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Abstract. The results of a study of the complex permittivity and
electromagnetic response from polymer composite materials obtained by
additive technology from 3D printing filaments containing various carbon
fillers are presented. New radio filaments for 3D printing with MWCNTs
have been created. Investigated PLA-Conductive plastics may be used to
create a shielding coating or narrowband absorbers for microwave range.

1 Introduction
Over the past decades, components and devices obtained by additive technologies have begun
to be actively applied and implemented [1-4]. Additive technologies have a number of
advantages compared to standard ones: fewer operations, waste-free use of initial components,
ease of development and optimization of products in CAD engineering programs, and high
technology [5-7]. Recently, the manufacture of composite materials based on plastics for 3D
printing with the addition of fillers effectively interacting with electromagnetic radiation is
developing more and more actively [8-10]. Over the past 5 years, the number of works devoted
to the development and research of such radiomaterials has grown more than ten times. The use
of additive technology with radiofilaments allows you to create completely new elements and
compositional structures, and also makes it possible to significantly speed up and reduce the
cost of the production of protective coatings and radio components for microwave devices.
This theme is extremely important and has great prospects for practical use.
Among filaments for 3D printing, conductive plastics stand out. As a rule, they contain
various carbon structures (carbon fibers, nanotubes, graphene) in their composition [11-13].
For their use as radio materials, it is necessary to know the exact information about the
values of their complex permittivity and conductivity.
This paper presents the results of a study of microwave electromagnetic characteristics of
industrially produced and self-made filaments for 3D printing containing various carbon fillers.

2 Objects of research
The objects of study are composite radio materials manufactured using additive technology
(3D printing) from industrially produced and self-made plastic filaments containing various
*
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carbon fillers. As filaments for 3D printing were used: 1) Proto-pasta PLA-Conductive
“ProtoPlant Inc.” (USA), with conductive carbon: resistivity 102-103 Ohm/cm; 2) ABSConductive filament “Mellow” (China) containing carbon fibers: resistivity 104-105
Ohm/cm; 3) Self made filaments: ABS + MWCNT with an average diameter of 9.4 nm in
concentrations up to 5 wt.%.
When making the radiofilament independently, the following scheme was used (Fig. 1). At
the first stage, ABS plastic was crushed and dissolved in acetone, and then MWCNTs were
added. Next, the resulting mixture was thoroughly mixed and subjected to ultrasonic
dispersion for 10 minutes at a power of 75 watts. After complete polymerization, the resulting
material was crushed and hot extruded to create a filament. At the final stage, using the
obtained radiofilament, a sample in the form of a washer with a thickness of h = 2.25 mm with
an inner diameter of d = 3 mm and an external D = 7 mm were printed on a 3D printer.

Fig. 1. The process of manufacturing samples based on ABS plastic and MWCNTs.

3 Measurement technique and experimental results
The electromagnetic characteristics of the composites were studied using the waveguide
method in a coaxial measuring cell on the vector circuits analyzer P4M-18 manufactured by
“Mikran” in the frequency range from 0.1 to 18.00 GHz. In this case, to the “to pass”
measurement schemes were used (Fig. 2). It allows you to measure S-parameters and their
phase. Based on the obtained data by the Becker-Jarvis method [14], spectra of complex
permittivity of the material were calculated.
Then, from the obtained data on the complex permittivity, with the virtual absence of
magnetic properties, we simulated the electromagnetic response from a layer of material
located in free space (transmission coefficient) and on the metal (reflection coefficient). For
the respective coefficients, distribution plots depending on the thickness and frequency of
the layer were obtained.

Fig. 2. Appearance and block diagram of the experimental setup.
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4 Results and discussion
As a result of measurements and calculations, the spectra of the complex permittivity of
composites based on carbon-containing filaments for 3D printing were obtained. The
frequency dependences of the real part of the complex permittivity are shown in Fig. 3.

Fig. 3. Frequency dependence of the real part of the complex permittivity for a composite samples
based on carbon-containing filaments.

The graphs show that largest values of the real part of the complex dielectric constant
have samples of materials based on PLA-Condactive plastic (13-8 rel. units) and ABSCondactive plastic (8.5-7.5 rel. units). Moreover, at lower frequencies they have higher
values of ε ', which decrease with increasing frequency, due to the presence of conductive
properties in the materials. Samples based on ABS plastic with the addition of MWCNTs
take ε' values within 3.5–7 rel. units. With an increase in the concentration of MWCNTs, ε'
also increases. For these samples, with increasing frequency ε' practically does not change.
Next, Fig. 4 shows the frequency dependences of the imaginary part of the complex
permittivity.

Fig. 4. Frequency dependence of the imaginary part of the complex permittivity for a composite
based on carbon-containing filaments.
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It follows from the graphs that the largest values of the imaginary part of the complex
permittivity have samples of materials based on PLA-Condactive plastic (3.8-3 rel. units)
and ABS-Condactive plastic (2.3-1 rel. units). And samples based on ABS plastic with the
addition of MWCNTs take ε'' values not exceeding 0.75 rel. units. With an increase in the
concentration of MWCNTs, ε'' also increases. It should be noted that with an increase in the
frequency ε'' in conductive plastics decreases. This is due to the contribution of losses to the
conductivity in the imaginary part of the complex permittivity.
The following are the results of modeling the electromagnetic response. For modeling,
as an example, the sample with the highest values of dielectric constant was selected.
Namely, coatings based on PLA-Condactive plastic placed in free space and coatings
deposited on metal.
In free space, the shielding ability of the material was calculated, i.e. spectra of
transmission coefficient depending on the thickness of the coating (Fig.5).
The graph shows that in the frequency range 2-18 GHz, with increasing frequency and
thickness, the shielding properties of the coatings from plastic PLA-Conductive increase.
This material has good shielding ability. With a layer thickness of more than 3 mm at
frequencies of more than 6 GHz, less than 25% of microwave radiation penetrates through
the composite. Moreover, more than 50% of the radiation is absorbed, and the rest is
reflected. With increasing thickness and frequency, more and more radiation is shielded. At
the maximum considered indicators, less than 6% of the radiation passes.
For the coating deposited on the metal, the reflectance spectra were calculated
depending on the thickness of the coating (Fig. 6).
As can be seen from the graph, in the range from 5 to 18 GHz, a composite based on PLAConductive has large reflection losses, but at a certain thickness. It can be used as an
extremely efficient narrow-band absorber at the considered frequencies. So at a frequency of
5-6 GHz with a thickness of 4-5 mm and at a frequency of 17-18 GHz with a thickness of 2
mm, the attenuation of reflected radiation can reach -35 dB (more than 3,000 times in power).

Fig. 5. Distribution of transmission coefficient by frequency and layer thickness for a material based
on PLA-Conductive located in free space.
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Fig. 6. Distribution of reflection coefficient by frequency and layer thickness for a material based on
PLA-Conductive located on a metal.
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