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Abstract

The aim of the article is to study graphite for the production of polymer ceramic-inorganic compounds
with desired properties. The technological characteristics of polymer ceramic-inorganic composites
based on polyamide, modified with ceramic-inorganic graphite-ferromagnetic fillers: silicon carbide,
chromium oxide Cr,0O3 and graphite, were determined. It is shown that binary modification with
ceramic-inorganic graphite-ferromagnetic fillers of composites based on polyamide 6 - SiC 10% wt -
Cr203 10% wt. and polyamide 6 - SiC 10% wt. - graphite 10% wt. systems is optimal for technological
characteristics improvement. For three-component complex modification with ceramic-inorganic
graphite-ferromagnetic fillers, the most optimal system is polyamide 6 - SiC 10% wt. - Cr,03 10% wt.
- graphite 10% wt. It was found that received polymer ceramic-inorganic composites for absorbing
electromagnetic radiation can be processed by high-performance injection molding and extrusion
methods according to their technological characteristics.

Keywords: Polymer; Ceramic-inorganic, Composites; Fillers, Absorption; Electromagnetic radiation, Technological
characteristics.

1. Introduction

An important direction in modern materials science are studying materials for electromag-
netic radiation absorption. Their wide application is mostly associated with information tech-
nologies rapid development that caused modern electronic pollution appearance, such as elec-
tromagnetic interference and radiation, electrical noise, radio frequency ['1, That is why the
need for electromagnetic shielding is increasing every day in order to avoid unwanted electro-
magnetic waves interference from electromagnetic pollution and to protect against it [2], To-
day, the new materials design for electromagnetic radiation absorption with small thickness,
low density, transmission wide range and absorption is underway. They can help in solving
problems with radio absorption of electromagnetic radiation. Receiving such materials with
high technological, operational and economic characteristics is very perspective.

One of the promising components of substances that have a high absorbing ability in rela-
tion to electromagnetic waves is graphite. Graphite, in turn, is obtained by the graphitization
of coal tar, and coal tar must be characterized by a certain set of physicochemical parameters [3-51,

Looking to technological, operational and economic criteria the polymer composites for ab-
sorbing electromagnetic radiation based on thermoplastic matrices with inorganic fillers addi-
tion, such as polymer ceramic-inorganic composites, are the most perspective [6-131, Such
materials not only combine components’ properties but also acquire new properties that are
not inherent to individual components. At the same time, during products and parts design
for electromagnetic radiation absorption from composite polymer materials, the attention fo-
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cus, along with their structural features, is also always the material technological characteris-
tics. technological characteristics must be processed using certain technologies and ensuring
the specified products and parts parameters. While products and parts design for electromag-
netic radiation radio absorption from polymer ceramic-inorganic composites is parallel deci-
sion-making both about the materials composition used and about products design parame-
ters, and at the same time it is necessary to take into account manufacturing technologies.
So, it is necessary to create an integrated cycle that includes both separate systems for parts
design and production for electromagnetic radiation radio absorption from polymeric ceramic-
inorganic composites, as well as an up-to-date materials database. Thus, the parts and prod-
uct design for electromagnetic radiation radio absorption from polymer ceramic-inorganic
composites is a very difficult task especially when we have to create new materials. It comes
because it requires appropriate technological and calculation information, for the products
themselves, the equipment for their manufacture, as well as various technical parameters of
their processing. At the same time, the products and parts’ high quality and durability for
electromagnetic radiation radio absorption from polymer ceramic-inorganic composites is due
to the next complex: correct material choice with appropriate technological characteristics and
selection of the most effective method of their processing.

In modern scientific sources, there are a lot of research on receiving materials for electro-
magnetic radiation radio absorption. Most research concerns the effective materials design for
electromagnetic radiation radio absorption based on mixtures and composites of fillers with
magnetic properties (such as ferrites [*2-13]1 metals [14-15]1) and various dielectrics such as
ceramic, polymer, and other matrices [*6]1. Thermoreactive polymer composites containing
silicon carbide [17-181 carbon fibbers [191, carbon black [2°]1, and carbon nanotubes [21-22]1 gre
also effective, which provide pronounced radio-absorbing and radio-shielding properties due
to the various mechanisms of absorption combination: natural ferromagnetic resonance, mo-
tion resonance of domain boundaries, eddy current losses and repolarisation, multiple reflec-
tions, etc. Such materials effectively absorb electromagnetic radiation but have some disad-
vantages - synthesis complexity and high cost. Therefore, polymer composites for electro-
magnetic radiation radio absorption based on different thermoplastic matrices (polyvinyl bu-
tyral [221, polypropylene [24], polyvinylidene chloride [251) with inorganic ferromagnetic fillers
such as polymer ceramic-inorganic composites have been actively researched and designed.
Receiving such materials is very perspective looking for their technological, operational and
economic characteristics. In our previous works [26-27]1 the prospects of receiving polymer
composites for absorbing electromagnetic radiation based on thermoplastic polyamide 6 and
silicon carbide, which are relatively transparent in the millimetre frequency range and have a
small absorption coefficient value, are shown. Our further research was aimed at the ceramic-
inorganic polymer composites design using a complex fillers system: silicon carbide SiC, chro-
mium oxide Cr203 and graphite (5-15% wt). Based on the scientific and technical papers which
deal with materials for electromagnetic radiation radio absorption, the urgent task is to re-
search a set of basic technological characteristics for creating effective products from them,
as well as new approaches to modeling technological processes and designing products using
composite polymer materials for electromagnetic radiation radio absorption.

The aim of the article is to study polymeric ceramic-inorganic composites’ technological
properties for absorbing electromagnetic radiation.

2. Experimental part
2.1. Raw materials

For the polymer ceramic-inorganic composites for electromagnetic radiation absorption, the
following materials were used: - Durethane brand polyamide 6 (Bayer, Germany); - SiC silicon
carbide powder (size - 50-65 microns); - Cr203 chromium oxide powder (size - 2-5 microns);
- graphite powder (size - 20-25 pm), the produced from coke-chemical raw materials [28-29],
For the preparation of carbon graphite samples, standard graphite blanks were used, the photo
of which is shown in Fig. 1. Table 1 shows the carbon graphite quality indicators.

Pet Coal (2023); 65(3): 718-723
ISSN 1337-7027 an open access journal

719



Petroleum and Coal

Table 1. Carbon graphite quality indicators

Indicator SIS, RS Value
urement

Total moisture W', % 0.10
Analytical mois- we, % 0.10
ture

Ash Ad, % 0.18
Carbon content Cd, % 99.06
Hydrogen con- He o 0.76
tent

Fig. 1. Photo of graphite blanks
2.2. Experimental techniques

Polymer ceramic-inorganic composites for electromagnetic radiation absorption were re-
ceived by extruding pre-prepared raw materials in a single-screw laboratory extruder at 170-
200°C and a screw speed of 30-100 turns per minute

The melt flow index (MFI) study of polymer ceramic-inorganic composites was performed
using the IIRT-M device at 270°C and a load of 2.16 kg.

The polymer ceramic-inorganic composites melting temperature was determined on a brass
disk (diameter - 50 mm, thickness -19 mm, with a side hole for a thermometer with a diameter
9 mm). A brass disc equipped with a thermometer was gradually heated using a gas burner.
Polymer samples measuring 10x10 mm was placed on it. Heating temperature intervals were
recorded visually. The polymer ceramic-inorganic composites density was determined by the
hydrostatic method, according to ISO 1183-1. The hydrostatic method is used to measure the
polymer sample density with a volume of at least 1 cm3. The sample weighed in the air is
attached with a thin wire to the rocker arm of the analytical balance, immersed in a beaker
with distilled water or alcohol, placed on a special stand that does not touch the balanced cup,
and weighed. Then the wire without the sample is weighed at the same immersion level.

The polymer density is calculated according to the formula:

p = Mpo/{m-(mi-mz)} (1)
where m - sample’s mass in air; g; m: —the sample’s mass with the wire in water; g; m2 -the
wire’s mass immersed in water or alcohol; g; po — water or alcohol density at 20°C.

3. Results and discussion

Primary studies were directed to study silicon carbide SiC, chromium oxide Cr.03 and
graphite introduction impact on polymer ceramic-inorganic composites technological proper-
ties. From previous works [26-271 it was found that increasing silicon carbide SiC in polyamide
6 led to an increase in both impact toughness and destructive stress during bending, when
filler content is 5% wt. But overall protection against electromagnetic radiation efficiency of
such received compositions was insufficient. So, in this work compositions with a higher silicon
carbide content SiC - 10% wt were researched, and optimized the chromium oxide Cr.03 and
graphite content in the range of 5-15 % wt. were made. Polyamide 6 with 10% wt. silicon
carbide SiC was used as based composite. Also, to found the synergistic effect of three differ-
ent ceramic-inorganic graphite-ferromagnetic fillers integration, polyamide 6 - SiC - Cr203 -
graphite systems were studied. In the table 2 filling degree of polymer ceramic-inorganic
composites based on the polyamide 6 - SiC - Cr203 - graphite system impact on their techno-
logical characteristics is shown.

It can be seen (Table 2) that the introduction in polyamide 6 - SiC 10% wt. chromium oxide
Cr20s3 and graphite (in different proportions) increase their melting temperature and density
at the same time the MFI value is decrease. Due to graphite use there is an increase in the
melting temperature from 220 to 223°C, density from 1195 to 1310 g/cm?3, and a decrease in
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MFI from 20 to 18.5 g/10 min. When using chromium oxide Cr203, the melting temperature
increases from 220 to 221°C, the density from 1195 to 1305 g/cm3, and the MFI decreases
from 20 to 19.5 g/10 min. With the simultaneous modification with chromium oxide Cr.03 and
graphite, the melting temperature increases to 224°C, the density reaches 1340 g/cm?3, and
the MFI decreases to 18.0 g/10 min. It can be concluded that binary composites modification
with ceramic-inorganic graphite-ferromagnetic fillers is optimal for their technological charac-

teristics:

1) polyamide 6 - SiC 10%wt - Cr203 10% wt.
2) polyamide 6 - SiC 10% wt. - graphite 10% wt.

Table 2. Filling degree of polymer ceramic-inorganic composites based on the polyamide 6 - SiC - Cr,03
- graphite system impact on their technological characteristics

Composition Melting teoncwperature, Density, g/cm3 MFI, g/10 min.
Polyamide 6 with 10% wt. silicon carbide SiC
220 1195 20.0
Polyamide 6 with 10% wt. silicon carbide SiC
5 % wt. graphite 221 1225 19.5
10 % wt. graphite 222 1260 19.0
15 % wt. graphite 223 1310 18.5
Polyamide 6 with 10% wt. silicon carbide SiC
5 % wt. Cr.03 221 1220 20.0
10 % wt. Cr203 221 1255 19.5
15 % wt. Cr03 221 1305 19.5
Polyamide 6 with 10% wt. silicon carbide SiC
graoéohitvg. Cro03 and 5 % wt. 222 1260 19.0
é?a;ﬁit‘gt. Cr03 and 10 % wt. 224 1340 18.0

For three-component complex modification with ceramic-inorganic graphite-ferromagnetic
fillers, the most optimal system is polyamide 6 - SiC 10% wt. - Cr203 10% wt. - graphite 10% wt.
For such systems, there are wide processing possibilities polymer ceramic-inorganic compo-
sites by injection moulding and extrusion methods to receive products, elements and parts-
such as sheets, threads, meshes, tubes, screens- for electromagnetic radiation absorbing.

4. Conclusions

In the article the technological properties of polymeric ceramic-inorganic composites for

absorbing electromagnetic radiation were studied. Modification effect for polymer based (pol-
yamide 6) compositions with ceramic-inorganic graphite-ferromagnetic fillers on the melting
temperature, density and melt flow index was determined.
The binary composites modification with ceramic-inorganic graphite-ferromagnetic fillers is
optimal for their technological characteristics: 1) polyamide 6 - SiC 10%wt - Cr203 10% wt.;
2) polyamide 6 - SiC 10% wt. - graphite 10% wt. For three-component complex modification
with ceramic-inorganic graphite-ferromagnetic fillers, the most optimal system is polyamide
6 - SiC 10% wt. - Cr203 10% wt. - graphite 10% wt. For the found optimal compositions of
polymer ceramic-inorganic composites for electromagnetic radiation absorption, the pro-
cessing possibility by injection moulding and extrusion to receive different configurations prod-
ucts and elements was proved.
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Symbols
we moisture contents, %;
W' total moisture, %;
Ad ash content, %;
cd content of carbon, %;
H4 content of hydrogen, %;

MFI melt flow index, g/10 min
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