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ANALYSIS OF THE STRUCTURE
OF ELECTRICALLY CONDUCTIVE
COMPOSITE CERAMICS

The object of the research is electrically conductive ceramics. It aims to analyze the microstructure of electrically
conductive ceramic composites based on silicon carbide and investigate the influence of silicon carbide content on
their properties. This study is pivotal for enhancing materials used in high-tech applications, particularly in fields
where distinct electrical insulation and mechanical characteristics are crucial. The microstructure analysis conducted
through scanning electron microscopy confirmed the presence of silicon carbide in all examined ceramic samples,
except in those where silicon carbide was not added. Special attention should be given to the sample with 30 %
silicon carbide, distinguished by the lowest open porosity. These findings are corroborated by previous research
where this sample exhibited superior properties: open porosity — 12.51 %, water absorption — 5.88 %, apparent
density — 2.13 g/cm?, specific resistance — 0.43-10% Q-m. These characteristics indicate low porosity and high
structural-physical property values. The results not only affirm the successful incorporation of silicon carbide into
the ceramic matrix but also highlight the prospects for applying the researched ceramic materials in areas where
electrical insulation and mechanical properties are crucial. Specifically, the sample with 30 % silicon carbide
appears particularly promising due to its high characteristics and lower porosity, making it potentially interest-
ing for applications in high-tech industries such as electronics and telecommunications. The conclusions suggest
the potential use of these ceramic materials in various high-tech industries where both electrical and mechanical
properties are essential. The sample with 30 % silicon carbide, with its exceptional characteristics, holds potential
Jor applications in advanced technologies. Further research in this direction could lead to the development of new
materials for effective radiofrequency absorption, finding broad applications in different technological fields.

Mykyta Maistat,
Andrii Kryvohok

Keywords: clectrically conductive ceramics, microstructure, silicon carbide, SiC, porosity, electrical insulation

properties, electron microscopy, microstructure.

Received date: 19.11.2023
Accepted date: 23.01.2024
Published date: 31.01.2024

How to cite

© The Author(s) 2024
This is an open access article

under the Creative Commons CC BY license

Maistat, M., Kryvobok, A. (2024). Analysis of the structure of electrically conductive composite ceramics. Technology Audit and Production Reserves,

1(3(75)), 6-8. doi: https://doi.org/10.15587/2706-5448.2024.297612

1. Introduction

With the growing use of electronic equipment and wireless
devices, the threat of electromagnetic radiation (EMR) pol-
lution is becoming more relevant [1]. The effects of excessive
EMR not only affect the operation of technical devices, but
also pose a threat to human health [2, 3]. In this regard,
much attention is paid to the development of materials for
effective shielding of electromagnetic interference (EMF),
capable of preventing excessive EMR [4]. The main method
of functionalization of such materials is to reduce the trans-
mission of electromagnetic waves due to their reflectivity
and deepening [5, 6].

In modern research, the main materials for combating
electromagnetic interference are metals and polymer-based
composites [7, 8]. Metals, due to their weight and susceptibi-
lity to corrosion, have their limitations in application [9-11].
Defects in heat resistance and strength are associated with
polymer composites [12]. Therefore, even in modern produc-
tion, materials based on metals and polymer composites do

not always meet the requirements for highly effective shield-
ing in conditions of high temperatures and other aggressive
factors. In particular, for aircraft in the aerospace industry,
there is an important need for high-temperature-resistant
components with exceptional characteristics. Among various
materials that demonstrate high shielding efficiency, composites
based on silicon carbide (SiC) stand out for their lightness,
excellent heat resistance, mechanical properties, and tunable
electromagnetic characteristics [13—15], making them promis-
ing candidates for shielding in high-temperature conditions.

Considering the above, the object of research is conductive
composite ceramics. The aim of this research is to study the
microstructure of conductive composite ceramics with 10 %,
20 % and 30 % SiC content.

2. Materials and Methods

To conduct a study of the microstructure of electrically
conductive composite ceramics based on silicon carbide (SiC),
samples with different SiC content (10 %, 20 %, and 30 %),
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as well as a sample without silicon carbide, were used.
The sample manufacturing procedure included the follow-
ing stages.

The specified amount of raw materials was weighed in
the required amount, 10 %, 20 %, and 30 % SiC were added
to the raw materials, except for the sample without SiC,
and subjected to wet grinding in a layer mill. The result-
ing slip was dried in a drying cabinet, crushed and passed
through a sieve No. 05. The finished press powder for SiC
composite ceramics, moistened to 8 %, was weighed and
poured into a press mold, the pressure force was 18—20 MPa.
The obtained raw material was dried in a drying cabinet.
The finished semi-finished product was fired in a silite furnace
at a firing temperature of 1120—1140 °C, with exposure at
the maximum temperature for 5-10 min [16]. The mass
composition of raw materials for the production of electri-
cally conductive composite ceramics from SiC is presented
in the Table 1.

Table 1

Mass composition of raw materials for the production of electrically
conductive composite ceramics from SiC

The name of the raw Mass fraction of materials, wt. %
material without 5iC | 10 % SiC | 20 % SiC | 30 % SiC

Andriivska clay 43.00 38.70 34.40 30.10
Granite screenings 13.00 11.70 10.40 9.10
Quartz sand 29.04 26.14 23.23 20.33
Crushed chalk 8.03 7.23 B6.42 5.62
Tile battle 6.93 B.24 5.54 4.85
Silicon carbide 0 10.00 20.00 30.00

The study of the microstructure of the test samples was
carried out by the method of raster electron microscopy
using a scanning electron microscope PhenomPro (USA).

The microstructure of the obtained ceramics was studied
by scanning electron microscopy. Photomicrographs of frac-
tures of test samples are shown in Fig. 1.
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Fig. 1. Microstructure of the sample: a — without SiC; 5 — with 10 % SiC;
¢ — with 20 % SiC; d — with 30 % SiC

In the indicated photomicrographs (Fig. 1, b—d), it is
possible to note the visible presence of silicon carbide (SiC)
in all tested samples, except for the one where SiC was not
added (Fig. 1, a). This indicates the inclusion of silicon
carbide in the matrix of ceramic materials.

Among the samples to which silicon carbide was added,
it can be seen that the sample with 30 % SiC (Fig. 1, d)
has the lowest open porosity. This is also confirmed by
a previous study [16], which indicated its characteristics:
open porosity — 12.51 %, water absorption — 5.88 %, ap-
parent density — 2.13 g/cm? resistivity — 0.43-10% Q-m.

The obtained results are distinguished by the high
efficiency of electromagnetic interference shielding with
the help of SiC. Compared to the literature, which reports
efficiency values in the range of 20-22 dB, our 30 % SiC
samples show values that can exceed 22 dB, indicating
the high potential of the material.

These results also have practical implications for the
aerospace industry and high-temperature environments. Elec-
trically conductive SiC composite ceramics can be effectively
used for shielding against electromagnetic interference in
high-temperature environments. The results of the research
can also be used as ceramic tiles to weaken the electric
component of the electromagnetic field inside rooms located
in the area of radio radiation sources. It is also possible to
use it for environmental purposes, to reduce the intensity
of the electromagnetic field outside the premises where
work with electromagnetic radiation is carried out.

A limitation of research and use is the particle size
composition of SiC, which can affect the overall properties
of the material. Additional factors such as the distribution
of SiC in the matrix may also affect the results.

In the conditions of martial law, the study of the micro-
structure of samples caused difficulties due to the problem of
access to laboratory resources, the limitation of the possibility
of conducting experiments and exchanging scientific informa-
tion. In addition, the conditions of martial law significantly
affected the availability of equipment and the possibility of
scientific cooperation with other institutions or researchers.

Further research will include optimization of the SiC
content to achieve the maximum shielding effect. Also,
studying the effect of other additives on the electromagnetic
characteristics of the material can expand its capabilities.

4. Conclusions

As a result of the microstructure analysis, carried out
with the help of scanning electron microscopy, the presence
of SiC has been established in all investigated electrically
conductive composite ceramic materials (except where silicon
carbide was not added).

The obtained results not only confirm the successful
inclusion of silicon carbide in the ceramic matrix, but
also indicate the prospects for the use of the investigated
ceramic materials in industries where electrical insulation
and mechanical properties are important.

In particular, the 30 % SiC sample appears particularly
promising due to its high performance and lower porosity,
making it potentially interesting for applications in high-
tech industries such as electronics and telecommunications.

Further research in this area can contribute to the
further development of new materials for effective radio
absorption and find wide application in various techno-

logical fields.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/3(75), 2024

7 —)



CHEMICAL ENGINEERING:
CHEMICAL AND TECHNOLOGICAL SYSTEMS

I55N 2664-9969

Conflict of interest

The authors declare that they have no conflict of inte-
rest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and
its results presented in this paper.

Financing

The research was performed without financial support.

Data availahility

The manuscript has no associated data.

Use of artificial intelligence

The authors confirm that they did not use artificial
intelligence technologies when creating the current work.

References

1. Tang, W,, Lu, L, Xing, D., Fang, H., Liu, Q., Teh, K. S. (2018).
A carbon-fabric/polycarbonate sandwiched film with high tensile
and EMI shielding comprehensive properties: An experimental
study. Composites Part B: Engineering, 152, 8—16. doi: https://
doi.org/10.1016/j.compositesb.2018.06.026

2. Khodiri, A. A, Al-Ashry, M. Y., El-Shamy, A. G. (2020). Novel
hybrid nanocomposites based on polyvinyl alcohol/graphene/
magnetite nanoparticles for high electromagnetic shielding per-
formance. Journal of Alloys and Compounds, 847. doi: https://
doi.org/10.1016/j.jallcom.2020.156430

3. Yim, Y.-J., Rhee, K. Y., Park, S.-J. (2016). Electromagnetic
interference shielding effectiveness of nickel-plated MWCNTs/
high-density polyethylene composites. Composites Part B: En-
gineering, 98, 120—125. doi: https://doi.org/10.1016 /j.compos-
itesb.2016.04.061

4. Sun, X,, Liu, X,, Shen, X, Wu, Y., Wang, Z., Kim, J.-K. (2016).
Graphene foam/carbon nanotube/poly(dimethyl siloxane) com-
posites for exceptional microwave shielding. Composites Part A:
Applied Science and Manufacturing, 85, 199-206. doi: https://
doi.org/10.1016 /j.compositesa.2016.03.009

5. Chung, D. D. L. (2000). Materials for Electromagnetic Interference
Shielding. Journal of Materials Engineering and Performance, 9 (3),
350-354. doi: https://doi.org/10.1361/105994900770346042

6. Xia, F, Xia, Y., Chen, S., Chen, L., Zhu, W.,, Chen, Y. et al. (2017).
Erratum to: Lipid emulsion mitigates impaired pulmonary
function induced by limb I/R in rats through attenuation
of local cellular injury and the subsequent systemic inflam-
matory response/inflammation. BMC Anesthesiology, 17 (1).
doi: https://doi.org/10.1186,/s12871-017-0407-2

7. Gargama, H., Thakur, A. K., Chaturvedi, S. K. (2016). Polyvi-
nylidene fluoride/nanocrystalline iron composite materials for
EMI shielding and absorption applications. Journal of Alloys
and Compounds, 654, 209-215. doi: https://doi.org/10.1016/
jjallcom.2015.09.059

10.

11

12.

13.

14.

15.

16.

. Wang, L., Chen, L., Song, P, Liang, C., Ly, Y., Qiu, H. et al. (2019).

Fabrication on the annealed Ti3C2Tx MXene/Epoxy nanocom-
posites for electromagnetic interference shielding application.
Composites Part B: Engineering, 171, 111-118. doi: https://
doi.org/10.1016 /j.compositesb.2019.04.050

. Geetha, S., Satheesh Kumar, K. K., Rao, C. R. K., Vijayan, M.,

Trivedi, D. C. (2009). EMI shielding: Methods and materials —
A review. Journal of Applied Polymer Science, 112 (4), 2073—2086.
doi: https://doi.org/10.1002/app.29812

Saini, P, Arora, M., Gupta, G., Gupta, B. K., Singh, V. N,
Choudhary, V. (2013). High permittivity polyaniline-barium
titanate nanocomposites with excellent electromagnetic interfe-
rence shielding response. Nanoscale, 5 (10), 4330. doi: https://
doi.org/10.1039/¢3nr00634d

Thomassin, J.-M., Jérome, C., Pardoen, T., Bailly, C., Huynen, I.,
Detrembleur, C. (2013). Polymer/carbon based composites as
electromagnetic interference (EMI) shielding materials. Materials
Science and Engineering: R: Reports, 74 (7), 211-232. doi: https://
doi.org/10.1016/j.mser.2013.06.001

Joseph, A. M. (2013). The stage 3 meaningful use preliminary
recommendations: concerns are being raised. MLO Med. Lab. Obs.,
45 (7), 64.

Duan, S., Zhu, D., Zhou, W, Luo, F, Chen, Q. (2020). Mechanical
and microwave absorption properties of SiCf/SiC—Al;C3 com-
posite with EPD-SiOy/ZrO, interphase prepared by precursor
infiltration and active filler-controlled pyrolysis method. Cera-
mics International, 46 (8), 12344—-12352. doi: https://doi.org/
10.1016/j.ceramint.2020.01.285

Katoh, Y., Snead, L. L., Henager, C. H., Nozawa, T., Hinoki, T.,
Ivekovi¢, A., Novak, S., Gonzalez de Vicente, S. M. (2014).
Current status and recent research achievements in SiC/SiC
composites. Journal of Nuclear Materials, 455 (1-3), 387-397.
doi: https://doi.org/10.1016/j.jnucmat.2014.06.003

Morscher, G. N. (2004). Stress-dependent matrix cracking in
2D woven SiC-fiber reinforced melt-infiltrated SiC matrix com-
posites. Composites Science and Technology, 64 (9), 1311-1319.
doi: https://doi.org/10.1016/j.compscitech.2003.10.022
Lisachuk, G. V., Sakhnenko, N. D., Pitak, Ya. M., Krivobok, R. V.,
Maystat, M. S., Zakharov, A. V. et al. (2021). Creation of
electrically conductive composite ceramics based on facing tiles
with the addition of SiC. Scientific Research on Refractories and
Technical Ceramics, 121, 121-128. doi: https://doi.org/10.35857/
2663-3566.121.13

< Mykyta Maistat, Postgraduate Student, Department of Techno-
logy of Ceramics, Refractories, Glass and Enamel, National Techni-

cal University «Kharkiv Polytechnic Institute>, Kharkiv, Ukraine,
e-mail: aichemict777@gmail.com, ORCID: https://orcid.org/0000-
0002-1875-3946

Andrii Kryovobok, Postgraduate Student, Department of Techno-
logy of Ceramics, Refractories, Glass and Enamel, National Techni-

cal University «Kharkiv Polytechnic Institute>, Kharkiv, Ukraine,
ORCID: https://orcid.org/0000-0001-5878-8732

P4 Corresponding author

__ 8 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/3(75), 2024



