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ABSTRACT- This review is essentially based on the results of microwave absorbing paint which are increasing
in demand due to their unique absorbing microwave energy and promising applications in the stealth technology
of aircraft, ships, and tanks and to cover the walls of anechoic chambers. Extensive study has been carried out to
develop new microwave absorbing paint with a high magnetic and electric loss. Various parameters such as
particular absorption frequencies, thickness, component arrangement and configuration of the paint determine
the capabilities and uses of these paint. In this review the absorption of different materials like CIP, Co ferrite
particles, SiC and nano size carbon black particles is examined at frequency above 2GHz.
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1.INTRODUCTION

Absorbers are used in a wide range of applications
to eliminate stray or unwanted radiation that codld
interfere with a system’s operation. Absérbets can
be used externally to reduce the reflection fron~or
transmission to particular objects .Highly, quality
absorber should meet the following requirements:-

1. It can make sure that electromagnetic wave can
deeply enter into absorbing material when it is
propagated to the material surface thus it will
greatly reduce direct reflection of EM wave

2. EM wave can be rapidly reduced when it is
spread inside this kind of material.

Absorber theory: Absorbers generally consist of a
filler material inside a material matrix. Absorbers
are characterized by their electric permittivity and
magnetic permeability. The permittivity is a
measure of the material’s effect on the electric field
in the electromagnetic wave and the permeability is
a measure of the material’s effect on the magnetic
component of the wave. The permittivity is
complex and is generally written as

g*=g’-ig”’ eq
1

T he,/ permittivity arises from the dielectric
polarization of the material. The quantity €’ is
sometimes called the dielectric constant which is
something of a misnomer when applied to
absorbers as & can vary significantly with
frequency. The quantity €&’ is a measure of
attenuation of the electric field cause by the
material.

The electric loss tangent of a material is defined as:
tans, == eq

2

The greater the loss tangent of the material, the

greater the attenuation as the wave travels through
the material.

Analogous to the electric permittivity is the
magnetic permeability which is written as:

=i eq3
With magnetic loss tangent defined as:

tans,, = ’;— eq
4
The permeability is a measure of the material’s

magnetic field. Both components contribute
compression inside the material. Additionally,
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coupled EM wave, loss in either the magnetic field
will attenuate the energy in the absorbers, both
permittivity and permeability of frequency and can
vary significantly frequency range. If the complex
permeability are known over a frequency material’s
effect on the wave is completely units of
permittivity are farads/meter and units are
henrys/meter. The actual values can be
cumbersome in calculation. For this usually
compared to the permittivity and vacuum. These
values are
& =8.854x10 12 farads /meter and
e = 4 1x10-7henrys /meter

The values ¢* and p* then become dimensionless.
Since ¢ is dependent on the dielectric polarization
which always opposes the electric field, ¢ for all
materials is greater than that of free space and
hence is always greater than 1.If the complex
permittivity and permeability are known over a
frequency range then the material’s effect on the
wave is completely known.

Luiza de C. Folgueras[1] presents the processing
and characterization of electromagnetic radiation
absorbing paints and sheets based on magnetic and
dielectric materials dispersed in polymeric matrices

Figures 1 and 2 show the measurements aof the
attenuation of electromagnetic radiatign and “the
complex electric permittivity, €, and ‘agnetic
permeability, p, of the paints produced. Figures
1(a) and 2(a) show that both paints acted as RAMs
in the frequency range used in this study. The paint
containing only carbonyl iron (Fig. 1a) attenuated
the incident wave by about 7 dB, which
corresponds to an absorption of 80% of the
electromagnetic energy. The paint containing both
polyaniline and carbonyl iron (Fig. 2a) attenuated
the wave by about 4 dB, corresponding to about
60% of absorption of the electromagnetic energy.
Figure 1b shows the measured values of the electric
permittivity of the carbonyl iron paint, about 16.0
and 10.0 for the real and imaginary parts,
respectively. The permeability values for this paint
were 4.0 and approximately zero for the real and
imaginary parts, respectively.
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figurel: Electromagnetic characteristics of the paint
produced with carbonyl iron. (a) Attenuation of the
incident radiation, and (b) relative electric
permittivity, €, and magnetic permeability, u. The
prime and double primes refer to real and
imaginary
values, respectively
It is known that the larger the value of the
imaginary component of permittivity (g7”), the
larger the losses of the material. Thus, a material
with low dielectric loss can store energy, but will
not dissipate much of the stored energy. On the
other hand, a material with high electric losses does
not store energy efficiently; a certain amount of
energy will be transformed into heat within the
material. In general, the smaller the magnetic
permeability, the larger the resonance frequency, in
which the material exhibits good absorption
properties; but for frequencies higher than 2 GHz,
the permeability is related to the energy anisotropy
in the material
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figure2: Electromagnetic characteristics of the paint
produced with polyaniline and carbonyl irop=(a)
Attenuation of the incident radiation,. (b)relative
electric permittivity, €, and magnetic permeability,
p. The prime and double primes refer to neal ‘and
imaginary values, respectively

Based on the results obtained in this study, we
conclude that the paints produced have the
potential to be used as RAMs, since they attenuated
60 to 85% of the incident electromagnetic
radiation.

Adriana  Medeiros Gama[2] involves the
electromagnetic properties of radar absorbing
materials based on carbonyl iron/rubber show the
dependence of both complex magnetic permeability
(m) and dielectric permittivity (e) parameters on
the frequency, in the range of 2 to 18 GHz. It is
also observed that e’ parameter shows the most
significant  variation among the evaluated
parameters (e”, m”, m’), with the carbonyl iron
concentration. The comparison of dielectric and
magnetic loss tangents (e¢”/e’ and m”/m’,
respectively) shows more clearly the variation of
both parameters (e and m) with the frequency. It is
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also observed that higher carbonyl iron content

fractions favor both dielectric and magnetic loss
tangents.

Xinwei Ji, Ming Lu[3] shows that Co-Ferrite
particles and carbonyl iron particles as absorbent is
an effective way to broaden the bandwidths of
absorption. The specimens of 1#, 2#, 3#, and 4#
contained concentration of 0 wt%, 20 wt%, 40
wit%, and 60 wt% Co-ferrite particles, and 60 wt%,
40 wt%, 20 wt%, and 0 wt% CIP, respectively.
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figure3: Reflection loss of the coatings with

different content of CIP and Co-ferrite particles

The specimens of 1# and 4# contained
concentration of 60 wt% CIP and 60 wt% Co-
ferrite particles, have RL values below -8 dB in the
range of 4-8 GHz and 12-18 GHz, respectively.
The minimum RL value of specimen 1# reaches -
24.77 dB at the frequency 5.42 GHz, and that of 4#
reaches -25.14 dB at 16.04 GHz. The effective
bandwidths (RL < -8 dB) of 1# and 4# are 7.1 GHz
and 8.5 GHz. The ratio of CIP and Co-ferrite
particles in the specimens 2# and 3# is 2:1 and 1:2
respectively. And the effective bandwidths of 2#
and 3# are 12.9 GHz and 13.0 GHz. It can be found
that when the CIP (1#) or Co-ferrite particles (4#)
used as main absorbents alone, a certain frequency
band with good absorbing effect can be obtained.
But the effective absorbing region is relatively
narrow, with the characteristics of "narrow-band"
features. When the CIP and Co-ferrite particles are
mixed to be absorbents with certain ratio, the
effective bandwidths of the absorbing coating is
significantly increased.
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Xiangxuan Liu[4] shows that when 5 wt.% carbon
black is blended with 50 wt.% SiC to fabricate a
composite with a 2 mm thickness, the maximum
reflection loss becomes 41 dB at 9 GHz, and the
_10 dB bandwidth reaches 6 GHz. The prepared
composite has the potential for use in
electromagnetic absorption

CONCLUSION: Different microwave absorbing
materials are taken into consideration as described
above. Each material has its own variation in
properties having its own usefulness and
limitations. The type of material can be chosen
depending upon the particular application for
which it is to be used and the purpose of its need.
Hence it can be concluded that for higher
frequency range from 2-18GHz , carbonyl iron
powder, co-ferries ,SiC can be considered for good
absorption.

Table 1: Comparison of different materials on the
basis of its type, thickness, frequency and reflection
loss.

S. | Type of | Thick | Reflectio | Frequency
No | material ness n Range
(mm) | Loss (GH2)
(dB)

Carbonyl 1.85 -43
iron  and
polyaniline

Above2

Co ferrite
and CIP

SiC and
nano size
carbon
black

ZnO
Tetrapod
whisker

Fe;O, and
ZnO

From the above table it is concluded that different
materials show absorption over different frequency
range. Materials like Carbonyl iron and polyaniline
, SiC and nano size carbon black shows absorption
above 2GHz whereas combination of other
materials like Co ferrite and CIP, Fe;O, and ZnO
shows absorption at frequency range 8 to 12 GHZ.
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Other materials like ZnO Tetrapod whisker shows
absorption at frequency range 12-16 GHZ.
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