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Abstract: In the present investigation the samples with chemical composition CaSr,(MnZn),,Fe16.027, (X = 0,
0.2,0.4, 0.6, 0.8, 1.0) W-type hexagonal ferrites were synthesized by chemical co-precipitation method. It shows
W-type hexagonal crystal structure having unit cell dimensions ‘a’ varies from 5-6 A and ‘c’ varies from 33-34
A SEM and TEM study reveals the hexagonal crystal structure of the ferrites. In order to study the electrical
behavior of the compound, the room temperature resistivity, activation energy, transition temperature along
with Curie temperature (by using Gouy’s balance) for all the samples have been carried out.
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I. INTRODUCTION

There have been numerous investigations on W-type hexagonal ferrite. These 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 wide ranging values to electronic applications in terms of
power generation, conditioning and conversion. A W-type ferrite with chemical composition AMe,Fe;50,7,
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 R S S R* S* S*, where * represents rotation through 180° [9-13]. W-type
hexaferrites are widely used in high density magnetic recording media, overcoat-free, contact or semi-contact
recording media and microwave tunable devices working at high frequency, above 70 GHz [14-17]. In CaW-
type hexaferrites, the Fe® ions occupy seven non-equivalent sub-lattices within R-block and S-block, i.e. 12k
(R-SS), 4f, (R), 6g (S-S), 4f, (SS) (octahedral coordination), 4e(SS), 4f,(SS) (tetrahedral coordination) and
2d(R) (bipyramidal coordination) [18-22]. The magnetic behavior of the compounds has been explained on the
basis of interaction amongst the ion occupying these sites. Because of several possible site distributions, various
comparative magnetic interactions can arise in the lattice and in turn all these decides magnetic properties of the
crystal.

I1. EXPERIMENTAL TECHNIC

The calcium W-type hexaferrite were obtained by using chemical co-precipitation method containing
AR grade nitrates. Stoichiometric amount of calcium nitrate, zinc nitrate, strontium nitrate, manganese nitrate,
ferric nitrate (99.99%) were dissolved one by one in 100 ml of de-ionized water. Ammonia solution (30%) was
then added slowly in the mixture to adjust pH of 8. The mixed solution were stirred for two hours and kept at
room temperature for 24 hours for aging. The calcium hexaferrite precipitates shall be separated by centrifuged
at 2500 rpm for 20 minutes. The prepared precipitate was washed in 1:1 mixture of methanol and acetone
followed by 100% de-ionized water to remove impurities. The precipitate was kept for drying at 100°C for 24
hours. Finally it was calcinated at 1000°C for 4 hours and grinded in agate pestle-mortar for six hours to obtain
CaW-type hexaferrite.

The crystalline structure of the W-type hexaferrites was identified with XPERT-PRO diffractometer at
TIFR, Mumbai. The content of the calcium W-type hexaferrite formed at the calcinations stage was estimated
from the integral intensity of the diffraction peak. The structural and morphological behavior was studied by
Scanning Electron Micrograph (SEM) and Transmission Electron Micrograph (TEM).

The electrical behavior of the compound was studied by graphical representation of logarithmic
conductivity with reciprocal of temperature. From this plot the room temperature resistivity, activation energy,
transition temperature along with Curie temperature (by using Gouy’s balance) for all the samples have been
carried out.
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I11. RESULT AND DISCUSSION
XRD Analysis
The XRD analysis was carried out using XPERT-PRO diffractometer at Tata Institute of Fundamental
Research (TIFR), Mumbai. The X-ray powder diffraction pattern of CaSr,(Mnzn),,Fe;s40,7 for x = 0 is
shown in Fig.1. All the reflections can be indexed applying a hexagonal crystal system and space group
P6s/mmc, which confirms that the phase belongs to the W-type crystal structure.
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Fig. 1: XRD of compound CaSr,(MnZn),,Fes.40»; (at x = 0)

The lattice parameter ‘a’ varies from 5.77 A-5.82 A and ‘¢’ varies from 33.08 A-33.47 A shown in
Table-1. The structural parameters characterized by lattice constants ‘a’ shows decreasing trend and ‘c’ shows
increasing trend with the substitution. This is in agreement with the fact that all hexagonal W-type ferrite exhibit
less variation in ‘a’ and ‘c’ [23]. This increase in ‘c’ values may be attributed to the lager ionic radii of Mn (0.67
A) and Zn (0.74 A) than iron (0.64 A).

The crystalline size is obtained from the X-ray diffraction data analysis and it is obtained around 47.67
nm for undoped sample. This crystalline size is found to be decrease with substitution for 0.2 and thereafter
increases from 0.4 to 1.0. X-ray density and bulk density shows increasing trend with the substitutions. A very
less variation is found in porosity which shows decreasing trend shown in Table-1. The density of Mn and Zn is
less than that of Fe. Thus, the addition of Mn-Zn should cause decrease in density of the compound whereas, the
increase in density is found with the substitution of dopant. This may be due to the difference in the molecular
mass of substituents (Mn = 55, Zn = 65, Fe = 56) [24].

Table-1: Lattice parameters “a” and “c”, volume V, particle size D, X-ray density dx, Bulk density d and

Porosity P
Conc a c V cla | D dx d P
x| A [ A) | &) (hm) | (g/em®) | (glem®)
0.0 5.82 | 33.08 | 1120.88 | 5.68 | 47.67 | 5.27 2.95 0.44
0.2 5.81 | 33.10 | 1117.56 | 5.70 | 33.84 | 5.29 3.06 0.42
0.4 5.79 | 33.18 | 1110.91 | 5.73 | 36.02 | 5.32 3.11 0.42
0.6 5.78 | 33.23 | 1110.34 | 5.75 | 40.18 | 5.33 3.20 0.40
0.8 5.80 | 33.23 | 1116.38 | 5.73 | 48.01 | 5.30 3.30 0.38
1.0 5.77 | 33.48 | 1116.18 | 5.80 | 41.18 | 5.31 3.08 0.42

IV. SEM & TEM ANALYSIS
The structure and morphology of the compounds have been studied from the Scanning Electron
Micrograph (SEM) and Transmission Electron Micrograph (TEM). The images show clear hexagonal structure
of the compound shown in Fig. 2 and Fig. 3. The morphology indicates that the inter grain connectivity gets
improved due to substitution. The agglomeration of grains causes increase in size of grain. Also SEM shows the
grains of different sizes. This may be due to the different ionic radii of substituent as compared to Fe*" [25].
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Fig. 3: TEM Images of CaSr,(MnzZn),,Fe;s0,; compounds at a) x=0.2 b) 0.4 c¢) 0.6

Electrical Characterization Analysis

In order to study electrical behavior of the compound, the variation of logarithmic conductivity with
reciprocal of temperature is studied. The plots showing this behavior are shown in fig.4 (a, b, c, d, e, f). The
observed values of room temperature resistivity (RTR), activation energy (E), transition temperature (T,) along
with Curie temperature (T.) (determined by Gouy's balance) for all the samples are tabulated in Table-2.
Increase in value of conductivity with temperature is due to the greater overlap of orbitals owing to increased
lattice vibrations. Since the overall distances get reduced during overlap, there will be a greater probability of
exchange of charges between the two overlapping ions. Increased exchange due to overlap of orbitals led to
increase in the conduction [26]. It is very much clear from the graphs that the conductivity increases with the
increase in temperature showing semiconductor behavior of the material. It can be seen that  logo increases

with that of temperature according to the Arrhenius equation & = ayexp (ﬁ) where E is the activation energy,

k is Boltzmann’s constant and T is absolute temperature [26-29]. For each sample, there are two regions
characterized by transition temperature and having different slopes. This is a magnetic transition from
ferrimagnetic 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*?ions [30]. Also increase in activation energy with the  Mn-
Zn concentration is due to increase in resistivity. The increase in the activation energy after transition
temperature may be due to development of oxygen vacancies due to rise in temperature [31]. It may also be due
to the change in exchange interaction between A and B sites near Curie point [29]. The transition temperature is
found to be nearly equal to Curie temperature.

It is evident from Table-2 that the values of resistivity of the studied compound varies in the range of
5.38 x 10° to 1.43 x 10° Q-cm. Went et al (1952) studied electrical resistivity of polycrystalline and samples of
Ba-ferrites [29]. They have reported an approximate value of resistivity of 10° Q-cm at room temperature which
corresponds to a value of electrical conductivity of 10® Q™'cm™. Satyanarayana and Murthy (1982) reported
Ba/Sr-ferrite with the values from 7.19 x 10" Q-cm for barium ferrite and 2.26 x 10° Q-cm for strontium ferrites
[32]. Venugopal Reddy and Sheshagiri Rao (1992) reported the electrical resistivity in the range of 10* to 10° Q-
cm in Li — Ni ferrite system [33].

The increase in room temperature resistivity with Mn-Zn concentration may be due to the high value of
resistivity of Mn (144 x 10® Q-m) than Fe (9.61 x 10® Q-m). The cause for increase in resistivity may be the
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migration of some Fe®*" ijons from octahedral sites to tetrahedral sites due to substitution. Due to this the
concentration of Fe** ions is lowered in octahedral sites; the site responsible for conduction in ferrites [34]. The
increase in resistivity may be due to the fact that Zn?* prefer tetrahedral sites [35-36]. Thus suppress the ferrous

formation in the compound.

Table-2: Electrical Parameters CaSr,(MnZn),,Fe;

6-)(027

Conc Activation Energy | R. T. R. T, T
X (eV) (Q-cm) (K) (K)
Ferri Para
0.0 0.382 | 0476 |5.38x10°|552.99 | 561
0.2 0.389 | 0.467 1.4x10° | 533 529
0.4 0423 | 0557 [9.02x10°| 503 500
0.6 0448 | 0628 |2.32x10"| 483 478
0.8 0.483 | 0.662 6.41x 10" | 473 470
1.0 0.505 | 0.705 | 1.43x10° | 462.99 | 462
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Fig 4(a, b, ¢, d, e, f) : log o v/s 1000/T for CaSr,(MnZn),,Fe;sx0,; (X = 0, 0.2, 0.4, 0.6, 0.8, 1.0

V. CONCLUSION

X-ray density and bulk density of all the compounds increases and porosity shows less variation. SEM
and TEM study reveals the hexagonal crystal structure of the ferrites. The derived ferrites have range of particle
size distribution with average particle size varies for all compounds from 27.9 nm for CaSr,. The room
temperature resistivity showed a gradual increase in the magnitude due to substitution in case of CaSr, samples.
The activation energy for all the samples is found to be different for ferrimagnetic and paramagnetic region. The
activation energy in the ferrimagnetic region is observed less than that in paramagnetic region. The transition
temperature is found to be nearly equal to Curie temperature which decreases with the increase in impurity conc
in the compounds.
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