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The article discusses the electromagnetic absorbing and shielding properties of ferrite-polymer composites of

the composition Mn−Zn ferrite/fluoroplast−42, obtained by pressing a mixture of powders with heating. The

measurement of the complex magnetic and dielectric permittivity spectra, as well as the reflection coefficient

spectra was carried out in the frequency range 0.1−7GHz. Using the obtained spectra, a comprehensive analysis of

the absorbing characteristics of the composites was carried out, and the factors responsible for the absorption were

determined. Fitting of the composites magnetic permeability spectra show that the process of natural ferromagnetic

resonance prevails over the resonance of domain walls, and a decrease in the concentration of ferrite inclusions leads

to a significant shift in the frequency of natural ferromagnetic resonance to high frequencies. It was found that for

composites with a thickness of 5−10mm, compositions with a mass fraction of ferrite ≤ 0.4 show radio-absorbing

properties, while compositions with a fraction of ≥ 0.6 show shielding properties.
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Introduction

1. Polymer composite materials as
electromagnetic radiation absorbers

Radio-absorbing and radio-shielding materials (RAM,

RSM) are a special category of materials that enables

mitigation of propagation of electromagnetic interferences

(EMI) in the space. The relevance of application of

RAM has traditionally been related with radio ranging:

hiding and stealthiness of weapons and military objects

from radio ranging systems due to attenuation or scattering

of the reflected signal. In recent years applicability of

RAM and RSM has broadly extended to civil applications,

such as electromagnetic safety and ecology [1,2], electro-

magnetic compatibility, noise protection, electromagnetic

tests, etc. [3–5].
Assessment of radio-absorbing capability of the materials

is usually performed in geometry for reflection. If RAM

is located on an ideal reflector (metal), attenuation is

provided not only by absorbing EMI inside the material,

but also as a result of interferences and compliance with the

condition, in which the thickness of material corresponds

to the length of the electromagnetic wave (EMW) ∼ λ/4.

A measure of absorption in case of the RAM location

on metal is the coefficient of reflection (Rl). Dielectric

RAM working in the mentioned geometry have narrow

absorption range, which is their main fault. More beneficial

absorbers of EMI are materials, in which, in addition

to interference, EMI is absorbed due to intensive losses

during transformation of EMI energy into other types of

energy. Thus, magnetic dielectric materials or magnetic

polymer composites can be used as combined RAM, which

enable expansion of the range of absorption of EMI due

to the losses for repolarization, remagnetization, resonance

phenomena (natural ferromagnetic resonance (NFMR),
domain-wall resonance (DWR)), losses for eddy current and

conductivity. Such composites are produced by addition of

magnetic, conductive, and dielectric inclusions into polymer

matrix. By varying concentration of magnetic filler, the size

and the shape of inclusions, one may modify the absorbing

capacity within a wide range. Also a big advantage of poly-

meric composite materials (CM) is their design properties:

elasticity, resiliency, easy molding. Efficient RAM in meter

and decimeter ranges of EMI are CM based on ferrite-

spinel [6–9]. The scientific literature includes a high number

of studies of radio-absorbing properties of CM with mag-

netic fillers of Ni, Co, Zn, Mn, containing ferrite-spinel with

such polymer matrices as polyaniline, wax, epoxy resins,

polyvinyl alcohol, polyvinylidene fluoride (PVDF) [10–
17]. The publications [10,11] studied microwave radio-

absorbing properties of composites, where nanoparticles

of Co−Zn and particles of Ni−Zn (with replacement of

Mg, La) of ferrites were introduced into paraffin matrix.

The reflection losses of CM with 80mass.% fraction of

Co−Zn ferrite within the whole X-range were lower than

−10 dB (the maximum peak absorption of −23.6 dB at the

frequency of 7GHz) at the CM thicknesses of 3.5−7mm,

meanwhile for CM with the content of 60mass.% fraction

of Ni−Zn ferrite the losses were −10 dB at the frequency
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of 15GHz with the thickness of 3mm. Composites with

conductive additives featuring more losses within the range

of 8−12GHz, e.g., as in the publication [12], where in

composites paraffin/Mn−Ni−Zn a polymer with relatively

high conductivity (polyaniline) was additionally introduced.

In CM with mass fraction of 25% of the composition filler

(Mn−Ni−Zn/polyaniline−1/1) the losses were −38.9 dB at

the frequency of 9.25GHz with the thickness of 3.5mm.

PVDF-based CM for radio absorbing were studied in the

publications [13–15]. The authors of publication [13] note,
that ferrite-polymer composite PVDF/Mn−Cu−Zn-ferrite

(nanoparticles filling — 5−25%vol. fraction) has perfect ab-
sorbing properties in the range of 8−18GHz (in the whole

range the reflection losses were below −16 dB, with the

highest peak value of ∼ −32 dB at the frequencies of 11.5

and 14GHz) and the thickness of 200−300µm. According

to the publication [14], for CM based on Mn−Zn ferrite

of the brand 2000NM and PVDF co-polymer (brand F-

42), the minimum value Rl at the frequency of 3.2GHz

is −25 dB, and the absorption width 1 f is below −10 dB

at the frequency of about 2.6GHz.

In case when the material is on the way of EMW

propagation and has no reflectors behind it, the mitigation

measure is efficiency of shielding SET . Metals feature the

best efficiency of shielding. Due to complete reflection

of EMI, the intensity of wave behind RSM tends to

zero. If it is required to reduce the level of reflected

waves, then the magnetic polymer CM can also be

efficient. The publication [18] states that for nanocompos-

ite polyaniline/Ni0.6Cd0.4Fe2O4 with the mass fraction of

ferrite of 30% and the thickness of 2.3mm the shielding

efficiency SET in the X -range (8−12GHz) is 41−42 dB,

whereas a portion for reflection SER is below ∼ 8 dB. The

study in other publication [19] of absorbing characteristics of
nanocomposite with low reflection made of polypyrol/cobalt

ferrite/graphene (mass ratio of 1 : 0.5 : 0.3, accordingly) has

shown, that SET ∼ 37 dB at SER < 1 dB.

This study deals with radio-absorbing and radio-shielding

properties of composites, where copolymer of polyvinyli-

dene fluoride of the brand F-42 is used as a matrix, and

Mn−Zn ferrite-spinel of the brand 2000NM is used as

a filler. Analysis of experimental data and mathematical

calculations have shown efficiency of the use of obtained

composites as RAM and RSM in the range of frequencies

of 1−7GHz.

2. Methods of assessment of absorbing
properties of RAM and RSM

As described above, the assessment of absorbing proper-

ties of the materials can be performed in two configurations:

for reflection (measure — Rl) and for transmission (shield-
ing efficiency, SET ). The theory of EMW propagation at the

RAM−air section boundary is described in electrodynamics

through the Maxwell’s equations. Another approach during
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h
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h

Z0 ZmRs
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E
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Figure 1. Schematic view of RAM on ideal reflector (a) and

equivalent electrical diagram (b).

modeling of absorbing properties of materials is repre-

sentation of the RAM−air medium system as the theory

of transmission lines, by using such physical magnitudes

as relative complex magnetic permittivity µ∗

r and relative

complex dielectric permittivity ε∗r .

If considering the motion of a flat EMW (Fig. 1, a),

approaching the section boundary, then a part of the wave

can be reflected from the boundary. From the Maxwell’s

equations one may derive condition of the absence of EMW

reflection from the boundary of media, which is achieved

in case of equality of wave resistances Z =
√

µ0µ∗

r /ε0ε
∗

r ,

i.e. input resistance of RAM Zin and the resistance Z0.

Since RAM work in the air medium, then for one of

media one uses the free space wave resistance calculated

through the magnetic constant µ0 and electrical constant ε0,

Z0 =
√
µ0/ε0 = 376.73�. When calculating Rl , one uses

the theory of the transmission line with losses, where the

length of the line h corresponds to the sample length.

Equivalent electrical diagram for RAM located on an ideal

reflector is given in Fig. 1, b. The input resistance of short-

circuited transmission line with the losses at the distance h
can be written as [20]:

Zin = Zm tanh(−γh), (1)

where Zm = Z0

√

µ∗

r /ε
∗

r is the wave resistance inside RAM,

γ = iωc−1
√
µ∗

r ε
∗

r is the coefficient of propagation.

The coefficient of reflection on the element Rs (resistance

of RAM) — Ŵ = (Zin−Z0)/(Zin + Z0). The coefficient of

reflection in decibels (return losses) is expressed as:

Rl = 20 lg |(Zin − Z0)/(Zin + Z0)|. (2)

For EMW transmitted inside the material, the attenuation

of electrical and magnetic strengths of the wave (and,

therefore, the power) can be assessed by using such term as

skin-layer 1, which reflects the length, at which the EMW

amplitude is decreased e times. The less skin-layer, the

higher EMI absorption inside the material. The skin-layer

is related with the attenuation coefficient α = 1/1 (Np/m),
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which is written as [21]:

α =

√
2π f
c

×
√

µ′′

r ε
′′

r − µ′

rε
′

r +
√

(µ′′

r ε
′′

r − µ′

rε
′

r )
2 + (µ′′

r ε
′

r + µ′

rε
′′

r )2,

(3)
where µ′

r is the real part of relative complex magnetic

permittivity, µ′′

r is the imaginary part of relative complex

magnetic permittivity, ε′r is the real part of relative complex

dielectric permittivity, ε′′r is the imaginary part of relative

complex dielectric permittivity.

In turn, the shielding efficiency (in dB) can be deter-

mined through the strengths of electrical and magnetic fields

as

SET = 20 lg(Et/E0) = 20 lg(Ht/H0).

At SET > 10 dB the efficiency of shielding consists of two

terms of sum — shielding due to reflection SER and

shielding due to absorption SEA [18]:

SET = SER + SEA, (4)

which are written as

SER = 10 lg(1− R), (5)

SEA = 10 lg
(

T/(1− R)
)

, (6)

where R is the reflection coefficient in relative units equal

to |S11|2, T is the coefficient of transmission in relative units

equal to |S12|2.
The efficiency of shielding in magnetic polymer RAM

will be assessed by the value SEA, which indicates a part of

EMW power (amplitude) scattered during the losses inside

material, whereas SEA ≫ SER .

3. Experimental part

Experimental samples were obtained by heating of a

mixture of polymer and ferrite powders under pressure.

Copolymer of polyvinylidene fluoride of the brand F-42

(P(VDF-TFE)) in the powder form was mechanically

mixed in porcelain mortar with Mn−Zn ferrite powder of

the brand 2000NM. Mixture homogeneity was indirectly

evaluated with color change. Ferrite grain size was less

Table 1. Parameters of manufactured samples

� of sample Cm,% (ferrite) Cv (theory), % h, mm ρ, g/cm3

1 20 9.0 5.9 2.2

2 40 20.9 6.4 2.5

3 60 37.4 6.3 2.9

4 80 61.4 6.8 3.3

Note. Cm — mass fraction in %, Cv — volume fraction in %, h —
thickness of rings, ρ — estimated density of composite.
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Figure 2. X-ray phase diffractograms of the studied samples:

1 — pure F-42, 2 — composite 20%, 3 — powder 2000NM.

than 45µm. Samples were produced of a ring-shape with

outer diameter of 16mm, inner diameter of 7mm and

the thickness of h = 5.5−6.8mm. Four samples were

manufactured during the experiment with the composition

according to Table 1. X-ray diffraction analysis of samples

and original components was studied in diffractometer

”
Diffray“401 (radiation CrKα). Magnetic loops of hysteresis

of ferrite powder and composites were obtained by means

of vibration magnetometer VM-01M with the maximum

magnetic field strength H = ±13 kOe. For measurement of

electromagnetic parameters S11, S12, Rl, ε
∗

r , µ
∗

r of obtained

samples we used vector network analyzer Rohde & Shwartz

ZVL-13 with coaxial line designed for the measurement

within 0.1−7GHz. Summary data on the manufactured

experimental samples are given in Table 1.

4. Results and discussion thereof

The results of X-ray analysis of powders of polymer and

Mn−Zn ferrite, as well as the composite with 20mass.% are

given in Fig. 2. It is seen that diffractogram of CM includes

only reflexes of original components: spinel phase of ferrite

powder [22] and reflexes from PVDF (110) and (111) [23].
Similar result is observed also for the rest of CM samples.

It can be noted, that in the composite with 20%-content of

inclusions the reflex narrowing occurs (111), related with

ferroelectric β-phase of PVDF(F-42).
The loops of magnetic hysteresis at the magnetic field

strength within ±3000Oe of ferrite powder and composites

are given in Fig. 3. It is seen that with increase of the

mass fraction of ferrite the specific magnetization of CM

saturation rises. Table 2 includes magnetic parameters
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Figure 3. Loops of magnetic hysteresis of the studied samples:

1 — composite 20, 2 — composite 40, 3 — composite 60, 4 —
composite 80%, 5 — ferrite powder; insert — view of hysteresis

loops in the range H = 0Oe.

Table 2. Static magnetic parameters of the samples under study

Sample Hc , Oe σr , emu/g σs , emu/g

Powder 2000NM 2.1 0.5 67

CM80% 2.0 0.34 49

CM60% 4.2 0.29 42

CM40% 5.8 0.26 31

CV20% 9.8 0.13 12.4

Note. Hc — coercive force, σr — residual magnetization, σs — saturation

magnetization.

of CM. It can be noted, that saturation magnetization

of original powder has a high value 67 emu/g, which is

conditioned by the presence of spinel phase only in ferrite.

Coercive force of CM rises with the decrease of the

mass fraction of inclusions, which, apparently, is caused by

the presence of internal degaussing factors (high magnetic

polarization).

The dependences of complex dielectric and magnetic

permittivity are given in Fig. 4. Appearance of express

change of ε∗r from the frequency in composites with mass

fraction of ferrite of 60, 80% in the range of frequencies

> 300MHz is related with excess of the electrical percola-

tion threshold, whose limit for composites with spherical

inclusions usually is 15−20 vol.% [24]. This assumption

can be explained by a high difference in conductivity of

matrix and filler. DC conductivity of PVDF copolymers

is ∼ 10−12 S/m, meanwhile, depending on Zn content,

Table 3. Parameters of decomposition of magnetic spectra of

composites

Cm, % χs f r , GHz χd f d , GHz β · 10−7

20 0.69 2.19 0.34 0.1 3.73

40 1.42 1.58 0.66 0.09 6.36

60 3.45 0.99 1.53 0.1 8.92

80 6.20 0.75 3.08 0.1 7.92

conductivity of Mn−Zn ferrites falls within the range

10−9−10−5 S/m [25]. In such case the dispersion view

of dependence ε∗r can be conditioned by the definitive

contribution into efficient permittivity of ferrite inclusions.

It should also be noted a high significance of ε′r and ε′′r
of the composite with 80mass.% of ferrite versus ceramic

baked ferrite sample. Similar experimental data were found

for epoxy resin/Mn−Zn ferrite ferrite-polymer composites,

which are also characterized in a high difference of conduc-

tivity of inclusions and matrix [26,27].
The frequency dispersion of complex magnetic permit-

tivity µ∗

r in the studied CM is related with the NFMR

and DWR phenomena in ferrite [28]. Often the ranges

of NFMR and DWR in the frequency spectrum of fer-

rite are close that leads to overlapping of spectra of

magnetic permittivity from two resonance mechanisms.

The specifics of the obtained spectra is dispersion shift,

which is expressed as the change of frequency position

of the maximum value µ′′

r , as well as the frequency of

abrupt
”
bend“ µ′

r with the change of inclusions concen-

tration.

In some ferrites, such as Ni−Zn, and polymer com-

posites, where magnetic particles are distributed in non-

magnetic medium, the frequency dispersion of complex

magnetic permittivity related with NFMR can be with

relaxation due to high attenuation of the spin motion. In

case of small-size inclusions, the contribution into magnetic

permittivity from DWR must be lower, because the number

of magnetic domains is reduced. Assessment of DWR and

NFMR contributions into magnetic spectra of composites

was performed by the formula [28,29]:

µ∗

r = 1 +
f 2

dχd

f 2
d + f 2 + i f β

+
χs

1 + j f
f r

, (7)

where f d is the DWR frequency, χd is the magnetic

susceptibility of the domain-walls motion, f s is the NFMR

frequency (relaxation mechanism), χs is the magnetic sus-

ceptibility of spin motion, β is the coefficient of attenuation

of the domain-walls motion, f is the EMI frequency.

Example of decomposition of magnetic permittivity by

the formula (7) for composite with 80mass.% is given in

Fig. 5. Summary data of the decomposition of spectra of

magnetic permittivity are given in Table 3. Determination of

the value of parameters for the equation (7) was performed

4 Technical Physics, 2022, Vol. 67, No. 3
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Figure 4. The frequency spectra of relative complex dielectric (a, b) and magnetic (c, d) permittivity for the composites with different

mass fraction of ferrite: 1 — F42, 2 — 20, 3 — 40, 4 — 60, 5 — 80%, 6 — 2000NM.

in the software Fityk 1.3.1 by using the least square method

(the Levenberg−Marquardt algorithm). Based on the results

of decomposition of spectra it can be seen, that the

frequency f r is shifted to the region of high frequencies

as far as the mass fraction of ferrite decreases, meanwhile

the frequency f d remains virtually the same regardless of

the concentration. Decoposition of magnetic spectrum of

pure ferrite 2000N by using the methodology [28] gives

the values χs = 891, f s = 9.69MHz, α = 5.04, χd = 871,

f d = 6.75MHz, β = 1.67 · 107. In baked polycrystalline

sample of ferrite the relaxation and resonance frequencies

are shifted to the megahertz region, and susceptibility χs , χd

of both mechanisms is very similar.

As indicated in the publication [16], shift of the dispersion
region in direction of high frequencies is related with

structural inhomogeneity of CM, which is related both with

the structure of inclusions (defect rate), and with their

distribution. Availability of non-magnetic interlayer breaks

the magnetic flux, and degaussing fields are generated,

which change internal efficient magnetic field in CM. Crystal

anisotropy, induced anisotropy, and inhomogeneity of the

magnetization distribution also have impact to efficient field

in polymer magnetic composites. Since the frequency

of natural ferromagnetic resonance is directly related with

internal efficient field, then the dispersion field shift occurs

in CM.

Experimental and calculated spectra Rl , obtained by

the formulas (1) and (2), are given in Fig. 6. It can

be noted, that frequency position of the maximums of

absorption is shifted to the region of low frequencies as

far as the sample thickness and mass fraction of ferrite

are increased, which correlates with the results of analysis
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permittivity of composite with mass fraction of ferrite of 80%.

of magnetic permittivity: the frequency of dispersion µ∗

r

for high-concentrated composites also falls within the low-

frequency region. Another feature of spectra Rl is that

the sample with the 20% ferrite content has the highest

losses within the range of thicknesses of CM 5−10mm: the

minimum value of the coefficient of reflection ∼ −20 dB at

the width of absorption 1 f is less than −10 dB within the

range 1−2GHz. The maximum absorption in RAM with

the geometry to reflection is achieved if two conditions are

met: agreement of impedances, at which the normalized

impedance Zin/Z0 ≈ 1, sample thickness h must be close to

the length of the electromagnetic wave (EMW) ∼ λ/4. The

thickness tλ/4 can be determined by the formula:

tλ/4 = nc/(4 f 0

√

|ε∗r µ∗

r |), (8)

where n is the odd natural number 1, 3, 5, . . . , f 0 is the

frequency of EMI, c is the light speed.

In case of RAM thickness h = tλ/4, the waves reflected

from the sample surface and from the metallic surface

are in opposite phase. In order to decrease intensity

of the EMI reflected from RAM, the wave amplitudes

must be close, which, in turn, depend on permittivity

values ε∗r , µ
∗

r [30]. This condition is met at Zin/Z0 ≈ 1.

Therefore, as we can see from the formulas (1), (8), the
maximum absorption depends on combination of the values

of permittivity, frequency and thickness of the sample. In

order to determine the impact of above mentioned factors to

absorption in the studied CM, Table 4 includes comparison

of the absorption parameters, tλ/4, Zin/Z0 for experimental

spectra, as well as for calculated with the thickness of 8mm.

It is seen that the highest values Rl can be viewed for CM

with the ratio Zin/Z0 close to one, and the calculated

Table 4. Comparison of the absorption parameters of experimen-

tal and calculated spectra R l with a normalized impedance and an

interference thickness

Cm, % h, mm f 0, GHz R l , dB 1 f , GHz Zin/Z0 tλ/4, mm

20 5.9∗ 5.37 −24.20 2.49 1.10 5.7

20 8 3.64 −20.40 1.83 1.18 7.7

40 6.4∗ 3.21 −16.80 2.02 0.75 6.4

40 8 2.37 −18.13 1.44 0.80 7.9

60 6.3∗ 1.41 −10.30 − 0.54 7.0

60 8 1.25 −10.92 0.47 0.62 7.7

80 6.8∗ 0.55 −10.30 − 0.55 7.2

80 8 0.45 −11.69 0.16 0.62 8.4

40 16.2∗∗ 0.98 −49.67 0.52 1.04 15.9

60 20.3∗∗ 0.36 −62.22 0.17 1.05 20.1

80 20.2∗∗ 0.16 −68.79 0.06 1.04 19.9

Note. ∗ — experimental data, ∗∗ — the thickness was calculated by the

procedure according to [15].

value tλ/4 fails to coincide with the thickness h, except for
the sample with Cm = 40% and h = 6.4mm. Apparently, it

could be related with fuzzy absorption peaks; and accurate

determination of the frequency of maximum absorption

in this case is challenging. The higher the difference

between tλ/4 and h, as well as the deviation Zin/Z0 from

one, the lower absorption. Thus, for the experimental

data for the samples with the ferrite content of 60, 80%,

the deviation h tλ/4 > 0.4, and Zin/Z0 ≈ 0.5, which results

in a low value Rl ∼ −10 dB. Express absorbing properties

should be noted for CM with Cm = 20% and h = 5.9mm:

Rl = −24.2 dB at 5.37GHz and the absorption width

below −10 dB 1 f = 2.49GHz, at Zin/Z0 = 1.1. This

sample has low density (2.2 g/cm3), which allows to

consider it as perspective RAM with low mass-dimensional

characteristics. Calculated values of the parameters of

absorption for the fixed thickness h = 8mm show that

with increase of concentration of ferrite inclusions, the

width of absorption 1 f , peak value Rl and its frequency

position f 0 are decreased. The [16] describes methodology

for finding the thickness h0 and frequency f 0 for RAM,

at which normalized impedance Zin/Z0 = 1. Parameters of

absorption of the studied CM for different thicknesses h and

concentrations Cm are given in Table 4. It can be seen that

increase of concentration of filler elevates peak absorption

up to −68.79 dB, but descends the width of absorption 1 f
down to 0.06GHz.

Based on the analysis of spectra of tangents of angles

of magnetic tan δµ and dielectric losses tan δε (Fig. 7), as
well as of conductivity, one can see that the losses of

EMI are increased with the growth of ferrite concentration

in composite. It should be noted, that main losses in
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Figure 6. Experimental (highlighted bold) and calculated spectra (dashed) of the coefficient of reflection R l of composites F42/2000NM

with the mass fraction of ferrite 20 (a), 40 (b), 60 (c), 80% (d) for thicknesses of 5−10mm.

the frequency range 1−7GHz are related with magnetic

losses, since the values tan δµ exceed several times the

values tan δε . However, for concentrations of 60, 80%

the dielectric losses rise significantly versus the samples

of 20, 40%. Excess of the electrical percolation threshold

increases the intensity of losses due to polarization processes

in ferrite and losses for conductivity. High values of tangents

of losses, conductivity in composites with the content of

60, 80mass.% cause low values of skin-layer 1. The

dependences of efficiency of shielding SET , SER , SEA of

such CM are given in Fig. 8. It is seen that the maximum

value SET for the composite with Cm = 80% is ∼ −33 dB

within the frequency range of 1−7GHz, meanwhile SER

in that range is at least −3 dB. Based on the calculated

spectra SEA, by using the formula SEA = −8.686hα it

was established that the maximum losses for absorption

within the range of 5.5−7GHz vary −18−−43 dB with

the change of thickness within the limits of 5−10mm for

CM with 80%, and for CM with 60% — −10−−25 dB.

Therefore, high-concentration composites F42/2000N can

be considered as efficient RSM with low level of reflected

signal for the frequency range of 2−7GHz.

Conclusion

This study deals with electromagnetic spectra of ferrite-

polymer composites with the composition of F42/2000NM

with the mass fraction of ferrite 20, 40, 60, 80%. By

using the X-ray fluorescence analysis it was established that

during synthesis of composites no formation of new phases
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Figure 7. Spectra of tangent of angle of dielectric (a) and magnetic (b) losses, conductivity (c) and skin-layer (d) for composites with

the mass fraction of ferrite 1 — 20, 2 — 40, 3 — 60, 4 — 80%.

is observed. Magnetic loops of hysteresis of composites

indicate the increase of magnetization of samples and

decrease of coercive force as far as the ferrite concentration

is growing. Spectra of dielectric permittivity, conductivity

and tangent of angle of dielectric losses indicate that with

the concentrations of 60, 80% there is a rise of dielectric

losses in composites. Analysis and decomposition of the

spectra of magnetic permittivity show that main contribution

into permittivity and losses are caused by the process of

gyromagnetic rotation of spin, whereas with the decrease

of inclusions concentration the absorption peak position

is shifted to the region of high frequencies. Shift of the

NFMR frequency results in change of the absorption peak

position with the geometry for reflection. Experimental and

calculated spectra of the reflection coefficient for composites

filled with 20, 40% and thicknesses of 5−10mm show

that within the frequency range of 2−7GHz the maximum

and minimum peak values Rl are −24 and −15 dB with

the width of absorption below −10 dB within the range

of 1.5−2.5GHz. It is explained by compliance with the

conditions of agreement of impedances and interference

thickness.

In case of high-concentration composites efficient ab-

sorption with reflection is possible with the thicknesses

exceeding 10mm. High values of tangents of the angles

of losses, therefore, low values of skin-layer cause express

shielding properties of composites with the concentration

of 60, 80%. Thus, efficiency of shielding SET for the

frequencies of 1−7GHz for CM with the mass fraction of

inclusions 80% varies within the limits of −15−−33 dB

with the efficiency of shielding due to reflection SER of at

least −3 dB.
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Figure 8. Experimental dependences of efficiency of shielding SET , SER , SEA and calculated spectra SEA (bold line — experimental,

dashed — calculated) for the samples with Cm = 60 (a, b), 80% (c, d).

Therefore, obtained magnetic polymer composites can be

used both as efficient RAM, in which absorbing properties

can be modified within a wide range by changing the

concentration, and RSM with low level of reflection of

electromagnetic radiation.
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