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Abstract

Multifunctional composites are materials capable of combining structural properties with
other properties, such as electrical or thermal conductivity, electromagnetic shielding
capacity, among others. With the exponential increase in the use of electrical and electronic
devices, a specific type of environmental pollution, electromagnetic interference (EMI), has
arisen due to the spurious radiation emitted by such devices. Thus, this work proposes the
development of a multifunctional composite material based on polysulfone (PSU) and carbon
black (CB) and its electromagnetic characterization in the X-band frequency, between 8.2 and
12.4 GHz, widely used in communication and navigation system. The composite materials
were produced with high-performance engineering thermoplastic polymer PSU, organic
solvent Dichloromethane and two varieties of additive CB. The composite was processed
through hot compression molding of films prepared from PSU polymer solutions with the
dispersion of the CB additive by means of an ultrasonic tip. The composite processing cycle
was obtained through the thermal characterization of the films by differential scanning
calorimetry (DSC) and the electromagnetic characterization was conducted with a vector
network analyzer (VNA) and rectangular waveguide. With the determination of the scattering
parameters (Transmission and Reflection) it was possible to evaluate the interaction of the
electromagnetic waves with the composites and quantify the portions of energy reflected,
transmitted and absorbed. The composite presented a favorable behavior for electromagnetic
shielding, with average reflection values greater than 65%, absorption greater than 21% and
transmission lower than 11%.

Keywords: Carbon Black, Electromagnetic Characterization, EMI Shielding, Polysulfone,
Scattering Parameters.
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1. INTRODUCTION

The extensive development of communications equipment and electronic systems has been
increasing electromagnetic pollution to new heights, which can lead to the malfunctioning of
several types of systems, such as commercial antennas and electronic scientific instruments.
Electromagnetic interference can be understood as the disturbance to electronic equipment
due to spurious radiation emitted by other electric circuits [1].

Given the need to protect certain components against such pollution, electromagnetic
shielding becomes necessary. The shielding is the reduction or attenuation of the waves to
prevent interference. There are three mechanisms that can contribute to the effectiveness of
electromagnetic shielding: reflection, absorption and multiple reflection inside the material [2-
4].

A wide variety of materials can be used in electromagnetic shielding, with different
properties of electrical conductivity, magnetic permeability and geometries [2]. Polymeric
matrices are, generally, materials that doesn’t have this property, most polymers are
transparent to electromagnetic waves. However, to enjoy its excellent properties, such as low
specific mass, low cost and ease of use, the dispersion of particles or fibers materials can be
used to promote interaction with the waves [3,5], dissipating them through absorption or
reflection, according to the additive and concentration [1].

The multifunctional composite class seeks to join structural functions of composites such
as strength, stiffness, fracture toughness and damping to non-structural functions, such as
electromagnetic shielding [6]. By joining a high-performance engineering polymer such as
polysulfone, which, among other properties, has high hardness, impact strength and high
temperature resistance, [7] with the carbon black load, a material widely used in
electromagnetic shielding research [8-11], multifunctional composites with great potential
may be obtained.

The objective of this work is process and characterize multifunctional polymer matrix
composite with the dispersion of carbon black particles and verify its effect as EMI shielding
material in frequency range between 8.2 and 12.4 GHz, most common in communication and
navigation systems.

2. EXPERIMENTAL

2.1  Materials

The polymer matrix used was the amorphous polymer polysulfone, with a specific mass of
1.24 g/cm3, tensile strength of 70.3 MPa, tensile modulus of 2482 MPa, flexural strength of
106.2 MPa, flexural modulus of 2689 MPa and glass transition temperature of 185 °C.

To prepare the polymer solution, the solvent used was the organic solvent
Dichloromethane in liquid form with clear appearance and ether characteristic odor, with
chemical formula CH2Cl», specific mass of 1.34 g/cm?, molecular weight of 84,9 g/mol,
boiling point of 39.8 °C, solidification point of -96.7 °C and flash point of 640.5 °C.

To obtain the composite, carbon black additive in powder form was dispersed into the
polymer solution. Materials from two different manufacturers was used, XE2B from Degussa,
with 35 nm average particle size, 1,7-1,9 g/cm? density at 20 °C and 1000 m#g specific
surface area, and XC72R from Cabot, with 50 nm average particle size, 1,7-1,9 g/cm? density
at 20 °C and 1000 m#qg specific surface area.

2.2 Film production

The films were produced through the preparation of polymer solutions of PSU and
Dichloromethane, using 10 and 90 %m/m content, respectively. The solutions were prepared
in fume hood at room temperature and with constant stirring.
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Then, the CB additive were dispersed in the proportion of 15 %m/m of additive to 85
%m/m of polymer used in the preparation of the polymer solution, using a Sonic & Materials
VC 750 ultrasonic tip, setup with 20% of maximum amplitude of the equipment for 5
minutes, intercalating 10 seconds in operation and 5 seconds in standby, to avoid overheating
and solvent losses.

The preparation of the film was carried out in an oven with temperature control, for 2
hours at 40 °C, to promote the solvent evaporation.

2.3 Thermal characterization

The thermal characterization was performed by means of differential scanning calorimetry,
in the dynamic mode, of the polymer films, determining the start, peak and end of melt
temperatures (Tm). A differential calorimeter model Q20 from TA Instruments was used.
Hermetic aluminum sample holder and heating rate of 7.6 °C/min were used up to 350 °C, to
match the heating rate of the hydraulic press used in the processing, followed by cooling
down to 25 °C.

2.4  Composite processing

The processing of the composite materials, by means of manual lay-up of PSU films with
and without carbon black, was performed in a hydraulic press, model CMV100H-15-X,
Monarch series from Carver and steel mold of 70 mm x 70 mm. Heating was performed up to
190 °C, due to limitations of sealing of the mold used, with 10 minutes of isotherm, followed
by cooling down to room temperature. The entire process was performed with applied
pressure of 2 MPa.

2.5 Electromagnetic characterization

The determination of the scattering parameters of the composite samples was performed
using a four-port vector network analyzer (VNA) model PNA-L N5230C from Agilent
Technologies, using ports 2 and 4, frequency generator between 300 kHz and 20 GHz,
rectangular waveguide with adapter model 00281-60016 OPTION 006 also from Agilent
Technologies. The transmitted and reflected energy plots were calculated using equation 1
[12].

Attenuation (%) = 100 . [1 — 10[%}] 1)

From the calculation of the transmitted and reflected energy portions it is possible to
determine the percentage of energy absorbed by the composite through equation 2 [13].

Absorption (%) = 100 — (Reflection + Transmission) @)
3. RESULTS AND DISCUSSION

3.1  Thermal characterization and processing cycle
From the DSC of the PSU films, the temperature range at which the material melts was
determined. Figure 1 presents the melting heat flow vs temperature graph.
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Figure 1: Melting range.

Based on the DSC characterization, the hot compression molding cycle was designed.
Figure 2 presents the processing cycle, with constant applied pressure of 2 MPa.
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Figure 2: Hot compression molding cycle.

Through the thermal analyzes and the processing of the films, a composite in the form of a
plate with 70 mm x 70 mm dimensions and thickness between 1.1 and 1.3 mm was obtained.
From the qualitative evaluation of the plaques obtained, as union of the layers and rigidity of

the plate, the parameters used were considered adequate to proceed to the electromagnetic
characterization of the composite samples.
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3.2  Electromagnetic characterization

The electromagnetic characterization of the materials provided the scattering parameters
for each sample: PSU films and composites, 85 %m/m PSU + 15 %m/m Degussa CB and 85

%m/m PSU + 15 %m/m Cabot CB.

With the attenuation data regarding transmission and reflection in the composite, and with
equations 1 and 2, it is possible to generate graphs relating the transmission, reflection and

absorption at each frequency in the studied range.
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Figure 3: Energy portions (100 %m PSU).
Energy Portions (85 %m/m PSU + 15 %m/m Degussa CB)
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Figure 4: Energy portions (85 %m/m PSU + 15 %m/m Degussa CB).
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Energy Portions (85 %m/m PSU + 15 %m/m Cabot CB)
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Figure 5: Energy portions (85 %m/m PSU + 15 %m/m Cabot CB).

It is observed that in all cases the transmitted, reflected and absorbed energy portions
remained practically constant throughout the studied frequency range.

From the analysis of the graphs it is possible to obtain the average values of each energy
portion for each sample, as shown in table 1.

Table 1: Mean values of energy portions for each sample.

Transmitted Energy | Reflected Energy Absorbed Energy
Sample ; .

(%) (%) %)

100 %m PSU 8994 8.26 180
85 %m/m PSU +

15 %m/m Degussa CB 8,68 69,95 21,37
85 %m/m PSU +

15 %m/m Cabot CB 10,70 66,52 22,78

Despite the dimensional difference between the two varieties of CB used, the results
obtained showed similar behavior, however the Degussa sample shows slightly higher
reflection while the Cabot sample shows slightly higher transmission and absorption of the
electromagnetic energy.

Therefore, it is observed that the composites present main behavior of high reflection, low
transmission and intermediate absorption, characterizing their potential use for
electromagnetic shielding.

4. CONCLUSIONS

Multifunctional composites based on polysulfone and carbon black were produced by hot
compression molding of films prepared from the dissolution of the polymer with
dichloromethane, followed by the dispersion via ultrasonic tip of carbon black additives.

Through the thermal characterization of the films by differential scanning calorimetry, it
was possible to determine the start, peak and final melting temperatures of the polymer, which
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along with information obtained from the literature, provided the designed hot compression
molding cycle.

With the electromagnetic characterization, through a vector network analyzer and
rectangular waveguide, it was possible to measure the scattering parameters of the composite
when it was affected by electromagnetic waves in the X-band, between 8.2 and 12.4 GHz.

The composite material presents potential for EMI shielding, exhibiting highly reflective
behavior, combined with intermediate absorption of microwaves. Promoting the shielding to
approximately 90% of the electromagnetic radiation in all amplitude analyzed.
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