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COMPOSITE MATERIALS FOR ELECTROMAGNETIC
SHIELDING

lonut BALAN', Cristian MORARI?, Alexandru Eros PATROT?

Nowadays, composite materials are often used instead of metallic shields due
to their good mechanical properties and corrosion resistance. This paper
investigates the electromagnetic shielding capabilities of composite materials
consisting of Ni and Fe powders embedded in a polymer matrix. The shielding
effectiveness is determined by using the free space method in the frequency range of
0.9 GHz - 4 GHz. The materials preparation procedure is also described. Two
material samples are considered along with some combinations between them and a
carbon mesh. The obtained results indicate poor shielding performance of Ni and Fe
based samples and an improved performance when the carbon mesh is involved.
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1. Introduction

The use of composite materials is becoming increasingly important in
modern technologies due to their mechanical and electrical properties, low weight,
and corrosion resistance. The possibility to adapt these properties to operating
condition, by combining features from different constituents, is also a benefit of
composite materials. There are many types of composite materials with various
applications, like mechanical support, electromagnetic shielding, and heat transfer
[1-5].

The composite materials have been developed in the aerospace industry, in
the need to control and improve the properties of the materials in accordance with
the established requirements. Composite materials consist of two or more
different constituents and have properties which cannot be achieved by any
individual constituent [1, 2, 6].

This paper focuses on composite materials made of silicon rubber filled
with conductive powders, in particular Ni and Fe powders, and on their
electromagnetic shielding performances. Moreover, a carbon mesh is used as
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separate layer for improving the overall shielding effectiveness of prepared
composite material samples.

2. Experimental

2.1 Composites preparation

Three samples were prepared by filling a dielectric matrix with Ni and Fe
powders as conductive fillers. As dielectric matrix a two components silicon
elastomer was used, which hardens at room temperature by a polycondensation
reaction. The fillers were previously dried in an oven to eliminate hygroscopic
humidity. First, the silicone rubber and fillers were weighted and mixed for
homogenization (about 15 minutes) then the catalyst was added and mixed for
another 15 minutes. The composite was stretched by a technique similar with
doctor blade technique [10, 11].

Sample 1, consists of a compound with silicon rubber filled with Ni
powder (20 wt %) and Fe powder (20 wt %) which was stretched over a carbon
mesh. The carbon mesh is commercially available and is characterized by a good
conductivity, oxidation resistance and thermal stability. Sample 2 contains silicon
rubber filled with 20 wt % Fe powder and Sample 3 contains silicon rubber with
20 wt % Ni powder, both without carbon mesh. Al samples have 300 mm x 210
mm in size and 2 mm thickness.

2.2. Electromagnetic Shielding Measurement

The free space transmission method was used in order to determine the
shielding effectiveness (SE) of samples. For this, two horn antennas placed in an
anechoic chamber and a vector network analyzer were employed (Fig. 1). The
samples were placed between antennas at a distance of 0.3 m from each antenna,
in the far field zone. The frequency was scanned between 900 MHz and 4 GHz.

For determining the shielding effectiveness of a sample, two
measurements must be done. First the emitted signal is measured without sample
between antennas and then the sample in placed and the signal transmitted
through sample is measured. The incident signal and the distance between
antennas are maintained at the same values for both measurements. Shielding
effectiveness, in decibels, is calculated using the following relation [7, 8, 9]:

SE ;= IOIOg(ﬁ} (D)
g
where P; and P, are the incident field power, respective power of the field
transmitted through sample.

By using vector network analyzer, this is a straightforward operation since
the analyzer is able to store the data from reference measurement (without
sample) and automatically calculate shielding effectiveness when placing sample
between antennas.
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Fig. 1. Experimental test setup for determining shielding effectiveness

3. Results

The three prepared samples were tested for electromagnetic shielding
effectiveness in the 0.9 - 4 GHz frequency range. In addition, a sandwich made of
Sample 1 plus Sample 3 and the carbon mesh alone were tested in the same
frequency range. The obtained results are presented in Figs. 2, 3, 4, 5, and 6.
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Fig. 2. Shielding effectiveness of Sample 1

Sample 1 (Fig. 2) shows a shielding effectiveness with an average value
of about 10 dB. Samples 2 and 3 (Fig. 3 and 4), with Fe respectively Ni as fillers,
do not show any attenuation of the electromagnetic waves. These results suggest
that the attenuation of the electromagnetic waves showed by Sample 1 is due to
the carbon mesh.
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Fig. 3. Shielding effectiveness of Sample 2
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Fig. 4. Shielding effectiveness of Sample 3
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Fig. 5. Shielding effectiveness of Sample 1 + Sample 3 sandwich
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The SE of Sample 1 (Fig. 5) did not improved when Sample 3 was
stacked on it but it kept the average value of about 10 dB.
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Fig. 6. Shielding effectiveness of carbon mesh

The carbon mesh (Fig. 6) exhibits a SE even better than Sample 1 with an
average value of about 20 dB in the 2.2 — 3.2 GHz frequency range. This result
actually proves the fact that the attenuation provided by Sample 1 is only given by
the carbon mesh. Also, it suggests that the main attenuation mechanism is
reflection on carbon mesh, which is a good conductor. In this respect, the results
of Sample 1 also indicate that the concentration of Fe and Ni fillers is too low to
contribute to reflection losses ant that the composite material lowered the overall
conductivity of Sample 1. By increasing the conductive fillers concentration, is
likely to obtain a better shielding capability of composite materials.

4. Conclusions

The present paper reports the results of shielding effectiveness (SE)
obtained for several samples containing composite materials based on Ni and Fe
powders and a carbon mesh. The obtained results revealed a poor shielding
performance of the Ni and Fe based prepared samples and demonstrated the
capability of carbon mesh to work as electromagnetic shield in the 0.9 - 4 GHz
frequency range. An increase of the conductive fillers concentration is
recommended in order to obtain composites with shielding properties. Such
composites could be used, alone or in combination with another material (like
carbon mesh), for shielding purposes in applications that require, besides
electromagnetic shielding, flexibility and corrosion resistance. The shielding
properties of the Sample 1 and carbon mesh recommend them as potential
candidates in the field of protective clothing, EMI gaskets, canopies, and shielding
enclosures.
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