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Abstract

The chemical formula of the samples investigated is Ni;_, Zn, Fe,O4, where y=0.1, 0.3, 0.5. 0.7 and 0.9. The specimens were
prepared by the usual ceramic technology and sintered at 1250 °C in static air atmosphere. The influence of Zn content on the
densification and microstructure characteristics of specimens was studied. X-ray diffraction and IR absorption spectra were used for
analysing the compositions. It was found that the samples have spinel cubic structure and sintered to about 97-98% of the corre-
sponding X-ray density. Exaggerated grain growth with fine pores inside the grains were observed with increasing Zn content. The
overall results are discussed in light of the existing understanding of these systems. © 2002 Elsevier Science Ltd and Techna S.r.1.

All rights reserved.
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1. Introduction

Nickel-zinc ferrites can be classed as “good all-
around performers” because they cover a range of
applications from low frequency to microwave and
from low to high permeability. These ferrites have been
found to be one of the most versatile of the ferrite sys-
tems for general use. The polycrystalline ferrites are a
complex system composed of crystallites, grain bound-
aries, and pores. The magnetic properties of these fer-
rites are determined by chemical composition, porosity,
grain size, etc. [1]. The microstructure of the substituted
nickel ferrite depends on the sintering condition and the
deviation from stoichiometry as well as on the presence
of flux component (CuO, Bi,O3, V,05) [2]. The chemical
composition of a ferrite affects its properties. If the
dependence of a physical property on the composition is
known for a given mixed ferrite, then it is possible to
obtain a ferrite possessing the desired physical property
by choosing the appropriate composition at a particular
temperature. With this in view a study of the depen-
dence of some properties of nickel-zinc ferrites, sintered
at 1250 °C, on its compositions has been undertaken;
the results are presented in this paper.

2. Experimental

Ferrite samples compositions: Ni;_,, Zn, Fe, 04 (y=
0.1, 0.3, 0.5, 0.7 and 0.9)were prepared using the stan-
dard ceramic method by mixing AR grade NiO, ZnO
and Fe,O; in the required mole proportions. A small
amount of Bi,O3 (0.005 wt.%) was added as fluxing
component. The suitable proportions of these oxides
were taken and dry ground into fine powder. The
resulting powder was mixed thoroughly in presence of
distilled water to improve the homogeneity and then
presintered at 900 °C for 4 h in air. The mixture was
milled again and the material was compressed to form
pellets of 1.25 cm diameter and 0.27 cm thick by apply-
ing a pressure of 5 t/cm?. The pellets were then sintered
at 1250 °C for 4 h in static air atmosphere. Finally, the
samples were left to cool inside the electric furnace. The
samples were investigated using X-ray diffraction ana-
lysis at room temperature with Philips PW 1390 X-ray
differactometer with cobalt (K,) radiation and an iron
filter. Infrared spectroscopic analysis, using KBr pellets
was carried out using a FTIR 300E Fourier transform
infrared spectrometer, Jasco (Japan). Determination of
bulk density and apparent porosity of the prepared sam-
ples was carried out as described in the standard methods
of testing materials. The percentage change in the dia-
meter of samples before and after sintering was deter-
mined. The scanning electron microscope investigation
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was carried out on a fresh fracture surface. The fracture
surface was coated with thin film of evaporated gold,
using an S 150 A sputter coater (England). Scanning
electron micrographs were obtained using a JSM-T 20
scanning microscope, Jeol (Japan).

3. Results and discussion

The X-ray diffraction patterns of the prepared ferrite
samples are shown in Fig. 1. The patterns show the
reflection planes (111), (220), (311), (222), (400), (422),
(511), (440) and (620) indicating the presence of the
spinel of cubic structure. The patterns show also a slight
shift in peaks position towards higher d-spacing values
with increasing Zn content in the ferrite. The d-spacings
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Fig. 1. X-ray diffraction patterns of Ni,_,Zn Fe;O4, sintered at
1250 °C.

for the recorded peaks were calculated according to
Bragg’s law. The values of the calculated lattice constant
for different Zn concentrations are given in Fig. 2. The
lattice constant is seen to increase linearly with Zn content
for the composition Ni;_,Zn,Fe;O,4 (Table 1). The Ni-Zn
ferrite system has a cubic spinel configuration with unit
cell consisting of eight formula units of the form

[Zn3" + Feit)) [Nij’, Fer *"] O

The Ni** ions have a marked preference for octahe-
dral sites because of their favourable fit of charge dis-
tribution of this ion in the crystal field of the octahedral
site. On other hand Zn?* ions have preference for the
tetrahedral site due to their readiness to form covalent
bonds involving sp> hybrid orbitals [3]. The observed
linear increasing of lattice constant with Zn content can
be attributed to the large ionic radius of Zn>" (0.84 A) as
compared to the ionic radius of Ni?* (0.74 A°). A similar
linear variation of lattice constant with Zn content has
been observed by Joshi and Kulkarni [4] and Katakar et
al. [5] for M—Zn ferrites with M =Ni, Co, Cu, Mg.

The room temperature IR spectra of the above-men-
tioned compositions are shown in Fig. 3. The spectra
are recorded in the range from 200 cm~! up to 1300
cm~!. No absorption bands were observed above 1000
cm~!. The spectra show two main absorption bands
below 1000 cm~! as a common feature of all the ferrites.
The bands at 400 cm™—! and around 570 cm~! are assigned
as V, and ¥V, respectively . The band which appears at
240 cm~! is assigned as V3. From IR spectra it is noticed
that no shift occurs in position of bands at frequency V3
and ¥V, by increasing Zn content. Also, it can be seen that
frequency V| is shifted to lower frequencies with
increasing Zn ion concentration and consequently with
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Fig. 2. Compositional variation of the lattice constant for Ni,_,Zn,
Fe, O4.
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Table 1
Data for Ni;_,Zn, Fe,;Oy, sintered at 1250 °C

y Lattice
constant (A)

Position of X-ray
the ¥; band (cm™")

density (g/cm?)

0.1 8.362 590 5.345
0.3 8.383 582 5.334
0.5 8.402 570 5.326
0.7 8.421 561 5.319
0.9 8.442 548 5.309

Bulk Apparent Diameter
density (g/cm?) porosity (%) shrinkage (%)
5.241 1.95 14.20

5.215 2.23 13.25

2.192 2.51 12.00

5.170 2.81 10.50

5.155 2.90 9.50
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Fig. 3. IR absorption spectra of Ni;_,Zn, Fe,Oy, sintered at 1250 °C.

decreasing Ni ion concentration. The high frequency
band ¥ is in the range from 590 to 548 cm~! (Table 1).
The IR absorption bands of solids in the range between
100 and 1000 cm™"' are usually assigned to vibrations of
ions in the crystal lattice [6]. According to Waldron [7] and
Hafner [8] the ferrites can be considered as continuously
bonded crystals. In ferrites the metal ions are situated in
two different sub-lattices designated tetrahedral (A-site)

and octahedral (B-site) according to the geometrical
configuration of the oxygen nearest neighbours. Wal-
dron and Hafner, attributed the 7} band to the intrinsic
vibrations of the tetrahedral groups, the V, band to the
octahedral groups and the 73 band is associated with the
vibration metal ions in the isotropic force fields of their
octahedral or tetrahedral environments. According to
Prakash and Baijal [3] Zn?>" ions have preference for the
tetrahedral sites replacing Fe*™ ions in Ni-Zn ferrites.
The replacement of Fe3* jons with Zn?™" ions having lar-
ger ionic radius and higher atomic weight at tetrahedral
site in the ferrite lattice affects the Fe3*—02~ stretching
vibration. This may be a reason for the observed change in
V1 band positions. Fig. 3 also shows that, the IR absorp-
tion spectra of sample with Zn content (y=0.7) are
more similar in the shape to that of sample with Zn
content (y=0.9). The presence of isolated super-
paramagnetic clusters at B-sites screened by the dia-
magnetic Zn ions has been observed in Ni-Zn ferrites
by Moéssbaure studies [9,10]. A transition from a dis-
ordered to an ordered state has been confirmed at a
certain temperature, which depends on the concentra-
tion of the diamagnetic ions [9,10]. According to [9], the
disordered state in Ni;_,ZnyFe,O4 with y<0.62 is
available at room temperature and according to Brabers
and Vandenberghe [11], order-disorder phenomena in
spinels have a great influence on the IR absorption
spectra. The ordering on the B-sublattice reduces the
space group and the number of IR active modes
increases. Thus, a fine structure in the IR spectrum and
from the close similarity between the IR spectra of
Nig 3Zng ;Fe;04 and Nig ;Zng oFe>Oy4, it might be con-
cluded that the ionic order in both compounds is of the
same kind at octahedral sites.

The variation of bulk density with composition as well
as X-ray density variation, are represented in Fig. 4a. The
X-ray density for each composition was calculated
according to the relation dx = ZM/Na? [12], where Z is the
number of molecules per unit cell (Z=38), M the molecular
weight, N Avgadro‘s number, and «&* value of the unit
cell volume. The bulk densities of the specimens were
about 97-98% of the corresponding X-ray densities
(Table 1). It is clearly shown that both densities
decrease with increasing of Zn content, i.e. the bulk
density nearly reflects the same general behavior of the
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Fig. 4. Dependence of (a) X-ray and bulk density and (b) apparent
porosity and diameter shrinkage, on Zn content in Ni;_,Zn,Fe;Oy.

theoretical density. The smaller particle size or externally
applied pressure increases the ratio of the densification
rate to the reaction rate [13]. The densification rate at any
temperature increases roughly with the heating rate for
the case of extreme grain growth [14]. The powder particle
size and applied pressure coupled with knowledge of the
appropriate phase relations, would constitute a promis-
ing approach to the formation of material with the
required high density and controlled microstructures
[15]. The addition of Bi,O; as a fluxing component per-
mits to avoid loss of oxygen during sintering resulting in
improved densification and homogenization of the sin-
tered material [16]. Secrist and Turk [17] concluded that
Ni-Zn ferrite samples sintered at sintering temperature
> 1170 °C showed rapid densification. From Fig. 4a, a
difference is seen between values of dx and de,, the
difference between both data may be attributed to the
porosity of the prepared samples. The observed decrease
in bulk density with increasing Zn content in the ferrites
can be ascribed to the difference in specific gravity of the
ferrite components since NiO (6.72 g/cm?) is heavier
than ZnO (5.60 g/cm3) [18]. The present results of
apparent porosity and diameter shrinkage are shown in
Fig. 4b. These data reveal clearly that, with increasing
Zn concentration in the ferrite, apparent porosity of the
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Fig. 5. Scanning electron micrographs of Ni;_,Zn,Fe,0,.
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prepared samples increased meanwhile its diameter
shrinkage was observed to decrease (Table 1). Also,
from Fig. 4 we can easily see that, with increasing Zn
content both bulk density and% shrinkage decrease, i.e.
they have the same trend in behaviour.

Results of scanning electron miroscope (SEM) studies
on the prepared samples are shown in Fig. 5. The results
show that, with increasing Zn content the grain size
increased and the ferrite samples exhibit an exaggerated
continuous grain growth with grains containing some
fine pores.

4. Conclusions

The essential points established in the course of this
study can be summarized as follows:

1. X-ray analysis data indicated that the increasing of
Zn concentration in Ni—Zn ferrites, sintered at
1250 °C in static air atmosphere, gives ferrites
having spinel cubic structure with increasing unit
cell volume.

2. The IR absorption spectra at room temperature of
the investigated samples showed an ionic ordered
state at B-sites in Ni;_,Zn,Fe,O4 with y>0.7.

3. The increasing Zn concentration in Ni—Zn ferrites
leads to decrease in both bulk density and% dia-
meter shrinkage and given ferrites having exag-
gerated grain growth with fine pores inside the
grains.
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