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Abstract. Today obtaining environmentally friendly
wood composite materials is one of the main tasks. The
urea-, phenol-, and melamine-formaldehyde resins used
today are harmful to the human body and have a long-
lasting effect. Therefore, replacing these and other resins
with safe binders is one of the major problems. The aim of
the work was to obtain and research ecologically safe
wood polymer composites-deckings based on a new envi-
ronmentally safe binder and a reinforcing agent trietho-
xy(vinylphenethyl)silane and styrene (in-situ polymeri-
zation) with a pine sawdust filler and aluminum hydroxide
as an antioxidant. On the basis of triethoxy(vinylphe-
nethyl)silane, styrene, and sawdust, the wood polymer
composites — deckings have been obtained by hot pressing
method at different temperatures and ratios of used com-
ponents in the presence of antioxidant. For deckings sur-
face, a morphological examination using optical micro-
scopy, scanning electron microscopic (SEM), and energy-
dispersive X-ray roentgenographic microanalysis were
performed. Water absorption, softening temperature
(Vicat), strength on bending, and impact viscosity were
determined. Besides, using sawdust as coupling and
reinforcement agents, and aluminum hydroxide as an anti-
oxidant, wood polymer composites (WPC) were obtained
by hot pressing at different temperatures. For the obtained
composites, the morphological study of the surface was
carried out using optical microscopy and scanning elec-
tron microscopy, energy dispersive X-ray microanalysis.
Water absorption of composites, bending yield stress,
impact strength, and softening temperature were deter-
mined by the Vicat method. The obtained composites
were characterized by higher physicomechanical proper-
ties and water absorption.
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1. Introduction

A more recent development in composite tech-
nologies is wood/plastic composites (WPCs). Developed
by small entrepreneurs and multi-national oil companies,
these materials attempt to take advantage of the properties
of both materials.' The reinforcement of thermoplastics by
means of cellulosic fibers such as wood significantly
improves stiffness and strength compared to the neat po-
lymers, at the expense of ductility and impact strength.'”
Wood has been widely used to replace reinforcing fillers
previously used to fill plastics, such as inorganic materials
and anthetic fibers because it presents several advan-
tages. ™

Inorganic nanoparticles have found numerous ap-
plications in fields such as medicine, design of electronic
devices, catalysis, and polymers reinforcement. Grafting
polymer chains endow them with unique functional pro-
perties and allow tailoring of their surface characteristics
to obtain materials with novel properties and applications.
The dispersion of silica particles in aqueous media is
enhanced by grafting the nanoparticles with water-soluble
polymers such as poly(oxyethylene methacrylate) and
jonic poly(styrene sulfonic acid).® In contrast, when silica
particles are grafted with polystyrene (PS) a hydrophobic
behavior is found.”®

Surface-modified silica particles have potential
applications in different technological fields, some of
them are the reinforcement of polymers’ and the design of
heterogeneous catalysts.'’ Dey et al.'' also reported the
synthesis of responsive hybrid nanoparticles by the reac-
tion of epoxy-modified silica with a stimuli-responsive
poly(acrylic acid-N-isopropyl acrylamide).

The modification of inorganic materials, such as
silica, requires the presence of functional groups on the
surface of the particles capable of either being involved in
a polymerization reaction or reacting with terminal groups
of preformed polymers. Several strategies have been
reported for grafting polymer chains into silica particles.
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Linking covalently vinyl moieties to the surface of
the particles followed by firee radical polymerization of the
corresponding monomer has been widely reported.”'*"*

Comparable results are obtained when the silica
surface is modified with a chain transference group.'”
Living polymerizations have been reported to be used for
obtaining well-defined silica nanoparticles grafted with
polymers. Nitroxide-mediated polymerization is reported
by Chevigny et al. for grafting silica particles with poly-
styrene.'® Laruelle e al.'” grafted silica nanoparticles with
polystyrene-block-polybutylacrylate using stable free ra-
dical polymerization.

The use of reversible addition-fragmentation chain
transference,’® atom transference radical polymeri-
zation,"”?" and anionic polymerization® have also been
reported. In the present research, the synthesis of random
copolymers based on poly(styrene-co-triethoxyvinyl-
silane) and their application as macrosilanes for grafting
silica particles with PS chains in a single-step reaction is
reported.”* The wood polymer composite on the basis of
triethoxy(vinylphenethyl)silane and sawdust via in-situ
polymerization has been obtained earlier.”

The aim of the work was to obtain and research
new environmentally safe wood polymer composites
(WPC) — based on a new environmentally safe binder and
reinforcing agent triethoxy(vinylphenethyl)silane and sty-
rene and in the presence of aluminum hydroxide as an an-
tioxidant, to study physicomechanical, thermal properties,
and water absorption.

2. Experimental

2.1. Materials

Composites based on dry sawdust on the basis of
pine with triethoxy(vinylphenethyl)silane and styrene as a
binder and reinforcement agent which was obtained via
hydrosilylation reaction of divinylbenzene with triethoxy-
vinylsilane according to the known method® have been
created.

Processing. The pine is one of the more extensively
used types of wood used as lumber. The composites were
prepared by hot pressing of highly dispersed (20-30 um) dry
sawdust on the basis of pine with triethoxysilylated
styrene (in the presence of 1% dicumyl peroxide) as
binder and reinforcement agent. The composites have
been created under pressures up to 15 MPa and in the
temperature range of 413-493 K for 5 min. Two types of
samples have been created: cylindrical (for investigation
of water absorption) and rectangular (for mechanical
testing).

Fourier transform infrared spectra were recor-
ded with a Varian 660-IR FT-IR Spectrometer. The KBr

pellets were prepared by mixing 1.5-2.0 mg of the finely
grounded samples with 200 mg of KBr (FTIR grade) in a
vibratory ball mixer for 20 s.

Optical microscopic examinations of composite ma-
terials for sawdust and triethoxysilylated composites were per-
formed on an OMAX-type polarized microscope equipped
with a high-resolution digital camera A35140U3 14 MP.

Scanning electron microscopy (SEM) and Ener-
gy dispersive spectroscopy (EDS) observations were
conducted. Measurements were performed using a mic-
roscope — Tescan Vega 3, LMU, LaB 6 cathode. The
maximum accelerating voltage was 30 kV, resolution 2.0
nm. The microscope was also equipped with an energy
dispersive spectrometer of X-ray-induced electron beam
specimens (EDS, Oxford Systems). EDS was used to
analyze the sample compositions.

Bending testing. Bending testing (also known as
flexural testing) was performed on parallelepipeds with a
length of 10 cm and a vertical square cross-section of
1 cm”. Each specimen was placed on two prisms, with a
distance of 8.0 cm between the prisms. The indenter was a
metal cylinder with a diameter of 10 mm applied from
above to the midpoint of the specimen. Bending strength
(or flexural strength) is defined as the stress needed to
create a breaking Point (a crack) on the outer surface of
the test specimen.’

Impact viscosity determination, also called shock
viscosity determination, is a technique applied to soft
solids™ and is essentially a drop impact test. The drop
height (%) is the vertical distance between the upper sur-
face of the tested material (%;) and the bottom surface of
the drop hammer at the end of the impact event (/). With
the sample mass m and the acceleration g, the work per-
formed by the falling hammer is mg (%; — /), normalized
with respect to the horizontal cross-section of the
specimen FF.*®

Vicat softening depth is the determination of the
depth of the indentation with respect to the top surface
caused by a flat-ended indenter with a cross-section of
1 mm”. The load applied is 10 or 50 N and the cross-
section of the indenter end is circular. The term Vicat
hardness is also in use — really confusing since larger
values correspond to lower hardness.

Water absorption is determined simply as the
percentage weight change of the sample after submersion
in water. Such measurements were performed after 3 and
24 h of exposition to water.

3. Results and Discussion

It is known that the wood sawdust contains
cellulose, hemicellulose derivatives, and lignin structural
rings with hydroxyl groups. In the triethoxy(vinylphe-
nylethyl)silane binder, there are ethoxyl groups as well as
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a vinyl group. Those groups were expected to participate
in the etherification reaction with a binder through inter-
molecular and intra-molecular reactions and the vinyl
group may polymerize.”*°

Composites were prepared in the following ratio:
3 % of triethoxy(vinylphenylthyl)silane, 27 % of styrene,
10 % of dicumyl peroxide, and 60 % of pine sawdust. As a
filler, two types of wood sawdust have been obtained: sifted
sawdust medium size particle 0.614 mm and unsifted
sawdust particle size 1.615mm The triethoxy(vinyl-
phenethyl)silane (TEVPES) and styrene were stirred with
dicumyl peroxide (DP) (1 wt. %) and this homogeneous
mixture (3-5 %(TEVPES) — 27-25 %) was added to a
predefined weight ratio of pine sawdust. Then the mixture
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was stirred for 5 min until it became homogeneous, then
placed in a press form, and pressed at several temperatures.

During hot-pressing, the initiator existing in the
mixture may initiate the polymerization reaction of vinyl
groups of TEVPES and styrene. Wood sawdust impreg-
nated with TEVPES and styrene, at the moment of hot
pressing, forms chemical bonds with the hydroxyl groups
of a wood surface. Active filler is likely formed, then
etherification®”* and in-sifu polymerization reactions take
place.

In the case of dicumyl peroxide during hot pres-
sing, in situ polymerization and copolymerization by the
formation of different ring polymers (Structure I) is
possible according to the following scheme:
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Scheme 1. Copolymerization of triethoxy(vinylphenethyl)silane and styrene

It is not excluded that triethoxy(vinylphenethyl)
silane can form hydrogen bonds with or after the
polymerization reaction with silane sawdust (Structure IT)
by etherification at high temperatures to form a chemical

In particular, one expects the formation of hyd-
rogen bonds before the onset of the etherification reaction
with triethoxysilylated styrene and also the formation of

bond (Structure III) according to Scheme 2. ethyl alcohol.
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Scheme 2. Formation of hydrogen bonds and etherification reactions of triethoxy(vinylphenethyl)silane with sawdust surface

It is possible that the product of triethoxy(vinyl-
phenethyl)silane interaction with cellulose will undergo a

polymerization reaction with styrene (Structure V) accor-
ding to Scheme 3:
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Scheme 3. Copolymerization reaction of TEVPES and cellulose interaction product II with styrene
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3.1. Fourier transforms infrared
spectroscopy (FTIR)

In the FTIR spectra of composite materials (Fig. 1),
one can see the adsorption bands for the asymmetric
valence oscillations characteristic of the =Si-O-Si= bond,
up to the maximum of 1026 cm™, corresponding to siloxane
bonds. The absorption band at 1150 cm™ area corresponds
to the asymmetric absorption bands characteristic of the
Si-O-C and C-O-C bonds, where the absorption bands
overlap. Absorption bands at 1262, 1370, 1419, 1507,
1600-1650, 1720, 2800-2950, and 3346 cm™ correspond
to the methyl groups, CH bond absorption in (-C / C- /CH3),

CHj; cellulose — lignin, C=C aromatic, C=C alkene, (C=0
ester bonds), phenyl groups, and -OH groups.™

In the FTIR spectra one can see intensive
absorption bands at 557 cm’, characteristic of Si-O-Al
bonds which may be obtained via etherification reaction

of =Si-OC,H; with Al(OH)s.

3.2. Optical microscopic examinations

The microstructure of the composite specimens
obtained at different temperatures was examined optical
microscope (Figs. 2, 3), and the micrographs were taken at
different magnifications.
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Fig. 1. FTIR spectra of composite X

a

Fig. 2. Optical micrographs of composite I at 413 K (a) and V at 493 K (b)
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a

Mostly obtained composites are anisotropic and
micrographs in Figs. 2 and 3 show different sizes of
particles. Cracks and dividing lines are also observed, the
dimensions of which can be easily determined using the
scale bar shown in the figures.

3.3. SEM and EDS investigations

The surface morphology of the composites was
studied by scanning electron microscopy (SEM).
(Fig. 4 a, b) shows the composites VII and X at different
magnifications, and energy dispersive X-ray micro-analysis
has been performed in different areas of the sample.

In Fig. 4, one can observe pores, indentations, and
inserts with sizes in the range of 0.01-0.5 mm.

The results of energy dispersive X-ray spectral
analysis of composites VII and X are depicted in
Fig. 5a, b, where the content of composites is presented,
which allows us to estimate the degree of homogeneity of
microelements distribution in the composite.

Bample 10873 203770616 NW D98 x500 200 pm

a

b
Fig. 3. Optical micrographs of composite VIat 413 K (a), and X at 493 K (b)

3.3. Mechanical testing

For composites, physic mechanical investigations
have been performed. In particular, the determination of
the bending strength and impact viscosity with respect to
temperature and triethoxy(vinylphenethyl)silane and sty-
rene concentrations has been studied. Table 1 shows the
dependence of bending strength and the impact viscosity
values of composites containing sifted sawdust on the
preparation conditions (temperature, binders’ concentra-
tion).

As can be seen from Table 1, with increasing
temperature from 413 to 493 K, at 20-degree intervals, the
values of bending strength decrease from 10.6 up to
20.9 MPa. With an increase in the TEVPES concentration
the values of bending strength increase from 23.6 up to
29.6 MPa. With an increase in temperature, the impact
viscosity slightly increases.

Sample 10875

Fig. 4. Scanning electron microscope micrographs of composite VII —a, and X —b
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eV

Fig. 5. Energy dispersive X-ray microanalysis of composite VII (a — spectrum 1) and X (b — spectrum 2)

Table 1. Dependence of bending strength and impact viscosity values of composites containing sawdust on the
preparation conditions (temperature, binder’s concentration)

Pressure Bending Impact
# Composite T,K MP ’ strength, | viscosity,

a MPa KJ/m?)
I Sawdust (sifted)-60 % + TEVPES-3 % +St-27 % + AI(OH);-10 % 413 15 10.6 40.5
il Sawdust (sifted)-60 %+ TEVPES-3 %+St-27 % + AI(OH);-10 % 433 15 14.7 41.7
I | Sawdust (sifted)-60 %+ TEVPES-3 % + St-27 % + AI(OH);-10 % 453 15 14.6 38.9
IV | Sawdust (sifted)-60 %+ TEVPES-3 % + St-27 % +AIl(OH);-10 % 473 15 18.8 41.7
v Sawdust (sifted)-60 %+TEVPES-3 % + St-27 % +Al(OH);-10 % 493 15 20.9 41.0
VI | Sawdust (sifted)-60 %,+TEVPES-5 %+ St-25 % +AIl(OH);-10 % 413 15 23.6 38.8
VII | Sawdust (sifted)-60 %+TEVPES-5 %+ St-25 % +AIl(OH);-10 % 433 15 25.6 41.1
VI | Sawdust (sifted) 60 %+TEVPES-5 %+ St-25 % +Al(OH);-10 % 453 15 20.7 39.4
IX | Sawdust (sifted) 60 % + TEVPES-5 % + St-25 % +AI1(OH);-10 % 473 15 224 44.1
X Sawdust (sifted) 60 % + TEVPES-5 %+ St-25 % +AI1(OH);-10 % 493 15 29.6 42.0
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Table 2. Water absorption of WPC from TEVPES, styrene, AI(OH); and sawdust prepared at various temperature

Mass after | Mass after Water Water
Density, 3 h-s of 24 h-s of absorption absorption
# Composite content T, K g/em’ exposure exposure after3h after 24 h
in water in water exposition in exposition in
(2) (2) water in wt. % | water in wt. %
I Sawdust (sifted)-60 % + TEVPES-3 % 413 1.515 3.563 5.761 47.90 44.14
+St-27 % + Al(OH);-10 %
r Sawdust (unsifted)-60 %+TEVPES-3 % 413 1.613 2.635 5.081 14.27 54.34
+ St-27 % +Al(OH);-10 %
I Sawdust (sifted)-60 %+ TEVPES- 433 1.619 2.449 2.831 2.21 18.16
3 %+St-27 % + Al(OH);-10 %
r Sawdust (unsifted)-60 %+TEVPES-3 % 433 1.538 2.692 3.450 6.87 36.96
+ St-27 % +Al(OH);-10 %
Il | Sawdust (sifted)-60 %+ TEVPES-3 % + 453 1.603 2.240 2.437 2.47 11.48
St-27 % + Al(OH);-10 %
I’ | Sawdust (unsifted)-60 %+TEVPES-3 % 453 1.613 2.392 2.986 2.61 28.09
+ St-27 % +Al(OH);-10 %
IV | Sawdust (sifted)-60 %+ TEVPES-3 % + 473 1.524 2.360 2.401 0.77 2.51
St-27 % +Al(OH);-10 %
IV’ | Sawdust (unsifted)-60 %+TEVPES-3 % 473 1.601 2.261 2.285 0.76 1.83
+ St-27 % +Al(OH);-10 %
\Y% Sawdust (sifted)-60 %+TEVPES-3 % + 493 1.455 2.321 2.343 0 0.95
St-27 % +Al(OH);-10 %
V’ | Sawdust (unsifted)-60 %+TEVPES-3 % 493 1.496 2.241 2.263 0.76 1.75
+ St-27 % +Al(OH);-10 %
VI | Sawdust (sifted)-60 %,+ TEVPES-5 %+ 413 1.557 1.557 3.589 5.78 45.01
St-25 % +Al(OH);-10 %
VI | Sawdust (unsifted)-60 %,+TEVPES- 413 1.614 1.614 4.847 28.43 60.79
5 %+ St-25 % +AI1(OH);-10 %
VII | Sawdust (sifted)-60 %,+TEVPES-5 %+ 433 1.612 1.612 3.527 7.83 30.30
St-25 % +Al(OH);-10 %
VI’ | Sawdust (unsifted)-60 %,+TEVPES- 433 1.647 1.647 2.697 2.28 15.90
5 %+ St-25 % +AI1(OH);-10 %
VII | Sawdust (sifted)-60 %,+TEVPES-5 %+ 453 1.632 1.632 2.605 2.47 10.90
St-25 % +Al(OH);-10 %
VI’ | Sawdust (unsifted)-60 %,+TEVPES- 453 1.580 1.580 2.679 1.59 6.31
5 %+ St-25 % +AI(OH);-10 %
IX | Sawdust (sifted)-60 %,+TEVPES-5 %+ 473 1.595 1.595 2.208 0.46 1.79
St-25 % +Al(OH);-10 %
IX* | Sawdust (unsifted)-60 %,+TEVPES- 473 1.609 1.609 2.355 1.05 3.24
5 %+ St-25 % +AI(OH);-10 %
X Sawdust (sifted)-60 %,+TEVPES-5 %+ 493 1.519 1.519 2.454 0.08 1.07
St-25 % +Al(OH);-10 %
X | Sawdust (unsifted)-60 %,+TEVPES- 493 1.492 1.492 2.329 0.697 1.53
5 %+ St-25 % +AI1(OH);-10 %

3.4. Thermal stability

The thermal properties of composites have been

under a specific load. The temperature reflects the point of
softening to be expected when a material is used in an

studied via the Vicat method. The Vicat softening

temperature is the temperature at which a flat-ended
needle penetrates the specimen to the depth of 1 mm

elevated temperature application.

The composites based on TEVPES, styrene, and

AI(OH); with sawdust are characterized by improved
thermal stability with increasing temperature. This result is
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expected for two reasons. The total volume of con-
nected empty micro spaces distributed randomly in the
composite has been reduced by the pressure appli-
cation.

Consequently, the rigidity and thermal stability of
the WPC material increase, and the density of micro-
structure increases again. TEVPES creates new hetero-
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Fig. 6. Dependence of the sample softening on the temperature
for composites with 3 % TEVPES + 27 % St + sawdust 60 %
obtained at 15 MPa. Curve 1 corresponds to composite V, 2 —

IV,3-1L4-1,and 5 -1

3.5. Water absorption

Water-absorption test is a test to determine the
moisture content of the soil as a percentage of its dry
weight. Water absorption is one of the significant mag-
nitudes used to determine the amount of water absorbed
under specified conditions.” In Table 2 water absorption
of WPC from TEVPES, styrene, AI(OH); and sawdust
(sifted, unsifted) prepared at various temperatures are
presented. With an increase in pressing temperature from

120 -

Waler Absorption After 24h, W%
=

513

493

453 473
T, Kelvin

Fig. 8. Dependence of water absorption on the pressing
temperature for composites. Curve 1 corresponds to composites
VI-X (sifted), 2 - VI’-X’ (unsifted), 3 — -V (sifted),

4 -T-V’ (unsifted)
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geneous chemical bonds in the composites via etheri-
fication reaction at high temperatures not only with
sawdust surface but with used antioxidant AI(OH)s.

In parallel, TEVPES reinforces composite mate-
rials by in situ copolymerization reactions with styrene.
The higher this pressure, the higher is thermal stability
compositions.

2
h,x 107, mm

4]
g1
1
0 1 ———— —————— ——
293 313 333 353 373 393 413 433 453 473

T. Kelvin

Fig. 7. Dependence of the sample softening on the temperature
for composites with 5 % TEVPES + 25 % St+ sawdust 60 %
obtained at 15 MPa. Curve 1 corresponds to— X, 2 —IX, 3 —

VIII, 4 — VI, and 5 — VI

413 up to 493 K, the water absorption decreases from
54-60 % up to 0.95-1.07 % (Table 2). It should be noted
that the WPC obtained from sifted sawdust is charac-
terized by less water absorption. WPC prepared from
unsifted sawdust is characterized by increased density
compared with sifted sawdust. Both phenomena may be
explained by relatively low volumes of the empty inter-
molecular spaces (last column of Table 2).

Fig. 8 represents the water absorption as a function of
the pressing temperature, for sifted and unsifted sawdust.

100 4

20 4

Resicual mass, %

R

T T T T T T T T T
31 373 413 473 523 573 623 673 T3 773
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=}

Fig. 9. Thermogravimetric curves of composite materials.
Curve 1 corresponds to composite V, 2 — composite X
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The TGA results (Fig. 9) for composites showed
that 5-7 % mass losses are observed at 373 K.** Obvi-
ously, this mass loss is due to moisture in the composites
or the release of ethyl alcohol. The main destruction
processes proceed in the temperature range of 523—623 K.
Composite V is characterized by high thermal stability,
compared with composite X, which can be explained by
the fact, that at high temperatures the esterification
reaction between sawdust hydroxyl and ethoxyl groups of
binders proceeds deeper.

Differential scanning calorimetry (DSC) was also
performed for composites. It does not include the curves
for brevity. In some composites the so-called glass
transition temperature 7, = 190 K. As discussed by Kalo-
geras and Hagg Lobland,” representing a glass transition
region — for instance, 303 K wide — by a single number is
an uphill battle. The softening temperatures are in the
range of 243-313 K.

4. Conclusions

Composites on the basis of sawdust and triethoxy
(vinylphenethyl)silane, styrene as a new binder, and an
antioxidant AI(OH); under conditions of optimal pressure
and various temperatures via the hot press method has
been obtained. The best results were achieved at relatively
low concentrations of the binder and at the high
temperature of thermal treating. Structural investigations
by means of FTIR, and obtaining of new bonds with
surface and antioxidants were observed.

The surface of WPC has been studied via optical,
scanning electron microscopy, and EDS. It was shown,
that higher physicomechanical, thermal, and hydrophobic
properties are also related to the formation of new
chemical bonds because of intensive chemical reactions
between active groups of composite constituents. Conse-
quently, the composites have relatively high mechanical
properties and low water absorption.
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JIEPEBUHHO-TTIOJIIMEPHU KOMITIO3UT
HA OCHOBI CTUPEHY
I TPIETOKCUBIHUVI®EHETUI)CUJIAHY

Anomayin. Co0200Hi OMPUMAHHSI €KONOSIYHO YUCTUX Oe-
DEBUHHUX KOMROZUYILIHUX Mamepianié¢ € OOHUM i3 20JI06HUX 3da-
60anb. Kapbamioo-, genono- i menaminoghopmansoe2ioni cmonu,
SIKI BUKOPUCTNOBYIOMb CbO2OOHI, WKIONUBL OISl OP2AHIZMY JHOOUHU §
maroms mpusany oito. Tomy 3amina yux ma iHwux cmon besneu-
HUMU 8 SIDICY UMY PEHOBUHAMU € OOHIEIO 3 201068HUX npobiem. Me-
moro yiei' pobomu Y10 OMpuManHs ma OOCHIONCEHHs. eKOLOIUHO
6e3neynux 0epesUHHO-NONIMEPHUX KOMNO3UMIE (OeKiH2i8) Ha OCHOBI
HOBOI exonociuno Oe3neuHol 8'sIiCYyHol peuosunl, NOCUIIONY020
azenmy mpiemokcu(giningpenemun)cunarny ma cmupeny (in-situ
nonimepuzayis) 3 HANOBHIOBAYEM i3 COCHOBOI mupcu ma 2iopo-
KCUOOM amioMiHilo sk aumuoxcuoanmom. Ha ocnosi mpiemoxcu
(6iHingenemun)cunany, cmupeny ma mupcu MemoOoOM 2apatoco
npecysanHs 3a PI3HUX meMnepamyp i Cnig8iOHOUeHb BUKOPUCHO-
8YBAHUX KOMNOHEHMIB Y NPUCYMHOCTT GHIMUOKCUOAHITY OMPUMAHO
0epesUHHO-NONIMEPHT KomMnosumu — Oekineu. Bukoumano mopgho-
J02iuHe 00CNIONCeH ST NOGEPXHI OEKIH2I6 3a 00NOMO20I0 ONMUYHOL
MIKpOCKoNii, cKanyeanvHoi enexmpounoi mikpockonii (CEM) ma
EHEep2OOUCNEPCITIHO20 PEHM2EHIBCLK020 MIKpoananizy. Busnaueno
6000NO2TIUHAHHS, MeMNepamypy po3m'saKuenHs 3a Bika, miynicmo
Ha 3eun i yoapHy 6'askicme. Kpim moeo, 3 6UKOPUCIAHHAM MUpCu
SK IMIPESHYBANILHOZO MA APMYBANILHOO A2eHma ma 2iOpoKCcUoy
QIOMIHIIO SIK  QHMUOKCUOAHMY OMPUMAHO O0€PeGUHHO-NONIMEPHI
xkomnosumu ([IIK) memooom eapsivoco npecysammsi 3a pI3HUX
memnepamyp. Mopgonoeiune 00CniOxHceHHs NOBEPXHI OMPUMAHUX
KOMRO3UMI6 30ICHIOBANU Memooamu Onmu4Hoi Mikpockonii ma
CKaHYBANLHOI  eLeKMPOHHOI  MIKPOCKONIL,  eHepeoOUCnepCilinoco
penmeeniecoko2o  mikpoananizy. Boodonoenunanns  komnosumis,
MeXCYy MeKy4oCcmi 3a ueuHy, YOapHy 6 asKicmb i memnepamypy
PO3M AKUWEHHA BUSHAYAMU 30 Memooom Bixa. Ompumani komno-
SUMU XapaKmepusyomsCs UWUMU Qi3UKO-MeXaHIUHUMU 611achu-
80CmAMU MA 8000NOTIUHAHHAM.

Knrouosi cnosa: oepeguna, nonimepruti Komnosum, 0exine,
aHmunipeH, OnMu4Ha MIKpOCKonis.



