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Abstract 

 
Radio absorbing materials based on polyurethane 

filled with multicomponent particles of MnZn ferrite 
coated by polyaniline with different conductivity and 
morphology were prepared. Complex permittivity and 
permeability spectra of composites were studied in the 
frequency range from 1 MHz to 3 GHz. Absorption 
characteristics of single-layer metal-backed radio 
absorbers based on the obtained materials are numerically 
estimated. The possibility of attaining the matching 
condition and altering the operating frequency range of the 
absorbers from hundreds MHz up to 2 GHz via variation 
of polyaniline overlayer properties is demonstrated. 

 
Introduction 

 
Nowadays, radio absorbing materials (RAM) are 

widely used both in civil and military fields due to their 
ability of absorbing unwanted electromagnetic signals and 
eliminating electromagnetic wave pollution. RAMs can be 
manufactured by imbedding various magnetic and 
conductive materials in powder form in a polymer matrix1–11. 
The absorption of electromagnetic waves in these materials 

is governed by various loss mechanisms related to the 
magnetization and electric polarization processes. From 
the point of view of electrodynamics, a more efficient 
absorption of electromagnetic radiation can be achieved by 
using materials with high permeability, high magnetic loss, 
a favorable form of frequency dependence of permeability, 
and a proper ratio between the permeability and 
permittivity7,12,13. The radio absorber (RA), which reduces 
the reflection of incident electromagnetic wave, represents 
a layer (layers) of a RAM placed on a metal surface.  

The efficiency of RA is normally estimated by 
reflection and transmission coefficients, the operating 
frequency range and the thickness. The trend is thus the 
development of RAs of minimum thickness, with the 
minimal reflection and transmission coefficients, and with 
the widest possible operating frequency range. 

Any RA has a limited operating frequency range. In 
order to tune the operating frequency of RA one usually 
changes the concentration or the type of filler. In this 
paper, we propose single-layer RAs based on polymer 
composites comprising multicomponent particles 
imbedded in polyurethane (PU) matrix. The 
multicomponent particles have so called «core-shell» 
structure with MnZn ferrite being a «core» and polyaniline 
(PANI) with different conductivity and morphology being 
a «shell». In contrast to classical approach, here we 
demonstrate the possibility to tune the operating frequency 
range of RA by varying only the properties of «shell», 
maintaining the nature and the concentration of magnetic 
filler particles the same in all considered RAs. 

 
Experimental 
 
Materials and sample preparation 

 
Commercially available sintered MnZn ferrite with 

high initial permeability (mi = 3000–5000) was grinded 
using a ball mill Laarmann Lab Wizz LMLW-320/2 in 
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Fig. 1. Oxidation of aniline hydrochloride with ammonium peroxydisulfate  
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order to prepare ferrite particles, which were further 
disseminated using a set of sieves so that the particle size 
distribution was controlled to be between 40 and 80 m. 
The «core-shell» particles of MnZn ferrite with PANI in 
different oxidative state were prepared as follows. 

MnZn–PANIh particles were prepared by oxidative 
in situ polymerization of aniline on the surface of ferrite 
particles14,15. The polymerization was performed by 
mixing an aqueous solution of aniline hydrochloride 
(0.2 M) with ammonium peroxydisulfate (0.25 M) at room 
temperature (Fig. 1). The mass concentration of ferrite was 
chosen to be ten times higher than that of aniline salt. The 
mixture was stirred during the polymerization of aniline, 
which was completed within 1 h. Next day, ferrite particles 
coated with PANI were collected on a paper filter, rinsed 
with dilute hydrochloric acid and acetone, and dried. The 
coated particles contained ≈ 10 wt.% (≈ 71 vol.%) of 
PANI hydrochloride and had a conductivity of 0.008 S cm–1 
after being compressed into a pellet at 200 MPa.  

Some portion of MnZn–PANIh particles was further 

processed by ammonium hydroxide which converted the 
protonated emeraldine form to a nonconducting state of 
PANI base (PANIb) (Fig. 2). As a result, MnZn–PANIb 
particles with a conductivity of 10–7 S cm–1 were obtained.  

The third set of samples, namely, ferrite coated by 
PANI which in turn contained nano- and submicrometre- 
size silver particles (MnZn–PANI/Ag) was obtained by 
oxidation of aniline in the presence of MnZn ferrite 
powder. As an oxidant, the silver nitrate was used. The 
oxidative polymerization was carried out at 
a stoichiometric mole ratio of [Ag+] / [aniline] = 2.5, 
which corresponds to the reaction scheme shown in Fig. 3.  

10 wt.% of aniline with respect to MnZn ferrite was 
used, the concentration of aniline was 0.2 M. The reaction 
was carried out in a 1 M aqueous solution of nitric acid at 
room temperature. The volume fraction of ferrite in MnZn
–PANI/Ag composite calculated based on the density of 
the materials (ρMnZn = 4.8 g cm–3, ρAg = 10.5 g cm–3 and 
ρPANI = 1.3 g cm–3) was 73 vol.%, which is virtually the 
same as compared to MnZn–PANIh and MnZn–PANIb 

Polyaniline hydrochloride

Deprotonation 

-2 HCl

Polyaniline base

NH NH N N

n

NH NH NH
+

NH
+

Cl
-

Cl
-

n

Fig. 2. Deprotonation of PANI salt in the alkaline medium 

  MnZn ferrite 
particles 

MnZn–PANIh MnZn–PANIb MnZn–PANI/
Ag 

Particle size distribution after sieving, m 40–80 – – – 

Mean particle size, m 60 – – – 

Coercivity, Oe 2.2 6.5 8.6 6.6 

Saturation magnetization, emu g–1 77 67 60 67 

Saturation field, Hs, kOe 3.5–4 3.5–4 3.5–4 3.5–4 

Remanence, emu g–1 0.15 0.55 0.61 0.37 

Resonance frequency, fR, MHz 1.3 580 900 520 

Static permeability, ´ 1800/104 Hz 11.7/106 Hz 12.1 19.6/106 Hz 

Maximum of magnetic loses, ´´max 850 4.5 4.5 7.5 

Conductivity, σ , S cm–1 2·10–2 8·10–3 10–7 2·10–3 

Table I 
The main characteristics of MnZn ferrite particles and MnZn-PANI particles 
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composites. 
The main characteristics of net MnZn ferrite particles 

and MnZn-PANI particles are listed in Table I (ref.16–18). 
To prepare RAMs based on obtained particles the 

latter were imbedded in PU matrix (AXSON UR 3420, 
Axson; France), thoroughly mixed and then pressed 
between two metallic plates separated by a spacer. 
Samples were kept at 80 °C in vacuum for 4 h. As a result, 
three composites with equal concentration (40 vol.%) of 
multicomponent particles were obtained.  For the 
simplicity matter the composites containing MnZn–
PANIh, MnZn–PANIb and MnZn–PANI/Ag particles we 
will call RAM-1, RAM-2 and RAM-3, respectively. 
Toroidal samples for complex magnetic permeability and 
pallets for complex dielectric permittivity measurements 
were cut out of composite plates by screw press. The 
samples were preconditioned in a climate chamber 
DISCOVERY 250. 

 
Characterization 

 
The magnetostatic properties of the multicomponent 

particles were investigated on a VSM 7407 Vibrating 
Sample Magnetometer (Lake Shore) at room temperature 
in air. The measurements were performed at a vibration 
frequency 82 Hz and the amplitude of vibration was 
1.5 mm. 

The complex magnetic properties of RAMs were 
measured in the frequency range from 1 MHz to 3 GHz by 
the impedance method using an Agilent E4991A 
Impedance/Material Analyzer.  

The DC conductivity measurements were performed 
by four point van der Pauw method, using a Keithley 
6517B as a current meter and a Multimeter Keithley 2410 
as a source and voltmeter. 

 
Results and discussion 
 
Estimation of radio absorbing properties of RAs 
based on multicomponent particles 
 

Since the morphological, magnetic, electrical and 
dielectric properties of multicomponent particles with 
MnZn ferrite and PANI were detailed investigated and 

thoroughly discussed in our previous works16–18, here we 
mainly focus on the application of such particles as 
potential fillers for the design of RAs. In order to estimate 
the absorbing properties of single-layer, metal-backed RAs 
(Fig. 4) based on obtained RAMs-1,2,3, we calculated the 
frequency dependences of the reflection coefficient. The 
reflection coefficient R is a parameter that characterizes 
the absorbing ability of RAs in decibels (dB), and the level 
of R equal to –10 dB corresponds to 90 % absorption of 
incident energy by RA (presuming the absence of 
transmitted energy).  

Given that an electromagnetic wave is incident on the 
surface of RA along the normal, the reflection coefficient 
from the surface of such an absorber can be calculated by 
the well-known equation19 

Where 

is the input impedance of the layer, Z0=1 is the wave 
impedance of free space, c is the velocity of light, f is 
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Fig. 3. Oxidation of aniline with silver nitrate in acidic medium 

Fig. 4. Schematic representation of a single-layer metal-
backed RA 
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frequency,  and  are the complex permeability and 
permittivity of the material, respectively, and d is the 
thickness of the sample. 

The reflection from the RA is absent in case if Z=1. 
However, in real materials this can be reached only 
approximately. The frequency f0 and thickness d0 for 
which the above condition is satisfied with the highest 
degree of accuracy are called the matching frequency and 
the matching thickness, respectively. In practical 
calculations, the minimum of R is obtained only for 
complex values of d. Eq. (2) and the condition Z=1 imply 

By Eq. (3), we calculate the dependence of complex 
parameter d on frequency; after that, we take the minima 
satisfying the inequality |d/d|  0.01 and substitute the 
thicknesses d0=d into Eq. (1) and Eq. (2) (ref.9).  

Finally, given the experimental frequency 
dependences of  and   (Figs. 5 and 6) and the 

numerically obtained value of d0, we calculate the 
frequency characteristics of R that have deep minima R0 at 
the matching frequencies f0 (Fig. 7). The bandwidth 
properties of RAs are estimated from the values of the 
ratio fmax/fmin (fmax and fmin correspond to the edge 
frequencies of the operating frequency band taken for the 
reflection level of –10 dB).  

The main electrodynamic characteristics calculated 
for the RAs are listed in table II.  

As can be seen from Fig. 7 and table II the absorber 
based on RAM-2 is characterized by the widest operating 
frequency range and has the smallest thickness compared 
to other two absorbers. Being composed of 
multicomponent particles with nonconducting PANI 
overlayer, RAM-2 demonstrates such character of 
frequency dependence of dielectric permittivity that the 
values of  and  for this material become rather 
comparable (Figs. 5, 6) thus providing good matching 
condition in a wide frequency band. 

On the other hand, it is seen that all three absorbers 
have different operating frequency ranges which makes 
obvious that the variation of the PANI overlayer properties 

(3) 

Fig. 5. Frequency dependences of the complex magnetic permeability of the RAMs-1,2,3  

Fig. 6. Frequency dependences of the complex dielectric permittivity of the RAMs-1,2,3 
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of multicomponent particles not only allows attaining the 
best matching condition but also makes it possible to tune 
the operating frequency range of the absorber without the 
need of varying the concentration and the nature of 
magnetic phase. Namely, the operating frequency range 
from hundreds MHz up to 2 GHz can be readily covered 
by changing the properties of PANI coating in MnZn–
PANI-based composites through the choice of reaction 
conditions and the post-polymerization treatment of PANI.  

 
Conclusions 

 
Based on the results of this study, the following 

conclusions can be drawn: 
Multicomponent particles with «core-shell» structure 

comprising MnZn ferrite (core) and PANI (shell) with 
different conductivity and morphology have been prepared 
by in-situ chemical methods. 

The obtained particles have been used as fillers for the 
RAMs and the absorbing characteristics of single-layer 
metal-backed radio absorbers have been numerically 
estimated. 

It has been shown that by varying the properties of 
PANI overlayer, namely morphology and conductivity, 
and thereby controlling frequency dispersion of  and in 
radio-frequency range allows one to attain the matching 
condition and thus alter the operating frequency range of 
a RAs based on such materials. 
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national budget of the Czech Republic, within the project 
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