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Structural and magnetic properties (such as e.g. size of crystallites, lattice parameter, magnetic susceptibility,
Curie temperature, etc.) of nano-sized Ni0.33Zn0.67Fe2O4 ferrites have been studied. The obtained results demon-
strated that the sintering temperature is an e�cient and simple tool for controlling the size of crystallite particles,
thus a�ecting the resulting magnetic properties. Straightforward relationship between the sintering temperature
and the size of crystallites was found, meanwhile no other crystalline phases than the spinel one were detected by
two independent analytic methods.
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1. Introduction

The spinel ferrites with various compositions are inter-
esting thanks to their good electromagnetic properties
that can be easily customised to any particular needs
by means of both the composition and the preparation
technology. Many years, these materials were prepared
using classical ceramic technique. Recently, wet meth-
ods are preferably used, since they allow preparing the
same materials with smaller particles and lower particle
size distributions along with lower process temperatures
resulting in lower energy demands. In this study, the
glycine-nitrate process (GNP) was used, [1]. Small par-
ticles are required for various applications, especially in
the magneto-polymer composites for microwave absorp-
tion devices, recording media, waste water treatment,
chemistry, biomedical imaging, medical diagnostics and
treatments, genetic engineering, etc.

2. Samples and experimental methods

The samples of nano-sized NiZn ferrites having the
structural formula Ni0.33Zn0.67Fe2O4 were prepared by
means of auto-combustion method based on glycine pre-
cursor, sintered at various temperatures ts ranging from
450 to 850 ◦C for 6 hours [2]. XRD analysis was car-
ried out using Bruker D8 DISCOVER di�ractometer
equipped with X-ray tube with rotating Cu anode oper-
ating at 12 kW. All measurements were performed in par-
allel beam geometry with parabolic Goebel mirror in the
primary beam. The lattice parameter and the crystallite
size were determined by the software TOPAS 3.0. The
Curie temperatures TC of prepared samples were found
from the temperature dependencies of magnetic suscep-
tibility χ measured by means of balanced alternating
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current bridge method (thermo-magnetic analysis). The
magnetisation curves of ring-shaped samples, obtained
by pressing the prepared powders into the form of tablet
followed by cautious drilling of the central hole by water
beam cutter machine, were measured using computer-
controlled hysteresisgraph [3].

3. Results and discussion

In Fig. 1, the evolution of XRD patterns of NiZn
ferrite with changing sintering temperatures is demon-
strated. One can see the spinel structure present already
at 450 ◦C. No other crystalline phases were detected by
means of either XRD or thermo-magnetic analysis. At in-
creasing temperature, the di�raction peaks become nar-
rower and higher, which is an evidence of particle growth.

This fact is more evident in Fig. 2, where the depen-
dence of the average size of crystallites D (solid circles,
solid line) and the lattice parameter a (open squares,
dashed line) upon the sintering temperature is given.
XRD analysis con�rmed a single-phase material in all the
samples regardless of the sintering temperature, mean-
while the size of crystallites changed from about 17.5 nm
to 157 nm within the given temperature range. The de-
pendence D upon ts can be �tted by the second-order
polynomial function. As can be seen, the value of lat-
tice parameter a almost does not depend on the sintering
temperature - a ∈ 〈0.841533, 0.841700〉. Note, that the
uncertainty of the average value (indicated by the error
bars) decreases with the particle size related to the sinter-
ing temperature. This can be easily explained by the fact
that in case of small grains the irregularities in the crys-
talline structure near by the grain surface obviously play
more important role than in larger grains. On the other
hand, the particle size dispersion remains more-less the
same regardless of grain sizes (relative uncertainty fol-
lowing from XRD analysis was always around 1% of the
average value).
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Fig. 1. XRD patterns of NiZn ferrite sintered at vari-
ous temperatures.

Fig. 2. Size of crystallites D and lattice parameter a
as a function of sintering temperature ts.

The dependence of Curie temperature on the sin-
tering temperature is illustrated in Fig. 3. The mea-
sured temperature dependencies of magnetic susceptibil-
ity (from which TC was found) are characterised by Hop-
kinson peak, except for the lowest sintering temperature
(450 ◦C), when the magnetic susceptibility smoothly de-
creased with increasing sample temperature.
A manifestation of a strong in�uence of preparation

technology on the resulting magnetic properties of pre-
pared substances is in Fig. 4, where the hysteresis loops
of the material with the same chemical composition, pre-
pared by ceramic as well as GNP technique are shown.
The di�erences are associated mainly with the size of
grains. Larger grains obtained by ceramic technique
along with lower demagnetisation (fewer gaps among
grains) result in narrow loop with higher apparent satu-
ration magnetisation of the sample.

Fig. 3. Curie temperature TC as a function of sintering
temperature ts.

Fig. 4. Hysteresis loops of Ni0.33Zn0.67Fe2O4 ferrites
prepared by various techniques.

4. Conclusions

The particle size can be easily and accurately con-
trolled simply by changing the sintering temperature.
Thus, the sintering temperature is an e�cient and sim-
ple tool for controlling the particle size. Since the size of
crystallite particles a�ects the resulting magnetic proper-
ties, the thermal treatment along with varying chemical
composition and/or substitution of Ni and Zn ions in
the structural formula by other proper elements, such as
rare-earths, etc., allow the preparation of diverse mag-
netic materials needed for any particular application.
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