


A) Method of Preparaticn

2.1) Introduction : Simple, mixed and substitutional
1,2,3

ferrites can be prepared by variocus methods. Ferrites
are industrially important materials as they possess suitable
electrical and magnetic properties.‘That is why preparation
and manufacturing of ferrites have assumed importance. The
ferrites are generally prepared by fwo methods; one the
chemical method and the other Standard Ceramic technique. Due
to some limitations of the chemical method, most of the time
standard ceramic technique is useful, 475/ 6 This technique is

economic and involves mechanism of solid state reacticn.

2.2) Mechanism of solid state reacticn :

The polycrystalline ferrites are generally formed by
solid state reaction. To start with the mechanism of solid
state reaction, the homogeneous mixture of metal oxide (MO)
and ferric oxide (Fe203) are heated at elevated temperatures.
The mechanism is based on diffusion between divalent metal
oxide MO and Fe,03. In initial stage of the reacticn, there
is only one phase boundary between the reactants; wviz. divalent
metal oxide MO and Fe,04. After nucleation of the ferrite,
initial stage boundary is replaced by two different boundaries,
one between FeyO4 and MFe,04 and other between MO and MFe,0O4.
In continuation with the reaction, reactants are transported
through the ferrite phase. The transfer mechanism takes place
irn three ways which leads to the ferrite formation. According
LASAHED RUARDERAR %’f‘
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to Wagner7‘8

in first mode of transfer mechanism, only cations
migrate in the opposite directions and oxygen lons are
essentially stationary. In the second mode of transfer mechanism,
diffusion of cation is compensated by an associated flux of
anions instead of another cation migration. The third mode

of transfer mechanism inwlves diffusion of iron through

ferrite layer in the reduced state Fe.2t

2.3) The General formula of the system :

The general formula of our ferrite system is

Cuxan_xF 820 4°

where x = 0, 0.2, 0.4, 0.6, 0.8, l.

2.4) Raw Materials :

AR grade a-Fe,03, CuC and 2nO.

2.5) weighing s

The oxides were weighed on a single pan balance of

5 gms and mixed according to their molecular

least count 107
weight percentages. Table 2.1 gives details of molecular

weights of compositions.
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Chemical formula and molecular weights of the system

Sample Chemical formula Molecular
No weight
1 CuFe204 239.23
2 cuO.e ZHO. 2 F0204 239.33
3 Cuo.e Zn0.4 F3204 239,96
4 Cu0‘4 Zno‘e F3204 240.33
6 ZnFe,0, 241.10

2.6) Pre-sintering :

The weighed oxides were thoroughly mixed in agate morter

in AR grade Acetone base., The mixture was allowed to dry in

air and carefully transferred to a clean dry platinum crucible

and pre-sintered in a globar furnace at 700°C for 20 hours.

The samples were cooled in the furnace at the rate of 80°C

per hour by reducing the furnace current gradually. A cromel-

alumel thermocouple was used to measure the temperature.

The samples were finely powdered in agate morter.
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Flowchart of the stages in the ferrite preparation.

Preparafion of Ferrite composition
( Dry process) {Wet process )

Wei‘gh and mix the
starting rnaterial

: Carbonates,oxalates
OmdeJ nitrates etc.
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¥

Y

Mill

4

Sinter

3

Mill-—vadd,bmder and lubricate if necessary

Press Fin‘at sinter

s

and Finish

Fig.2+1




2.7) Pellet formation : The samplés were powdered and

pellets of 1 cm diameter were prepared by applying pressure
of 10 tons/inch2 for about 15 minutes. Solution of 10%

polyvinyl acetate was used as the binder.

2,8) Final sintering : The pellets so prepared were sintered

in the globar furnace at 1050°C for about 24 hours. The
samples were cooled at the rate of 80°C/hours. The flow
chart of the stages in the ferrite preparation is shown in

Fig. (2.1).

B) X-ray Diffraction Study :

2.9) Introduction : X-ray diffraction technique is a well

established tool for the study of crystal structure of
materials. To confirm the formation of ferrite samples and
characterization of crystal structure XRD patterns have been
recorded. The peaks of the diffractogram have been indexed.
The lattice constant a and 4 values have been calculated.

The results are discussed,

1.9) Details of Diffractometer :

I) Target used - FeK,

II) wWavelength N - 1.937 A°
1II) Rate of scanning 2° per min.
IV) Range of 20 - 20° to 85°

Indexing the peaks in the diffraction patterns for

a cubic lattice, the interplaner distance 4,y;, lattice
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parameter a and Miller indices (hkl) are related by9

a

= - - - S gus o = S0 wtw amy = o e (2.1)
Skl v (h + X2 + 12) |

According to Bragg's law

2dnx] Sin 6y = DA

For n = 1 (first order diffraction)

28,11 Sinépx3 = A vee (2.2)

The lattice parameter 'a' in this is calculated by
using the relation (2.2) for (400) plane. For other planes,
(hkl) values were determined by the usual procedure10 and

the peaks were indexed.

2.11) Results and Discussion : XRD patterns are shown

from Fig. 2.8 to Fig. 2.13.

The diffraction maxima have been indexed and indices
were tallied with those expected for spinel structure. The
reflections observed are (111), (220), (311), (222), (400),
(422), (511), (333) and (440). These correspond to the allowed
values of reflection for cubic spinel structurelg\ The data
on observed and calculated d-values Miller indices with

Lattice parameter are presented in the tables 2.2 to 2.7.
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Table 2.2

CuFe,04 C= 8Cqy A" a = 8,251 a°
e d(obs.) d(ca1) Plane (hkl)
11.45 4.878 4.842 (111)
18.8 3.052 2.990 (202)
21.9 2.596 2.593 (113)
22.7 2.504 2.498 (311)
23,55 2,423 2.421 (222)
20.5 2.107 2,111 (004)
28 2.062 2,062 (400)
34,75 1.699 1.698 (422)
36.85 1.614 1.613 (333)
37.5 1.590 1.590 (511)
39.35 1.527 1.495 (404)

40.6 1,488 1.458 (440)
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Table 2.3

()

Cuo.8 Zno«2 Fe204 | a= 8,385 A
e a qa Plane
(obs.) (cal) hkl
10,9 4,.8410 5.2169 (111)
18.9 2.9645 3,0455 (220)
22.4 2.5281 2.5887 (311)
23,9 2.4205 2.4349 (222)
27.4 2,0962 2.1436 (400)
34.25 1.7115 1.,7528 (422)

36.7 1.6136 1.6507 (511/333)

40.6 1.4822 1.5158 440
Table 2.4

, (o)
0 4 a Plane
(obs.) (cal,) (hk1)
11.4 4.8358 4,9909 (111)
18.8 2.9613 3.0611 (220)
22.35 2.5254 2,5942 (311)
23.4 2.4179 2.4839 (222)
27.4 2.0940 2.1436 (400)
34,25 1,7097 1.7528 (422)

36.6 1.6119 1.6545 (511/333)

40.5 1.4806 1.5189 (440)
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Cuy_ 4 Zng, g FegO4 a = 8.414 a°
-] a e | Plane
(obs.) (cal.) bty
11.5 4,8578 4.,9481 {111)
18.8 2.9747 3.0611 (220)
22.3 2.5369 2.5997 {311)
23.4 2.4289 2.4839 (222)
27.3 2.1034 2.1508 (400)
34,2 1.7175 1.7550 (422)
36.55 1.6192 1.6565 (511/333)
40.45 1.4873 1.5205% (440)
Table 2.6

] 4a a Plane
11.5 4,8624 4,9924 (111)
18.7 3.0541 3.0541 (220)
22,3 2.5408 2.5998 (311)
23,15 2.4326 2.5095 (222)
27.2 2.1067 2.1548 (400)
34.1 1.7201 1.7597 (422)
36.5 1.6217 1.6588 (511/333)

40.4 1.4896 1.,5221 (440)




Table 2¢7

ZnFe,0, a = 8.437 A°

e a a Plane

(obs.) (cal.) hk1

11.4 4,892 4,892 (111)
11.85 2.991 2.991 (220)
22.2 2.568 2.562 (311)
22,95 2.479 2.479 (222)
27.2 2.118 2.118 (400)
31.1 1.727 1.727 (422)
36.5 1,628 1.628 . (511/333)
40,35 1.495 1,495 (440)

37
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In Figure (2.2) compositional variation of lattice parameter
‘a' with the content of Zinc exhibits a linear increase from
x= 0 to x= 0.8 in Cu.2ny_x Fe,0, system. a = 8,256 a° for

CWFe,0, and a = 8.438 A° for ZnFe,0,.
In Table 2.8, ionic radii of cu?t and zn?t and Fe3+

are given,

Table 2.8
Ion Ionic Radius
cu?t 0.70 a°
zn?t 0.83 a°
Fe3t 0.67 A°

_As Cu is added, it will occupy B-site and displace Fe
ions to A-site and the number of zn?t ions on A-site is
reduced which reduces the size of the cell, Hastings and
Corlin11 have reported values of 8.44 A° and 8.36 aA° for
Zinc ferrite and magnesium ferrite respectively. Verwey‘gg'gllz
have reported a values of 8.416 A° and 8.36 A® for Zinc

d13 reported

ferrite and Cobalt ferrites respectively. Guillan
a value 8,43 A° for Zinc ferrite. The values of copper
ferrite and zinc ferrite show close agreement with values

reported earlier for these ferritesl4.15.16



X-ray density, Radii of sites and per unit cell molecules(n)

Table 2.9

Material X-ray ry (%) ry (A°)
density
gm/cc
CuFe,04 5.64 0.5662 0.6397
Cu. szn. 2?3204 5.39 0.5961 0.6708
Cu_GZn‘4Fe204 5.38 0. 5991 0.65740
Cu_42n gFe,0, 5.36 0.6028 0.6778
ZnFe,0, 5.33 0.6100 0.6836

40
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In Table 2.9, data on X-ray density, number of molecules

per unit cell and radii of A- and B- sites are given

X-ray density is evaluated using the formula

8M
dx ] ————
Na®

where M is molecular wt., N is Avogadro‘'s number ( N =

6.022 X 1023) and‘a' is lattice constant.

The number of molecules in a unit cell is computed

£rom the relat:!t.on]"7

Nga3
n-

M

where 'g’ is the X-ray density (gm/cc). Radii of A and B

gsites are calculated using the formula

r, = (u- 1 Ya (3)3'/2 - r( O°2)
4

-2
rp=(2-wa-zr(0)
8
3
where u = - , r (0"2) = 1,33 a°

It is seen that the radii of A-sites are too small to
admit the ion without local distortion of site or ion or

both. In figure 2.3 variation of rp and Iy with content of
Zinc is shown. |

There is a linear increase in both rp and ry with the

addition of Zinc in the system. The number of molecules in



unit cell is also confirmed to be equal to 8. FCC Bravais
lattice is recognized by fact that all reflections with mixed
indices are missing. The values of hkl are unmiked as evidenced

from diffraction pattern. Thus the lattice is FCC,

Although X-ray diffraction studies are not sensitive
enough to reveal the presence of small amounts of oxides,
the absence of any extra line, even to the maximum intensity

of the radiation, confirmed the single phase nature of

ferrites.
— . =
H = -— b S Am
ip 3 v
4n M v
B e (=) ( Oe)
3 A4

where V is the total volume of the sample, v is the total

volume of pores and M is the Molecular weight.

4N M
If  cenem is constant
3v

A sintered polycrystalline body is not truly solid
but contains many pores. Th; quantity, size, shape and
distribution of both grains and pores through the body will
vary with different forming techniques and with firing
temperature, atmosphere and time. Clearly pores distribution
and size will affect physical properties also, e.g. local

magnetic field created by species and non-magnetic inclusions
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is given by-Hip. Thus the dense ferrites formed by hot
pressing technique lead to comprehensive understanding of
physical properties.

CuFey04 shows a tetragonal structure with axial ratio

c ]

- = 1,05 which can be attributed to John Tellor distortion
a

of Cu2+ ions on octahedral site. Copper ferrite is reported

to be tetragonal at lower and cubic¢ at higher temperature,

18-22 It is generally

The transition temperatures are given.
accepted that the tetragonal distortion of the spinel lattice
1s the result of sufficient concentration of distorting cu2*
ions on the octahedral sites (B-sites) of the lattice and

the orientation of the oxygen octahedra, distorted by Cu2+
ions throughout the crysta1.23'24 with increasing temperature
the character of copper ferrite changes from inverse to
normal. when 75 per cent Cu2+ ions are left on B-sites the
partially inverted structure exhibits cubic lattice instead

23, 24

of tetragonal. Bondlengths R, and Rz have been calculated

by using relations
R, = ay/ 3 (6 +4%)
A 8

1 ,1/2

2 8
= afl 38T = ==t =
"B ( 2 16

§ =1« 0,375 = deviation from u value.

In Table (2.10) these calculated bondlengths are presented.



Table 2.10

Bond lengths (Rp AND Rp)

Sample R, (A9) Ry (A°)
Cu_gZn sFe,0, 1.889 2.1390
Cu g2n_ 4Fe,04 1.891 2.,1423
Cu_42n_cFe, 04 1.895 2.146
Cu, 72n gFe,0, 1.897 2,148
ZnFe,0, 1.900 2,152
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In figure 2.4, variation of R, and Rg with content
of Zinc 1is shown. It is seen that both R, and RB'increase

as the content of Zinc is increased.

The increase of average bond length RA can be associated
with the increase in the lattice parameter 'a' with the
content of zingf As the content of Zinc in the system
anCul_x Fe204 increases, presence of Zn2+ ions on A-site
increases. Since ZnFe,0, is normal spinel and an+ ions
occupy A-sites only, the bondlength Ry increases with more
content of zn?* in the system, Similar explanation holds for

the increase of RB with Zn2+ content.

Levine26 in his work on bond susceptibility of»spinels
have shown that there exists an inverse relationship between
the covalent character of spinel and bénd length, Mande
et 3337 have applied this theory to spinel ferrites. Thus’
in our system, it is seen that ionocovalency has a decreasing

trend from CdFe204 to ZnFe204.

For copper ferrite Cuz* can form tetrahedral Sp3

28

orbitals

or square aspz orbital. In spinel structure, the formation

of square dsz orbital is more fawvourable leading to the

23

covalent character of copper ferrite, For Zinc ferrites

the tetrahedral orbit formation is more favourable and favour

the hybridization of Sp3 orbits, In case of CuFe204, the

~ 23

degree of inversion is high, and it is the transfer of.

copper on the B-site which may be responsible for the covalent
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behaviour as suggested earlier?g

C) Curie Temperature

(2.12) Measurement of T_:

The procedure for experimental determination of Curie
temperature is explained in detail below. A method of deter;
mination of Curie temperature i1s already suggested by Laroia
et al.(3°) We have improved upon it for it has its own»sho;t-
comings. The pellets as well as the Core of the Electro-
magnets are exposed to hot enviromment leading to the short
circuit, Adue to which damage is caused to the enamel of the
wire of the electromagnet. We have not exposed the core of
the electromagnet directly to the furnace temperature,
Instead induction method is employed to magnetise the specimen
bar to which pellet was attached. Cromel-Alumel thermocouple

was used for temperature recording to accuracy of less than

5%. (Fig. 2.5).

The curie temperatures are given in Table 2,11, It
is observed that curie temperatures are lowered on addition
of Zinc. Compositicnal variation of curie temperature is
shown in figure (2.6). It is seen that with addition of zinc,
there is a nonlinear decrease in curie temperature. The
variation shown by . points is from Gilleo model. The
variation shown by o points is from susceptibility model.

The variation shown by * points is from the experiments.
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Table 2,11

Curie Temperatures

o0

Samples Curie Temperatures
Experimental Theoretical From
suscepti-
bility
studies
CuFe,0, 440°% 455°C 430
Cu gZn ,Fe,0, 400°C 419°%¢ 390
Cu_¢Zn 4Fej04 285°%c 325% 280
Cu_,2Zn  Fey0, 160°¢C 162% 130
Cu‘ ZZn. 8?3204 - 55°¢ -
ZnFey04 - 15°¢ -
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There is a perfect agreement in the trend of variation of

To with Zn. However, the magnitudes of T, differ. There is

a close agreement of T, values from experiment and those
obtained from the susceptibility studies. The deviation is
between thecretical values and those obtained from experiment
and susceptibility studies. The T, values evaluated from
Gilleo model are based on the assumption that all Cu.'"2 ions
stay on B-sites., The deviation suggests that there is a
cation migration. This is evidenced from table (2.12).

2+

Because Zn~ has affinity for A-site, zn?* ions always

occupy A-site and hence the cation migration can occur only

+2

due to Cu and Fe' +3 transfer,

CuFey04 is partially inverted ferrite and hence there

is a cation transfer of Cut? ions from B to A-site.

3

Gilleo has considered the general ferrites of the
type M3_mFemo4.(?1) where M is the nonmagnetic cations
assuming the cation distribution to ke

Fe om M- am [Feu- m M2-(1- '))mJ 04 -

The expression for the caticn distribution and T, is.

3A(L =Q)E( .m) g(?~ em) m T,

TO(K) = moreccccccc e cmc e

2[(1 -2 E( > m + gl om]
where £( 72 ,m) =1 = (1L =2m>(lL+5 >m)

ana gl p ,m =1-[1-Q/2ma-2)7]" @+(-->mu- )]

To = a constant.
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Table 2.12

Cation Distribution From Gellio's Model

S‘amp].e Cation Distribution

CuFe,04 (Fe'3ccu 15)A (re?3 . cu*? )" o7

Cu gZn ,Fey04 %5 cut 5 Zn*zz) (Fel 25 cu' 75 )B 042
Cu ¢Zn Fe0,  (Fe'd. cutd zn'] )A(re} 45 cu'ln® o072
Cu gZn Fes0,  (Fetd, cu'l, zn'2 )P (ret? cut2; )P o2
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The constant T, can be calculated from a standard
ferrite. Bacon et al.(32) have calculated To = 962° K:

assuming distribution for MgFej04 to be(33)

Mdp,1 Feo,s [M3o.9 Fer,1] ©O4

For copper ferrite (CuFe,04) assuming that it is
completely inverted. We have calculated the variation of
curie temperature T, as a function of cation distributicn
coefficient )\ . These values of T. are given in table (2.11).
Figure (2.7) gives the vétiation of.'l‘c with A . The cation
distribution of our system is evaluated from the experimental
values of Tc. For every T., corresponding 2 value is
evaluated from the figure (2.7). The cation distribution can

be represented as

+3 +2 -2
Fema CY am %% am [ #e" 1 2om Co2oa })m} ©4

Where M= 2 and } = 0. .1’ .2' .4' 050

\

The dependence of curie temperature on cation distri-
bution in a ferrite is suggested long back by Gorter34 and

Neel.35

Rezlescu et a136 investigated the influence of
preparation techniques and cation distribution on various
properties of copper and magnese mixed ferrites. In Zinc
mixed ferrites, the 2B interaction reduces with addition of
Zinc ions and theVCurie temperature drops. Variat;on of :

Curie temperature‘of Mexznl_iFe204. (where Me = Ni, Mg, Cu,



ob

Co etc.) with Zinc content is found to be similar.
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