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This article aims to present the results of the measurements of the electromagnetic wave penetration through
the building element with a specially developed shielding coating. Shielding coating represents dispersed powder in
semiconducting liquid. The powder consists of the complex oxides of Lag.7Sro.sMnOs (LSMO), ZnFezO4, NiFeaOy
composition and were prepared by self-combustion method using corresponding metal nitrates in required molar
ratio and glycine as fuel. Measurements were made for powder concentration of 5 g. Measurements were performed
in the frequency range from 0.8 GHz to 8 GHz. The measurement results show the electromagnetic wave shielding

effectiveness of the used shielding coating.
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1. Introduction

Electric lines, mobile phones, computers, radio and
TV transmitters, and many other sources of electromag-
netic waves produce an unhealthy environment [1, 2].
These types of devices cause electromagnetic pollution.
The term electrosmog refers to all electromagnetic waves
surrounding our environment. The amount and type of
radio waves and microwaves in the environment is in-
creasing every year. The presence of electromagnetic
interference (EMI) signals, which sometimes overlap in
the frequency spectrum has been causing problems for
television and radio broadcasting, military, aerospace,
and medical applications. Many scientists are focusing
on the development of materials and elements that have
the capability to prevent the penetration of electromag-
netic waves. One of the possibilities to protect human
health from electrosmog is to prevent the penetration
of electromagnetic waves from the external environment
into the indoor environment of buildings. Glass windows,
roofs, specially developed bricks, and shielding coatings
on the outer and inner walls of buildings are used for this
purpose [1].

2. Preparation of the shielding coatings
Inspiration for this experiment are a few previous pub-

lished research works developing shielding coatings [2—4].
In the experiment the complex oxides were used with

*corresponding author; e-mail: jan.zbojovsky@tuke.sk

Thomsit conductive coating applied on the material from
sololit. The complex oxides Lag 7Srg.3sMnO3 (LSMO),
ZnFe;Oy4, NiFesO4 were prepared by self-combustion
method using corresponding metal nitrates in required
molar ratio and glycine as fuel. The powder X-ray
diffraction patterns of the annealed samples revealed
the presence of single phase. The Lag 7Srg.3MnO3 com-
plex oxide crystallizes in rhombohedral R-3c space group.
On the other hand, the complex oxides, both ZnFe;Oy4
and NiFe;Qy, crystallize in the cubic F'd-3m space group
of magnetite-like structure. The mean values of atomic
percentage of the metals measured by energy dispersive
X-ray analysis (EDX) are La : Sr: Mn = 0.64 : 0.26 : 1
for Lag.7Srg.3MnOs, Zn : Fe = 1 : 2.22 for ZnFe20,, and
Ni: Fe =1: 1.99 for NiFe;O4 and show a little devia-
tion from the starting metal ratios. Metal nitrates were
prepared from non-hygroscopic precursors: LasOgs, pow-
der metals Mn, Zn, Fe and Ni(OH)y. These precur-
sors were dissolved in diluted nitric acid to form cor-
responding nitrates. Only strontium nitrate was used as
metal containing starting material. The molar amount
of glycine was set as 50% to the total nitrates molar
amount. Solutions containing metal nitrates and glycine
were heated to dehydrate until they became a viscous
gel. On a hot plate, the viscous gel autoignited auto-
matically and after short combustion, black porous ashes
were formed. All as prepared samples were annealed
at 800°C for 1 h.

3. Shielding effectiveness, reflection,
and absorption of electromagnetic field

Quality of shielding materials are determined by
three coefficients, shielding effectiveness SE, absorption
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coefficient A, and a reflection coefficient R. The shield-
ing effectiveness SE is closely related with coefficients R
and A. The absorption coefficient A is given as [5, 6]:

A= 8.69— (1)

L’
\/ wpo
where t is the thickness of shielding material, ¢ is
the depth of electromagnetic penetration into the ma-
terial, p is permeability which includes the permeability
of shielding material, o is a unit of conductivity of shield-
ing material. The coefficient of reflection R is given as

1
R =20log <41 /wu;o) (2)

where pp is permeability of shielding material, ¢ is per-
mittivity of vacuum, and o is electrical conductivity.
From (1) and (2) we can see that the shielding effec-
tiveness depends on material properties.

4. Measurement method and results

The measurement method was based on the patented
experimental method for depolarisation vector of
the electromagnetic field intensity. A high-frequency sig-
nal was depolarised by a depolarisation grid and subse-
quently it was divided into two components: a reflected
component by grid and a continuing vector through a di-
electric layer with a phase shift of 90°. Furthermore,
the continuous vector in dielectric is reflected by a con-
ductive metal plate back to the polarisation grid, and
then it is depolarised again. As the second depolarisa-
tion divided the reflected vector from the iron plate with
the same analogy as before, both the reflected signal be-
fore the polarisation and the signal from the second po-
larisation in front of the panel were summed together.
The results of this phenomenon are the following;:

e Change of the vector polarisation of intensity HF
field by 45°;

e Change of the phase of HF signal by 180°;
e HF signal time delay by \/2.

Detailed description and analogy of depolarisation panel
can be found in [7] and [8].

The depolarisation panel for determining the reflection
and the absorption component of the samples was used in
this work. The examined sample was composed of a pow-
der of different particles mixed with a basic commercial
conductive paint (Thomsit) and then it was applied on
a base pressboard by a paint-roller. The sample thus
prepared was placed in front of the depolarisation panel.

The measurement assembly was made up of two fun-
nel antennas ETS Lindgren, model 3115 with frequency
band 800 MHz-8 GHz, coaxial cables and a VNA anal-
yser Rohde & Schwarz FSH8. This measurement assem-
bly was placed into a fully anechoic chamber Frankonia
CHC. Scatter parameter S21 was measured by the VNA
analyser. For the reflection parameter the antennas were
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Fig. 1. Reflection and the absorption behaviours of
the depolarisation panel.
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Fig. 2. Shielding effectiveness of experimental coatings.

in the same horizontal positions and in case of absorption
measurement the receiving antenna was rotated by 90°
(into the vertical position). Figure 1 shows the reflection
and the absorption behaviours of the depolarisation panel
compared with basic painted board without any powder.
We can observe three areas in frequency spectrum, which
had been defined based on the practical measurements
and they depend on dimensions of the panel, diameter
of the wires in depolarisation grid, and distance between
the panel and the antennas. The work area was defined
in frequency band from 900 MHz to 4 GHz where it is not
considerably influenced by the phase shifting and the dis-
persion of the values. For the specification of the dif-
ference between the base painted board and the boards
with powder, a method was used where values of the basic
board had been subtracted from the board with powders.

Figure 2 shows the shielding effectiveness of experi-
mental coatings. The shielding coating was prepared
by mixing 5 g of powder with conductive paint Thom-
sit R762. The mixture was also performed by ultrasonic
mixer. From the graph it is known that the ZnFe;Oy4
achieved the highest value of the shielding effectiveness.
There is an assumption that the shielding effectiveness
will increase when the amount of powder increases.

Next measurement was done for the absorption and
reflection coefficient.  The absorption coefficient of
the shielding coatings can be seen in Fig. 3. The highest
average value was achieved for ZnFe;O4 coating. The
reflection coeflicient of the shielding coatings is shown
in Fig. 4. It can be seen that ZnFe,O4 again achieved
the highest average value.
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Fig. 3. Dependence of the absorption coefficient on
the frequency for the shielding coatings.
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Fig. 4. Dependence of the reflection coefficient on
the frequency for the shielding coatings.

5. Conclusions

Measurement of shielding effectiveness, absorption and
reflection coefficient were done for experimentally de-
veloped shielding coatings. Three different experimen-
tally prepared coatings on the surface of the base board
were chosen as barriers. Results showed that the coating
Thomsit R762 4+ 5 g of ZnFe;O4 achieved the highest
average values of shielding effectiveness, absorption and
reflection coefficient. In the future, research would focus
on increase of the concentration of conductive parts and
thus finding a concentration that would achieve higher
SFE values, and also finding other combinations of differ-
ent substances in the coating.
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