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3*1 mtmwcsim

Ferrite* are semiconductors W nature and have m large 
range of variation In resistivity* as the Ferrite# possess high 
resistivity they ere used la high frequency operation which exhibit 
large eddy current losses* The studies on conductivity 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 chapter the studies on resistivity of Xn3^9i^3tF®2°4 
slow cooled and quenched from 800°c* in the temperature range of 
300°K to 873°k have been presented* a brief survey of conductivity 
models is given and results are explained on their basis*

3*2 man*
In ferrites Fe ions are present among fe * ions which lead 

to the n»typ@ conductivity* at temperature which are high enough
4*2so that extra electron on the Fe ion can move through the crystal* 

The resistivity ^ can be written as *

s -[•(“«». + %*jtx <w
where e » electronic charged* n^ and n^ are concentrations of 
mobile carriers# and- u# are the mobilities of carriers*

The temperature dependence of resistivity in many cases 
is given by

^ - cei* [ |§ ]

5676
ft.



where C * temperature independent constant which depends upon 
the nature of the material* K is Boltsman constant*
T « absolute temperature. A* - motivation energy.

8rwk* •“» that ocour in th. log $ V. ±
2pints can be ascribed to several sources* Komar and Klivshin have

observed changes in the activation energies for conduction which
occur at high temperature In several ferrites and correlate with
Ferromagnetic curie tenperatures of the ferrites* This offers a
solid evidence for influence of magnetic ordering upon conductivity 

3in ferrites* The breaks may also be due to change in dominant
4conduction mechanism, ' For the transition metal oxides the model

of electron hopping has been proposed* m this model electrons
jump from one lattice site to another* On the basis of this

6model D* Condurache has explained the conductivity of Cu 
containing ferrites*

m additional element has been introduced in the theory
of electrical conductivity by "The hopping of Poissons", by

1thermal activation* in solids with large coupling constant and a
narrow conduction band small polaron formation is more probable, in
oxides of iron group of metals the everlep of 3«*d wave function
between neighbouring metal ions is relatively smell* There is a
strong experimental proof for the existence of small polarons and
the hopping process* The energy levels and the bands for
ferrites have been calculated only after making a number of

7simplifying assumptions and using suitable approximations.
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Klinger has explained the conduction mechanism in magnetite
like solid® using two phase polaron model*3 He has concluded that at 

low temperature the conduction Is via thermally activated motion 
o£ strongly correlated polarona# and at high temperature via 
weekly hopping motion or a norwactivated Brownian like tunnelling 
motion of polacons*

The conductivity of ferrites presents many complexities*
The interpretation of dc resistivity in polycrystalline materiel#
becomes rather involved due to presence of grain boundaries#
giving rise to additional scattering* The cation or anion
vacancies may be responsible for acceptor and donor level and
the number charges carriers may remain uncertain in a ferrite
sample especially when it has undergone a unique heat treatment*
This presents additional complexities from the point of view of
interpretation of dc conductivity data* Besides the anions and
cation vacancies may also contribute e eonponent of ionic

9conductivity to the DC conductivity of the sample* Various 
conduction mechanisms based on different models for donor levels

OulJhave been given by different workers.

3.3

The cell for the measurement of DC conductivity consisted 
of two silver discs about 1 cm in diameter and 0*5 tm in thickness 
electrically connected to silver wires* The pellet was pi 
between these two silver discs and the assembly was he!
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two thick brats cylinders fixed to porcelain disc*. These dines 
were tightly held toy three screw* symmetrically situated along 
periferies, to easera uniform pressure and good electrical contact 
between silver discs and pallet*

The conductivity cell thus prepared was placed in tempera* 
ture regulated furnace* A chroma! alumel thermo couple was used 
along with a digital multimeter of least count of 0*1 iW to 
measure the temperature accurately* Figure Ho* 3*1 shows this 
arrangement*

^•4

The measurement of the resistance of the pellet was dons 
by a digital multimeter* The resistance was measured from room 
temperature vpto 600°C at an interval of 25°C* The dimensions of 

each pellet were measured# the resistivity st various 
temperatures was determined end the graphs of log % —*■ ^ ware 

plotted* These plots are shown in figures*

The activation energies &e were then determined from 
theme graphs*

3*s ./md,,oiisaa«fem
Figures 3*2# 3*3# 3*4 and 3*S represent the variation of

3
log vs for the .slow cooled ferrite system a3V49l-'XP#2°4' 
and Figures 3*6# 3*7# 3*3# 3*9# 3*10 and 3*11 represent the 
variation of log ^ against for the quenched samples of
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Zn3^glm3^B204 Thi® 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 resistivity 
i* governed by the relation < |f > «*»«•

S « resistivity of material at tsnperature T*
«* resistivity of the material at Q°K*

A£ «* activation energy 
K * Bolts man constant*
T m Absolute temperature.

The breaks and discontinuities that occur log % Vs ^jr*
2plots can be attributed to several sources* Komar and Klirshin

have observed chanties in the activation energies for conduction
which occurs at high temperature in several ferrites and correlated
with the ferromagnetic curie temperature of the ferrites* This
offers a solid evidence for the influence of .magnetic ordering

13upon conductivity in ferrites. The breaks may also be due to
5 14change in conduction mechanism* Recently Ghani £&• have 

shown more than one break in the temperature variation of 
resistivity in case of Hi*.Sn ferrites* They have attributed the 
conduction mechanism in the first region to presence of impurities 
in the second region to the phase transition from tetragonal to 
cubic and in the third region to magnetic ordering change*

In Table 3*1 the values of in ev, values of curie 3temperatures obtained from experiment* indicated by log % vs *§~



plots slid computed values using theoretical formula art presented*
ISTheoretical values of Te are evaluated using Gillio*s egression*

Qillio has given the cation distribution for a general 

spinel system*

M3*mr<W04 *° Z 10 JL JW as

»V N(U**> [r«Ma »2. (l-X)ra Jo^ (1)

where n represents noswmagnetic ion and k is cation distribution 
coefficient*

For our present system » » 2 and hence formule (1) becomes 
as

F®axMi*2i ^F®2a-\>Mai (29

Gillieo has also given the egression for TQ as
3\ (1«\) f (xi$ g(\ra) uffo 

Te * 2[a.\> f(m\) * igUna] D>

For general ferrite

Fe«m "x.»»tP8 a-x) »m2 -

oiUeo*s expression for curie point is
3x (l*»3d f (ma) g(xra) «2L

T (°K) 4* ......—............. .....-..ft,
® 2[ (1-x) f (xnO 4- x9(3cn)]

f (xco) » 1- (1-xm) 5 Cl ♦ Sxm)



47

g (son) * i • (i*i) +• (3U»3*5 j

T m constant, o
T * 962Pk with cation distribution o

r *%.x F*b.9 f t M9o.9 f«i.x ]Bq4

we havs evaluated ths constant T0 assuming that all Mg ions 
occupy B-aites, and the theoretical values of T » 45o°C 
T * S74°k. La cols f& ai.,16 have suggested a method to date mine 

curie temperatures of ferrites* we have modified this method and 

experimentally determined the values of curie tssparature of our 
samples* this method is already described* & detectable change in 

the slope of log ^ vs plots for various compositions is also 

seen* If ^ is mostly determined by number of hopping processes* 
assuming the cole of scattering phenomenon and mean free path to ba 
minimal* this change in ths slope indicates the change in 

activation energy AE* These temperatures where the change occurs 
nearly coincides with TQ*

The conductivity in Ferrites has beset associated to the

presence of ions of a given element in more than one valence state 
17in general* ' These ions having the valence states get distributed 

randomly over the crystallograp hically equivalent aites* The high 
conductivity of Fa^O^ has been attributed to the presence of both

x, 2 4.3 la
Fe and Fe ' ions on identical sites (B*»sitas) * The electrons 
move from divalent iron ions to the trlvalent icon ions within 

the octahedral positions and the transition does not cause a change



48

in the energy state of the crystal !*#♦.

f«2+ v»—i—Fe+3

The values of AB to cause usual ©lect*oa hopping aee of the order
19of 0.2 ev and lees.

From Table 3.1 it is seen that the values of AE in 
ferrimagnetic region are in excess of 0.2 suggesting that the 
conductivity process in these ferrites is governed by hopping of 
polarons. Further it is seen that with the addition of si no in 

the system 2n3/*?j>',ag*>*2°4' m tmid is exhibited by the
AS values. However, the trend of compositional variation of AS in 
slow cooled and quenched samples is similar with the difference 
that the values of AS are lowered on quenching the samples.

in the Ferrites having the spinel structure, the b*b 
distances are smaller than /wa and A»B distances. Even then b»b 
distance is more than the sum of ionic radii of the cations 
involved indicating a little or no overlap between d»dUwavefunctlon 
of ions on adjacent octahedral sites. This gives rise to a situation 
in which electrons are not free to move through the crystal but 
remain fined on 8 sites necessitating a hopping process. The result 
of the conduction by hopping process is large effective mass and 
low mobility of current carriers. Tbs temperature dependence of 
electrical conductivity in such a case involves less temperature 
dependent, concentration of carriers and mostly associated with



the temperature dependent motility. The mechanism of the hopping 
process itself involves occasional excitation by lattice vibration 
of the carriers with high degree of probability. Heikes and 
Johns tan have given the mobility hopping process as

mdP ’i) . c? %u - *fj- •*> < - & >
Thus mobility which is a central factor deciding the activation 
energy 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 coaling constants and narrow 
conduction bond small# polatons formation is more probable.

In oxides of iron group of metals the overlap of 3-d wave
functions between neighbouring metal ions is relatively small.
There is a strong experimental proof for the existence of small
polarona and the hopping processes. * The energy levels and bond
per ferrite have been calculated only after making a number of

7simplifying assumptions# and using suitable approximations, of 
late Klinger has explained tbs conduction mechanism in magnetite 
like solids# using two phase polaron model. He has concluded that 
at low temperature the conduction is via thermally activated 
motion of strongly correlated polatons and at high temperatures 
via weakly activated hopping motion or a non-activated Brownian 
like tunneling motion of polatons. The activation energy in the 
paramagnetic region is found to be more than that for Ferrimagnetic
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region, This can bo attributed to the effect of magnetic ordering
a

in the conduction process, According to strict theoretical conside­
ration the anomalous changes in the activation energy occur at the 
disordered temperature* In Tig, 3,12 the compositional variation 
of AE is shewn, Xt is seen that on quenching the AS values show 
a considerable reduction. However# trend of variation of AS in 
quenched samples tends to be little wore regular than that 
exhibited by slow cooled samples. Xn Fig. 3,12 the coapositlonal 
variation of TQ for the slow cooled and quenched sanples is shown,
Xt is seen that the t values show decrease with the addition ofc
sine in the Ferrites# also on quenching T values are considerably 
reduced, The theoretical 7 values are quite larger than thevJ
values of 7Q in the slow cooled sasplee, The thaoretlcal values 
of Tc have been calcmlated assuming cation distribution to be 
of the form *

<Pei)A (MgjFej)8 04

MgTe2o4 is a partially inverted ferrite. The change in the Tc
values in the slow cooled samples indicates that there may be
some cation migration from 8 site to A site# leading to the
observed reduction in T_, The same argument can be applied to the
quenched samples which show further reduction in the values of T #c*
Figures 3,13 and 3,14 show compositional variation of resistivity 
for the slow cooled and quenched samples of ZnJ*9imif*204 •Ys*«m*
In case of slow cooled samples the resistivity dscreases with the 
addition of sine which is in one to one correspondence with the
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trend exhibited by T values*c

A quenched sample also shews the similar behaviour for the 
content of sine beyond So per cent* However# for the content of 
sine corresponding to mo to »-Q*«# the resistivity shows an 
increasing trend* The increase in resistivity may he attributed 
to hopping of poiaros with the addition of zinc* The compositional 
variation of resistivity and magnetisation in case of quenched 
samples also bear one to one correspondence which indicates that 
the resistivity of the ferrites is influenced by magnetic 
ordering.

The conductivity of ferrites present many complexities*
The interpretation D-C resistivity in polycrystalline materials
becomes rather involved* Due to the presence 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# especially when it has undergone a unique heat treatment*
This presents 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

Sconductivity to the DC conductivity of the samples* Various 
conduction mechanisms based on different models for the donor 
levels have been given by different workers*
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THE CONDUCTIVITY CEU

1 Ferrite specimen ( pellet).
2 Silver discs.
3 Silver wires with porcelin beads.
4 Brass cylinders.
5 Porcelin discs.
6 Holding screws.
7 Chrome! Alumel thermocouple.
8 Screws holding the brass blocks to

porcelin discs.

Fig. 3!



SL
O

W
 CO

O
LE

D
54

M
g 

Fe
2 

O
4

Tc
 = 

42
5 

*C

/

4h

A
E =

 0*
36

37
 cV

Lo
g.

Fi
g.

 3*
2



55

Fig. 3-3
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Fig.3-13



Fig. 3-14
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