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Abstract

The powder of Mn-Zn ferrite having the chemical formula Mn., Zn,Fe,O, where x varies from 0, 0.1, 0.2, 0.3,
0.4, and 0.5 were synthesized by solid state Reaction method. The X-Ray Diffraction studies confirm the
formation of spinel cubic structure. The particle size was calculated by X-ray broadening studies. Also the
structural parameters like Lattice Constant, X-ray density, bulk density (d), Porosity (P), ionic radius (R, , Ry)
and anion parameter or the oxygen positional parameter for all the samples. The micro structural features of the
samples were obtained using a Scanning Electron Microscopy (SEM). The magnetic properties of Mng,.
wZnyFe,04 ferrites were strongly affected by the Zn content. The saturation magnetization increased. It may be
due to relatively high orbital contribution of Mn®" ions to magnetic moment, which gives large induced

anisotropy.
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Introduction

The Mn — Zn ferrite is a soft ferrite having low
magnetic coercivity and high electrical resistivity.
These characterizations make these ferrite excellent
core materials for power transformers in electric and
telecommunication applications [1]. The Mn-Zn
ferrites are commonly produced by conventional
ceramic processes involving high temperature (>
1200 °C), solid state reactions between the constituent
oxides/carbonates. The electronic structure of this
material may be qualitatively understood as a
generalized Mott insulator [2]. The strong intra-site
coulomb repulsion between d electrons splits the
partially filled d band into upper and lower Hubbard
bands, which results in an insulating electronic
ground state and local magnetic moments at the same
time [3]. Manganese ferrite (MnFe,O4) with an
inverse spinel structure shows ferrimagnetisms that
originates form magnetic moment of anti-parallel
spins between Fe** ions at tetrahedral sites Mn?* ions
at octahedral sites [4]. Morrison et al [5] has observed
the presence of Zn“* ions in octahedral sites in the as
prepared state itself when the material was prepared
with 7nm size particle using reverse micelle process.
The present work aims to carry out multifold studies
in a comprehensive manner.

1. Preparation of Mn (1.4Zn,Fe,O, where x = 0, 0.1,
0.2, 0.3, 0.4 and 0.5 sintered at 1200°C are referred as
Cy, C,, Cs, Cy4, Cs and Cq by ceramic method.

2. X-Ray Diffraction studies to confirm the
constituent phase formation. This technique is also
used to study the structural deformation of phase by
calculating lattice parameters.

3. Surface morphological studies by SEM.
Experimental details

The Mn-Zn ferrites were prepared using the Ceramic
route. The powders of MnO, ZnO and Fe,O; in the
required stoichiometry were thoroughly mixed of
oxides as required for final product. The second
stage of pre-sintering involves heating of intimate
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mixture of raw materials in order to decompose
carbonates and higher oxides. The pre-sintering helps
in homogenization, to remove the absorbed gases and
moisture, causes partial reaction of the oxides and
tends to reduce the shrinkage during the final
sintering. The pre-sintered powder is then ground to
fine powder to reduce the particle size and to promote
mixing of any unreacted oxides. The dried powder is
pressed to the required shape using the binder 1%
polyvinyl alcohol in adie, applying pressure of 5-6
tons by means of hydraulic press. The pellets of the
required shape are thus formed for further processing.
The final stage of sintering involves heating the
pressed material unnecessary at 1200°C for 12 hours.
The sintering involves large scale diffusion and
erasing of gradients of chemical potentials, resulting
in information of product.

The single phase formation of the materials was
confirmed by powder X-ray diffraction technique. X-
ray diffractogram of all samples was recorded using
an X-ray diffractometer (model Bruker D8 Advance).
The X-ray diffractograms were obtained using Cu Ka
radiation on a Philips X-ray diffractometer (model
PW1710). The diffraction patterns show the sharp
lines corresponding to a single-phase spinel structure
for all the samples. The SEM micrograph studies
were carried using SEM model JEOL JSM 6360. The
magnetization measurements studies were carried out
by using the high field hysteresis loop tracer designed
at department of physics, pune university, Pune-
India.

Results and discussion:-

Structural analysis by XRD

X-ray diffraction patterns for Mny,Zn, Fe,04
sintered at 1200°C are shown in Fig. 1. The X-ray
patterns show the existence of spinal structure with
the reflection planes (220), (311), (222), (400), (422),
(511), (440) and (533). It is found that for the samples
sintered at 1200°C, the single phase spinel structure
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was constructed. There are no extra peaks indicating
purity of the samples synthesized. The positions of all
the Bragg lines were used to obtain the interplaner
spacing and these values were used to index the
peaks. The observed and calculated (d) values are
given in table (1). These values are in good
agreement with each other for all indexed planes in
case of all samples.The lattice constant (a) and the
Miller indices (hkl) of reflecting planes are related by
the following equation [6].

d=—=2 (1)
vh? +k? +1?
Substituting the values of (d) in equation (1) one can
calculate the lattice parameter (a).
The average particle size (D,) of the samples is
calculated using Scherrer’s equation [7].
kA

P Bcosd
where k = 0.89 (assuming the particles are spherical
in shape); A = wavelength of X-ray; p = full width at
half maximum (FWHM) of the diffraction peak; and
0 = angle of diffraction. The X-ray density of the
ferrite and ferroelectric was calculated using the
following formula [8]:

p.=8M/Na®------- ©))

where, M is the molecular weight expressed in grams,
(a ) is the lattice constant and N is Avogadro’s
number (6.023 x 10* molecule / mole ).
The actual density of the samples can be calculated
using the Hendrick and Adams method [9].This
method depends upon the weight of the sample in air
and in a liquid of known density in which the sample
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is insoluble. In the present studies xylene was used as
liquid in which ferrite/ ferroelectric/ composite
sample were immersed. For these samples xylenes
(p =0.861 g/cm® at 20°C) was used. The actual

density ( p, ) was calculated using the formula
Weight of sampie in air

p,=— U S « densify of xylene
IWeight of samplein air =1eight in xylene

—)
Pa = Wair
Vvair -W,
The porosity was calculated by using the following
equation [10].
Percentage porosity _ {100 (p- pa)} %
p)(
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Fig. 1 X- ray diffraction patterns of Cy, C,, Cs, Cy,
Cs and Cgsamples.

Table 1 Miller indices and inter planer spacing for Mn.,nZn,Fe,0, ferrites.

(hKI) | dg. C. G Cs C4 Cs Ce
dobs. dobs. dobs. dobs. dobs. dobs.

(220) | 2.966 | 2.970 | 2.970 | 2.970 | 2.980 | 2.980 | 2.980
(311) | 2.531 | 2.529 | 2.528 | 2.530 | 2.532 | 2.534 | 2.535
(222) | 2.424 | 2.424 | 2.424 | 2.431 | 2.430 | 2.437 | 2.430
(400) | 2.099 | 2.099 | 2.099 | 2.104 | 2.104 | 2.104 | 2.109
(422) | 1.713 | 1.713 | 1.713 | 1.716 | 1.719 | 1.722 | 1.722
(511) | 1.615 | 1.616 | 1.616 | 1.618 | 1.618 | 1.621 | 1.621
(440) | 1.483 | 1.484 | 1.484 | 1.486 | 1.486 | 1.488 | 1.490
(533) | 1.279 | 1.284 | 1.283 | 1.283 | 1.283 | 1.284 | 1.284

The variation in values of lattice constant, effective
crystallize size, lattice strain, X-ray density, bond
lengths, ionic radius per molecule of the tetrahedral
and octahedral sites and oxygen position parameter
for all series have been calculated in a same fashion
to that of Mn-Zn ferrite system are given in table 2 .
It is clear from table 2 that with increase in Zn
concentration in place of manganese the lattice
parameter increases. The linear increase in the lattice
constant is due to the replacement of Zn?* (0.74 A)
ions by larger Zn?* ions with an ionic radius of Mn*
(0.83 A) in the system Mn1.gZngFe,0,4. Similar
results are obtained for Co-Zn ferrite system [11]

In ferrites, the charge carriers are not completely free
but are strongly localized in the d-shell; this
localization may be due to formation of polarons. A
small polaron defect is created when an electronic
carrier gets trapped at given sites as a consequence of
the displacement of adjacent atoms or ions. An
attempt has been made to calculate the polaron radius
for all the samples studied by using the following
relation [12].
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where N’ number of sites per unit volume =96/a .

Also we have calculated jump length (L) by using
the following relation [13].

L=a~2/4 )

The values of jump length for various values of Zn
concentration are summarized in Table 2. This shows
that Jump length (L) and polaron radius (rp) increases
with increasing Zn concentration suggests that charge
carriers require more energy to jump from one
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cationic site to other. Theoretical density obtained
from X-ray diffraction data and experimental density
obtained using Archimedes principle was used to
obtain porosity in the samples. It is seen from the
Table 2 that the porosity decreases with increase in
Zn concentration. The decrease in porosity is due to
larger ionic radii of Mn*" as compared to Zn*. This
may be due to evaporation of Zn*? ions at higher
sintering temperature.

Table 2 lattice constant (a), effective crystallite size (€), lattice strain (1), polaron radius (rp) Jump rate

L), x-ray density (py), actual density (p,

) and percentage porosity (p).

Sample | A(A) | ¢ (nm) | (%) ) (A) | LA) Px Pa P(%)
(gm/cm®) | (gm/cm®)
C, 8.499 | 21.9 2.8%107 | 0.738 | 2.966 | 5.210 4.880 6.334
C, 8.489 | 25.1 2.8%10° | 0.739 | 2.970 | 5.213 4.929 5.450
Cs 8.480 | 22.2 2.9%107 | 0.740 | 2.974 | 5.214 4.976 4.564
C, 8.371 | 21.4 2.8%10° | 0.740 | 2.978 | 5.215 5.025 3.643
Cs 8.460 | 22.2 2.8*10° | 0.741 | 2.980 | 5.217 5.107 2.108
Cs 8.451 | 22.2 2.9%107 | 0.742 | 2.986 | 5.218 5.121 1.850
The variation in values of bond lengths, ionic radius Ry=(u-v4)a3...... (8)
per molecule of the tetrahedral and octahedral sites R :(5/8—u)a ........ (9)
and oxygen position parameter for all series have 8 _ . .
. . where u = 0.381 is oxygen parameter for nickel
been calculated in a same fashion to that of Mn-Zn ferrite[14]

ferrite system are given in table 3 . It can be seen that
the mean tetrahedral ionic radius increases
continuously with increasing Zn-concentration. It is
observed that ionic radius of the octahedral site
decreases with increasing Zn concentration. As such,
it can be concluded that in the present system
tetrahedral site substitution plays a dominant role in
influencing the value of the lattice constant. The
Bond lengths R4 and Rg are calculated by using the
equations (8) and (9) respectively.

The oxygen positional parameter or anion parameter
(u) for each composition was caculated by using the
following formula [15], and is given in tablel.
1

1U_, 17
*[ER *E} . (10)
2R? -2
where R = Rg/Ra .. The bond lengths Rg, Ra are
average bond lengths,

2

3

ERZ
4

3m _

u

Table 3 Cation distribution, bond lengths (R, Rg), ionic radius per molecule of the tetrahedral and
octahedral sites (ra , rg) and oxygen position parameter (u)

Samples | Substance | Tetrahedral | Tetrahedral | Ra(A) | Rg(A) | ra(A) | rs(A) | u(A)
A sites B sites

C: MnO.Fe,0, Fe* Mn**.Fe®* 1.990 | 2.045 | 0.67 | 0.725 | 0.2600

C, 0.9MnO.Fe,0; | Zn*, Fe* oy | Mn¥o.Fe*" 1, | 2.006 | 2.039 | 0.686 | 0.719 | 0.2610
0.1Zn0.Fe,05

Cs 0.8Mn0.Fe,03 | Zn*",Fe** s | Mn*s.Fe®*, , | 2.022 | 2.034 | 0.702 | 0.714 | 0.2619
0.2Zn0.Fe,04

C, 0.7MnO.Fe,0; | Zn* 3Fe**y; | Mn* ;. Fe®*, 5 | 2.038 | 2.028 | 0.718 | 0.708 | 0.2629
0.3Zn0.Fe,04

Cs 0.6MnO.Fe,0; | Zn*Fe’*os | Mn™6.Fe*" 1, | 2.054 | 2.023 | 0.734 | 0.703 | 0.2638
0.4Zn0.Fe,04

Cs 0.5MnO.Fe,0; | Zn" sFe**os | Mn*5.Fe*" s | 2.070 | 2.017 | 0.750 | 0.697 | 0.2648
0.5Zn0.Fe,04

Surface Morphological studies by SEM size goes on increasing with increasing Zn

Fig. 2 show micrographs of the samples C; — Cg
sintered at 1200 °C. It is seen from the micrographs
that the grains are well compacted with wide size
distribution. The grains are polygonal in shape and
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concentration. The increase in grain size with
increase in Zn concentration is attributed to higher
reactivity of Zn**.
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Fig. 2 SEM micrograph of Cy, C,, Cs, C4, Cs and Cgsamples.

Magnetic Hysteresis

Magnetic hysteresis plots for C;, C,, Cs, C4, Cs and
Cs samples are shown in Fig.3. The main observations
from Fig.3. Are as follows: i) All the plots show
magnetic hysteresis behavior at room temperature.
The magnetic field at which saturation magnetization
increases from 2000 gauss to 5000 gauss as Zn
content in place of Mn in MnFe,O, increases. ii) All
the samples under study show clear saturation of
magnetization.  The  saturation  magnetization
increases with increase in Zn?* content in place of
Mn?* in MnFe,O, increases. The increase in
saturation magnetization may be primarily due to the
substitution of nonmagnetic Zn** ion (d'%) for Mn?*
into the magnetic ferrite lattice. Zn** has a stronger
preference for the tetrahedral site (A site), while Mn**
ions (for which Zn is substituted) are located on
octahedral site (B site) of AB,O, spinel ferrite. Thus,
Zn** displaces Fe** from A to B site. As the magnetic
spin of neighboring A and B sites are anti-
ferromagnetically coupled (due to the super exchange
interaction in ferrite lattice), the net result is an
increase in magnetic moment on B sub-lattice, as well
as the increase of the net magnetic moment of the
crystal [16].Cation distribution and net moment per
Molecule of Mng.,Zn,Fe,O, samples can be
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explained and is given schematically in the following
table 4. It shows how the calculation is made for Mn-
Zn ferrite samples. The structure is inverse, with all
the Mn?" moments of the Fe** ions therefore cancel,
and the net moment is simply that of the Mn? ions in
B site and the Fe** ions evenly between A and B site
while Zn* ions non magnetic, which is 0 uB Occupy
the A- sites [17]. Generalizing on this, we conclude
that the the saturation magnetization py of any
inverse ferrite is simply the moment on the divalent
ion.
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Fig. 3 Hysteresis of Cy, C,, C3, C4, Cs and Cgsamples.
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Table 4: Cation distribution and net moment per Molecule of Mn.4Zn,Fe,O, samples.

Samples Substance Structure Tetrahedral Octrahedral Net Moment
A Site B Site (uB/Molecule)
C, MnO.Fe,05 Inverse Fe¥* Mn?*  Fe¥*
5 5 5 5
0.9Mn.Fe,04 Inverse Fe®* Mn®*  Fe® 45
4.5 4.5 4.5
C,
0.1Zn0.Fe,04 Normal Zn** Fe** Fe* 1
0 05 05 —_—
5.5
0.8MnO.Fe,05 Inverse Fe¥* MnZt  Fe¥*
4 4 4 4
Cs
0.2Zn0.Fe;04 Normal Zn** Fe** Fe** 2
0 1 1 —_—
6
0.7MnO.Fe,04 Inverse Fe¥* Mn**  Fe* 35
Cy 35 35 35
3
0.3Zn0.Fe,05 Normal zZn* Fe**  Fe* —
0 15 15 6.5
0.6MnO.Fe,0; Inverse Fe* Mn*  Fe® 3
3 3 3
Cs 4
0.4Zn0.Fe,05 Normal zZn** Fe*  Fe* —
0 2 2 7
0.5MnO.Fe,0; Inverse Fe¥" MnZ  Fe¥ 25
Cs 2.5 2.5 2.5
0.5Zn0.Fe,05 Normal zZn* Fe**  Fe* 5
0 2.5 25 S
7.5
Conclusions positional parameter for all the samples are

In the present work, we have successfully synthesized
Mn_Zn,Fe,0O, ferrites by solid state reaction method.
In the structural study of Mn-Zn ferrites, crystalline
nature is confirmed by X-ray diffraction. The Bragg’s
peaks observed in XRD plots are matching with the
JCPDS data which indicates that the materials formed
are of single phase having inverse spinel cubic
structure. Also lattice constant, unit cell volume, X-
ray density, bulk density, porosity, pore fraction,
ionic radius and anion parameter or the oxygen
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