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Abstract- Carbon black powder (CBP) / poly-urethane nano-
composites in toroidal shaped sample have been prepared and
electromagnetic (EM) and microwave absorbing properties at
different thicknesses have been studied using simulation code for
metal backed single layer absorber. The vector network analyzer
(Model PNA E8364B, Software module 85071E) attached with
coaxial measurement set up has been utilized to investigate the
EM and microwave absorbing properties of the samples in the
frequency range of 2-18 GHz. SEM & TGA have also been
carried out to study the micro-structure and thermal stability
respectively. The spectra shows that PU offers a low dielectric
constant (&' ~ 2.5) and an almost negligible dielectric loss (¢” ~ ()
in 2-18 GHz frequency range. The Reflection loss (R.) vs.
frequency spectra of PU shows negligible reflection loss (R.)
throughout the frequency range of 2-18 GHz However, on
dispersion of carbon black powder in PU in different proportions,
more than 95% (17.07 dB) of microwave absorption is achieved
for sample thickness of 2.0 mm at matching frequency of 10.64
GHz and more than 99% (24.60 dB) absorption is achieved for
sample thickness of 4.0 mm at matching frequency of 5.1 GHz for
optimum wt % 23.07 (300mg) of carbon black filler in 1.0 ml PU.
Thus these carbon black powder/PU nano-composite materials
can be potential light weight (density = 1.08 g/cc) candidate for
EMI shielding, EMC applications and Radar cross section (RCS)
reduction purpose.
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I. INTRODUCTION

With the advancement in electronics industries, there is a fast
development in the area of ultra high speed switching
components, smart mobile phones, high speed Wi-Fi, WLAN,
bank ATM, mobile communication, radar communications,
microwave oven etc. The number of users of these devices and
services are increasing across the world with tremendous speed
[1]. All of these devices & services use electromagnetic wave in
different microwave frequency region to operate and
communicate with associated devices. With the advancement in
technologies, high level of integration became possible for
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miniaturization of electronic circuits. This has generated
enormous  electromagnetic interference  (EMI)  and
electromagnetic compatibility (EMC) problems at microwave
frequencies, which has drastically increased the demand of
effective, light weight and efficient microwave absorbers in civil
as well as defence sectors [2-4]. These microwave absorbers
have the noble property to eliminate or mitigate electromagnetic
wave pollution by converting the energy of microwave
radiations into heat [1-2, 5]. In defence sector, these microwave
absorbers are strategically utilized to reduce the radar signatures
by reducing radar cross section (RCS) of the target by applying
the coating of these materials on the target e.g. fighter aircraft,
ships, tanks etc. These coatings soak the most of the energy of
incident microwave from radar and thus there is either no
reflected wave from the target or very weak reflected wave and
hence producing no image or false echo of the target to the radar
system [6-7]. These materials are also named as lossy materials,
radar absorbing materials (RAM) or radar absorbing structures.
Radar absorbing materials (RAM) have been identified as
important class of materials in the scientific community since
World War 1, parallel to the first introduction of RADAR
detection, as counter measure to RADAR detection by virtue of
its strong absorbency. EMI/ EMC are also an area where RAM
founds its wide applicability to improve the performance of the
system under noisy EM environment [6-8]. Recent advents in
material science and engineering have evolved several novel
materials whose electromagnetic (EM) properties make them
ideal candidates for use as radar absorbing materials (RAM).
Depending upon their application and ease of implementations,
RAM are been engineered to get the desired level of absorption.
Recently, several attempts have been made to develop various
types of RAM such as pyramid type, cutting cone shaped, bird
eye shaped, frequency selective surfaces (FSS), meta-materials
(negative refractive index materials), radar absorbing structures
(RAS) etc [7-10] These new types of RAM materials can be
applied as very thin layers and still maintain their absorption
effectiveness making them ideal for radar cross section (RCS)
reduction on aircraft, bridges, ships, and other structures [11-12].
Currently, conducting polymer based composites are gaining
importance as EMI shielding materials, because of easy
synthesis, light weight, low cost, easy to process as well as
www.ijsart.com
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tunable dielectric and magnetic attributes. Polyurethane (PU)
polymers are remarkable host matrices for the assimilation of
conductive carbon black (CB) particles. The two-phase character
of the PU systems provides an opportunity for the CB particles to
distribute non-homogeneously within the phases, owing to their
different characteristics [13-14]. It has been seen that carbon
black powder (CBP) has shown fabulous microwave absorption
properties. There are numerous electric and magnetic properties
exhibited by carbon black powder (CBP) and among those, the
permittivity (g, also represented as e) and permeability (n, also
represented as u) are key factors for the RAM designing [15-17].
Additionally, studies have also been conducted to engineer these
parameters towards the development of carbon black powder
(CBP) based RAMs with significantly bandwidth. The most of
the polymeric matrices are transparent to microwaves, and
absorption in these materials occurs mainly due to interactive loss
processes of dielectric and magnetic dipoles of the particulates
suspended in these matrices. Taking optimized wt % of CBP as
filler in PU matrix, we have reported potential microwave
absorption properties of nano-composite in 2-18 GHz frequency
range at different thickness.

I1. MATERIALS AND METHODS
A. Nano-Composite Preparation

The nano-composite preparation has been carried out by
thoroughly mixing conducting carbon black powder (CBP) (Senka
Carbon, India) in acetone medium in mortar and pestle in two pack
polyurethane  matrix consisting of polyol-8 (Ciba-Geigy,
Switzerland) and hexa-methylene di-iso-cynate (E-Merck, Germany)
mixed in the ratio of 50:50. Materials used and their sources are
given in table 1. The mixture was homogenized in mortar and pestle
and then poured in the mould followed by curing it under pre-
determined heating rate, constant temperature and pressure in a
hydraulic press.

Materials Sources

Polyol-8 Ciba-Geigy, Switzerland

Hexa-methylene di- isocynate E-Merck, Germany

Carbon black powder (CBP) Senka Carbon, India

Table 1
B. Microwave Measurements
Microwave absorbing properties have been measured using
coaxial line method. Electromagnetic parameters (complex

permittivity and Complex permeability) of CBP/PU nano-
composites were determined using AGILENT vector network
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analyzer (Model PNA E8364B, Software module 85071E) in the
frequency range of 2-18 GHz.
Further the reflectivities (RL) with different thicknesses (t) have
been calculated by using the following equations (1) & (2):

T = ()t 5 (222) G, e ) W

Tin—1

2] @)
where Z;, is the normalized input impedance at the interface of the
material and free space. g, = &' — je" and p, = pW'_ju” are respectively
the complex permittivity and complex permeability of the material.
The real part of the permittivity/permeability is a measure of the
extent to which the material will be polarized or magnetized by the
application of electric or magnetic field respectively, whereas the
imaginary part is a measure of the energy loss incurred in re-
arranging the alignment of the electric or magnetic dipoles
according to applied ac fields, d is the thickness of the absorber, c is
the velocity of light and f is the frequency of microwave in free
space.

R(dB) = 20 lag,,|

1. RESULTS AND DISCUSSIONS
A. Morphological Properties

Morphological properties of polyurethane (PU), Carbon black
powder (CBP) and prepared CBP/PU nano-composites have been
analyzed by scanning electron microscopy (SEM) (Carl Zeiss EVO-
50). The SEM micrographs in fig. 1 (a) & (b) show the morphology
of virgin PU at low (1KX) and high (5KX) magnifications, while in
fig. 1 (¢) & 1 (d) shows that of CBP & CBP dispersed in PU matrix
respectively. Fig. 1 (a) & 1(b) show freeze chain like structure on
fractured surface. Fig 1 (c) shows coiled spring like structures. Fig.
1 (d) shows freeze impregnated CBP nano-particulate in fractured
PU matrix.

Figure 1: SEM micrographs of (a) virgin PU at low magnification
(1K), (b) PU at high magnification (5K), (c) Carbon black powder
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at magnification (5K) and (d) Carbon black powder/PU nano-
composite.

B. Thermal Properties

Thermo gravimetric analysis (TGA) has been carried out to
study the thermal stability of the prepared nano-composite sample.
Figure 2 shows the TGA plot of prepared nano-composite which
exhibits weight loss in several steps. But the prepared nano-
composite is found to have a thermal stability at least up to 301 °C.
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Figure 2: TGA Plot of CBP/PU nano-composite
C. Electromagnetic properties

Fig. 3 (a) shows the variations of complex permittivity (e’& e”)
and complex permeability (u” & u”) of virgin PU matrix with
frequency (2-18 GHz) of incident electromagnetic wave. These
spectra shows that PU offers a low dielectric constant (e’~2.5) and
an almost negligible dielectric loss (e”~0) in 2-18 GHz frequency
range. The spectra also shows that PU offers constant complex
magnetic permeability (real permeability u’=1, imaginary
permeability u”=0) with frequency. This infers that the
electromagnetic properties of PU are almost independent of
frequency (2-18 GHz) of incident electromagnetic wave.
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Figure 3: Electromagnetic properties of (a) virgin PU, (b) 300 mg
CBP/ml PU

For CBP/PU RAM, the ¢, is varying with the frequency while
is constant throughout the frequency range 2-18 GHz as is depicted
from fig. 3 (b). This shows on adding the conducting filler CBP in
PU, the electric properties have been modified with frequency of
EM wave while magnetic response remains unaffected.

D. Microwave Absorbing Properties

Measured values of e’, €7, u’ & u” are used to determine the
reflection loss in PU using equations (1) & (2). Fig. 4 (a) shows the
reflection loss (R.) vs frequency (f, GHz) response for different
sample thickness (t = 1.0 mm to 4.0 mm) of virgin PU. Reflection
loss varies marginally with frequency. The reason for very small
value of R, is due to negligible dc conductivity of PU & almost
zero value of the ac loss contribution (g7, ~ 0) because of the
absence of conducting filler. Though the fig 3 (a) shows that the
electromagnetic parameters (e’, u’) of PU are almost independent of
frequency but fig 4 (a) shows the negligible reflection loss (R
max) of less than 1 dB at higher frequency (10 to 18 GHz).

The reflection loss (dB) of the prepared CBP/PU composite
sample having 300 mg carbon black in one ml polyurethane for
various sample thickness has been calculated using experimentally
obtained values of & and p;.
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Reflection Loss, R (dB)

Figure 4: Reflection loss vs. frequency spectra of (a) PU and (b)
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Figure 4 (c) and 4 (d)

Figure 4 (b) depicts the variation of the reflection loss (R, dB) with
frequency band in 2- 18 GHz for CBP/PU composite. Fig 3 (b)
shows that the ¢, is varying with the frequency while p, is constant
throughout the frequency range 2-18 GHz, hence the reflection loss
varies with frequency as shown in fig. 4(b). The reflection loss (dB)
maximum is shifted towards lower frequency with increasing
thickness. It can be seen from fig. 4 (b) that R, max for thickness
t=4.0 mm is (-) 24.60 dB at 5.091 GHz, is the maximum observed
reflection loss (dB) among all the sample thicknesses. As the
thickness increases from t=2.0 mm to t=4.0 mm, reflection loss
(dB) R., max increases as evident from fig. 4 (c). The probable
reason for this behavior can be explained with the help of equation
(1) & (2). The fig. 4 (d) shows the 3D plot of the variation of
maximum reflection loss with matching frequency for thickness
t=2, 3 & 4mm. The observed reflection loss spectra for CBP/PU
RAM shows that reflection loss R, max is dependent on thickness
of PU RAM and there exists a matching thickness for a definite
matching frequency at which maximum reflection loss occurs.

IV. CONCLUSION

We have successfully prepared the Carbon black /PU based
torroidal shaped nano-composite. CBP/PU composite has a definite
matching frequency for a particular thickness. Hence the radar
absorbing material can be tuned for a particular frequency
(matching frequency) at a fixed thickness. Thus the prepared carbon
black /PU based composite may be utilized in stealth technology as
well as EMI shielding for particular band of microwave
frequencies.
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