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Carbon nanotubes (CNTs), which have a diameter on the nanometer scale, are
tube-like materials composed of carbon and graphite sheets. Carbon nanotubes
play an important role in many fields such as nanotechnology, electronics, optics
and material science due to their superior properties such as high elasticity, high
thermal conductivity, low density and being more chemically inert. In this study,
the use of carbon nanotubes in radar absorbing materials (RAM) to reduce the
reflection of electromagnetic waves was investigated. In this sense, by using a
polymeric composite structure reinforced with carbon nanotubes, a material
with unique properties such as solid absorption, low weight/thickness and cost-
effectiveness has been produced, minimizing the reflection of electromagnetic
waves. For this purpose, carbon nanotubes with different particle sizes of
8 nm, 30-50 nm and 48-78 nm were blended with polyester at the ratio of
1%. The resulting composites were characterized using a Network analyzer in
the frequency range of 8-12 GHz. According to the results obtained, it was
observed that radar absorption increased with increasing particle size. It has
been determined that by changing the particle sizes of carbon nanotubes in
composites, the absorption bands can be adjusted to suit different applications
in different frequency bands.

radar absorbing materials, carbon nanotubes, polymer composites, particle size effect,
network analysis

1 Introduction

Recently, we encounter many different materials brought about by technological
developments and the constant search for innovation. In this regard, the field of materials
science is at the forefront of shaping revolutionary changes in various sectors. Thanks
to nanotechnological studies, the synthesis and application of carbon nanotubes (CNTs)
have emerged as a ray of hope, especially in the field of radar absorbing materials.
These nanostructures contribute to the development of cutting-edge materials with
extraordinary capabilities in the fields of stealth technology, aerospace and defense. These
cylindrical structures, called carbon nanotubes, represent a wrapped manifestation of a
two-dimensional (2D) carbon structure known as graphene, intricately woven with carbon
atoms arranged in hexagonal patterns. Both ends of this tube can be encapsulated with
spherical cylindrical structures (Zhao et al., 2019; Ruiz-Perez et al., 2022). The remarkable
physical and electronic properties inherent in carbon nanotubes have made them the
focus of extensive scientific research. When strategically incorporated into polymer
matrices, these nanotubes give rise to composites capable of absorbing and scattering
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Schematic presentation of; (A) S-parameter measurement setup using 8720D network analyser, and (B) prepared specimen.

electromagnetic radiation, including radar signals. In some
studies, the electromagnetic or conductivity values of additives
can be manipulated by modifying carbon nanotubes or various
functionalization processes. As long as the ratio of hybrid filler
components within the composite can be optimally adjusted, higher
aspect ratio creates more filler junctions to create denser and more
interconnected channels, which has ultimately been shown to
increase the electrical and EMI shielding performance of composite
films (RenalLia et al., 2020; Ghosh et al., 2023). The implications
of such materials extend far beyond traditional applications and
offer a promising glimpse into the future landscape of advanced
materials engineering (QiYangZhong et al., 2009; Hong MelvinNi
and Natsuki, 2014; Luo et al., 2014).

It can be said that the working principle of the radar is based
on the same principle as the sound echoing from the wall. Because
in both cases, a signal is transmitted, reflected from an object and
returned. While the signal sent in sound reverberation is sound,
electromagnetic wave types such as radio waves and microwaves are
used as the signal sent in the radar system (National Imagery and
Mapping Agency, 2001; Ting et al., 2008). The amount of reflection
and refraction of these waves depends on the properties and surface
of the material through which the signal is sent. When the signal
hits a completely flat surface, the signal is reflected in one direction.
When it hits a rough surface, it is reflected in various directions and
only a very small portion of the original signal is transmitted back to
the receiver (Varshney, 2002; Trujillo and Thurman, 2004). Another
way to reduce the signal is to impregnate the signal by the material
it passes through. At this point, the radar absorbing materials we
encounter have a mechanism that traps incoming radar signals
and prevents their reflection (Ghasemi et al., 2006; Mozaffari et al.,
2009). These materials can be produced by changing the dielectric
and magnetic properties of the materials. Magnetic materials such
as ferrite, iron, and cobalt-nickel alloys are used to change the
permittivity of base materials, while high dielectric materials such as
carbon, graphite, and metal flakes are used to change the dielectric
properties. Dielectric materials used in radar absorption do not
have magnetic properties. Examples of these are commonly used
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FIGURE 2
XRD analysis of MLCNT with (A) < 8 nm, (B) 30-50 nm and (C)

48-78 nm particle size.
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FIGURE 3

SEM image of MLCNT with (A) < 8 nm, (B) 30-50 nm and (C) 48-78 nm particle size.

materials such as foams, plastics and elastomers (Kojima et al., 1982;
Lalrdtech, 2012; Atay and Celik, 2014).

The main aim of this study is to obtain a radar-absorbing
composite material by grafting carbon nanotubes into an epoxy
resin matrix. Utilizing three different sizes of carbon nanotubes,
the article aims to examine the effect of these size differences on
radar absorption properties. Research and development in this field
is pushing the boundaries of what is considered possible, and our
understanding of the complex interaction between nanotechnology
and radar-absorbing materials is constantly expanding. For this
purpose, carbon nanotubes with different particle sizes of 8 nm,
30-50 nm and 48-78 nm were blended with polyester at the
ratio of 1%. The structural and morphological properties of
these composites were evaluated by X-ray Diffraction (XRD)
and Scanning Electron Microscope (SEM) analyses. Magnetic
properties were analyzed by vibrating sample magnetometer (VSM).
Additionally, the composites were subjected to characterization
through a Network Analyzer covering the frequency range
from 8 to 12 GHz.

2 Materials and methods

The carbon nanotubes used as reinforcement materials in
this research are multi-walled carbon nanotubes. These carbon
nanotubes, which were used without being functionalized in any
way, were purchased from Nanografi. Nanotubes have a high
purity level of 96% and are available in three different particle
size ranges: <8nm, 30-50nm and 48-78 nm. Polyester resin was
used as matrix material. Carbon nanotubes and polyester resin
were first mixed with 3% hardener (methyl ethyl ketone peroxide)
and left to cure for 2 days at room temperature, then mixed
with polyester resin at 1% loading level. Mixing was done by
mechanical mixing for 15 min. After this, the resulting mixture
was poured into a special holder. The samples produced with
this mold were used in Network analyzer radar absorption
measurement.

Electromagnetic parameters of the composites were measured
by the transmission/reflection method in the 8-12 GHz region
with the 8720D Network Analyzer device (Agilent Technologies)
shown in Figure 1A. The network analyzer and coaxial line armature
were calibrated to perform microwave absorption measurement.

Frontiers in Materials

03

The reason for using the mold in Figure 1B is to ensure that the
sample to be analyzed according to the transition line method is
placed between the waveguides of the analyzer without any gaps.
Accordingly, reliable and healthy results were obtained by ensuring
full overlap with the holder. The control sample of pure polyester
resin was cast in the same way and measurements were made.
Accordingly, a signal is sent from a source to the material. Signals
reflected and transmitted from the material are detected by sensors.
Performance calculation is based on the principle that the sum
of the reflected, transmitted and absorbed signals in the material
is exactly. The amount absorbed is calculated in this way (Atay,
2016). In this study, radar absorption value was evaluated with
reflection loss.

Phase analysis of the powders was performed using an Empyrean
X-ray diffractometer using Cu Ka radiation (A = 1.540 A) in the 20
range ranging from 20 to 80°. A Carl Zeiss Sigma 300 VP scanning
electron microscope (SEM) was used to obtain morphological
images of the composites. The magnetic behavior of the materials
at room temperature was evaluated using a VSM 550-100 vibrating
sample magnetometer. Polytetrafluoroethylene (PTFE) Teflon tape
was used during these measurements.

3 Results and discussion

As shown in Figure2, XRD (X-ray Diffraction) patterns
were obtained using the Panalytical Empyrean XRD device.
Monochromatic CuKa beam was used as the X-ray source. Scanning
was done in the range of 5°-90°, and the patterns were obtained at
45 kV and 40 mA conditions.

SEM images of 96% pure multi-walled carbon nanotubes
(MWCNTs) with particle sizes of <8nm, 30-50nm and 48-78nm,
without any additional preparation or processing, are shown in
Figure 3. The results obtained from the images confirm that the
dimensional consistency of the received carbon nanotubes is at the
specified level. In addition, it can be seen that the nanotubes have a
homogeneous and stable structure.

Table 1 shows the coercivity and saturation magnetization
values obtained from the VSM analysis. It is clearly seen that
both saturation magnetization and coercivity values decrease with
increasing particle sizes. The reason for this is that increasing the
particle size causes a decrease in the surface/volume ratio. In this
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TABLE 1 VSM analysis results of carbon nanotubes.

Sample (nm) Ms (emu/q) ’ Hc (Oe)
<8 2,58 111,39
30-50 2,19 102,14
48-78 2,13 97,39

Reflection Loss (dB)
&

Freq (GHz)

8nmS11(DB)  ——30-50nm S11(DB) ~ ———48-78nm S11(DB)

FIGURE 4
Carbon nanotube reinforced composites with different particle sizes.

case, dielectric loss is expected to decrease as a result of increased
agglomeration.

The properties of the composites were evaluated using a
Network Analyzer in the frequency spectrum from 8 to 12 GHz.
Initially, composites were produced as single-layer configurations
at 1% loading level with different particle size. The data obtained
from these measurements were analyzed by creating graphical
representations demonstrated in Figure 4. According to these
results, the best value was observed in composites with dimensions
in the range of 48-78 nm, the minimum reflection loss value
was determined as —9.38 dB and the effective bandwidth was
determined as 10.27 GHz.

Similar results have been obtained in many studies investigating
the radar absorption performance of composites prepared using
carbon nanotubes. In addition, materials prepared using other
additives in addition to carbon nanotubes have also taken their place
in the literature. In a study, the electromagnetic wave absorption
abilities of carbon nanotubes and composite materials using Fe304
were investigated and very good results were obtained (Ghosh et al.,
2023). A significant improvement in impedance matching was
observed in CNT-loaded Fe304 composites compared to pure
CNTs or Fe304. The absorption mechanism is primarily attributed
to improved impedance matching, interfacial scattering, and
dielectric and magnetic losses. The outstanding electromagnetic
wave absorption performance of CNT-loaded Fe304 composites
has been found to contribute to the development of lightweight
and highly efficient electromagnetic wave absorbing materials
(RenaLia et al., 2020). In another study, the meticulous preparation

Frontiers in Materials

04

10.3389/fmats.2024.1380472

of barium titanate (BTO) nanoparticles and their subsequent
integration onto the surface of carbon nanotubes (CNTs) was
achieved using the sol-gel method. The study systematically
evaluates the capacity of these materials to absorb electromagnetic
(EM) waves by measuring their dielectric and magnetic losses
when subjected to EM wave penetration (Hong MelvinNi and
Natsuki, 2014). There are other studies on the design of CNT/G
hybrids, which can be considered as an effective way to design
lightweight and high-performance EM absorber materials by
combining CNTs and graphene sheets into three-dimensional
structures (Luo et al., 2014). This study introduces an innovative
and efficient approach to fabricate a promising EM absorption
material with characteristics such as light weight, robust absorption
capability, and a broad absorption bandwidth. The results of the
research conducted according to the size range will serve as a guide
for future studies.

4 Conclusion

In this study, the production of radar absorbing material using
carbon nanotubes was investigated. In this sense, it has been
determined that the electromagnetic wave absorption abilities of the
composite materials produced may vary depending on factors such
as particle size. Looking at the results, it was seen that the reflection
loss values increased with increasing particle size. The reason for this
is that the resulting dielectric loss causes the composite materials
to interact with electromagnetic waves and weaken these waves.
Accordingly, the microwave absorption ability increased. Since it is
a study in which additives are evaluated dimensionally, this study
will be a guide for optimizing microwave absorption properties and
using them in various applications in the future.
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