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SUMMARY AND CONCLUSIONS

During the last few decadebs | ferrites have assumed much
technological importance especially in electronic industry. Being technologi-
cally important they are being extensively studied from the point of
view of their electric and magnetic properties to check their suitab'!llity
for certain applications. The suitability for a certain application is
determined by studying crystal structure of & ferrite and its magnetic
and electrical properties. Crystal structure is determined by using the
techniques of X-ray diffraction, rieutron diffraction, mossaubar spectroscopy
etc.

Ferrites with low coercive force are called soft ferrites and
those with high coercive force as hard ferrites. In many of the
electronic applications for minimising eddy currents and eddy currépt
losses soft ferrites are required. Soft ferrites are having high permeability,
The miniaturation can be done by using ferrites with high permeability.
The miniaturation of transistor designs, computer designs is possible due
to this property. The study of hysteresis loops of férrites and the

squareness ratio is of much importance in magnetic switching and recording
devices.

MgFe204 is a pertially inverted ferrite. The addition of Zn+2

improves magnetic properties. However, the Tc values are lowered. We
have added 2:45 to the system in small amount to study the solid

solubility and effect cn magnetic properties.

_ 2
From the point cf view of understanding the role of Mg+

and Zr*4 jons in influencing the properties of Zn Mg, _,,, ZrFeg o O system
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systematic studies on characterisation, electrical properties, susceptibility

and magnetisaticn are essential. With this goal in mind the following

studies have been carried cut.

L (A) Preparation of Zn Mg,  Zr Fe, , O,
where x = 0, 0.2, 0.4, 0.6, 0.8, 1.0 and t = 0.05, by ceramic
methed.
(E) X-ray diffracticn sxtudies to characterise the ferrite sample.
(C) Cetermination of Curie temperature.

2. D.C. electrical conductivity in the range from room tempersture
to 600°C and thermoelectric power to understand the mechanism
of conduction and types of carriers that govern the conduction.

3. A.C. magnetic susceptibility to determine whether MD, SD, cr SP
particles exist in the material and to know the Curie temperature
of the samples.

4, Hysteresis studies to determine the satur;ation magnetisation, coercive

field and squareness ratic.

Chapter-l opers vwith intrcducticn &nd historical background
of ferrites, This is followed by the short zccount of the spinel ferrites
along with the classiﬁcéticn of ferrites cn the basis of cation distribution.
Then general electrical and magnetic properties are discussed. A short
account of Neel's thecry follevs this discussion. Linxitatio}\ of Neel's

theory is pointedbcut and a brief account of Yafet Kittle theory is given.

Finally the general epplications are described in brief,

Chapter-ll deals with the cereamic technique of the methcd

of preperation cf ferrites. The solid stzte reaction is discussed at the
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start. Pellet formaticn and the possible stages in the preparation technique
are explained with the help of flow chart. To confirm the formation
of ferrites and characterisation of crystal structure X-ray diffraction
studies have been carried cut. All samples of Z“ngl-x+tzrtF62-2tO4
exhibit cubic spinel structure. The lattice parameter variation obeys
Vegard's law which is attributed to the ionic vclume difference._ The
compcsiticnal veriation of latrtice parameter 'a' with the content of Zn
exhibits a linear increase from x = 0 to x = 0.6 and then remains nearly
constant. In Zn Mg, ZrFe, , O, system addition of Zn by x results
in decrease of Mg+2 content by (1 - x).

Zr+4 is substituted in the system and t = 0.05, substitution
of Zr results in increase of Mg‘r2 content by L(l—x) + t] and decrease

3 +3 +3
content from Fe2 to Fe2_2t

in Fe'
From the variation of lattice parameter 'a' with the content

of Zn,it is seen that the lattice parameter increases with the addition of

Zn+2. This can be attributed toc the more ionic radius of Zn+2 which

substitutes Mg*2 cf less icnic radius.

Compariscn of the lattice parameter of MgFe 0, ( a = 8.360A°)
with that of -Nig, oo Zr 05F¢] 000 4(a= 8.418A°) suggests that addition of

+4 . . .
Zr ~ has an effect of increasing the lattice constant.

The effect of substituticn cf Zr on the lattice parameter can
be explained by the combined effect of the cation size 'b' on the repulsion
parameter and cf the A-site charge on M- the Nedelung constant where
the lattice parameter is prcportional to (b/M). The entry of tetravalent

and higher valance caticns in A-sites increases their charge resulting
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in the increase in M. \Vhen substitution ions sre small ljke T‘M(”

L —EA—-) decreases. Vihen the icns sre lerger like Zr*,4 ( a = 0.80)

an Increase in 'b' may offset an incresse in M in the initial stages leading

b
to an Increase in m) and hence in the lattice psrameter.

- The radii of A and B sites are also calculated. -Initially both

r, and rg Increase with the addition of Zn and forx 2, 0.04 there

Is no variation.

The lattice is FCC and unit cell is also confirmed to have

number of molecules equal to 8. F.C, C. Bravais lattice Is recognised

by the fact that &ll reflections with mixed indices are missing. The

values of ( h, k, 1) are unmixed as evidenced from diffraction pattern,

Thus the lattice is F, C,C .

[

Bond length R A and RB slso have been calculated. It Is cbser-

ved that R A increases with increase of Zn content while RB decreases

as the content of Zn increases.

The increase of average bond length R A cen be attributed
to the increase in the lattice parameter 'a' with the content of an-
As the content of Zn in the system increeses, presence of Zﬂ"'2 fons
on A-site increases. Since ZnFe204 is normal spinel and Zn+2 lons occupy

9
A-sites only the bond lergth Ra increases with more content of Zn'~

in the system.

The Curle temperatures for different samples- were determined

3

experimentslly, The method was simlar to that suggested by Larcia()
but with sonie Improvements. Curie temperatures were elsc cunputed

from susceptibility and conductivity studies. It is seen from e&ll these
~ \ ~

[N

-
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that there is & non-linear decrezse in the Tc vslues on addition of Zn
in the system. The lowering in Tc can be attributed to the reduction

in A-E interaction.

In chapter IIl studies on electrical conductivity of different samples
as well as dispersion of dielectric constent and thermo-emf measurenients
are repcrted. Graphs of log Q Vs —‘—,?—3 are.plotted for these samples.
These graphs shcw breaks 1t is cbserved that two bresks, one at 1620(3
and the cther zt 315°C cccur for sample Zry l.e for Z.no'zivigo.8521'0.05

Fe 1.9004 sample.

The brezk at EISOC ccincides nicely with the Curie temperature
of this sample determined from the experiment as well &s xac'T StUdi_eS-
The bresk occuring at 162°C may be due to some impurities present
in small traces in the sample. These impurities have not been detected
by X-ray enalysis which confirms that their percentage is very small,

However the impurity cconducticn can be detected from the temperature

variation of Seebeck ccefficient.

For remaining szmples only one bresk has been &bserved in
10
loge Q Vs = plots. The sample Zng pMgg 9521 o5y g0y does
nct shcw Curie teriperature end hence this break can also be attirubted

to impurity ccnducticn. The breaks cobserved in the rest of the samples

coincide nicely with Tc vzlues cf these ferrites.

Table 5.1 gives sactivaticn energy, interaction energy ond Curle
temperature of these ferrites. From the values of JE given in this table,
it is clear that values of AE in the ferri and pera regicns are different

which suggests that raagnetic ordering change influences the conduction

mechanism,.
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Table 5.1

Curie temgpercture and activaticn energy

Curie temperature Activation Energh Interaction

Sample 4E y Energy

Cong!u- Expt Susce- Paramagnetic Ferri-

Ctivity ptibility region agnetic
X= .2 315°% 335°Cc  325°C 0.24 ev 0.34 ev  0.854 ev
X = .4 182°C 200°C  225°C 0.52 ev 0.54 ev 0,407 ev
X= .6 121%  18% 150°C 0.52 ev 0.12 ev  0.029 ev
X = 3 - - - 0.57 ev - -

Ccmpositional veariaticn cf € for three different temperatures
shows almcst identical behavicur. It is seen that Q( M-cm ) decreases
on addition cf Zn"2 in the system. This suggests that impedance tc the
hopping of polarcns decreases cn eddition of Zn‘z- Alsc as the temperature

increases the resistivity decrezses. This is expected since ferrites are

senliconducting ir reture.

Dispersicn  of dielectric constent with frequency from few
Hz to witlz rernge has beer studied. It is seen thst the dielectric constant

decreases &s the frequercy increases. This type of behaviour is reportedw)

for many ferrites.

From the study of thermio emf presented in tsble 5.2 it is
seen that there is no (kfinite trend exhibited by the conipositicnal variation of
Seebeck ccefficent ' °( ' ¢n additicn of Zn in the system. The sign

of the Seebeck ccefficient indicates that the conduction &t room
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Table 5.2
i Seebeck <

Semple Ceefficent (o) Slen
Zr, 470 +
zr, 1100 M
Zr, 250 +
zr, 120 +
Zr, 250 . *
Zr 165 | +

temperature is gcverned by electrons. In the cese of Zrg sample i.e.
Mgo_OSZanO.GSFeLQO 4 Vvery interesting behaviour is cbserved which is
reported in teble (5.3) It is cbserved thet the sign of '« ' changes as
A T is varied. Initially o{ is -ve suggesting P-type conduction and

it becomes +ve wher AT2> 14°K in which czse the oonducticn is N-type. Ea_siczl ly

Teble 5.3
S eebeck T % Sign
Ccefficent( oK)
310 0% +
165 20%K +
0 14%K +

42.8 20°K -
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a( Is crested due toc cifference in the mobilities of the carriers or their
Gy,
densities. The fact thet ol = O suggests thet at AT = 14 K whatever

difference exists i the racbilities of the carriers or their densities reduces

to zerc.

In chapter IV studies of susceptibility and magnetisation eare
reported., We heve cearried cut z.c. megnetic susceptibility studies at

various temperatures on the system Mgl-x+t2ﬁx2rtf'82_2t04. This was

studiec] at Tata Institute of Fundazmental Research (TIFR), Rcmbay. The
variation was reccerded on "The Susceptibility and Hysteresis Apparatus
Model RNiSH - "% From the teniperature veriation of a.c. susceptibility

the follewing cbserveticns have been mede.

(1) For ?’*81.052'0.05"61.904 the norraelised a.c. susceptibility
Increases with the ircreese of temperature, reeches mexirum
at 573°K and then decrezses with further increase of termperature
X oT behavicur in the case of pure MgFeoO, has been studied

(5)

previously’ '« There is no peak or cusp observed in this

behavicur.

(ii) When Zn is added to the system, the pesking behaviour is
completely suppressed wdd Xec does not vary significantly with
tempersture end as the Curie tempersture of the sample is
approached xac drops &nd beccmes zero &t Tc - the Curie

temperature of the semple.

(1ii) The Curie temperature of the sample decreases on addition

of Zn in the system. The sample Znj (Mg 45Zrg osFe) 000y
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tends to exhibit two Tc behevicur. Single Tc in the case of
sample indicates thet impurity phases detectsble by X-ray diffra-

ction studies are nct present in the szraple.

iviegnetisaticn studies heve been carriet cut con "Hysteresis Loop

Tracer" at Indian Insitute of Technolcgy (LLT.) st Powai, Borabay.

(i) The variaticns of g end g with the ccntent cf Zn have been
studied. The trend in both the cases is identical. The ng values
first increzse with increeasing content of Zn upto x = 0.4, The
increase of Zn ccntent in  excess of 40 to 50% sppears to
decrease ng value.‘ The ng value of MgFe204(5) (nB = 0.93)
is greater when compared with that of I\Agl.OSZro.gf.’FeLQOO4

(nB = 0.8) Thus Zr has an effect of reducing the magnetisation;

(i1) The field variaticn cf his fcr all samples shows that all saraples
exhibit similer trend. The megnetisetion increases with the

increase of field initially and after 2 field cf sbout 800 geuss

all the seriples szturste.

(iii) The values of Mr &nd Hc decresse on eddition of Zinc in

Ms
the systein.

(iv) The sariple with x = O ccntains SD perticles below Tb = 300°C
while ebcve 300°C SD-SP trensiticn occurs. The Xge = 0

gt Tc = 440°C. This fect is elso supported by the large vealues

of%’- end Hc for this sample. V/ith eddition of Zn the )'.GC-T
s -
- does not show peek below Tc &and cusp after Te. X is not

ac
variable but drops near Tc suggesting that the addition of Zn

favours MD types of particles in rest of the semples.
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Pure MgFeQO 4 is repcrted to hzve shown presence of W.D.

particles. However with the addition Zr there is a peak in X_.- T
variation belcw Tc. Thus smell treces cf Zr tend to favocur SD types

cf particles in EvigFe204. Alsc zdditicn of Zr lowers nge It is suggested

by D.C..iKhen et. &l that when Zr“i or Ti* is added in small percentage

to Ni-Zn ferrites they cccupy A-sites.

In our case of Zr+4 going tc A-site, just replace Mg+2 ions
from A-site tc B-site. These Mg*z icns going to E-site fo rce, Fe*3

jons to A-site resulting in reduction of 'nB'; MgFe204 being partially
(6)

. 42 . :
inverted sorie mg’ ions cccupy A site &also. A number c¢f workers

have postulated nicvement of icns to non-preferred sites; e.g. Zn’*2 ions
to B, Sn*4 icns t¢ A and Ti'4 icns to Am. On the basis cof existing
(8)

predicticns the preferred sites for Ti, Sn, Nb &nd Ni ere P &nd that

fer Zn is A.

(vi) &YK ircrezses linesrly con additicn of Zn. It is seen that

2

8s Zn'‘ is added to the system a(w@ngles appeer &nd increase with

increasing Zn"2 content.  VWhen Zn*2 replaces 60% of Mg+2 fons,
c<Y§ngles tend toc 90°. When the spin arrangement of bDB-site collapses y
Jeeding  to vanishing of A-B interzctions. O(YK angles appear at x =0

end t = 0.05. This explains veriaticn of np with x.



