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ELECTROMAGNETIC BEHAVIOR OF ZINC FERRITES
OBTAINED BY A COPRECIPITATION TECHNIQUE

Simona A. POPESCU', Paulina VLAZAN?, Stefan NOVACONI?, loan
GROZESCU", Petru V. NOTINGHER®

Ferite de Zinc cu stoichiometria Zn.Fe; O, cu x = 0.2, 0.5, 0.8, 1, 1.2, 1.5
au fost preparate prin coprecipitare §i caracterizate cu difractie cu raze X (DRX),
microscopie electronica (SEM), tehnica de transmisie prin cablu coaxial gi
mdsurdtori de histerezis magnetic. DRX aratd ca ZnFe,Oy are o structura spinelica
la fel ca Fe;0,. Curbele de histerezis magnetic pentru ZnFe,0, indica faptul ca
magnetizatia atinge o valoare de saturatie de cca. 450 A/m. In cadrul lucrarii au
fost facute corelatii intre morfologia si proprietatile magnetice ale esantioanelor §i
s-a analizat posibilitatea aplicarii acestora ca absorbti de microunde (ecran
electromagnetic).

Samples of ZnFe;. 04 with x = 0.2, 0.5, 0.8, 1, 1.2, 1.5 have been prepared
by a chemical coprecipitation technique and characterized by: X-ray diffraction
(XRD), scanning electron microscopy (SEM), coaxial transmission line technique
and other magnetic hysteresis measurements. XRD shows that ZnFe,0, had a spinel
structure similar to Fe;O, The magnetic hysteresis curves of ZnFe,O, indicate that
the magnetization takes a saturation value of about 450 A/m. Correlations between
the morphology and samples magnetic properties were made in this work. Also the
possibility of ferrites samples application in microwave absorption (electromagnetic
shielding) was analyzed.
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1. Introduction

Ferrites are usually non-conductive ferrimagnetic compounds derived
fromiron oxides such as hematite (Fe;O3) or magnetite (Fe;O04) as well
as oxides of other metals. In terms of their magnetic properties, the different
ferrites are often classified as "soft" or "hard", which refers to their low or high
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magnetic coercivity [1]. Soft ferrites are ferrimagnetic materials materials with
spinel structure and general formula MeFe,O4 (Me = divalent metal ion, e.g. Zn,
Ni, Co, Cu, etc.). The spinel structure has a close-packed structure of oxygen
anions. Metallic cations, magnetic and nonmagnetic, reside on the interstices of
the close-packed oxygen lattice. In the spinel structure these cations form
tetrahedra and octahedra sub - lattices that are in themselves arranged in a close -
packed arrangement.

The small amount of iron deficiency in the composition of ferrites can
increase the electrical resistivity further by reducing the amount of Fe*" ions and
inhibiting electron hopping between Fe** and Fe’* ions at the octahedral sites of
the spinel unit cell [2]. The NiZn composites ferrites magnetic properties are
determined by their chemical composition, crystallinity, porosity, grain size, etc.
NiZn composites ferrites are widely used as soft magnetic materials for high
frequency applications due to their high electrical resistivity and low hysteresis
losses [3].

Ferrites can absorb variably electromagnetic radiation in microwave bands
cast in various forms, e.g., sheets, paints, films, ceramic tiles, powders, and loads
in matrix composites or mixed with conducting material [4]. These ferrites can be
synthesized by a number of methods such as combustion, ceramic, co-
precipitation, hydrothermal method and others [5]. Zn ferrites are still of great
interest because of new technological applications especially at high frequencies
[6] such as non-resonant devices, radio and microwave frequency circuits, high-
quality filters, rod antennas, transformer cores, read/write heads for high speed
digital tape, and magnetic operating devices [7]. Also the microwave absorbing
properties of the ZnFe,O4 ferrites depend on thickness, chemical composition,
crystalline structure, grain size and porosity.

The electrical and magnetic properties of Ni Zn ferrites are both strongly
dependent on the purity of ferrite powder, its microstructure, grain boundary and
chemistry of preparation [8]. Zn ferrites are advantageous over other ferrites for
use at high frequencies because they possess high electrical resistivities and useful
ferrimagnetic properties. As the use of electronic devices increases the research is
focusing on the influence of the electromagnetic waves emited by them [9]. The
most effective solution for this problem is to eliminate the emitted and reflected
waves from such electronic devices by absorbing the electromagnetic waves. The
key properties regarding these applications are permeability losses, at high
frequencies as reported in literature [10].

In addition to ferrites advances, was found that an increased permeability
allow for a wide frequency range an improved electromagnetic absorption [11].
Several investigations of the characteristics of Ni, Zn ferrites, such as their
structure, electrical conductivity, chemical and elastic properties, dielectric
behavior and magnetic properties, have been reported in the literature [12].
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In this work the synthesis and analysis of zinc ferites without the inclusion
of nickel (for electromagnetic shelding applications [13]) are presented. The
magnetic behaviour at low and high frequencies of Zn ferrite and a investigation
of the structures for different types of Zn ferrites powders (for obtaining the
magnetic hysteresis and microwave absorption parameters at high microwave
frequencies up to 6 GHz) was analyzed.

2. Samples

The ZnyFe;cO4, x = 0.2, 0.5, 0.8, 1, 1.2, 1.5 samples were prepared by

coprecipitation method using the following powders: iron nitrate
[Fe(NO;)3;'9H,0], zinc nitrate [Zn(NO3),:6H,0] and sodium hydroxide NaOH as
reaction agents.
ZnyFe; 04, x = 1 (ZnFe,04) ferrite samples were obtained as powder form about
1.5 g weigh after 12 hours of chemical and thermal processing. For this, iron
nitrate was mixed with zinc nitrate, sodium hydroxide with bidistilled water. The
solution was heated to 90°C during 5 hours with a Magnetic Agitator at 400 rpm.
The solution was then washed with bidistilled water and alcohol, filtered for 5
hours for neutral pH and calcinated in a Nabertherm Oven at 200°C for 2 hours.

3. Experiments

Zinc ferrite morphology was analyzed wusing Scanning Electron
Microscopy (SEM), FEI Company microscope, type Inspect S. SEM is a type of
electron microscope capable of producing high-resolution images of a sample
surface. SEM images have a characteristic three-dimensional appearance and are
useful for judging the surface morphology of the sample. Depending on the
instrument, the resolution can fall somewhere between less than 1 nm and 20 nm.

The ZnFe,O4 ferrite structure was determined using X-Ray Diffraction
(XRD), Philips difractometer, type X’Pert PRO MPD. X-rays, which are also
produced by the interaction of electrons with the sample, may also detect the
structure of the investigated sample at nanosize scale.

3.1. SEM analysis

The SEM morphology of a typical ZnFe,0O,4 ferrite is given in Fig.1. The
micrographs of the ZnFe,O4 surface shows compact crystallites shapes with
particles and chains formed by agglomeration with smallest particles sizes
typically less then 30 nm. The structure of ZnFe,O4 here is comparable with
structures identified in other works [14]. From the morphology investigation it
was concluded that the zinc ferrite obtained corresponds to the spinel structure.
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This structure includes some amorphous phases seen in ferrite morphology as
agglomerated particles.

Fig. 1. SEM morphology of a typical ZnFe,O4 sample
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Fig. 2. XRD graph of a ZnFe,0, sample
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3.2. XRD analysis

The X-ray powder measurements were done in the 26 range of 20-90° for
the zinc ferrite obtained by the coprecipitation method using XRD technique.

Fig. 2 shows a typical X-ray diffraction pattern of a ZnFe,O, ferrite, well
defined diffraction peaks corresponding to the characteristic planes (311), (511)
and (440) appear at 35°, 57° and 64°. The calculated distance between the main
crystal planes was 0.2 nm. Other wide diffraction peak is also present with low
relative intensities assumed to arise from an amorphous structure.

Using the Debye-Scherrer equation [15]

K-A
a= B-cos(8,) W)

where d is measured mean size of zinc ferrites particles, K is a dimensionless
constant that may range from 0.89 (for a perfect two-dimensional lattice) to 1.39
(depending on the specific geometry of the scattering objects), A is wavelength (A
= 0.15 nm), B is the full width at half maximum of the main diffraction peak
expressed in radian and 0 is the Bragg angle.

The measured mean size of zinc ferrites particles was 10 nm.

3.3. Magnetic measurements
3.3.1. Hysteresis curves

The magnetic behavior of the Zn,Fe;,O4 with x = 1 was investigated by
measuring the magnetization due to a 50 Hz AC magnetic field. The
magnetization was calculated from the time integration of voltage obtained
through a primary coil to the sample [16].

In Fig. 3 the hysteresis curve of ZnFe,O4 ferrite sample is presented.

The ferromagnetic bahavior with a maximum magnetization of 450 A/m at
160 kA/m of zinc ferrite is evidenced due to specific occupancy of the tetrahedral
and octahedral sites of Fe** and Zn”" ions on the ferrite surface [2]. Low coercive
fields may appear due to larger grain sizes [12].
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Fig. 3. Hysteresis loop for a ZnFe,O, ferrite sample

3.3.2. Susceptibility and permittivity

The measurements of susceptibility and permittivity for the ZnFe,O4
samples were performed by the coaxial cell technique over the frequency range
0.1 - 6 GHz under computer control by the HP 8753C Network Analyser, Sweep
Generator HP 8341 and Test Set type HP 8515 A [17]. The inner and outer
diameters of the coaxial cell were 3mm and 7 mm, respectively, and its depth was
1.94 mm.

Variations of the real ¥’ and imaginary complex susceptibility y” parts vs.
frequency are presented in Fig. 4. It can be seen that a maximum value for the
imaginary susceptibility apears at about 3 GHz, where the real susceptibility part
has a minimum. This means that at 3 GHz the ZnFe,O4 samples presents
relatively higher microwave absorbance.
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Fig. 4. Real ¢’(a) and imaginary " (b) parts of the complex magnetic susceptibility vs. frequency
f for ZnFe,O4 samples
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The real ¢’ and imaginary &’ complex permittivity parts of a ZnFe,O4
sample vs. frequency are presented in Fig. 5.
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Fig. 5. Real ¢’(a) and imaginary €” (b) parts of the complex permittivity
vs. frequency f* for ZnFe,O, samples

It can be seen that the permittivity € decreases monotonously in the range
1-6 GHz. This behavior is a consequence of the dielectric relaxation processes in
the samples [17] due to no interacting population of dipoles to an alternating
external electric field.

4. Discussion

The analysis of the morphology and crystallinity by SEM and XRD for the
zinc ferrites shows that the powders are composed of particles with diameters
below 30 nm similar to NiZn ferrites obtained in other works [18]. From the x-
ray diffraction measurements was observed also some amorphous material
structure from the wide and small peaks corresponding to planes (220), (400),
(533) and (731).

The amorphous phase may possibly affect the obtained electrical and
magnetic properties of the Zn ferrites due to segregations of the sintering additives
[21]. A recent investigation shows that the zinc ferrite, which is paramagnetic in
the bulk form, becomes ferromagnetic in nanocrystalline powder form [20] due to
synthesis parameters.

From the magnetic hysteresis measurements, a ferromagnetic behavior of
ZnFe,O4 powders (with saturated magnetization of 450 A/m) was observed. By
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increasing the synthesis temperature the ferrite powder will have a stronger
ferromagnetic behavior [21].

The values of real magnetic permeability (W = (I + x’)uo, Ho = 4m.107
H/m) and permittivity €’ values of the ZnFe,O4 ferrite powder are shown in Table
1 along with additional parameters values presented in [19, 20, and 21]. Thus the
results for i and € are the same with those from other autors.

Table 1
Magnetic and dielectric parameters for ZnFe,O, sample
Mean value of size Magnetic Dielectric Saturated
Sample particles [nm] permeability permittivity magnetization
SEM XRD [H/m] at 2 [F/m] at IGHz [A/m]
GHz
ZnFe,04 30 10 1.25 3.5 450
Zn ferrite,
Ref. [19,20,21] >0 6 13 ? o0

5. Conclusions

From the morphology investigation it was concluded that the zinc ferrite
obtained corresponds to the spinelic structure including also some amorphous
phases.

The magnetic permeability and dielectric permittivity was found to be
similar to the values obtained in other works for Zn and NiZn ferrites in the GHz
frequency domain.

Magnetic property measurements indicate that Zn ferrite powders exhibit
the characteristic soft ferrite loops with high magnetization and low coercive field
values. The Zn ferrites samples obtained by coprecipitation ZnyFe; 404 with x =1
(ZnFe;04) has shown the best magnetic behavior.

The properties of zinc ferrites at high frequencies differ considerably from
the static or low-frequency behavior, resulting in a rich variety of microwave
phenomena, utilized in ferrite devices.
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