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ABSTRACT

The fabrication of composites with magnetite Fe O, nanoparticles was investigated in this research as a

method of shielding electromagnetic radiation. The effects were studied of various weight percentages of Fe O,

nanoparticles on the microwave absorption. XRD, SEM, and a scalar network analyzer were used to characterize

the sample. The results showed that the Fe O, nanoparticles had an average size of 175 nm. The nanocomposite

sample with a thickness of 4 mm and a concentration of 1.5 g in 1 cm?® of silicon rubber had the highest level of

reflection loss (-23 dB).

Kevwords: nanoparticles, magnetite, microwave absorption.

INTRODUCTION

Nowadays, using electromagnetic (EM) absorber
materials is among the most important solutions
for countering the EM interference. The absorbers
play an essential role in the development of wireless
communication and high-frequency circuit devices
in the gigahertz frequency range [1, 2]. A number of
reports have dealt with improving the performance of
EM absorbers, such as employing nanosized particles
[1] with magnetic properties [3], utilizing multilayer
materials [4], 3D-structure materials [5], developing
core/shell structures [6, 7], and combining dielectric-
magnetic materials to achieve dielectric-magnetic
dual-loss [8].

The EM absorption mechanism on a microscopic
scale is related to the change in the direction of the
magnetic and electric dipole moments of the absorbing
materials [9]. When the size of the material is reduced

to the nanoscale, then the EM waves have a higher
probability of interacting with the magnetic or electric
dipoles in the material, thus enhancing the absorption.
Moreover, using a nanoscale material is an effective
way of achieving high-energy absorption [10].

In this study, we report a method of preparing
nanocomposites using nanosized FeO, particles
dispersed in silicon rubber. X-ray diffraction (XRD)
and scanning electron microscopy (SEM) confirmed
the purity and the nanoscale size of the magnetite
particles. The EM wave absorption characteristics
of the composites are presented, and absorption
mechanisms are discussed.

EXPERIMENTAL

The magnetic materials, magnetite, (Fe,O,
nanosized powder) were characterized by different

methods. Thus, XRD spectra were obtained using a
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Bruker D8 Advance Twin diffractometer in view of
phase identification and assessment of the phase purity,
while SEM tests were performed by scanning electron
microscopy (Philips ESEM XL30 FEG and JEOL
6390) to investigate the microstructure of the samples.
Employing a Hewlett-Packard 8756 A microwave scalar
network analyzer, the microwave (MW) characteristics
were measured in the frequency range 1-20 GHz. To
determine the MW properties of the composites, we
used the short-circuit measurement technique, whereby
the electromagnetic wave passes through a single-
layer absorber backed by a perfect conductor [11]. The
toroidal samples under investigation were fit into a 50 Q
coaxial measurement cell.

The samples for the microwave measurements
were prepared as a mixture of Fe,O, nanosized powder
and commercial silicon rubber (Mastersil, ASP); they
have a ring shape of 7-mm outer diameter, 3 mm inner
diameter and 4 mm thickness. We characterized three
composite samples with stepwise increasing amounts
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of magnetite powder homogeneously dispersed in the
polymer matrix, namely, A (1.2 g cm3), B (1.5 g cm™)
and C (1.8 g cm™).

RESULTS AND DISCUSSION

The XRD spectra of magnetite powder and of a
composite sample are presented in Fig. 1. It is seen
that the magnetic material was well crystallized - the
spectra exhibit the characteristic peaks corresponding
to magnetite only. Thus, the sample reveals a high
degree of crystallization and very high purity.

Fig. 2a shows the typical morphology of a
magnetite sample. The presence is seen of spherical
particles with an average particle size of 175 nm. In
the composite sample, quite bigger agglomerates are
observed (Fig. 2c¢).

The critical diameter for single-domain magnetite
particles is about 60 nm, so that the particles are in the
so-called pseudo-single state. Our previous research on
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Fig. 1. X-ray diffraction (XRD) patterns of (a) magnetite powder and (b) of a composite sample.
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Fig. 2. SEM images of (a) magnetite powder, (b) particles size distribution and (¢) composite samples.

the microwave properties has been focused on single
and multi-domain magnetite. Therefore, the current
study is important in completing our knowledge with
data on magnetite in the pseudo-single state.

The main goal of our study was to investigate
the microwave behavior of the composite samples
(magnetite nano-powder dispersed in a polymer
matrix). Fig. 3 shows the evolution of the microwave
spectra of the reflection losses (R,) for the samples of
equal thickness (4 mm) with different fillings of the
matrix (A, B, C). Since, as was shown in our earlier
work [12, 13], the polymer matrix (silicon rubber) is
transparent in the electromagnetic wave frequency
range 1 - 20 GHz the absorption properties are due to
the ferrite (Fe,O,) only. The results for the reflection
losses R, are obtained under the assumption that the

90 120 150 180 210 300
Diameter, nm

b)

electromagnetic wave is incident perpendicularly to the
surface of the composite samples backed by a perfect
conductor. Based on the transmutation line theory, the
R, as a function of the normalized input impedance can
be given by [14]:

Zin _ZO

R,(dB)=20log +Z
0

(M

in

where

Z,=2, £ taﬂh{f 2—”\/ uE, fd } ©)
g, c

In principle, the maximum value of R, of a material
can be achieved by adjusting its permittivity and
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permeability. Experimentally, a material process may
be used to design a maximum R, value at a certain
frequency (range). In this work, the improvement of
the microwave absorption properties resulted from
changing these by dispersing different amounts of
Fe,O, nanoparticles in silicon rubber.

Since our purpose was to obtain a perfect
microwave absorber, we considered two very
important factors. The first important condition to
be fulfilled is the impedance matching condition
between the microwave absorber and free space. In
what concerns obtaining zero reflection off the front
surface of the samples, the characteristic impedance

of the samples must be equal/close to that of the free

space. The best impedance matching could be achieved
when the material has equal or very similar ¢ and p.
The second essential parameter is the microwave
attenuation inside the microwave absorber. It should
be sufficient to dissipate the incident microwaves by
intrinsic magnetic and dielectric loss mechanisms. The
reflection losses reaching a minimum corresponds to
a minimal reflection and/or a maximal MW energy
absorption. This can be observed for a specified density
of filling and a certain thickness of the sample at the
respective frequency - matching frequency (Fig. 3).
As the experimental results demonstrate, two
matching areas exist - in the regions of 4 - 11 GHz
and 13 - 19 GHz. Here, one can assume that the first
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Fig. 3. Reflection losses of samples with different filler ratio: samples A, B and C.
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matching frequency is related to the magnetic resonance
region [15]. The second matching frequency could be
associated with the behavior of a quarter-wavelength
resonator [16].

The measurements displayed in Fig. 3 illustrate
that the reflection losses depend on increasing the
density of the magnetic filler in a specific manner. One
can see that for sample A the value of the reflection
losses is the lowest at two frequencies - at 4.42 GHz
the reflection loss is -26.56 dB; the second minimum is
at 18.65 GHz and the reflection loss is -32.21 dB. For
sample B, the first minimum is observed at 4.14 GHz,
the reflection loss is -32.48 dB; the second minimum is
at 18.13 GHz, with a reflection loss of -36.37 dB.

As the filling density is increased, the deepest
and broadest peaks for sample C are observed in the
region 4 - 11 GHz - one broad peak with two minima at
6.35 GHz and at 10.37 GHz, with the reflection losses
being -35.00 dB and -33.45 dB, respectively.

CONCLUSIONS

Our results prove that one can vary the
matching frequencies and the reflection losses of a
nanocomposite sample in a controlled way by varying
the density of the ferrite filler while keeping the sample
thickness. By increasing the amount of the magnetic
filler, we increased the value of the reflection losses
and observed zero reflection at certain frequencies
The nanocomposite structures prepared could find
applications as detectors of MW electromagnetic
waves or as antireflection coatings.
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