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A) Method of Preparation

2.1) Ferrites : If in the chemical formula Fe304 or more specifically
Fe*zFe2+3O4, the divalent ferrous ion Fe*2 is replaced by another divalent
metal ion such as Mn, Co, Ni, Cu, Mg, Zn or Cd, we obtain a ferrite
- of general composition l\.1e*2Fe2+304, where Mé"'2 is the divalent ion.

Ferrites are industrially important materials due to their electrical and
magnetic properties.

Simple, mixed and substitutional ferrites can be prepared by various

methods.“’z‘:” The ferrites are generally prepared by two methods one

is chemical method and the other standard ceramic technique. Chemical
method is quick but due to some other limitations ceramic method
outweighs. jt, Therefore most of the time standard ceramic technique

(4,5,6)

is used This technique is economical also. The ceramic technique

involves mechanism of solid state reaction and other stages which have

been discussed below,

‘2.2) The crystalline State of Solids : It has long beén known that
certain solids are found in nature in the form of crystals i.e, bodies whose

faces are regular polygons., The most typical property of a crystal is
the fact that the angles between the edges of the faces and between
the faces themselves are constant. The formation‘of a large single crystal

is an exceptional phenomenon occuring under specially favourable conditions
.If special measures are not taken large single crystals are not formed.
The great majority of solids occuring in nature are of polycrystalline

structure, When special favourable conditions are not .maintained
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the substance is found to consist of separate grains with a size of the

3 to 104A°. Each such grain is a crystal which is of irregular

order of 10
shape because its growth is interfered with by adjacent crystals, The

consequent granular structure is said to be polycrystalline.(7) Fig.LZ.l.)
2,3) Mechanism of Solid State Reaction :-

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 the elevated temperature. The mechanism is based on

diffusion between divalent metal oxide (MO) and trivalent Fe203.

In the initial stage of reaction there is only one phase of boundry
between reactants viz. divalent metal oxide (MO) and FeqOj. After
nucleation of the ferrites the boundry changes to two phases, one between

Fe203 and MFe204 and the other between MO and MFe204. This can

. be explained diagramatically as shown in Fig. 2.2,

In continuation with the reaction, the reactants are transported

through the ferrite phase.

The transfer mechanism can be discussed by three ways which

attribute to ferrite formation.

(8,9)

According to Wagner in the first mode of transfer mechanism,

only cations migrate in the opposite directions with the oxygen ions essen-
tially stationary.

JIn the second mode of transfer mechanism diffusion of cations
is compenséted by an associated flux of anions instead of andther cation
migration,

The third mode of transfer mechanism involves the diffusioﬁ

of iron through ferrite layer in the reduced state Fe+.2
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Fig. 2.1

The Polycrystalline structure.
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One phase boundry

Fig. 2.2
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Two phase boundries
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2.4)  The General Formula of the System :

The general formula of our ferrite system is
Zn, Mg, -x+tzrtFeZ-2tO4
Where
X = 0,0.2, 0.4, 0.6, 0.8,1.0
and
t= 0.05
2.5) Raw materials :
AR grade  o{_ - Fe,04, MgO, ZnO and ZrO,.
2.6) Weighing :
The oxides were weighed. on a single pan balance of least

-5 . . . .
count 10 © gm and mixed according to their molecular weight percentages.

Table 2,1 gives details of molecular weights of compositions.

Table 2.}

Chemical formula and molecular weights of 'the system.

Samgfe Chemical formula wgigﬁ‘:mr
1 Mg 1.052"0.05""’ 1 .900 1 200.196
2 MgO'SSZnJZrOOSFe l.900 4 208.414
3 MS.GSZ“.‘SZ'P.OSFeI.904 216.625 -
4 Mg. 452".62r.05Fe i -90 4 224, 837
5 Mg.252n.82r‘05f-'e 1.904 233.747

6 Mg.OSZan.osFe i .90.1 241,256
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The weighed oxides were throughly 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 furnaée at the rate of 800C per hour by reducing the furnace

current gradually. A cromet~alumel thermocouple was used to measure

the temperature.

The samples were finely powdered in agate morter.

2.8) Pellet formation :
The samples were powdered and pellets of 1 cm diameter

were prepared by applying pressure of 10 tons/inch2 for about 10 minutes.

2.9) Final Sintering :-
The pellets so prepared were sintered in the glober furnace
at 1100°C for about 24 hours. The samples were cooled at the rate

of 80°C/hour. The flow chart of the stages in the ferrite preparation

is shown in Fig. 2.3

B) X-Ray Diffraction Study

2.10) Introduction:

X-Ray diffraction technique is a well established tool for the
study of crystal structure of materials. To confirm the single. phasse
formation of ferrite samples and characterization of crystal structure
XRD patterns have been recorded. The peaks of the diffre;ctogram have

been indexed, The lattice constant a and d values have been calculated,

The results are discussed.



36

Flowchart of the stages in the ferrite preparation.

Preparafion of Ferrite composition
{ Dry process) {Wet process )
Weigh and mix the Weigh and dissolve
starting material the starting material
Carbonates,oxalates
Oxides| iitrates etc. |
' Precipitation
Dccompose
by heet
. . Filter,
Mix, usually by mill ‘ ! g's ?\reyc::ga;:cy)wder
¥
Pre-Sinter
]
Mill
L
: Sinter

b

Mill—~add, binder and lubricate if necessary:

1

Press . Final sinter and Finish

Fig. 2.3
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2.11) Details of Diffractometer :

}] Target used CuKyg with monochromator
1) Wavelength = 1.540A°
[$1] Rate of scanning 2° per min.

V) Range of 28 - 15° to 100°

For a cubic lattice, the interplaner distance dhkl, lattice para-

(10)

meter a and Miller indices (h k 1) are related by the relation

_ a
dhkl = (2.1)

According to Bragg's law

Zdq Sin® . - n N

For n = 1 {first order diffraction)

24, SinO,,, =N (2.2)

The lattice parameter ' a ' in this is calculated by using the
relation (2.1) for (4 0 0) plane. For other planes, (h k 1) values were

(1)

determined by the usual procedure and the peaks were indexed.

2.12) Results and Discussion :

XRD patterns are shown from fig.2.9to fig. 2.14.

The diffraction maxima have been indexed and indices were
tallied with those expected for spinel structure. The reflections observed
are (1 1 -1),(2 20,3114 0'0),(4 22,51 1D,(440),(531)(64 0).

These correspond to the allowed values of reflection for cubic

(1)

spinel structure’ '. 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

0

Mg‘_o.‘_.,Zro‘osF‘e1_9004 a = 8.4184 A
o) d(obs) d(Cal) | Plane
30.12 2,964 2.976 (220)
35.49 2.530 ' 2,538 (311)
53.49 1.712 1.718 (422
43.10 2,097 2.105 (4 0 0)
57.03 1.614 1.620 511
62.61 1.482 1.488" (4 4 0)




Table 2.3

_ (o]
Mgg.85210.220,057¢1.9004 a = 8.4196 A
Q d(obs) d(Cal) Plane
30.00 2.974 2.977 (2 2 0)
55.5 4.865 4.861 (111
53.4 1714 1.719 (4 2 2)
62.5 1.490 1.488 (4 4 0)
43.00 (400

Table 2.4

(o]

Mg 652M0.4%70.055 €1.9004 a = 8.4416 A
@ d(obs) d(Cal) Plane
18.15 4.884 4.874 (111
29.87 2.887 2.985 2 2 0)
35.23 2.545 9.545 B11)
53.20 1.720 1.723 (42 2)
62.20 1.491 1.492 (4 4 0)
56.63 1.624 1.625 (51 1)

42.82 2.110 ‘ 2.110 (4 0 0)
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Table 2.5

0

Mgm45 Zn0.6 ZrO'05 Fel'90 04 a = B,4488 A
8 d(obs) d(CaI) Plane
18.09 4.899 4,878 (111
28.09 2.989 2.987 (2 2 0)
35.19 2.549 2.548 311
42,78 2.112 2.112 (4 0 0)
53.07 1.724 1,725 (4 22
62.14 1.492 1.493 {4 40
56.59 1.625 1.626 511

Table 2.6

0

M&).ZSZ"O.Ber.OS Fe|_904 a = 8,4432 A
18.20 4,871 4.874 (111)
29,91 2.985 2.985 (220
35.23 2.545 2.546 311
42.80 2.110 2.110 {4 0 0)
56.61 1.724 1.723 (4 2 2)
62.17 1.500 1.625 (511)
62.30 1.489 1.492 (4 4 0)
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Table 2.7

[o]

Mgo.o52.'n2r0.05i’e'.904 a = 8,4476 A

s] 9(0bs) dca Plane
29.88 2.987 2.987 (220
35.20 2.547 2.547 (311)
42.78 2.112 2.112 (4 00)
53.05 1.725 1.724 (4 2 2)
56.55 1.626 1.626 51 1)
62.11 1.493 1.493 (4 4 0)
13.46 1.288 1.428 {53 1)
88.96 1.099 1.17% (6 4 0)

8801
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Variation of lattice parameter with content of Zn is given in table 2.8

Table 2.8
Content of Zn Lattice Constant
o T 8418 A°
] 0.2 8.120 A°
0.4 ga12 A°
0.6 8.449 A°
0.8 8.443 A°
1.0 8.418 A"

In fig. (2.4 it is seen that compositional variation of lattice para-
meter 'a' with the content of Zn exhibits a linear increase

from x = 0 to x = 0.6 and then remains nearly constant,



44

Table 2.9 lonic Radii

Cations zn*2 Mg*2 Fe*3 zetd

fonic 0.83 A° 0.75 A° 0.67 A° 0.80 A°
radius

In an Mgl‘“tZrtFe?_z[O4 system addition of Zn by x results in
decrease of Mg+2 content by (l-x).

Zr*'4 is substituted in the system and t = 0.05 substitution of

Zr results in increase of Mg"2 content from Fezl'3 to Feztgt

The ionic radii of the cations involved are given in table No.2.9.

In fig.2.4 variation of lattice parameter a with the content
of Zn is given. It is seen that the lattice parameter increases with
the addifion of Zn*z. This can be attributed to the more ionic radius

of Zn*zwhich substitutes Mg“2 of less ionic fadius.

Comparison of the lattice parameter of MgFe,0, {a = 8.360 A%)
with that of Mg, o¢ Zry oo Fe, g0, (a = 8.418 A®) suggests that

addition of Zr"4 has an effect of increasing the lattice constant,

D.C. Khan et. aL(!2) have carried out studies on lattice para-

meter variation of Ni-Zn ferrite system with addition of:Tl,Zr and Sn.

A number of coworkers had postulated movement of ions to

4 (13).

the non preferred sites i.e. Zn"2 to B' Sn*? to A and 'I‘i"4 to A

(13,14,15)

On the basis of existing prediction the preferred sites for Ti,

Sn, Nb and Ni are B and that for Zn is A. The 'effeqt of substitution

of Zr on the lattice parameter can be explained by the combined effect

(]
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of the cation size 'b' on the repulsion parameter and of the A site charge
on M - the Medelung constant; where the lattice parameter is proportional
to (b/M). The entry of tetravalent and higher valance cations in A-sites
increases their charge resulting in the increase in M..- When the substitu-
tion ions are small,like Ti"“”’, b/M decreases. When the ions are larger
like Zr+4(a = 0.80) an increase in 'b' may offset an increase in M in

the initial ;tages leading to an increase in b/M and hence in the lattice

parameter.

(

Hastings and Corlin 16) have reported values of 8.44 A° and
8.36 A° for Zinc ferrite and magnesium ferrite respectively; Verwey
et.a!(”) have reported values of 8.416 A° and 8.36 A® for Zinc ferrite
(18)

and cobalt ferrites respectively. Guillaud reported a value of 8.43A°

for Zinc ferrite. Our values of lattice parameters agree satisfactorily

with those reported for the Zn-ferrite and Mg-ferrite (19,20,21)

Table 2.10

X-ray density; Radii of sites and No. of molecules (n) per unit cell

Material X-ray density n (A9 r, A°
' gm/cc A B
Mg l.0521'().05!78].904 4.458 8 0.4925 0.7745
. Mgo.852n0.22r.05Fe 1.904 4.677 8 0.4929 0.7750
Mg'652n0.42r.05Fe L904 4,786 8 0.4973 0.7800
MgO.4SZ"O.62r.05FeI.9O4 4.968 8 " ©.4973 0.7800
Mg.zsznO.BZr‘osFe l.904 5.165 8 0.4973 0.780Q
Mg»OSZnZr.c’lee1.904 5.331 8 0.4973 0.7800

MHR. BALASAHEB KHARDEXAR
QIVAJI UNIVEBSITY, xmuk?uﬁz.“
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In table 2,10 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

dx = 8 {.‘; 2.3
Na
23
where M is molecular wt; N is Avogadro's number (N = 6,022 x 107°)

and 'a' is lattice constant. The number of molecules in a unit cell is

computed from the relation(n,

3
dx: E.._f.]._a._ ----- 2.4

where $ is the X-ray density (gm/cc).

Radii of A and B sites are calculated using the formulae

r, = -'-l~) a (3'21 - r (0“2) 2.5
A = (u.. A @ WK = T HO0 } eceessae .
S . <2
rg = (8 Uya-r(0) | Lo 2.6
where u = % ; r (0-2) = 1.33 A°

Initially both rp and rp increase with the addition of Zn and for x ) 0.4
there is no variation.Fig.tl.S.)

Unit cell is also confirmed to have number of mol ecules equal
to 8. FCC Bravais lattice is recognized by the fact that all reflections
with mixed indices are missing. The values of ( h k,1) are unmixed
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 singie phase nature of ferrites.
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"
I

Hip (Am ) 2.7

. Iam(Y) (o)
3 v

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

pores and M is the molecular wt. If 1‘.53.‘ is constant
Hip o< \3 where Hip = 2 () ap’!
3 Vv

A sintered polycrystalline body is not truly solid but contains
many pores. The quantity, size, shape and distribution of both grains
and pores through the body will very with different forming techniques

and with firing temperature, atmosphere and time. Clearly' pores distribu-~

tion and size will affect physical properties also. e.g. local magnetic
field created by species and non-magnetic inclusions is given by Hip.

Thus the dense ferrites formed by hot pressing technidue lead to compre-

hensive understanding of physical properties. All samples exhibited cubic

spinel structure,

Bond lengths R A and RB have been calculated by using relations

Ry, = av3 (d+3) : 2.9
2 —

2 § ] 2 2.10
RB = 8(36-—-5-{-]‘6)

J = 1 - 0.375 = deviation from A\ value

\

In table 2.11 these calculated bond lengths are presented.
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Table 2.11
Bond lengths RA and RB
o o
Sample RA(A ) Ru(A™)
1. Mg l.Oser.OSFe ‘.900 4 ~1,9099 2.0540
2. M50.852"0.22f0.05 Fe 1.9 00 4 1.9250 2.0460
3. MgO.GSZ"OAZ'O.OSFel.9004 1.9446 2.0430
4, Mgo. 452n0.62r0.05Fel.900 4 1.9462 2.0450
S. MgO.ZSZ"O.aer.OSfeI.900 4 1.9595 2.0350
6. MgO.OSZ“ l.Oer.OSFe 1.900 4 1.975 3 2.0300

In fig.2.6 variation of R, and RB with content of zinc |s
shown. It Is seen that RA increases with increase of zinc content while

RB decrease as the content of Zinc Increases.
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The Increase “of average bond length RA can be attributed

. 23).
to the Increase in the lattice parameter 'a' with the content of Zn( ) As

the content of Za in the system Zn Mg, . Zr Fe, 50, Increases,

‘presence of Zn"2 fons on A-site increases. Since .'!rﬂ-‘v:204 Is normal

spinel and Zn’2 fons occupy A-sites only, the bond length R/\ increases

2
with more content of Zn'* in the system,

Levine(u’ in his work on bond susceptibility .of spinels have

shown that there exists an inverse relationship between the covalent

. character of spinel and bond length. Mande(zs, et.al, have applied this

theory to spinel ferrites.
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C) Curie Temperature

2.13  Measurement of Tc:-

The procedure for experimemal determination of Curie tempe-
rature is explained in detail below. A method of determination of Curie

(26)

temperatufe is already suggested by Laroia et.al.” '« We have improvéd
upon it for it has its own short comings. The pellets as well as the
core of the electromegnets are exposed to hot environment leading to
the short circuit, due to which damage is caused to the enamel of the
wire of the electromagnet. \We have not expdéed the core of the electro-
magnet directly to the furnace temperature. Instead induction met‘hod
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.2.7)

Table 2.12
Sample Experi- From From -
mental suscepti-  conductivity
bility

o (o]
Mg 1.052’.05 F}:LQGO4 422°C 440°C -

o~ . (o}
M% .8521'\.221"05 F‘el.goo4 335°C 325°C . 315

o o
Mg .652n.4 Zr .OSFe 1.9004 200°C 225°C 182

: o 0 ) 0

Mg.452“.6 Zr.osFe 1.9004 68°C 150°C & 70°C 127°C
Mg 9577 8 ZF osFe 1924 - - -

Mg gsZnZr ey 9904 - - -
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Table 2.12 above gives the details of the Curie temperatures
obtained experimentally & found from susceptibility and conductivity

studies. The variation of Tc with the content of Zn is shown in flig.2.8

It is seen that there Is a non linear decrease In the Tc values on addition
of Zn in the system. The lowering in Tc can be attributed to the reduction

in A-B interaction.

Rezlescu et.al.(zn investigated the influence of preparation

techniques and cation distribution on various properties of copper and

magnanese mixed ferrites. In Zinc mixed ferrites, the A-B interaction

reduces with addition of Zinc lons and the Curle temperoture drops.

Variation of Curie temperature of !m’:xZn(l_x’FeZO4

(where Me = Ni, Mg, Cu, Co etc.) with Znic content is found to be similar.
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