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This study reports the fabrication of the flexible polyvinyl chloride composite films embedded with yt-
trium iron garnet and analysis of their microwave properties. The films with 0.25 mm thickness were cre-
ated using temperature pressing at 175°C and 10 MPa, with yttrium iron garnet filler concentrations rang-
ing from 0.2 to 30 wt % and dibutyl phthalate used as a plasticizer. Both the ferrite powder and manufac-
tured films were characterized using SEM, TGA, PXRD, and FTIR. SEM analysis showed that the
YsFes012 ferrite powder consists of agglomerated, near-spherical crystallites. EDX analysis confirmed the
presence of only yttrium, iron, and oxygen, indicating high purity of the sample. Thermogravimetric analy-
sis demonstrated high thermal stability of YsFesO12 ferrite, mass loss was only 1.42 % when heated from
25 to 900 °C. According to the diffraction experiment, it was found that the studied sample is single-phase
and has a high degree of crystallinity. From the IR spectrum of yttrium ferrite YsFes012, it was found that
in the range of 550-680 cm -1, three intense absorption bands are observed at 566 cm-1, 610 cm-1, and
656 cm -1, which are characteristic of asymmetric stretching vibrations of Fe-O of the tetrahedral group
FeOu. Analysis of the films spectra shows the presence of PVC and ferrite due to their distinct characteris-
tic spectral bands. It has been found that the presence of ferrite in the composite can cause a shift in the
position of some characteristic polymer bands. Microwave measurements revealed very low transmission
losses, — (0.1-0.3) dB and negligible reflection. Reflection losses were in the range from — 19.3 to — 23.7 dB,
exhibiting an irregular variation with ferrite concentration: losses initially increased with increasing fer-
rite content, then decreased, and subsequently increased again.
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1. INTRODUCTION

Ferrites are commonly used magnetic materials for
radio electronics, radio engineering, automation, com-
puter engineering etc. [1, 2]. They are utilized both as
bulk components and as a part of nanocomposite func-
tional materials. Other notable ferrite application are-
as include high-pressure monitoring electronic devices
and microchip high-speed computing systems with ul-
tra-low switching energy [3]. Rare-earth ferrites with
the garnet crystallographic structure attract research-
er’s interest due to their outstanding magnetic and
electric properties and perspectives for applications in
magnetooptical systems, magnetic cooling etc [4, 5].
Among them the most extensively investigated is yttri-
um iron garnet (YIG), with chemical formula Y3sFesO12,
which has a cubic crystal structure (eight formula units
per unit cell) and belongs to the space group Ia3d [6].
In each unit cell Y3+ atoms occupy the 24 dodecahedral
c-sites and Fe3+ atoms occupy both the 16 octahedral a-
sites and the 24 tetragonal d-sites, which are formed by
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the surrounding O2%~ ions [7]. The essential magnetic
characteristics of YIG come from the specific orienta-
tion of the magnetic moments of ferric ions. Namely,
the spins of octahedrally positioned Fe?* ions are ori-
ented antiparallel to those of tetrahedrally positioned
ions (nonmagnetic Y3 * ions located in the dodecahedral
site do not contribute to the net magnetic moment).
This orientation of magnetic moments in octahedral
and tetrahedral sublattices is due to the super-
exchange inter-atom interaction between Fe3* ions
mediated by the nearby oxygen atoms [8]. Hence the
effective magnetic moment of one formula unit of YIG
essentially equals to magnetic moment of one Fe3* ion,
which is 5 Bohr magnetons.

YIG belongs to a class of magnetic oxides with a
broad range of important practical applications, due to
its magnetic, mechanical and chemical properties, such
as high melting point, high Curie temperature, great
thermal stability, excellent chemical stability, thermal
conductivity, very large resistivity, and low thermal
expansion. In view of its diverse properties, YIG nano-
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particles (NPs) are the best suitable materials for a
wide variety of applications in microwave and magne-
to-optic communication devices due to its extremely low
microwave magnetic losses and large specific Faraday
rotation in near infrared range (for Bi-doped YIG)
[9, 10]. In particular, both bulk ferrite specimens and
ferrite-containing polymer composites are utilized in
such microwave devices as filters, isolators and circula-
tors [11, 12]. YIG, among other ferrites, is also consid-
ered for applications in composite materials designed
for microwave absorption and reflection control [13-16].
Those composite materials usually include magnetic
particles, metallic particles, and electrically conductive
carbon (nano)materials, all being encapsulated in die-
lectric polymer matrix [17-19]. Such protective coating
makes it difficult for the radar to detect shielded ob-
jects by absorbing most of the electromagnetic wave
energy sent by the radar. Also, radio absorbing materi-
als are used to protect the object located behind them
from electromagnetic irradiation, in which case it is
also necessary to ensure maximum absorption of elec-
tromagnetic wave in a composite material in a specified
frequency band.

The advantages of using ferrite material as a part of
radio absorber materials are numerous. Firstly, mag-
netic fillers in the composite increase the effective per-
meability u of the material thus essentially reducing
the reflectivity of a composite. Indeed, the minimum
reflection of incident electromagnetic wave into envi-
ronment would occur is the effective permittivity ¢ and
permeability x of medium are equal to or at least close
to each other. Since composite absorber usually have
e£> 1, one needs to increase x in order to “balance” the
dielectric permittivity and inclusion of magnetic parti-
cles just works in that way. Secondly, introduction of
magnetic constituents decreases the electrical thick-
ness of the coating (which is inversely proportional to
\eg). As a result, the same reflection characteristics
may be achieved for lower thickness of absorber coating
(reducing the weight and price of absorbing coating).
Finally, ferrite particles demonstrate increased selec-
tive absorption of electromagnetic energy in the fre-
quency regions of magnetic moments precession. This
phenomenon can occur both when some external mag-
netic field is applied to the material (then it is called
ferromagnetic resonance) and in the zero external
magnetic field (in which case it is referred to as natural
ferromagnetic resonance). The natural ferromagnetic
resonance, among others, includes the domain walls os-
cillation effect. Naturally, this additional magnetic ab-
sorption increases the overall microwave losses and im-
proves the characteristics of absorber. However the ac-
tual frequency and bandwidth of (natural) ferromagnetic
resonance strongly depend on ferrite chemical composi-
tion, nanoparticles shape and dimensions, temperature
and magnitude and orientation of external magnetic
field (if any). Thus, it is necessarily to investigate the
reflection/transmission properties of composite material
not at some specific frequency, but in a frequency band
as broad as possible. That will allow one to pinpoint any
possible peculiarities in material’s microwave behavior,
whether due to a ferromagnetic resonance or some other
potentially useful phenomenon.
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In spite of the perspectives of ferrite-based absorb-
ers, only a few researches on such multi-component
systems are published in scientific literature. Specifi-
cally, the structural and microwave properties of two-
component ferrite-polymer composite system in wide
range of ferrite filler concentrations are investigated
insufficiently.

The purpose of this research was to obtain the two-
component ferrite-polymer systems based on polyvinyl
chloride and iron-yttrium garnet with a wide range of
the garnet concentrations (0.2-30 % by mass), to inves-
tigate its physical and chemical properties and to study
the effect of ferrite concentration on the microwave
properties of the obtained composite material in the
broad microwave frequency range and determine the
perspectives of such material application for radio ab-
sorbing coatings.

2. DESCRIPTION OF OBJECTS AND INVESTI-
GATION METHODS

An industrial sample of ferrite was used as the ini-
tial sample. PVC was purchased from Sigma-Aldrich.
Before introduction into PVC, ferrite was crushed using
ball mills. Production of PVC/ferrite films was carried
out as follows: first, ferrite powder was ground in a
mortar, then 0.2 g of PVC powder was mixed with the
required amount of ferrite. The resulting mixture was
ground in an agate mortar to a homogeneous state,
placed in a mold on a polyamide substrate, and 70 mg
of plasticizer (dibutyl phthalate) was added. Then it
was pressed at 175 °C and a pressure of 10 MPa with a
1-minute holding time.

Thermogravimetry and Differential Thermal
(TG/DTA) Analysis

Thermal gravimetric analysis (TGA) was performed
using a Q-1500 D derivatograph of the system of F.
Paulik, J. Paulik, and L. Erdey and a DTG-60H ana-
lyzer (Shimadzu, Japan) at a heating rate of 10 °C/min
from room temperature to 800 °C [18, 19]. 1-2 mg of
powdered sample was placed into alumina crucibles.
The experiments were performed in air atmosphere at
a flow rate of 100 mL/min, with pure a-Al203 used as a
reference substance.

Scanning Electron Microscopy

The surface morphology of ferrite was observed by
scanning electron microscopy (SEM) on a Tescan Mira
3 LMU microscope [20-22].

Fourier Transform Infrared Spectroscopy (FTIR)

Infrared spectra of the ground ferrite powder were ob-
tained in the transmission mode in the range of 400-4000
cm~! using a Fourier transform infrared spectrophotome-
ter Spectrum BX FT-IR (Perkin Elmer, USA). A portion of
the studied powder was mixed with high-purity KBr at a
1:100 weight ratio and pressed into translucent tablets. IR
spectra were recorded with a resolution of 2 cm~-1 and a
signal accumulation of 32 scans.

Fourier transform infrared (FTIR) spectra of the
films were recorded on a Nicolet iS50 FTIR spectrome-
ter [18, 19].
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Powder X-Ray Diffraction (PXRD)

Phase composition and crystal structure were stud-
ied by powder X-ray diffraction (PXRD) with a Shimad-
zu LabX XRD-6000 diffractometer at room tempera-
ture. The diffraction data were collected in the Bragg-
Brentano geometry using Cu Ko radiation (Acu =
1.54056 A) operating at 35 kV and 30 mA. The XRD
pattern was recorded in an angle range 26 = 5-70° with
a 0.02° step range and a scanning speed of 1.2° ‘min~1.
The observed XRD profile was fitted with the pseudo-
Voigt peak profile function using Rietveld analysis on
FullProf Suite software (version July 2017). The start-
ing crystal structure refinement parameters were tak-
en from the YsFes;012 garnet-type structure (COD Card
Number 96-210-1365). The average crystallite size
(DW-H) and lattice strain (¢) were calculated from Wil-
liamson-Hall plot.

The average crystallite size (Dw.n) and lattice strain
e of YsFe;012 were determined from the full-width at
half-maximum (FWHM) of peaks with different diffrac-
tion angles 26 by employing the Williamson-Hall meth-
od using formula

Priicos6hri = K -A/Dw.g + 4€ sin Gk 1)

where S is the FWHM (in radians) of diffraction re-
flexes with Miller indices (hkl), Dw.m is the crystallite
size and K is a proportionality constant related to the
shape factor of the crystallite (for spherical-shaped
crystallites with cubic structure this value is approxi-
mately 0.89), A is the X-ray radiation wavelength (for
Cu-anode X-ray source A = 1.5406 A), and 6k is the
diffraction angle (in radians).

Calculation of the X-ray density Dx of the samples
was carried out according to the formula:

Dx =Z -M:/(V-Na), 2

where Z is the number of formula units per unit cell;
M, is the molecular weight of ferrite (in g-mol-1); Vis
the unit cell volume in cm?3; Na is the Avogadro’s num-
ber (6.022:1023 mol - 1).

Based on the results of the X-ray diffraction exper-
iment, the dislocation density & can also be calculated,
which is defined as the length of dislocation lines per
unit volume of the sample and is calculated by the for-
mula:

o= 1/(Dw-n)? 3

Using Dw.u obtained from Williamson-Hall method
we calculated dislocation density value about 15-1013
line/m?2.

Microwave Properties Measurements

The high-frequency microwave reflection losses
(S11) and transmission microwave losses (Sz21) of pre-
pared composite materials were measured with a sca-
lar network analyzer in the X-band (8-12 GHz) using
the standard metal rectangular waveguide. The net-
work analyzer measures the absolute values (modules)
of microwave scattering parameters (S-parameters) of
various microwave devices, components and samples in
logarithmic scale. They are defined as following:
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where Pjis the initial (incident) electromagnetic wave
power, Pris the power transmitted through the sample
and Pr is the reflected power (see Fig. 1). Correspond-
ently, the E1, E7, and Er are the electric field strengths
of the incident, transmitted and reflected waves. Those
quantities have a straightforward physical interpreta-
tion: S11 quantify the portion of electromagnetic energy
reflected from the sample under investigation and Sa1
shows the portion of energy that is transmitted
through it. From this data the electromagnetic wave
absorption coefficient A (in relative units) may be de-
duced using the power balance equation
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During the measurements the polyvinyl chloride-
ferrite composite specimens were sandwiched between
the flanges of the waveguide, thus the specimen’s plane
was oriented perpendicularly to the propagation vector
of waveguide’s Hio electromagnetic mode. The area of
the samples was large enough to completely fill the
cross-section of the waveguide (see Fig. 1 for details).

3. RESULTS AND DISCUSSION
SEM and SEM-EDX

Figures 2 a,b show that the YsFes012 ferrite powder
consists of agglomerated, near-spherical crystallites.
This agglomeration is likely due to magnetic interactions
between the nanoparticles. EDX analysis (Fig. 2¢) con-
firmed the presence of only yttrium, iron, and oxygen,
indicating high purity of the sample. The Y/Fe atomic
ratios obtained from EDX closely match the expected
composition, confirming the homogeneity of the ferrite
surface and nominal composition of the garnet.

Thermogravimetric Analysis of YsFes0;: Ferrite

A thermogravimetric analysis demonstrates the
high thermal stability of YsFes012 ferrite. The sample
exhibited a mass loss of only 1.42 % when heated from
25 to 900 °C, consistent with previous studies [23] that
show structural stability up to 1200 °C. The consistent
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mass observed throughout the high temperature range
supports the hypothesis that the ferrite's structure
contains exclusively Fe3* ions in both tetrahedral and
octahedral positions.

1 2 3 4 5 6 7 8 -
Full Scale 8007 cts Cursor: 0.000

Fig. 2 - (a, b) SEM micrographs of the YsFesO12 ferrite and (c)
EDX spectrum taken from (b)

Phase Analysis and Structure Characterization
of YsFes0;2 Ferrite

The powder X-Ray diffraction pattern of commercial
ferrite is shown in Figs. 3, 4.

commercial ferrite

Intensity (a.u.)

COD card # 96-210-1365
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Fig. 3 - Comparison of the experimental diffractogram of
ferrite powder ground in a ball mill and a standard sample
from the powder diffraction data base (red lines, COD card
No. 96-210-1365)
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According to the data of the diffraction experiment, it
was established that the studied sample is single-phase.
The positions and intensities of the reflexes in the exper-
imental diffractogram completely coincide with the cor-
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responding peaks for the theoretically calculated diffrac-
tion pattern of pure yttrium ferrogarnet of the composi-
tion YsFes;012 (COD card number Ne 96-210-1365). All
reflections in the diffractogram are indexed in cubic syn-
gony with the space group Ia3d. The refined values of
the crystal lattice parameter a = b =c¢=12.375+ 0.001 A,
the unit cell volume V= 1895.12 + 0.03 A3 and the calcu-
lated theoretical density pxrp=5.173 glem® agree well
with the literature data [24, 25].

3000
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Intensity (cps)
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20 (degree)

31.0 31.5 33.0 335

Fig. 4 - Fitting a most intense Bragg peak with Miller indices
(420) of ferrite powder using Lorentz function

Size of Coherent Scattering Regions

As can be seen from the data in Table 1, the value of
the Ds2o scattering crystallite size for a pre-crushed
commercial ferrite sample is approximately 192+8 nm.
Thus, the powder X-ray diffraction data confirm the
presence of submicron particles in the ferrite composi-
tion. And the dislocation density &, which is calculated as
6= (Ds20)~2, is equal to 3-10-5 nm~2. The dislocation
density quantitatively determines the crystallinity of the
sample, and its small value indicates a high degree of
crystallinity of the studied ferrite.

Table 1 — Experimental parameters of the Scherrer formula,
using which the size of the Das2o coherent scattering regions in
the ferrogarnet phase was determined

Sample 26, ﬂ, 038 A, K Dazo,

degree | radian nm nm
Ferrite | 49 3151 0.0008 | 0.961]0.154] 0.9 192
powder

IR Spectroscopic Studies on Polycrystalline
YsFe;0;:2 Ferrite

To study the optical properties of YsFes012, spectro-
scopic measurements were performed in the IR and
near-IR regions.

Fig. 5 shows the IR spectrum of yttrium ferrite
YsFe5012 with garnet structure. As can be seen from the
transmission spectrum in the range of 550-680 cm 1, three
intense absorption bands are observed at 566 cm~1, 610
cm~! and 656 cm~1, which are characteristic of the asym-
metric stretching vibrations of Fe-O of the tetrahedral
group FeOs. No bands in the region of 3200-3600 cm~1! and
at 1680 cm —1, which correspond to the stretching vibrations
of the O-H bond and the deformation vibrations of H-O-H,
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were detected, which indicates the absence of adsorbed
water molecules on the surface of the commercial ferrite
powder and confirms the results of thermogravimetric
analysis. For the garnet structure, the vibrations of the
Fe-O bond in the octahedral oxygen environment cannot
be recorded, since they are detected at wave numbers of
300-400 cm-1 and are outside the measured spectral
interval.
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Fig. 5 — IR spectra of yttrium ferrogarnet YsFes012

Fig. 6 shows the FTIR spectra of a series of PVC
films with different ferrite content.

0.3 603 cmy”!

3900 3400 2900 2400 1900 1400 900 400
A, cm™!

Fig. 6 — FTIR spectra of PVC films filled with different
amounts of ferrite: 1) 0 % of ferrite (pure PVC), 2) 5 % of fer-
rite, 3) 30 % of ferrite

The analysis of the spectra reveals the presence of
PVC and ferrite through their distinct spectral bands.
The short-wavelength region indicates ferrite's presence,
which also seems to subtly alter PVC's typical band posi-
tions. Specific PVC bands are identified: 2914 cm-!
(elastic vibrations in PVC macromolecules [21]), 1719
cm! (carbonyl C=0 in polymer molecules, indicating
PVC oxidation [21]), 1426 cm ~! (CHz2 deformation vibra-
tions [21]), the doublet band with a maximum at 1254-
1279 ecm-1! (CH-Cl out-of-plane angular deformation
[21]), 958 cm~-! (C-H out-of-plane trans-deformation
[21]), and 835, 603, and 690 cm~! (elastic vibrations of
the C-Cl bond [21]). Bands at 1073, 1121, 2871, and 2958
cm'! signal the presence of the plasticizer, DBP [21].
While ferrite bands are mostly obscured by PVC's strong
signals, a noticeable broad peak at 564 cm-—!, more
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prominent in high-ferrite content samples, suggests a
metal-oxygen bond [21]. Finally, a faint, broad band
around 3400 ecm~-! points to the presence of hydroxyl

groups.
Microwave Properties Measurements

The summary of the microwave measurements is
presented in Fig. 7. All the measured samples demon-
strate very low transmission losses and nearly negligible
reflection (see Table 2 for numerical details). The magni-
tude of the transmission losses through the studied com-
posites in the given frequency range are within —
(0.1-0.4) dB (see Fig. 7b) and, since the reflection is very
low, those losses should be attributed not to the imped-
ance mismatch between sample and waveguide, but to
the electromagnetic wave attenuation inside the compo-
site material. Consequently, an almost lossless trans-
mission implies that the intrinsic dielectric and magnet-
ic absorption in the studied composite material is low.
Regarding the behavior of the PVC/YIG compositions
with different amount of ferrite filler we observe the
unambiguous trend of increased transmission losses
with the rise of ferrite component mass fraction. That
can be explained by increment of net magnetic losses of
material (characterized by the imaginary part of high-
frequency magnetic permeability pu”) due to increased
proportion of ferrite constituent.

T T T T T

......... PVC
-169 ——0.2% (a) —
= _0;)%
=] q i -
3 -1 4 5%
2 —10%
~ —20% !
—30%
g -20-
=
|33
o g
5 22
Q
] b e |
T —

85 9.0 95 100 105 11.0 11.5 12.0

Frequency, GHz

Transmission loss, dB

'08 T T T
85 9.0 95

10.0 10.5 11.0 11.5 12.0
Frequency, GHz

Fig. 7 — Reflection a) and transmission b) losses of the
two-component polyvinyl chloride/iron-yttrium garnet thin
composite layers with 0.2-30 % garnet concentrations meas-
ured in the 8-12 GHz frequency range
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However, it is known that ferrite materials demon-
strate the largest increase of electromagnetic wave ab-
sorption at frequencies near to their ferromagnetic reso-
nance frequency (at the presence of external bias mag-
netic field). If the magnetic field is absent only a so-
called natural ferromagnetic resonance may take place.
This phenomenon in ferrite materials with garnet struc-
ture (like YIG) usually is registered at frequencies below
than few GHz, therefore its effect on internal losses for
electromagnetic waves with frequencies so much differ-
ent from natural FMR frequency as X-band should be
insignificant. And that is exactly what was measured:
whereas composite material’s internal losses do grow
with ferrite concentration, this growth is rather small in
absolute magnitude. The small absolute value of trans-
mission losses can be attributed to a rather small thick-
ness of the investigated material (0.25 mm). Should the
composite sample be prepared with a more suitable for
radio absorption coatings thickness of 3-5 mm, the much
larger transmission losses are expected.

The reflection losses (Fig. 7a) for composites of all
compositions are within —(19.3-23.7) dB range and
demonstrate rather irregular behavior with YIG concen-
tration: when ferrite amount grows, the average losses
first increase then decrease then increase again (see
Table 2). We assume that this is a result of nonlinear
variation of impedance mismatch between composite
film and waveguide which is than transformed into vari-
ations of reflectivity. Indeed, the reflection losses can be
calculated as

| e

where Zp is the impedance of empty waveguide and Zs is
the impedance of waveguide’s section filled with
PVC/YIG sample. Whereas Zo is fixed, the Zs will strong-
ly depend on both, dielectric and magnetic parameters of
the material. In our case the ferrite filler has larger die-
lectric constant & and larger magnetic permeability u
then PVC matrix. Thus the addition of ferrite constitu-
ent will increase both effective £ and u of the composite.

ZO _ZS

S, =20lg||Z0e=%s
1 g(zo+zs

Table 2 — Summary of reflection and transmission losses of
the polyvinyl chloride/iron-yttrium garnet composites with
0.2-30 % YIG mass concentration

Sample Reflection loss, dB [Transmission loss, dB

Min. Max. Mean |Min. Max. Mean
PVC —23.7 |[-21.6 |-22.8 |-0.14 |[-0.07 |-0.10
0.2 % —22.3 [-20.7 |-21.6 |[-0.20 [-0.10 |-0.16
0.5 % —22.4 [-20.7 |-21.7 |-0.20 [-0.11 |-0.15
1% —-23.1 |-21.3 [-22.3 |-0.23 [-0.14 |-0.19
5% —-22.1 |-20.3 |[-21.3 |-0.17 [-0.07 |-0.13
10 % —22.2 |-204 |-214 |-0.27 [-0.18 |-0.23
20 % —22.4 [-20.5 |-21.6 |[-0.30 [-0.22 |-0.27
30 % —-21.0 [-19.3 |-20.3 |[-0.38 [-0.34 |-0.34
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The growth of average e increases the impedance
mismatch between composite film and waveguide which
lead to the increased reflectivity but the growth of p im-
proves the matching and decreases reflection losses. De-
pending on which factor would be more dominant for
each specific PVC/YIG composition, the total effect will
be either increase or decrease of reflection losses. Over-
all, the measurements have shown that changes of the
ferrite filler amount in the PVC composite within the
concentration range of 0.5-30 % affect the reflection loss
value rather insignificantly.

4. CONCLUSIONS

The thin films of composite materials based on fer-
rite as a filler and PVC as a matrix were manufactured
and investigated. Films were obtained by the method of
thermal pressing using pre-crushed with ball mills fer-
rite and dibutyl phthalate as a plasticizer.

The powder X-ray diffraction has confirmed the sin-
gle-phase composition of commercial yttrium-iron gar-
net ferrite as well as its cubic garnet structure with
high degree of crystallinity and crystal lattice parame-
teri in agreement with reference data.

The IR Fourier spectroscopy method has revealed
the characteristic bands of PVC and ferrite in the
short-wave region. The presence of ferrite in the com-
posite can affect the displacement of some characteris-
tic bands of the polymer.

The microwave spectroscopy data measured for the
composites with varying YIG mass concentration in the
8-12 GHz frequency band has shown that the samples
have a negligible values of the reflection losses, which
were rather uniform in the whole frequency band (with
nonlinear variations as a function of ferrite filler con-
centration). The transmission losses were also small,
around — (0.1-0.4) dB, and have increased for larger YIG
concentration, which was attributed to the growing
contribution from the inherent magnetic losses of the
ferrite material. Nevertheless, given the rather small
samples’ thicknesses, the transmission losses for thick
specimens of the same composition are expected to be
significant, especially for the composites with large
amount of ferrite filler, e.g. 30 %. Thus, the composite
PVC/YIG materials with high ferrite concentration can
be potentially useful for the development of the radio
absorbing coatings.
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MikpoXBHUJIBOBI IMOIIMHAJIBHI BJIACTHUBOCTI KOMIIO3UTHOI'O MaTepiajy Ha OCHOBi
noJiiBiHiaXJI0pUay TA iTpieBoro rpanary

JIL.M. I'pimterxo?, JI.0. Huruuk?, M.O. Ilomos2, I'.JI. Yymax2, B.]IO. Masmumes2, I.B. ®ecuu?,

10.B. Hockog?, A.L. Isanicik?, I.I1. Maryurko?

L Inemumym ximii nosepxri im. O.0. Yytixa, Hayionanvha axademin nayk Yipainu, 03164 Kuis, Ykpaina
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Y 1mbomMy JOCITIIKEHH] TTOBIOMIISIETHCS TIPO BUTOTOBJIEHHS THYYKUX TIOJIIBIHIJIXJIOPUIHUX KOMITIO3UTHUX
IUTIBOK 13 BOYIOBAHMM 3aJTI30-ITPIEBUM I'PAHATOM Ta aHAJI3 IX MIKPOXBHUJILOBUX BiactuBocreit. [LmiBKu TO-
BrrHO0 0,25 MM CTBOPIOBAJIM 34 JOIOMOIOI0 TeMIIepaTypHoro mpecyBanus npu 175 °C 1 10 MIla 3 koumes-
Tpalliel HAIOBHIOBAYA 3aJ1i30-iTpieBoro rpanarty Bix 0,2 mo 30 mac. % Ta qubyrundraiary, Ak IIacTudika-
Topa. Ik depuTOBMII MOPOIIOK, TAK 1 BUTOTOBJIEHI ILIIBKHM Oy/jau oxapakTepn3oBaHi 3a momomoroin CEM,
TT'A, ITPCA Tta ®yp’e-I9YC. Auaniz SEM morasas, mo dgepurosuii mopomok YsFes012 criragaerses 3 aro-
MepoBaHUX, Maixke chepuunnx kpuctamiitie. EDX-axais miaTBepaus HASBHICTD JIKIIE 1TPio0, 3a/1i3a Ta KH-
CHIO, I[0 CBIYUTH IIPO BUCOKY YHMCTOTY 3pas3ka. TepMorpaBiMeTpUYHMI aHAJI3 IPOJEMOHCTPYBAB BHUCOKY
TepmocTabiibHicTs depury YsFesOi2, Brpara macu criamana smire 1,42 % mpu HarpiBamui Bim 25 1m0
900 °C. 3a garuMu TUPPAKITIAHOTO €KCIIEPUMEHTY BCTAHOBJICHO, IO JOC/IIKYBAHUN 3Pa30K € 0HOGa3HUM
1 Mae BuCOkHMi cTyminb kpucranidyaocTi. 3 IY-ciexrpy depury irpio YsFes;012 BcrarHoBIIEHO, 110 B qiana3oHi
550—680 cm -1 criocTepiraloThCsl TPU IHTEHCHBHI CMYTH MOTJIMHAHHS mpu 566 cvm-1, 610 cm-1 1 656 cm—1,
XapaKTepH] /Ul acCUMEeTPUYHHUX BaJIeHTHUX kosmBaHb Fe-O rerpaempuunoil rpynu FeOs. Anamia cuexrpis
mwaiBok mokadye mpucytHicts IIBX 1 depury 3aBaskwm IX 4YiTKEM XapaKTepHHM CIEKTPAIBHUM CMyTaM.
BcranosieHo, mo npucytHICTb epUTy B KOMIIO3UTI MOKe BUKJIMKATH 3MIIEHHS IIOJI0KEeHHS JesSKUX Xapa-
KTePHUX JIJIA TMoJIiMepa cMyr. MIKpOXBUJIbOBI BUMIPIOBAHHS BUSBHUJIM Jy’Ke HU3bKI BTPATH HA IIPOXOJJKEH-
g — (0,1-0,3) ob 1 Heanaune BigOuTTaA. Brpatn Ha BinbuTTa Oyiu B miamasosi Big —19,3 mo —23,7 ab, nemon-
CTPYIOUN HEPIBHOMIPHY 3MiHYy BiJ KOHIIEHTPAIIl (pepuTy: BTPATH CIIOUATKY 3POCTAJIH 31 301JIbIIEHHAM BMIiCTy
depury, IoTIM 3MEHIITYBAJINCS, 4 IIOTIM 3HOBY 301/IBIILY BAJIACS.

Kmiouosi cmosa:. 3amizo-itpieBmit rpamart, ITomisiminxiopuza, Kommosutauit martepian, MikpoxXBHIBOBI
BrpaTy; EexkrpomarniTHe ekpanyBaHHA; MaTepiaimn, 110 IOTJIMHATE MIKPOXBHJIL.
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