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ARTICLE INFO ABSTRACT

Article history:

Hybrid organic/inorganic electromagnetic absorbing materials (EMAMSs) based on polyaniline (PANI)
and magnetite (Fe3Oy4) fillers dispersed in epoxy resin matrix were successfully prepared for electromag-
netic applications. The effects of PANI and Fe;04 loading on permittivity, permeability and microwave
absorption properties were studied. The structure and the morphology of the elaborated composites were
investigated by X-ray diffraction (XRD) and scanning electron microscopy (SEM). Electromagnetic proper-
ties and absorbing behaviors were performed over frequency range of 12.4-18 GHz (Ku-band). The results
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g?l’xiriﬁsr;e show that synthesis parameters such as amount and particle size of PANI and used Fe3;04 affect signifi-
Magnetite cantly the morphology, the conductivity, and the microwave absorption properties of the final materials.

It was revealed that the electromagnetic parameters were higher in hybrid PANI/magnetite/epoxy
resin than in dielectric PANI/epoxy resin composites. The permittivity and the permeability parame-
ters increased to high values with the rate of fillers in the composite and remained constant with the
frequency. A minimum reflection coefficient (RC) of —42 dB was observed at 16.3 GHz with a thickness
around 1 mm for composites containing 15% of PANI and 10% of Fe304 (¢’ =10) and —37.4 dB at 14.85 GHz
for the composite of 15% of PANI and 25% of Fe;04 (¢’ =17). However, a composite made with only 20% of
PANI (¢’ =8.5) showed a minimum reflection coefficient of —11 dB at 18 GHz with the same thickness. The
possibility to modulate the electromagnetic properties of the composite materials is of a great interest

Epoxy resin composites
Complex permittivity
Magnetic permeability
Electromagnetic absorbers

to fabricate microwave absorbing and electromagnetic shielding materials with high performances.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The high proliferation of electronic instruments especially in
the telecommunication area causes electromagnetic interferences
(EMI) and disturbs the effective performance of electronic or
electrical circuits in military and civil uses [1,2]. To assume the
safety operation of electronic devices, standard rules are imposed
to the designers of electronic equipments to protect those against
the aggression of electromagnetic waves. Then, the designers
have to conceive enclosures to limit the coupling between the
electromagnetic field and the electronic circuits. In regard to the
application, these enclosures have to reflect or absorb the elec-
tromagnetic waves. In stealth weapon defense system, advanced
composite materials are used as electromagnetic absorbing mate-
rials (EMAMs) to attenuate the electromagnetic beam and reduce
the radar cross section (RCS) [3,4]. Thus, several needs to develop
thinner and lighter electromagnetic wave absorbers with wider
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absorbing band-widths are continuously increasing. Electromag-
netic absorbing materials (EMAMSs) may be classified as magnetic
or dielectric. Actually, these materials have attracted a great
attention due to their improved microwave absorption properties,
which are relevant to multiform electromagnetic losses based on
magnetic and dielectric loss [5]. Dielectric and magnetic EMAMs
interact in different ways with the electromagnetic radiation but
the final result of these interactions is the same in the sense that
the energy of the incident wave is transformed into heat [6].
Usually, these materials are obtained by the dispersion of one or
more types of absorbing fillers in a matrix. They can be produced
in different forms such as paints, sheets, and thin films as single,
double or multi-layer [7]. In each application, it is necessary to
control precisely the physical properties of the material in terms
of permittivity, magnetic permeability and conductivity and to
know their variations with the frequency [8]. This can be achieved
by the use of suitable fillers such as aluminum, carbon, graphite,
aluminum nitrides, nickel, zinc sulfide, titanium dioxide, silver
particles or barium titanate [9-12]. But the mechanical properties
of the materials are deteriorated with the rate of loading and the
weight of the material becomes incompatible with the aeronautical
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applications. For those reasons, intrinsically conducting polymers
and particularly, polyaniline became a credible alternative. They
show a good thermal and chemical stability, an easy tunability
of their electronic properties and high levels of electromagnetic
shielding performances at microwave frequencies with a low
mass by unit of surface [13-16]. The electromagnetic properties
of polyaniline can be modified by the addition of inorganic fillers.
The inclusion of magnetic particles may improve the magnetic and
dielectric properties of host materials. Therefore, polyaniline com-
bined with magnetic particles provides materials exhibiting novel
functionalities [17]. Magnetite (Fe3QO4) is a subject of scientific and
technological interest, due to its good magnetic and electrical prop-
erties and a very high saturation magnetization. Consequently, by
incorporation of dielectric and magnetic fillers, the electromagnetic
properties of such materials can be improved to obtain a maximum
absorption of electromagnetic energy. Over the last decade, many
researches focused on a new type of hybrid material based on
polymers-matrix composites containing dielectric or/and magnetic
fillers [18]. Combination of PANI with other organic or inorganic
materials provides new materials with tailored properties, suitable
for various electrical and electromagnetic applications in aero-
nautic or aerospace areas and to avoid electromagnetic pollution
arising from various electronic devices operating in microwave fre-
quency range [19,20]. The dispersion of polyaniline and magnetite
fillersin aninsulating polymer matrix (thermoplastic or thermoset-
ting) produces different composites that can absorb and reflect
electromagnetic radiation by changing its conductivity, its dielec-
tric constant and its magnetic permeability. Epoxy resins cured
by anhydride agent are widely used as coatings, adhesives and
insulators in the industry due to their good mechanical properties,
including a high modulus, good electrical and thermomechanical
properties, and excellent cohesiveness compared to many other
materials [21,22]. New materials such as electromagnetic wave
absorbing material composites can be developed by combining the
good mechanical properties of epoxy resin with the high perfor-
mance of electrical and magnetic properties of PANI and Fe304 [23].
The absorption loss is proportional to the shield thickness and is a
function of the conductivity, the permittivity and the permeability
[24,25]. Furthermore, in advanced applications, small thick-
ness, wide band absorptions, light weight, high strength and high
absorbing property are used to appraise the absorbing performance
[26,27].

The aim of the present study is the synthesis and the char-
acterization of hybrid microwave absorbers. Thus, epoxy resin
composites with anhydride as a hardener were prepared with dif-
ferent amounts of PANI and Fe30, fillers. The structure and the
morphology of the samples were investigated by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). The influence of
the filler content with respect to the electromagnetic properties of
composites has been investigated. Complex permittivity and per-
meability and microwave absorption property of the composites
with different thickness were studied in the Ku band (12.4-18 GHz)
using microwaves guides and a Vector Network Analyzer (VNA).

2. Experimental
2.1. Materials

Commercial medapoxy inject (ER) was obtained from Algerian Granitex.
Tetrahydrofuran (THF), magnetite (Fe304) 99.9% of purity, boron trifluoride ethy-
lamine complex (BF;-complex 95% of purity), hexahydrophtalic anhydride (HHPA)
and polyaniline doped para-toluene sulfonic acid (PANI-PTSA) with conductiv-
ity value of 400-600S/m and 2-3 wm of particle size were purchased from
Sigma-Aldrich.

2.2. Composite preparation

Composites of PANI/epoxy resin and hybrid PANI/Fe304/epoxy resin, cured
by HHPA/BF;-complex were prepared by mixing process. PANI and Fe;04 were

dispersed in THF as solvent separately for 1 h then, the tow dispersions were mixed
using an ultrasonic bath for 3 h at 50°C, followed by mechanical stirring to improve
the dispersion quality and to avoid aggregates. Then, epoxy resin was added to
the above mentioned solution at a continuous moderate mechanical stirring speed
and heating temperature of 65°C for 4h to remove the solvent residues that
have an evaporation point below the crosslinking temperature and to assure high
dispersion quality and a homogeneous mixture [28]. The weight contents of the
PANI and magnetite in the composites varied from 1 to 25 wt%. When the solvent is
evaporated, 81.5 parts of the curing agent with catalyst was added for 100 parts of
epoxy resin [29]. The obtained mixture was immediately poured into appropriate
molds to provide films with different thicknesses. The films were subjected to
crosslinking steps in a thermostatic oven vacuum, first baking at 80°C for 4h and
then post-curing at 120°C for 24 h. In the same manner, composites of PANI (15%)
with magnetite loading from 5 to 25% were prepared.

2.3. Instrumental analysis

XRD analysis of the samples were performed at room temperature using a
D8 Advance-Bruker AXS diffractometer with CoKa radiation at a wavelength of
1.78897 A, operating at 40kV and 35mA in the range of 26=10-80°. Morpholog-
ical analyses were carried out with a scanning electron microscope type Hitachi
S-4300 SE/N operating between 5 kV and 20 kV and 35-50 p.A. In order to avoid the
effect of electric charge on the surface and to facilitate the flow of the electrons,
the samples were coated with a thin layer of gold. The electrical conductivity of the
different samples was measured at room temperature with a four-probe method.
Pellets with a thickness of 0.5-0.6 mm of filler powder were prepared, and thin con-
tact points of gold were deposited to ensure good contact between the sample and
the electrode. The DC conductivity was calculated from the current-voltage depen-
dence. Electromagnetic reflected and transmitted scattering parameters (S11, S21),
were carried out performing wave guide measurements between 12.4 and 18 GHz
in transmission and reflection mode using WR-62 wave-guide for the Ku band and
a Vector Network Analyzer (VNA) type Agilent technologies, E8362B working from
10 MHz to 20 GHz. Samples were prepared and cured into rectangular holder with
different thicknesses and clamped between two flanges of the input and output
wave guides. The wave-guides were connected to the vectorial network analyzer
with two cables in APC7 standards. To measure the reflection coefficient S;; and
transmission coefficient S, custom designed TRL calibration kits are applied [30].
Great attention was brought to avoid air gap between the sample and the wave
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Fig. 1. X-ray diffraction plots of PANI-PTSA (a) and Fe;04 powder (b).



B. Belaabed et al. / Journal of Alloys and Compounds 527 (2012) 137-144 139

guide. The Nicolson-Ross-Weir model [31] was used to extract the real and imagi-
nary parts of the complex permittivity (¢*) and the complex permeability (1*) from
the measured values of (S;; and S»1). Microwave absorption properties were mea-
sured using the same instrument but the rear face of the sample was terminated by
a short-circuit that is a perfect conductor. All measurements were repeated several
times to ensure the repeatability of data.

3. Results and discussion
3.1. Structure and morphology study

X-ray diffraction was used to further probe the phase identifi-
cation and crystalline structures of the samples. X-ray diffraction
patterns of the PANI and Fe30,4 are presented in Fig. 1.

It is well known that crystalline or semi-crystalline polymers
are two-phase systems containing ordered and disordered regions.
Doped polyaniline is a heterogeneous system consisting of a par-
tially crystalline regions and amorphous regions [32]. In our case,
PANI-doped PTSA presents a signal that exhibits a main reflections
located at 260 =18.5°, 23° and a strong peak at 20 =29.5° which may
be ascribed to the periodicity parallel and periodicity perpendic-
ular to the polymer chain respectively However the polyaniline

emeraldine base (PANI-EB) powder exhibits a broadened pattern,
indicating its amorphous structure [33-36]. In PANI-PTSA, the
sharpness of the peaks represents the degree of orientation of the
polymer chains in that particular crystal plane, and the intensity
represents the population of crystallites in that plane. These results
are in concordance with SEM observations and are in agreement
with those of the literature [37-40]. Thus, our results indicate an
orthorhombic structure of the crystalline phases of PANI.

The main characteristic peaks of the X-ray patterns (Fig. 1b)
of the distinctive Fe30,4 nanoparticles located at 20=21.23°, 35°,
41.35°, 43.3°, 50.4°, 67.18° and 74°, identify the face-center cubic
phase with no impurity peak and the high crystalline structure of
the magnetite witch characterized by the strong and sharp peak at
20=41.35°. These results are in agreement with those reported in
the literature [41-43]. All of the composite samples with different
ratios of fillers exhibit broad signal patterns. This broad X-ray struc-
ture suggests an amorphous character of the prepared composites.

The morphology of the PANI, magnetite and their composites
was investigated using a scanning electron microscope (SEM). The
micrographs were obtained on metalized films deposited on a sili-
con sheet and the results are shown in Fig. 2.

Fig. 2. SEM micrographs of PANI-PTSA powders (a), Fe304 powders (b), PANI-PTSA (15%) (c), and hybrid composite of: PANI (15%)/Fe304 (10%) (d), PANI (15%)/Fe304 (15%)

(e), and PANI (15%)/Fe304 (20%) (f).
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In these images, we note in the case of PANI (Fig. 2a), the exis-
tence of lamellar, linear in approximately 1-2 wm in size and a
crystalline form in size below 0.5 pm, with flat and smooth sur-
faces, although the latter is the dominant morphology in the PANI
micrographs, this confirms that the doping agent used gives a
pseudo-metallic characteristic of PANIL In magnetite micrograph,
we observe a crystalline morphology with micro porous structure
which has seldom been reported in the literature. This structure
is correlated with X-ray investigation. In the SEM micrographs of
cured composites films, the white regions are the filler particles. For
low ratios of fillers, the PANI and magnetite particles are homoge-
neously and randomly dispersed in the epoxy matrix, indicating
a homogeneous mixture of phases and good compatibility. It is
believed that PANI and Fe304 fillers are well dispersed in epoxy
resin composites because of the use of the vigorous stirring pro-
cedure based on magnetic stirring, mechanical and sonication for
long time before curing process. Moreover polyaniline penetrates
in porous regions of magnetite, and makes the contact between
particle fillers. When the fillers, with their electrical conductiv-
ity characteristics are anchored in a support, they form electrical
conduction paths, which favor the Ohmic loss of incident energy.
However, when the weight content of fillers in the samples is above
15 wt.%, agglomerates of fillers are formed in the matrix

3.2. Electrical and microwave study

The complex permittivity (¢* =&’ —i¢”) and the complex perme-
ability (u*=u —ipn”) can be derived from the measured reflected
and transmitted scattering parameters (S1; and S,7), determined
directly by the VNA and using the Nicholson-Ross and Weir method
[30,44].

As we know, real (¢/, u') and imaginary (¢”, ") parts of complex
permittivity and permeability characterize the storage ability and
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the loss of electric and magnetic energy respectively of materials
[45,46].

The electrical conductivity of the PANI doped PTSA was mea-
sured at room temperature using a four-probe technique. The DC
conductivity of the composite containing more than 15% (wt.%) of
fillers is on the order of 0.1-10S/m. The conductivity of the com-
posites increases with the content of fillers.

The frequency dependence in the range 12.4 to 18 GHz of the
complex permittivity (&', €”), the complex permeability (u/, n”),
tan(§) and the conductivity of polyaniline/epoxy resin and polyani-
line/magnetite/epoxy resin hybrid composites with 15% of PANI
and different contents of magnetite were investigated below.

3.2.1. PANI-epoxy resin composites

Fig. 3 shows the real and imaginary parts, the tan(d). and the
conductivity of the PANI/epoxy resin composites. It can be seen
that the values of the dielectric constant do not significantly vary
with increasing frequency.

For the imaginary part ¢”, the values show insignificant varia-
tion at frequency ranging from 12.4 to 18 GHz. It is found that, the
values of the real and imaginary parts are jumped from 3.12 and
0.15 to 8.45 and 1.2 respectively when the PANI content in com-
posites increases from 1 to 20%. A value of 0.02 and 0.16 of tan(§)
was reached

3.2.2. PANI-Fe304/epoxy resin hybrid composites

It is observed in Fig. 4, that in all samples based on hybrid
PANI/magnetite/epoxy resin composites, the real part (¢) and
imaginary part (&”) of permittivity are higher than that of
PANI/epoxy resin composites In the whole frequency range and for
all specimens, the real and imaginary parts of permittivity and per-
meability increase with fillers loading. Furthermore, the &', w/, u”
and the tan(d),, decrease slightly with increasing frequency, how-
ever, ¢” and tan(d), increase with frequency. A minimum and a
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conductivity (d).
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(b), tan(8). (c), real part of complex permeability (d), imaginary part of complex permeability (e) and tan(8),, (f).

maximum values of (10.5and 2)and (17 and 2.5) of the ¢’ and ¢” are
obtained respectively at 10 and 25% of magnetite at the same con-
tent of 15% of PANI. Moreover, thereal (i) and imaginary (1) parts
of the permeability are 1.4 and 1.2 which decrease with increasing
frequency as it can be seen in Fig. 4e and f. These values lead to
a dielectric loss tan(§), of 0.1 and a magnetic loss tan(é), of 0.45
at higher content of magnetite, which decreases with frequency
increase.

It was reported that, in polyaniline strong polarization occurs
due to the presence of polaron/bipolaron, which leads to high value
of & and ¢”. With the addition of Fe304 to polyaniline in the matrix,
asignificant increase in real and imaginary part of complex permit-
tivity was observed [47].

The increase of the filler content results in a smaller distance
between inclusions, leading to a larger capacitance of the system
that is somehow included in the real part of permittivity term. It is
believed that the accumulation of charges at the interface between
the filler particles and the epoxy resin results in a large-scale field
distortion. Thus the higher permittivity level can be attributed to

the increase of fillers in epoxy resin matrix [45,48,49]. The addition
of PANI with Fe30, in the matrix and the elimination of agglomer-
ates surrounded by an insulating matrix results in the formation of
a fine network, which allows charge transfer to occur easily through
the well-ordered polymer, leading to enhanced dielectric proper-
ties of the composites. An increase of the charges (PANI and Fe304)
content in the composites increases the dipole density by order-
ing the arrangement of chains in the disordered polymer. With the
application of an external electric field, strong dipole-dipole inter-
actions between the fillers and epoxy resin allow the charges to
hop from one dipole to another throughout the polymer composite
matrix. As the amount of the charges increases, the dipole den-
sity increases with the mobility of the dipoles, this in turn depends
upon the mobility of the polymer chains to which the dipoles are
attached [45,50]. As aresult, an increase in the values of the permit-
tivity and dielectric loss factor are observed with increasing fillers
in the composites [51]. These results reveal that the addition of
PANI and magnetite fillers in matrix increases the dielectric and
magnetic loss of composites which enhance the electromagnetic
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properties and make it interesting for electromagnetic absorbing
applications [52-56].

3.3. Microwave absorbing properties

According to the transmission line theory [57], when an electro-
magnetic wave was transmitted through a medium, its absorption
property depends on many factors, such as a permittivity, perme-
ability, sample thickness, specific surface area, and the frequency
wave. The efficiency of the absorber is linked to the amount of
the charge and its degree of the dispersion in the composite. The-
oretically, the microwave reflection coefficient RC (dB) [58,59]
is calculated from the relative permeability and permittivity at
the given frequency and absorber thickness. In a single layered
absorber, the electromagnetic wave absorbing property can be
evaluated by the following equation [60-62]:

Z-2- (“r)tanh(( )m,f.d) 1)

Er

RC(dB) = 20 log’ ’ (2)

Z+2Zy
where pur = p) —juy and & = €, — je; are the complex magnetic
permeability and permittivity of the absorbing media. RC (dB)
is the microwave reflection coefficient, Z, the normalized input
impedance at air absorber interface and Zy =377 €2 the impedance
of free space, f the frequency of incident wave, d the absorption
layer thickness and c the velocity of light.

A perfect absorber is given when Z=Zj. It can be explained that
the relative permittivity and relative permeability should be close
to each other. The ideal condition of no reflective wave on surface
is ur=¢r indicating the full absorption of microwave [63].

Experimentally, the electromagnetic wave absorbing samples
are prepared by molding and curing the mixture of PANI/epoxy
composites and PANI/Fe304/epoxy resin hybrid composites at dif-
ferent thickness and amount of fillers. The wave guide is fitted with
the sample backed by a metal short as shown in Fig. 5.

The wave absorption property can be deduced from the mea-
surement of the reflection coefficient RC (S11) given by the network
analyzer:

RC =20 log(511) (3)

The dip in RC indicates the occurrences of absorption or mini-
mal reflection of microwave power. The intensity and frequency
at the minimum RC are linked to the electromagnetic proper-
ties and thickness of samples [64]. Fig. 6 presents the composite
frequency dependence of reflection coefficient at different rates
of loading fillers and different thicknesses. Composites based on
hybrid polyaniline/magnetite/epoxy resin composites have a more
obvious effect on microwave absorbing properties than compos-
ite without magnetite. Dielectric composites based on PANI/epoxy
resin show a reflection coefficient increased with loading of PANI in
matrix. It revealed at 18 GHz, a value of -3 dB and —11dB at 10 and
20% of PANI. These composites have a values of 5, 8.5, of ¢’ and 0.05
and 0.16 of tan(§), respectively. However, hybrid EMAMs based on
polyaniline/magnetite/epoxy resin with a thickness around 1 mm
at different amounts of PANI and Fe304 show a minimum reflection
coefficient at different frequency as it is presented in Fig. 6b.
Hybrid composites of 15% of PANI with 5, 10, 15, 20 and
25% of magnetite indicate at frequencies of 17.47, 15.38, 14.03,
and 14.85GHz minimum reflection coefficient values of —14.33,
—42.25, —42.28, and —37.33dB respectively. However, compos-
ite of 20% of PANI without magnetite, gives a value of —11dB at
18 GHz. Thus, all of composites indicate a value of 90-99.99% of
microwave absorption energy at the indicated frequency. These
results obviously demonstrate that the intensity and the frequency

Electromagnetic wave

‘\‘nm:>

Short circuit

sample

Wave gudie /

Fig. 5. Reflection coefficient measurements mean (a) and Agilent E8362B Vector
Network Analyzer with microwave probe setup for scattering parameters measure-
ments (b).

of the microwave energy absorption for the composite also depend
on the rate of the polyaniline and magnetite content in the matrix.
Thus, microwave absorption properties of composite are improved
by the dielectric and magnetic losses when the weight fraction of
Fe304 increases. Zou et al. observed that for 1.9 mm of thinness and
70% of Fe30y4, that the optimal reflection coefficient was —42.7 dB
[65]. In our case, the optimum of 15% of PANI and 10% of Fe304
leads to —42 dB with a thickness of 1 mm.

The reflection coefficient at different thickness of composites
with 15% of PANI and 10% of Fe304 which has electromagnetic
parameters of 10, 1.2, 0.2 and 0.15 of ¢’, i/ tan(§). and tan(é),
respectively is presented in Fig. 6¢. It is found that reflection coef-
ficient depends sensitively on the thickness of the absorber and
the dip shifts towards a lower frequency as the thickness of the
absorber increases. The increase of the thickness of the sample leads
to a higher microwave absorption. It is revealed that, at thicknesses
of1,1.5,2.5,3 and 3.5 mm, the minimum reflection coefficient indi-
cated a values of —41.35, —38.28, —37.28, —37.64 and —39.49dB at
16.3, 16.06, 15.52, 14.97, and 14.47 GHz respectively.

The calculated absorption spectra for composite based on PANI
(15%)/Fe304 (10%) epoxy resin have been compared with mea-
sured spectra in Fig. 6d. The shapes of both experimental and
theoretically calculated spectra are similar. The calculated match-
ing thickness of 2.25 mm for the minimum reflection coefficient
is in good agreement with experimental values of 1.47 mm. How-
ever, the measured curve does not fit exactly on the theoretical
curve. This difference in the measured and the calculated values
of reflection coefficient may be further attributed to the surface
irregularity of the absorber sample, gap between the sample and
wave-guide dimensions, air gap between sample and metal short
circuit [66-68]. Different kinds of magnetic fillers are generally
used in composite absorbers; but their permeability drastically
reduces at high frequencies [69]. However, if the filler is made
of ferroelectric and dielectric materials, permeability will remain
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Fig. 6. The composites frequency dependence of reflection coefficient at different filler's amount: PANI-PTSA/epoxy resin composites (a), PANI-PTSA/Fe304/epoxy resin
hybrid composites (b), PANI-PTSA (15%)/Fe304 (10%)/epoxy resin hybrid composites at different thickness (c).and the comparison of measured and calculated reflection

coefficient for PANI-PTSA (15%)/Fe304 (10%)/epoxy resin hybrid composite (d).

constant throughout the frequency range and their larger prop-
agation constant enables wave absorber to be made thinner. In
medium level conductivity materials, a large part of energy radia-
tion is absorbed in the material and transformed into heat; whereas
in metallic materials, the radiation is fully reflected. Microwave
absorption is caused by the interaction between electric dipole
or magnetic dipole in the material and the electromagnetic field.
When the conductivity reaches a determinate value, the mate-
rial with high permeability has high microwave absorption. As
mentioned above, materials with higher tan § are considered lossy
materials that indicate strong absorption.

4. Conclusion

Hybrid electromagnetic wave absorbing composites contain-
ing polyaniline were successfully prepared and investigated. XRD
patterns confirmed the semi-crystallinity of the PANI-doped PTSA
and a high crystalline phase of magnetite as shown by the SEM
micrographs. The combination of the PANI and magnetic fillers to
elaborate a high performance microwave absorbers materials can
contribute to reduce the thickness of the materials. The incorpo-
ration of Fe304 particles leads to high interfacial polarization. The
microwave absorption depends on the thickness of the shield and
the type and amount of the filler that modify the material elec-
tromagnetic properties. Composite made of 20% of PANI showed
—11dB at 18 GHz of reflection coefficient. However a composite
with a thickness around 1 mm containing 15% of PANI and 10% of
Fe304 leads to a minimum coefficient reflection, about of —42 dB,

more than 99.99% of the microwave absorption. These composites
with different thicknesses indicate a high value of energy atten-
uation in this frequency range. These composite materials show
high microwave absorption in Ku band and then are promising for
technological applications. These results encourage further devel-
opment of multilayered absorbers for broadband applications.
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