Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

UDC 678.7
DOI https://doi.org/10.32782/2663-5941/2025.5.1/26

Myronyuk O.V.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Naumchyk A.0O.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Baklan D.V.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Linyucheva O.V.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Sikorsky 0.0.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

DEVELOPMENT OF CORN STALK-AND COCONUT
SHELL-BASED FILLERS AND THEIR UTILIZATION
IN POLYLACTIDE COMPOSITES

The transition from petroleum-based polymers to biological alternatives is one of the key strategies for
reducing carbon footprint and dependence on fossil resources. A literature review has shown that although
polylactide (PLA) is a commercially available and widely studied biopolymer, its use in water-based dispersion
coatings remains limited due to the lack of suitable dispersion preparation methods and poor compatibility
of polar cellulose fibers with the nonpolar PLA matrix. The article is devoted to the utilization of agricultural
waste as fillers and shows that this approach is a sustainable way to improve PLA-based materials while solving
the problem of waste disposal within the circular economy. The aim of the work was to develop aqueous PLA
dispersion coatings reinforced with fibrous fillers obtained from corn stalks and coconut shells. The fillers were
obtained by mechanical grinding, chemical pretreatment, and fractionation, followed by silane modification
to improve hydrophobicity. Fibers with a size of 30-400 um (average size ~65 um for corn, ~150 um for
coconut) were obtained, which were incorporated into PLA dispersions stabilized with sodium polyacrylate
and processed into films by spin coating. The morphology of the filler, surface chemistry, dispersion quality,
and coating formation were evaluated using structural, spectroscopic, and microscopic methods. The results
showed that silane treatment increased the water contact angle to 133° for corn fibers and 140° for coconut
fibers, which corresponds to the Cassie-Baxter effect. IR spectroscopy results confirmed a decrease in the
adsorbed water content. Uniform fiber distribution and complete particle fusion at 130 °C were demonstrated.
Studies showed that moisture absorption decreased from 3,61 wt. % to 2,81 wt. % (=30%) for corn-based
composites and from 3,33 wt.% to 3,0 wt. % (=10%) for coconut-based composites, indicating improved water
resistance and stronger interfacial interactions in the case of corn fibers. The possibility of producing fully bio-
based coatings with low VOC content, reinforced with fibrous fillers obtained from agricultural waste, has been
established. This approach has been shown to provide a platform for extending PLA dispersion technology to
other agricultural wastes and alternative bio-based matrices, such as polyhydroxyalkanoates. Optimization is
proposed, aimed at developing industrial formulations by incorporating plasticizers, pigments, stabilizers, and
fully biocompatible surface modifiers to obtain scalable and durable bio-based coating systems.
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Formulation of the problem. One of the effec-
tive approaches to substantially reducing the carbon
footprint and lowering the reliance on fossil fuels is
the transition from petroleum-based polymers, which
currently account for most polymeric materials pro-
duced worldwide, to bio-based alternatives. Among
these, polylactide (PLA) is considered one of the
most promising polymers, as it is not only exten-
sively studied but also technologically developed and
commercialized. Chemically, PLA is a polyester by
nature. Being a thermoplastic, it can serve as a substi-
tute for various polyolefins and polyesters in a wide
range of applications, from 3D printing to packaging
materials [1].

In recent years, PLA has found increasing use in
various industrial applications. Nevertheless, its utili-
zation as coating material remains relatively limited
[2]. This is primarily because PLA is commonly pro-
cessed into films from solution, a method that requires
the use of volatile organic solvents. Dispersion-based
systems of PLA, however, face certain challenges, as
this polymer cannot be synthesized via emulsion or
suspension polymerization techniques.

Research efforts have been directed toward the
development of aqueous dispersions of PLA, which
advance this material into the category of low-VOC
systems and address the limitations associated with
solvent-based PLA. Several studies have investigated
the preparation of PLA aqueous dispersions using the
solvent evaporation method. Researchers who pro-
posed this method primarily focused on obtaining the
dispersion itself and demonstrated only the feasibility
of forming films from such dispersions. However, for
fully functional coating material additional functional
components are required [3].

As is well known, paint and coating formulations
may contain up to seven to ten different functional
components [4]. Among these, fillers are of particular
importance, as they not only reduce the overall cost of
the coating but also impart specific functional proper-
ties, such as reinforcement and improved mechanical
strength. The primary film-forming material used in
such coatings is PLA. The filler is also expected to
meet the requirement of being bio-based and derived
from renewable resources.

Fillers derived from agricultural waste are par-
ticularly suitable, as they contain no fossil-based
carbon and consist exclusively of biogenic carbon.
Moreover, their utilization contributes to the integra-
tion of such waste streams into the circular economy.
Plant-derived materials are complex and structurally
diverse, and the isolation of cellulose fibers from
them presents a considerable challenge that must

be addressed depending on the specific type of raw
material used. Furthermore, the surface of cellulose
fibers is inherently hydrophilic, which may pose an
additional obstacle to their effective integration into
PLA matrix [5].

The primary objective of this study is the extrac-
tion of biofibers from agricultural waste and the
subsequent enhancement of their compatibility with
PLA-based matrices, particularly aqueous-dispersion
systems.

Analysis of recent research and publications.
PLA-based composites have found wide application
across various industrial sectors and are most pro-
cessed by extrusion. The products of such processing
include filaments for 3D printing, packaging films,
and a variety of other materials [6].

In most cases, the materials used are filled grades
of PLA. The processing temperature, depending on
the specific grade, typically ranges from 150-160 °C
up to about 180 °C. These composites are commonly
filled, and it would be unusual if they were not rein-
forced with natural fillers, such as ground wood flour,
which is also regarded as a renewable resource [7].
However, it cannot be classified as an agricultural
waste material.

In composites containing cellulose-based fillers,
researchers have long noted the problem of non-uni-
form distribution of such particles within the polymer
matrix. This issue primarily arises from the mismatch
in polarity between the surface of the cellulose fib-
ers and the polymer itself, as the latter is significantly
less polar than the cellulose filler. This challenge can
be addressed by introducing compatibilizing agents
capable of forming interfacial bridges between the
filler surface and the PLA matrix [8]. One such mate-
rial is maleic anhydride, as well as grafted polymers
produced using this technology.

When transitioning from extrusion techniques
to water-dispersed coatings, an additional challenge
arises: the primary medium in which the filler is
dispersed is water, a highly polar solvent. Conse-
quently, nonpolar particles tend to disperse poorly
in such an environment. In this field, the issue is
typically addressed by incorporating specialized
surfactant-type dispersing agents, which reduce the
effective surface polarity of the hydrophobized filler
and thereby facilitate its dispersion in the aqueous
medium [9].

As can be anticipated, this situation results in a
highly multicomponent system with numerous poten-
tial issues. For example, if a considerable amount of
dispersant remains in the cured coating, it may act as a
site that attracts additional water during service, thereby
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accelerating the degradation of the coating. In any
case, the key criterion for the successful integration of
cellulose-based fillers into polymer matrices — ranging
from extrusion technology to latex coating systems — is
the uniform distribution of particles within the matrix.
Achieving this uniformity is the primary objective of
the work presented in this study.

It should be noted that many studies focus on cel-
lulose-based fillers derived from renewable resources,
such as wood flour or cotton fibers. However, these
materials are not agricultural waste. The reason lies in
the fact that the primary raw materials are cleaner and
more easily processed, whereas agricultural wastes
are considerably more difficult to handle. Materials
that require additional utilization hold a certain value,
which makes this approach particularly promising.
In our study, special attention is given to the use of
agricultural residues such as corn stalks, which rep-
resent a widely available waste stream, including in
Ukraine.

Corn stalks are characterized by a relatively reg-
ular structure of elementary cellulose formations,
which makes them highly suitable candidates for
use in PLA composites. Moreover, their utilization
would enable the transfer of this experience into the
broader global practice of producing fillers for PLA-
based composites. A considerable number of studies
have been devoted to the compounding of PLA, par-
ticularly for extrusion. Research has also been con-
ducted on the preparation of PLA dispersions, as well
as on the production and hydrophobization of fillers
derived from corn residues and coconut waste. How-
ever, to date, there is no comprehensive study that
describes the fabrication of films from aqueous dis-
persions incorporating bio-based fillers [10].

This opens the possibility of obtaining a new class
of materials with virtually zero fossil carbon content,
in which all components are bio-based, and the result-
ing coatings are entirely free of volatile organic com-
pounds.

Task statement. The main objective of this
study is the development of a novel material based
on aqueous dispersions of PLA combined with bio-
based fibrous fillers obtained through the valorization
of agricultural waste. The specific objectives of this
study are as follows: to obtain fibrous fillers from
agricultural waste, namely corn stalks and coconut
shells; to modify the surface energy of these fillers in
order to reduce their surface polarity; to incorporate
the prepared fibrous fillers into PLA-based composi-
tions in the aqueous phase using dispersing agents;
and to investigate the uniformity of fiber distribution
within the PLA matrix.
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Outline of the main material of the study. To
obtain the fillers, the raw materials, namely agricul-
tural waste such as corn stalks and coconut shells, were
first subjected to size reduction. The corn stalks were
simply cut into flakes approximately 1 mm in length,
whereas the coconut shells were initially crushed in
a jaw crusher and subsequently further reduced in a
hammer mill once the particle size reached several
millimeters.

The corn stalk sample was subsequently treated
with a mixture of acetic acid and hydrogen peroxide
in a 70:30 volume ratio for two hours at 95 °C, fol-
lowed by cooling. It was then immersed in a 0,1 M
potassium hydroxide solution for two days at room
temperature, after which it was treated with hydrogen
peroxide.

The fiber processing algorithm was the same for
both materials. Both pretreated fibers, after being
washed to remove residues of the reaction mixture,
were passed through a colloidal mill FDM-Z-150 and
then through a blender. Following this disintegration
treatment, they were fractionated by a sieving (mesh)
method under a flow of water. Thus, the working size
range of the filler fractions was selected to be between
30 and 400 um.

For the obtained cellulose fillers, which had been
classified after milling and subsequently dried, a
silane-based modifier was employed, namely polym-
ethylhydrosiloxane (XIAMETER MHX-1107 Fluid
30 ¢St, Dow Chemical). The fibers were mixed with
a 1 wt. % solution of hydrophobizer in xylene and
exposed for 3 hours, after which they were removed
from the solution, washed, and dried at 135 °C to
ensure the fixation of the siloxane on the surface of
the cellulose fibers.

The PLA dispersions (based on 4060D PLA from
Ingeo, USA) were synthesized according to the pro-
cedure previously described in our previous paper
[11]. For blending with the fibers 0,5 wt. % sodium
polyacrylate dispersant was added to the dispersion.
The hydrophobized fibers were then introduced into
this solution, where they became wetted and incorpo-
rated into the dispersion matrix.

The films were produced using the doctor blade
method. A drop of the prepared material was applied
to the surface and then spread through a gap of the
desired thickness to form a uniform coating. The
coating was subsequently dried at room temperature
to remove moisture completely. Since the film forma-
tion temperature of PLA is relatively high (130 °C
for the unmodified material) the obtained coating was
further heated at 130 °C and held for a defined period
to allow particle coalescence.
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The quality of fiber surface treatment with silane
was evaluated by measuring the water contact angle.
For this purpose, the material was spread as a layer
approximately 1 mm thick on a microscope glass
slide. A flat surface was formed on top, onto which
a droplet (5 pl) of water was deposited. The contact
angle was recorded automatically using a tensiometer
(BGD190, Bigued Precise Instruments, China).

The compositions were analyzed using infrared
spectroscopy in the range of 4000-400 cm™ (Specord
IR75). For powders, the KBr pellet method was used,
while for films, direct transmission measurements
were performed.

The sintering of PLA particles, the composite uni-
formity, and fibers structure was examined using a
Konus Academy optical microscope with UCMOS
1300 digital camera (Sigeta Optics) and ToupView
software.

Fig. 1 shows that the processing of both corn stalks
and coconut shells yields anisotropic, elongated fib-
ers with the potential to serve as reinforcing agents.
The corn-derived fibers are more diverse in both mor-
phology and aspect ratio. They include not only rel-
atively thin fibers but also cellulose plates resulting
from the preparation process (Fig. 1, a). In the case of
coconut, the fibers exhibit a more uniform width and
a distinct aspect ratio (Fig. 1, b) with characteristic
internal structure.

The fiber particle size distribution was determined
by 300 particles analysis. The results indicate that the
average particle size is approximately 65 pm for corn
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fibers and 150 um for coconut fibers. As shown by the
granulometric curves, the distributions are uniform
and monomodal (Fig. 2). For corn fibers, the mini-
mum particle size in the sample was 30 um (Fig. 2, a),
whereas for coconut fibers it was 70 um (Fig. 2, b).
Accordingly, most of the fractions fall within the
range of 30—-150 um for corn fibers and 70-300 um
for coconut fibers.

Fig. 1. Fibrous filler particles derived from:
corn stalks (a); coconut shells (b)

Both materials consist predominantly of cellulose
polymer, as confirmed by the presence of — OH groups
(Fig. 3, a, b), with stretching absorption bands in the
range of 3000-3400 cm™ and deformation vibrations
near 1600 cm™. The spectra also clearly indicate the
carbonaceous nature of the materials, as evidenced by
C-H vibrations at 2900-2860 cm™'. Hydrophobization
(Fig. 3, ¢, d) does not significantly alter the overall
spectral pattern of the materials. Only minor changes
can be observed, such as the slight appearance of C-H
related doublets and variations in the peak ratios asso-
ciated with adsorbed water, as seen in the 1600 cm™!

0 50 100 150

200

T T T 1 T T T 1
250 300 350 400 450

Fiber length, um

Fig. 2. Granulometry curves of particles derived from: corn stalks (a);
coconut shells (b)
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region indicating a reduced content of adsorbed water
in the hydrophobized samples. Overall, the spectrum
remains quite similar.

Hydrophobic treatment effectiveness is demon-
strated on Fig. 4. The water droplet of hydrophobized
corn fibers is 133° (Fig. 4, a), the contact angle of
hydrophobized coconut fibers reaches 140° (Fig. 4, b).
Such high contact angle values do not reflect the
intrinsic wettability of the fiber surface alone. Rather,
this effect arises from the porous capillary structure
formed by the fibers, which enables the Cassie—Bax-
ter state [12]. Nevertheless, these high contact angles
are only attainable when the material itself possesses
considerable inherent hydrophobicity (95-100°)
which fully corresponds to the hydrophobicity
imparted by silane treatment.

During the film formation process, the mechanism
of film development from dispersed particles was first
investigated. As shown in Fig. 5, a, a microscopic
image of films obtained by the solvent evaporation

method is presented. Fig. 5, b and Fig. 5, c illustrates
intermediate stages of particle coalescence, which
begin at 130 °C and progress over time. Fig. 5, b cor-
responds to 30 seconds of exposure at this tempera-
ture, while Fig. 5, ¢ corresponds to 3 minutes. Fig. 5,
d shows an almost fully formed film with some resid-
ual porosity after 5 minutes of thermal treatment at
130 °C. With further holding, a defect-free continu-
ous film is obtained.

Fig. 6, a, b shows final versions of fully sintered
films at 130 °C containing fibers derived from corn
stalks. The fibers are distributed almost uniformly
across the entire coating without forming aggregates.
This indicates that the affinity between the polymer
matrix and the fibers is relatively high.

The composites obtained from PLA with fibers
also confirm a strong interaction between the com-
ponents (Fig. 7, a, b). Within the spectral region of
3700-3500 cm’!, a characteristic doublet can be
observed, consisting of two sharp peaks. This feature
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Fig. 3. Infrared spectra of fibers:
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Fig. 4. Water contact angle on the surface of hydrophobized pressed layer of filler:
corn stalk (a); coconut shell (b)
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corresponds to OH groups located chemically on the
fiber surface rather than OH groups of adsorbed water.
This indicates that the presence of PLA reduces the
adsorption capacity of the filler, which in turn reflects
a relatively high level of interfacial interaction.

This effect is particularly evident in Table 1. For
the coconut-based composite containing non-hydro-
phobized fibers, the material sorbs 3,33 wt. % of mois-
ture from the air. Upon hydrophobization, this value
decreases by about 10%, demonstrating a measurable
improvement. By contrast, the effect is much more
pronounced for corn-based fillers: the non-hydropho-
bized material sorbs 3,61 wt. % moisture, while the
hydrophobized counterpart absorbs only 2,81 wt. %.
In this case, the reduction in sorption is nearly 30%,
which is a substantial improvement.

g’wt_wf:g
kids. PR
K |

&

a b

Table 1
Moisture absorption of the composites
; 2 ;
g -
No ” 282 | 28 | Z&x
2 = = <8 | ££
= 5 == =
1 | Coconut 20 - 3,33
2 | Coconut 20 + 3,05
3 |Corn 20 - 3,61
4 |Corn 20 + 2,81

This phenomenon can be explained by comparing
the granulometry of coconut and corn fibers (Fig. 2).
Corn fibers contain a significant proportion of fine
particles with higher specific surface area. The larger
the specific surface area, the greater the number of

Fig. 5. Stages of PLA film sintering: pristine particles of PLA powder (a); sintering onset (30 s) (b);
after 3 min (c); after 5 min of sintering (d)

a

b

Fig. 6. Hydrophobized fiber distribution inside sintered PLA films: corn stalk (a);
coconut shells (b)
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Fig. 7. Infrared spectroscopy of PLA composites with 20 wt. % filler: corn stalk (a);
coconut fiber shell (b)
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OH groups available for silane interaction, and con-
sequently the higher the hydrophobization efficiency.
Thus, for both coconut and corn fibers, hydrophobi-
zation proves to be an effective method for reducing
moisture uptake, with particularly strong efficiency in
the case of corn-based fillers.

The development of water-dispersion coatings
based on PLA filled with plant-derived fillers from
agricultural waste opens new prospects for utilizing
a broad class of agricultural residues. These may
include by-products from the processing of various
fibers, such as flax or tow, as well as other agricultural
fibers. Furthermore, the results of this work can be
adapted to different types of fibers available in other
regions, for example, banana stem residues. This
approach may also prove valuable when extending
the concept to alternative polymer matrices. In addi-
tion to PLA, polyhydroxyalkanoates (PHAs) may
also be employed, and with the selection of an appro-
priate PHA, the same technological strategy could be
replicated to obtain such coatings.

A promising direction for the further develop-
ment of this technology lies in its refinement toward
industrial-level coatings. Beyond fillers, other func-
tional components must also be considered, such as
plasticizers to reduce the glass transition temperature
and facilitate film formation. Additional components
could include pigments, additives to improve flow
and leveling of the coating layer, as well as thickeners
or dispersion stabilizers to ensure long-term stability.

Another promising avenue is to replace the surface
treatment of such fillers with more bio-compatible
agents, such as fatty acids or oxalates, thereby ensur-
ing that the entire system remains fully bio-based.
Moreover, this treatment could potentially be carried
out in aqueous solutions rather than with organic sol-
vents, as was done in the present work. Such modifi-
cations represent one of the prospective directions for
the further advancement of this approach.

Conclusions. In this study, water-dispersion
coatings based on PLA and bio-based fibrous fill-
ers derived from agricultural waste (corn stalks and

coconut shells) were successfully obtained. The fill-
ers were processed into fractions with particle sizes
ranging from 30 to 400 um, with average dimensions
of ~65 pum for corn fibers and ~150 um for coconut
fibers. Microscopic observations confirmed their ani-
sotropic morphology, enabling their use as reinforc-
ing agents in PLA matrices.

Surface modification with silane significantly
increased fiber hydrophobicity, as demonstrated by
contact angle measurements of 133° for corn fibers and
140° for coconut fibers, attributed to the Cassie—Bax-
ter effect. FTIR analysis indicated reduced adsorbed
water content in the modified fibers and strong interfa-
cial interactions with PLA. Composite films exhibited
uniform fiber distribution and efficient particle coales-
cence at 130 °C, resulting in continuous coatings.

Moisture absorption tests confirmed the effective-
ness of hydrophobization: for coconut fibers, sorption
decreased from 3.33 wt% to ~3.0 wt% (a 10% reduc-
tion), while for corn fibers it decreased from 3.61 wt%
to 2.81 wt% (a 30% reduction). These results demon-
strate that corn-based fillers, due to their finer granu-
lometry and higher specific surface area, exhibit par-
ticularly strong improvements in moisture resistance.

The findings highlight the potential of converting
agricultural residues into high-value functional fillers
for bio-based PLA coatings. Future research should
focus on extending this approach to other agricultural
fibers (e.g., flax, banana stems), employing alterna-
tive bio-based matrices such as PHAs, and replacing
silane modifiers with fully biocompatible agents like
fatty acids or oxalates. Further development should
also target industrial-level formulations through the
inclusion of plasticizers, pigments, stabilizers, and
other functional additives to achieve durable and
scalable coating systems.

Funding. This research was funded by Ministry of
Education and Science of Ukraine, agreement num-
ber PH/53-2024 (26.09.2024) (European Union aid
instrument for fulfilling Ukraine's obligations in the
Framework Program of the European Union for Sci-
entific Research and Innovation "Horizon 2020).
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Muponwok O.B., Haymuuk A.O., bakuaan /I.B., JlinwoueBa O.B., Cikopcbkuii 0.0. PO3POBKA
HATIOBHIOBAUYIB HA OCHOBI KYKYPVYI3THUX CTEBEJI I KOKOCOBOI IIKAPAJIYIIN
TA IX BAKOPUCTAHHSA Y MOJALIAKTUJIHUX KOMITO3UTAX

Ilepexio 6i0 nonimepis na ocHosi Hapmu 00 OIONOIHHUX ATLIMEPHAMUSE € OOHIEIO 3 KAIOUOBUX cmpamezill
0Jis1 BMEHWEHHS 8Y2neye8020 Ci0Yy Ma 3aNedCHOCMI 8i0 UKONHUX pecypcis. Jlimepamypuuii 0210 nokasas,
wo noninakmuo (PLA) xou i € komepyiiino 0ocmynHum ma wupoko 00CHiodHceHum OIOnoaimepom, aie 1o2o
3aCMOCY8anHs Y 600OHUX OUCNEPCIUHUX NOKPUMMSX 3ATULACTbCSI 00OMENCEHUM Yepe3 I0CYMHICb GION0GIOHUX
Memo0ie ni02o0moeKu Oucnepcii ma noeawy CyMICHICMb NOJAPHUX UYENION03HUX BOJIOKOH 3 HENOJSPHOIO
mampuyero PLA. Cmamms npucesvwena ymunizayii CilbCbKo2o0CnoOapcbKux 6i0Xo0ie K HANOBHIOB8AYIS i
NOKA3aHO, W0 OAHUL NIOXI0 € CMIIKUM CHOCOOOM NoNInueHHAMamepianie Ha 0cHosi PLA, oonouacho eupiuyiouu
npobremy ymunizayii 8i0X00i68 6 pamrax yupkyusapHoi ekonomixu. Memoro pobomu Oyio po3pobients 600HUX
oucnepcitnux nokpummis PLA, apmosanux 8010KHUCMUMU HANOBHIOBAYAMU, OMPUMAHUMU 3 KyKypy()3ﬂHux
cmeben i Kokocosoi wikapanynu. Hanosuwsaui Oynu ompumani uisxom MexaHivHo2o noOpiOHeHHs, XIMIUHOT
nonepeonvboi 0OpobKU ma GpPaKyioHy8auHs, 3 NOOAILULON MOOUPDIKAYIEI CUNAHOM ONid NONINUEHHS
2iopogoorocmi. Ompumano sonoxna pozmipom 30-400mxm (cepedniti posmip ~65 Mkm O KyKypyosu, ~150 mxm
07151 KoKoca), AKi Oyno exoueno 6 oucnepcii PLA, cmabinizosani noniakpuiamom Hampiio, i nepepoonei
8 NIIBKU MemoOoM pakenbHo2o posnuieHHs. OyineHo Mop@onoeilo HAnoeHeaya, Ximito NO8epxHi, AKICMb
oucnepcii ma opmyeanHs NOKpumMms 3a 00NOMO2010 CIMPYKIMYPHUX, CHeKMPOCKONIYHUX M MIKPOCKONIYHUX
Memooig. Pesynomamu nokazanu, wo odpobka cunaHom 30inbuiuna Kym 3MOYY8aHHs 600010 0o 133° ona
KYKYpYO3aHUX 80710KoH I 140° 013 KoKOCOo8UX 80110KOH, o 8ionosioae eghekmy Kacci-baxcmepa. Pesynomamu
1Y cnexkmpockonii niomeepounu smenuerts emicmy adcopbosanoi 6oou. Ilpodemoncmposaro pieHomipHutl
PO3n00iN 6010KoH I nogue 3numms yacmunox npu 130 °C. Jocniodicenns nokasanu, wo nociuHaHHs 60102U
smerwunoca 3 3,61 mac. % oo 2,81 mac. % (=30%) 013 komnozumie Ha ocHo8I KyKypyosu ma 3 3,33 mac. %
00 3,0 mac. % (=10%) 012 Komno3umie Ha OCHO8I KOKOCA, W0 C8IOUUMb NPO NONINUEHY 8000CMIUKICMb Ma
CUnbHIWI MidcasHi 83aeMO0Ii Yy 8UNAOKY KYKYDYO3SHUX BOJIOKOH. 3’SICOBAHO MOMNCIUBICIb SUPOOHUYMEA
ROBHICIO OI00CHOBAHUX NOKPUMMI8 3 Husbkum emicmom JIOC, apmosanux 6010KHUCIUMU HANOBHIOBAUAMU,
OMPUMAHUMU 3 CLIbCbKO20CNOOAPCbKUX 8i0x00i8. [lokazano, wjo yeii nioxio 3abesneuye niamgopmy onsa
nowupenHs mexnonoeii oucnepeysanus PLA Ha iHwi cinbcbko20cnooapcoki 6i0Xo0u ma aibmepHamugHi
OioocHo8aHi mampuyi, maxi K NONICIOPOKCUATKAHOAMU. 3ANPONOHOBAHO ONMUMI3AYII, WO CNPAMOBAHA
Ha pO3POOKY NPOMUCIOBUX Deyenmyp WIISAXOM BKIOUeHHA NidCmu@ikamopis, niemenmis, cmadinizamopis
ma NOBHICMIO OIOCYMICHUX MOOUDIKAmMopie NoeepxHi 011 OMPUMAHHA MACWMAabdO8aHUX i 008208iUHUX
0OI00CHOBAHUX CUCTeM NOKPUMMIE.
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