sorevws symmetrically situated along
periferies, to ensure uniform pressure and good slectrical contact
between silver aiscs and pellet,

The conductivity cell thus prepared was placed in tespera-
ture requlated furnace. A chromel alumel thermo coupls was uwsed
along with a digital multimeter of least count of 0.1 WV to
measure the temperature accurately, Figure o, 3,1 shows this
arrangement.

The measurenent of the resistance of the pellet was done
by a digital multimeter, The resistance was msasured from room
temperature wpto 600°C at an interval of 25°C, The dimensions of
each pellet were measured, the resistivity at varicus
temperatures was detegmined and the graphs of log --*-% were
plotted, These plots are shown in figures,

The activation energies AE vwere then determined from
thase graphs,

3.5

Figum; 3,2, 3,3, 3,4 and 3,5 represent the variation of
log Vs 3&-— for the alovw gooled forrite system Zn Mgy « 83040
and thuma 3.6, 3.7, 3.8, 3,9, 3,10 and 3,11 represent the
variation of log g against 3%2 for the quenched sarples of



ansgl‘,g‘aza 4 ferrite, This variation is for the temperature range
from 300°K to 873°K. The variation of resistivity exhibits the
linear relationship suggesting that the variation of repistivity
is governed by the celation Q)u R e (%} where

S = pesistivity of material at temperature T,
€. = resistivity of the material at ok,
AE = activation energy

K = Boltaman constant, )

T = Absolute tempsrature.

The breaks and discontinuities that occur log S Vs 3%3
plots can be attributed to several sources, Komar and xumnm’
have cbserved chanjyes in the activation energies for conduction
which occurs at high temperature in several farrites and corrslated
with the ferromagnetic curie terperature of the ferrites. This
offers a solid evidence for the influence of magnetic ordering

upon conductivity in farrims.n

The breaks may also be due to
chanye in conduction mhanaam.s Recently Ghani et ﬂ.l ¢ have
shovwn more than one break in the temperature variation of
resistivity in case of Ni.Zn ferrites, They have attributed the
conduction mechaniem in the first region to presence of impurities
in the second reglon to the phase transition from tetragonal to

cubic and in the third region to magnetic ordering change,

In Table 3,1 the values of AE in &V, valucs of curle

3
temperatures obtained from experiment, indicated by log $ Vs 3%‘
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plots and computed values using theoretical formula are presented.

Theoretical values of ‘x'c are evaluated using Gillio's mprasuon."s

Gilldo has given the cation distribution for a general
spinal system,

My nFoCq ofm /3 as
?em M(letd) [Fe(led)m Mo (leMm Joo (1)

vhare M represents nonemagnoetic fon and A\ is cation distribution
coefficient,

For our present system m = 2 and hance formuls (1) becomes

FeaMea [Fo2a.0Ma 1 @
Gillieo has alsc given the expression for 'ra as

NG E O g(Am mD
Te ™ 2[(1er) £(mA) + hg(m)%

(3)
For general ferrite
Feum My ym(Fe (1eX) Mo« (LX) o,

Gilleo's expression for curie point is

o 3 00 £om) gl m
TolX ¥ a0 £0m + x5 0 ]

£(xm) & 1o (lexm)® O + Sxm)
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g = 1o [1edm Qe P2+ Ma (uw ]
To L mmuntn
T, = 962°K with cation distribution

[ M%Ql FQQ.’ ]A { qu‘g Fclnl ]Bo‘

We have svaluated the constant T, assuming that all Mg ions
occupy Besites, and the thecretical values of T = ¢50%

Ty ™ 874°K, Larois et g_.xs have suggested a method to detemine
turie teperatures of ferrites, We have modified this method and
experimentally determined the values of curie texperature of our
samples, This method is already described, A detectable change in
the slope of log f va “%i plots for various compositions is also
seen, 1f %Ls mostly determined by number of hopping processes,
assuning the role of scattering phenomenon and mean free path to be
mindimal, this change in the slope indicates the change in
activation energy AE, These terperatures where the change occurs
nearly coincides with Tc'

The conductivity in Ferrites has been associated ¢to the
presence of ions of a given element in more than one valence state
in general .17 These ions having the valence states get distributed
randomly over the crystallographically ejuivalent sites, The high
conductivity of Foso‘ has been attributed to the presence of hoth
re*? and Fe'> sons’® on identical sites (B.sites), The electrons
move from cdivalent iron fons to the trivalent iron ions within

the octahedral positions and the transition does not cause a change
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in the energy state of the ¢rystal 4,8.,
F$z+ g—d F‘*3

The values of AE %o cause usual elsctron hopping are of the order

of 0,2 & and 1«:.19

From Table 3,1 1t is seen that the values of AE in
ferrimagnetic region are in excess of 0,2 suggesting that the
conductivity process in these faercites is governed by hopping of
polarons, Further it is seen that with the addition of zinc in
the system mxngl‘xl‘azo ¢ no definite trend is exhibited by the
AE values, However, the trend of compositional variation of AE in
slow cooled and quenched samples 1is similar with the difference
that the values of AE are lowered on quenching the samples,.

In the Ferrites having the spinel structure, the B.B
distances are smaller than A.A and A.B distances, Even then B.B
diztance is more than the sum of ionic radii of the cations
involved indicating a little or no overlsp between d.d.wavefunction
of lons on adjacent octahedral sites, This gives rise to a situation
in which aelectrons are not free to mowe thuough the crystal but
remain f£ixed on B sites necessitating a hopping process, The result
of the conduction by hopping process is large effective mass and
low mobility of current carriers, The temperature dependence opf
electrical conductivity in such a case involves leas termperature
dependent, concentration of carriers and mostly assoclated with
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the tempersture dependent moldlity, The mechanism of the hopping
process itself involves occasional excitation by lattice vibration
of the carriers with high degree of probability., Helkes and
Johnstan have given the mohility hopplng process as

3 :‘) &
po= ﬂ""— o« { » fx"‘TP )
Thus mobility which i8 a central factor deciding the activation
enaergy depends on the phonon spectrum of the crystal on one hand
and shows local variations due to local surroundings on the other,

In solids with the large couwling constants and narrow
conduction bond small, polarons formation is more probable,

in oxides of iron growp of metals the owerlap of 3.4 wave
functions betwesn neighbouriny metal ions is relatively small,
There is a strony experimental proof for the axistence of small
polarons and the hopping pmwsu."a The energy levels and bond
per ferrite have been calculated only after making a number of
simplifying assumptions, and using suitable approximations,’ Of
late Klinger has explained the conduction mechanism in magnetite
like 2o0lids, using two phase polaron model, He has concluded that
at low temperature the comduction is via thermally activated
motion of strongly correlated polarons and (ut high terperatures
via weakly activated hopping motion or a non.activated Brownian
like tunneling motion of polarons, The activation energy in the
paramagnetic region is found to be more than that for Ferrimagnetic
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region, This can be attributed to the effect of magnetic ordering
in the conduction pmn.3 according to strict theoretical conside-
ration the anomalous changes in the activation energy oeccur at the
disordered temperature. In Fige 3,12 the compositional variation
of AE 4is shown, 1t is seen that on quenching the AE values show
a considerable reduction, However, trend of variation of AE in
quenched samples tends to be little more regular than that
exhibited by alow cooled samples, In Fig, 3,12 the compositional
variation of 'ra for the slovw cooled and quenched samples is shown,
it is seen that the 'x’e values show decrease with the addivion of
#inc in the Ferrites, also on quenching T, values are considerably
reduced, Tha theoretical i‘a values are quite larger than the
values of T, in the slow cooled samples. The theoretical values
of T, have been calculated assuming cation distribution to be
of the form «

tre)* (Mg,re)® o,
MgFe,0, is a partially inverted ferrite, The change in the T,
values in the aslow cooled samples indicates that there may be
some cation migration from B site to A site, leading to the
obaerved reduction in 'rc. The same aggunent ¢an be applied to the
quenched samples which show further reduction in the values of Tae
Figures 3,13 and 3,14 show compositional variation of resistivity
for the slow cooled and quenched samples of Zn Mg, .Fe.0, system,
In case of slow cooled samples the resistivity decreases with the
addition of zine which is in one to one correspondence with the



ol

trend exhibitad by ‘I‘c values,

a4 quenched sample also shows the similar behaviour for the
content of zinec beyond 50 per cent, However, for the content of
2inc corresponding to ¥e0 to #=(0,5, the resistivity shows an
increasing crend, ”g{;o increase in resistivity may be attributed
to hopping of pél:am; wWith the addition of zinc. The compositional
variation of miaﬂ.ﬁty and magnetisation in case of quenched
samples also bear one to one correspondence which indicates that
the resiativity of the ferrites is influenced by magnetic
ordering,.

The conductivity of ferrites present many complexities,
The interpretation D.C resistivity in polycrystalline materials
bacomes rather involved, Due to the presance of grain boundaries
giving rise to additional scattering, the cation or anion
vacancies may be responsible for acceptor or donor level and
number of charge carriers may remain uncertain in a ferrite
sample, sspecially when it has undergone a unigue heat treatment,
This pregents additional complexities from the point of view of
interpretation of DC conductivity data, Besides the anion or
cation vacancies may also contribute a component of ionic
conductivity to the DC conductivity of the u@lea.s Various
conduction mechanisms based on different models for the donor
levels have been given by different wo:konog'm
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THE CONDUCTIVITY CELL
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Ferrite specimen ( pellet).
Silver discs.

Silver wires with porcelin beads.
Brass cylinders.

Porcelin discs.

Holding screws.

Chromel Alumel thermocouple.

Screws holding the brass blocks to
porcelin discs. :

Fig.3}
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