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Abstract
In the present investigation the samples with chemical composition CaSr, (Mn-Zn),,Fess
«O27(x= 0.2, 0.4, 0.6, 0.8, 1.0) have been synthesized by using chemical co-precipitation
method. X-ray diffraction (XRD) and transmission electron microscopy (TEM) were used to
study structure, lattice constants, crystallites size, x-ray density, bulk density, porosity and
shape of ferrite powders. The prepared samples were found to have W-type hexagonal
structure with the lattice parameters a= (5.77 A-5.82 A) and c= (33.08-33.47 A). The
average crystallites size calculated from XRD analysis is found to be 27.9 nm. The
dependence of conductivity, dielectric constant and dielectric loss tangent on both the
frequency and temperature was studied by using impedance analyzer. The increase in
conductivity with an increase in temperature shows a semiconducting behavior of the
compound. The room temperature (RT) resistivity varies from 5.38x10°Q-cm to 1.43x10%Q-cm

with the doping concentration.
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INTRODUCTION

Hexagonal ferrites have been a topic of
interest due to their high resistivity and low
eddy current losses [1-8]. Due to their low
eddy current losses, there exist no other
materials with such a wide ranging value to
electronic applications in the terms of power
generation, conditioning and conversion.
There are six types of hexagonal ferrites, M-
type (AFe;;050), W-type (AMe,Fe;s0,7), Y-
type (AMeyFe;,02,), X-type (A:MesFesOss),
U-type (A4Me, Fess04q0) and Z-type
(AsMesFex041). A W-type ferrite  with
chemical composition AMe,Fe;0,7, where
‘A’ represents alkali earth metals, usually Ba,
Sr, Ca, Pb, etc. and Me represents a divalent
metal ion, has same crystal structure as that of
M-type ferrite except the structural ‘R’ blocks
are separated by two ‘S’ blocks. The unit cell
is composed of sequence RSSR*S*S*, where
* represents rotation through 180° [9-13]. The
presence of divalent and trivalent cations
makes the W-type ferrites interesting for
different technical application, since their
characteristics may be varied by substitution
of both divalent and trivalent cations. W-type

hexaferrite are widely used in high density
magnetic recording media, over coat-free,
contact or semi-contact recording media and
microwave tunable devices working at high
frequency, above 70 GHz [14-17]. Method of
synthesis plays an import role in controlling
homogeneity, morphology and magnetic
properties of hexagonal ferrites.

In the present work, a co-precipitation method
was used to obtain homogeneous, ultra-fine
and reproducible CaSr,(Mn-Zn)y,Fes. xOo7
hexaferrites particles. This method is suitable
for preparing particles in the nano range.

EXPERIMENTAL

CaSr, (Mn-Zn),,Fe1s «O27 hexaferrites particles
were prepared by chemical co-precipitation
method. AR grade calcium nitrate (Ca (N0s),),
strontium nitrate  (Sr (Nos),), manganese
nitrate (Mn (No03)4), zinc nitrate (Zn (No3),)
and ferric nitrate (Fe (No3)3.9H,0) were used
as starting materials. Stoichiometric amounts
of calcium nitrate, strontium nitrate,
manganese nitrate, zinc nitrate and ferric
nitrate were dissolved one by one in 100 ml of
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distilled water. Ammonia solution (25%) was
added slowly to adjust pH of 7. The mixed
solution was stirred for two hours by using
magnetic stirrer and was kept for 24 h for
ageing. The calcium-strontium hexaferrite
precipitate was separated in a centrifuge
machine. The precipitate was washed in 1:1
mixture of methanol and acetone followed by
100% de-ionized water to remove impurity.
The precipitate was dried at 100° C for about
24 hours and crushed and calcinated at
1000° C for 4 h. Finally, crushed for 5 h to
obtained CaSr, (Mn-Zn),,Fe1x027 hexaferrite
particles.

The X-ray diffraction was studied by using
XPERT-PRO diffractometer. The lattice
parameters (a and c), x-ray density, bulk
density, porosity and particle size were
calculated from the XRD analysis. The
microstructure was studied using transmission
electron microscopy (TEM).

RESULTS AND DISCUSSION
Structural Characterization

The polycrystalline Mn-Zn doped CaSr,: W-
type ferrites were studies by the X-ray powder
diffraction method (Figure 1) and found to
exhibit a hexagonal W-type symmetry. The
lattice parameters were calculated from the
relation:

1 4h?+k?>+kh) 2
az 3a? + c?

The lattice parameters ‘a’ varies from 5.77—
5.82 A and ‘c’ varies from 33.08-33.47 A.
From structural parameters characterized by
lattice constants ‘a’ and ‘¢’ (Table 1), it
becomes clear that lattice constant ‘a’ shows
less variation and that of ‘c’ increases with
substitution. This is in agreement with the fact
that all hexagonal ferrites exhibit constant

lattice parameter ‘a’ and variable parameter ‘¢’
[18].

The increase in ¢ values may be attributed to
the larger ionic radii of Mn (0.67 A) and Zn
(0.74 A) than iron (0.64 A).

The X-ray density (dx) is determined from the
relation,
2M

d =——
* " N 0.866a2c

Where, M is the molecular weight, N is an
Avogadro’s number, “a” and “c” are lattice
constants. The variation in X-ray density may
be due to the difference in the molecular mass
of doped samples (Mn- 55 amu and Zn- 65
amu) and undoped sample (Fe- 56 amu) [19].
The porosity (P) is calculated from the
relation:
P=1 d

= 0
Where, d is bulk density and dx is X-ray
density.

The crystallite size (D) is determined by using
Debye-Scherrer formula as under [20, 21]:
0.91

~ bcosh
Where A is the wavelength and b is the
broadening of diffraction line measured at
half-width of maximum intensity (FWHM).
The lattice parameters, unit cell volume,
crystallite size, x-ray density, bulk density and
porosity are shown in Table 1.

The transmission electron micrograph (TEM)
for three samples (x= 0.2, 0.4, 0.6) are shown
in Figure 2. The average crystallite size is
found to be 27.9 nm, which agrees nearly with
the crystallite size obtained from XRD
analysis (Table 1).

Table 1: Lattice Parameters “a” & ’c”, Unit CELL volume, Crystallite Size, X-ray
Density, Bulk Density and Porosity.

Mn-ZnConc. | a(A) | c(A) Volume (A% cla D (nm) dx (glcm®) d (g/cm?) P
0.0 5.82 33.08 970.7106 5.68 47.67 5.27 2.95 0.44
0.2 5.81 33.10 967.8354 5.70 33.84 5.29 3.06 0.42
0.4 5.79 33.18 962.0763 5.73 36.02 5.32 311 0.42
0.6 5.78 33.23 961.5826 5.75 40.18 5.33 3.20 0.40
0.8 5.80 33.23 966.8134 5.73 48.01 5.30 3.30 0.38
1.0 5.77 33.48 966.6402 5.80 41.18 5.31 3.08 0.42
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Fig. 1: XRD of CaSr, (Mn-Zn),;,Fess <Oz,

Electrical Properties

The variation of conductivity with temperature
is shown in Figure3. As expected, the
conductivity increases with  temperature
showing semiconductor behavior of the
material. It can be seen that log ¢ increases
with that of temperature according to the

. . —-E
Arrhenius equation; o = oyexp (ﬁ) where

E is the activation energy, k is Boltzmann’s
constant and T is absolute temperature [8].

For each sample, there are two regions
characterized by transition temperature and
having different slopes. This is a magnetic
transition from ferromagnetic to paramagnetic.
The transition temperature is found to decrease
with the Mn-Zn concentration. The activation
energy increases on passing through the
transition temperature (Table 2). It may be due
to valence exchange mechanism between Fe*®
and Fe*? [22].
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Fig. 2: TEM Images for (a) x= 0.2, (b) x= 0.4, (c) x=0.6
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Fig. 3: 1000/T vs. log o.

Also an increase in the activation energy with
the Mn-Zn concentration is due to increase in
resistivity. The transition temperature is found
to be nearly equal to curie temperature. The
frequency  dependence  of  dielectric
constant () and dielectric loss tangent (tan )

is shown in Figure 4. The dielectric constant
decreases with the increasing frequency.

According to Koops model, the high values of
the dielectric constant at low frequencies can
be attributed to the interfacial space-charge
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polarization
heterogeneous structure of the samples, where

ferrites

samples

which

arises

from the

can be considered as

consisting of well conducting grains separated
by poorly conducting grain boundaries [23,
24]. The loss tangent decreases with increasing

frequency as

expected [25].

Since the

dielectric loss tangent depends on the ability of
charges to follow the external applied electric
field, the decrease of tan & with increasing

frequency

is due to the fact that the

polarization cannot follow the changes of
external field beyond a certain frequency [23].

Table 2: Activation Energy and Transition Temperature.

Conc Activation energy Room Temperature Resistivity (Q - Transition temperature Curie temperature
' (eV) cm) (K) (K)
Ferri Para
0.0 0.382 0.476 5.38E+05 552.99 561
0.2 0.389 0.467 1.40E+06 533 529
0.4 0.423 0.557 9.02E+06 503 500
0.6 0.448 0.628 2.32E+07 483 478
0.8 0.483 0.662 6.41E+07 473 470
1.0 0.505 0.705 1.43E+08 462.99 462
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Fig. 4: Frequency Dependence of (a) Dielectric Constant (b) Loss Tangent.
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Fig. 5: Temperature Dependence of (a) Dielectric Constant (b) Loss Tangent.
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The temperature dependence of dielectric
constant and dielectric loss tangent is shown in
Figure 5. The dielectric constant increases
with temperature showing a maximum at
nearly transition temperature. The dielectric
loss tangent initially increases  with
temperature and then decreases. The increase
of tan & with increasing temperature may be
due to increase of the hopping frequency of
the charge carriers [23].

CONCLUSIONS

Nanocrystalline  CaSr,Fe;s0,;  hexaferrite
powders were synthesized successfully by co-
precipitation method. The single domain
particles of W- type hexaferrite were obtained
at 1000° C. The X-ray diffraction patterns
confirm that W-hexagonal phase is dominant.
However, in some samples, few extra peaks
corresponding to M- type were also observed.
The crystallite size, as obtained from XRD
analysis, varies from 33.84-48.01 nm. The
electrical  conductivity  increases  with
temperature indicating semiconducting
behavior of material. The dielectric constant
and loss tangent decreases with frequency of
applied electric field.

The high values of dielectric constant at low
frequencies are due to the interfacial
polarization ensuring that the samples can be
considered as formed of well conducting
grains and poorly conducting grain boundaries
in agreement with Maxwell-Wagner theory
with Koop’s model.
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