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Evaluation of a Nanostructured MWCNT based RAM Coating
Applied to a Glass Fiber Composite
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Abstract: This study presents, shielding effectiveness, complex permeability, and complex permittivity of Multi-Walled
Carbon Nanotube (MWCNTs) based Radiation Absorbent Material (RAM) coatings in X-Band (8- 12 GHz). This
study utilized Scanning Electron Microscope (SEM) analysis. RAM coatings were developed using polyurethane
dispersion and MWCNTs filler. A series network analyzer tested the prepared coating applied on glass fiber substrate
and analyzed it by scanning electron microscope. Results show that shielding effectiveness, relative permittivity,
and permeability increase with increased concentration of MWCNT in prepared RAM coating. The sample showed
maximum shielding effectiveness with a maximum concentration of MWCNTs. This study presents a comparison
between the shielding effectiveness results with different MWCNTs concentrations, which have never been done before,
and it carries immense applications in the defense and aerospace sectors.
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I. INTRODUCTION
With the rapid advancements and technological de-

velopments in the defense sector, radar absorption has be-
come an important issue with the need to develop modern
methods to achieve radar absorption. Stealth technology
is a dire need in modern combat tactics. It has become an
important issue for defense bodies to enable their assets
like missiles, aircraft, and equipment like spy drones to
remain undetected from radar. It can be done by reducing
Radar Cross-section (RCS) [1, 2].

Radar absorbent material is also known as microwave
absorbing material, and radar absorbing materials are
abbreviated as RAM [3]. They are classified as mate-
rials that minimize the electromagnetic radiation reflec-
tivity and, precisely speaking, especially waves with a
frequency in the X band. RAM can be manufactured in

various types and forms. It may be in the form of paints,
films, and coated films [4]. They are implied where we
want to decrease the RCS, and those structures are corre-
spondingly known as RAS [5]. The military uses them
to decrease reflectivity from their asserts to minimize the
danger of being detected and attacked. The most promi-
nent application of RAM paint is that when applied on a
surface, it changes the impedance properties of the sur-
face, and it acts in a way that hinders the reflectivity of
the electromagnetic waves from the surface of the object
[6]. The property that allows it to absorb the radiation lies
in the absorbing properties related and dependent upon
the impedance designing and matching between two vari-
ables: air and the object surface itself. We can achieve
different impedance values by changing the material used
to make the RAM, and the material combination also
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changes the absorbing capability of the RAM [7].
RAM is classified into two main divisions: narrow-

band and wideband radar-absorbent material absorbers.
The most commonly used absorbent materials are narrow-
band or resonant. Combining two materials manufactures
them, which induced a new material with new properties
[8]. The thickness of the RAM coating is proportional to
the complex permittivity and permeability, and it can be
varied correspondingly to the absorption band we want to
overcome [9]. Structural material production is an emerg-
ing field, and day by day, many materials are formed by
using composites knowledge [10, 11, 12]. These mate-
rials have several properties, and many composites are
formed to be utilized in the aerospace industry. So, mate-
rials with RAM increase certain properties of the material
and can be used in many radio wave applications [13, 14].
A polymer composite or a nanocomposite is made up of a
polymer infused with filler material, and the filler loading
varies depending upon the required characteristics [15].
They have been recently in great attention because of their
broad scope of applications. Glass fiber is the future in
the aerospace industry, and it is efficient because of its
chemical, Mechanical and electrical properties reduce the
cost, and it proves a very healthy addition in the aerospace
industry, thus replacing lots of conventional materials [8].
RAMS, composed of different materials, has also been
prepared, and they all show uniqueness in their properties
and the aspect that has innovation is the use of composite
glass fibers.

II. LITERATURE REVIEW
A. CNTs

CNTs have lots of favorable properties, and they are
excellent conductors of electricity, and they also lead
to the production of new materials like plastics. Using
CNTs with a matrix material of desirable properties gives
us a composite material with unique and required quali-
ties [16]. The primary objectives lie in determining the

induced properties developed by preparing a compos-
ite material by combining CNTs [17] and polyurethane.
Then they are coated on the glass fiber composite, and it
was made up of ten layers of glass fibers staked, and they
are structured together by using a resin. In the field of
advanced nanocomposites, CNTs hold a position because
of their superb properties in all respects like physical,
mechanical, and electrical [18]. The CNTs are usually
infused in a matrix material with affecting their properties.
The resulting composite has several desirable properties
that cannot be obtained using conventional composites
[19, 20, 21]. CNTs were discovered in 1991 by Iijima,
and it has been used around the globe in nearly all area of
science and composites because of its properties. These
properties make it the best reinforcement in composites
[22]. The CNT has a cylindrical and curled structure
made of graphene. The rolled-out structure of graphene
determined the properties of the CNTs, like their morphol-
ogy, structure, and diameter [23]. CNTs are of two types:
single-walled CNTs and multi-walled CNTs. SWCNTs
are made up of graphene structure that is single rolled,
and its diameter ranges from 1 nanometer to centimeters.
Multi-walled CNTs has concentric rolled graphene, and
they rolled layer are separated by 0.35 mm [22].

The chiral angle helps in the determination of the
twist in the tube. If the chiral angle is 0o, then the struc-
ture is zig zag, and if the chiral angle is 300, then the
structure is armchair. The chirality of CNT greatly affects
its mechanical and physical properties [24]. In multi-
walled CNTs, weak van der forces are present between
the different layers of CNTs with multiple layers. Both
types of CNTs have their unique properties. CNTs show
all the unique mechanical, magnetic and electrical prop-
erties moreover it is lightweight, making them a perfect
candidate for space exploration objects [25]. The perfor-
mance of a CNT-based composite depends on the disper-
sion made in a matrix and the quality of the infusion of
the dispersion [26].
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Fig. 1. (A) ACNTs formed from rolled hexagonal graphene; (B) Structure; (a) Armchair (b) Zig zag

B. Matrix Material

The selection of matrix material depends on numer-
ous variables, including its compatibility with the filler
being used. They are chosen for their physical proper-
ties, and commonly used matrix materials are polymers
like polyurethane, resins, and rubbers. Ceramics are also
used [27]. Different types of matrices can be used in the
formation of RAM, but the selection of matrix material
depends on where we are going to use the matrix and
what applications are needed. Polyurethane, PPS, plastic
polymers are commonly used in the aviation industry [28],
and they are used because of their properties like strength
and endurance and resistivity and chemical resistance
[29]. Along with CNTs, polyurethane and polyaniline
stand better compatible. Polyurethane has a vast range of
applications and unique properties. The finished product
can be shaped and synthesized according to our needs
and requirements [30]. Its properties range from many
kinds of matter to rubbery solids, liquids, or soft mixtures.
Its main applications are in the field of composites and
coatings [31][30]. It has a wide range of properties like
flexibility at low temperatures, toughness, and resistance.

 

Fig. 2. Urethane linkage structure

The best results are obtained when CNTs are well
dispersed [32, 33]. We can use different chemicals for
dispersion, but polyurethane holds its place because of its
properties and excellent results. Typical mixing methods
cant be used because of the sensitive processes involved

[34]. For this, a series of processes are done to achieve a
dispersion that is best suited for the results [35]. These
processes include sonification, dispersion fluid or sol-
vent selection, and a specific temperature for the required
desired properties. The most used method is sonifica-
tion, and it is widely used for nanoparticle dispersion
[36]. RAM occupies a vast area of applications stretching
from civilian industries to complex military requirements.
They serve as an integral element of electronic warfare
and are used in 5th generation military aircraft to avoid
detection and optimizes the capacity of a military assert
to attenuate the returning radar signals from the surface
because of deflection. In civilian applications, RAM is
employed to reduce electromagnetic interferences and
electronic shielding. The aviation industries are shifting
towards composites-based structures because of their nu-
merous properties [37]. For that, the innovative side of
this research involves two aspects. The composite com-
prises glass fiber stacked up by ten layers with increased
strength and durability, and coatings are made with an in-
different composition of CNTs dispersed in polyurethane
matrix at lesser costs and improved efficiencies.

III. EXPERIMENTAL WORK

RAMs were prepared using Glass Fiber compos-
ites and MWCNTs based nanostructure coatings. The
composites which were prepared in the lab using the
hand layup technique consisted of 10 glass fiber lay-
ers that were cut in proper dimensions, and they are
then stacked together and resulted in the formation of a
2mm thick GF composite and nanostructured coating ap-
plied on this composite was of average 0.25mm thickness.
The nanostructured coatings used to paint the compos-
ites were prepared by mixing MWCNTs with industrial-
grade polyurethane (5%, 7%, 10% weight/weight). The
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Polyurethane and MWCNTs were mixed by mechanical
agitation for about 6 hours. The coatings were cured at
room temperature for about 6 hours. One of the prepared
coatings is shown in Fig. 4. The coatings were applied to
composites using brushes.

 

Fig. 3. Preparation of sample S1 (5% wt/wt)

 

Fig. 4. Prepared RAM coating (5% wt/wt)
Three samples of specifications as shown in table 1

were prepared and prepared samples are as given above
in Fig. 5. Corners of the samples are cut by 1 cm x 1 cm
to prepare samples for SEM analysis.

IV. RESULTS AND DISCUSSION
Agilent e8362b PNA Series Network Analyzer

(shown in Fig. 6 was used to measure and determine
the shielding effectiveness of all three samples. A sample
of thickness 2mm with a coating thickness of 0.25mm on
each side is placed in the center of two receivers/emitters.

 Fig. 5. Prepared samples for testing

A. Shielding Effectiveness
Comparative analysis of shielding effectiveness of

all three samples S1, S2, S3 for Shielding effectiveness
is given in Fig. 7. As seen, by increasing the concen-
tration of MWCNTs, the shielding effectiveness of the
Sample increases. For example, around 9.5 GHz ( most
commonly used frequency by radars), attenuation of EM
signal for sample S1 is -3.428 dB, for sample S2, it is
-5.365 dB, and for sample S3, it is -19.580 dB. Thus,
the RAM coating’s percentage absorption and shielding
effectiveness increase with increased concentration of

MWCNTs in the coating. Thus, it is clear that MWC-
NTs can synthesize effective RAM coatings, used in the
aeronautical industry. Relative Electric Permittivity and
Magnetic Permeability of the samples were obtained, and
their real and imaginary values are given shown in the
graphs below: A comparison of the relative permittivity
of all three samples are shown in Fig. 8. The real part
of relative permittivity shows the storage power of the
electric part of electromagnetic radiations by the coating.
While the relative permittivitys imaginary part shows the
dielectric losses by the RAM coating.
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Fig. 6. Measuring shielding effectiveness using agilent e8362b PNA series

An effective RAM coating should have high values of
relative permittivity imaginary part. The imaginary part
of relative permittivity gives a trend. The coating with
maximum wt/wt concentration of MWCNTs gives the

highest relative permittivities imaginary part. While the
minimum value of relative permittivities , the imaginary
part is given by the coating having a minimum wt/wt
concentration of MWCNTs.

 Fig. 7. Shielding effectiveness comparison of samples S1, S2 and S3

 Fig. 8. Relative permitivity of samples S1, S2, and S3
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Fig. 9. Relative permeability of sample S1, S2, and S3

B. SEM Analysis

The morphological characteristics of the samples
were examined by using SEM (Tescan vega3). An elec-
tron beam is bombarded on the sample surface, and im-
ages are obtained, which are then analyzed. It can pro-
duce high resolution, three-dimensional images which
can provide morphological and compositional informa-
tion of different materials. SEM analysis was performed
on our samples S1, S2, S3 to check the morphological
characteristics of the material. The SEM images of the
samples and composition indicate that the material has an
amorphous structure.

 Fig. 10. 511x SEM image of 10% wt/wt MWCNTs concentra-
tion prepared

Fig. 10 is a high-resolution image taken by a scanning
electron microscope. This image of the coating indicates
that the coating has an amorphous structure. In Fig. 10,
clumps of MWCNTs can be seen as indicated by red
circles. These regions of high concentration of MWC-
NTS are due to the technique by which radar-absorbent
coating was applied on the GFRP substrate. The coating
was applied using a paintbrush which is the reason for
these clusters. A more uniform coated surface should
have been obtained if the vapor deposition method was
used instead of the paintbrush technique.

 Fig. 11. 508x SEM image of 7.5% wt/wt MWCNTs concentra-
tion prepared

In Fig. 11, a scale-like pattern can be seen. Some clus-
ters of MWCNTs are also indicated in Fig. 11. Region of
high the concentration of multi-walled carbon nanotubes
is due to the usage of a paintbrush when the coating
was applied on the GFRP substrate. While the scale-like
pattern in the image is due to the non-uniformity of the
direction of paintbrush strokes. Paintbrush strokes should
be regular and in a single direction to avoid the scaling
of coating on the GFRP substrate. The morphological
characteristics of the coating show that the coating has an
amorphous structure.

 Fig. 12. 512x SEM image of 5% wt/wt MWCNTs concentra-
tion prepared
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As can be seen in Fig. 12, there are clusters. These
clusters are due to a high localized concentration of
MWCNTs. When the dispersion of MWCNTs and
Polyurethane was mixed, the resulting dispersion was
homogeneous, i.e., there were no clusters present. How-
ever, when the resulting dispersion was coated using a
paintbrush, clusters of MWCNTs were formed on the
glass fiber substrate. So, to avoid these clusters vapor
deposition method should be used instead of using a hand
brush for coating purposes. The scale-like structure is
also present, which is the result of the irregular direction
of paintbrush strokes. These morphological aspects of the
coating also show that it has an amorphous structure. As
evident and easily seen from figures 10, 11, and 12, there
are clusters, scales-like patterns, and high concentration
regions of MWCNTs. When the naked eye sees these
coated surfaces, they appear fairly smooth. However, at
high magnification, irregularities and defects can be seen.
These defects are caused by the technique of applying
MWCNTs based coating on the GFRP substrate. The
final dispersion was homogeneous, but the paintbrush
technique made clusters and scales. These defects can be
avoided by using the vapor deposition method for coating
RAM on GFRP substrate.

C. Limitaions of the study

The limitations of this include the use of expensive
materials especially activated multi-walled CNT’s. More-
over, the equipment used for the measurement of shield-
ing effectiveness was not easily available. The testing
was done against the 8 GHz frequency used by Militaries,
and its practical testing against military equipment was
difficult.

V. CONCLUSION AND RECOMMENDATIONS
In this research work, RAM coatings were prepared

experimentally by mechanical agitation of MWCNTs
in Thermoplastic Polyurethane coated on Epoxy-based
Glass Fiber Reinforced Composite. The Glass Fiber com-
posites were fabricated by employing the hand layup
technique. An analysis of the effect of the addition of
MWCNTs in RAM coatings has been presented. Shield-
ing Effectiveness measurements of GF composite coated
with nanostructure coating of MWCNT have shown that
the material can become Radiation Absorbent Material.
A coating of 0.25 mm was applied to the glass fiber sub-
strate. When radiations have impinged on that coating,
they penetrate inside and then absorb the incident radia-
tions. The main component responsible for absorption of
those radiation was CNTs, thus proving themselves as ef-
fective absorbing centers and proving the resulted coating

as effective RAM, and proved that CNTs are a good and
effective option to be used in RAM and radar-absorbent
structures. It is also concluded that with the increase in
weight percentage of MWCNTs in the nanostructure coat-
ing, the shielding effectiveness of the material changes
significantly. For example, around 9.5 GHz (most com-
monly used radar frequency) attenuation of the EM signal
for sample S1 is -3.428 dB; for sample S2, it is -5.365 dB,
and for sample S3, it is -19.580 dB. The substrate’s glass
fiber the provides mechanical strength while nanostruc-
tured coating acts as radiation absorbent material, thus
giving us a combination with low specific mass and ma-
terial with a vast range of applications that stretch from
military industries to industries.

Further research in this area will include the use of
different filler materials as well as different matrix materi-
als for the production of RAM coatings. SWCNTs can be
used instead of MWCNT’s and their results can be com-
pared to check which one is more effective. Graphene has
shown promising characteristics and electrical properties
and can be used instead of MWCNT’s. Thus, different
RAM coatings can be produced by changing the filler
materials to check which one is the most efficient and ef-
fective for military and aeronautical purposes. Instead of
using the Glass Fiber substrate, Carbon Fiber composite
or aluminum metal can be used and tested.

Aircraft operate at higher altitudes where temperature
and pressure are much higher. That is why we have
used TPU because of its resistance to extreme condi-
tions. Further research can be made to check the effect of
temperature and drag and lift forces when applied to an
aircraft. In this way, the durability of the RAM coatings
can be checked and improved. We have tested these
coatings in the X band (8-12 GHz). Further testing can be
done in the Ku band (12-18 GHz) to improve the results
further and to check the effectiveness of these coatings in
higher bands.
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