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Multilayer microwave absorbers with an ordered structured layer 

based on powdered activated charcoal containing magnetic particles 

ABSTRACT 

The technique of manufacturing four-layer microwave absorbers with an ordered structured layer 
is presented. This technology consists of heat pressing of a structure in the form of two fragments 
of synthetic non-woven fibrous material (the first and third layers), between which elements 
formed from powdered activated charcoal impregnated with a mixture of isopropyl alcohol and 
finely dispersed magnetic material (the second layer) are orderedly distributed, and then fixing a 
fragment of an aluminum-containing foiled polymer film (the fourth layer) on the surface of the third 
layer. It was found that the width of the effective absorption band of the absorbers manufactured 
accordingto the presented technique is 13.2 GHz and exceeds the width of the effective 
absorption band of their analogs by 4.7–11.2 GHz. Electromagnetic radiation absorption 
coefficient values of such absorbers are from 0.5 rel. units to 0.92 rel. units. 
Keywords: Charcoal,isopropyl alcohol,microwave absorber,iron (III) oxide, titanomagnetite. 

 

1. INTRODUCTION 

Microwave absorbers are a type of protective 

materials. This is due to the fact that they are used 

to solve the following practical problems: 

– protection of electronic devices and humans 
from exposure to microwave electromagnetic 
radiation [1–3]; 

– information protection [4–6]. 

The number of published scientific papers 

devoted to the results of development and research 

of microwave absorbers increases every year 

(Table 1). This is due to the increase in practical 

interest in such absorbers, which is primarily due to 

the development of wireless information 

transmission technologies [7–9]. 

Thus, studies devoted to the substantiation of 

materials and improvement oftechnologies for the 

manufacture of microwave absorbers are relevant. 

For the manufacture of microwave absorbers, it is 

advisable to use composite materials that include 

electrically conductive and magnetic components 

(see, for example, works [10–20]). 
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Table 1. Proportion of published papers about 
microwave absorbers from total amount of 
published material science papers in period 
2020–2024 (according to Google Scholar 
Database) 

Year 2020 2021 2022 2023 2024* 

Proportion 
of published 
papers, % 

1.6 1.9 3 7.3 11.3 

*From January till September 

This is due to the fact that by adding magnetic 
components to the composition of microwave 
absorbers, it is possible to reduce the reflection 
losses (SER) and increase the absorption losses 
(SEA) of the energy of electromagnetic radiation 
interacting with such absorbers. This is confirmed 
by the following equations [21]: 

σ
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where 

f – electromagnetic radiation frequency; μ – 
relative magnetic permeability of an absorber 
magnetic components; d – an absorber thickness; 
σ – specific electrical conductivity of an absorber 
electrically conductive components. 

https://doi.org/10.62638/ZasMat1248
mailto:smu@bsuir.by


O. Boiprav et al. Multilayer microwave absorbers with an ordered structured layer … 

ZASTITA MATERIJALA 66 (2025) broj 2 376 

The paper [22] presents the experimental 
substantiation of the prospects of using the 
dispersed composite containing powdered 
activated charcoal and iron (III) oxide forthe 
production of effective microwave absorbers. The 
paper also presents the technology developed by 
the authors for producing two-layer microwave 
absorbers based on such dispersed composite. 
This technology consists of fixing a 0.3±0.1 cm 
thick layer ofdispersed composite containing 
powdered activated charcoal and iron (III) oxide 
between two fragments of a polymer self-adhesive 
film. The advantage of this technology compared to 
technologies that require the use of binders is the 
low time costs for its implementation. The 
disadvantage of this technology is the impossibility 
of increasing the thickness of microwave absorbers 
manufactured accordingto it. The indicated 
disadvantage is due to the fact that the fixing of 
particles of dispersed composite containing 
powdered activated charcoal and iron (III) oxide in 
the volume of the microwave absorber is ensured 
by a thin adhesive layer in the polymer self-
adhesive film (in fact, the particles of the specified 
composite cover this layer). This paper presents 
the results of a study aimed at substantiating 
another technology for the manufacture 
ofmicrowave absorbers based on dispersed com-
posite containing powdered activated charcoal and 
magnetic (iron (III) oxide or titanomagnetite) par-
ticles, which is characterized by an advantage and 
doesn’t have the disadvantage of the technology [22]. 

2. EXPERIMENTAL 

The developed technology includes the 
following operations. 

1. Formation of the first (outer) and third layers of 
the microwave absorber by cutting two identical 
fragments from a roll of synthetic non-woven 
fibrous material, the overall dimensions and 
shape of which are determined by the 
requirements for the overall dimensions and 
shape of the absorber being manufactured. 

2. Formation of the second layer of the microwave 
absorber. 

2.1. Obtaining the dispersed composite containing 
powdered activated charcoal and magnetic 
(iron (III) oxide or titanomagnetite) particles. 

1.2.1. Preparation of a mixture of isopropyl alcohol 
(90.0 vol. %) and magnetic particles (the rest). 

1.2.2. Immersion of powdered activated charcoal 
particles into an empty container. 

1.2.3. Pouring the prepared mixture of isopropyl 
alcohol and magnetic particles into a container 
in which particles of powdered activated 
charcoal are immersed (the volume of the said 
mixture should be 2.0 times greater than the 
volume of powdered activated charcoal 
particles). 

1.2.4. Mixing of powdered activated charcoal 
particles with the poured mixture of isopropyl 
alcohol and magnetic particles. 

1.2.5. Drying the mixture obtained as a result of 
operation 1.2.4 implementation in the oven 
at a temperature of 50.0 °C for 1.5 hours. 

2.2. Placing a stencil characterized by the following 
properties on the surface of one of the 
fragments obtained as a result of step 1: 

– the stencil cells are characterized by the same 
size and shape and are distributed with the 
same step; 

– the step of distribution of the stencil cells (S) 
satisfies the condition: 

S ≤ 0,4∙λr, m, (3) 

Whereλr – wavelength on the resonant 
frequency (middle value of the operating frequency 
range) of a microwave absorber; 

– the stencil cells are characterized by a round or 
square shape; 

– the width of the stencil cells (W) satisfies the 
condition: 

λ
,
3
rW 

m. (4) 

The conditions described by Eqs. (3) and (4) 
must be taken into account in order to minimize the 
degree of dependence of an absorber’s resonant 
frequency value on the electromagnetic radiation 
incidence angle and polarization degree. 

2.3. Filling each cell of the stencil with volume-
standardized portions of the dispersed 
composite obtained as a result of operation 2.1 
implemention. 

2.4. Removing the stencil from the surface of a 
fragment of synthetic non-woven fibrous 
material (Figure 1). 

 

Figure 1.Top view of elements formed from 
dispersed composite and placed on the surface of 
a fragment of synthetic non-woven fibrous material 
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3. Placing the second of the fragments obtained as 
a result of operation 1 implementation on top of 
the elements formed as a result of operations 
2.1–2.3implementation. 

4. Heat pressing the structure obtained as a result 
of operations 1–3 implementation at  a 
temperature of ~ 250.0 °C (i.e. at a temperature 
corresponding to the melting point of the 
synthetic non-woven fibrous material) for 10.0 
min. 

5. Forming the fourth (inner) layer of the microwave 
absorber by cutting off a fragment from a roll of 
aluminum-containing foiled polymer film, the 
overall dimensions and shape ofwhich are 
determined by the requirements for the overall 
dimensions and shape ofthe microwave 
absorber being manufactured. 

6. Fastening the cut fragment of the aluminum-
containing foiled polymer film to one of the 

surfaces of the structure obtained as a result of 
operations 1–4 implementation, using spray 
adhesive. 

In the course of experimental substantiation of 

the efficiency of microwave absorbers manu-

factured according to the developed technique, the 

following was performed: 

– three groups of experimental samples of 
microwave absorbers were manufactured 
according to thedevelopedtechnique (Table 2); 

– electromagnetic radiation absorption 
characteristics in the frequency range of 2.0–
17.0 GHz of the manufactured experimental 
samples were studied; 

– relative magnetic permeability of the dispersed 
composite containing powdered activated 
charcoal and iron (III) oxide or titanomagnetite 
particles was evaluated. 

 

Table 2. Brief characteristic of the manufactured samples 

Samples names Material used for samples manufacturing 

Samples of group 1 Powderedactivatedcharcoal 

Samples of group 2 Dispersedcompositecontainingpowderedactivatedcharcoalandiron (III) oxideparticles 

Samples of group 3 Dispersedcompositecontainingpowderedactivatedcharcoalandtitanomagnetite particles 

 

To obtain the electromagnetic radiation 

absorption characteristics in the frequency range of 

2.0–17.0 GHz of the manufactured experimental 

samples, the measuring system was used 

consisting of: 

– panoramic meter of transmission and reflection 
coefficients SNA 0.01–18 (manufacturer – 
BSUIR, Republic of Belarus), including a 
sweep frequency generator and a measuring 
signal processing unit; 

– personal computer; 

– video display terminal; 

– two horn antennas; 

– directional coupler units (units B and A/R) 
designed to isolate and detect incident, 
reflected and transmitted electromagnetic 
waves through the sample; 

– special software for setting the measurement 
parameters (frequency range, type of 
measured value), processing and 
systematizing their results. 

The procedure for obtaining the 

electromagnetic radiation absorption characteristics 

in the frequency range of 2.0–17.0 GHz of the 

manufactured experimental samples was as 

follows. 

1. Obtaining electromagnetic radiation reflection 
coefficient values of the sample. The following 

actions were performed within the framework of 
this step. 

1.1 Calibration of the measuring system in 
accordance with the diagram shown in Fig. 2, 
to establish the optimal level of electromagnetic 
radiation power for the operation of the 
detectors of the measurementsignal processing 
unit. 

1.2 Carrying out measurements of the 
electromagnetic radiation reflection coefficient 
values in accordance with the diagram shown 
in Fig. 2 (a microwave absorber sample should 
be installed instead of the metal plate in front of 
the transmitting antenna). 

1.3 Sequential repetition of steps 1.1 and 1.2 at 
least 4 times. 

1.4 Calculation of the electromagnetic radiation 

reflection coefficient average values (
11S ) 

according to the following equation: 

,
11

1
11

n

i
i

S

S
n




dB, (5) 

Where S11iisthe electromagnetic radiation 
reflection coefficient value of the sample measured 
in the i-th time; n is the number of times that the 
electromagnetic radiationreflection coefficient value 
of the sample was measured (n ≥ 5). 
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Figure 2. Connection diagram of the measuring system devices during its calibration before 

measuring S11ivalues 

2. Obtaining the electromagnetic radiation 
transmission coefficient values. The following 
actions were performed within the framework of 
this step. 

2.1. Calibration of the measuring system in 
accordance with the diagram shown in Fig. 3, to 
establish the optimal electromagnetic 
radiationpower level for the operation of the 

detectors of the measurement signal 
processing unit. 

2.2. Carrying out measurements of the electro-
magnetic radiationtransmission coefficient 
values in accordance with the diagram shown 
in Figure  3 (a microwave absorber sample 
must be installed between the transmitting and 
receiving antennas). 

Measurement 

signal 

processing unit

Sweep 

frequency 

generator

Panoramic meter of transmission 

and reflection coefficients SNA 0.01–18

Unit A/R Unit B

Reference signal

Video display 

terminal

Transmitting antenna Receiving antenna

 

Figure 3. Connection diagram of the measuring system devices  
during its calibration before measuring S21i values 

 

2.3. Sequential repetition of steps 2.1 and 2.2 at 

least 4 times. 
2.4. Calculation of the electromagnetic radiation 

transmission coefficient average values 
(S21)according to the following equation: 



O. Boiprav et al. Multilayer microwave absorbers with an ordered structured layer … 

ZASTITA MATERIJALA 66 (2025) broj 2 379 

,
21

1
21

m

i
i

S

S
m




dB, (6) 

S21i is the electromagnetic radiationtransmission 
coefficient value of the sample measured in the i-th 
time; mis the number of times that the 
electromagnetic radiationtransmission coefficient 
value of the sample was measured (m≥ 5). 

3. Calculation of the electromagnetic radiation 
absorption coefficient values (A) of the sample, 

according to the following equation: 

11 21

10 101 10 10 , rel. units

S S

A   
 (7) 

The relative error module of measurements of 
the electromagnetic radiation reflection and 
transmission coefficients values carried out using 
the panoramic meter of transmission and reflection 
coefficients SNA 0.01–18 is no more than 10.0 %. 

The relative magnetic permeability of dispersed 
composite containing powdered activated charcoal 
and magnetic particles was estimated using an 
automated vibration magnetometer Liquid Helium 
Free High Field Measurement System (manu-
facturer – Cryogenic LTD, Great Britain). The 
operating principle of this magnetometer is based 
on the induction method. The procedure for 
carrying out measurements using this 
magnetometer was as follows. 

1.  Filling the magnetometer measuring cell with 
the material to be studied. The measuring cell 
consists of two combined coils wound in 
opposite directions and spaced apart along one 
conventional axis. 

2.  Starting the magnetometer, which sets the 
measuring cell into a state of oscillation, the 
source of the external magnetic field begins to 
function and, under its influence, magnetization 
of the material to be studied is realized. 

3.  Recording the induction values of the external 
magnetic field (B). 

4.  Registration of the electromotive force of 
induction (E) induced by the magnetized 
material being studied in the coils included in 
the measuring cell, using a phase-sensitive 
voltmeter connected to the control personal 
computer and the special software VSM 
Software-v081018 installed on this computer.  

5.  Calculation of the magnetization (M) of the 
material being studiedaccording to the following 
equation: 

~ , V,
z

M
E

z




  (8) 

wherezisthe direction of the conventional axis 
along which the coils of the measuring cell are 

spaced and along which it oscillates; z  – the 

frequency of oscillation along the z-axis of the 
measuring cell filled with the material being studied 
(during the studies it was 19.4 Hz). 

6.  Calculation of the values of the function of 

dependence of the relative magnetic 

permeability of the material being studied on 

the induction of an external magnetic field 

(μ (B)) according to the following equation: 

μ(  ) , rel. units
M

B
B



  (9) 

The relative error module of measurements 

carried out using the automated vibration 

magnetometer Liquid Helium Free High Field 

Measurement System does not exceed 1.5 %. 

3. RESULTS AND DISCUSSION 

The frequency dependences of the 

electromagnetic radiation absorption coefficient in 

the range of 2.0–17.0 GHz of the studied samples 

of the microwave absorbers is shown in Fig. 4. 

 

Figure 4. Frequency dependences of the 
electromagnetic radiation absorption coefficient in 

the range of 2.0–17.0 GHz of the samples of 
groups 1, 2 and 3 (curves 1, 2 and 3 respectively) 

 

It is seen from Figure 4,the electromagnetic 

radiation absorption coefficient values in the 

frequency range of 5.0–10.0 GHz of the samples of 

groups 2 and 3 are higher by 0.05–0.6 relative 

units than the electromagnetic radiation absorption 

coefficient values in the specified frequency range 

of the samples of group 1. This is due to the fact 

that theelectromagnetic radiation reflection 

coefficient values in the specified frequency range 

of the first and second of the specified samples are 
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lower by 0.01–0.55 relative units than those of the 

third of the specified samples (Figure 5).  

This is due to the fact that the samples of 

groups 2 and 3 are manufactured of the dispersed 

composite containing magnetic particles (see Eq. 

(1)). It was found that μ value of the dispersed 

composite used to manufacture the samples of 

group 2 is 3.0, and μ value of the dispersed 

composite used to manufacture the samples of 

group 3 is 20.0. 

It’s established, that microwave absorbers 

manufactured according to the developed 

technique are characterized by the wider effective 

absorption band (EAB) compared with the analogs 

(Table 3). 

 

Figure 5. Frequency dependences of the 
electromagnetic radiation reflection coefficient in 

the range of 2.0–17.0 GHz of the samples of 
groups 1, 2 and 3 (curves 1, 2 and 3 respectively) 

 

Table3. Characteristics of microwave absorbers based on carbon-containing and magnetic materials 

Brief description ofmicrowave absorbers Thickness, cm EAB EAB width, GHz 

Microwave absorbers manufactured according to the 
developed technique 

0.5±0.1 3.8–17.0 GHz 13.2 

Two-layer microwave absorbers based on dispersed 
composite containing powdered activated charcoal and iron 
(III) oxide [22] 

0.3±0.1 
2.8–6.5 GHz 

8.5–17.0 GHz 

3.7 

8.5 

Microwave absorbers based on porous carbon obtained 
from rice husks and containing iron particles [11] 

0.14 12.2–17.8 GHz 5.6 

Microwave absorbers based on porous carbon obtained 
from jute biomass and containing iron (II, III)  
oxide nanoparticles [14] 

0.16 13.8–17.8 GHz 5.0 

Microwave absorbers based on porous carbon and iron 
carbide [15] 

0.35 6.0–14.2 GHz 8.2 

Microwave absorbers based on porous carbon obtained 
from cotton biomass and containing iron nanoparticles [16] 

0.25 11.0–16.2 GHz 5.2 

Microwave absorbers based on carbon obtained from 
metal-organic frameworks and iron oxide (II, III) [17] 

0.2 6.5–14.0 GHz 7.5 

Microwave absorbers based on carbon doped with diiron 
nitride [18] 

0.19 12.0–16.3 GHz 4.3 

Multilayer microwave absorbers based on MXene and iron 
(II, III) oxide [19] 

0.19 8.0–12.0 GHz 4.0 

Microwave absorbers based on graphite containing iron (II, 
III) oxide particles [20] 

0.3 7.0–9.0 GHz 2.0 

 

4. CONCLUSION 

Thus, the width of EAB absorbers 
manufactured accordingto the developed technique 
exceeds the width of EAB of two-layer microwave 
absorbers based on dispersed composite 
containing powdered activated charcoal and iron 
(III) oxide by 4.7 GHz [22]. Microwave absorbers 
manufactured in accordance with the developed 
technology can be used to create shields for 
isolating shielded zones in rooms containing 

electronic devices sensitive to the effects of 
microwave radiation and/or being sources of such 
radiation. 

5. REFERENCES 

[1] S.A.Hamouda, N.S.Amneenah (2024) Electro-
magnetic Interference Impacts on Electronic 
Systems and Regulations, International Journal of 
Advanced Multidisciplinary Research and Studies, 
4(1), 124-127. 



O. Boiprav et al. Multilayer microwave absorbers with an ordered structured layer … 

ZASTITA MATERIJALA 66 (2025) broj 2 381 

[2] S.Akram, M.Ashraf, A.Javid, H.A.Abid, S.Ahmad, 
Y.Nawab, A.Rasheed, Z.Xue, A.Nosheen (2023) 
Recent Advances in Electromagnetic Interference 
(EMI) Shielding Textiles: A Comprehensive Review, 
Synthetic Metals, 294, 117305.  

doi: 10.1016/j.synthmet.2023.117305. 

[3] S.Zecchi,G.Cristoforo,M.Bartoli,A.Tagliaferro,D.Tors
ello,C.Rosso,M.Boccaccio, F. Acerra (2024) A 
Comprehensive Review of Electromagnetic Inter-
ference Shielding Composite Materials, Micro-
machines, 15(2), 187. doi: 10.3390/mi15020187. 

[4] T.-L.Wu, F.Buesink, F.Canavero (2013) Overview of 
Signal Integrity and EMC Design Technologies on 
PCB: Fundamentals and Latest Progress, IEEE 
Transactions on Electromagnetic Compatibility, 
55(4), 624-638. doi: 10.1109/TEMC.2013.2257796 

[5] B.Deutschmann, G.Winkler,P.Kastner (2018) 
Impact of Electromagnetic Interference on the 
Functional Safety of Smart Power Devices for Auto-
motive Applications,Elektrotechnik und 
Informationstechnik, 135,352-359.  

doi: 10.1007/s00502-018-0633-4 

[6] M.A.A.Frah, T.Pavlushkina, A.Babinova, V.Belyaev, 
M.Makeev, A.Osipkov, E.Konopleva, V.Zhachkin, 
V.Usachev (2021) Protection from Electromagnetic 
Pollution by Using Metal Based Shielding Materials, 
Journal of Physics: Conference Series, 2056(1), 
012058. doi: 10.1088/1742-6596/2056/1/012058. 

[7] A.Elzanaty, L.Chiaraviglio, M.-S.Alouini. 5G and 
EMF Exposure: Misinformation, Open Questions, 
and Potential Solutions (2021) Frontiers in 
Communications and Networks, 2. 

doi: 10.3389/frcmn.2021.635716. 

[8] U.O.Matthew, J.S.Kazaure (2021) Chemical 
Polarization Effects of Electromagnetic Field 
Radiation from the Novel 5G Network Deployment 
at Ultra High Frequency. Health Technol 
(Berl),11(2), 305-317. 

doi: 10.1007/s12553-020-00501-x. 

[9] S.A.Mohammed, R.A.K.Albadri, K.S.L.Al-Badri. 
Simulation of the Microwave Five-Band a Perfect 
Metamaterial Absorber for the 5G Communication 
(2023)Heliyon, 9(9),e19466. 

doi: 10.1016/j.heliyon.2023.e19466. 

[10] S.Biswas, S.S.Panja, S.Bose (2017) Unique 
Multilayered Assembly Consisting of “Flower-Like” 
Ferrite Nanoclusters Conjugated with MWCNT as 
Millimeter Wave Absorbers, The Journal of Physical 
Chemistry C, 121(26), 13998-14009.  

doi: 10.1021/acs.jpcc.7b02668. 

[11] J.Fang, Y.Shang, Z.Chen, W.Wei, Y.Hu, X.Yue, 
Z.Jiang (2017) Rice Husk-Based Hierarchically 
Porous Carbon and Magnetic Particles Composites 
for Highly Efficient Electromagnetic Wave 
Attenuation, Journal of Materials Chemistry C, 5, 
4695-4705.doi: 10.1039/C7TC00987A. 

[12] F.Peng, F.Meng, Y.Guo, H.Wang, F.Huang, Z.Zhou 
(2018) Intercalating Hybrids of Sandwich-like 
Fe3O4–Graphite: Synthesis and Their Synergistic 
Enhancement of Microwave Absorption, ACS 

Sustainable Chemistry & Engineering, 6 (12), 
16744-16753, doi: 10.1021/acssuschemeng.8b0402 

[13] X.Su, J.Wang, B.Zhang, W.Chen, Q.Wu, W.Dai, 
Y.Zou (2018) Enhanced Microwave Absorption 
Properties of Epoxy Composites Containing 
Graphite Nanosheets@Fe3O4 Decorated Comb-
Like MnO2 Nanoparticles, Materials Research 
Express, 5(5), 056305. 

 doi: 10.1088/2053-1591/aac256 

[14] L.Wang, H.Guan, J.Hu, Q.Huang, C.Dong, W.Qian, 
Y.Wang (2019) Jute-Based Porous Biomass 
Carbon Composited by Fe3O4 Nanoparticles as an 
Excellent Microwave Absorber, Journal of Alloys 
and Compounds, 803, 1119-1126.  

doi: 10.1016/j.jallcom.2019.06.351 

[15] T.Huang, Z.Wu, Q.Yu, D.Tan, L.Li (2019) 
Preparation of Hierarchically Porous Carbon/ 
Magnetic Particle Composites with Broad 
Microwave Absorption Bandwidth Chemical 
Engineering Journal, 359, 69-78. 

doi: 10.1016/j.cej.2018.11.108. 

[16] X.Li, E.Cui, Z.Xiang, L.Yu, J.Xiong, F.Pan, W.Lu 
(2020) Fe@NPC@CF Nanocomposites Derived 
from Fe-MOFs/Biomass Cotton for Lightweight and 
High-Performance Electromagnetic Wave Absor-
ption Applications, Journal of Alloys and Com-
pounds, 819, 152952.  

doi: 10.1016/j.jallcom.2019.152952. 

[17] W.Gu, J.Zheng, X.Liang, X.Cui, J.Chen, Z.Zhanga, 
G.Ji (2020) Excellent Lightweight Carbon-Based 
Microwave Absorbers Derived from Metal–Organic 
Frameworks with Tunable Electromagnetic 
Properties, Inorganic Chemistry. Frontiers. 

doi: 10.1039/d0qi00099 j. 

[18] X.Cui, X.Liang, J.Chen, W.Gu, G.Ji, Y.Du (2020) 
Customized Unique Core-Shell Fe2N@N-Doped 
Carbon with Tunable Void Space for Microwave 
Response, Carbon, 156, 49-57. 

doi: 10.1016/j.carbon.2019.09.041. 

[19] L.Wang, S.Su, Y.Wang(2022) Fe3O4 – Graphite 
Composites as a Microwave Absorber with Bimodal 
Microwave Absorption, ACS Applied Nano 
Materials, 5(12), 17565-17575. 

doi: 10.1021/acsanm.2c02977. 

[20] J.Su, X.Zhao, W.Zhou, C.Wang, P.Zhang(2021) 
Fe2O3-Decoration and Multilayer Structure Design 
of Ti3C2MXene Materials Toward Strong and 
Broadband Absorption of Electromagnetic Waves in 
the X-band Region, Journal of Materials Science: 
Materials in Electronics, 32, 25919-25932. 

doi: 10.1007/s10854-021-05273-2 

[21] V.Shukla (2019) Review of Electromagnetic 
Interference Shielding Materials Fabricated by Iron 
Ingredients, Nanoscale Advances, 5. 

doi: 10.1039/C9NA00108E. 

[22] O.V.Boiprav, M.H.Hasanov, V.A.Bogush (2024) 
Technology for the Manufacture of Microwave 
Absorbers from the Dispersed Composite Based on 
Powdered Activated Charcoal and Iron (III) Oxide, 
Herald of the Azerbaijan Engineering Academy, 
16(1), 101-110. 



O. Boiprav et al. Multilayer microwave absorbers with an ordered structured layer … 

ZASTITA MATERIJALA 66 (2025) broj 2 382 

 

IZVOD 

VIŠESLOJNI MIKROTALASNI APSORBERI SA UREĐENIM STRUKTURIRANIM 
SLOJEM NA BAZI AKTIVNOG UGLJA U PRAHU KOJI SADRŽI MAGNETNE 
ČESTICE 

Prikazana je tehnika izrade četvoroslojnih mikrotalasnih apsorbera sa uređenim strukturiranim 
slojem. Ova tehnologija se sastoji od toplotnog presovanja konstrukcije u vidu dva fragmenta 
sintetičkog netkanog vlaknastog materijala (prvi i treći sloj), između kojih se raspoređeni elementi 
formirani od praškastog aktivnog uglja impregniranog mešavinom izopropil alkohola i fino 
dispergovanog magnetnog materijala (drugi sloj), a zatim fiksiranje fragmenta od četiri sloja folije 
(4. površine trećeg sloja . Utvrđeno je da širina efektivnog apsorpcionog opsega apsorbera 
proizvedenih prema predstavljenoj tehnici iznosi 13,2 GHz i da premašuje širinu efektivnog 
opsega apsorpcije njihovih analoga za 4,7–11,2 GHz. Vrednosti koeficijenta apsorpcije 
elektromagnetnog zračenja ovakvih apsorbera su od 0,5 rel. jedinica do 0,92 rel. jedinice. 
Ključne reči: ugalj, izopropil alkohol, mikrotalasni apsorber, gvožđe (III) oksid, titanomagnetit. 
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