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Abstract:

Ceramic metamaterial (CMM) based metamaterials, which are artificial materials designed to have unique
electromagnetic or thermal properties. These CMMs are often explored for their advantages like low dielectric
loss, high-temperature resistance, and tenable performance, making them promising for applications in areas such
as millimetre-wave devices, high-temperature sensors, and absorbers. Usually have the characteristics of
lightweight, high specific stiffness and strength, controllable Poisson’s ratio designable anisotropy, etc. They can
meet the requirements of multiple functions while meeting the load-bearing performance. They can be used as
structural support materials, energy absorption materials, noise reduction materials, thermal conductivity
materials, and biological materials, and have broad application prospects in aviation, navigation, medicine, and
etc. Currently, the performance of common radar absorbers deteriorates dramatically at elevated temperatures,
which limits their application in high-temperature environments. for broadband microwave absorption. In the
CMM, which exhibits excellent electromagnetic (EM) wave polarization stability properties. This work may assist
in the design and manufacture of a new generation of radars, ships, and aircraft will be evaluated using (HFSS)
software (Vs. 15).
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Introduction

Ceramic metamaterial (CMM) acted considerable attention recently [19][9][30][4][5], and they have
great application potential for structures or devices working at high temperatures or over a large
temperature range in aerospace and high-temperature instrument applications. For instance, the
satellite antennas and their supporting structures used in earth-orbiting satellites typically cycle
between direct sunlight to shadow [21]. When EM waves enter the material surface, reflection,
transmission, and absorption will occur on the material surface [4,8]. The basic principle of EM

(LOUJAS) Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and
23 8 .conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/)


mailto:Abdulaziz.d@cetb.edu.ly

Libyan Open University Journal of Applied Sciences (LOUJAS)

Volume 2 - Issue 1 - 2026 - Pages 238-245

absorbing materials is to reduce the reflection and transmission of EM waves and increase the
absorption inside the material. For non-magnetic materials, the complex dielectric constant er is the
key parameter that determines their properties, as shown below (er = & - j €’’) Similarly, the wave-
absorbing properties of magnetic materials depend on structure EM wave absorption materials,
temperature-Resistant microwave absorbing material, shown figurel.

Figure 1. High-temperature-resistant ceramic materials for absorbing microwaves [10,11,3, 6]. Reproduced with
permission from Ref. [21]. Copyright 2016, Elsevier. Reproduced with permission from Ref. [31]. Copyright 2015,
American Chemical Society. Reproduced with permission from Ref. [10]. Copyright 2020, Elsevier. Reproduced
with permission from Ref. [10]. Copyright 2013, The American Ceramic Society. Reproduced with permission

from Ref.
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Figure 1: The classification of MMs based on their functionalities.

Wave-absorbing metamaterials regulate their equivalent electromagnetic parameters via the design of the structure
of the material cell [21], thus achieving good impedance matching with free space, opening up new opportunities
for EMW-absorbing materials to achieve significant absorption properties at specific or wide frequencies
[5,23,11,3,6]. Wave-absorbing metamaterials overcome the bottleneck of traditional wave-absorbing materials in
low frequency bands. They also possess strong absorption, small thickness, a flexible design, light weight, etc., all
of which mean they have great potential application value in stealth technology. Traditional ceramic processing
methods like powder sintering make it difficult to meet the design requirements of flexible and complex structural
units of absorbent metamaterial structures; their manufacturing process is complex, and their cost is high [1,4].
Figure 2(a) shows metamaterials designed for energy absorption. It demonstrates basic folding principles, such as
valley and mountain folds, and how these are used to create accordion-like structures. Figure 2(b) focuses on the
design of origami mechanical metamaterials with a high absorption ratio. It details various structural designs (R1,
R2, S1, S2, S3, L1, L2 and L3) and their respective folding and helical angles. These configurations are intended
to optimise the energy absorption properties of the metamaterials.

As a highly flexible manufacturing technology [13], 3D printing technology has the strengths of a high material
utilization rate, a rich material system, easy-to-form complex parts, and low cost, and it can achieve the fast
processing of three-dimensional complex metamaterial structures. The integrated manufacturing of functional
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structures made of high-temperature-absorbing ceramic metamaterials with complex electromagnetic control
functions has been explored for use in the future [6,9].

To ensure the electromagnetic compatibility of high-precision communication satellites in high-
radiation environments, ceramic-based absorbent liners are typically installed inside satellite

equipment to absorb reflected electromagnetic waves and prevent interference with the signals of
internal devices [5].
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Figure 2: a) Origami mechanical metamaterials for energy-absorbing [30] (b) Design of origami mechanical
metamaterial with high absorption ratio [31].

Design of microwave-absorbing materials
EMW-absorbing materials can convert incident EMWS into heat through electromagnetic loss, with extremely

low reflectivity and transmittance. The transmission process of the incident EMW in the medium is shown in
schematic figure 3.
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Figure 3: Geometry of the initial absorber design.

Figure3.illastrate Geometry of the top view and (b) side view of the unit cell with geometrical dimensions as: a=
16mm, b= 9mm w=2.2mm tink =0.05mm, tair = 4mm, t = 0.3mm and tc = 0.017mm.

The ratios of the reflected, the absorbed, and the transmitted to the incident EMW are defined as reflectance (R),
absorbance (A), and transmittance (T), respectively. The absorbance is expressed as follows [10].

Results and discussion

Figure 4 displays the Ceramic-based absorbing materials.

Figure 5 shows that the input impedance for low dielectric constant (Air), best material (from result
Styrofoam) and greater material (Mica) show variation with increasing relative permittivity.
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Figure 4: Geometry of the initial absorber design.
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In figure 4 complex metamaterial structures. The integrated manufacturing of functional structures made of high-
temperature-absorbing ceramic metamaterials with complex electromagnetic control functions.
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Figure 5: input impedance for three metamaterials.
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Figure 6: Radiation pattern.

A radiation pattern is a graph showing how the actual field strength of an electromagnetic
field wvaries at all points equidistant from an antenna. The radiation pattern graph (Figure
6) illustrates the directions of the radiation pattern.
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Figure 7: Gain in 3D.

Figure 7 below illustrates the total gain of the antenna for various substrate materials.
Using Styrofoam as the substrate material yields a gain of 8.38 dB.
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Figure 8: Calculated current distribution on the unit cell.

Figure 8 illustrates the calculated current distribution and demonstrates the impact of the dielectric
constant in the unit cell on the surface current density. In other words, it shows how the current
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density in an extended unit cell along the patch resonant dimension is affected by the dielectric
constant in the unit cell.

Conclusion

In this paper, the importance of substrate selection has been remarked upon in the context of the
overall description of radiation and losses in an absorbed unit cell metamaterial. Its permittivity
determines the overall length, Research on EM wave-absorbing materials has progressed rapidly in
recent years. There is an increasing focus on achieving efficient, broadband, lightweight and
multifunctional absorption through the integration of material design, structural control and advanced
fabrication, with conventional empirical approaches being replaced by simulation.
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