[T MIZKHAPO/JTHA
HAYROBO-TEXHIYMHA KOH®EPEHIIISA

«GYUYACHI TEXHOJIOIII
QOIEP/KAHHSI TA IEPEPOBKHA

3BIPHUK
TE3 J1IOTTIOBIIEH

0608 imcTonaga 2019 p.
JIBBIB




MiHICTepCTBO OCBITH 1 HAYKH YKpaiHu
HanionaneHuii yHiBepcuteT«JIbBIBChbKa MOJIITEXHIKA»
JIro6nincekuit TexHonoriuauii yHiBepcuteT (Ilompia)
Texuiunuii yaisepcurer Kommue (CnoBauunHa)
[HCTHTYT X1MIi BUCOKOMOJIEKYIIpHUX crojiyk HatioHansHOT akaiemii Hayk YKpaiHu

Ministry of Education and Science of Ukraine
Lviv Polytechnic National University
Lublin University of Technology (Poland)
Technical University of Kosice (Slovakia)
Institute of Macromolecular Chemistry National Academy of Sciences of Ukraine

I MDXHAPOZAHA HAYKOBO-TEXHIYHA KOH®EPEHIIA

«CYYACHI TEXHOJIOI'Il OJEP)KAHHS TA NIEPEPOBKHU
HOJIMEPHUX MATEPIAJIIB»

3BIPHUK TE3 JOMOBIIE

JIeBiB, 0608 nmuctomana 2019 p.

II INTERNATIONAL SCIENTIFIC-TECHNICAL CONFERENCE

«THE MODERN TECHNOLOGIES OF POLYMER MATERIALS
OBTAINING AND PROCESSING»

BOOK OF ABSTRACTS

Lviv, November 06-08, 2019

JIbBiB
PACTP-7
2019



V]IK 678
BBK 35.71
C o1

Penakuiiina koJieris:

O. CyGepnsk (BignoBinaabHuil penakrop), B. Kpacincekuii (BianoBinaibHUi cekperap),

E. Cmimak, B. Cxopoxona, O. bposko, B. Anicimos, O. binsatokeBuy, E. borikonra, M. bpatuyax,
A. bypb6an, M. bypmictp, T. JIxymaaiioB, ®. I'pemkosiu, T. Kienka, B.JleBuupkuii,
J1. Heiire6ayep, B. Cinepcokuit, 5. Cikopa, [1. Ctyxisk, A. Tpoxumuyk, O. UepsakoB

Editorial Board:

O. Suberlyak (editor), V. Krasinskyi (secretary),

E. Spisak, V. Skorokhoda, O. Brovko, V. Anisimov, A. Bildyukevich, E. Bocigga, M. Bratychak,
A. Burban, M. Burmistr, T. Jumadilov, F. Greskovi¢, T. Klepka, V. Levytskyi, D. Neugebauer,
V. Sviderskyi, J. Sikora, P. Stukhliak, A. Trochimczuk, O. Chervakov

Cca II MixHapoaHa HayKoBO-TeXHIYHA KOH(epeHLis «CyyacHi TeXHOJIOTIl 0Jlep:KaHHA Ta
nepepodKHu moJiiMepHuX MaTtepiaaiB»: 30. Te3 gonosineit. — JIbBiB: Pactp-7, 2019. —
101 c.

ISBN 978-617-7726-89-9

Jo 30ipHuka yBiMmM Te3u jgomnoBiged Il MikHapogHOI HayKOBO-TEXHIYHOL
koH(pepeniii «CydacHl TEXHOJIOTI OJiepKaHHs Ta MepepoOku nojimMepHux matepianiB» (TPM-
2019). B Hux BijoOpa)k€HO CY4YaCHHMH CTaH Ta MNEPCIEKTHBH DPO3BUTKY B Tajy3l CHHTE3y Ta
nepepoOIeHHs MOTIMEPHUX KOMITO3ULIITHIX MaTepiaiiB B YKpaiHi Ta IHIIMX KpaiHax CBITY.

VY Tekcrax Te3 JOMNOBIAEH, OMyOJNIKOBaHMX Y LbOMY  30ipHUKY,  30epexeHO
OpUTIHAJbHUI aBTOPCHKUN CTUJIb Y MOJAHHI MaTepiaidy 1 HanucaHHi GOpMyJ XIMIYHUX CIOJIYK,
PIBHSIHb peaKliliil Ta MOSICHEHb JI0 HUX.

YK 678
BBK 35.71

The present compilation contains abstracts of II International Scientific Conference
"The modern technologies of polymer materials obtaining and processing" (TPM-2019). The
collection discuss current state and prospects of development in the field of synthesis and
processing of polymer composites in Ukraine and other countries.

Original authors’ style including interpretation, formulae of chemical compounds,
reaction schemes and explanations are preserved.

Bionogioanvnuii 3a sunyck — B. Kpacincokuti

© HauionanbHuil yHIBEpCUTET
“JIpBiBCHKA MoJTiTexHiKa”,2019
ISBN 978-617-7726-89-9 © Bupasaunrso«Pactp-7», 2019



IJIEHAPHI JJOMOBLII
PLENARY PRESENTATIONS



REACTIVE EXTRUSION IN ENVIRONMENTALLY-FRIENDLY
POLYMERIC MATERIALS TECHNOLOGIES
Jozef Haponiuk"”, Krzysztof Formela', Aleksander Hejna',
Marta Przybysz-Romatowska', Agnieszka Tercjak’
'Department of Polymer Technology, Faculty of Chemistry, Gdansk University of Technology,
Gdansk, Poland

Group ‘Materials Technologies’ (GMT), Department of Chemical and Environmental

Engineering, Polytechnic School, University of the Basque Country (UPV/EHU), Plaza Europa
1, 20018 Donostia-San Sebastian, Spain
e-mail: jozef.haponiuk@pg.edu.pl

Waste management of plastic and rubber materials has become a huge environmental,
economic, and social problem. Recent development in this field can be categorize into two main
approach: preparation of bio-based blends and composites and efficient recycling technologies of
polymeric wastes.

Reactive extrusion enables a designed chemical reaction between the used components can
be successfully applied during in-situ polymerization of bio-degradable polymers,
modification/functionalization of natural fibers/fillers or modification and compatibilization of
biodegradable or bio-based polymer blends and composites.

In this work, the result of projects realized on Department of Polymer Technology,
Faculty of Chemistry, Gdansk University of Technology focused on environmentally-friendly
polymeric materials obtained via reactive extrusion were presented and discussed.

1. K. Formela, A. Hejna, J. Haponiuk, A. Tercjak, In situ processing of biocomposites via
reactive extrusion in Biocomposites for High-Performance Applications, Woodhead Publishing,
2017, https://doi.org/10.1016/B978-0-08-100793-8.00008-9.

2. K Formela, L. Zedler, A Hejna, A Tercjak - eXPRESS Polymer Letters Vol.12, No.1
(2018) 24-57, https://doi.org/10.3144/expresspolymlett.2018.4

3. M. Przybysz, M. Mar¢, M. Klein, M. R. Saeb, K. Formela, Structural, mechanical and
thermal behavior assessments of PCL/PHB blends reactively compatibilized with organic
peroxides, Polymer Testing, 67 (2018) https://doi.org/10.1016/j.polymertesting.2018.03.014.

4. Przybysz, M.; Hejna, A.; Haponiuk, J.; Formela, K. Structural and Thermo-Mechanical
Properties of Poly(e-Caprolactone) Modified by Various Peroxide Initiators. Polymers 2019, 11,
1101.




SYNTHESIS, PROPERTIES, AND APPLICATION
OF AMPHIPHILIC INVERTIBLE POLYMERS
Ananiy Kohut,’ Stanislav Voronov,' Andriy Voronov?
'Lviv Polytechnic national University, Department of Organic Chemistry
*North Dakota State University, Department of Coatings and Polymeric Materials
E-mail: ananiy.m.kohut@lpnu.ua

Interest in nanomaterials derived from self-assembling amphiphilic polymers has
dramatically increased over the past few years. Nanosized micellar structures based on the
macromolecules of amphiphilic polymers have been studied in a broad range of applications that
include surface modification for biocompatibility, control of particle aggregation in solution,
drug delivery, etc.

We describe here new classes of amphiphilic invertible polymers that form micelles and
self-organize into micellar assemblies in response to changes in polarity of environment,
polymer concentration, and structure. The amphiphilic invertible polymers are composed of the
hydrophilic, poly(ethylene glycol), and hydrophobic, polytetrahydrofuran or aliphatic
dicarboxylic acid moieties, alternately distributed along the main backbone. The macromolecules
of the amphiphilic invertible polymers build micelles, self-assemble by increasing concentration
and are capable of accommodating otherwise insoluble substances in both aqueous and organic
media. Varying the chemical structure of the fragments enables an efficient control over the self-
assembly of the macromolecules in solutions and development of hierarchical micellar structures
of a well-defined structure. The presence of oxygen atoms in the polymer chain greatly enhances
macromolecular flexibility. Due to relatively low molecular weight of the lipophilic and
hydrophilic fragments and macromolecular flexibility, these amphiphilic polymers rapidly
respond to changes in medium polarity by changing their conformation and, hence, exhibit
invertible properties. The micellar nanostructures from the amphiphilic polymers can undergo
inverse conformational changes and are functional in polar and non-polar environments, giving
potentially broad use in many applications.

The self-assembled amphiphilic invertible polymers have been applied as nanoreactors for
a size-controlled synthesis of metal nanoparticles. The advantages of the employed methodology
are in fast spontaneous formation of nanoparticles at room temperature, synthesis of a ready-to-
use colloidal solution with an enhanced metal nanoparticle content, and formation of surface-
modified nanoparticles dispersible in both polar and non-polar media.

The unique ability of the amphiphilic invertible polymers to invert the molecular
conformation depending on the polarity of the environment can be a decisive factor in
establishing the novel stimuli-responsive mechanism of solubilized drug release that is induced
just in response to a change in the polarity of the environment. The micellar assembly capability
to solubilize lipophilic drugs and deliver and release the cargo molecules by conformational
inversion of polymer macromolecules in response to a change of the polarity of the environment
has been demonstrated by loading the micellar assemblies with a phytochemical drug, curcumin.
It has been revealed that micellar vehicles based on different amphiphilic invertible polymers are
capable of delivering the curcumin from water to an organic medium (l-octanol, which
resembles the properties of lipid bilayer membranes) by means of a unique mechanism: polymer
conformational inversion in response to changing polarity from polar to non-polar.

In summary, the amphiphilic invertible polymers composed of the poly(ethylene glycol)
hydrophilic and polytetrahydrofuran/dicarboxylic aliphatic acid constituents in the main
backbone build micelles and self-assemble in both aqueous and organic media by increasing
concentration. The resulting micellar assemblies undergo inverse conformational changes and
are functional in both polar and non-polar environments, giving them potentially broad use in
many applications including pharmaceutical industry, cosmetics, nanoparticle synthesis, and so
forth.



CYYACHI TEHJAEHIII BUPOGHUIITBA 1 BAKOPUCTAHHS
BIOAETPAJABEJIBHUX ITOJIMEPHUX MATEPIAJIIB

Bonooumup Jlesuyvkuii, Anopiu Macrox
Hanionaneuuit yniBepcuter “JIbBiBCchbKa nosjirexHika”, M. JIbBiB, Ykpaina
E-mail: vlevytskyj@gmail.com

CporogHi miiBMILEHAa YyBara MpuUAUIAeTbcs OlocyMmicHUM, OlojerpagabenbHuM — Ta
OJIEP’)KaHUM 13 BIJIHOBJIIOBAJILHOI CHPOBHHM IOJIMEPHUM MaTepianaM. 30Kpema, IO TaKHUX
MarepiaiB  BIAHOCHTBHCS KpOXMaslb, XITO3aH, JITHIH, 1emono3a, nomaktun (I[1JIA),
MOJIriAPOKCUOYTHUpAT 1 oro moxiaHi Tommo. Haiibinpine 3arikaBieHHs K B HAYKOBOMY, TakK 1
[IPaKTUYHOMY IUIaH1 BUKIIMKAE MOJIUIAKTHA — HPOJIYKT IMOJIKOHJEHCAIlll MOJOYHOI KUCIOTH,
SKUW sBJIsiE cOOOI0 JHIMHMKN amidatuunuil OloaerpagadernbHUN TOJIECTEp, OJCPKAHUM 3
B1THOBJIIOBAJIbHOI CUPOBUHU (KapTOILIIHOTO a00 KYKYPYJI3SHOI'O0 KPOXMAJIIO).

I[Ipu upomy IIJIA € TepMOMmIaCTUUYHUM MOJIMEPOM 3 TEMIIEPATYpOlO IUIABJICHHS B
niamazoni 170-180 °C, mo BiIKpUBae MOXIMBOCTI HOro mnepepoOieHHs BIAOMUMU
MIPOMHUCIIOBUMH METOJIaMU: JIUTTAM IMiJ] TUCKOM, €KCTpY3i€l0, TepMoBaKkyyMdopmyBaHHsiM, 3D
IPYKOM ToIlIo. BusiBieHOo, 110 pPeoJIOTiyH1 BIACTUBOCTI MOJIUIAKTHIHUX MaTepialiB y 3HAYHIN
MIpi 3ajexaTb BiJl MOJIEKYJIPHOI MacH, CTYNEHs KpPUCTaJIIUHOCTI, CTEPEOPEryyspHOCTI,
MIPUCYTHOCTI HAIIOBHIOBAaUYiB OPraHIYHOI 1 HEOPraHiyHOT IpUpoAU. 30KpeMa MOKa3HUK TEKy4OCT1
PO3IJIaBy MOJIUTAKTUIHUX MaTepiaiiB 3HAXOIUThCA B MIMpokomy miamazoni — 4-80 1/10 xB.
BceranoBieHo, 110 BBEACHHS PI3HUX JOJATKIB CIPUSE 3MIHI XapakTepy KpUBHUX Tedii po3IUIaBiB
ITJTA, 30KkpeMa crocTepiraeTbCs IMIJBHUINCHHS B’S3KOCTI Ta 3MIMIEHHS 00JacTi aHOMAaJIbHOL
B’SI3KOCTI.

[Toninaktua € O10po3KiIaJaHUM TOJIMEp, SKUW IMiJ JI€0 MIKpPOOPraHi3MiB IOBHICTIO
pPO3KIIaAa€ThC Ha BOLY 1 BYIVIEKMCIUMNH Ta3. BcraHoBiIeHa MOXIIMBICTh PpEryIrOBaHHS
6ionerpanabenbHux BractuBocTeil [1JIA BBeneHHSAM MOJIMEPHUX JOJATKIB: TEPMOILIACTHYHOTO
KPOXMAJTIO, TIOJIIKAIMPOJIAKTOHY, K1 BII3HAYAIOTHCS 3MEHIIIEHUM 9acoM 010pO3KiIaay, KIHIEBUMU
MPOJYKTaMU JIECTPYKIIli, @ TAKOXK 3MIHOIO YMOB OloJierpaaarii.

VY umelt xe yac, eKkcIulyaTaliiiHi (MIOHICTb MiJ 4Yac PO3PUBAHHSA, MOIYNb MPYKHOCTI,
MIOBEPXHEBA TBEPJICTh, TEIUIOCTIMKICTh TOLIO) Ta TEXHOJIOTTYHI XapaKTEPUCTUKU MOJILIAKTUAY
CYTTEBO 3aJIeXkaTh BiJ Horo mMopdosorii. 30kpemMa, NOJUIAKTH] IPOSBIIAE€ ONTUYHY aKTUBHICTD,
T00TO icHYe y BUIJIsAl 1BoX L- 1 D- crepeoizomepiB. BusBieno, 1o 3MiHa BIZHOCHOTO BMICTY
uux i3omepiB y IIJIA cyTTeBo BIUIMBAaEe Ha CTYMIHb KPUCTAJIIYHOCTI KIHIIEBOTO Marepiaty.
HaiiBuii 3HaueHHs KPUCTAJIIYHOCTI AOCATAIOThCA MiA 4ac 3mimyBaHHS yuctoro L-TIUIA 1 D-
[IJIA. OxpiM 11bOTO, BCTAHOBJIEHO AaKTHBHHMI BIUIMB Ha MopdoJorito 1 BiactuBocti [IJIA
HYKJIEaTOPIB K OPraHiyHOi (KaiieBa cuUlb AUMETUI S-Cyib(oizodTanaTHOI KUCIOTH, (prajamis,
O€H30aT HaTPIl0), TaK 1 HEOPTaHIYHOT (TaJIbK, BOJIACTOHIT) MPUPOIHU.

Jlig MmoandiKyBaHHS BIACTUBOCTEH MOJIUIAKTUIHUX MaTepiaiiB OyiIM TaKOXX BUKOPHUCTaH1
Takli HEOpraHiuH1 HalOBHIOBaul $K KpeWaa, TiJpOKCHUANaTUT, LIapyBaTl TJIMHU. 30Kpema,
BBEJICHHS IMX HANOBHIOBAYIB JI03BOJISIE MIIBUIIUTH MILHICTh, TBEPIICTb, YAApHY B A3KICTb,
tertocTivkicTh [1JIA Ta 3memeBuTr BUpOOH Ha OO OCHOBI.

IUDIA 1 wmarepianu Ha HOTO OCHOBI BHMKOPUCTOBYIOTHCA JUIsi BUPOOHHUITBA
OloserpanadenbHOTO MaKyBaHHS, IUIBKH, OJHOPA30BOTO MOCY/Y, 3aC00IB OCOOMCTOT TIri€HH, a
TakoXX B MEAMLIMHI i XIPYpriyHMX HHUTOK, MITUPTIB, IMIUIAaHTATIB, B CHUCTEMax
KOHTPOJIbOBAHOTO BUBUILHEHHS JIIKIB.



ORGANO-MONTMORILLONITE MODIFIED BY POLYIONENES FOR
POLYMER COMPOSITES
Mykhailo Sukhyi, Vitaliy Tomilo, Kostyantyn Sukhyi
State Higher Education Institution «Ukrainian State University of Chemical Technology»,
8 Gagarine ave., 49005 Dnipro, Ukraine, ksukhyy@gmail.com

Global trends of miniaturiazation indicate objects of science and technology to be
decreased up to nano-size because of depletion of miniaturiazation possibilities with traditional
technologies.

Nano-phase materials science is differed from traditioanal materials science by developing
of innovative materials, their functional parameters being determined not only by microdomain
properties but processes occur to be on atomic and molecular level in monolyaers and
nanovolumes.

Montmorillonite obtained from bentonite BR (‘Dashukov bentonites Ltd’, Cherkassy
minefield, ukraine) is studied in present work. Bentonite is grey powder consisted about of 85 %
of montmorillonite.

Polyionene based on epoxide diane resine ED-20 is synthesized by known technoques.
Solutions in isopropylic alchohol of both 10 % ED-20 and dimetilaminehydrochloride are mixed
up in equimolar ratio. The reaction mixture was incubated at 25°C during two hours when stirred
continuously. Then, polyionene is synthesized with chroramine obtained by addition
polymerization. The reaction mixture is incubated at 60°C during six hours.

Montmorillonite surface lamenes modification involves the next steps: elutriation, lamens
surface activation polyionene modification. Elutration was carried out to separation of
montmorillonite fraction from bentonite. Lamen surface was activated for transformation of Ca*"
montmorilinite into Na'-montmorillonite by cation exchange in interlayer surface of
montmorillonite because of cationic activity of Na' montmorillonite exceeds by degree of order
cationic activity of Ca** montmorilinite and Mg>™ montmorilinite that resulted in exceeding
efficiency exchange reaction of Na’ and N'(R3). Montmorillonite modification with polyionene
concerns with substitution of exchangeable cation on polyionene cation.

To determine optimal parameters of montmorillonite modification processes influence of
temperature and equivalence ratio on process kinetic of polyionene sedimentation on surface of
crystal layers (lamens) is studied.

Found that the optimal conditions sorption montmorillonite polyionens molecules observed
when these parameters: the concentration of aqueous dispersion of montmorillonite - 1%, the
temperature of the reaction medium is 40 °C, the ratio% - polyionic 3:1, the processing time - 24
hours.

WAXS data for montmorillonite allow to estimate a rate of cristallinity of montmorillonite
and to reveal a periodicity of montmorillonite crystalline layers (lamenes) order, it being
resulted in determination both of distance between montmorillonite layers and their dimension
and as a consequence in identification of nanosized modified motnmorillonite.

Obtained montmorillonite modified by polyionens. Shown that the macromolecular
polymer intercalation of a quaternary ammonium salt of montmorillonite intercrystalline space
accompanied with increased interlayer distances 1.08 nm to 1.67 nm. The technique of synthesis
of modified montmorillonite by polyionens. Found that the optimal conditions sorption
montmorillonite polyionens molecules observed when these parameters: the concentration of
aqueous dispersion of montmorillonite - 1%, the temperature of the reaction medium is 40 °C,
the ratio% - polyionic 3:1, the processing time - 24 hours.



ENVIRONMENTALLY FRIENDLY POLYMER COMPOSITES: OUR
PAST, ONGOING STUDIES AND FUTURE PERSPECTIVE
Yasin Kanbur', Umit Tayfun’
1Metallurgical and Materials Engineering, Karabuk University, 78050, Karabuk, Turkey
yasinkanbur@karabuk.edu.tr
’Inovasens Ltd., Technopark Izmir, 35430, [zmir, Turkey
umit.tayfun@inovasens.com

Increasing environmental concerns and plastic waste problems are the key factors that lead
to research and pay attention to develop environmentally friendly composites (green composites)
worldwide. The interest for biomass source containing polymer composites has increased in
recent years due to their advantageous points of bio-degradability, recyclability, low weight and
cost-effective characteristics. These advantages open ways to green composites on potential
replacement for conventional composite materials in several application areas from packaging to
automobile parts [1-3]. Among these application areas, automotive industry is the biggest market
and is expected to retain its leadership for a long time according to the latest report [4]. There is
an increasing trend for the use of natural fibers filled polymer composites in production of
automotive parts mainly in door panels, seat backs, trunk liners and package trays [5]. Despite
these advantages, the existing problems such as their low thermal stability, poor interfacial
adhesion to polymeric matrices and moisture uptake limit their wider application [6].

Our research activities based on green polymeric composites aim to sustain systematic
investigation on eco-friendly materials which include performing proper surface modification
methods on reinforcing material for improvement its interfacial adhesion to polymer matrix,
production of composites using conventional processing methods, and tuning mechanical,
physical, thermal and morphological behaviours of eco-composites. Our past and ongoing
studies about green composites cover broad range of scientific and technological research works
which provide sustainability and high potential for large scale fabrication. In these studies, Eco-
grade thermoplastic polyurethane (TPU) and the trending bio-degradable polymer, poly (lactic
acid) (PLA), were used as matrix materials. Several natural additives were compounded with
TPU and PLA matrices including natural fibers such as flax fiber [7-10], jute fiber [11,12],
coconut fiber [13], wood flour [14], agricultural waste products such as rice straw [15.16], date
palm seed [17], mussel shell powder [18], and natural minerals such as zeolite [19], diatomite
[20], pumice [21] and huntite hydromagnesite [22-25]. All of the composites were fabricated by
melt mixing technique using lab-scale micro-extruder and test specimen were shaped using
injection-moulding process.

As follow up works, we have performed several surface treatments for agricultural residues
such as black cumin pulp, mussel shell powder and olive pulp in order to improve their
compatibility with PLA and TPU matrices. The same polymer processing methodologies with
our previous studies will be used. In long term, our ultimate aim is to develop novel green
composites with combinations of new commercial bio-polymer matrices such as poly (butylene
succinate) and poly (hydroxybutyrate) and the reinforcement materials compose of mainly
agricultural by-products. Our focus related with evaluating of these versatile eco-composites
would be expanded with new characterization methods including anti-microbial analysis, bio-
degradation and aging performances for their outdoor applications.

1. Mohanty A.K., Misra M., Drzal L.T. Natural fibers, biopolymers and biocomposites.
Taylor&Francis, Boca Raton, 2005.

2. Fuqua M.A., Hou S., Ulven C.A. Natural fiber reinforced composites. Polymer
Reviews, 52(3-4): 259, 2012.

3. Puglia, D., Biagiotti J., Kenny J.M. 4 review on natural fibre-based composites-Part I1.
Journal of Natural Fibers, 1(3): 23-65, 2005.



4. Faruk O., Bledzki A.K., Fink H.P., Sain M. Progress report on natural fiber reinforced
composites. Macromolecular Materials and Engineering, 299: 9-26, 2014.

5. Mohanty A.K., Misra M., Drzal L.T. Sustainable bio-composites from renewable
resources opportunities and challenges in the green materials world. Journal of Polymers and
the Environment, 10(1-2): 19-26, 2002.

6. Dicker M.P.M, Duckworth P.F., Baker A.B. et al. Green composites: A review of
material attributes and complementary applications. Composites Part A Applied Science and
Manufacturing, 56: 280-289, 2014.

7. Tayfun U., Dogan M., Bayramli E. Investigations of the flax fiber/thermoplastic
polyurethane eco-composites: Influence of isocyanate modification of flax fiber surface. Polymer
Composites, 38(12): 2874, 2017.

8. Tayfun U., Dogan M., Bayramli E. Influence of surface modifications of flax fiber on
mechanical and flow properties of TPU based eco-composites. Journal of Natural Fibers, 13(3),
309, 2016.
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11. Dogan S.D., Tayfun U., Dogan M. New route for modifying cellulosic fibers with fatty
acids and its application to polyethylene/jute fiber composites. Journal of Composite Materials,
50(18), 2475-2485, 2016.

12. Salem T.F., Akar A.O., Tirkes S., Tayfun U. Improvement basic properties of jute fiber
reinforced TPU based bio-composites by applying surface treatments on fiber surface.
International Conference on Materials and Nanomaterials (MNs-19), Paris, France, 2019.

13. Hacioglu F., Akar A.O., Tayfun U., Dogan M. Influence of the isocyanate modification
of coconut fiber in terms of mechanical and physical performance of polyurethane
elastomer/coconut fiber eco-composites. International Rubber Congress (RubberCon 2018),
Istanbul, Turkey, 2018.

14. Kilinc K., Kanbur Y., Tayfun U. Mechanical, thermo-mechanical and water uptake
performance of wood flour filled polyurethane elastomer eco-composites. Influence of Surface
treatment of wood flour. Holzforschung,73(4): 401-408, 2019.

15. Tayfun U., Dogan M., Bayramli E. Effect of surface modification of rice straw on
mechanical and flow properties of TPU-based green composites. Polymer Composites, 37(5),
1596, 2016.

16. Tayfun U., Dogan M., Bayramli E. Investigating agricultural waste-reinforced
polyurethane  elastomer  green  composites. SPE  Plastics  Research  Online,
10.1002/spepro.005729, 2015.

17. Sismanoglu S., Tayfun U., Kanbur Y. Effects of alkaline and silane Surface treatments
of date palm seed on mechanical and physical behaviours of thermoplastic polyurethane/date
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acid) based green composites. 2nd Scientific-Practical International Conference "The modern
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19. Yilmaz G., Sismanoglu S., Kanbur Y., Tayfun U. Effect of different silane treatments
of natural zeolite on mechanical and physical properties of thermoplastic polyurethane/zeolite
composites. X1V Ukrainian Conference on Macromolecules, Kyiv, Ukraine, 2018.

20. Kanbur Y., Tayfun U. Comparisons of silane coupling agents as surface modifier for
improvement of mechanical and physical properties of polyurethane elastomer/diatomite
composites. Sth International Conference on Engineering and Natural Science (ICENS 2018),
Kyiv, Ukraine, 2018.
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22. Dike A.S., Tayfun U., Dogan M. Influence of zinc borate on flame retardant and
termal properties of polyurethane elastomer composites containing huntite&hydromagnesite
mineral. Fire and Materials, 41(7), 890-897, 2017.
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HOBI IHAEH-KYMAPOHOBI CMOJIA 3 Q)YHKHIFIHHMH I'PYIITAMMU
Muxauno bpamuuax
HanionanpHuii yHiBepcuTeT «JIbBIBChKa MOJITEXHIKAY,
Byn. C.bannepu, 12, JIsBiB 79013, Ykpaina
mbratychak(@gmail.com

Binomi iHAeH-KyMapoHOBI cMojM (TIOJIMEpU) € MPOAYKTaMH MojiMepHu3alii KyMapoHy,
IH/EHY, CTUPOJYy Ta iX IOMOJOrIB, IO MICTAThCS B cHpoMy OeH30:l, (eHOJIbHIN Qpakiil
KaMm'stHOBYruTbHOI cmounm, Tomio [1]. KartamizaTopamu mporiecy € KOHIIEHTpOBaHa Cyib(aTHa
kuciora, Tpudiyop 6opy, (ocdarna kuciora Ta iHII. BpaxoByrouum HaASBHICTH 1 HH3BKY
BapTICTh BUIIEBKA3aHUX CMOJI, BOHU IIMPOKO BUKOPUCTOBYIOTHCS B Jako(apOoBii, OyniBenbHii
MMPOMUCIIOBOCTI, a TaKOX A JOPOXHHOTO OyniBHHMITBa [2]. He3Baxaroum Ha 3a10BUIBHI
XapaKTEPUCTHUKUA TIPOJYKTIB, IO MICTATh IHIEH-KyMapOHOBI CMOJIM, BOHH MalOTh JACsKi
HEJOJIKHU; 30KpeMa, CMOJIM [TOTAHO MOEAHYIOTHCS 3 HIIMMHU MOJTIMEpamMHu.

OcranniMu pokxamu y HamlonansHOMY yHiBepcuTeT1 «JIbBiBChbKa moJiiTexHika» (Ykpaina)
Oyll0 MPOBEACHO pAJ JOCIHUDKEHb II0J0 OACP)KAHHS I1HIEH-KYMapOHOBUX CMOJ 3 PI3HUMHU
¢yukuiitnumu rpynamu (IKCO).

Sk cupoBuny st oaepxkants IKC® BukopuctoByBanu Jerky Qppakxiiito Kam'sHOBYI UIbHOL
cvonu (JIOKC). Bona mictuts kymapos (1,30-5,75 %wmac.), ingen (3,90-44,45 %wmac.) 1 cTupos
(1,2-3,5 %mac.). IKCD cunTesyBanu iHIIIOBaHOIO MojiMepHu3aliero. Sk iHIIaTOpU
BUKOPHUCTOBYBaIH 2,2'-a30-01c-(2-METUINPOMIOHITPHI) 1 HEPOKCUIHY MOX1IHY AUTTILHILIIOBOTO
erepy miokcumudenimnponany (III1). Jns 36inemenns suxony IKC® 1 BBeneHHs BiIMOBITHUX
GYHKUIMHUX Tpyn 10 ii CTPYKTypH, A0 BHXIJIHOI CHUPOBHUHHU JOJATKOBO BBOJIMIM CTHUPOJL,
TTIHAIAIMETaKpUIaT a0 METaKPHIIOBY KUCIIOTY.

BceranoBneHO BIUIMB KUIBKOCTI 1HILIATOpa, TEMIIEpaTypu Ta 4acy peakiii Ha BUXIA 1
xapaktepuctuku IKC®. Byno cuaTe30BaHO CMOJIM 3 €MOKCUIHUMH [3] i KapOOKCHIBbHUMU [4]
rpynaMu Ta MeTakpwioBuMu ¢parmentamu [5]. CTpykTypa OTpUMaHUX MpPOJYKTIB
MIATBEP/DKEHA XIMIYHUMHM 1 CHEKTPaJbHUMU METOJaMHU. 3alporOHOBAHO BUKOPUCTOBYBATHU
IKC® six mogaTku 1yist BAPOOHUIITBA OITYM-TIOJIMEPHUX CYMIIIEH.

1. CoxonoB B.: Unaen-kymapoHnoBbie cMoJibl. Metanyprusi, Mocksa 1978.

2. Pyshyev S., Grytsenko Y., Bilushchak H. et al. Production of indene-coumarone resins
as bitumen modifiers. Petroleum & Coal, 2015, p. 303-314.

3. Astakhova O., Shved M., Zubal O. ef al. Obtaining of coumarone-indene resins based on
light fraction of coal tar. 4. Bitumen-polymer blends with participation of coumarone-indene
resins with epoxy groups. Chem. Chem. Technol., 2019, p.112-120.

4. Bratychak M., Astakhova O., Shyshchak O. ef al. Obtaining of coumarone-indene resins
based on light fraction of coal tar. 1. Coumarone-indene resins with carboxy groups. Chem.
Chem. Technol., 2017, p. 509-516.

5. Bratychak M., Astakhova O., Prysiazhnyi Yu. et al.: Obtaining of coumarone-indene
resins based on light fraction of coal tar. 3. Coumarone-indene resins with methacrylic
fragments. Chem. Chem. Technol., 2017, p. 379-385.
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MOJUPIKALISA 'YMOHAITIOBHEHHUX ITOJIIMEPHUX
KOMITIO3UTIB BE3®YHKIIOHAJIBHUMMU, EIIOKCUABMICHUMHU
TA T'TIPOKCHUJIBMICHUMHU HU3bKOMOJIEKYJIAPHUMHU
KAYYYKAMMUA
B.JI. Muwak, B.B. Cemunoe, B.B. Myoiceg
[HCcTUTYT X1MIT BUcOKOMOJIEeKyIsipHUX crosiyk HAH Vkpainu

Kuis, 02160,Byn.XapkiBceke moce, 48, YkpanHa
e-mail:myshak vd@ukr.net

Amnaini3 JiTepaTypHUX JaHUX 1 MaTEHTHUX JDKEpeN MOKas3as, II0 CTBOPEHHS MOJIIMEPHHUX
KOMIIO3UTIB Ha OCHOBI BIIXOJIB TEPMOIUIACTIB 1 AUCIEPCHUX BIIXOJIB TYMU € OIHHUM 13
NpIOPUTETHUX HANpsAMIB  PO3B'I3aHHA MPOOJIEMU PELUKIIHTY MOJIMEPHUX  BIIXOIB.
Kommo3uiiitHi MaTtepiaiu Ha OCHOBI BTOPMHHHMX TEpPMOIUIACTIB 1 BIIXOIB €JIacTOMEpIB
HaOyBalOTh Bce OUIBIIOrO 3acTOCYBaHHs, MpPHUIMaiOuu 0 yBaru TOW (akT, WO BLAXOAU 1
noyieTwieny 1 rymu ckinagaiotb 70 — 80 % y 3araibHii Macl BIAXOAIB TEPMOILUIACTIB 1
enactomepiB. OHaK y CBOil OUIBIIOCTI TaKi KOMIO3UTH XapaKTePU3YIOThCSI HU3bKUMHU (I3UKO-
MEXaHIYHUMHU TTOKa3HUKAMH 1 I1€ Ha ChOTOHI SABJISETHCS aKTyaIbHOIO MPOOIEMOI0, MOB'SI3aHOI0
13 3a0€e3MeYeHHSIM CYMICHOCTI 10J110J1€(pIHOBOT Ta e1acTOMEpHOT (ha3.

3 MeTor ojepkaHHs ModiMepHUX KommnosunidHux marepianis (IIKM) 3 nmokpamenumu
XapaKTepUCTUKaMH Ha OCHOBI BTopuHHOro mnosietmwieny (BIIE) ta BignpanboBaHoi ryMoBOi
kpuxtu (I'K) Oynu cuHTe3oBaHi KoOMmaruOuIi3aTopu Ha OCHOBI pigkux kayudykiB (PK) 3
eNOKCUJAHUMHU rpynamu. s iX oTpUMaHHS BUKOPUCTOBYBaIM Oe3()yHKIIOHAJIbHI IPOMHCIIOBI
PK wmapox CKJIH-H 1 IIBH-H. ®ynkuionanizamiro Kay4ykiB MPOBOJWIM METOJOM
eNOKCUAYBaHHS 3a peakuiero IlpunexaeBa. 3 1i€l0 METO Kaydykd o0O0poOssucs
HAJKUCIIOTAMH, IO YTBOPIOETHCS PEAKIEI0 in Situ, TPU B3aEMOJIi OPraHIYHOI KHUCIOTH 1
nepekucy BojHio (I1B). SIk opraHiuHy KHUCIOTY BUKOPUCTOBYBAJIM MYypaliuHy. B pe3ynbrarti
OKHCHEHHS MOJABIMHMX 3B'A3KIB KayuyKy cuctemoro IIB - MypaminHa KHCIOTa yTBOPIOETHCS
MPOJYKT, SKMH MICTUTh €IOKCUIHY IPYILy, 1110 OYyJI0 miATBepKeHo MeToaamu [Y-cnekrpockonii
Ta TUTPYBaHHS.

Jlis BU3HAuUEHHS BIUIMBY NpHUpoAu (yHKIIOHANBHOI rpynu Ha BiactuBocti [IKM, Oymu
BUKOPHUCTaHI K KoMnaTuOLIi3aTOpu BUxXiaH1 1 pyHkuionanizoani kayayku CK/IH-H 1 IIBH, mo
MICTSITh B CBOEMY CKJIaJll KIHIIEB1 €TOKCUHI TPYIH, & TAKOXK, I'IPOKCUIBMICHUN KaydyyK MapKu
Krasol LBH-3000 nns moaudikauii cyminieit Ha ocHoBi BIIE 1 nucnepcuoi I'K npu ctBopenH!1
[IKM. Bwmict komnatubinizaropis ckinagas 1, 2, 5, 10 % mac. [IKM otpumyBaiin MeTOA0M
eKCTpy3li 3 mojanbliuM (OPMYBAHHSM 3pa3KiB METOJIOM MPECYBaHHS JUId BHU3HAUEHHS iX
BJIACTUBOCTEH.

3a pe3yiapTaTaMud TPOBEACHUX JOCIIDKEHb BCTAHOBIEHO, IO €(QEKTUBHICTh [ii
KOMITaTHOUII3aTOPIB Ha CTPYKTYpY 1 BiactuBocTi orpumanHux [IKM 3anexuts Bin XiMI4HOL
IPUPOAM KIHIEBOI Ipynd 1 il peakUidHOi 3JaTHOCTI, 10 BU3HAYA€ ONTHUMAJIbHY KUIBKICTh
BBEJIEHHS1 KoMImatuOitizaropa B cucremy. HasBuicts y cxmani [IKM 10% wmac. onironiena 3
KIHLIIEBUMH Ti1IPOKCUJIBHUMHU TpyaMH NPUBOJUTH JIO 3POCTaHHS BIJHOCHOTO BUJOBXKEHHS
Maibke B 5 pa3 B mnopiBHsHHI 3 [IKM ©0e3 kommnaruOurizatropa. BukopucranHs sk
KOMITaTHOUII3aTopa OUIbLI PEaKIIMHO3/1aTHOTO OJIrOAI€EHY 3 EHNOKCUAHMMM TpylamMHu IHpu
ONTUMAJIbHOMY BMIcTI 1% mNpUBOAUTH 1O 30UIBLIECHHS MIMHOCTI NpH po3puBi Ha 14 %,
BITHOCHOTO BUJOBXEHHS B 1,5-2 pasu B MOpIBHSHHI 3 CHUCTEMOIO 0e3 KoMmmaTuOLII3aTopa.
Metonom peHTreHresorpadii BCTAaHOBJIEHO, 110 BCl KOMIIO3UTH € aMOP(PHO — KpHUCTaIIYHUMU
cucteMaMu, e(peKTUBHUM po3MIp KPUCTAJITIB Ul BCIX OJIEp’KaHUX KOMIIO3HMIIIHHUX MaTepialiiB
JOPIBHIOE pUOINU3HO 7,4 HM.

OpepxaHi pe3yiapTaTH CBil4aTh PO MEPCIEKTUBHICTh BUKOPUCTAHHS CHUHTE30BaHUX
koMraru6iizaropis npu crBopeHHi I[IKM na ocnoBi cucremu BIIE-TK 1 moxyrs Oytu
3aCTOCOBaHI B TPAKTUYHUX TMPOIIECax, IMOB’SA3aHUX 31 CTBOPEHHSM HOBHX TEXHOJOTIH IO
yrunizanii 1 perukiniary I'K ta BITE.
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MOJIMEPHUI KOMIO3UIIMHU MATEPIAJI 3 MOJIIBJIEHOBUM
TETEPOIIOJIKOMIIJIEKCOM CTPYKTYPH JOYCOHA SIK CEHCOP

HA BIJHOBHUKHA

Tanuna Iempywuna', Andpiii Buwnixin®, Kocmanmun Bapnan®
! THinpoBCHKNMii epKaBHIIT arpapHO-eKOHOMIYHII YHIBEPCHTET
* JIHinpoBCHKHiT HAIIOHATBHMIT yHiBepenTeT iMeni Onecst [ondapa
petrushyna.h.o@gmail.com

I'erepomnomianionn (I'TIA) crpykrypu JloycoHa 3aBIsKu TOEIHAHHIO OKMCHO-BIJHOBHUX 1
KHCJIOTHO-OCHOBHHUX BJIACTUBOCTEH IIMPOKO BUKOPHUCTOBYIOTHCS K B KHCIOTHOMY, Tak 1 B
OKHCHO-BITHOBHOMY KaTalli31, 30KpeMa MpH CHHTE31 OPraHiyHUX croJiyK [1]. 3aBasku BUCOKHUM
pEeA-0KC BIJIACTUBOCTSIM BOHHU MOXYTh OYyTH BHUKOPUCTaHI $K aHAJIITUYHI peareHTH s
BU3HAUYEHHS BIIHOBHUKIB 1 OKHMCHUKIB. Kpim Toro, peakiis monioaenoBoro I'TIA ctpykrypu
Hoycona 18-momibonomudochary (18-MUADK) 3 pi3HUMH BIIHOBHUKAMH BIAOYBA€THCS MpHU
PI3HIN KHCIOTHOCTI PO3YHUHIB, L0 MIJBUILYE CEJIEKTUBHICTh 1 JO3BOJISIE BU3HA4YaTH KUIbKa
PEYOBUH TIPU CyMICHIN TpUCyTHOCTI [2]. Bucoki okucHO-BiAHOBHI BiacTtuBocTi 18-MJIDK,
MPOTIKaHHS BIAHOBJIEHHS Oe3 pyliHyBaHHS cTpyKTypu I'TIA, To6TO 06OPOTHICTH BITHOBIIEHHS,
3YMOBJIIOIOTh IEPCIIEKTUBHICTh BUKOPUCTAHHS HOT0 SIK KOMIIOHEHTA €JIEKTPO/IIB ceHcopiB. Tomy
IHTepec MpejcTaBiiie po3poOka enekrponaa, mo wmictuth 18-MJPK sk pearent, 1 #oro
3aCTOCYBaHHS Ul IOTEHI[IOMETPUYHOTO BHU3HAYEHHS aCKOPOIHOBOI KHUCIOTH Y (PYKTOBHX
cokax 1 (hapMaleBTUYHUX MTpernapaTax.

Hamu 3anponoHoBaHO HOBUM MOTEHI[IOMETPUYHUN CEHCOP Ul BU3HAUYEHHS acKOPOIHOBOI
xuciotu (AK). Horo ocHoBoro 6yB enekrpos, mo Mictuth 18-MJI®K y ckiazi moniyperanoBoro
koMmmo3uuiitHoro Marepiany (KM). BuBueHo BiacTMBOCTI 1 aHaJIITUYHI XapaKTEPUCTHKU
CeHcopa, MoKa3aHa Horo e(eKTUBHICTh AJIsi MOTEHLIOMETPUYHOIO BHU3HAUEHHS acKOpOIHOBOI
KUCIOTH y (PYKTOBHX COKax 1 (papMaleBTHYHMX Mpenaparax. SK MOJIMEpHY MAaTPHIO
BukopuctoByBanu noJiypetrad (I1Y). [lo nepear [1Y npu ioro BukopucTansi aias MoauQikaii
€JIEKTPO/IIB MOXKHA BIAHECTU BHUCOKY a/re3it0 MojiMepy /0 MOBEPXHI €NeKTpoJia 1 HOro BUCOKI
¢13uKo-MexaHiuH1 BiacTuBOCTL. KpiM Toro, moJsiiMepH, siki BAKOPUCTOBYIOTHCS JJIi CTBOPEHHS
€JIEKTPO/IIB MOBUHHI OyTH XIMIYHO IHEPTHUMH IO BIJIHOIIEHHIO JI0 PEareHTy 1 BU3HAYyBaHUX
PEYOBHH, MaTH BUCOKY €JEKTPOIPOBIIHICTH 1 AOCTaTHIO cTabuibHICTh. IIY He B3aemonie 3 18-
MI®K, ane enexrpornposigHicts [1Y € HeBucokor. Enexrpomnposignicts KM minBuirysanu
noJaBaHHAM rpadity. OnTuMaabHUM € 10/1aBaHHs Jp10HOAKUCIIEPCHOTO IPpadiTOBOTO NOPOIIKY B
KUIbKOCTI, 0 Bigmoigae 50% Bixg 3aranpHoi Mmacu KM.

[ToTeHnuiomeTpuyHe BU3HAYEHHSI aCKOPOIHOBOI KUCIIOTH MPOBOAMIIA B BOAHOMY PO3UHHI 3
pH 4. T'paayroBanbHa 3aMexHICTs € HiniitHO0 B iHTepBani 4:10° - 4-10% M AK (R = 0,999) 3
naxmiom 0,098 + 0,002 B, mesxa BusiBIeHHs ckiana 3,7-10° M AK, gac BIITYKY HE MEPEBUIILYE
1 xB. EnexTpoa Mae BUCOKY CEJIEKTUBHICT IO BITHOILIEHHIO /10 BEJIUKOIO YKCIa HEOPTraHIYHUX
10HIB 1 opraHiyHuxX pedyoBHH. BusnauenHio AK He 3aBakaloTh OpraHiuHi KHCIIOTH, TJIIOKO3a,
¢bpykTo3a, caxapo3a, s[Ki MOXYyTb mepeOdyBath Yy (PYKTOBHX COKaX B JOCHUTb BEJIMKHUX
KUIBKOCTSIX, a TakoX N-aleTHJ-p-aMUHO(EHO (MapaleraMmoit), SIKUH MICTUTbCA B JIESKUX
¢dapmaneBTuuHuX npenaparax crniibHO 3 AK. Po3pobnena HoBa metoauka BusHaueHHsT AK Oyna
yCmimHoO ampoOoBaHa MpU aHali3l COKIB 1 (apMaueBTUYHUX npenapariB. [IpaBuibHICTH
pe3ynbpTaTiB Oyja MiATBEpIKEHA MOPIBHSIHHSIM 3 pe3yjIbTaTaMH, OTPUMAaHUMU HOJIOMETPUUHUM
tuTpyBaHHsAM. CkiagHa MaTpuisl OO’€KTIB aHalli3y ICTOTHOIO HE BIUIMBAE Ha pE3ylbTaTd
BU3HaUeHHsA AK 3 BUKOpHUCTaHHSM 3alPOIIOHOBAHOTO CEHCOPa.

1. Li G., Ding Y., Wang J., Wang X., Suo J. New progress of Keggin and Wells-Dawson
type polyoxometalates catalyze acid and oxidative reactions. J. Molec. Catal. A. 2007, V. 262, p.
67-76.

2. Al-Shwaiyat M.K.E.A., Miekh Y.V., Denisenko T.A., Vishnikin A.B., Andruch V.,
Bazel Y.R. Simultaneous determination of rutin and ascorbic acid in a sequential injection lab-at-
valve system. J. Pharm. and Biomed. Anal. 2018, V.149, p. 179-184.
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CFD SIMULATION OF ROTATIONAL BARREL SEGMENT MIXING
PERFORMANCE IN SINGLE SCREW EXTRUDER
Ivan Gajdo§', Jan Slota', Janusz Sikora®, Volodymyr Krasinskyi’

'Technical University of Kogice, Department of CAx Technologies, Kogice, Slovak Republic
*Lublin University of Technology, Department of Polymer Processing, Lublin, Poland
*Department of Chemical Technology of Plastics Processing, Lviv Polytechnic National
University, Lviv, Ukraine.
e-mail: ivan.gajdos@tuke.sk

Introducing a new element rotational barrel segment (RBS) into construction of single
screw extruder (SSE), significantly changes the kinematic of motion in SSE. Main goal of
incorporating RBS into SSE construction is to improve output and mixing capabilities. To
evaluate three types of RBS geometries, CAE analysis was performed with ANSYS
POLYFLOW® software. Evaluation of three different RBS geometries at three different
movement states (static, screw co-rotating and screw counter-rotating) provided detailed insight
in flow phenomena occurring in melted polymer during passing through RBS. CFD simulation
of melt flow in SSE allows analyzing various processing conditions, screw geometries and even
complicated kinematic couples as screw-RBS.

ANSYS
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Fig.1. Mixing index in flow domain calculated for counter-rotating RBS
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DESIGN OF NEW PRODUCTS WITH COMPLEX SHAPES
USING THE POLYMER PROCESSING METHODS

Tomasz Klepkal, Sebastian Bialasz'
' Lublin University of Technology, Lublin, Poland
Tomasz Klepka: t.klepka@pollub.pl

Designing acceptable products requires behavioral knowledge of plastics that includes their
advantages and disadvantages (limitations) and some familiarity with processing methods. Until
the designer becomes familiar with processing,a qualified fabricator must be taken into the
designer's confidence early in development and consulted frequently during those early days.
The successful design and fabrication of good plastic products requires a combination of sound
judgment and experience. The fabricator and mold or die designer should advise the product
designer on materials behavior and how to simplify processing. Understanding only one process
and in particular just a certain narrow aspect of it should not restrict the designer. Using the
calculated shrinkage theory we can dictate how much oversize to cut the tool (mold or die) if a
product has a relatively simple shape. For other shapes some critical key dimensions of the
product will, more often than not, not be as predicted from the shrink allowance, particularly if
the item is long, complex, or require tight tolerance.

The important factors that influence the shrinkage of a specific plastic in using a specific
machine, such as injection molding, by causing it to vary and not follow the values like those in
are flow direction, wall thickness, flow distance, and the presence of reinforcing fibers.

Determining shrinkage involves more than just applying the appropriate correction factor
from a material’s data sheet. Shrinkage is caused by a packing pressure and volumetric change in
a plastic as it cools from a molten to a solid form. Shrinkage is not a single event but occurs over
a period of time. Most of it happens in the mold or die, but it can continue for up to twenty-four
to forty eight hours after being molded. This so-called postmold shrinkage may require a
constraining cooling fixture. Additional shrinkage can occur when frozen-in stresses are relieved
by annealing or exposure to high service temperatures. The main considerations in mold or die
design affecting shrinkage are to providead equate cooling (required temperature control), and
structural rigidity. Cooling conditions is the most critical especially for crystalline plastics. The
cooling system must bead equate for the heat load. Slow cooling increases shrinkage by giving
plastic molecules more time to reach a relaxed state. In crystalline types, having longer cooling
time leads to a higher level of crystallinity, which in turn accentuates shrinkage.

Polymer extrusion instabilities can come as a result of many reasons. They may come as a
result of improperly prepared feedstock, solids conveying problems, insufficient melting and or
mixing capacity, barrel temperature fluctuations, improper screw design, melt temperature and
viscosity non-uniformities in the die region, as well as improperly designed or operating
ancillary downstream equipment. Melt fracture may be described as a severe distortion of the
extrudate which is capable of being caused by a variety of reasons. There tends to be agreement
that the primary cause of melt fracture comes as a result of the imparted shear stress onto the
polymer exceeds the critical shear stress value for that particular polymer.

Tooling design for plastic tubing, hose and wire insulation jacketing requires an
understanding of the relationship between the dimensions of the tooling and the dimensions of
the final product. It is required that both the extruding manufacturer and the tooling designer or
builder need to understand and be able to communicate that relationship.
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ANALYSIS OF THE TENSILE STRENGTH OF CARBON/EPOXY
COMPOSITE LAMINATE USING SIMULATION AND TENSILE TEST
Ludmila Dulebova, Emil Spisak, Jan Varga, Ivan Gajdos
Technical University of Kosice, Faculty of Mechanical Engineering, Department of Engineering
Technologies and Materials, Masiarska 74, 040 01 Kosice, Slovakia
ludmila.dulebova@tuke.sk, emil.spisak@tuke.sk, jan.varga@tuke.sk, ivan.gajdos@tuke.sk

The need for high-strength lightweight materials is now very important in the construction
of the car. As the strength and stiffness of the material increases, consequently the weight of the
material required for the particular load is reduced. Composite materials are extending the
horizons of designers in all branches of engineering. These materials consist of two completely
different materials - Thermoset resin and suitable (Glass, carbon, aramid, boron etc.) fabric.
Integration of both materials offers excellent mechanical properties compared to individual
materials used.

In this paper several types of composite materials were prepared. Subsequently composite
consisting from carbon cloth/epoxy resin and carbon nanotubes was prepared to prove the
improvement of mechanical properties. This study presents tensile strength of carbon
composites made from bisphenol A epoxy resin and 160 g/m’ plain weave carbon cloth and 220
g/m” twill carbon cloth as a reference and three-composite system that consists from carbon fiber
reinforced epoxy matrix and 1% of multi-wall carbon nanotubes dispersed in epoxy resin.
Orientation of layers of prepared specimens was 0° - 45° - 0°. Used hardener H507 was based on
cycloaliphatic polyamine with absence of nonylphenol. Samples were also tempered at 80 °C (for
12 hours) for improvement of their thermal resistance. Tested hand laid-up material was cut to
the shape of sample for tensile test according to STN EN ISO 527:5:2009. The tensile test was
performed on a TIRAtest 2300 testing machine. The tensile strength (o) of epoxy (E) / twill
carbon cloth (TC) and epoxy/plain (PC) before and after addition of carbon nanotubes (CNT)
and tempered of tested materials measured during the tensile test was - o, reference: E/TC 512
MPa; E/TC/CNT 589 MPa; E/PC 391 MPa; E/PC/CNT 468 MPa and 6, tempered: E/TC 466
MPa; E/TC/CNT 517 MPa; E/PC 380 MPa; E/PC/CNT 422 MPa. The presence of carbon
nanotubes in carbon cloth/epoxy system improves its strength at one directional tensile test. At
twill carbon composite the improvement of tensile strength was 15 % and at plain carbon
composite the improvement was 19,7 % at addition of only 1 wt% of carbon nanotubes dispersed
in epoxy resin. Samples that were not exposed to elevated temperatures for quicker drying
showed increased tensile strength due to slow curing of composite samples. Samples gained
greater toughness, the breach of samples were at the interface of resin and matrix. The pulling
out of fibers from epoxy matrix was observed, while at baked samples brittle fracture observed. |
this study, simulation of composite part at programme NX8 with Nastran solver of tested
material was used. The creation of composite material in the NX8 is possible by two different
ways — application of layers of the composite to volume model or to surface model. In this case,
the basic model will be created as honeycomb consisting of fibers and resin. Element type
CQUAD4 was at size 0.625 mm at 2D mesh. The tensile strength (c6,,) of tested materials
obtained by simulation: material E/TC 756 MPa; material E/PC 709 MPa. Real test showed, that
the difference between strength measured values and values obtained by simulation is
considerable. This may be as a result of microscopic air bubbles in the samples, which reduced
the strength of composite. These bubbles can be removed by usage of stronger autoclave or by
selecting other method of preparation, for example Resin transfer molding, Same Qualified
Resin Transfer Molding or Vacuum assisted RTM (VARTM).
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Recycled plastics find more and more applications. In addition to recycled bulky products,
the number and type of products also being used in polymer sands composites based on recycled
PVC.

In the studies polyvinyl chloride (PVC) Alfavinyl GFM/4-31, was used in the study. This
plastic has density of 1230 kg/m’ and hardness of 80 Sh® A. In the experiments, various types of
chemical blowing agents were used: Expancel 950 MB80 manufactured by Akzo Nobel.
Expancel is a mixture that contains 65 % microspheres in the copolymer of ethylene and vinyl
acetate (EVA). The decomposition products of the applied blowing agents mainly include carbon
dioxide CO,, a small amount of water H,O and nitrogen N,

The extrusion process was conducted at the following parameters: temperature of heating
zones of the plasticating system respectively 120, 130, 140,150°C, temperature of the extruder
head 145°C.

Fig.1. An example of a plastic sample after the comminution process and view of technological
line section for recycled plastics

The technology for producing the recycled composition is based on the extrusion and
compression technology of the compositions obtained. The study of selected physical properties
was produced. The research on the structure of manufactured materials, melt flow rate MFR,
mechanical strength, impact resistance and hardness are presented. The macroscopic structure of
the produced cellular tapes was examined, example in fig. 2

A %

Fig. 2. Fragment of the cross section of the PVC and recycled PVC with 2.0% microspheres
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MOHOMEPH HA OCHOBI POCJIMHHUX OJIINA: CUHTE3,
HOJIMEPHU3ALIA TA 3ACTOCYBAHHSA

Bacununa Kip snuyk’, 3opana Jemuyr’, Andpiii Boponos', Cmanicnas Boponos’
'Hamionansuuit ynisepenrer "JIbBiBchKa motiTexuika', kadeapa opraHiqaoi ximii
*JlepaBuuii yriBepcuter ITiBHiunOT JlakoTH, Kadeapa MOKPHTH Ta TOTIMEPHHX

MarepiaiiB

VY 3B’I3Ky 3 BHYEpHAHHSAM Ha(TOBHUX JpKepelsl, L0 YCKIAJHEHE EKOHOMIYHUMH U
MOJITHYHUMHM YUHHUKAMH, HAJ3BHUYAMHO aKTyaJbHHUM 3aBJaHHAM [UIS XIMIKIB-CHHTETHKIB €
MOIIYK aJbTEPHATUBHOI CUPOBMHMU. BupilleHHAM 1bOrO MoOXKe OYyTH BHKOPHUCTAaHHS
MTOHOBJIIOBAHUX PEAKLIAHO3IaTHUX CHOJIYK. [IpoTsAroM ocTraHHIX IBOX NECATHIIITH 3pOCTAO4y
yBary JAOCJHIIHUKIB HIPHUBEPTAIOTh MOHOMEpPHM HAa OCHOBI POCIMHHUX OJi. XapakTepHOIO
OCOONMBICTIO TaKMX MOHOMEpIB Ta MOJIMepiB € iX BHCOKOTiApooOHi BIACTHBOCTL. Ix
JNOCTYIHICTh Ta IIMPOKUH ACOPTUMEHT JO3BOJIAE€ 3aJ0BUIBHUTH TOTPeOUM CydacHOi
IIPOMHUCIIOBOCTI.

Monomepu Ha OCHOB1 POCITUHHHUX OJIii (OJIMBKOBOI Ta COEBOI) OJepKaHI Yepe3 peaKIlito
nepectepudikaiii TpurinepuiB N-rigpoKCHeTHIaKpiIaMiioM. MoJIeKyau HOBUX MOHOMEpIB
MICTSTh BIHUIBHY IpYIy Ta allWJIM KUPHUX KHUCIOT 3 PI3HOIO HEHAacHyeHIcTio. XiMiuHa OynoBa
MoHOMepiB miaTBepkeHa metonamu [IMP Ta IY-cnekrpockomii. BusHaueHo ¢izuko-XiMiuH1
XapaKTepUCTUKU IIMX MOHOMEpiB (HloJHE 4YHCIO, TyCTHHA, BOJOPO3UMHHICTH). Hwusbka
PO3YMHHICTH HOBUX MOHOMEPIB Y BOJI, BKa3y€e Ha iX BUCOKOT1IPO(OOH1 BIACTUBOCTI.

JlocnipkeHo BIUIMB XIMIYHOT CTPYKTypM MOHOMEpPIB Ha 3JaTHICTh J0 TOMO- Ta
komomimepu3anii. [lomimepw, oTpumaHi Ha OCHOBI MOHOMEpPY 3 OJIUBKOBOI  OJIii,
XapaKTEepPU3YIOThCS BUIIOK MIBUJAKICTIO MMOJIMEpHU3allii, a BIITAaK 1 BUIIOK MOJIEKYISIPHOIO
Maco0 Ta HWKYUM [MOKAa3HUKOM MOJIIUCIIEPCHOCTI, OPIBHSAHO 3 MOJIMEpaMy Ha OCHOBI COEBOTO
MOHOMEpY. BU3HaueHO KOHCTaHTH KOTIOJIMEPHU3aIlii 31 CTHPEHOM, po3paxoBaHi Q-e mapaMeTpu.

3 BUKOPHUCTAHHSAM €MYJIbCIHHOT Ta MIHIEMYJIBCIHHOT IOJIIMEpH3alii aKpUIOBUX MOHOMEPIB
3 CTHUPEHOM ab0 MEeTHJIMETaKpHJIaTOM OJiepKaHl CTaOUIbHI BOJHI JAMcIiepcii moJiiMepiB 3
po3mipamMu yacTHHOK Jiatekcy 40-210 HM. BMicT 1aHOK MOHOMEPIB y CKIaJli MaKpOMOJIEKYII
JaTeKCHUX moJiMepiB ckiaaae 5-60% mac. CepeaHbOUNCENIbHA MOJIEKYJIIPHA Maca OJepHKaHUX
KOIOJIIMEPIB 3HaX0AUThbca B aiana3oHi 3HayeHb 30000-391500. [JocnimkeHo, 10 MPUCYTHICTh
aIWIIIB )KUPHUX KUCJIOT B MaKpOMOJIEKYJIaX JAaTeKCHUX MOJIIMEPIB HaAa€ iM THYYKOCTI, 30UIbIIyE
riipo@oOHICTh JTATEKCHUX IUIIBOK Ta MIJABHUILYE BOAOCTIMKICT. 3OUIBIICHHS] BMICTY allMJIBHUX
3aJUIIKIB JKUPHUX KHUCJIOT B MakKpOMOJIEeKyjax 3a0e3nedye HasBHICTh IIACTU(IKALIHHOTO
edeKTy 1 BIANOBIAHE 3HUKEHHS TEMIIEpaTypH CKIyBaHHS JIATEKCHUX KOIOJIIMEPIB, 1110 T03BOJISE
OJIEp)KyBaTH THYYKI TOJIMEpHI MOKPUTTS 3  PEryJboBaHUMHU  (I3UKO-MEXaHIYHUMU
BJIACTHUBOCTSAMHU.
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METOJ OTPUMAHHSI TEPMOCTIVMKHNX MMOJIIMEPHUX
KOMHIO3NHINHUX MATEPIAJIIB 3 BUKOPUCTAHHSAM

CYMIIIEHHA IN SITU BUXIITHUX KOMIIOHEHTIB
Kabam O.C., Yepsaxos O.B., Cumap B.I.
JIBH3 “Ykpaincekuii 1epKaBHUN XIMIKO-T€XHOJIOTTYHUN YHIBEpCUTET
Amber UDHTU@ji.ua

CydyacHi MallMHM Ta MEXaHI3MHU [pallolOTh IMPU BHCOKOMY pIBHI HaBaHTaXXEHb 1
temreparyp. HapiiiHa ix poOota 3a0e3meuyeTbcs 3a paxyHOK BUKOPHUCTAHHS y HalOUIbII
BIJIMOBIIAJIFHUX BY3JIaX JETalel 3 CydaCHUX MaTepialiB creriaibHOTO npu3HaueHHs. OIHUM 13
TakKUX MarTepialiB € TEPMOCTIHKI MOJIMEpU 3 BUCOKUM pIBHEM (PI3UKO-MEXaHIYHUX
BJIacTUBOCTEN. JI0 Takux MarepiajliB BIIHOCATHCS apoOMaTHuHI MoJiaMian 1 GeHOJIbHI CMOJIH. Y
BUXIJJHOMY BUTJIA/1 11 MOJIMEPH NPAKTUYHO HE BUKOPUCTOBYIOTHCS B SKOCTI KOHCTPYKLIMHHUX
MarepiaiB 1 y OUIBIIOCTI BHUMAJKIB I1X HAMOBHIOIOTH JUCIEPCHUMH 1 BOJOKHUCTUMH
HamoBHIOBayaMu pi3HOI mnpupoau 1 wmopdonorii. OaHuM 13 HAWOUIBII NEPCHEKTUBHUX
HAaIOBHIOBAYIB IS IUX TMOJIMEPIB € JIOKCHUIN KPEMHII0. 3aBIsSKH iX PO3BUHEHIN MOBEPXHI Ta
aKTUBHUM CWJIAHOJIBHUM TIpyllaM Ha HIA BJA€TbCA OTPUMATH TMOJIMEPHI KOMMIO3UIIIHI
marepianu (ITKM) 3 piBaem wminocti 10 240 MIla, Temno- i Tepmoctiiikocti g0 290 ta 380°C
BIJIIOBIAHO.

OmHuM 13 OCHOBHUX HEAOJIKIB ITUX MarepialiB € iX CKJIaJHa Ta EHEeProBUTpPAaTHA
TEXHOJIOT1s 1epepoOku y Bupoou. ToMy akTyaqbHUM 3aBJIaHHSM € 11 CIIPOLIEHHS, 0 IpU3BEIE
710 3HAYHOTO 3/ICLIEBJICHHS rOTOBUX BUPOOIB 13 nanux [TKM.

Otpumanns BupoOiB 13 [IKM Ha ocHOBI apomMaTHyHHUX MOJiaMiaiB, (PEHOJIBHUX CMOJ Ta
TIOKCHJly KpEeMHII0 BinOyBaeTbcs y 3 eramu: MIArOTOBYM, OCHOBHUHM Ta 3akitouHui. Ha
MIArOTOBUYOMY €Talll OTPUMYEThCS MOJIMEPHA KOMIIO3UIIS 32 paXyHOK MEXaHIYHOTO CyMILEHHS
BHUXITHUX KOMIIOHEHTIB 1 1i TaOmeryBaHHsi. Ha ocHOBHOMY erami BimOyBaeThCcsi mepepoOKa
OTpUMaHOi TabJIeTKH y BUPIO METOJOM KOMIpeciiiHoro npecyBanHs y ¢popmax 3 niairpisom. Ha
3aKJIIOYHOMY eTami BiaOyBaeTbes (iHIIHA MexaHIyHa OOpoOKa OTpUMaHMX BUPOOIB s
MpUAaHHS iM HEOOXITHOTO 30BHINIHHOTO BUTJISAY.

Hamu Oyno 3ampomoHOBAHO CHPOCTHTH METOJ OTPUMAaHHS MOJIMEPHOI KOMITO3HMII Ha
OCHOBI apOMaTHYHUX TOJIaM1IiB, EHOJBHUX CMOJI Ta MIOKCHIY KPEMHIIO 3a paxyHOK in situ
CYMIIIEHHS] BUXIAHMX JMCHEPCHHUX YAaCTHMHOK IOJIIMEPIB 3 HANOBHIOBau€M B Ipoleci HOro
CHUHTE3Y 1 BHUKIIOYHTH 32 PAaXyHOK I[bOTO OTEpallil0 MEXaHIYHOrO CYMIIICHHS BHXITHUX
KOMIIOHEHTIB TIOJIIMEPHOI KOMIIO3HIli Ha MIArOTOBYOMY eTami mepepoOku. lle mo3Bomumio
3MEHIIUTH CcoOiBapTicTh BUPOOIB 3 mocmimkenux I[IKM Ta oTpumatu Ouibln  sKICHE
pO3MOJIUIEHHS HamoBHIOBada B 00’emi mousimepy. Ilo, y cBoro uepry, crpusie MOKpalieHHIO
piBHS (I3MKO-MEXaHIYHUX Ta Temo(i3M4YHUX BiacTuBocTel oTpumanux I[IKM. B Tabmui
MPUBEACHO NOPIBHAIbHUI aHami3 BiaactuBocTed [IKM oTpumanux 3 BUKOPUCTaHHSIM METOAY
CYMILIEHHS in Situ BUX1IHUX KOMIIOHEHTIB Ta MaTepiajiiB OTPUMAHUX IO CTaHAAPTHOMY METOLY

Tabmuis — Oi3uKo-MexaniuHi Ta TerIo¢3udH1 BIacTUBOCTI gociikeHnx [IKM

. MeTo1 OTpUMaHHS MOJIIMEPHOT KOMITO3UIIT
[Toka3HuK BIaCTUBOCTEMN v - ——
CTaHJIapTHUM CYMIIEHHS 1n situ

['ycTHHA, KT/M 1350 1400
Hanpyxenns TPA MEKi TeKYOCTi 266 275
npu ctuckanHi, MIla
TBepaicts, MIla 200 230
Temneparypa po3m’sikiieHHs 3a Bika 282 291

BinnoBigHO 110 OTpUMaHUX pe3yNbTaTiB MOKHA 3pOOMTH BUCHOBOK, L0 BUKOPHUCTAHHS
METOJy CyMIIIEHHS in Situ BUXITHUX KOMITOHEHTIB MOJIMEPHOT KOMIIO3HUIIIi JO3BOJISIE HE TUIBKU
CIPOCTUTH Ta 3JCIIEBUTH TEXHOJOTII0 OTPUMAaHHS BHUPOOIB 3 JOCIIKEHUX MaTepiajiiB, a 1
orpuMatu [IKM 3 OuIbIII BUCOKUM PIBHEM BJIACTUBOCTEH HIK MO CTAaHAAPTHIA METOIHUIIL.
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HAHOMO/IUPIKYBAHHSA TEPMOIIVIACTIB I BUCOKOMO/YJIBHI
MATEPIAJIA EJIEKTPOTEXHIYHOI'O ITPUSHAYEHHS
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Kadenpa xiMiuHO1 TexHOOT 1T IepepoOku riactMac, HattionansHuii yHiBepeuteT "JIbBIBCbKa
HoJTexHika"
e-mail: suberlak@polynet.lviv.ua

OpeprxkaHHs MOJIMEPHUX HAHOKOMIIO3UTIB HA ChOTOJIHIIIHIN I€Hb € OJHUM 3 MPIOPUTETHUX
3aB/laHb IOJIIMEPHOI TEXHOJIOTI. 3a3BU4Yail SIK HAHOPO3MIPHI HEOpPraHiyHI HAlOBHIOBaYl MAJIst
MOJIIMEPIB BUKOPUCTOBYIOTH TNIMHUCTI MIHEpaJId — MOHTMOPWJIOHIT, CAIOHIT, TE€KTOPUT Ta iH.
Montmopuionit (MMT) — mapyBaTtuii alFOMOCHIIIKAT, Ma€ 0COOJIMBY MaTPUYHY CTPYKTYPY, sIKa
3a0e3meuye MOro YHIKajabHI BJIACTHBOCTI SK HAHOHAIOBHIOBAYa MOJIMEPHUX MaTpullb. Jlst
CTBOPEHHSI  HOJIMEP-CUJIIKATHUX HAHOKOMIIO3MTIB ~ BUKOPUCTOBYEThCS  3aaTHicTh  MMT
IHTEpKaJIIOBaTH y MDKIIAPOBUI MPOCTIp MOHOMEPH 1 MOJIIMEPU 3 HOJAJBIINM PO3LIapyBAHHSIM
(excoriallier0) YaCTMHOK HAlOBHIOBaya HAa MOHOIIApU TOBLIMHOIO 1 HM. OCHOBHY yBary B
007acTi  CTBOpPEHHS  IIAPYBATO-CWJIIKATHUX  TOJIMEPHUX  HAHOKOMIIO3WTIB  MPHUAUISIOTH
JOCATHEHHIO BUCOKOI'O PIBHSI eKcoialii HAHOPO3MIPHUX YaCTUHOK B IOJIIMEPHINA MaTpulll, 110
BH3HAYA€ JOCATHEHHS BUCOKHUX €KCIUTyaTaIlliHUX BIACTHBOCTEH. TOMY aKTyaJlbHOIO MPOOIEMOI0
€ niadip epeKTUBHUX MOAM(DIKATOPIB IIapyBAaTOrO CUJIIKATy, L0 3a0e3leuye BHCOKY aJare3iro
HaIloOBHIOBAaua 3 TIOJIMEPHOIO MAaTpHIe0. BimoMi JOCHUDKEHHS Ui JOCSATHEHHS CYMICHOCTI
MOHTMOPWJIOHITY 3 MOJSIPHUMHM IOJIIMEpaMu, 30Kkpema 3 nogiaminom-6 (ITA-6), ski nonsraiots y
iHTepKasinii MMT HU3bKOMONEKYIIPHUMH aMiHOKHCIIOTAMU YU OJIIFOMEPHUMH YETBEPTUHHUMU
aMOHIEBUMHM COJISIMU 3a MIIBUIIEHUX TEMIIEPATyp BIIPOJOBXK TpUBAIOro yacy. [[ns migBuiieHHs
posmapyBanHss MMT B momioneiHOBUX 1 CTHPOJBHMX HAHOKOMIIO3WTAX Ha4acTiIie
BUKOPHUCTOBYIOTHCSI KOIIOJIIMEPU MaJIiHOBOT KHUCIIOTH 1 €TWJIEHYy Ta BYIJIEBOJHEBI OJOK-
KOIOJIIMEpH, [KI MICTATh (DYHKI[IMHI TpyNU amiHiB, aHTIAPUIIB, KUCIOT 1 €NOKCHIHHX CMOJL
3MillyBaHHA TEPMOIUIACTUYHUX MOJIMEpIB 3 MOAU(IKOBAaHMM MOHTMOPHJIOHITOM 3a0e3rneuye
MIIBUILEHHS. TEPMOCTIAKOCTI, BOTHECTIMKOCTI, >KOPCTKOCTI, TBEPJIOCTI 1 MEXaHIYHOI MIIHOCTI
KOMIIO3UTY.

Hamu 3anpomnonoBanuii croci® iHTepkamsaiii MMT mig gi€r0 yabTpa3ByKy y BOJHOMY
cepenoBuli 3a jgornomoroo nodiBiHuniponigony (I1BII), sikuii, kpiM Toro, crpusie yrBOPEHHIO
OJIHOPIIHUX TOJIMEPHUX CyMillel Ha OCHOBI aM(]inoyispHUX MoJiiMepiB. 3okpema, cymim [1BIT 3
[TA-6 xapakTepu3yeTbCsi BHCOKMM CTYIIEHEM KpPHUCTAJIIYHOCTI Ta BHILOK TEMIEPaTypoOro
kpuctamizarii. 3aBasku Qi3uyHiid B3aemosii mosiaminy 3 [IBII Ha oCHOBI BOJHEBUX 3B'S3KIB
3MEHUIYEThCSI TOJSIPHICTH 000X TMOJIMEpIB, IO JIa€ MOKJIMBICTh 3MIINIyBaTH HoOro 3
noginporniieHoM (I1IT), 6e3 BUKopucCTaHHS KOMITaTHOLTI3aTOPIB CKIAAHOT XIMIYHOT OYA0BH.

BHacnigok cuUCTEMHUX JOCHIDKEHb pO3pO0JIEHO HAHOMOAMU(DIKATOp HOBOTO THUILY MJIs
tepmoruiacTiB Ha ocHoBI MMT ta IIBII, meronmamu ATA, ATI, TT' ta penrrenorpagiuHoro
aHATI31B MTOKA3aHo, 10 32 YMOB 3MilTyBaHHs BogHUX po3unHiB [IBI1 Ta MMT B ynbTpazBykoBOMY
MOJIl MDK HUMU B1IOYBa€eThcsl (PI3MYHA B3a€EMOJISI 3 YTBOPEHHSIM KOMIIO3MTY 3 MiIBULICHOIO Ha
60°C TtepmocriiikicTio mopiBHSHO 3 BuximauM [IBIl. TexHOJOTIYHOIO il BUKOPUCTAHHS SIK
HaHoMoauGikatop € komnosuuis ckiaagy MMT:IIBII = 1:5, B skiii iHrepkamsuis MMT
BiIOYBa€ThCs HAUTIOBHIIIIE.

[Tokazano, mo MoaudIiKyBaHHS B PO3TONI MOJIKAMpoaminy-6 KOMIIO3UTOM Ha OCHOBI
MMT/IIBII chopuse TIABUIICHHIO MIMHICHUX, TEIUIOPIBUYHUX Ta  EJIEKTPOI3OJIALINHUX
BJIACTUBOCTEN TMOJIKANpOaMily, Xo4ya CYTTEBO 3HIKYETbCA Horo nedopmMaTUBHA 3aTHICTD.
[lo3utuBHMI edpekT Moau(IKyBaHHS MOHTMOPWJIOHIT-TOMIBIHUIIIPOIIOHOBOIO — CYMIMIIIIO
nposiBisieTbesl B oOnacti koHeHTpauin MMT 5-7 %wmac. 1o [1A-6. 3okpema MILHICTh Ta MOAYJIb
MPYXHOCT1 MiJ Yac 3TUHAHHS 3pOCTaloTh Oulbllle, HDK y 2 pas3u, TBEPIICTH — Yy 3 pasw,
TEIIOCTINKICTh 3a Bika 30utbmyeThest Ha 20 °C, muTomMuii 00'eMHMIA €IEKTPUYHUHN OIIp 3pOCTae
Ha MOPAJIOK.
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Eco-friendly composites have been gathering much more attention since environmental
concerns and regulations are increasing nowadays. Eco-composites have several advantages
including biodegradability, recyclability, low weight and cost-effectiveness. These properties
open ways to green composites for potential replacement with petroleum based materials in
several application areas from packaging to transportation [1-3]. Fabrication of composites using
polymers derived from natural resources such as poly (lactic acid) (PLA) with agricultural
wastes makes material eco-friendlier [4-8].

In this study, mussel shell powder (MS) was obtained by grinding of MS wastes. MS
containing PLA based bio-composites were developed via melt blending using lab-scale micro-
compounder. Filler loadings were in the range 10% between 40% by weight. Test samples were
prepared by injection-moulding process. The effect of mussel shell additions on mechanical,
melt-flow, water uptake and morphological properties of PLA based eco-composites were
investigated by tensile, shore hardness and impact tests, melt flow index test, water absorption
test and SEM technique, respectively.

According to test results, inclusion of MS to PLA matrix caused slight improvements for
tensile strength and modulus parameters. The optimum concentration of MS was estimated as
30% according to mechanical test data. MFI value of unfilled PLA showed no obvious change
with the addition of MS which indicates that processing of composites can be performed
practically in scale-up step. Water uptake of composites were found as higher than PLA.
Dispersion of MS powder was examined by SEM photographs and it was observed that
formations of agglomeration increase for higher loading levels of MS.
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BUPOBHUILTBO NOIIEPEJHbBOI3OJIBOBAHUX TPYH 3
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Anopiu Hauoa
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B ocranniii yac s MOHTaXy MEPEX TEIUIONOCTaYaHHs, K MIA3EMHOTO TaK 1 HAJ3€MHOTO
BUKOHAHHS, BUKOPHCTOBYIOTH MOJIIMEpHI monepeanbo 13oiboBaHi Tpyd (IIIT) Ha ocHOBI
miHonomyperany. Llsg inest e HoBa. Ille B 1960-x pokax 3aiMCHIOBAIACH IOCIIIHI pOOOTH IO
BUKOPHUCTaHHI MOJIETUJICHOBUX TPYO 1 BCIIHEHUX MOJIMEPHUX MaTepialiB sl 130JSL1l Mi3EMHUX
TerIoBUX Mepexk. OiHaK 1iel HarpsIMOK HE OTPUMAaB IIIMPOKOTO PO3IOBCIO/KEHHS Yepe3 0OMexKeHe
BHUPOOHUIITBO 1 BUCOKOBAPTICHI HOJIMEpHI MaTepiaau. | juie B OCTaHHE JECATHIITTS BJAJIOCH
JOCSITTH 3HAUHUX JIocsrHeHb y BupoOHunrsi I1IT tpy0, BipoBaauTH iX B cepiiiHe BUPOOHUITBO.

Cama texnosoris Bupoouunrsa I1IT Tpy0 € Hecknaanoro. Ilinrorosnena nposigHa Tpyoda
Ha OCHOBI 3IIMTOTO MOJIETUICHY YM MOJIETHIEHY MiABUILEHOT TEPMOCTIMKOCTI, B MONEPEAHbO
HarpiTOMy CTaHl, IIOJA€ThCSI HA BY30J1 3aliHEHHs. JlaHUM BY30J1 CKJIaJa€eThcs 3 MPUCTPOIO, 110
OJIHOYACHO B TEBHMX MPOTMOPIIAX TMOJA€ Takli KOMIIOHEHTH SIK ToJioia 1 i3omiaHar. [IpoBigHa
TpyOa oOropraerbcs IUIBKOIO 1 B HPOCTIp MDK IUTIBKOIO 1 MPOBIIHOK TPYOOIO MOJAIOTHCS B
pLAKOMY CTaHI1 MOJION 1 13011aHaT, K1 B pe3yJabTaTl B3a€MO/Iii yTBOPIOIOTH 130JILIAHUN 11ap 3
niHonojiyperany. IlposinHa TpyOa 3 130JLIMHUM HIapoOM IOCTYyNae Ha rogparop, KU 3aaae
HEOOX1TH1 PO3MIPH 130JIALIHHIA 000JIOHIII 1 TOAA€E MPOBIAHY TPYOY 3 130JIIIITHOI0 000JTOHKOIO
Ha TOKPUBHY TOJIOBY, KyIU IOJAETbCS PO3IUIaB EKCTPYAOBAHOIO MOJIETUIEHY 1 o0roprae
00oJsioHKy Termoizossauii. Hagani Tpyba 3 JOMOMOroro TATHY4Oro MPUCTPOIO MOJAETHCS Ha
HaMOTYBaHHS B OyxTu abo OapabaHu.

B Vkpaini 3apa3 Y4MHHUMH € Taki HOpMATUBHI JOKyMeHTH Ha BUpoOHuLTBO 1T Tpyod:

- JICTY B.B.2.5-31:2007, mo NOIMMUPIOETHCS HAa TPYOOTPOBOIW I 30BHIINIHIX MEPEK
rapsyoro BOJIOTIOCTAYaHHSI Ta TEIJIOBUX MEPEX 31 cTalll abo CcTpykTypoBaHoro nojietuneHy PE-
X 13 3aXMCHOIO OOOJIOHKOIO KUIBIIEBOTO TEpEpidy 3 MOJICTHJICHY YH METally, CTIMKOro M0
atMocepHOi KOpo3li, 00’€JHAHUX B OJHE IUI€ TEIJIOBOKO 130JIAIIEI0 31 CHIHEHOTO KOPCTKOTO
MOJIlypeTany;

-JACTY -H b B.2.5-81:2015, mo mnomuproeTscsi Ha NPOEKTYBaHHS, OYIIBHUITBO
MOJIIMEPHUX TONEPEAHbO 130JbOBAHUX TPYO, K1 CKJIAJalOThCA 3 MPOBIAHOI TPYOM HA OCHOBI
nomietwiieny PE-X, PE-RT tun 2, temmnoizosnsmii 3 miHOMOJiypeTaHy 1 3aXMCHOT OOOJIOHKH 3
MOJIICTHIICHY.

TOB «Kanycbkuit TpyOHUI 3aBO» OCBOIB TEXHOJIOT1I0 BUPOOHHUIITBA IIPOBIAHUX TPYO HA
ocHoBi nomietwieny PE-RT tumn 2, apMoBaHOr0 BUCOKOMOIYJIBHUMH apaMiIHUMH KEBJIapOBUMU
Hutkamu BUpoOHUINTBa KommaHii DUPONT (BenukoOpwuranis), mo go3Boiauno a0 40%
3MEHILIUTH MaTeplaIOMICTKICTh MPOBIAHUX TPYO MPHU HE3MIHHUX EKCIUTyaTallliHUX 1 MILHICHUX
XapaKTepUCTUKaX 32 PaXyHOK 3MEHIIECHHS TOBILHUHU CTIHOK.

Jlana TexHomoris nepeadavae OTpUMaHHS TPYOHOT €KCTPYJOBaHOI 3arOTOBKM Ha OCHOBI
nonietuneny PE-RT tun 2, 1i 0XosopkeHHs 1 Ho1adi Ha MOY/Ib HAMOTKHU apaMiIHUX BOJOKOH.
B 3anexxHocTi Big THUMy TpyOM i€ HaMOTKa IMiJ MEBHUM KPOKOM apaMiJHUX BOJIOKOH TIO
30BHIIIHIN 000JIOHII 3arOTOBKH, IICJS YOT0 OTpUMaHa KOHCTPYKILISI IPOXOJAUTh KPi3b HOKPUBHY
rojioBy, /¢ Ha HEl HAHOCHUTbCS WIap MOJieTWIeHY Ha ocHOBl nojietuneHy PE-RT tum 2.
OtpuMaHa mHpoBiAHA TpyOa OXOJOJDKYETbCS B BaHHI OPOILIEHHS 1 MOJAEThCS HA MPUCTPIil
HaMOTYBaHHS B OyxTu uu O6apabaHu.

s BupoOHuuTBa BunieBkazanux Tpyo TOB «Kamychkuil TpyOHMIT 3aBOa» po3poOuB 1
3aTBEpAUB HACTYMHI TEXHIYH1 YMOBHU:

-TY V B.2.7-22.2-35615975-004:2019 «Tpydu moiMepHi THYYKI ISl MEPEXK XOJIOTHOTO,
rapsiyoro BOJONOCTa4YaHHS Ta TEIJIOBUX MEPEK»

TV V B.2.7-22.2-35615975-005:2019 «TpyOu mosjimMepHi rHy4Ki apMOBaH1 13 3LIUTOTO
MOJIIETUIIEHY JUISl MEPEX XOJIOJJHOTO, TapsSY0ro BOJAONOCTaYaHHS Ta TEIJIOBUX MEPEX»
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VITAMIN A AND ITS DERIVATIVE AS NEW ATRP BIOINITIATORS
FOR LINEAR AND GRAFT COPOLYMERS USED AS MICELLAR

CARRIERS OF ACTIVE SUBSTANCES
Justyna Odrobinska, Katarzyna Niesyto, Dorota Neugebauer
Silesian University of Technology, Gliwice, Poland
justyna.odrobinska@polsl.pl

Retinol (RET) belongs to the active substances indicating good penetration into the
epidermis and recovery effect, especially with regard to skin disorders like wrinkles, acne and
hyperpigmentation [1]. 4-n-Butylresorcinol (4nBRE), a derivative of RET, is also a bioactive
substance with a scientifically confirmed brightening effect. Additionally, laboratory tests have
shown much higher effectiveness of 4nBRE compared to other substances with depigmentation
effect, e.g. hydroquinone [2].

Because of the positive effects of RET and 4nBRE on the skin, they were used as
precursors to obtain new initiators of the atom transfer radical polymerization (ATRP) being
their bromoester derivative (RETBr, 4nBREBr) [3]. The obtained compounds successfully
initiated ATRP reaction, and as a result amphiphilic copolymers of methyl methacrylate (MMA)
and 2-hydroxyethyl methacrylate (HEMA) as well as MMA or HEMA with polyethylene glycol
methyl ether methacrylate (MPEGMA) were synthesized. The amphiphilic copolymers with
PEG grafts were also prepared by pre-polymerization strategy using “click chemistry” reaction,
in which the azide functionalized PEG chains were grafted onto multifunctional
polymethacrylates containing alkyne units [4]. The latter ones were obtained by RETBr or
4nBREBET initiated ATRP of alkyne functionalized HEMA (AIHEMA) and MMA.

The designed amphiphilic linear and graft copolymers showed tendency to micellization in
aqueous solution at room temperature. The self-assembling behavior was employed to
encapsulate arbutin (ARB), vitamin C (VitC) or vitamin E (VitE) into micelles. The loading
contents for ARB and VitC were higher than for VitE (>50% vs ~20%, respectively). In vitro
experiments carried out in the phosphate buffer solution (PBS) at pH 7.4, indicated the
maximum release of ARB after at least 20 min, VitC within 10 min and VitE after 1.5-24h
depending on the polymer amphiphilicity.

In respect to both encapsulation and release studies, the presented copolymers seem to be a
good candidates for the potential delivery applications. The micellar systems with a short release
time (up to 30 min) can be effective in the face masks, whereas the other ones delivering
bioactive substance within longer time are perfect for cream application. The further studies on
toxicity and diffusion through the artificial skin will verify biological potential of these systems
for cosmetology.
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B ymoBax nediuuTy Ta AOpOXKHEYl HATypaJibHOI CHPOBUHU (TpaJuLINHUX MaTepiaiiB)
BUPOOHUKH B3YTTS 3MYLIEHI 3aCTOCOBYBATH IITY4HI, CHHTETUYHI Ta KOMOIHOBaHI MaTepiaiu Ha
OCHOBI nostiMepiB. JI0 OCHOBHHX IIE€peBar MmoJiiMepHUX MarepiajiB MOXKHA BIAHECTU JJOCTYIHICTb
Ta HEBUCOKY I[1HAa, IIMPOKUM J1ara30H MEXaHIYHUX BJIACTUBOCTEH (TBepl, M’sKi), HAAIMHICTD 1
JIOBIOBIUHICTh, & TAKOK BUCOKY TEXHOJIOTTYHICTh B YMOBaX MacoBOTro BUpoOHHITBA. O/HAK, HE
cirin 3a0yBatH 1 Mpo iX CYTTEBUN HEOJIK — HU3bKI Tri€HIYH] BJACTUBOCTL.

3a 3IaTHICTIO MOIVIMHATU Ta MepefaBaTH BOJOTY Yy BHUIJIAAI mapu abo Kpamelnb, IO
BHIUISIOTHCS TOTOBUMH 3aJ103aMH JIFOJUHH B TIPOLIEC] KUTTEMSUIBHOCTI, CHHTETUYHI MaTepiaiu
CYTTE€BO TMOCTYMAIOThCA HATYpaJbHUM. 3a3HA4Y€HE IUIKOM Y3TOKYETHCS 13 PO3p0OIECHOIO
aBTOpaMH METO/I0JIOTIEr0 (TpadiuHO-YMCIOBUM CTIOCOOOM) KUTBKICHOTO OIIHIOBaHHS TIr€HIYHUX
BJIACTUBOCTEN IITYYHUX, CAHTETUYHHUX 1 HATYpaJIbHUX LIKIP 3@ MOKa3HUKaMH TrPOCKOMIYHOCTI,
BOJIOTOBIIaud, NApONPOHUKAHHS, KalUIPHOCTI Ta HaMOKaHHA, $KI BHM3HAYalOThCi 3a
CTaHIAPTHUMH MeToauKamu [1].

HampanpoBanmii 10CBiiT 3 BUBYEHHS Ta CHCTEMAaTH3allil TIrl€HIYHUX BIIACTUBOCTEH
B3YTTEBUX MarepiajliB pi3HOI MPUPOAM Ta IOXOPKEHHS MOXE OyTHM BUKOPHUCTAHUN MAJis
BUpIIIEHHS NPOOJIEMHUX NUTaHb BOJIOIO-TEMIEPATYpPHOi KOMQOPTHOCTI, $K CKJIAJOBOL
3arajibHOT KOM(OPTHOCTI TOTOBOTO BUPOOY, BAXKIIMBOTO CIOKMBYOTO MOKAa3HUKA SKOCTI B3YTTH.
Jlana mpo6Giiema 0coOIMBO aKTyallbHA 3 YpaxXyBaHHSAM CHUJSYOTO CTIOCOOY MISUTBHOCTI JTIIOAUHU Y
3aKpUTHX MPHUMIIIEHHAX, B YMOBaX HemnepeadoauyBaHOi MOOLILHOCTI Ta ypOaHi3alii, 1, Ha aJb,
Bce OUThLI NOMTHOIIOBATUMETHCS 3 OISy Ha (PaKTOP II100aIbHOTO MOTEIUIIHHS.

Metoro poboTtu Oyi0 OOTpYHTYBATH JOIUIBHICTH Ta TEPCIEKTUBH BUKOPHUCTAHHS
KOMITO3UIIITHOTO MaTepialy Ha OCHOB1 €JJaCTOMEpIB Ul BUT'OTOBJIEHHSI BHYTPILIHIX AeTajieit
B3YTTS, SIK1 0€310CEPEHBO KOHTAKTYIOTh 31 IIKIPOIO CTOIH JFOJAUHU.

g peanizaiii copmynbOBaHOI METH IMOCTaBWJIM 3aBJaHHS PO3pOOUTH HOMEHKIATYPY
MMOKA3HUKIB SIKOCTI TAKOTO KOMITO3HMIIIMHOTO MaTepiaiay sl B3YTTS, SIKHU MOEAHYBAaTUME Yy cOO1
IepeBaru sK MoyJiMepHuXx (nonimepna mampuys), Tak 1 610reHHUX MaTepiaiiB y BUIIISI1 BOJOKOH
Ta JpIOHOMUCIIEPCHUX KOMIIOHEHTIB (¢aza Hanosniosaua). 3a 00’€KT MOCITIIKEHHsS oOpanu
HOMEHKJIATYpy MOKa3HUKIB SKOCTI KOMIO3UIIMHMX MaTepiajiiB, a 3a MNpPEeIMET — OCHOBHY
YCTUIKY, JleTalb B3YITSA, CTOCOBHO SIKOi MOKHa PpO3IJISIaTH YBECh CHEKTP CHOKHBUMX Ta
FIri€EHIYHUX BUMOT CUCTEMU «B3YTTS-CII0KUBAY-CEPEIOBHUIIIEY.

s 3a0e3neyeHHs HOMEHKJIATypHHUX BHMOT y poOOTI 3acToCyBajid IOKa3HUKHU
FIrPOCKOMIYHOCT], BOJIOTOCTI, 3MOYYBAaHHS, KAalUIIPHOCTI, MAapONPOHUKAHHS, HAMOKAHHS,
BOJIOTOB11auH, K1 Bi0Opa)xaroTh 3/1aTHICTh MaTepiajly MOTJIMHATH, [epelaBaTu Ta B1AJaBaTH
BOJIOTY, III0 MOXXE€ YTBOPIOBATH Pi3HI TUNHM 3B’S3KIB 3 KOHTAKTYIOUMM MaTepiajioM. 3a LUMU
MOKa3HUKaMH IepeadavyaeTscsi ONTHMI3YyBaTH CKJAJ KOMIO3MIIHHOrO Mmatepiany. Jlius
OIIIHIOBaHHS (PI3UKO-MEXaHIYHUX BJIIACTUBOCTEH OCTAHHBOI'O IPOMOHYIOTHCS TaKl MOKA3HUKHU SIK
UIIBHICTh, TBepAICcTh 3a LllopoM, MILHICTH Ha pPO3pUB, MPYKHICTb, MOCTIMHA Jedopmaris
CTHCHEHHSI, OIIp CTHUpPaHHIO. Bce 11e 103B0INTh HaJIeXKHUM YMHOM OLIHIOBATHU SIKICTh Marepiaiy
i B3yTTs. IlepcrieKTMBHUM 3aBJaHHAM HAyKOBOI'O JIOCHIPKEHHS € CTBOPEHHS CY4aCHOI'O
KOMITO3UIIITHOTO €JaCTUYHOTO MaTepialy 3 MEBHOK (PYHKIIOHAJIBHICTIO, KM Oyne 31aTHUMN
NPOTUIISITH HAAMIPHOMY MOTIHHIO CTOIM CIOYKMBAya IiJ] 4ac eKCIUTyaTallii B3yTTs.

1. Yu. Fordzyun, O. Andreyeva, L. Maistrenko. The problems of objective evaluation of
consumer properties of artificial, synthetic and natural fiber materials for the light industry //
Baltic Polymer Symposium 2012. Program and abstracts. — Liepaja, Latvia, September 19-22,
2012. — Riga Technical University, 2012. — p. 59-60.
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BJIACTUBOCTI IIE KOMIO3UIII HAIIOBHEHUX KOJIOIJHUM
I'PA®ITOBUM ITPEITAPATOM MAPKH C1

Lanuna bab'ax
TOB «Kanycbkuii TpyOHHH 3aBO»
lab.katz@polyplastic.ua

CyuacHuil po3BUTOK TEXHIKM BHMAara€ CTBOPEHHS HOBHUX IMOJIIMEPHHUX E€IEKTPOIPOBITHUX
KOMITO3ULIIHUX MarepianiB. lle cTocyeTbes, 30kpema, Takux c@ep MNPOMHUCIOBOCTI, fKI
MOB'13aH1 3 BUKOPUCTAHHSIM AHTUCTATUYHUX MOKPUTTIB, HAIBIPOBIIHUKIB, a TaKOX TPyO s
[THEBMOTPAHCIIOPTYBAHH1 TI'PAHYJIbOBAHUX PO3CUIHUX BHOYXOBUX pedyoBHUH. [l CTBOpEHHs
TaKUX MarepiajiB B TOJIIMEpP BBOJATH a00 HAHOCSTH HAa MOBEPXHIO CHEIlAbHY T00aBKY, sKa
YTBOPIOE  CTPYMOTNPOBIAHY CTPYKTYpY. B skocti Takoi 1006aBKM dYacTilie BCbOIO
BUKOPUCTOBYIOTh BYIJIELIEBI 1 MeTaneBl HamoBHIOBaui. [Iponaykiiis Mae cTporo meBHUMHU
BJIACTUBOCTSMHM 32 ITUTOMOIO 00'€MHOIO €JIEKTPOONOpY JUIsl 3all00IraHHsl YTBOPEHHS CTaTUYHOL
€JIEKTPUKHU.

Mertoro pocniymkenHs: BinactuBocTi [1E xommno3uiii HanoBHEHUX KOJIOIIHUM TpadiTOBUM
npemapatom Mapku Cl  cramo 3amMoBiIeHHS Ha TpyOM Ui IHEBMOTPAHCIOPTYBaHHI
IpaHyJbOBAaHUX PO3CUIHUX BHOYXOBHUX peuoBUH. I oJepkaHHA KOMIO3MLII Oysiu
BUKOpHUCTaHI1 nojietuyieH Hu3bkoro tucky (IIEHT) mapku P6006 AD Tta xonoinuuii rpadiroBuii
npenapat mapku Cl.

Komno3uiii orpumyBasim y BUIJISAl IUTIBOK Ha JiaboparoHoMy oOJaaHaHHI. 3MICT
HaIllOBHIOBaYa B IUX KOMIO3UIAX Oyino oOmexeHo 20% wmac. Yepe3 Te, mo mpu OUIBIIOMY
HAllOBHEHH1 KOMITO3ULIi PI3KO MOTIPIIYIOTHCS i1 (PI3MKO-MEXaHIYH1 NOKA3HUKH - YTBOPIOETHCS
KPUXKHM MaTepiall, HeNpUIaTHUI 17151 eKCIuTyaTarii.

JUis ~ BU3HAUEHHS  IUTOMOTO  OOEMHOIO  €JIEKTPUYHOIO  OMOpY  KOMIO3MIIIT
BUKOPUCTOBYBAJIM JIaDOPAaTOPHY YCTAaHOBKY, SIKa CKJIAJAETHCSI 3 TEPAOMMETPY 1 €JIEeKTPOHOIO
MIPUCTPOIO /ISl BUMIPIOBAHHSI €JIEKTPUYHOTO ONIOPY 3pa3Ka KOMIIO3HUIIII.

Komnonentn BMmicT KOMIIOHEHTIB B IOBEPXHEBOMY LIapi
xomIo3utii, B % Macc.
Konoinuuii rpagirosuii npenapat - 10 15 20
[Tutomuii 06'eMunii enekTpuunuii onip, Omm | 2,12° 10" [5,30°10° [5,30°10% | 9,54°10°
Mexa TekydocTi npu po3pusi, Mlla 26,0 21,3 21,6 25,1
BinHocHe BUIOBXEHHS NpU pO3puBL, Yo 300 101 61 59
Mopyns npyxHuocTi, MITa 8,7 21,1 35,3 42,5
[Toka3Huk TeKy4oCT1 po31uiaBy, r/10xs. 0,37 0,40 0,42 0,42
TepmocTabiTBHICTD, XB. 60 16 27 14
TepmocTabimpHICT — OJHE 3 HAWBAXIMBINIMX BJIACTUBOCTEH, SIK MOJICTHICHOBOI

KOMIO3HIlI, Tak 1 camoi TpyOu. 3  9acoMm TOJIETUJICH MiAAAETHCS TEPMOOKHUCITIOBABHIN
JECTPYKIIii, IO B KIHIIEBOMY PaxXyHKY MO3HAYA€THCS HA HOTO BJIACTUBOCTI (MIitHOCTI). Lle siBuie
0COOJINBO BUpaX€HE Ha BHYTPIIHIA MOBEpXHI TpyOW, A€ HEoOXinH1 CTabUI3aTopu 3 4YacoM
«BUMHBAIOThCS». TOMy AyXke BaXJIMBY pOJib BIAIrpa€ HE TUIBKM TOMOTE€HHUH pO3MoALl, aje i
TaKOX THI (Mapka) sSIK T€pPMO-, TaK 1 CBITJIOCTa01I13aTOpH (30KpeMa caxi). TepmMocTabuIbHICTh
BH3HAYAETHCS METOA0M U (DEepPEeHIIaATFHOTO TEPMIYHOTO aHAII3Y HA TEPMIYHOMY aHaji3aTopi abo
KaJIOpUMeETpi

Pozpobneno ckman crpymonpoBigaux I1E kommo3wurriii Ha ocHosi [IEHT Ta HamoBHioBaua 3
KOJIOITHOTO TpadiTOBOTO Tpemnapary, Skl MepepoOsisii eKCTpy3iiHuM MeTtojoM. Haiikparri

MMOKA3HUKH MAa€ KOMITO3UIIS 3 BMICTOM KOJIOITHOTO rpadiTOBOrO Mpemnapary y Kinbkocti 15% mac.
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KOMITO3UIIFHI MATEPIAJIA HA OCHOBI
I3BOIIAHYPATBMICHOI'O TIOJIYPETAHY 3 ITPOJIOHT'OBAHUM

BHUBIJIBHEHHSAM JTJOKCOPYBIIINHY
C.A. Jlykawesuu, P.A. Poocnosa ,I'.A. Kosnosa, JI.IO. Heuaesa
[HCcTUTYT X1MIT BUcOKOMOJIeKyIsipHUX criosiyk HAH Vkpainu
e-mail: rozhnovarita@gmail.com

Ha  ocnoBi  momiokcumponuienriikomo,  THI  (2,4-;2,6-TonyinenaiizoniaHary),
13ouianypayty TITI'MI (2,4,6-Tpuizorianar (TpucrekcaMeTHIIEH )i301llaHypary), JOKCOpyOIlHY
Ta MOJOBXKYBaya JIaHLora — AUriapasuay anumniHonoi kuciaotu (JAK) 3a pizHOro mMoiabHOro
cniBBimHomennss TJII g0 i3omianypaTta CHHTE30BaHO HOBI TOJIMEpHI MaTepiaid 3
130111aHYpaTHUMHU BY3JIaMH PO3TaTy>KEHHS.

B ocrtanHi poOKM AaKTHUBHO MpPOBOASTHCS pPOOOTH MO CTBOPEHHIO IPOJOHIMOBAHUX
noyiiMepHUX (HOpM 3 TOKCOPYOIIMHOM. YBary BUEHHMX MPHUBEPTAIOTh JOCHIIPKEHHS OB s3aHl 3
METO/JIaMH Ta MeEXaHi3MaMu IMMOOLII3alli AOKCOPYOIUHY, AOCIUDKEHHS HOro O10J0TT4HOL
aKTUBHOCTI, 3JaTHOCTI JO IPOJIOHTOBAHOTO BUBUIHHEHHS JIIKApPChKOI PEYOBUHH, BIUIMBY Ha
CTPYKTYpY Ta BJIACTHBOCTI MOJIMEPHUX MaTpuLlb Toulo [1].

Ha ceoropnimHii AeHb AOCIPKEHO 3AaTHI A0 Ol0MECTPYKIli MOJIMEPHI CHCTEMHU 3
JOKCOPYOIIIMHOM 3 pI3HUMHU criocobamu iIMMOOLII3allli Ta BUBLUILHEHHS JIIKAPCHKOTO Ipernapary
OTpUMaHI Ha OCHOBI ToMoIoJiMepiB (mojimeTakpuioBoi kucinotu, I[IBC, mnomi-N-[2-
TIPOKCUIPOIIUT|aKpHJIaMil), T€TEPOLENHUX MOJIMEpIB (MOJIETUICHIMIH, MOIETUICHIIIKOIIL,
noyi-a-L-amMiHOKUCIIOTH, — modiaMigu, — nomiedipu, nomidpocdazeHn) 1 OlomoJiimMepis
(momicaxapuu, NPOTEIHU, HYKJIETHOB1 KUCIOTH).

Takox OJHUM 3 MIAXOMIB LIOJO 3MIHU CTPYKTYPH, (PI3UKO-MEXaHIYHUX Ta (PI3UKO-
XIMIYHUX BJACTUBOCTEH, SKI 3YMOBIIIOIOTh €KCIUIyaTalliHl XapaKTepUCTUKH KIHIIEBOTO
MPOJIYKTY, € BUKOPUCTAHHS PI3HUX 0I0BKYBAUY1B MaKpOJaHIfora IpU CUHTE31 MOJiypeTaHOBO1
matpuiti[1].

ImmoOinizanis qokcopyOillMHY Ha BHINE3a3HAUEHId MOJIIMEpHIN MaTpulll JacTh 3MOTy
oTpuMaTH OIOJIOTTYHO AaKTUBHI MOJIMEpPHI MaTepiayid 3 NPOJOHIOBAHUM BUBUIbHEHHSIM
JIKApChKOTO Tpernapary, SKi B MOJaJbIIIOMY MOXYTh OyTH SIK IMIUIAHTATA M’ SAKUX TKAaHWUH IS
MICIIEBOTO JIIKYBaHHS MAaTOJIOTYHUX 3aXBOPIOBAHb.

Metoro pobotu € po3poOka KOMIO3MUIIMHHUX MarepiajiB 3 JIOKCOPYOILIMHOM OCHOBI
130111aHYPATBMICHOTO TIOJIlypeTaHy Ta JOCHIIIDKEHHS JWHAMIKA BHUBUIBHEHHS JIIKapChKO1
PEUYOBHMHHU B YMOBax in Vitro.

OTprMaHO psJl KOMIO3ULIITHIX MaTepiajiB 3 1301[laHypaTHUMHU BYy3JIaMU PO3TAYKEHHS Ta
JIKapChbKUM IpamnapaToM AokcopyoiunHoM Ha ocHoBl ocHoBl OOIIl, TAI, i3ouianypayty
TITI'MI, mo MICTATh MOMOBXKYBad JIAHIIOTAa — JUTIAPa3U aJUIIHOBOI KHCIOTH 3a PI3HOTO
MombHOTO criBBinHomeHHs T/ no 3omianypary. [1]

3a MpoBEAECHWMHU AOCIKEHHSIMHU BCTAaHOBJIEHO 3aJIeKHICTh MILIHOCTI MPH PO3PHBI 1
BIJIHOCHOTO TIOJIOBXKEHHS B TOJIlypeTaHaX po3raiykeHoi OymoBu Bin cmiBBimHomeHnus T mo
TITI'MI. 3 oTpuMaHuX JaHUX BUIUIMBA€E, 110 HaOUIbIIE 3HAYEHHS MILHOCTI NPHU PO3PUBI
CIIOCTEPIra€ThCSl y 3pa3Kax CHHTE30BaHUX 3a MoJbHOTO criBBimHOmeHHs THI/TITIMI —
0,75/1,25.

3a pe3ynbTaTaMu JOCHUDKEHHS JWHAMIKM BHUXOAY JIIKapChKOro mpemnapary Oyio
BCTAQHOBJICHO, 110 31 30UIBIIEHHAM BMICTY 130I[laHypaTHOi CKJIaJIOBOI B MOJIMEpHIA MaTpuill
30UIBIIYETHCS KUTbKICTh BUBUIBHEHOTO JOKCOPYOIIMHY, IPU IbOMY a B 3pa3Kax, CHHTE30BaHUX
3a moJsibHOTO criBBimHOmeHHs TAI/TITTMI sk 0,75/1,25 cnoctepiraeTbcst MAaKCHMaIbHUN BUXIT
JOKCOPYOIIuHY, 10 TepMiHoM Ha 35 nib ckiamae 34 %.

1. C. A. JlykamieBuy, P. A. PoxnoBa, H. A. I'anatenko, I'. A. Ko3noBa. Po3poOka metomy
CUHTE3Y MOJIlypeTaHiB 3 130L1aHypaTHUMU BY3JaMu po3raimyxeHHs. JlocaiKeHHs X CTPYKTYpH
Ta BiactuBoctei. Bicauk OrY. Ximis. 2016. Tom 21, Bum. 4(60).
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'"Lviv National Polytechnic University, “Technical University of Kosice
e-mail: vmoravsky@gmail.com

Metal-filled polymer composites, as class of intensively researched materials, are
increasingly used in a wide variety of industries. This is due to the combination of the properties
of two different classes of materials. The metal in these composites is responsible for providing
unique non-polymeric properties: thermal and electrical conductivity, magnetic properties,
shielding from electromagnetic radiation, high density, etc. At the same time, the polymer
provides the composite high workability and the ability to processing by high-performance
methods, which allows obtaining high quality serial products with minimal labor costs.

Metal-filled polymer composites can be used as a basis for creating highly efficient
thermal energy storage system that, due to the heat of the phase transition, can accumulate a
much greater amount of heat per unit mass compared to materials without a phase transition with
heat accumulation only due to the heat capacity of the material. In this regard promising are
highly crystalline and large-tonnage polymers such as polyethylene, polypropylene, polyamide,
polyethylene terephthalate, etc. In particular, for polyethylene terephthalate is widely used the
collection of recyclables, which will also expand the scope of its possible recycling and reuse.
The reuse of polymeric waste contributes to the solution number of acute environmental and
socio-economic problems, as well as the ability to create low-cost thermal energy storage
system. The creation of high-efficiency thermal energy storage system has been particularly
aggravated following the widespread introduction of alternative sources of electricity and heat
(solar heating systems), as well as the introduction of preferential "night tariffs" for electricity.

The use of metal-filled polymer composites in more conventional industries can also solve
a number of problems. For example, the use of such composites for the manufacture of gears or
rolling pairs will increase the speed at which these nodes can operate. This can be reached by
better thermal conductivity of metal-filled polymer composites, which will allow more efficient
removal of heat from these nodes. In addition the use of metals, in particular copper, will reduce
friction for a number of materials and increase their durability. The development of shielding
(protective) composites needs first of all the uniform distribution of metal in the polymer matrix
and the possibility of introducing of metal filler in the form of two-dimensional elongated
structures that will significantly increase shielding properties.

These examples are only a small part of the possible applications of metal-filled polymer
composites, but they also confirmed that research into the development of new technologies for
the production of such composites and the study of their properties is a promising scientific and
practical area.

The publication contains the results of studies conducted by President’s of Ukraine grant
for competitive projects ®84/56870
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TEMPERATURE-RESPONSIVE GRAFTED POLYMER BRUSHES:
POLY(BUTYL METHACRYLATE) VS POLY(BUTYL ACRYLATE)
WITH TEMPERATURE-CONTROLLED ORIENTATION OF PROTEINS
Ostap Lishchynskyi', Kamil Awsiuk’, Yurij Stetsyshyn', Joanna Raczkowska®, Andrij
Kostruba®, Halyna Ohar', Yana Shymborska', Svyatoslav Nastyshyn®, Andrzej
Budkowski'

'Department of Organic Chemistry, Lviv Polytechnic National University, Lviv, Ukraine
*Smoluchowski Institute of Physics, Jagiellonian University, Krakoéw, Poland
*Department of Physics and Mathematics, Stepan Gzhytskyi National University of Veterinary
Medicine and Biotechnologies, Lviv, Ukraine
E-mail: oslishchynskyi@gmail.com

Poly(n-butyl methacrylate) (PBMA) and poly(n-butyl acrylate) (PBA) grafted polymer
brushes attached to glass were fabricated in a three step process involving surface initiated atom
transfer radical polymerization. The thicknesses and composition of the PBMA and PBA
coatings were examined using ellipsometry and time-of-flight secondary ion mass spectrometry
(ToF-SIMS), respectively.

For PBMA, the glass transition temperature constitutes a range close to the physiological
temperatures, which is in contrast to PBA, where the glass transition temperature is around
—55 °C. Atomic force microscopy studies at different temperatures suggest a strong
morphological transformation for PBMA coatings, in contrast to PBA, where such essential
changes in the surface morphology are absent. Besides, for PBMA coatings, protein adsorption
depicts a strong temperature dependence.

The combination of bovine serum albumin and anti-IgG structure analysis with the
principal component analysis of ToF-SIMS spectra revealed a different orientation of proteins
adsorbed to PBMA coatings at different temperatures.

1. Stetsyshyn, Y.; Raczkowska, J.; Lishchynskyi, O.; Awsiuk, K.; Zemfa, J.; Dabczynski,
P.; Kostruba, A.; Harhay, K.; Ohar, H.; Orzechowska, B.; Panchenko, Y.; Vankevyche, P.;
Budkowski, A. Glass transition in temperature-responsive poly(butyl methacrylate) grafted
polymer brushes. Impact of thickness and temperature on wetting, morphology, and cell growth.
J. Mater. Chem. B, 2018, 6, 1613-1621.

2. Awsiuk, K.; Stetsyshyn, Y.; Raczkowska, J.; Lishchynskyi, O.; Dabczynski, P.;
Kostruba, A.; Ohar, H.; Shymborska, Y.; Nastyshyn, S.; Budkowski, A. Temperature-controlled
orientation of proteins on temperature-responsive grafted polymer brushes. Poly(butyl
methacrylate) versus poly(butyl acrylate): Morphology, wetting and protein adsorption.
Biomacromolecules, 2019, 20, 2185-2197.
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3AKOHOMIPHOCTI OAEPKAHHS I'TIPOI'EJIEBUX
KOMITO3UIIMHUX MATEPIAJIIB Y IPUCYTHOCTI
METAJOBMICHUX HAITOBHIOBAYIB

Lanuna JIyoox, Hamaniss Cementox, Borooumup Cxkopoxooa
Hanionaneuuit ynisepcutet “JIbBIBChbKa MOJITEXHIKA”
M. JIsBiB, Byn. C. bannepu 12, 79013 Vkpaina
e-mail: galyna lukan@ukr.net

Cepen Benukoi KUIBKOCTI MOJIMEPHHMX MaTepialiB 3HayHa yBara HPUIUISIETHCS
TiAPOTEIIEBUM KOMIIO3UTaM 3 BJIACHOIO €JIEKTPOHHOIO MPOBIIHICTIO Ta MAarHiTHOIO YYTJIMBICTIO
[1, 2]. MarnirouymuBi Ta  €JIEKTPOINpPOBIIHI  MOJIMEpPHI Marepiaiu  e()EeKTUBHO
BUKOPHUCTOBYIOTBCS y MOPIBHSHO HOBHUX rally3sX HayKH 1 TEXHIKH, 30KpEMa, B HAHOTEXHOJIOT'14X,
3acobax BimoOpakeHHs iH(popMmallii, mepeTBoproBayax eHeprii HoBoro Tuiy. IlepcekTuBHUM €
3aCTOCYBAaHHS TaKMX MarepiajliB B €JEKTPO- Ta PaliOTEXHIYHIM, €IeKTPOHHIN, MEIUYHIA Ta B
IHIIMX Tanxy3aX s OTPUMaHHS CTPYMONPOBIOTHUX aAre3UBiB, TE€PMETHKIB, 3aJIMBHHUX
KOMITO3UIIl Ta aHTUCTATUYHUX MOKPUTH HA METAJIEBUX 1 HEMETAJIEBUX MTOBEPXHSX.

Metoro poboTu Oyn0 BCTAHOBUTH MOKJIMBICTH OJIEpP’KaHHS HANOBHEHMX TiIpOresIeBUX
KOMIIO3UTIB ~ Ha  OCHOBI  (Ko)mosiMepiB  rigpokcierunmerakpwiaty  (CEMA) 3
nosniBiHunipoaigonom (IIBII), BukopucToByroun ajs iHiIIOBaHHS MojiMepu3alii (61)mMerasnesi
(dbepoMarHiTHi 4aCTUHKH, Ta BUBYUTH BIUIMB NPUPOAM Ta KUIBKOCTI METaJOBMICHOIO, y T.4.
(bepo)marniTHOTO, HAITOBHIOBAYA HAa 3aKOHOMIPHOCTI IMOJIIMEPH3aIlii.

VY nocnimkeHHSX BUKOPUCTOBYBAJIM HAIOBHIOBAdl PI3HOI JAMCIEPCHOCTI Ta MPUPOJH,
30kpema (Oi)metasin Ha ocHOBI Fe, Zn, Cu, Ni, Co, yTBOpeHi OCayKEHHSIM METaJiB 3 BOJHUX
PO3YMHIB iX COJIeH Ha YaCTHUHKaX 3aji3a Ta TOHKoaucnepcHui komoin FesOy4 axuil onepxysanu
XxiMiYHUM ocapkeHHaM coieil ¢epymy Fe(Ill) ta Fe(Il) 3 ix BoagHOro po3unHy amMoOHIiO
rigpokcuaoM. st miaTBep/HKEHHS OCaPKEHHS Ha YaCTUHKAX 3aIi3a HITUX METAIIB BUKOHYBAJIN
MIKPOCKOTIYHI AOCHIKEHHS 3 BUKOPUCTAHHSAM CKaHYIOUOI'O eJIeKTpOHHOro mikpockomy ZEISS
EVO-40XVP 13 cucremoro kinbkicHoro mikpoanamizy INCA Energy 350.

JlocnipkeHo  BIUIMB — TEMIIEpaTypd, KOHLEHTpauii 1 OpUPOAM  HAalOBHIOBaua,
cuniBBimHomeHHss EMACIIBII na kiHeTuky mnomiMepm3anii JOCIIHKYBAHUX KOMIIO3HINNA. Y
BUIIAJIKy HOJIIMEpH3alli KOMIIO3UIIIH, 1HiiHoBaHUX nepokcuoMm 6ensoiny (I1b), y npucyrHocTi
ToHKoaucriepcHoro kojoiny FesOs 3a Temmeparypu 348 K MokHa JOCSATHYTH TI'paHUYHHUX
KOHBepCiii MoHOMepa y Mexax 85...90 % yxe uepe3 1 roa. [lomimepusariis ux xe KOMIO3UIIN
6e3 I1b Big3HAaYa€THCS ACKPABO BUPAKEHUM IHAYKIIHHUM MEPIOJOM, IMICIS SKOTO MOJTIMepU3aIis
B1I0YBa€ThCS 31 CHIBPO3MIPHOIO JUIsl MEPILIOro BUMAAKY MIBHAKICTIO. Ha mepedir nonimepusanii
CYTTEBO BIUIMBAE 1 PO3YUH EJIEKTPOJIITA, 30KpEeMa, HATpPil0 XJIOPHUAY, SKUI CTBOPIOE
eNeKTponpoBigHe cepenosuiie. [1in yac mosiMepusariii B HOro MpUCYTHOCTI 3pOCTA€ MIBUJIKICTh
mojiMepu3ailii 1 JOCATAEThCS BHUINA CTYHIHb MEPETBOPEHHsS MoHOMepa. Kommosuiis 3
OiMeTaioM, BMICT MiJl Ha MOBEPxH1 sKOoro 99%, B yMOBax €KCIIEpUMEHTY HE MOJIMEPU3YyBajach.
OdeBuHO, IO M1Ib Y JAHOMY BUMAJAKY 1HI10y€ TOJIIMepHr3aIliio.

Komnosutn, nHamoBHeHi ToHkoaucnepcHuM FesO4, MONMIMEpPU3YIOTHCS 3 MEHIIOIO
IIBUJIKICTIO, OJTHAK 31 3HAYHO MEHIITUM THAYKI[IHHUM TIEpioJ0M, MOPIBHAHO 3 OimeTarom Fe—Cu.

Bceranosneno Bruus I[1BII Ha kiHeTuKy mojiMmepusalii JociaypKyBaHUX Kommno3uiii. Ha
BIIMIHY Bl TmoOJiMepu3allii IUX K€ KOMIIO3UIKA Oe3 HaloBHIOBaYa, IHIIHOBAHHUX
MEPOKCUIHUMH YH a30iHillaTopaMy, a Takox koMmiuiekcamu [IBII 13 ioHamu MeTaniB 3MIHHOTO
CTYIEHIO OKHCHEHHS, 13 30uthiieHHsIM KitbkocTi [IBII mowyaTkoBa mBUAKICTH MoJIiMepU3aliii
3MEHILYEThCS. BUKOHAHI JOCHIKEHHS BHUKOPUCTaHI Ui OOTPYHTYBAHHS TEXHOJOTIYHUX
PEXHUMIB OJIEpKaHHS KOMIIO3ULIHHUX MaTepialiB.

1. Heeger A.J. Semiconducting and metallic polymers: the fourth generation of polymeric materials//
Synth.Metals.—2002.—Vol.123.-P.23-42.

2. Skorokhoda V., Suberlyak O. Effect of magnetic field on the structure formation and properties of
HEMA/PVP copolymers/ Engineering of Biomaterials.—2009.—Vol.12.-Ne86.—P.24.
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Nanocomposites are a new class of alternative materials in which nanosized fillers are
dispersed into a polymer matrix, resulting in improved elasticity, strength, thermal stability, fire
resistance, and barrier properties. In this regard, nanocomposites are an attractive alternative to
polymer-filled disperse powders for use in the packaging, medical, automotive and other
industries. Currently, layered silicates, in particular montmorillonite (MMT), hectorite, and
saponite, are the most used nanofillers. Polymer molecules can intercalate in a gallery of layered
silicates, pushing the layers and creating a nanocomposite.

Polyvinyl alcohol (PVA) is used in the industrial, commercial, medical, and food sectors to
produce many products, such as varnishes, resins, surgical yarns, and food packaging, that are
often in contact with food. Therefore, improving the mechanical and chemical stability of PVA is
an urgent problem that can be successfully solved by combining PV A with layered silicates.

A method for obtaining nanocomposite films based on PVA and MMT intercalated with
polyvinylpyrrolidone (PVP) was previously developed. Intercalated PVP MMT is easily
distributed into PVA aqueous solutions without agglomerate formation. PVA:MMT = 12:1 is
optimum in terms of film strength and water resistance. The objective of this work was to
investigate the influence of composition and production conditions on the structure and thermal
characteristics of the developed nanocomposites using XRD and DSC analyses.

SUNDY PVA 088-20 from the Chinese firm "Sinopec Sichuan Vinylon Works" (PVA 088-
20, 23 mPa-s) was used for producing films. 8% (by weight) solutions of PVA in water were used.
MPM (MMT:PVP = 1:5) was added to the prepared PVA solutions in the amount such that the
ratio of PVA:PVP elementary links should be 12:1. At the same time compositions based on PVA
with similar amounts of unmodified MMT were prepared. The resulting mixtures were treated for
3 minutes with 22 kHz ultrasound using a "Wave UZTA-0.4/22-OM". To obtain films, the mixture
was poured into special forms with a polyethylene lining. After formation, the film was dried in air
at room temperature. The resulting films were separated from the form and subjected to heat
treatment in an oven at 110 °C for 30 minutes. To obtain water-insoluble films, 5 wt.% acrylic acid
and 0.5 wt.% polymerization initiator (FeSO4) were added to these solutions. The behavior of the
obtained films in water was investigated. Only a heat-treated film containing acrylic acid is water-
insoluble.

It was established that the modification of PVA by intercalated MMT reduces the degree of
crystallinity of the resulting nanocomposites but significantly increases their thermal stability. The
composites with unmodified MMT, heat-treated at 110 °C, have the highest degree of crystallinity.
Under an ultrasound, intercalated MMT is completely distributed in a PVA solution to form a
monocrystalline structure. The composites with intercalated MMT are characterized by a 21 °C
higher heat resistance and a lower weight loss compared to the initial PVA and to composites
containing nonintercalated MMT. Nanocomposite thermal treatment at 110 °C does not have a
practical practically affect their thermal stability. Films based on PVA with modified MMT, cross-
linked at 110 °C in the presence of acrylic acid and initiator, have a homogeneous cross-linked
structure formed due to the chemical and physical cross-linking.

The publication contains the results of studies conducted by President’s of Ukraine grant
for competitive projects ®84/56870.
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VY OilomeanuHId HpakTHUIl JUIsl pereHeparii MOIIKOPKEHOT KICTKOBOI TKaHMHM ILIUPOKO
BHKOPHUCTOBYIOTh MOPHUCTI KOMITO3UIIIIHI MaTepial Ha OCHOBI MIHEpaJbHUX HAMOBHIOBAYIB 1
010JI0TIYHO CYMICHUX MOJIMEpHUX 3B’s3HUX. ChOTOAHI 3yCWIUIS y WLiH 00JacTi JOCHIIKEHb
CKEpOBaHl Ha MONIYK ONTHMAJbHUX BapilaHTIB CKJIa/JIB KOMIIO3ULINA 1 CTPYKTYp KOMIIO3UTIB,
MPaKTUYHUX MOXJIMBOCTEH HAIIpaBJICHOTO PETYIIOBAaHHS iX BJIACTUBOCTEH 3 BUKOPHCTAHHSIM
pI3HUX MOAM(DIKYBAIbHUX areHriB Ta npoueayp. Cepel BEIUMKOro pPO3MAITTS MiHEpaIbHHUX
HANlOBHIOBAYIB 3HAYHMM IHTEpec MPHUBEPTAIOTh TaKi HaloOBHIOBadYl, K rigpokcianatut (I'A),
BOJIACTOHIT, MOHTMOPWJIOHIT, CKJIOKepaMmika Touo. OKpeMui IHTepec MpeACTaBiisie BUBUEHHS
MOAM(IKYBAJIBHOTO BIUIMBY YJIbTPa3BYKOBOTO IOJISl HA MOJIMEPH 1 IHIIFOBAHHS MOJIMEpH3allii,
OCKUIbKH YJIbTPa3BYKOBa 00poOKa € e(peKTUBHUM METOJO0M, SIKUW J1a€ 3MOTY IHTEHCHU(IKyBaTH
TEXHOJIOTIYH1 IPOLIECH 1 CYTTEBO MOKPAILUTH €KCIUTyaTalliiiHI XapaKTepUCTUKU KOMITO3ULIHHUX
MarepiaiiB.

JlocnipKeHo 3aKOHOMIPHOCTI CHUHTE3y MOJIMEPHMX KOMIIO3UTIB 1 HAHOKOMIIO3MTIB Ha
OocHOB1 KkoMmmo3uuiil 2-rigpokcietunmMerakpuwiary (I'EMA) 3 mnoniBinummiponinonom (I1BI),
HAllOBHEHUX MIHEpaJbHUMHU HAIOBHIOBauaMU MiJ J1€10 yibTpa3ByKy (Y3), y T.4. y IPUCYTHOCTI
HAaHOYACTUHOK cpibna. Bussieno, mo romomnoiimepusaiis TEMA 6e3 HamoBHIOBaYa B yMOBax
eKCIIepuMEHTy He BinOyBaeThes. Y mpucytHocti [IBIT 6e3 T'A xommnosunii TEMA monimMepu3yoTsest 3
HEBHCOKOI0 IIBUAKICTIO. MiHepaibHi HamoBHIOBa4i (OPMYIOTh B  KOMIIO3UIISIX Te€TEPOreHHE
cepenoBuiie. Taki KOMIO3UINT mifJ Ai€l0 Y3 MOTIMEPU3YIOTHCS Ty)Ke MIBUIKO. BaXIMBO 3a3HAYNUTH, IO
MOJIiMEpH3allis CYIPOBOKYETHCS OJJHOYACHUM CIIHIOBaHHSM Kommo3uilii. I1{e Hazae moaaTkoBi TEXHIKO-
CKOHOMIYHI MepeBary mij 4ac po3poOJICHHs TEXHOIOTTYHOrO MPOIIeCy OACp>KaHHS MOPHUCTUX KOMITO3HTIB.
BukopucranHs yiapTpa3sByKy Ja€ 3MOry 3IIMCHIOBATH TMONIMEpU3allil0 3a KIMHATHUX TEMIIEpaTyp.
[MoyaTtkoBa MIBHAKICTH MONIMepH3allii y IbOMY BHUMAJAKY Ouble HiK y 20 pa3iB BHUINA MOPIBHSHO 3
nojiMepu3anicro 6e3 Y3 HaBiTh SIKIO OCTAHHS 3JIiFICHEHA 3a BUIIIOI TEMITEPaTyPH.

Pe3ynbratu nocnimkeHb BIUIMBY TeMIEpaTypH, IHTEHCUBHOCTI Y3, MPUPOIN 1 KUIBKOCTI
HAINOBHIOBAaYya, KOHIEHTpaLlli MOHOMEpPA Ha HMIBUAKICTH MOJIMEpH3alli Jajdl 3MOTy po3paxyBaTH
KIHeTUYHI TapaMeTpu MojiMepusanii, iHiniiioBaHnoi Y3. BcraHoBieHO, M0 HIBUIKICTh
nosiMepu3anii B iHTepBaii 293...333 K He3HayHO 3MIHIOETHCS 3 TEMIIEPATyporo, ePeKTHUBHA
eHepris akTuBanii nojiMepusanii komnosuuii ckiaany 'EMA:TIBIT:I'A=8:2:10 mac.u. cknanae
8 xJlx/mMonb. JlocmimpKkeHo mapaMeTpu MPUIICTUICHHS Ta CKJIaJ KOIMOJIMEpiB. 3amporoHOBAaHO
HMOBIpHI xiMi3Mu peakiii noaimepusanii '[EMA y npucyrnocti [IBII 3anexno Bin npupoau
HanoBHIOBayiB mig Jiero Y3, [ligibpaHo onTuUMalbHUN CKJIaJ MOJIMEpP-HEOPraHIYHUX
(HAaHO)KOMTIO3UTIB Ta YMOBH 3iAlicHeHHs moJiMepusamii kommosumii ['EMA-TIBII-T'A,
miiioBanoi Y3 - T'EMACIIBILI'A=7:3:10 (mac.u.), Temnepatrypa 293 K, iHTeHCHBHICTh Y3
120 BA, TpuBaiicTh CUHTE3Y 2 XB.
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JOCJIIIKEHHA AJIC OPBIII BOAU I'IIPOT'EJISIMHA
HA OCHOBI KOITOJIIMEPIB I'EMA-IIBII
[Opini Menvnux, Hamania Cementox, Kamepuna lllanosan, Bornooumup Ckopoxooda
HanionaneHuit yniBepcutet “JIbBIBCbKa MOJITEXHIKA”,
Kadeapa XIMIYHOT TEXHOJIOTIT IepepoOKH IIacTMac
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BuBueHHs copOuIHHMX BIAaCTMBOCTEW MOJIMEpPIB Ma€ 3HAuHE MPAKTUYHE 3HAYEHHS Y
BUIAJIKy BUKOPUCTAHHS 1X JJIs BUTOTOBJIEHHS IIIBKOBUX MarepiaiB, MeMOpaH a0 MOKPUTTIB.
[IpoHuKHICTH MOJIIMEPIB BIAHOCHO ra3iB, MapiB 1 piAMH BU3HAYAETHCS COPOLIMHOIO 3/1aTHICTIO 1
koepinieHToM audy3ii copbaTy, SKI MOXYTh OyTH pO3paxoBaHl 3a JIaHUMU COPOLIHHUX
BUMIpIOBaHb. BUBUEHHS copOIIii — epeKTUBHUI METO/1 OI[IHKH MOPUCTOCTI MaTepialiB.

CopOuiitHa 3/1aTHICTh (€EMHICTH) IIOJI0 BOAMU 3 MOBITPS € BAXKIMBOI XapaKTEPUCTHUKOIO
riIpo@uUIbHUX MartepianiB, MPU3HAYEHUX JUIS BUTOTOBJIEHHS JIIKYBaJbHUX a00 KOCMETUYHHUX
miiBoK. ['igporeni 3maTtHi copOyBaTH BoJiory 3 00’ emMHOI 1 mapoBoi (a3u. [lornmuHanHsa BoJIOTH
B1IOYyBA€THCSA BHACIIIOK COpPOIli; CIIOYaTKy BOHA HAKOMHUYYETHhCS B IOBEPXHEBOMY Imapi, a
noTiM audy3iiHO po3noAuIsieTbest B 00’emi. Bosoricte Marepianly BH3HAa4ae€TbCs MOro
MMOPHCTICTIO, BITHOCHOIO BOJIOTICTIO CEPEIOBUINA Ta TPUBAJICTIO IEpeOYBaHHS Y HHOMY.

Meta poOOTH — MOCHITUTH aACOPOIIHHY 3AaTHICTh MIOAO0 BOAM TIAPOTENiB HAa OCHOBI
(xo)monimepiB 2-ripokcietmnmerakpunaty ('EMA) 1 nomiBininipoainony (I1BII) 3anexxno Big
iXHBOTO KOMITO3MLIHHOTO CKJIay Ta KUIbKOCTI Ta JUCIEPCHOCT]I HAalIOBHIOBAYA.

3pa3kd TiIpoTeNiB CUHTE3YBanu Yy BUIAAl TuracTuH  10x10x2 MM IHIIHOBAHOIO
nepcyabdaroM Kamiro 0JI0KOBOIO TepmoroiiMepu3aiicto kommnosumiin 'EMA-IIBII y BogHOMY
cepenosuii, npu criBBigHomenHi [EMA:TIBII = 100...70:0...30 mac.4. [1]. BukopuctoByBanu
[IBII 3 MOJEKYISPHOI Macoro 10-10° r/Monb, SIK HAMOBHIOBAY — TPaHyJIbHI KOTOJIIMEpHU
“Coeporens” (TEMA:IIBII = 4:1 mac.4.) takux ¢ppaxuii, dep, pm: CI'-1 < 300; CI'-2 = 350;
CI'-3 = 500; CI'-4 = 800. CopOuiro rigporeasiMyd BOJIOTH 3 MOBITPS BUBYAIM B CTaHIApPTHIM
aacopOIiitHii ycranosmi 3a Temmneparypu 20 °C. Ha ocHOBiI COpOIIifHUX BHUMIPIOBaHb OYJIu
noOy/0BaH1 KiHeTH4H1 KpuBi afcopouii Boau (X, %) 3 nosirps rigporensmu ['EMA-TIBIT 1
BHU3HAYEHO iXHil pIBHOBAKHUM BMICT BOJIOTH 1 Yac MOro JOCSATHEHHA. Takoxk Oynu po3paxoBaHi
CTYIIHBb COPOIIIT BOJIOTH ( Q) 1 IBUIKICTH cOPOLIT BOJIOTH (V' s) CUHTE30BaHUMH T1IPOTEISIMHU.

BcranoBneHo, 1m0 piBHOBaXHUH BMICT BOJIOTH JJIsi BCIX CHHTE30BAaHUX TiIPOTEIIB
nocsaraeTbesi npuOan3Ho 3a 7 n1i6. HailOunpmuil BB Ha aacopOLiio BOAU 3 MOBITPS Ma€ BMICT
nanok [IBII y cknaai rigporemnto (X =21 % miss TEMA:IIBII=7:3, X = 1,3 % ana romononimMepy
[II'EMA), BmicT H,0O y cknani ¢opMyBaJIbHOTO PO3YHHY, a TaKOXK KUIBKICTH 1 pO3MIp TpaHyJsl
“Cdeporento”. HallBumuii piBHOBOXXHHUM CTYIIHB COPOIIT BOJOTH (o = 0,37 crocTepiraeThest
st rigporento 3 BMictoM [IBIT 30 %, a HaliMeHma [j1si TipOTreI0 Ha OCHOBI TOMOTIOJIMEPY
[M'EMA (Qcso= 0,013). HaiiBuia mBuUaKICTh COpOIlii BOJIOTH CHOCTEPITA€ThCS IS T1POTEIIo
TEMA:IIBIT=4:1 i3 HaiiBumum Bmictom “Coeporento” (10 % mac.) — Ve, =7,23 107 ¢, a
HajimMenma — s romononimepy IITEMA (V, = 0,22 107 ¢™).

Orxe, 30UIBILIEHHS YaCTKHU IMOJIBIHUINIPOJIOHY Ta BOAM Yy CKIaAl (GOpMYyBaIbHUX
PO34MHIB, a TAKOK KUIBKOCTI Ta po3Mipy HamoBHIoBaua “Cdeporens” NiIBULIYIOTh aJCOPOLIIHHY
3aTHICTH 1100 BOAM 3 MOBITPs rigporeniB Ha ocHOBI komoiMepiB [EMA-TIBII. Ile no3Bossie
HaIpaBJICHO B IIMPOKUX MEKax peryjiloBaTH iXHIO COpOUIdHY €MHICTh HiA00pOM
KOMITO3ULIITHOTO CKJIay, BMICTOM 1 JUCIEPCHICTIO HAIIOBHIOBAYa I1iJ] 4ac CUHTE3Y I'iIPOreiiB.

1.Skorokhoda V., Melnyk Yu., Semenyuk N., Ortynska N., Suberlyak O. Film hydrogels

on the basis of polyvinylpyrrolidone copolymers with regulated sorption-desorption
characteristics // Chemistry & Chemical Technology. —2017. — Vol. 11, Ne 2. — P. 171-174.
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JlocaiakeHo 0coOIUBOCTI OJiepKaHHS ABOMa crioco0amu ripouibHUX cHEepUUHUX HOCIIB
JIKIB Ha OCHOB1 KomousiMepiB 2-rinpokcietunmMerakpwiaty (CEMA) 3 mosiBiHUIIIPOIIIOHOM
(IIBIT) mucnepciiiHOlO mMojiMepu3alielo. 3a MEepLIUM JBOCTAIIHUM CHOCOOOM OAEp:KyBalH
TpaHyJbHI TIAPOTeNi CyCleH3iiHo0 KomnoiMepusamiero kommnosuilii [EMA 3 TIBII, saxi moTim
HAaCHUYYBaJIM JIIKAPChKOIO PEYOBMHOIO 3 11 BOAHMX ab0 CHHPTOBUX PO3YMHIB. 3a JAPYrum
croco0oM TOJIIMEPHI YACTHHKU OJCP)KYBAIM B OJHY CTAII0 CYCIEH31MHOIO KOTIOJIIMEPHU3AIIIEI0
KOMITO3UIII Y IPUCYTHOCTI JIIKAPChKUX 3aCO01B.

Hocnimxeno BrmauB [IBII Tta mpupoau iHimiatopa Ha po3Mip Ta (GopmMy MHOJIMEPHHUX
yactuHoK. [lig yac cycnensiiiHoi romononiMepu3sanii '[EMA, a Takox y NpUCyTHOCT1 HEBEJIUKOL
kitpkocTi [IBII He Bhanocs copmyBaru SIKICHI MOJIMEPHI YAaCTUHKH, a OTPUMAHO JIMILE
arnomepatu. IlinBumenns kuibkocti IIBII y BuximHii KoMIo3uuii crnpusie YKpyNHEHHIO
MOJIIMEPHUX YACTMHOK 1 1X OJHOPLAHOCTI. [3 30UIBIIEHHSM KUIBKOCT1 3IIMBAJILHOTO areHTra
(mMMeTakpwiIaTa ETUJICHTIIKOJIO) 3pOCTAa€E CepeAHil aiaMeTp dYacTHHOK. Sk iHimiatopu
BHKOPHUCTOBYBAJIM JUHITPHII a30-0ic-i3omacisiHoi kucioTH (JAK), nepokcuan 6ensoiny (I16) Ta
naypuiy (IIJI), a Takox iHII[IfOBaJIbHY cucTeMy Ha ocHOB1 koMmiuiekcy [1BII 3 iionamu pepymy
(I, II). PerynspHi noiaiMepHi YaCTUHKHU OyJIM Ofep:KaHi, KOJU SK 1HIIIATOp BUKOPUCTOBYBAIH
I1b Ta HAK. Ilixg yac Bukopucranus JAK ta I1JI Oynu onepxaHi mosiiMepHi YaCTUHKU MEHIIHUX
po3mipiB, a y Bunaaky IIJI Takox 1 HempaBuibHOI chepuyHOl popMu. 31 30UIbIICHHSIM BMICTY
cosei (depyMy cepemHid mgiamMeTp YacTHHOK 30UTbliyeTbesi. HalomHOpimHIii YacTUHKH
chopmoBaHi 3a BmicTy pepymy (II) cynbdary 0,2 mac. %. Y Bunaaky BUKOpUCTaHHS (pepymy
(IIT) cynpdaTy HaBITH 32 MEHIIOTO BMICTY MOHOMEPHOT (pa3u GOpMyIOThCS MOTIMEPHI IPaHyiIH
OUIBIIOTO JlaMeTpa 1 MOJI1 IUCIEPCHOCTI.

Komonimepu I'EMA 3 [IBII Bim3HauaroThcs MNOpHUCTIIO MOpiBHSHO 3 noidil EMA
CTPYKTYPOIO, 3 PO3BHHYTUMHU IMOpPAaMHU HE 3QJIKHO BiJ] MPHUPOIU IHIIFOBAIHHOT CHCTEMH, IO
MOPsIT 3 HAsBHICTIO OUIBIIOT KUIBKOCTI (DYHKUIMHMX TIpyln BHU3Hayae ix Kpally copOLiiHYy
3/1aTHICTb.

JIBocTaniiiHUIT METOJ| oJiepaHHS TPaHyJIbHUX MPOJIOHTraToOpiB JIKIB, 3@ SIKUM CIOYATKY
CHUHTE3YIOTh I'PaHyJIH, a MOTIM HACUYYIOTh iX JIIKAaMH, MAa€ TOM CYTTEBUN HEAOJIK, 1110 cOpOIiiiHa
3/IaTHICTb TiIporesiB 0OMeKeHa 1 1Jis TaKoro Kiacy 3a3Budail He nepesuinye 0,01 r gikapcbkoro
3aco0y Ha 1 r momimepy. Y mpomy 3B’SI3Ky aBTOpaMu 3allpOTIOHOBAHO OJHOCTAJIIMHUN CTOCIO,
KU nepeadayae CUHTE3 PaHyIbHUX KOIMOJIMEPIB y MPUCYTHOCTI JIIKIB. 3a UM CIIOCOOOM JIIKU
BBOJWJIM Yy TOJIMEP-MOHOMEPHY KOMIIO3HIIII0O Ha TMOYaTKy cuHTe3y. KulbKicTh JIKIB Yy
KOMITO3u1I1i OyJia 3HaYHO OUIBILOKO 1 3HaXoAuach B Mexax 5...30 mac.%. Sk mikapcbki popMu
Oyn¥ BHKOPHCTaHI TIOTPUA30JIiH, OMEMPa30J, 130H1a3u, aMJIOJUIIHY OeH30aT. Y MPHUCYTHOCTI
MEepesueHnX JIKIB BAAJNOCS YCHIMIHO 3AIMCHUTH CYCHEH31HHY MOJIIMEpPHU3alil0 KOMIIO3ULIN
I'EMA 3 IIBII 6e3 3MiHM TeMIlepaTypHO-4acoBUX (haKTOPIB 1 OTpUMaTU CPepudHi MOTIMEpHI
yacTUHKH. [/lo/laBaHHS B MMOJIIMEP-MOHOMEPHY KOMIIO3ULIIO JIIKIB MPU3BOJUTH 10 3MEHILEHHS
PO3MipiB MOJIMEPHUX YACTMHOK, HAMMEHII1 32 pO3MIpaMHM YaCTUHKU OJIEp’KaH1 y IPUCYTHOCTI
130HIa3U1TY.

CuHTe30BaHI KOMNOJIMEpPU PEKOMEH/IO0BaHI JJIsi BUKOPUCTAHHS SIK MOJIMEpPHI HOCI ISt
CUCTEM IPOJIOHTOBAHOIO 1 KOHTPOJIHOBAHOTO BUBLIHHEHHS JIIKIB.
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HeoOxinHicTh CTBOpEHHS HOBHMX THUIIB MOJIMEPHMX KOMIIO3UMLIMHUX MarepiaiiB
BUKJIMKaHA 3HAYHUM IOIMTOM Cy4YacHOI TEXHIKM Ha Taki mMaTepianu. IlojmiMepHi KOMIIO3ULIIHHI
MaTepiajgd 3HaXoJiATh yCE LIMpIIE MpPaKTUYHE BUKOPUCTAHHS B PIZHUX BY3JIaxX 1 €JIeMEHTax
npuiano- 1 MamuHOOyayBaHHA. B OCHOBI  TEXHOJIOTII BHTOTOBJICHHS  IMOJIMEPHHX
KOMITO3ULIIHUX MaTepiaiiB 3aKjIaZeHO IMPAKTUYHO HEOOMEKEHI MOKJIMBOCTI PEryJIOBAHHS iX
BJIaCTUBOCTEN. BukopucTanHs crienu(IuHUX BIaCTUBOCTEH METaJIeBUX HAIIOBHIOBAUIB (€JIEKTPO-
1 TEIUIONPOBIAHICTh, TEPMOCTIMKICTh, MAarHiTH1 BJIACTUBOCTI 1 T.A.) Ta MOJIMEPHOI MAaTpUIl
(BUCOKa TEXHOJIOTTYHICTH 1 XIMIYHA CTIMKICTB) MiJ] 4ac po3pOOJIEHHS TEXHOJIOTTYHUX IMPOLIECIB
OJIEp’)KaHHS TOJIMEPHUX KOMIIO3MIIHHUX MaTepiaiiB J03BOJISE€ CTBOPIOBAaTH Marepiajid 3
HOBUMH, a B 0aratboX BHUMAJKaX 1 YHIKaJbHUMHU BJIACTUBOCTAMHU. [IpUCYTHICTH MeTaeBHX
YaCTUHOK B MOJIMEpHINA MaTpulll crpusie OUIbLI BUCOKIM I'yCTHHI, Kpalliii TepMOCTaOUIbHOCTI
KOMITO3ULIIHUX MarepialliB, CTBOpIOE Oap'ep JUIsi BHCOKOYACTOTHOTO BUIIPOMIHIOBAHHS 1
3a0e3reyye HasBHICTh MAarHITHUX BiactuBocTeil. Taki maTepiany 3HaXOJATh BUKOPUCTAHHS SIK
JaTYUKA 1 CEHCOpH, MEPCIEeKTUBHUM HANpsSIMKOM BHUKOPUCTaHHS METaJOHAIIOBHEHUX
MOJIIMEPHUX KOMITO3UTIB € iX 3aCTOCYBaHHS B SIKOCTI BUCOKOE(EKTUBHUX TEIJIOAKYMYIIOIOUUX
CUCTEM.

Jlig oniep’kaHHS METAJOHANOBHEHUX KOMIIO3UTIB OYyJ0 3alpOINOHOBAHO METOJ]| BBEJIEHHS
METAJIEBOIO HAMOBHIOBaua B IOJIMEPHY MAaTPHULIO HUIAXOM XIMIYHOI MeTallizalii MOBEpXHI
BUXIJIHOI TpaHy/IbOBaHOI MOJIMEPHOT cUpOBUHU. POpMYyBaHHS Ha MOBEPXHI I'PaHyJId METaJIEBO1
000JI0HKH, siKa Oy/ie pyHHYBATHCS M1 Yac MepepoOKH MmoJiimMepy 3a0€3MmednTh POCTE BBEACHHS 1
PIBHOMIPHUN pO3MOAUT MeTany mo o0’emi marepiany. [loaiMepHOIO OCHOBOIO AJIi CTBOPEHHSI
KOMITO3ULIIHUX MaTepianiB MOXke OyTH MPakTUYHO OyIb SIKUM MOJIMEp Y BUIJISAII I'paHyl ud
MTOPOILKY.

BcranoBneHo, 1m0 'y BHUNAAKY BIIHOBICGHHS Mil Ha aKTUBOBAHIM IMHKOM
MOJIIIPONUICHOBIA MOBEPXHI y pO3UMHAX XIMIYHOI MeTai3allii, siki CKJIaJaloThCs 3 Cylbdary
Migi, TpuioHy-b, rigpokcuny HaTpito 1 (opmaiiHy HAHOUIPIIMI BIUIMB Ha IIBUIKICTh
BITHOBJIEHHS MiAl MawoTh KoHueHTpauii NaOH 1 tpunony-b. Tak, mig po3unmHy XiMI4HOL
MeTanizamii, mo MictuTh (Mmousb/i): CuSO4 — 48; tpunon-b — 67; dopmansaerin — 366,
3pocranHs koHueHntpaiii NaOH 3 250 mmounb/n 10 560 MMOJb/1T O3HAYAETHCS HA 30UIBIICHI
IIBHAKOCTI BixHOBICHHs Mini 3 5,08-10™ momns/(i'xB) mo 5,87-10™* moxns/(ir'xB) BimmosizHo. B
el 4yac, y BUINAAKY TPWIOHY-Db, HaBmaku, 3pocTaHHs KOHIEHTpALli KOMIUIEKCOYTBOpIOBAaYa
IPUBOINTH 10 GUIBII CYTTEBOTO 3HIDKEHHS WIBHAKOCTE: 1,6:107 MOIB/(11°XB) MpH KOHIEHTpALi
Tpuiony-b 47 mmone/n 16,7 10* MOJIB/(JI'XB) TIpH KOHIIEHTpAIIil 54 MMOJIB/JI.

TakuM 4MHOM, IPOBEJEHI JOCIIKEHHS 3 BIUIMBY KOHLIEHTPALIMHUX YMHHUKIB HA TPOLIEC
MeTai3alii akTHBOBAHOTO MOJINPONUIEHY J03BOJSIOTh BUIUIUTH OCHOBHI (DaKTOpHU BIUIMBY Ha
MpoIeC OJCPXKAHHS METATI30BAHOTO TOJIIMPONUICHY. 3MIHOK KOHIICHTpAllli KOMIIOHEHTIB
PO34MHY XIMIYHOI MeTasli3alii MOKHa PEeryaioBaTH KUIbKICTh BIJHOBJIEHOT M1/l HA aKTUBOBAHIN
MOJIIIIPOTUIEHOBIH MOBEPXHI, @ 3HAYUTH 1 TOBILMHY C(HOPMOBAHOTO 1Iapy METAIY.
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Mertoro naHoi po6oTu Oysi0 BCTaHOBJIEHHSI 3aKOHOMIPHOCTEW (OpPMYBaHHS TipOresieBUX
KOMITO3ULIITHMX MeMOpaH 3a JOMOMOroro ocapkeHHs nojiaminy (I1A-6) y noBepxHeBomy miapi
riIporeito 3 po3uuHy Horo cymimi 3 noxiBiHuUmiposaigonoM (IIBII) Ta BcraHOBIEHHS BIUIMBY
MouekynsipHoi Macu (MM) TIBII Ha ix ¢i3uko-mexaniuHi BiactuBocTi. I[IBI1 BukopucroBysanu
p13HOT MM $K y cyMmilli Tak 1y CTPYKTYp1 T'IpOreio.

JIig MiABUILIEHHS] MEXaHIYHOT MIITHOCTI I'iIporeseBl IIiBKKM MOAM(DIKYBaIl TOHKUM LIapOM
cymimii ITA-6-TIBII 3 po3umHy y MypamuHiid kucioTi. Jjis DOCHIIKEHb BUKOPUCTOBYBAIH
IUTIBKM Y TAPATOBAHOMY CTaHI HICJIsS BUTPUMKH iX Yy JAUCTUIBOBAHIM BOJI MPOTSIroM 24 roj.
OAHOCTOpPOHHE HAHECEHHS TOHKOTO IOJIIAMIJHOTO IIapy Ha MOBEPXHIO TiIPOresieBUX ILIIBOK
3/IMCHIOBAJIM BHACHIIJOK KOHTAakTy ¢opmiaTHoro po3uuny [IA-6—IIBII 3 mosepxHew 3paska
TiIPOreNio NPOTArOM MEBHOTO MPOMBKKY yacy — BiJ 1 1o 10 XB 13 moanbIiM BUIIapOBYBAHHSAM
PO3YMHHUKA 3 IUIBKH 3a Temmeparypu 75...80°C mporsrom 30 xB. OnepkaHi KOMIO3UIINHI
riporesieBi IUIIBKM MPOMUBAJIM BOJIOI JI0 TOBHOTO BHUAAJICHHS MYpAIIMHOI KHUCIOTH, SIKE
KOHTpOJIIOBaJIM 3MiHOI0 pH y mpoMuBHiii BoAi.

OpepxaHi  pe3ylbTaTH  JOCHIKEHb 3aKOHOMIPDHOCTEH CHHTE3Y KOMIIO3WIIHHUX
MOJIIMEPHUX TIAPOresieBUX MeMOpaH Ha OCHOB1 PIAKOCTYKTYPOBAHMX KOIOJIMEpIB 2-
rigpokcierunmerakpuiaty ('EMA) 3 nouniBiHUINipodiioHoM. JlocnimkeHo (I3UKO-MeXaH1uH1
BJIACTUBOCTI OJIEpKaHUX KOMITO3ULIIHIX MeMOpaH 3ajexkHo Bi MosekyispHoi Macu [1BII, sk B
CTPYKTYp1 KOTOJIMEpY Tak 1 B MOAU(DIKyBalmbHIM CyMilli, a TAaKOX B BEIHMYMHH aACOPOIii
cymimri [TA-6 3 TIBII BuximHuMu rigporeisivu.

JlocniPKeHHSAIMU BCTAHOBJIEHO, IO MIIHICTh KOMIIO3ULIMHUX MeMOpaH, MHOPIBHSHO 3
BUXIJIHUMH T1IpOTreIEBUMH IUTIBKAMU, € BHUILOI0 BHACIIOK YTBOPEHHS Y IOBEPXHEBOMY ILapi
¢iBuunoi citku. IlokazaHo, 1O mMOBepxHEBa anCcopOIlisl 3pOoCTae 13 3OUIBIICHHSM Yacy
BUTPUMYBAHHS T1APOTENIEBOI IUIIBKM B MOJaU(iKyBalbHOMY po3uuHi. KpiMm Toro, ajgcopbuis €
BHILOK0 y BHUNAAKY, KOJHM Tiporenesi miiBkm oxepkadi ma ocrosi IIBII 3 MM = 3,6:10°, a
Mo upikyBabHUN po3unH yrBopenuii 3 [IBI1 monexynsapuoi macu 12- 10°. 1le moB’s3an0 3 THM,
10 CiTKa Ha 0CHOBI BUcokomodekyisipHoro I1BI1 y ringporeni Ouibin puxia, 3 OUIbIIUM BUIBHUM
00’eMOM, SIKM Kpallle 3all0BHIOETHCS MOAU(]PIKYBAILHUM PO3UMHOM.

BceranoBneHo, mo 1npu 30UIBIIEHHI Yacy BUTPUMKHU TiJpOrelieBUX IUIIBOK B
MOAU(IKYBAILHOMY pO34YMHI iX MIHICTh 3pOCTa€, MPOTE€ BUAOBKEHHS 3MEHILIYETHCS.
OpHOYacHO, BCTAaHOBJIEHO, IO MIIHICTh MeMOpaH 3pocTae y OUIbLIIA Mipl 3a HasBHOCTI
Hu3bKOMOJIeKyspHoro IIBIT (MM=12-10°) B MoaudikyBagsHOMYy pO34mMHi i y BHIMaaKy
3MEHILEHHS TOBIIMHYU BUXIHOI FIpOTeIeBO1 IJIIBKHU.

TakuM 4MHOM, JOCHIKEHHSMU BCTAHOBJIEHA MOXUIMBICTH (POPMYBaHHS KOMIO3MUIIHHUX
JIBOIIIAPOBUX MOJIAMIA-T1ApOreaeBuX MEMOPaH Ha OCHOBI KOTIOJIIMEPIB MOMIBIHUIMIPOJIIZOHY 3 2-
TIPOKCIETUIIMETAKPUIIATOM 3a JIOTIOMOTOI0 AM(Y31HHOI0 OCAKEHHS B IOBEPXHEBOMY Ilapi
rigporento cyminii [TA-6-TIBII 3 popmiaTHOTO pO3UMHY.
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The new technology of formation of hydrogel dressings for medical purposes, containing
particles of silver was developed. To obtain metal-containing composite hydrogels, we proposed
a high-tech single-stage method, which involves polymerization of polymer-monomer
compositions based on polyvinyl-pyrrolidone and 2-hydroxyethylmethacrylate with
simultaneous chemical reduction of silver ions from its nitrate by ethanol. It was found by the
thermometric research that the temperature conditions needed for chemical reduction of silver
ions are achieved due to the heat, which is released at the exothermic polymerization reaction.
The temporal and temperature parameters of polymerization depending on the composition of
the original polymer-monomer composition, the content of solvent and of the initiator, and silver
nitrate concentration were determined. They include the initial temperature of polymerization,
maximum exothermic temperature, the time of reaching the maximum exothermic temperature,
and duration of effect gel. The use of combined initiating system of iron (II) sulfate + benzoyl
peroxide makes it possible to implement the process of obtaining hydrogels, containing silver
particles, at room temperature, in the open air. The synthesis is technologically simple and is
executed without complicated apparatus design. The authors proposed a new technology of
formation of hydrogel films with the use of the centrifugal method. Polymerization with silver
deposition occurs in the centrifugal form simultaneously with film formation, which allows
obtaining the materials with predictable properties that have a uniform distribution of the filler
with equal thickness and high quality surfaces in the polymer matrix.

High elasticity, strength, sorption capacity, bactericidal and antifungal properties of the
obtained materials make them effective to use as hydrogel dressings for medical purposes. A
unique porous structure, combined with the existence of hydrophilic functional groups ensures
swelling of a polymer matrix in water and high permeability for dissolved low molecular
substances. This, in turn, determines the suitability of the obtained hydrogel dressings for the
preparation treatment by introducing medicines through the material by the transdermal method.

The medical-biological studies of the resulting film products were carried out under the
laboratory conditions at the Department of Microbiology of Danylo Halytskyi Lviv National
Medical University. A comparative analysis of the results of medical-biological tests of the
obtained materials and non-filled hydrogel films regarding the used micro-organisms revealed
that non-filled films do not show any bactericidal and antifungal properties. The antibacterial and
antifungal properties of the obtained silver-filled hydrogel films were proved on the example of
the test cultures of bacteria Escherichia coli, Staphylococcus aureus, Staphylococcus
epidermidis, Streptococcus viridans and diploid fungus Candida albicans.

Based on the obtained silver-filled films, we developed hydrogel medical dressings,
clinical testing of which was successfully carried out at the surgical department of the Lviv
hospital at ZT PAT "Ukrainian Railway" in the treatment of venous ulcers of lower limbs. It was
established that the use of the silver-filled hydrogel films improves the treatment results,
accelerates cleaning, granulation and healing trophic ulcers and, as a result, reduces the duration
of patients staying at hospital. Due to its unique properties, the developed materials can be also
used for the treatment of burn and post-operative wounds.

The publication contains the results of studies conducted by President’s of Ukraine grant
for competitive projects ©84/56870 of the State Fund for Fundamental Research.
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AXTyallbHUM 3aBJIaHHSIM CY4aCHHUX TE€XHOJIOTIH MOJIMEPHUX 1 KOMIO3UIIMHUX MaTepialliB
€ BHBUEHHS 3aKOHOMIPHOCTEH MpOLECIB, 10 BiOYBalOThbCA MiA yYac MOJPIOHEHHS IIacTMac.
Pi3HOMaHITHICTH (OpM, pO3MIpPIB 1 CHEHU(PIYHUX BIACTUBOCTEHN IIACTMAC, SIKI HAIIPaBIISIIOTHCS
Ha 1o/piOHEHHS, 3yMOBIIIOIOTh IIIBUILEHI BUMOTH J10 Ipolecy 1 obiaaaHaHHs. BupimansHumMu
YUHHUKAMU Yy JOCSATHEHHI HEOOXIJHOr0 PO3MIpy YaCTHHOK IIif] Yac MOJAPIOHEHHS MOJIMEPHHUX
MaTepiajiiB € X TBepAICTb, €IACTUYHICTD 1 TEIUIOCTIMKICTh. BaacTuBocCTi 1 reoMeTpuyHi po3Mipu
1acTMac, SiKi iJuIaraoTh nepepoOLi, IUKTYIOTh BUMOTH JI0 M0ApiOHIOBAIBHOTO 00JIaIHAHHS.

3 METOI0 OJIep’KaHHSA OJHOPIAHOI MOApIOHEHOT (pakiii MOJIMEPHOro MaTepialy HaMu
3aMpoIOHOBAHO KOMIUIEKCHY J1a00PAaTOPHY YCTAaHOBKY, OCHOBHHUM €JIEMEHTOM SIKOi € clieliajJbHa
po30ipHa mpec-dopma, BurotoBieHa 31 crani 40X3 13 TBEpHICTIO MICHS TEPMIYHOT OOPOOKH
52...54HRC. TIlpomec mnoapiOHeHHs BiAOyBa€ThCsS B JBa ETald: CIOYATKy MarTepial
VIIUTBHIOETHCS (CIIPECOBYETHCSA), @ MOTIM MOAPIOHIOETHCSA 3a JIOTIOMOTOIO CICIaIbHOT (hpe3H.

Ha mnepmomy erani mnojiMepHuUd MaTepian, SKUM NpU3HAYEHUH M TOJpIOHEHHS
CIPECOBYIOThCS Y po30ipHii popmi, sika BMIIYyeThCcsl Ha JaboparopHuii npec. [lyancon ¢popmu
] IIE€0 PYXOMOI TpaBepCH MPeCy MepeMilllaeThCs BHU3 1 CTBOPIOETHCS 3yCUIUIS HEOOXITHE ISt
VIIUIbHEHHS IJIACTMACH, SIKE€ 3aJIEKUTh BI TUIY 1 FEOMETPUYHHUX po3MipiB miactmacu. Gopma
13 CIIPECOBAHUM MaTepiajioM HalpaBJISETHCS HA APYry MO3MUIII0 A0 CBEPIJIMIBHOIO CTAaHKA, 1€
BiIOyBa€ThCSA TpolleC MOAPIOHEHHS MpHU 3aMiHl MMyaHcoHa (GOpPMH Ha CHEIiaTbHY (pe3y.
nuugens Ha SKOMY 3akpiluieHa (pe3a BiJ NPUBOAY CTaHKa OTpUMYE OOEpPTOBHH pYX,
NepeMilaloyich BHU3 3a0e3leuye Mpolec pi3aHHA 1 YTBOPEHHS CTPY)KKH, TOBIIMHA SKOi
perynoerbes mnojayero (IIBHAKICTIO MepeMilieHHs) mnuHaens. Pos30ipua ¢opma (puc. 1)
CKJIQJIa€ThCS 13 JBOX MIB-MaTpullb / 1 2, Kl QIKCYIOThCS B HUXKHIM 000¥Mi 3 1 MIATUCKAIOTHCS
JIBOMa BUHTaMH 6. Y BepXHiM 4yacTHHI MiB-MaTpHIll (PIKCYIOTbCS 1 CTHCKAIOTHCS XOMYTOM J.
CriBOCHICTh MIB-MaTpUlb 3a0e3neuyeTbcs KIMHOMOIIOHOK IUIOMIMHOK 3MuKaHHg [0. Jlns
3arno0iraHHsl MPOKOB3YBaHHS Marepiajly MiJ yac MOAPIOHEHHS B HIKHIA yacTUHI 000WMH 3
BHUKOHaHI Na3u.

9

Puc. Cxema po30ipHOi popmu: /, 2 — miB-MaTpuIls; 3 — HWKHS 0001Ma; 4 — ITyaHCOH; 5 — XOMYT;
6, 8§ —TBUHTH; 7 — raiika; 9 — ymiisHeHn MaTepiai; /() — TionmHa 3MAUKaHHS

TakuM 4YMHOM, 3alpONOHOBAHA KOHCTPYKIiI 1 BUTOTOBJIEHO JOCIHIIHUN 3pa3oK
KOMILJIEKCHOT J71a00paTOpHOi YCTaHOBKM Ui MOJAPIOHEHHS MOJIMEPHMX MarepialiB, fKa
CKJIa/Ia€ThCsl 3 JIBOX OJIOKIB — CIPECOBYBAaHHA Ta MOApiIOHEHHS Matepiany. KoHcTpykiis
po30ipHOT (opMH YCTAaHOBKH Tepeadadae MOKJIMBICTH 1i MIAITPIBY MiJ 4Yac CIPECOBYBAHHS
Matepiaiay ado 0XOJIOPKEHHS M1 Yyac MoApiOHEHHS.
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THE TECHNOLOGICAL PARAMETERS’ OPTIMIZATION OF THE
COPOLYMERIZATION 2-HYDROXYETHYL METHACRYLATE WITH
POLYVINYLPYRROLIDONE WITH SIMULTANEOUS DEPOSITION OF

SILVER

Oleksandr Grytsenko, Volodymyr Krasinskyi, Anna Pokhmurska, Bogdan Berezhnyy
Lviv Polytechnic National University,
Department of Chemical Technology of Plastics Processing
ogryts@gmail.com

The basic technological parameters of the process of obtaining Ag(0)-filled composites
based on copolymers of 2-hydroxyethylmethacrylate (HEMA) with polyvinylpyrrolidone (PVP)
(Ag(0)/pHEMA-gr-PVP)composites by the method of polymerization with simultaneous
recovery of metal ions were investigated. The kinetics of heat release during copolymerization of
2-hydroxyethyl methacrylate with polyvinylpyrrolidone initiated by benzoyl peroxide was
investigated by a thermometric method. It is established that the exothermic effect of
polymerization can be used to create the necessary temperature conditions for Ag" reduction.
The use of combined initiating system of iron (II) sulfate/benzoyl peroxide makes it possible to
carry out the process of composites obtaining at room temperature, in the open air in 10-40
minutes with maximum exothermy temperature 70-121 °C.

The development of technology for production of metal-filled hydrogels based on
copolymers of HEMA with PVP by polymerization with simultaneous chemical reduction of
Ag" ions suggests the grounding and determination of optimal technological parameters for its
realization. The diverse influence of the initial polymer-monomer composition formula on the
main parameters of the exotherm of the copolymerization of HEMA with PVP, which constitute
the technological mode of chemical deposition of metals, has been experimentally proved.

In order to decrease the part of experimental losts, the possibility of use the simplex-lattice
planning method to optimize compositional formula based on HEMA/PVP/H,0O with the plotting
of an adequate model has been proved. Optimization was carried out for the main parameters of
the exotherm process — the time of gelation start, the region of the gel effect and the maximum
temperature of the exotherm [1].

Using the Sheffe simplex-lattice planning method, the planning matrices were constructed,
the regression equations are calculated and lines of equal properties values are defined. The
obtained regression equations allow analytically establish the relationship of the parameters of
exothermic processes with the technological conditions for the reduction of Ag" ions, as well as
with the formula of the polymer-monomer composition. The main advantage of the results
obtained is that to build an adequate model, it is necessary to carry out a minimum amount of
experimental research, which significantly speeds up the construction of the model and also
significantly reduces the cost of its creation. The use of the obtained equations makes it possible
to calculate the content of the initial reaction composition, the exothermic effects of the
polymerization process of which provide the optimal technological parameters for the reduction
of metal ions. The constructed lines of equal values of parameters will significantly reduce the
experimental search for composite formula with given parameters of the exotherm of the
polymerization process, which constitute the technological mode of chemical deposition of

Ag(0).
1. O. Grytsenko, A. Pokhmurska, S. Suberliak, M. Kushnirchuk, M. Panas, V. Moravskyi,
R. Kovalchuk. Technological features in obtaining highly effective hydrogel dressings for

medical purposes. Eastern-European Journal of Enterprise Technologies. 2018, p. 6—13.

The publication contains the results of studies conducted by President’s of Ukraine grant
for competitive projects @84/56870 of the State Fund for Fundamental Research.
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KOMITO3UIIMHI HOJIMEPHI HOKPUTTS CHIEIMIAJBHOT O
INPU3HAYEHHA

Pycnan (Diﬂinconoel, Cepeiu Maﬂunuql, Onena AKCiMeHWZbGGCZZ, T anuna MapmuHmK3
"Hamionansia AKajeMis CyXOIyTHHX Biiickk iMeHi rerbmana ITerpa Caraifzagnoro
*JIbBiBCHKMIT HALIOHANBHAN YHIBepcHTeT iMeHi IBara Opanka
3PiBHEHCHKHIA ICpKABHHIT I'yMaHITAPHUI YHIBEpPCHTET
e-mail: filipsonov.ruslan@gmail.com

B cyuyacHux yMoBax, KOJM Ha CXITHUX TepeHax YKpaiHu i1yTb 0oioBi1 Aii, 0coOIMBOL
aKTyaJlbHOCT1 HaOyBalOTh JOCIIIKEHHS, OB ’s3aH1 3 PO3poOKOI0 3aco0i1B MPOTUMILT JTa3epHUM
CUCTEeMaM HaBEJIeHHS — Hacammepe] /s MeXaHI30BaHUX MIAPO3AUIIB Ta MIAPO3JLIIB
CHEIIaJIbHOTO MPU3HAYEHHS. 3 11€I0 METOK BUKOPUCTOBYIOTHCS aHTHpaJapHi MOKPUTTA - Kiac
MarepiaiiB, Kl 3aCTOCOBYIOTHCS B TEXHOJIOT1i 3HW)KEHHSI TIOMITHOCT1 /I MacKyBaHHsI 3acO0IB
030po€HHsST 1 BINCHKOBOI TEXHIKM BiJ BHUSBJIEHHS pajionokamiiHuMu 3acobamu. Taki
JOCIIDKEHHSI € CKJIQJ0BOK YaCTHMHOK 3arajbHOTO HAMpsMKY, IIOB’S3aHOIO 3 PO3pPOOKOIO
METO/IIB JEMACKYyIOUHUX O3HaK BIMCHKOBOI TEXHIKM B OCHOBHMX ¢i3uuyHMX noyax. [lpm mii
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHSI BIOYBalOTbCSl OJHOYACHI MPOIECH MOTIMHAHHSA,
po3citoBaHHs (BHACHIJOK CTPYKTYPHOI 1 TI'€OMETPUYHOI HEOJHOPINHOCTI  Marepiany) Ta
iHTepdepenuii paaioxBuwib [1]. Ha nanuit yac ocoOiuBY yBary NIpHUBEpPTAlOTh IMIrMEHTHI
nokputtss Ttuny «®apba» ans 3MEHIIEHHS BIIOMBAaHHS pPaaioXBWiIb. [lepcriekTMBHUMU
KOMITIOHEHTaMH aHTUPAJIaPHUX NOKPUTDH € €JIEKTPOIIPOBIJIHI CIIPSKEH1 MOJIMEPHU 3 CUCTEMOIO TT-
€JICKTPOHHUX 3B’S3KIB 1 BJIACHOIO MPOBLIHICTIO, 3/aTHI JI0 TOTJIMHAHHS EJIEKTPOMArHITHOTO
BUNPOMIHIOBaHHs [2]. BogHodac Taki mosriMepd HE MalOTh JOCTAaTHBO BHCOKOI MEXaHI4HOI
MIIHOCTI, TEPMIYHOT CTaOLIBHOCTI 1 JAJIs 1X BUKOPUCTAHHS HEOOX1THO CTBOPIOBATH KOMIIO3UTH 3
MIPOMHUCIIOBUMH TOJIIMEPAMU Ta HEOPraHIYHUMH MHIrMEHTaMH. SIK MIrMEHTH B aHTUpPaJapHUX
MOKPUTTAX JOLUIBHO BUKOPUCTOBYBATH JUCIEPCii MarHITHUX MaTepialliB, EPEBaKHO, CIIOIYKU
depymy.

B naniit poOoTi BUB4EHO yMOBH (POPMYBaHHSI 1 BIACTUBOCTI KOMIIO3UIIIMHUX MOKPUThH HA
OCHOBI CIIPSDKEHHMX IOJIIMEPIB, HAHOPO3MIPHOTO MAarHeTUTy Ta MOJIIMEPHOI MaTpulll Ha OCHOBI
enokcuanoi cmonu EJI-20.  Ilpu 1mpoMy OTBEPAHHMKOM 1 OJIHOYACHO €JIEKTPOIPOBITHUM
moJiMepHUM HamoBHIOBaueM Buctynae mnomianutin (ITAH), neroBanmii terpadTopOOpaTHOIO
kuciororo [3]. IIpomec orBepmkenHs enmokcuanoi cMonu EJl — 20 momiMepHHM KOMIUIEKCOM
[TAH-BF; BuBuanu 3a 1onoMororo audepeHIiiiHo-TepMIYHOro aHalizy. 3TiIHO OTPUMaHHUX
TEpMOrpaM Mpoliec eK30TEPMIYHUI 1 BIIOyBa€ThCs MpU MOPIBHIHO HU3BKUX Temmeparypax (323
— 343 K) 3 nBoma ninsiHKaMu TEIUIOBUIUICHHS, a came npu 323 — 343 K i1 363 — 383 K.
MMoBipHo, w0 momimepuumii kommiekc ITAH — BF; 3apnskm HasBHOCTI aMiHHHX Ta
TeTpa@TOopOOpaTHUX TPyl  BUCTYNAE KOMIUIEKCHUM 3aTBEpIKyBaueM, 3aBASKH TOMY, IO
TPETUHHUM HITPOT€H IMOJIIAHUIIHY MPOMOTYE TMpOLEC AaKTUBALll EHNOKCUAHOIO KUIbLS, a
terpadTopbopaT—anionn OepyTh Oe3mocepedHio ydacTh B Tporeci (popMyBaHHS MOJIMEPHOT
MaTpHlll 3a MEXaHI3MOM KaTIOHHOI moJiiMepu3alii. 3aBAsSKH IbOMY OTBEP/IKEHHS MOXKE
B1I0OYBaTUCh 3a HEBHUCOKUX TeMmIeparyp. BBeneHHS HaHOPO3MIPHOI'O MarHeTUTy CIPUYMUHSE
MIZABUIIEHHS MIKPOTBEPIOCT1 Ta TEPMIYHOT CTAOUTBHOCTI TOKPUTh.

1.bopucos 0. U. [lunamuka pamunosnektponuku-3. - M., Texnocdepa, 2009. - C. 276-
279.

2. AkcimentbeBa O.l. EnexTpoxiMiuHI METOAM CHUHTE3Y 1 HIPOBIIHICTH CHPSDKEHUX
nosimMepiB. — JIbBiB: CBiT.-1998.- 153 c.

3. Ilarent Ha BuHaxig Ne u 200613971, Vkpaina. Crioci®0 oTpuUMaHHS CTPyMOIPOBITHOT
enokcunuoi kommo3uiii / O.l. AkcimentbeBa, B.II. 3akopmoncekmii, I'.B. Maptuniok, A.l
Kpymak; 3asB 28.12.06; oy611.25.06.20007, bros. Ne 9.
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A NEW GENERATION OF EXTRUDERS WITH AN ACTIVE GROOVED
FEED SECTION
JW. Sikora, K. Glogowska, L. Majewski

Lublin University of Technology, ul. Nadbystrzycka 38D, 20-618 Lublin, Poland
Jjanusz. sikora@pollub.pl

Only a few original designs of the active grooved feed section are known, used in
laboratory prototype extruders, which were used to test their characteristics. The active grooved
feed section, as opposed to the passive one, is characterized by the possibility of changing the
constructional features during the extrusion process, without the need to stop the process. These
features are: the number of grooves, the angle of inclination of the grooves, the depth of the
grooves, the direction of the grooves' rotation, the angle of rotation, the shape of the grooves'
cross-section. The paper describes the latest design solution of the active grooved feed section of
a single screw extruder developed within the international research project NEWEX,
implemented in the EU Framework Programmer Horizon 2020.

This paper reviews the state of the art in the design of the active grooved feed section of a
single screw extruder, including patented embodiments as well as results of many hours of
brainstorming and discussions on the desired structure of this extruder part. All the CAD models
of the described in the paper are fully functional, kinematically tested, and tested for structural
integrity.

The adjustable grooved feed section was invented by Meyer, who first described his
invention in 1983 in US Patent No. 4462692 [1]. The preliminary assumptions of the presented
visualizations are the following: models are made in Catia v5 system as 3D models. They were
tested for their regularity and collision occurrence. Also, virtual prototypes were created to
determine the risk of any irregularities during movement.

The constructional assumptions of an active grooved feed section are the following:

« the grooved section is 5D long, therefore it is 100 mm,

« the width of the grooves is 6 mm,

+ the maximum height of the grooves is 6 mm,

« the inner diameter of the barrel is 25 mm.

Several different constructional solutions of an active grooved feed section [2] were
presented in the form of CAD models. They are the development of existing solutions but also
totally new ones. Them have innovative advantages and they will be submitted for legal
protection in the form of appropriate industrial property rights. One of them is shown in the
figure below.

The closing and the opening of the
grooves is achieved by rotating the moving
segments around the hinge axis. The rotation is
forced by an adjusting bolt. In the moment of
achieving an appropriate depth of the groove,
the rotational movement of the segment is
blocked by means of an adjusting bolt.

1. Mayer P. Screw extruders, Patent US
4462692 (1983).

2. Ferdynus M., Sikora J., Cunha A.G.:
Adjusting mechanism of the plasticizing barrel
of the extruder, Polish Patent PL 232600 (2019).

, The project leading to this application has received funding from the
§ European js Union's Horizon 2020 research and innovation programme
5 'Q under the Marie !< Sklodowska-Curie grant agreement No 734205".
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EJEKTPO®OPMYBAHHS PO3UNHIB BIOCYMICHHUX ITOJIIMEPIB
Onena lwenxo, Bikmopis [Inasan, Ipuna Jlsuwok
KwuiBchkuii HaIllOHAIBHUHN YHIBEPCUTET TEXHOJIOTI Ta AU3aWHY
e.ishchenkoS@gmail.com

CyuacHi nepeB’s3yBajibHI MaTepiajd MOBHHHI BOJOJITH NMEBHUMHU (DapMaKoJIOTTYHUMU,
(G13UKO-XIMIYHUMHU, OloapMalleBTUYHUMHU Ta CIOKMBUYMMHU BJIaCTUBOCTSIMH. Kommiekc nux
XapaKTEePUCTUK 3yMOBIIOE €(EeKTUBHICTh Ta Oe3neKy 3aco0y MepeB’s3yBaHHSI, 3pYyUYHICTh HOTO
BUKOPHUCTAaHHS. 3aCTOCYBAaHHS IpernapaTiB Ha OCHOBI CyOCTaHIIIM MPUPOJHOrO MOXOKEHHS, SIK
e(eKTUBHUX Ta Oe3MeYHUX 3acO0IB JJIs JIIKyBaHHS PaHOBUX YLIKO)KEHb Ta OIIKIB € 3aBXKJU
MOMYJISIPHUM. AKTYaJIbHUM 3aJIMIIA€THCS pO3p0oOKa HOBUX aHTHUMIKpPOOHMX 3acO0IB, HA OCHOBI
0l0CyMICHMX TMOJIMEpIB Ta HAJaHHA MPOJOHIOBAHOTO 3aXUCTy MarepiajlaM MEAUYHOTrOo
MPU3HAYCHHS.

Jlane nocinipkeHHsT Oyllo CHpsIMOBaHE HAa BU3HAYEHHSI BIUIMBY pI3HUX (aKTOpiB Ha
ctabutbHICTh enekTpodopmyBanHs [IBC BOMOKOH 3 J0JaBaHHSIM EKCTPAKTIB JIKAPCHKUX
pociuH. BigoMo, 1110 €KCTpaKTH JIIKaPChbKUX POCINH BUKOPUCTOBYIOTh IPU CTBOPEHHI IJIACTHUPIB
Ta CEpBETOK ISl JIIKYBAaHHSA PaH 3 KOMIUICKCHOIO [I€}0, 3YMOBJICHOIO HASIBHICTIO JYOMJIBHUX
pPEYOBHH, CIEKTp MicLeBOi 1ii SKMX, BKIIIOYA€ B’SDKy4y, MpPOTHU3aNajbHy, KPOBOCIMHHY Ta
aHTUMIKpOOHY. [Isl OTpUMaHHS HETKAaHUX MepeB’S3YBaIbHUX MaTepiaiiB BUKOPUCTAIU METO]
eJIeKTpo(OPMYBaHHS, L0 JIO3BOJISIE OJIEPKATH MaTepiayl 3 BEJIMKOIO MUTOMOIO MOBEPXHEIO Ta
MOBITPOIIPOHUKHICTIO.

PocnuHHI eKCTpakTH TOTyBaJd 3a CTaHJIAPTHOKO peuentyporo. Ha OCHOBI eKCTpakTiB
JIKapChbKUX POCIMH Ta CyMilllell €KCTPaKTIiB, BUTOTOBJSUIMCH PO3UMHU 3 KoHLeHTpauiero [IBC
10%. EnextpodopMyBaHHS HpPOBOAMIOCS Ha JIaOOpAaTOPHIM YCTAaHOBLI KalUIIPHOIO THUITY 3
Harpyroto enexkrpuddoro mojis 30 kB, BimcranHio MK enektpomamu 15-17 cM Ta giamerpom
kanusipa 0.6 mm.

Herkani matepianu Ta miiBku oTpumani 3 kommnosuuiii [IBC Ha OCHOBI eKCTpakTiB
JIKapChbKUX POCIUH AOCITIKYBAJIUCh Ha MAPOIPOHUKHICTD, & Pe3y/IbTaTH HABEJICHO Ha PHUC.

3

-

ITap onp OHHKHICTE, MI'/CM-~

= >
E HeTkaHui maTtepian

3paskM NniBoK

Homep 3pa3ska

Puc. PesynpraTil nocniaiB Ha naponpoHUKHICTH ( 1-pomaiika, 2-kopa ay0y, 3-KaneHyia,
4- MmaTepuHKa, 5-eBKalinT, 6-pomainka + kponusa (1:1), 7- kanenayna + kponusa (1:1),
8-eBkaninT + Kanenayna + pomamka (1:1:1)

[TaponpoHUKHICTh HETKaHUX MaTepianiB y 4-8 pa3iB Oulbllla HDK y IUTIBOK BUTOTOBJICHHUX
METO/IOM MOJIMBY 3 TUX € KOMIIO3HIIIH.

BupoOHuULITBO MOTIMEPHUX KOMIO3UIIMHUX 010CYMICHUX HETKaHUX MarepiajliB Ha OCHOBI
€KCTPAKTIB JIIKAPCHKUM POCIMH METOJOM €lIeKTpodOpMyBaHHS, BIAKPUBAE MEPCIEKTUBH JUISl iX
BUKOPUCTAHHSI IPH CTBOPEHHI «PO3YMHHUX» IEpPEeB’sA3yBaJbHUX 3ac00iB 3 peryjlbOBaHUM
BUJIUICHHAM JIIOYMX PEUYOBUH. 3pa3Ku HETKAHOI'O MaTepiajly MarTh BHCOKY HapONpPOHUKHICTH,
TOMY IepeB’sA3yBajibHI 3acO0M Ha iX OCHOBI 3MOXKYTh 3a0€3ME€UUTH Ta3000MIH MDK paHOIO Ta
HABKOJIMIIIHIM cepeloBULIeM 0e3 Aii MKITMBUX 30BHINIHIX YUHHUKIB, YTPUMYBATH paHy CyXOlO
Ta NOCTYNOBO BUJUIATH A0l 010JIOTTYHO aKTHUBHI PEYOBUHU.
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CTPYKTYPHO-IUHAMIYHI XAPAKTEPUCTUKHA
MNOJIIMIJIOBMICHUX HAHOKOMIIO3UTIB
H.B. Kozax, T.A. llanmaniu, K.C./pacan
[HCcTUTYT X1MIT BUcOKOMOJIEeKyIsipHUX crosiyk HAH Vkpainu
XapkiBcbke moce, 48, 02160, Kuis, Ykpaina,
shantaliitatiana@gmail.com

JocnikeHHst psiiiB HAaHOKOMIIO3UTIB Ha 0a3il momimiAiB (I1I) ta eTokcucunaniB pizHOT
OyZOBH J/03BOJIMJIO BCTAaHOBUTH BIUIMB TMOJIMEPHOI MaTpulll Ha KiHIEBY Mopdooriio Ta
BJIACTUBOCTI HeopraHiuHoi Hanodasu. B ganiii poGoti 3a momomororo wmetoga EIIP
pO3rIAaeTbcs BIUIMB BMICTY Ta OyJOBM HEOpPraHIyHOI CKJIaJ0BOi Ha IPOHUKHICTh
MOJIIMIZIOBMICHUX HAHOKOMITO3WTIB. BuXigHUMU KoMmIoOHeHTamMHu s ojepxkands [II Oymum
nianrigpun  nipomenitoBoi kucinotu (I[TAK) 1 4,4’-giaminogudenuiouit edip. [Llnsxom
JOJIaBaHHs JI0 PO3YMHY MojiaMmifokuciaotu cymimei Tterpaetokcucuiadn (TEOC)
metunrpuetokcucunad (MTEC) npu cniBBigHowenni (1:1, 1:2) ((5, 20, 50) % Bix macu
BuxiaHoi [TAK) onepikyBanu mosiiMiJoBMICHI HAHOKOMIIO3UTH 3 PI3HUM BMICTOM HEOPraHIuHO1
ckianoBoi. Jlns  JochHyKeHHS MPOHMKHOCTI  OJEP)KAHMX KOMIIO3UTIB — HITPOKCUIIBHUI
napamarHiTHu# 3081 (mM3) TEMIIO BBoaunu pisHuMu criocodamu: 1udy3iero 3 HOro po3unHy y
TuXJopoMeTani abo audy3iero 3 HaCHYEHOT Mmapu nM3. B Tabmuiii mpencTaBiieH] CKIIaau 3pa3KiB
Ta BIANOBI/IHI BITHOCHI 3HaueHHs HTerpayibHoi inTeHcuBHOcTI EIIP-ciektpy TEMIIO.

- . Ul, Uy,
ChiBBI1IHOIIEHHS Bwmict . . .
Nespaska | CppacMTEC | TEOCHMTECY, | "MOy3iasmapis | mudysid s
) ’ TEMIIO pO34YHHY
1 0 0 1 1
2 1:1 5 0,12 1,88
3 1:1 20 0,27 1,25
4 1:1 50 0,15 2,23
5 1:2 5 0,13 3,94
6 1:2 20 0,28 2,11
7 1:2 50 0,12 2,63

SAx BUAHO 3 TaOIMIl, BBEACHHS OY/b-AKO1 KUTPKOCTI HEOPTaHIYHOI CKJIaJ0BOI MPU3BOIUTH
70 PI3KOr0 3MEHILIEHHS MPOHUKHOCTI HaHOKOMMO3UuTy. HailOuibIna KUIbKICTh MapaMarHiTHUX
LEHTPIB CHOCTEPIraeThCs Uil BUXIIHOTO moiiiMiny. HalimeHine 3HaueHHs / crocTepiraerbes
JUIsl 3pa3KiB 3 HAWMEHIIIMM Ta HaWOUIBIIMM BMICTOM HEOPraHIdHO1 CKJIaoBOi (3pasku 2, 5,7).
Jliis 000X psi/iiB HAHOKOMIIO3UTIB BUPI3HAIOTHCS CUCTEMHU 3 BMICTOM HEOPraHIYHO1 CKJIAJOBOL
20%. [Jns 3paskiB, B siki nM3 BBoqwM udysiero 3 po3unHy TEMIIO y auxiopomeradi,
IIPOHUKHICTh 3pOCTAa€ y MOPIBHAHHI 3 BUXIAHUM MHojiMepoM. Ilpuyomy, oueBUIHUM € TpOsB
BIUIUBY CTPYKTYpU €TOKCHUCHJIAHIB: HAMOUIbIIE 3pOCTAaHHS NMPOHUKHOCTI € XapaKTEepHUM s
3paskiB 3 HajummmkoM MTEC, sike npu3BoauTh 10 OUIBII PO3MYIIEHOT CTPYKTYPU HEOPraHIuHO1
dazu. s 060X psniB HAOYXITUX Yy PO3YMHHUKY HAHOKOMITO3UTIB TAKOK BUPI3HAIOTHCS CUCTEMU
3 BMICTOM HeopraHiyHoi ckianoBoi 20%. 3rigHo AaHux Tadauii OUIbIly YyTJIMBICTh JO BMICTY
MTEC y HeopraHiuHil CKJIaJJOBii NMPOSBISAIOTE 3pa3ky, K1 HA0yXaiau y po3uMHHUKY. BHacninok
CTEpUYHUX OOMEXKEHb HITPOKCUIIbHI M3 3/1aTHI AUPYHIYBATU FOJIOBHUM YMHOM B OpPraHIuHY
MaTpPULIO TOCHIIPKEHUX HAHOKOMIIO3UTIB. TOMy CyTT€BE 3pOCTaHHS KUIBKOCTI IM3 Y HaOyXJIMX
3pa3zkax MOKe CBITUUTH Npo po3myuieHHs 1l koMIOHEeHTH y IpHUCYTHOCTI HEOPraHiuHO1 (a3u.
TakuM 4YMHOM, 3MIHIOIOUU TNPUPOJY, CIIBBIIHOLIEHHS Ta BMICT HEOPraHIYHOIO KOMIIOHEHTA,
MOXHA PETyJIIOBaTH MPOHUKHICTh MAaTpulll. 30KpeMma, JUIi KOMIIO3UTIB 3 HAIJIUIIKOM
TpUQYKIIOHATBHOTO ETOKCUCWIIAHY CIIOCTepiraeTrbcs 30UIbIlIEHAa MPOHUKHICTH. Bona €
MaKCUMAaJIbHOIO IS 3pa3Ka 3 BMICTOM HeopraHiuHoi ckinagoBoi 5%. e moxe Oyt oOymoBieHe
BIJIUBOM HEOPraHIYHOi CKJIaJOBOI Ha CTPYKTYpYy SIK 00jacTeil, CyMDKHHX 3 HEOpPraHIYHOIO
¢a3o010, Tak 1 Ha BCIO MOJIIMIIHY MaTPUIIO.
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CHUHTE3 TA BJIACTUBOCTI KPEMHIMOPI AHIYHUX
OJIII'OMEPHHUX ®OTOIHIINIATOPIB
H.A. bycvko, B.K. I puwenxo, A. B. bapanyosa, H. B. I'yozenxo, A. B. Kouemosa
[HCcTUTYT X1MiT BUcOKOMONekymsipHuX crnoiyk HAH Ykpainu, m. Kuis
oligomer8(@bigmir.net

Po3pobneno meroau cuHTe3y omiromepHux ¢otoininiaropis  (ODPI) Ha ocHOBI
MOHOMEpHOro ¢oToiHIiaTOpy 3 130(hOPOHI3OIMIAHATHOI TPYMOK Ta KPEeMHIMOpPraHIYHUX
osiiromepiB auriapokcu(noniaumeruiacmiokcany) (ITIAMC) 1 (3-aMiHOIpONUITPHETOKCUCUTIAHY)
(AIITEC).

MonoMepHuii  ¢GoTOIHIIIATOp 3 KIHLEBOW 130¢opoHi3onianaTHO0 rpynow ([IPID)
OJIEPXKYBIM TPU B3a€EMOJIl 2-T1IPOKCU-2-MeTWI-PeHuI-nponan-1-ony 3  anipatuyHuM
130¢oponaiizounianarom (IO I).

Ha ocHoBIi oziep:kaHOro MOHOMEpPHOTO (OTOIHIIIATOPY Ta KPEMHIMOPTaHIYHUX OJIrOMepiB
CHHTE30BaHO  OJIroMepHi  ¢oToiHimiaTopu 3a  MoJbHOro  cmiBBimHomeHHs [IJIMC
(AIITEC):IPI® = 1:1 3a cxemamu:

CH; CH; , THs
OCH: oH ~CH,~NCO CH; 0 ¢Hs O F CH,~ O‘ESI O}H
—C—(II—O—C—N—<:> + HO-ESi—OEI-H —»@—c—lc— -C- —<:>
|
CH; ~CH;, CHy CH; {~CH;
CH; CH;
O®I IIIMC-IP1®
CH oy Mo H PGt
0 (Hs -CH,"NCO 0-GoHs O CHy o H {= CH;N- C~ N~ (CH,)3- Si-0- GoHs
—c—c—o—c—N— + CoHs- O- 51 (CHy)s- NH2—>©-C—(II—O-C—N-<:> O- C;H;s
1~CHs o C,H;s CH; ~CH,
CH3 CH,

OdI AIITEC-APID

JlocnipkeHo KIHETUYHI 3aKOHOMIPHOCTI CHHTE3y Ta OylOoBY OJEp)KaHMX 1HILIATOPIB
meronoM [Y-cnekrpockomii Ha [Y-®Dyp'e cnexrpomerpi Tensor 37 (Bruker) meromom
po3naBieHoi kpamii MibK BikHamMu KBr., KineTmuyna kpuBa yTBOpPEHHS YpeTaHOBHUX TpYIl
iHiiatopy API® mae cknaanumii xapakrep. CrioyaTky MIBUAKICTh peakiii JiHIHHO 30UIbIIY€EThCH,
MOTIM CHOBUIBHIOETBCS 32 PaxXyHOK IIJIBUINEHHS B’SI3KOCTI Ta 3MEHIICHHS KOHIIEHTpAIlii
aktuBHUX NCO rpymn. Ha TpeTtbomy erari cocTepiraeTbCsi HOCTYOBE MPUCKOPEHHS peakiii Mo
S-006pa3HOMYy THIlY, MOXJIHUBO, B PE3yIbTAaTl KATAIITUYHOTO BIUIMBY MOJISIPHUX YPETaHOBUX
IpyIL, UI0 YTBOPIOIOTHCA B MPOLIECT PEAKILI].

Hocmimxenus tepmoctadbinmpHocTi cuHTe30BaHux O®I AIITEC-JPI® Ta O®I TIJIMC-
JIPI® MeTonoM TepMOrpaBIMETPUYHOIO aHAI3y MOKa3alo, 110 o0uaBa OJIrOMEpHI
(GOTOIHIIATOPU XapaKTEPU3YIOThCSl TphOMa CTalsiMU BTpatu Baru. OCHOBHa BTpaTa Baru
MOYMHAETHCS 3a Temrepatypu Buie 230 °C.

BuBueHHs penakcamifHUX MEpexoiiB B OJIFOMEPHUX KpPEMHIMOPraHIYHHUX I1HILIaTOpax
metoaoM JICK nokasano, mo 3a nepuoro nporpisy O®I ITIJIMC-/IPI® mae 1B1 KpucTaliyHi
Mmikpodaszu - I[IJIMC Ta xinueBux rpyn JIPI®. Ilicis 3miau TepmidHOi niepeaicTopii Mikpodasza
[TAMC 3anumaeTbesi KpUCTATIUHOIO 3 HE3MIHHOIO TEMIIEpaTyporo IUIABJIEHHS, a KIHLEB1 Ipynu
JPI®, sx 1 panime, BIiIOKPEMIIOIOTHCS B OKpeMy Mikpodasy ajie BTpadyaroTh CBOIO
YIOPSAAKOBAHICTh 1 MEPEXOAsITh B aMophHuUil ctad. Y ojiromepHoro ¢oroidiniaropy AIITEC-
JIPI® npu nepiioMy mporpisi criocTepiraerbes ABa nepexoau ckiayBanHsa Mikpoda3 AIITEC Ta
JAPI®. Ilpu npyroMy ckaHyBaHHI CIOCTEpIra€ThbCi OJIMH pelIaKCAlliiHUN IMepexi] CKIIyBaHHS
amopdHOi Mikpodasu, sika, MOKIMBO, CKIagaeTbes 3 B3aeMonpoHukHux cermeHTiB AIITEC Ta
JPI®. Tobto, ODI IMIMC-API® € nBodaznoro cucremoro, a ODI AIITEC-JIPI® —
0/1H0(a3HOIO CHUCTEMOIO.

Otpumanini O®I B mnopanpHmIOMy BHUKOPHUCTaHI B CHUHTE31  OJIOKKOMOJIMEpIB
($OTOIHIIHOBAHOIO PAaUKAIBHOIO MOJIMEPU3ALIIETO.
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MOJIIMEPHI MATEPIAJIM HA OCHOBI ®YHKIIIOHAJII3OBAHUX
NOXIITHUX OJIIN

A. B. bapanyosa, B.K. I puwenxo, H. A. bBycvxo, H. B. I'yosenko, 3.B. @anvuenko
[HCcTUTYT X1MiT BUcOKOMONekymsipHuX crnoiyk HAH Ykpainu, m. Kuis
oligomer8@bigmir.net

binpmiicts omiit  (coeBa, pimakoBa, JbHSHA, COHSIIHMKOBA, KYyKypyI3sHa 1 T.1.)
06araToOTOHa)XKHOTO BUPOOHUIITBA MOTPEOYIOTh MOAUDIKAI[IT HUIIXOM BBEIEHHS (PYHKLIOHAIBHUX
IPyI 32 IX BUKOPUCTAHHS SIK BUXIAHOI CHPOBUHHU Ul CUHTE3Y MOJIMEpHUX MaTepianiB. OgHIE0
3 MEPCHEeKTUBHUX peakiiil Moaudikauii 13 30epeKeHHsAM CTPYKTYPH OJIiil, K1 MalOThb Y CBOEMY
CKJIaJl 3HAYHY KUIBKICTh 3QJIMINKIB HEHACHYCHUX KHCIOT, TAKUX SK OJIETHOBa, JIHOJICBA,
JIIHOJICHOBA, € CMOKCHAYBAaHHS MOJBIMHUX 3B s3KiB. [lomanbima momudikaiis €moKCHIOBAHOT
coeoi onii (ECO) xkapOOHOBUMH KHCIOTaMHU JAa€ 3MOT'Y OTPUMYBATH OJITOTTILMIMITPIONU 1,
BIJIOBIAHO, MOJIlypeTaHOB1 Marepiand. BuxopucraHHs kKapOOHOBUX KHCIOT PI3HOI XIMIYHOT
IIPUPOJIU Ja€ 3MOT'Y OTPUMYBATH IoJiiMepH 31 crienudiyaumu BiactuBocTsmMu. Ha ocnoBi ECO
Ta HEHACUYEHUX KapOOHOBHMX KUCIOT Oynu cuHTe30BaH1 osiroectepakpmiartpiosin(OEAT) 3a
CXEMOIO:

CO-(HzC)TVCBHﬂ

[o]

CO-(CH1)7-CH=CH-CH2v(CHz)4-CH3 +3 R-COOH——
o

co-(HZC),vcHZ-cH=CH-(CHZ)4-CH3

MiyHicTb Ha po3pus, MlNa
[}

o 0CO-R
0CO-(H2C)7 CgHq7 1
H(CH3) OH 0CO-R 4r
OCO-(CH,);-CH=CH-CH, (CH)4-CH3
R= OCO-R  OH
0CO-(H,C)7 CH-CH=CH-(CH3)4-CH3 2F

OH

0 n
0 100 200 300 400 500 600

BigHocHe noaoBxeHHs, %

Puc. . XapakrepucTiku Ii1iBOK Ha OCHOBI
OEAT Ta oniromienioianaris 1o (1) Ta mics
Y®-onpomiHeHHs (2)

Ha ocnoBi OEAT Ta peakuiiiHO3/1aTHUX JIEHOBHX Kay4yyKiB, IIO MICTATh T'JIPOKCHIIbHI,
TiApasuaHl Ta anWiTiIpa3oHHI Trpynu Oyiau po3poOseH] OJOKKOMOJIMEPH 3 ypEeTaHOBHMH,
alICeMUKapOasuAHUMU Ta OKcajia3zoniHuiIkapObamMatHuMu rpynamu. lloaBiiHUI MexaHI3M
TBEPAIHHS OTPUMAHUX OJIIFOECTEPTPHUOJIIB, UISIXOM MOCTIIOBHUX peakiliil moyiikoHaeHcail (3
13011aHaTHUMHU  poprnosivepaMu) 1 nosiMepu3zanii (Y® onpomiHeHHs), 3a paxyHOK peakilii
(GYHKIIOHAJIBbHUX TPy Ta B3aEMOJIIT MOABIMHUX 3B’SI3KIB y MPUCYTHOCTI IHIIIATOPIB, J03BOJIE
Ha IepIIOMY €Talli OTPUMYBAaTHU MaTepiai, (opMyBaTH 3 HbOrO BUPIO MEBHOI GOpMU 1 pO3MipiB,
a Ha JpyroMy — HIBUIIYBaTH Horo Qi3Mko-mexaHiuH1 Xapakrtepuctuku (puc.) OTpumani
OJIOKKOIOJIIMEPH MEPCHEKTUBHI SIK 3aJIMBOYHI KOMIAYH[M, IUIACTUYHO-EJIACTUYHI MOKPUTTH,
nemrdepHi MaTepiaid 1 T. 1HIII.

Hlnsxom  B3aemoxnii  OEAT 3 2.4 -tomyinenniizouianatom  (2,4-TAl)  um
130oponmiizomianatom  (IO/I) po3polreHO METON CHHTE3Yy OJIrOypeTaHTPHUI3OIIaHATIB
(OYTI). IIponyxtn B3aemonii OVYTI 3 ¢ypdypunoBum cnupToM MiABULIYIOTH aJre3iiiHi
BJIACTHBOCTI, €JIACTUYHICTh Ta CTIMKICTh A0 Jii arpeCUBHUX CEPENOBUII OTPUMAHUX Ha iXHid
OCHOBI1 IOKPUTTIB 1 MOKYTh OyTH PEKOMEH/I0BaH1 JJIsl 3aXUCTY METAJIEBUX BUPOOIB.
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OCOBJIMBOCTI ®OTONOJIMEPHU3AIIIL HAHOKOMHO?.I/II[IfIHHX
MATEPIAJIIB JUISI JAMIHYBAHHS HOJIT'PA®IYHOI HPOI[YKHIT
Banenmuna Cucroxk, Bacunw [ panyax, Bonooumup I puwenxo,llempo /lasuckuoa,
Bonooumup Maik
[HCcTUTYT X1MIT BUcOKOMOJIeKyIsipHUX cioiiyk HAHY, Inctutyr ¢pi3uunoi ximii HAHY,
VYkpaiHcbka akaaeMist IpyKapcTBa
sisyk.valentina@gmail.com

[IpoGnema cTBOpeHHS HOBUX (OTONOJIMEpPU3AIIMHUX MaTepialaiB 3 HEOOXiTHUM
KOMILJIEKCOM ~ (I3UKO-XIMIYHUX Ta (PI3UKO-MEXaHIYHUX BJIACTHUBOCTEU 3aBKIU Oyna
aKTyaJlbHOIO 1 Ha JaHUW Yac BHPIIMIYETbCS BKJIIOYEHHSM B IOJIIMEPHY MATPHUIIO0 MEBHOT
KUIBKOCTI CTPYKTYpPOBaHHUX (parMeHTIB 3 (OpMYyBaHHAM HAHOPO3MIPHUX CHCTEM JIJIs
OJIEp’)KaHHA KOMIIO3MLIMHUX MaTepiaiiB pi3HOro  npu3HaueHHsA. g po3poOKu  Takux
MaTepuaaiB MEPCIEKTUBHUM € 3aCTOCYBAaHHS KpeMHIMOpraHiuHUX MoJauduKaTropis, 3a
JIOTIOMOTOI0  SIKUX MOJKHA  IUIECHIPSIMOBAaHO KepyBaTH  (POTOXIMIYHUMH, ONTUYHUMH,
MEXaHIYHUMHU, are31HUMHU BIIACTUBOCTSIMH MaTepiaiiB, PO3IIMPIOBATH C(hepu 3aCTOCYBaHHSI.

JlaminyBaHHa nmpexacTaBisie Cco0OK TMPOLEC MPUKICIOBAHHA [0 mojdirpadiuHoi 1
MaKyBaJIbHOI MPOAYKLIi MPO30poi IUIIBKM, fKa MOKpallye ii 30BHINIHIM BUIIsA, 30epirae Bin
Oyab-sIKUX 3a0pyaHEHb 1 BIUIMBY BOJIOTH, HIABUILYE MEXaHIYHY MIIMHICTh 1 CTIHKICTH [0
CTHpaHHS, a TaKOoXX 3HAYHO 30UIbLIYE CTIMKICTh A0 (I3UYHMX 1 XIMIYHMX BIUIUBIB. [lpum
JaMiHyBaHHI noJirpagiuHoi NpoAyKIii HallOUIbII NMEPCIEKTUBHUMHU € aare3WBHI CUCTEMH, LIO
3aTBEPKYIOThCSA Mia fAiet0 Y D-onpoMiHeHHs. Y MOPIBHSHHI 3 IHIIUMU are31MHUMHU CUCTEMaMHU
(TepmokJiel, Kiei Ha OpraHiYHMX PO3UMHHMKAX, KAaTalITU4HI  KJei) BOHM 3a0e3NnedyroTh
MOKpAIIEeHHs TEXHOJIOTIYHUX Ta eKCIUTyaTallliHuX BiacTuBocTei, Maroth 100% TBepamii
3aJIMILIOK, BUCOKY aJre3it0 /10 IIUPOKOro CIEKTPY MarepiaiiB, Maauil yac Bucuxanus (1-2¢), mo
JI03BOJISIE IX BUKOPUCTOBYBAaTH Ha PYJIOHHHMX POTALIMHUX MalluHax Juisd Oe3rnepepBHOI 00poOku
MPOJIYKIIii, 320€3MeUyI0Th €KOJIOTTUHY YACTOTY Ta MaJjli BATPATH €JIEKTPOCHEPT .

[IpoBenena po3poOka Ta  JOCHIPKEHHA  YyTIMBUX 10 1ii  YD-ompoMiHEHHS
nosivepu3amiianx kommo3uilii (PIIK) wa ocHOBI omiroyperan- Ta oJjiroedipakpuiatiB 3
BUKOPUCTAHHSIM  CHHTE30BAaHMX  KPEMHIMOpraHiYHMX  MOAM(IKATOpIB  JUId  OJIepXKaHHs
HAaHOCTPYKTYPOBAHUX aJr€3UBHUX CUCTEM, 10 3aCTOCOBYIOTHCS JUIs JJaMIHYBaHHS JIPYKOBAHOT Ta
MaKyBaJbHOT MpoAyKIii. JlociaipkeHo BIUIMB po3po0sieHNX KpEMHIHOPraHIYHUX MOAU(IKATOpIB HA
0COOMMBOCTI (POPMYBAHHS CTPYKTYPH IOJIMEPHOTO MOKPHUTTS, a TaKOXK Ha (oToXiMiuHI, (Pi3UKO-
MexaHiuH1 Ta aares3iiini BaactuBocti OIIK 3 Bukopucranusam meroxis Y- , YO- cnexkrpockomii,
niponitnaHoi Mac-criekrpometpii (IIMC). PesynpTaTi 103BOJIMIIM MMPOBECTH ONTUMI3AIIIIO CKIIATy
@IIK 3 BKITIIOYEHHSIM MOIM(DIKATOPIB PI3ZHOIO XIMIYHOTO CKJIay.

MonundikoBaH1 KOMIO3UIIIHHI MaTepiall XapaKTepPU3yIOThCsS BUCOKOIO CBITJIIOUYTJIMBICTIO,
yac EKCHOHYBaHHS ILIapy MOKPUTTS CKianae 2-3 cek, L0 J03BOJII€E BUKOPHUCTOBYBATH IS
CTBOPEHHS 3aXMCHHX 1 IEKOPATUBHUX HOKPUTTIB, (POTOMOJIMEPHUX aJIr€3UBIB JUISl MAKYBAJIbHOT
MPOJIYKIIIT MPU BUCOKUX HIBUIKOCTSIX poOOTH ApyKapchbkux MamuH. CTBOpEeHI HAHOKOMIIO3UTHU
XapaKTEepU3YIOThCS ~ HEOOXIAHMM  KOMIUIEKCOM  PEOJIOTTYHMX, MEXaHIYHUX, MPYKHbO-
negopMaliiiHuX, aare3ifHUX BIIACTUBOCTEH A eKcIUlyaralii B TEXHOJOTTYHHMX Ipoliecax
nostirpadii.

Amnani3 po3po0OieHux MoaugikaTopiBIOKa3aB iX NepcrneKTUBHICTb g Moaudikarii OIIK
Ta [UIECIPIMOBAHOTO PETYJIIOBaHHS BIJIACTUBOCTSMH  BIAMOBIZHO /IO TEXHOJOTTYHOTO
npusHaueHHs. [IpoBeaeHo BHpoOHHYI BUIIPOOOBYBAHHS PO3pPOOIEHMX HAHOKOMIO3MIINA Mpu
03700JIeHI €TUKETKOBOI MPOAYKIii METOJOM JaMmiHauii Ha MoJirpapiuHux MiJIpHUEMCTBAX
M.JIbBoBa. Pe3ynbraty mokasanu, 110 3aMiHa IMIIOPTHUX MaTepiaiiB J103BOJISIE YAOCKOHAIUTH
TEXHOJIOTIUH1 TpOoLEecH, 3a0e3NeYnTH iX BUCOKY €(EeKTHBHICTh Ta HAAIMHICTh eKCIUTyaTarii
BUPOOIB, 3HU3UTH COOIBAPTICTh, CHEPTOBUTPATH, 3a0€3MIEUUTH BUCOKY SIKICThb MPOAYKIIIi.
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MOJIEJTIOBAHHSI ITPOLIECY EKCTPY3Ii B 3AJIEXKHOCTI BIJT
CHIBBIJHOIIEHHSA MMOJIOJE®IHOBOI CHPOBUHHA

Bpamuuax Mux.Mux., Yonux H.B., 3emxe B.M.
HanionaneHuit yniBepcurer ,,JIbBIBCbKa MOJITEXHIKA”

e-mail: mmbratych@gmail.com

OcTaHHIM YacOM CIOCTEpIraeThbcs CTiMKa TEHJEHLIS BUKOPUCTAHHS MOJIMEPHUX TPYyO
3aMicTh MeTasieBUX 4u OeToHHMX. lle 0OymOBIE€HO iX BHMCOKOIO KOPO31HHOIO CTIHKICTIO,
HAJIMHICTIO, JIEMIEBU3HOIO CHUPOBMHM, BHCOKMMU MEXAaHIYHUMHU 1 eKCIUIyaTaliiHuMU
BJIACTUBOCTSIMM, a TAKOXK 3PYUHICTIO M1J1 YaC MOHTaXKHUX POOIT.

BitunsHsH1 BUpOOHUKH MEpEeBaXXHO OPIEHTOBAH1 HA BUPOOHUIITBO TPYO 3 MOTIETHIICHY a00
foro xomosimMepiB. Ilin yac BupoOHUITBA TPYyO OJHUM 3 BAXKJIUBUX 3aBJIaHb, € OJIEPKAHHSA
MOJIIETUIIEHOBOT CUPOBUHHU 3 HEOOX1JHOK TEXHOJIOTTYHICTIO, 10 J03BOJIUTH BUTOTOBIISITH TPYOU
HEOOX1/IHOT SIKOCTI.

Mertoro ganoi poOoTu Oys0 TOCTIAUTH BIUIMB CKJIAly KOMIIO3HIIIi HA OCHOBI CyMIIIi JTBOX
MIPOMHUCIIOBUX MAapPOK €KCTPY31HHOTO MOJIIETHIIEHY 3 PI3HOIO TEKY4YICTIO Ha PEOJIOTTYHI 1 (PI3UKO-
MeEXaHI4YH1 BJIACTUBOCTI KOMIIO3UTIB Ta BCTAHOBUTH OITHUMAIBHUN CKJIa] KOMIIO3HII 3 BUCOKOIO
TEXHOJIOTIYHICTIO 1 HEOOX1AHOO MIIHICTIO.

JUig ocniKeHb BUKOPHUCTOBYBAJIM EKCTPY3IMHHMI MOJIETUSIEH BHUCOKOI T'YCTHMHHM JBOX
mapok: LITEN PL-10 (ananor IIE-80) (Unipetrol, Yexis) Ta IIE2HT11-9 (ananor IIE-100)
(Kazanwsoprcuntes, Pocist). [pyHTYIOUHCH HA TEXHOJIOTIUHUN cepTU]IKAT CHPOBHHH, 6AYUMO, 110
nomierwsien Mapku [IE2HT11-9 Bosmomie noctratHro Hu3bkuMm [ITP, mo yrpymHioe #oro
nepepoOKy METOJIOM €KCTPY3ii. 3 METOI CTBOPEHHSI TEXHOJOTIYHOI CHPOBHHH ISl €KCTPY3ii
Horo 3minryBanu 3 6t TekyuyuM nodietmwieHoM LITEN PL-10 y cmiBBinnomenHi Bix 20 1o 80
% wmac. 13 30ubmienHaM Bwmicty IIE mapku LITEN PL-10 y cymimi 3 IIE2HT 11-9 cyrreBo
3poctae IITP oxepxxanux xomnosutis. 3a Bmicty LITEN PL-10 y cymimi 70 % wmac. IITP
koMro3uty craHoButh 0,40 r/10xB., mo cyrreBo nepesuinye IITP Buxignux nomimepis. Lle
MOSICHIOETBCS SIBUILEM 1HBepcii (a3 mix vac Tedii po3IuiaBy CyMIIIi JIBOX TE€PMOJMHAMIUHO
HECYMICHHUX IOJIIETUIICHIB.

Peonoriuny mnoBeAiHKy BHUXIZHUX IOJIMEpIB Ta iX CyMilmledl JOCHiKyBalM Ha
Bicko3umeTpi noctiiHoro Tucky [IPT 3a pizaux temneparyp (190, 210 1 230°C). 31 3pocTaHHsAM
Hampy)XeHHs 3CyBY 3pOCTa€ MIBUAKICTh JAedopManii po3mjaaBy CyMillled MOJIeTUICHIB
HE3JICXKHO BiJ CKJIAy Ta TEMIIEpaTypHu IOCIIIKEHHA. BHacCIiIoOK 3MilIyBaHHS TBOX MapoOK
MOJIIETUIIEHY P13HOI TEKY4OCT1 OTPUMAIIA KOMIIO3UTH 3 B'S3KICTIO, SIKA CYTTEBO BIIPI3HAETHCS Bill
B'A3KOCT1 BHUXIAHMX noJsimepiB. Lli pe3ymbratu miATBEpIKYIOThCA 1 BuMiptoBaHHsM [ITP
KOMIIO3UTIB.

OcHOBHI (I3UKO-MEXaHIYHI BIJIACTUBOCTI, TaKl SIK TpPaHULIM TEKYy4yOCTl MiA dac
PO3TATYBaHHS Ta pyHHIBHE HaIIPYKEHHsI 33 pO3pUBaHHs Bu3Havyau 3rijiHo [SO 527-2:2012.

Jlig Bcix cymilieil OTPUMYEMO 3HAYEHHS FPAHMIl TEKY4YOCTl i 4ac pPO3TATYBaHHS, K1
BIJINIOBIAal0Th BCTaHOBJIEHMM Bumoram mius Tpyo 3 IIE-100 (ITE2HT 11-9). HaiiBumoro
TPAHMIICIO TEKYUOCTI XapakTepu3yoTbes cymimni Ha ocHoBl [IE2HT 11-9 3 Bmictom LITEN PL-
10 30 %wmac. 3HayeHHsS TpaHUL TEKY4OCTI TAKUX CyMIllIeld JOPIBHIOE 3HAUYEHHIO T'paHUIl
tekydocTi BuxinHoro [IE2HT 11-9. PyiiniBHe Hampy»eHHS 3a PO3pUBY OJEpKaHUX CyMmillen
TaKOX € HIDKYUM 3a pyiHiBHe HanpyxeHHs BuxigHoro [IE2HT 11-9, ane nepeBuiye pyiiHiBHE
HanpyXeHHs 3pas3kiB 3 BuxigHoro LITEN PL-10.

TakuM unMHOM, B poOOTI EKCHEPUMEHTAJIbHO JIOBEJEHA MOJKJIMBICTh IOKpPALEHHS
TEXHOJIOTIYHOCTI HU3bKOTeKydoro mnosmietwieny wMapku [IE2HT 11-9 msxom 3wmiHu
cuiBBigHomeHHs cymimi 3 LITEN PL-10, He 3HMKyr0uM, IpU I[bOMY, MEXaHIUH1 BJIaCTUBOCTI
Matepiany. HallonTumanpHINIO 3 TOYKM 30pYy MIIHOCTI Ta TEKYy4OCTI € Ccymim i3
cruisBinHomeHHsIM KoMroHeHTiB [IE2HT11-9 no LITEN PL-10 70 no 30 % wmac.
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TEPMOMEXAHIYHUIL AHAJII3 EJIEKTPOITPOBIJTHUX
KOMITIO3UTIB HA OCHOBI HOJIIBIHIJIBY TUPAJIIO
0. O. Bymenxo', A. I. Miciopa’, €. I1. Mamyns °, B. 3. Bapcykos '
"Kuiscpkuit HalllOHATBHUN YHIBEPCUTET TEXHOJIOTIN Ta AU3aNHY, 2 KuiBchkuii HaIlOHAJIbHUN
yuisepcurer iMeni Tapaca IlleBuenka, ° [HCTHTYT XiMii BECOKOMOEKyspHIX criomyk HAHY
butenco@bigmir.net

EnexTponpoBiiHi MOJIMEpHI KOMIIO3UTHI MOKPUTTS 3HAWILIM IIMPOKE 3aCTOCYBaHHS,
30KpeMa Y BHPOOHMIITBI TEPMOEJIIEMEHTIB, JUIsl BHUIOTOBJIEHHS JPYKOBAaHUX IUIAT, MpU
MeTalizaiii macTMac, I eKpaHyBaHHS anapaTtypu 1 KOHCTPYKIIH 0OOPOHHOTO Ta MOOYyTOBOTO
MPU3HAYCHHS, a TaKOXX B 3aco0ax IHJAMBIAYaJbHOTO Ta KOJEKTHMBHOrO 3axucTty Bim HBY-
BUIIPOMIHIOBaHb, BKJIIOYAIOYM KOMIT'FOTEPHY TEXHIKY 1 MOOUIbHUI 3B’s30K. BawnuBum ans
TaKMX KOMIIO3HUTIB € X TepMOMEXaHIYHa CTIMKICTh, OCOOJHMBO KOJW OOJagHAHHS, /1€ BOHH
MOXYTb OyTH 3aCTOCOBAHI1, €KCILTYaTyeTbCS MPH MiIBULIEHUX TEMIIEpATypax.

Hamu Oyio po3pobieHO KOMIIO3UTH Ha OCHOBI MOJIMEPHOI MaTpuill 3 I0JaBaHHSIM
€JIEKTPONPOBIAHUX  ByriierpaiToBux  MarepiajiB 1 MarHeTury Ta  [POBEACHO  iX
TepMOMEXaHIYHUMA aHaii3. KoMImo3uTu BUTOTOBIIEH] 3 MOJIMEPHOT OCHOBH - TIOJIBIHUIOYyTHPATIO
(PVB) Tta nanmosHroBauiB: caxa (CB), xonoimuuii rpadirouii npemapat (KGP), okcua 3amiza
(Fes04). 3pa3ku HaneceH1 Ha anmoMiHieBy (Al) Ta minny (Cu) orabry 1 € monapHo iI€HTUYHUMU.
Ckuaz 3pa3kiB HaBeJIeHO B Mac.%, Ta 3aK0JI0BaHO B HacTynHoMy Burisiai: 0 — yuctuit PVB; 1 —
20CB+60KGP+20PVB; 2 — 20CB+60KGP+20PVB 3Bepxy mnokpurmii mapom PVB; 3 —
16,7CB+50KGP+16,6Fe;04+16,7PVB; 4 — 16,7CB+50KGP+16,6Fe;04+16,7PVB  3Bepxy
nokpurtui mapom PVB.

B xoxi TepMomexaHIYHUX AOCHIIKEHh OTPUMAHO HAOIp TeMIEPaTypHUX 3aJICKHOCTEH
nedopmartii s A0CTiIPKYBaHUX KOMITO3UTIB. BBeleHHS HalOBHIOBaYa /10 MOJIMEPHOT MaTpHII
MNPU3BOAUTH JO CYTTE€BOI 3MIHM TEMIIEPATYpHOI IOBEIIHKA KOMIIO3UTY. AHaI3 KpUBHX
3aJIe)KHOCTI MOX1HOT fedopMallii Biff TeMIIepaTypH MOKa3ye, 1110 HAllOBHIOBAY CHJIBHO BIUIMBAE
Ha MOJIEKYJSIPHY PYXJIHMBICTH MOJIMEPY, 110 BIAOOPaXKa€ThCsl B 3MiHI BUIJISILY KPUBUX 1 3CYBI
MKy, SIKAM BIANOBLIAa€ CKIyBaHHIO. 3 KpuBHMX nedopmariii marepiany BiJ TeMmIepaTypu
po3paxoBaHo 3HauYeHHs piBHOBakHOTO MOAys (E) kommosurie pu 160 °C. Sk BugHO 3 puc.1,
3HaueHHs E uncroro PVB 3naxoauthes Ha piBHI 0,5 MIla. BHecenHs HanoBHIOBa4a MpU3BOAUTH
70 30UTbLIEHHS BeJIMYMHU E KOMIIO3UTIB, OCKUIbKY HAllOBHIOBAY OOMEXKYE TEUil0 KOMIIO3UTY (a
3HAYUTh HOro AegopMarliio), ssKuil 3HaX0JUThCS B BA3KOTEKYUYOMY CTaH1 IpH L1 TemrepaTypi.

1.8

P

E

1,0

w
0,6

0.2

Ne zpaska
Puc.1. 3HaueHHs pIBHOBaKHOTO MOJYJIsl KOMIIO3UTIB HAa ocHOB1 PVB.

3pa3ku 2 Ta 4 MOKPUTI 3BEpXy LIApPOM IOJIIMEPY, TOMY 3Ha4deHHs E 1ux 3paskiB € 1eno
HIOKYUMU. MakcumallbHe 3Ha4YeHHS PIBHOBA)XHOIO MOJYJS JOCATA€TbCA JJI KOMIIO3UTY 3
TphOMa HAMOBHIOBAYaMH 0€3 JI0JJaTKOBOTO MOJIIMEPHOTO mapy (3pa3ok 3).

Otxe, nmociipkeHHs nedopMaliiHUX BIACTUBOCTEH KOMIIO3UTIB Ha ocHOBI PVB B
mupokoMmy Jianasoni temmeparyp (20-180 °C) npu mnocrilinomy HaBaHTaxkenHi (0,5 MIla)
IIPOJIEMOHCTPYBAJIO 3HAYHHMM BIUIMB HANOBHIOBaua Ha MOJIEKYJSIPHY PYXJHUBICTH KOMIIO3UTIB.
Jlepopmariiss KOMIO3UTY, 0OyMOBJIEHA TE€Ul€l0 MaTepiany y B’SI3KOTEKY4OMY CTaHI (a TakoX 1
PIBHOBaXXHHM MOJy/b), BH3HAYAETHCS 3arajbHOI0 KUIBKICTIO HAlOBHIOBaya, BBEICHOIO B
MOJIIMEPHY MaTPHULIIO.
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IVIIBKU KOCMETHUYHOTI'O ITPUBHAYEHHS HA OCHOBI
I'TAPOTI'EJIIB IITEMA TA EKCTPAKTY CALENDULA OFFICINALIS

Cogin Cybepaax, IOpiti Menvnuk, Mapia My3uka, Onena ®@eooposa, Pomana Ilempina
Hanionaneuuit yniBepcutet “JIbBIBCbKa MOJITEXHIKA”
e-mail: romanna.o.petrina@lpnu.ua

BukopucranHs mNOJIMEpHUX TigporeniB y MeAuluHi, (apmanii Ta O10TEXHOJOrIT €
MEPCIIEKTUBHUM HAIPSIMKOM, KU JWHAMIYHO PO3BUBAETHCA. 3aBISKMU 3LIUTIH TiapodiaibHIN
MOJIIMEPHIM CTPYKTYypl BOHM € QJIbTEPHATUBOIO ICHYIOUMM Ha PUHKY CHCTEMaM JIOCTaBKU
IpenapariB, Tak K MOXYTh BMILIYBaTH BEJIMUKY KUIbKICTb BOJW/OIOJOTIYHUX PIAWH/PO3UYUHIB
npenapaTiB. KocMeTHuHI MacKy Ha OCHOBI TJIPOTeNliB € €1aCTUYHUMH Ta CYMICHUMU 31 LIKIPOIO;
MaroTh BUCOKY IUIOILY NOBEPXH1 10 00’ €My, 110 30UIbIIYE NOTIMHAHHS 1 BUBUIBHEHHS PO3YHHIB;
CTPYKTypa Ta po3MIp MOpP JIOCTAaTHI AJIs 3ar0o0iraHHs MPOHUKHEHHS MIKPOOPIaHI3MiB, ajie He
MEPELIKO/DKAE KIITUHHOMY TUXAaHHIO Ta ra3000MiHYy.

INpporeni Ha ocHOB1 modairigpokcierunmerakpuiaty (IICEMA) 1 nmoniBiHUINIPOIIAOHY
(IIBIT) HEeTOKCHUHI, € HEIOPOTUMH, IIBUJIKO BUTOTOBIISIFOTHCS Ta JETKO (POPMYIOTHCS, MOXKYTb
norauHaTtu 10 50 % mac. Oyap-sSKOi PO3YMHEHOI Y €JNIOEHTI peYOBHHH, TOMY iX BUKOPHCTAHHSA
JUISl CTBOPEHHS T'IPOreleBUX MAaCOK € OOIPYHTOBAHUM 1 EKOHOMIUHO BUTITHUM.

PrHOK KOCMETHYHOI MPOMUCIOBOCT] IHTEHCUBHO PO3BUBAETHCS, MPOAYKI[IS Ma€ KOPOTKUN
KUTTEBUM LIUKII, TOMY pO3pOOJICHHSI HOBUX IHHOBALIHHUX MPOJYKTIB 3 POCIMHHOI CUPOBHHHU €
aKTyaJIbHUM 3aBJSKM HU3bKIH TOKCMYHOCTI Ta (papMaKoJOTiuHI aKTUBHOCTL. SIK HamoBHIOBau
JUISl CTBOPEHHS KOCMETUYHUX T1POTeNeBUX IJIIBOK BUKOPUCTAHO eKCTpakTH pociunu Calendula
officinalis. 1Ii 3aco0M MawoTh paHO3arolOBalbHY, MPOTUMIKPOOHY, MpPOTU3AINAJIbHY,
MPOTUITYXJIMHHY, QHTUOKCUAAHTHY [lii, OCKUIbBKH MICTATh (DEHOJbHI CIOJIYKH, (JIaBOHOINH,
BiTaMiHH, e€(ipHi OJIii Ta 1HIII BTOPUHHI META0OITH, SIKI BHU3HAYalOTh aKTUBHICTh POCIMHHHUX
Ipernaparis.

MeTtoro poOOTH € CTBOPEHHSI Ta TOCTIKEHHS KOMIO3uUIIiid Ha ocHOBI TiaporeniB [I'EMA 1
[1BII Ta excrpakry Calendula officinalis.

[Npporeni y BUIISIAL IJTIBOK OJIepKaHO OJOKOBOO ToJiiMepu3ariero kommnosuiliii [EMA 1
[IBIl y Bomuomy cepemoBumii [1]. Jis mocmigkeHb BHKOPHUCTAHO TiAPOTENl HAa OCHOBI
HactynmHux kowmmo3umid: ['EMA:IIBII:Boma — 10:0:10 1 8:2:10, sKi XapaKTepu3yrOThCs
BoJloNIOrTMHAHHAM (HaOpsikaHHsIM) 42 1 48 % 1 Koe]iieHTOM OCMOTUYHOT MPOHUKHOCTI ISt
Boau 0,51 15,23-107 M3/(M2-FO)1) BIJIIOBITHO.

Excrpaktu Calendula officinalis onepxaHo METOJIOM HACTOIOBAaHHS MpoTsroM 7 mi0. Sk
eKcTpareHT BUKOpUcTaHO 70%-uil eraHoJ, CHIBBIIHOIIEHHS cHUpoBHHa:ekcTpareHT — 1:10.
Excrpakty (inpTpyBany, CTaHAAPTU3YBAJIM Ta 1IEHTHU(IKYBAIM Ha HAasABHICTh (DEHOIBHHUX
CHOJIYK 1 (p;1aBOHOINIB Y TOTOBUX €KCTPAKTAX.

JUis nocniikeHb BUKOPUCTAHO T1IpOresieBl IUTIBKU, HAOPSAKIL y BOJI, 3 SKUX BUAAISIIH
MMOBEPXHEBY HECOPOOBaHy BOJY, 1 BHCYIICHI IUTIBKY TpoTsiroM | g00u 3a KIMHATHOL
temmneparypu. ['igporenesi miiBku noMimanu y exkcrpakt Calendula officinalis na 1 noly y
CHIBBIJHOILIEHHI IUTIBKAa:eKCTpakT — 1:5 (3a Macoro) 1 BHU3HAYalIM CTYIIHb HaOpsKaHHS.
JlocnipkeHo KIHETHKY HaOpsIKaHHS T1IpOreiiB i3 PI3HUM CHIBBIIHOIICHHSIM ILIIBKA:EKCTPAKT.
[Ticnst piBHOBaXXHOTO HaOpsSKaHHS IUTIBOK depe3 24 ToJ JOCIIKYBaIM JECOpOLII0 €KCTPAKTy
Calendula officinalis. CopOuito Ta aecopOIlif0 BU3HAYEHO KOHTPOJIEM 3arajibHUX (DEHOJBHUX
CHOJTYK Ta (pJITAaBOHOIMIB y eKCTpakTax. MakcuManbHUN CTYMiHb HaOpskaHHs cTaHOBUB 300%.

Otxe, cunHTe3oBaHo riaporeneBi miiBku Ha ocHoBl [I'EMA 1 TIBII, macuueno ix
exctpaktoM Calendula officinalis Ta ROCHKEHO KIHETUKY HaOpsKaHHS 1 BUBUIbHEHHS
excTpakTy. IliqTBep/KeHO HasfBHICTh Yy OJEpKaHUX KOMIIO3UTaX (PEHOJIBHUX CIHOJIYK Ta
(1aBOHOINIB, IO JO3BOJUTH B MOJAIBIIOMY BUKOPUCTOBYBATHU iX JJIsi CTBOPEHHS KOCMETUYHHUX
3aco0iB.

1. Suberlyak O., Melnyk Yu., Skorokhoda V. Regularities of preparation and properties of
hydrogel membranes // Materials Science. —2015. — Vol. 50, Ne 6. — P. 889-896.
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ITOBEPXHEBI TA IIVTACTUYHI BJIACTUBOCTI
QOJIEKCOI'POIYHUX MATEPIAJIIB
Banenmuna Cnoboosauux, Muxaiino Acincokuil,
Bsauecnas Penema, Bonooumup [llubaros
VYkpaiHcbka akaaeMist IpyKapcTBa
vsh.shibanov2@gmail.com

3rigHo 3 aHaN30M aHalIITUYHOI KomnaHii Smithers Pira nnst guekcorpadiunoro npyky 1o
2023 poky ImpOTHO3YETHCS TEHICHIlIA HOTO MIOPIYHOrO 3pocTtaHHs Ha 2,6% [1]. Pymiem Takoi
TEeHJEHILIl € moTpeda CycinuIbCTBA y BUPOOHHUITBI YMAKOBKU Ta ETHKETKOBOI MPOAYKIi.
BaxnuBum  QaxTopoM SKOCTI QuiekcorpaiuHoOro JApyKapchbKOro MpoIlecy € MapameTpu
¢doTomnosiMepHOi Ipykapchkoi popmu Ta ii 34aTHICTH BIATBOPIOBATH 300pakeHHs, a came A00pe
CHpUiMAaTH 1 IepeiaBaTu IpyKapchKy (apOy Ta BIAHOBIIOBATUCS MICHs AepopMalii IpU BUXOI1
3 IpyKapChbKOTO KOHTAKTY.

Komnozuuiithuit  cknaxg  ¢otononiMepHux QopmHux wmatepianis (OOM  no3Boiisie
dbopmyBatn THUBIXOM 1X Y®-OmMpoMiHEHHS 1 MOJAIBIIOTO CEJICKTUBHOTO BUMHUBaHsS (abo
TOIUIEHHSI) HE3alloJIIMEPU30BaHUX JUISIHOK, peibedHi Qopmu pi3HOT ckianHocTi. Ilpu
JOCTIPKEHHI TpOLecy BHUMHBAHHS (POTOMOJIMEPHUX (QOPM OpraHidHUMHU PO3UYMHHUKAMU
BCT@HOBJICHO, 1[0 B@XJIMBE 3HAUEHHS MAa€ TUIl PO3YMHHHUKA, a/PKe BIH JTUQYHIYIOUU Y
¢doTormnosiMep, TPU3BOAUTH /10 3MIHM BEJIMYMHU MOBEPXHEBOI €HEPTil APYKYIOUHX €JIEMEHTIB 1
BIIOBIAHO 3MIH Yy cHpuiiMaHHi Jpykapchkux (ap6. [Ipu BumMuBaHHI QoTOnoJIMEPHUX (OpM
posumnHnKOM Gravo-Sol, ix ITOBepXHeBa eHeprist ISKHTh B Mexkax 34-36 MI[K/M’, a y BUIAAKY 3
Flexosol — 31-33 mJDx/m*.

Cretugika MOBEIIHKU (POTOMOJIMEPHUX KOMIO3ZHUIIMHUX CyMIIIEH BUSBISETCA B iX
(h1BUKO-MEXaHIYHUX BJIIACTHBOCTSX, SIK1 XapaKTePHU3YIOTh 3[aTHICTh Matepiany aedopmMyBaTHCS
i JI€0 MEXaHIYHMX HaBaHTaXeHb. B mpoleci ApyKyBaHHS Ma€ Miclie IUIaCTOENAaCTHYHA
nedopmarrisi GopMHOTo Martepiaiy, sKa B 3HAYHIM Mipi Oy/Jie BIUTMBATH HA SKICTh BUTOTOBJICHHS
PO JTYKIII.

Tabnung. [lnacroenacTuuHi XapakTepucTuku (ortononaiMepHux Gopm

, Temmepa- IInacToenacTUyHi XapaKTePUCTUKH Tosmmna, | 1yjop,
Marepiain 0 MM
Typa, C p S R |R,mm| R" A
23 0,0006 |0,1560 |0,0040 [0,2510 [0,9910 0,937 60
23 0,0110 {0,1610 |0,0720 |0,7300 {0,9300 2,844
DPN-45 23 0,0160 |[0,1940 |0,0830 |1,6800 [0,9170 5,630
nudpona 70 0,0600 |0,2900 |0,2080 [0,3280 |0,7920 0,922
70 0,2900 |0,4150 |0,6980 |0,4960 |0,3020 2,805
70 0,4550 10,5160 |0,8810 [0,4500 |0,1190 5,568
23 0,0050 {0,0850 |0,0560 |0,1350 |0,9440 0,917 60
23 0,0060 |0,1060 |0,0550 |{0,5000 [0,9450 2,771
Cyrel-45 23 0,0130 |{0,2870 |0,0450 |0,9550 |2,3370 5,481
aHaJIOTOBA 70 0,1380 {0,2670 |0,5150 |0,1880 |0,4850 0,921
70 0,2400 |0,3500 |0,6870 |0,4450 (10,3130 2,745
70 0,4640 |0,5250 |0,8850 (0,4420 |0,1150 5,564

Jisa pi3aux tunie ®OM € BaxIMBOI0O X (I3MKO-MEXaHIYHA XapaKTEepUCTHUKA. Y TaKHUX
KOMIIO3HIIISIX CIIOCTEPIraeThCs 3aJEKHICTh MIACTOSIACTHYHHUX BJIACTUBOCTEH BiJl TPUBAJIOCTI il
HaBaHTaxeHHs. Pe3ynbratu, momaHi y TaOnuui, BKa3ylOTb Ha  CIIBPO3MIPHICTh
IJIACTOENACTUYHUX [MapaMeTpiB aHaJIOroBUX 1 HUPPOBUX QuiekcorpadiuHuX (POTOMOIIMEPHUX
IJIaCTUH. [3 30UIbIIEHHAM TOBLIMHM, IJIACTOEIACTUYHI XapaKTEPUCTUKU TEXK 30UIbIIYETHCS, SIK B
1M(POBUX TakK 1 B aHAJIOTOBUX (popMmax.

I. The Future of Flexographic Printing to 2023. URL:
http://www.flexoplus.ru/basics/presses/ index.html (gata 3Bepuenns: 20.08.2019).
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SYNTHESIS OF POLYACRYLATE - SILICA MEMBRANES FOR FUEL
CELLS

Mariia Zhyhailo', Viktoria Kochubei’, Iryna Yevchuk', Oksana Demchyna’, Khrystyna
Rymsha'

'Department of Physical Chemistry of Fossil Fuels INPOOC NAS of Ukraine, UKRAINE, Lviv,

Naukova Str., 3a e-mail: zhyhailo.mariia@gmail.com
*National Lviv Polytechnic University, UKRAINE, Lviv, S. Bandera Str., 12
e-mail: vicvitkoch@gmail.com

Fuel cell is a field of intense scientific activity because of promising application as
environmental friendly technology. Proton exchange membrane is a key element of fuel cell:
protons are transported through it from the anode to the cathode and then combined with oxygen
and electron to complete the redox reaction. At present hybrid organic-inorganic materials are
considered as a real alternative to the state-of-the-art membrane Nafion.

The series of membranes were prepared by UV polymerization of acrylic monomers
(acrylic acid AA, acrylonitrile AN, 4-vinylbenzenesulfonate sodium salt SS), at the presence of
photoinitiator 2,2-dimethoxy-2-phenylacetophenone (2.0 wt. %) and simultaneous sol-gel
transformation of MAPTMS (3-methacryloxypropyltrimethoxysilane)-based sol-gel system.
Ethyleneglycole dimetacrylate (EGDMA) was used as a crosslinker. The ratio between
monomers was SS:AA:AN = 14:20:44 (wt. %); SG content in the feed compositions as follows
(wt. %): SS1 - 0; SS2 —3; SS3 - 5; SS4 — 7; SS5 - 10.

FTIR spectra of the membranes recorded using FTIR spectrometer (Nicolet IS 10 FTIR)
with a resolution of 10 cm™ in a spectral range of 4000600 cm™ and EDS images revealed the
chemical composition of the membranes and incorporation of silica into polymer structure.
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SEM images of the synthesized polyacrylate-silica membranes show dense homogeneous
morphology without visible cracks. DTGA results indicate that membranes are capable of
holding water at temperatures up to 90°C. These characteristics make the membranes viable for
further research as proton- conducting membranes.
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BJIACTUBOCTI EHOKCUYPETAHOBHUX KOMIIO3UTIB
JI. M. Hwenxo, H. B. fAposa, O. O. bposko
[HCcTUTYT X1MIT BUcOKOMOJeKysipHuX cioiyk HAH Vkpainu, m. Kuis
E-mail:lara.yashchenko@gmail.com

Hogi TexH14H]1 pillIeHHs B PI3HUX Tajy3siX HAPOJAHOTO TOCHOAapCTBa MOTPEOYIOTh 1 HOBUX
e(eKTUBHUX MaTeplaiiB 3 XOpOIHMMH (HI3UKO-MEXaHIYHHUMHU TMOKa3HWKAMH, 10 BIAMOBIIAIOTH
HEOOXITHUM EKCIUTyaTalliiHuM BuMoraMm. B mpoMy acmekri emokcuyperanoBi (EY) momimepu
MPUBEPTAIOTh yBary pI3HOMAHITTSAM MOMJIMBOCTEH B3a€EMHOI MoAuQIKaIii EMmOKCUIIB 1
MOJIlypeTaHIB 3 PI3HUMH (YHKIIOHAIBHUMHU TPyNaMH, sIKI MICTATh OpPraHidHI Ta HEOpraHiyHI
CKJIaJIOB1, 1110 J03BOJISIE OTPUMATHU MOJIMEPHI KOMITO3UTH 13 3aJJaHUMH BJIACTUBOCTSIMH.

[Ipenmerom nocmiijkeHHs: Oyiau €MOKCHUYpeTaHOBI KOMIIO3HUIIIT Ha OCHOBI IOJii301iaHaTy
(ITIY) mapxu «Lupranat M 20S» IsoPMDI 92140, enokcunnoi cmonu EJI-20 TOCT 10587-84,
pigkoro cwrikaty HaTpito (CH) (cumikatHuit Mmoayns 2,9-3,0, BincoTok BUTbHOI Boau — 56,0 %).
EnoxcuyperaHoBi KOMIIO3HULIT TOTYBaJIM, MEPEMILIYIOYH KOMIIOHEHTH 31 IBUAKICTIO 900 00/xB
npotaroM 3 xB. ['0TOB1 KOMIO3uILIT 3aIMBaIN Y (POPMH Ta OTBEPXKYBAIU IPOTAroM 24 roJiuH 3a
temneparypu 2042 °C ta 1 roguny 3a temmneparypu 140 °C.

[IpoBeneHo AOCHKEHHS MEXaHIYHUX BIACTUBOCTEH (MOAYNSI MPY)KHOCTi, MILHOCTI Ta
BIIHOCHOI jAedopmarlii mpu CTUCKAaHHI, MITHOCTI TpH 3ruHi 3a Temmepatrypu 20+2 °C)
€MOKCUYPETaHOBUX KOMIIO3UTIB 3aJI€)KHO BlJ BapilOBaHHA BMICTY OpPraHidYHOro Ta
HEOPraHIyHOTO KOMIIOHEHTa MpU IXHbOMY (QopMyBaHHI. Bylo BCTaHOBJIEHO, IO B 3aJIEKHOCTI
Bia KiibkocTi CH B EY Moaynb nmpyXHOCTI, MIIHICTh Ta BiIHOCHA JAedopMallisi IpU CTUCKAHHI
nepedyBaroTh B Mexkax 1916,4-4187,6 MIla; 117,4—133,1 MIlIa ta 24,7-30,4 %, BiAmoBiIHO.

31 30UIbILIEHHAM BMICTY HEOPraHI4HOI cki1aJjoBoi B EY 3HaueHHs MILHOCTI IPU CTUCKaHH1
ICTOTHO H€ 3MIHIOBAJIUCSA, MPOTE MOIYJIb MPYXKHOCTI, SKHI XapaKTepU3ye KOPCTKICTb
KOMITO3U1Ili, 3Ha4HO 3MeHlIyBaBcs. [IpuunHa nporo moxe moisratu y 3midi Bmicty CH, mio
BIUIMBAa€E fK Ha HOro B3aeMoji0 3 opraHiuHoto ckiajgoBoto (ITILI), Tak 1 B3aemoairo MiX
KoMmrnioHeHTamu opranidHoi ckmamoBoi (IIIL+E-20), i, sk HachaigoK, Ha MBHAKICTH peakiii
yTBOpeHH: EY Ta MOBHOTY 11 3aBEpIICHHS.

JlocnipKeHHAMU €MTOKCUYPETAaHOBUX KOMIIO3UTIB Ha MILHICTh MPHU 3THHI BCTAHOBJICHO, 1110
HaWBUIIMMH TOKa3HUKaMu Xapaktepusyerbcs EY ckmany [IL/CH/EJ-20 = 80/20/20,
HaviHmwkunmu — EY cxmany TIL/CH/EJL-20 = 90/10/20.

AmnHaini3 pe3ynbTaTiB MPOBEAECHUX JIOCIIDKEHb 3 BHMBYEHHs BIUTMBY KuibkocTi CH Ha
BojonornuHaHHs EY KoMmo3uTiB mokaszaB, II0 BOHHM JOCSTalOTh MaKCHUMAaJbHOTO CTYIEHS
HacuueHHs npubau3Ho vepe3 2000 roauH, a MakCUMallbHE TOTJMHAHHA Boau EY kommo3uTiB
MIBUIYEThCS 3 TigBuieHHsM Bmicty CH, 1m0 MoXHa TOSICHUTH OuUThll 1e(hEeKTHOIO
ctpykrypoto EY cknany IMILI/CH/E-20 = 70/30/20.

3a JaHUMH TEPMOTPaBIMETPUYHOIO aHalizy oTpuMaHi EY xomMno3uTu xapakrepus3yroThCs
JOCUTh BHCOKOIO CTIMKICTIO JO TEPMOOKHCIIOBAJIBHOI NECTPYKILii, MpUYOMy HpH 30UIbIIEHHI
KUIBKOCT1 CHWJIIKaTy HATpil0 IXHS CTIAKICTh TOTIPIIYETHCS, IO 3YMOBJIEHO CTPYKTYPOIO
YTBOpEHUX KOMIIO3UTIB. [IpoBeneHi MOCHIPKEHHS JO03BOJISIOTH PErylIioBaTH TEPMOCTIHKICTD
€MOKCUYPETaHOBUX KOMIIO3UTIB 3aJI€XKHO BiJl PU3HAUEHHS.

OTpuMaHi HaMHM €MOKCHUYPETAaHOBI KOMIO3HULII MOXYTh OyTH €(QEeKTUBHUMHU MpH
CTBOPEHHSI KOMIIO3UTIB Ta SIK CIIOJIY4HI JJisi O10KOMIO3UTIB Ha OCHOBI POCIMHHHUX BOJIOKHUCTUX
HAIlOBHIOBAYIB.
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The polymerization of unsaturated compounds in the presence of O, is known as oxidative
polymerization. In this work we present the results of study of the low-temperature oxidation
process of vinyl compounds styrene, a-methylstyrene, methyl methacrylate, acrylonitrile with
molecular oxygen initiated by AIBN and PBO in the presence of NHPI. Oxidation kinetics was
studied at constant oxygen pressure with gas-volumometric method by measuring volume of the
absorbed oxygen.'H NMR spectra of oxidation products and polyperoxides were recorded on the
spectrometer "Bruker Bio Spin" (400 MHz, Si(CHs)s; standard, in CDCl;. IR spectra
polyperoxide was recorded in KBr on Perkin - Elmer Spectrum BX. It was established that the
NHPI is efficient in initiation of the oxidative polymerization of vinyl monomers, the oxidation
products of the monomers at temperatures of 30 + 70 °C and 1 atm of O, are polyperoxides and
low molecular carbonyl compounds.

An analysis of the kinetics for NHPI, AIBN and BPO initiators, as well as their mixtures in
the polymerization and oxidative polymerization reaction was made using classical scheme for
an chain process, when the initiation rate of a mixture of two initiators A and B (Wis:g) can be
represented as the sum of the rates Wiaig = Wia + Wig . Than the following equation must be
satisfied: W2ox At = Woxa + Woxs. So if two initiators are added, their combined effect can be
either additive (W?; = IW;® the total initiation effect is the sum of individual effects),
antagonistic (W’s < TW;’ the initiators cancel out each other’s effects), or synergistic (W’ >
YW the total effect is greater than the sum of individual effects). It was shown that the
combined addition of two initiators, one of which is NHPI leads to a synergistic effect

0,7 Fig. The relationship between
0,6 the rates of oxidative polymeri-
. 05 \é;-oboss??; AIBN zation and polymerization of MMA
e o at different initiators.
s 0'3 From Fig. it is seen that there is a
3 0’2 linear relationship between the rates
' of oxidation and polymerization
01 reactions (the straight line R® =
D=6 0.9977). This indicates that the
& 2 4 6 . 10 12 initiation rate of each of the
Wox 10 initiators is the same, both in the

presence and absence of oxygen.

"H NMR spectra of oxidates obtained by oxidation of MMA, St and MSt with O, showed
that the major products are the polyperoxides, which were isolated and analyzed. Vinyl
polyperoxides are the sticky amorphous mass with high adhesion to fingers and glass, they are
stable for several weeks at the temperature below 5 °C. At low temperature polyperoxides harden
and become glassy, brittle materials. The addition of polyperoxides to the flame of a spirit lamp
leads to characteristic clap and flash, their alternating structure was confirmed by 'H NMR
spectra. Among the oxidation products of acrylonitrile we did not identify the polyperoxides.

The possibility of NHPI participation in various initiation reactions in the oxidative
polymerization and homopolymeryzation was investigated by quantum-chemical methods using
the MOPAS 2016 package.
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OcTaHHIM 4YacoM BaXJIMBOTO 3HAUY€HHs HaOyJ0 MHUTAaHHSA MEPEepPOOKU CHHTETUYHHUX
IUTACTUKOBUX BHUPOOIB Ta BIUIMB MPOAYKTIB iX pO3MaJy Ha HABKOJUIIHE CEPEOBHILE.
Buxopucranns miactmac Ha HaTOBIM OCHOBI MPUBOAUTH 1O HAKOMUYEHHS Y BOJHUX 00'€KTax
Ta IPyHTI1 ci1abo AerpagabenbHUX BiIXO/IB, SIKI CTBOPIOIOTH BHCOKE €KOJIOTTYHE HABAHTAKCHHS
Ha JoBKULIA. [lomyk anbTepHaTUBHUX MaTepiaiiB JaB IOIITOBX J0 PO3POOKH EKOJIOTTYHO
YUCTUX OIOIMJIACTHUKIB — IJIACTMAC, BUTOTOBJIEHUX 3 BIJHOBIIIOBAJIILHUX PECYPCIB, SIK1 010JI0TTYHO
PO3KIJIa/Ial0ThCS B HABKOJIUIITHBOMY cepeaoBuIi [1].

Cepen  HOBHX  €KOJONIYHO  YHCTMX  IUJacCTMAac  3aciIyrOBYIOTb  Ha  yBary
MOJIIrIPOKCHAIIKAHOATH (PHA), 10 IIPOTYKYIOTHCS MIKpOOpraHisMamMu 1 €
Oionmerpanadenpaumu. [lomirimpokcuankaHoatd € OIOCYMICHUMH, HE TOKCHYHUMH 1 HeE
BUKJIMKAIOTh OJIHOT 3 BIIOMUX ayepriyHux peakiiil. [Ipu HasBHOCTI Takux BiactuBocteil PHA
€ LIKaBUMU JJ1s1 610110JIIMEPHOTO 1HXUHIPUHTY [2].

B poGori Oyno mnpoBeneHO MIKpOOHUH CHHTE3 MOJIrAPOKCHANKAHOATIB IITAMY
Pseudomonas sp. PS-17 ta pociimkeHo iX ¢i3uko-xiMiuHi BiactuBocTl. KynbTuByBaHHA
MIKpOOPraHi3MiB MMPOBOAMIIM HA ONTHUMI30BaHOMY MOKMBHOMY cepeoBulli [3] 3a TemnepaTypu
30°C ynpoaosx 2 ai0. 3 mocT (epMeHTalIiHOT KyJIbTYpaJIbHOI PIAMHM  KJIITUHU BUIUISIIH
HUISIXOM  IeHTpu(yryBanHs.  biomosiMep-moyiriipokcuagkaHoar BHAULSIA 13 KIIITHH,
OTpUMaHUX HICN UEHTpU(]YryBaHHS, HUIAXOM eKcTparyBaHHs XjiopogopmoM. [nentudikamiro
KIIITUHHOTO OilomnosiMepy npoBoauin merogoM UV-Vis ciekTpockorii (MaKCUMYM MOTJIMHAHHS
239 um). Tepmiuny ctiiikicte PHA Ta #oro TemiocTifKIiCTh MOCTIIKYBadu Ha OCHOBI JaHHX
KOMILJIEKCHOTO TEPMOTPaBIMETPUYHOTO, AU(PEPEHIIITHOr0 TEPMIYHOTO aHANI3IB Ta 3a METOJ0M
Bika. Tepmiunuii ananiz OiomoJsimepy mnpoBoauian Ha jaepuBarorpapi Q-1500D cucremu
“ITaynik - Ilaynmik—Epneit” B inTepBani temmeparyp 20-1000°C, B atmocdepi moBiTps 31
mBUJIKICTIO HarpiBaHHs 5°C 3a XBWIHHY.

BceranoBneno, mo PHA Bia3HauaeTbCsi AOCTAaTHHO BHCOKOK TEPMIYHOIO CTIHKICTIO.
['muboKi TEpMOOKHCHI Ta JECTPYKTUBHI IPOLECH B 3pa3Ky MPOTIKAIOTH 3a TEMIEpaTyp, BUIIUX
226°C. CunTe30BaHuil 6iomomiMep Ma€e JOCTATHIO TEIUIOCTIMKICTh. 3a JaHUMU IU(EPEHIITIIHHOTO
TEPMIYHOTO aHaNI3y TeMIeparypa miasieHHs ckianae 46°C. [lani ITA noOpe y3romxyroThes 13
pe3ynbTaTamMu Mo TETUIOCTIMKOCTI 3a MeTo1oM Bika, moka3znuk sikux s PHA cknas 48°C.

JloctaTHsl TEIJIOCTIMKICT, Ta BHUCOKAa TEpMiuyHA CTIMKICTH 3pa3ka Olomomimepy PHA
CTBOPIOE IEPCHEKTUBU HOTr0 BUKOPUCTAHHS JUI BUTOTOBJIEHHS IMaKyBaJIbHHUX MaTepiajiB IS
MPOAYKTIB Xap4yyBaHHS, y CUIBCBKOMY TOCIOJAPCTBI — JUIsi TIOKPUTTS HACIHHA, JOOpUB,
nectuuaie. Exonoriyna 6e3nexa npoaykriB po3kiany PHA no3Bosisie BUKOpPUCTOBYBATH iX AJist
IIPOJIOHT'YBAaHHA Jii JIIKAPCBKUX 3ac001B, OTPUMAaHHS MIHOTO XIpypriYHOro marepiaiy, IO
Olozerpanye, a TakoXX €JIEMEHTIB OIOPHO-PYXOBOTO anapary Npy BUTOTOBJICHHI IMIUIAHTIB.

1. Akaraonye, E., Keshavarz, T., Roy, I. Production of polyhydroxyalkanoates: the future
green materials of choice . J. Chem. Technol. Biotechnol . 2010, V. 85, P. 2637-2640.

2. Reddy C, Ghai R, Kalia VC. Polyhydroxyalkanoates: an overview. Bioresour Technol.
2003, V. 8, P. 137-146.

3. Karpenko E., Pokinbroda T., Makitra R., Palchikova E. Optimal Methods of Isolation of
Biogenic Ramnolipid Surfactants. Zhurnal Obshchei Khimii. 2009, V. 79, No 12, P. 2637—
2640.
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[Tomimep—MiHepanbHI  KOMIIO3UTH  BOJIOJIIOTH  IIHHUMHU  OcOOnMBOCTsAMHU.  Jliis
ONTUMAJILHOTO TOENHAHHSA 000X KOMIIOHEHTIB JOLUILHO OTPUMYBATH KOMIIO3MTH, MPOBOASUU
MOJIIMEPH3aIiI0 BIHJIOBUX MOHOMEPIB 32 HAaSBHOCT1 HAHOAUCIIEPCHUX HEOPraHIYHUX MaTepiallis.

B namiit poOOTI MpoBeAEHO MOJIMEPHU3ALI0 BIHUIOBUX MOHOMEpIB, SIK OT: CTHPEH,
METHJIAKpUJIAT, METUIMETAKpUiaT, OyTHIIakpuiaT, OyTUIMETaKpUiaT B MPUCYTHOCTI aepocuiy,
Ti0,, MgO, Cr,03, V,0s, Fe;O3 ta xiniHonTutonity. Sk iHIIaTOpH pajuKaibHOI MoJIIMepHU3alii
BUKOpHUCTOBYBanu mnepokcuy; 6enszoiny (I1b), omiromepnuii mepokcuj cebGallMHOBOT KUCIOTH
(OCK), rinponiepoxcun mpem-oytuny (I'TITB).

[ToBepxHsi NOCIIPKYBaHUX MIHEPAJIbHUX TUCHEPCHUX OKCUIIB aJcopOye KOMIIOHEHTU
noyiiMepu3aliiiHoro  cepefoBuiia. BuBYeHO 3aKOHOMIPHOCTI  aacopOuii  MEPOKCHUAHUX
HIIIaTOpIB Ha TMOBEpPXHI1 AMCIEPCHUX MIHEpaliB 3 po3uMHy cTupeHy. llpomec ancopOuii
JOCIIKYBAaHUX MIEPOKCH/IIB Ha MEpesiYeHNX MIHEpaJIbHUX OKCHIaX I00pe ONMUCYEThCS BIIOMUM
PIBHSHHSAM MOHOMOJIEKYJISIpHOT ajacopOuii JlanrMmiopa. Bu3HadeHi OCHOBHI mapameTpu
aZCOpOIIfHOTO TIporiecy. Y BHITAJKy MPOBEACHHS aACOpOIlii 3 PO3YMHIB TaKHX CIOIYK SIK
METHJIMETAKpUIaT Yi OyTHIIAKpUJIAT CIOCTEPIraeThCs KOHKYpEHTHa ajacopOllisi MepoKCHIIB Ta
KHCHEBMICHUX MOHOMEpIB. J[OCHIIKEHHS TEPMIYHOTO PO3KJIaay TMEPOKCHIHMX CIIOIYK 3a
HAsIBHOCTI JUCIEPCHUX OKCHAIB IOKa3ajlo, L0 JAECTPYKIS 1HINIaTOpiB Iepedirae B pO3UMHI
MOHOMEPY Ta Ha IOBEPXH1 MiHEpay.

Ha moBepxni aepocuny Tta Cr,O3; azacopOoBaHi MEPOKCHIM PO3KIANAOTHCT 32
reTepOreHHUM MEXaHI3MOM B XOJl SIKOTO HE YTBOPIOIOTHCS pAAMKAIM 3AaTHI 1HILIIOBATH
noiiMepu3aitito. Peakiis mepokcuaHux 1Hiiatopie 3 moBepxHer V,0s, Fe,Os; PbO mae
OKHCHIOBAJILHO-BITHOBHUI XapakTep. B xoni miei B3aemojiii yTBOPIOIOTHCS BUIbHI PaJUKaiy,
3/aTHI BUKJIMKATH MojiMepu3anio. B xoai mosiMepusanii GOpMYyIOTbCSI KOMIIO3UTH, B SKHX
MiHEpaJibH1 YACTUHKU PIBHOMIPHO pO3noAuieH1 no o0’emy. [Ipuuomy, npu AOCATHEHHI CTYIEHS
nepeTBOpeHHs: MoHoMepy B mosiMep 10-15%, mBHAKICTH mojiiMepu3aliii B HAlOBHEHIM Ta
TOMOT€HHIN cHcTeMax cTae piBHOIO. Bkazanuil gakt cBiiuuTh 1npo (HOpMyBaHHS HA MOBEPXHI
MIHEpaIy «COPOUYKW» MOJIMEpPY, sKa OJIOKYE TTOBEPXHIO.

[ToBepxHsl aucHepcHOro OKCuay Oepe akTUBHY ydacTh B Ipoueci (opMyBaHHS IMOIIMeEp-
MIHEpaJIbHOTO KOMIIO3UTY. B cucremax, sKi MICTATh MIHEpajibHI HAlIOBHIOBAYl CIIOCTEPIra€ThCs
OOpHMB pPOCTYYHMX TOJIMEPHUX paJUKajdiB Ha TOBEpPXHL. B JOCHIKyBaHMX CHCTEMax
CIIOCTEPIraeThCsl MOJIMEpU3allisl JOCIHKYBaHMX MOHOMEPIB B PO3UMHI Ta Ha MOBEPXHI, a0 3a 11
yuacTio. B xoni popmyBaHHs mosiMep — MiHEpPaJIbHUX KOMIIO3UTIB B110yBa€ThCs MPULIETIICHHS
MakpoMOJIeKya TMoiiMepy A0 mnoBepxHi. CTymiHb NPUILEIUIEHHS MOJIMEPY 0 IOBEpXHI
3aJeXUTh Bl MPUPOJU MIHEpally Ta MOHOMeEpY. 3HaWJeH1 MOJEKYJSpHI Macu MOJIMepiB, fAKI
(GOopMyIOTHCSI B PO3UMHI Ta 32 HasIBHOCTI IUCIIEPCHOT (pa3y B CUCTEMI.
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In last years responsive “smart” surfaces were widely used for liquid crystal orientation,
generation of protein gradients, switching between superoleophobicity and superoleophilicity or
wettability by an ionic liquid. Smart antibacterial surfaces have a great potential for health and
industrial applications, as they can prevent bacterial attachment and biofilm formation especially
using a promising “kill-release” strategy [1].

In the presented work “smart” antibacterial surfaces based on silver nanoparticles (AgNPs)
embedded in temperature-responsive poly(di(ethylene glycol)methyl ether methacrylate) - as
well as poly(4-vinylpyridine) coatings attached to a glass surface were successfully prepared.
The composition, thickness, morphology and wettability of the resulting coatings were analyzed
using Time of Flight-Secondary lon Mass Spectrometry, X-ray photoelectron spectroscopy,
Energy Dispersive Spectroscopy, ellipsometry, atomic force microscopy, scanning electron
microscopy and water contact angle measurements, respectively.

Temperature-switched killing of the bacteria was tested against Escherichia coli ATCC
25922 (representative of Gram-negative bacteria) and Staphylococcus aureus ATCC 25923
(representative of Gram-positive bacteria) at 4 and 37 °C. In general at 4 °C no significant
difference was observed between the amounts of bacteria accounted on the grafted brush
coatings and within the control sample. In contrast, at 37 °C almost no bacteria were visible for
temperature-responsive coating with AgNPs, whereas the growth of bacteria remains not
disturbed for “pure” coating, indicating strong temperature-dependent antibacterial properties of
AgNPs integrated into brushes.

1. Joanna Raczkowska, Yurij Stetsyshyn, Kamil Awsiuk, Monika Brzychczy-Wioch,
Tomasz Gosiewski, Benedykt Jany, Ostap Lishchynskyi, Yana Shymborska, Svyatoslav
Nastyshyn, Andrzej Bernasik, Halyna Ohar, Franciszek Krok, Dorota Ochonska, Andrij
Kostruba, Andrzej Budkowski. “Command” surfaces with thermo-switchable antibacterial
activity. Materials Science & Engineering C. 103. 2019, 109806.
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Ha mouarky XX cT. HeHacH4eHi IMOJiecTepyd HEe 3HAMIIM HaJeKHOTO 3aCTOCYBaHHS,
MI3HIIE JIeTAIbHO BUBUMWIM MEXaHI3M iX CHHTE3y Ta BOHU INOYAIM MPUTITYBaTH yBary uepes
3IATHICTh 3aTBEPAIHHs O3 3aCTOCYBaHHs THCKY i BHCOKMX Temmeparyp. Haiibinbima ramyss
3aCTOCYBaHHs MOJiecTepiB — Ll BUPOOHMIITBO apMOBAHUX ILIACTHKIB. IX LIHHICTH Honsrae y
JiellIeB1d CUPOBUHHINA 0a31 Ta MPOCTOTI BUTOTOBJIEHHS PI3HOMAHITHUX BUPOOIB, HABITh KPYIHO-
rabapuTHHUX. 3apa3 MPOMUCIIOBICTh BUITYCKAa€ HEHACHYEHI MOJIIECTepH HA OCHOBI MaJICTHOBOT Ta
(GbymapoBOi KHCJIOT YW iX aHTiApuny (mojiiecTepMmareiHaTH), a TaKoX Ha OCHOBI aKPHJIOBHX
KkucaotT (mosiectepakpuiaru). [lomectepmaneiHaT — 1e HoJlieCTepU JIHIMHOI CTPYKTYpH, HE
3/1aTHI JI0 paJKalIbHOI rOMOIOIIMEpH3allii, Ui OJIep>KaHHs MOJTIMEPHUX OKPUTDH 3 CUTYACTOIO
CTPYKTYpOIO MOJIIMEPY J10IaTKOBO BBOJSATH AKTUBHI HEHACHYEHI MOHOMEpU abo osiromepu
(ByrJieBOJHEBI — CTUPOJ M IHII MOX1AHI, TPUETUIICHIJIIKOJIEBUN €CTep METaKpHJIOBOI KHUCIOTH
(TTM-3), aninoBi ecTepu).

VY BUNaAKy BUKOPHCTAHHS CTHUPOJY Ta HOr0 rOMOJIOTIB YTBOPIOIOTHCS 3LIUTI MOJTIMEpHI
CTPYKTYpPH HaCTYIHOTO CKJIaJy:

C;Hi—CH—o n o .
| .
I ]
|
—ROCO— CH—CH— OCO —R— OCO—CH—CH—0OCO—e s »
| |
HC—C:H; H(l"_l'—CﬁHj
|
CH, CH,
| I

—ROCO— CH—CH— OCO —R— OCO—CH—CH—OCO—s u »

[TosiecTepmaieinaTy, sIK MPaBUJIO, MAIOTh HEBUCOKY B'S3KICTh, iX HE HOTPIOHO PO3BOAUTH
PO3YMHHHUKAMH, IO JIyXK€ Ba)JIMBO 3 €KOJIOTTYHOI TOYkH 30py. KpiM Toro BHCOKHN BMICT
IUTIBKOYTBOPIOBaYa CIPUSiE YTBOPEHHIO MOKPUTTSA Benukoi ToBmMHU (1o 300 mxM) npu
0JIHOpa30BOMY HaHeceHl. Lle 703BoJise 3HAaUHO CKOPOTUTU LMKIJI poOIT 3 (apOyBaHHS PI3ZHOTO
THUITY IOBEPXOHb.

B3aemonis mosiectepy 3 YTBOPEHHSIM CHUTHACTOTO MOJIMEPY, K MPaBUIIO, BIIOYBAETHCS
i Ji€r0 1HIlaTopa W MpUCKOpIoBada mosiMepu3aiiii. Ha oCHOBI HeHacHUYeHUX MOJIieCTePiB
OJIEP’KYIOTh MEPEBAXKHO JIaKH JJ1si MeOIIiB i 1HIIKX BUPOOIB 13 nepeBa. Kpim Toro, BUpoOISIOTH,
ajle B 3HAYHO MEHILIHX KUIBKOCTAX MIrMEHTOBaHI MaTepiaiau (eMail, TPYHTOBKH, LUMAKJIIBKH).
[lomo apMoBaHUX IUIACTHKIB, JIOCTAaTHBO IEPEUYUCIUTH HACTYNHI BUPOOM: KaTepa, SIXTH,
LUTIONKH, OaliJapKy, YaCTUHU JITAaKIB PI3HOTO THUILY, paJlapHi yCTaHOBKH, Ky30Ba aBTOMOOLIIB,
OyzaiBenbHI MaTepiaiu, roppoBaHl JHCTHU, pe3epByapu Ta TpyOW, BaHHHU, OaceilHM, MUMKH,
apMaTypu JJisi BHYTPINIHBOTO Ta 30BHINIHBOTO OCBITJEHHS, EJIEKTPOTEXHIYHI Marepiaj,
IIPOTE3H1 MaTepiaiu 1 T.1.
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TiO, € mnepcneKTHBHUM MaTepiajJoM I EKOJIOTIYHMX 3acTOCyBaHb, 30KpeMa, Yy
¢doTokaramiTuuHuX npoiuecax. s 30UTbLIeHHS (HOTOKATATITUYHOT aKTUBHOCTI unctoro TiO,
BUKOPUCTOBYIOTh PI3HI MIAXOJHM, Takl SK MOAU(IKYBaHHS Ta CTBOPEHHsS HAHOKOMIIO3UTIB Ha
iioro ocHoBl. B ocTraHHbOMY BUNAJKYy MpHU MOEAHAHHI PI3HUX (POTOKATANMITUYHUX (Pa3 MOXKYTh
BUHUKATH CHUHEPreTUYHI €EeKTH, K1 MalOTh 3HAYHO OUIbIIY aKTUBHICTh, HDK yucTHH TiO,. ¥V
naHiil poOoTi sk Apyry ¢azy Oyno obpano ZnO uepe3 Oiu3bKe 3HAYEHHSI 3a00POHEHOI 30HU
(3,37 eB 13.0-3.6 eB s ZnO Tta TiO, BiaNOBIAHO), BIACTUBOCTI HAMIBIPOBITHUKA Ta HAsIBHY
(boTOKATaIITUUHY AKTUBHICTb.

Orxe, MeTa poOOTH MOJATaNa y CUHTE31 HAHOKOMIIO3UTIB HAa OCHOB1 KoMmepuiiHoro TiO,
ta ZnO Ta nmepeBipIli ix copOIiiHO-()OTOKATATITHYHOT AKTUBHOCTI TTO BITHOIIECHHIO /10 aHIOHHUX
0apBHUKIB (Ha MPHUKJIa/l KOHI'O YEPBOHOTIO).

Hanoxommosutu Ha ocHoBl TiO; Ta ZnO Oyn0 CHHTE30BaHO METOJOM IPOCOYEHHS 3
BUKOPUCTAHHSM HITpaTy LUHKY. Y pe3yiabTaTi Oylo OTpuMaHO 4 3pa3Kd HAHOKOMIIO3UTIB 3
BmictoM ZnO 2, 5, 10 Ta 15 % mac. CopOuiiiHo-poToKaTalITUYH1 BIACTUBOCTI MEPEBIPSIIN SIK
B [1]. Onepxani pe3yiabTaTH 300pakeHO Ha pUCYHKY l. SIk MokHa OauuTu 3 pUCYHKY 1, 31
30UIBIIEHHSAM BIACOTKOBOr0 BMICTy ZnO copOuiiiHi Ta (OTOKaTaNITU4YHI BJIACTUBOCTI
30UIBIIYIOTECS, CSTAI0UM CBOIO MAaKCHMyMY JUIi HAaHOKOMIO3UTIB 3 BMicToM ZnO 5%, micis
YOro CIOCTEPIrajJoCch 3MEHILEHHS K COPOLIMHUX, TaK i (JOTOKATATITUYHUX BIACTUBOCTEH.

0.7 agcopbuia foToRaTani3
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Puc. 1. Buny4yenns anioHHoro 0apBHUKA (KOHIO Y€PBOHOT0) OTPUMAHUMU 3pa3KaMu
HaHoKoMM03UTIB T10,-Zn0O y nopiBHAHHI 3 kKoMmepuitaum Ti0,.

Otxe, HaBeleHl EKCIEPUMEHTaJbHI JaHl MIATBEPPKYIOTh 30UIbIICHHS COpOLiHHO-
(boTOKaTaNITUUHUX BJIACTUBOCTEW HaHOKOMIIO3UTIB T10,-ZnO y nopiBHAHHI 3 yuctuM Ti0,.

1. Kutuzova A.S., Dontsova T.A. Characterization and properties of TiO,—SnO,

nanocomposites, obtained by hydrolysis method // Applied Nanoscience, 2019,
doi:10.1007/s13204-018-0754-4.
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I'pagieHTHI  MOKPUTTS HA  OCHOBI  (DypaHO-€NOKCHJHUX  TIOJIMEPIB  PI3HOTO
(GYHKIIOHAJBbHOTO  NpPHU3HAYEHHS  3aCTOCOBYIOTbCSI B OyHiBEeNBHIA  IHIAYCTpli  JUIs
AHTUKOPO3IMHOI0 3aXMCTy MOBEPXHI 3a11300€TOHHMX, METaJIeBUX BHUPOOIB Ta KOHCTPYKLIH, a
TaKOX JJI1 3aXUCTy MariCTpaJibHUX Ta30MpOBOJIB Ta TEXHOJOIIYHOTO oOOJaJHaHHSA B
ra3oTpaHCHOPTHUX CUCTEMAX.

I'pagieHTHI TOJIIMEpPHI MOKPUTTS (CUCTEMH) XapaKTePU3YIOThCS  HEPIBHOMIPHUM
po3noAuioM (Tpami€eHTOM) CKJIaay KOMIIO3HMIIITHOTO MaTrepially Ta HOro BJIACTUBOCTSAMHU 3a
nepepizoM. B Hacnmiok 4oro mpu OonTUMallbHOMY BHOOpI THUIy Ta KUIBKOCTI (KOHLIEHTpALlii)
IHTpEIEHTIB B cUCTeMI MOXHa c¢GopMyBaTH (YHKI[IOHAJbHI MOKPUTTS 31 CTaOUIbHUM
KOMILJIEKCOM BHCOKHX Jie(hopMalifHO-MIIIHOCTHUX Ta €KCILTyaTal[lfHUX BIACTUBOCTEH.

PanionanbHe peryntoBaHHs [UIbOBUX BJIACTUBOCTEM IpaJileHTHUX MOJIIMEPHUX MOKPHUTTIB
HEMOXXJIUBE 0€3 BCTAHOBJIEHHS KOPEJSLINHOTO 3B’A3Ky MDK XapakTepucTukamu (ha30Boi
CTPYKTYpH Ta BJIACTUBOCTAMHU KOMIIO3UTHOTO Marepiany. Tako BaKIMBUM YHHHUKOM € 3HAHHS
MexaH13My (popMyBaHHS (PYHKIIOHAIIBHOTO MOJIMEPHOTO MOKPUTTSI.

B po6oTi npoBenieHa po3poOka Ta JOCHIKEHHS (PYHKIIOHAIBHUX TPAJIEHTHUX MMOKPUTTIB
Ha OCHOBI ()ypaHO-EMOKCUIHOTO PEAKIIHHO3AaTHOTO OJIITOMEPY 3 PI3HUM BMICTOM €TOKCHIHOL
cknangoBoi.  CTpyKTypyrOUYMM  areHToM  CIyryBaB  aMIHO(EHOJBHHHA  TY)KaBJIIOBad.
CrpykTypyBaHHSl OJIIrOMEpY 31MCHIOBAJIM NPU HOPMAIbHUX yMOBax. Moaudikaropamu Oyiu
o0OpaHi OJIIrOMEpH1 CIOJYKH TEPMOAMHAMIYHO CYMICHI Ta HECYMICHI 3 (pypaHO-ENOKCHIHOIO
MOJIIMEPHOIO MATPHIIEIO.

Po3poOnennii TexHoMOTYHUM Hpouec GOpMyBaHHS IpaJll€HTHUX MOKPUTTIB, ONTUMAJIbHI
napaMeTpud SKOro 3abe3leuyroTb OTpUMaHHS (Ha30BO-OJHOPIIHOI CTPYKTypu (QypaHo-
€MOKCHUTHOTO TIOJIIMEPHOTO MaTepially yIpo 0Bk BChOTO Yacy HOTO eKCIuTyaTarlii.

Po3paxyHKOBO-TEOPETUYHUM METOJAOM Ta E€KCIEPUMEHTAJbHUMHU  JOCIKEHHIMU
BCTAaHOBJICHUH J1alla30H MOJIEKYJISIPHUX Mac Ta KOHLEHTpaliid oOpaHuX MOAU(]IKYIOUNX areHTiB,
110 BUKJItOYA€E (pa3oBe po3uiapyBaHHs pu GOpMyBaHHI IpaiieHTHUX MOKPHUTTIB.

B pob6ori HaBeneHi eKCIEpUMEHTANIbHI JaHHI, L0 XapaKTepU3ylTh TEXHOJOTTYHI
napaMeTpd  KOMIO3MIIHHOrO  Marepiany,  JaedopMalifiHO-MIIHOCTHI,  ajaresifiHi  Ta
eKCIUTyaTal[li{H1 BJIaCTUBOCTI PO3POOJIEHUX TPAJIEHTHUX MOKPUTTIB HA OCHOBI MOJU(DIKOBAHUX
(hypaHO-eMOKCHIHUX TIOJIIMEPIB.

Y BHUpOOHMYMX yMOBax TMpOBeAEHA IMpaKkTU4YHA ampoOaris rpamieHTHHX (ypaHoO-
eMOKCUJHUX TOKPUTTIB, C(OPMOBAHMX Ha 3al1300€TOHHUX BHUPOOAX Ta TEXHOJOTTYHOMY
oOnazHaHHI y cuUCTeMax TpaHcHnopTyBaHHS rasy. [loka3aHo BHCOKMI pIBEHb SIKOCTI Ta
po0OTO31aTHOCTI PO3POOJIEHUX TPAMIEHTHUX TOKPUTTIB YOPOJOBXK TPUBAIOIO TEPMIHY
eKcIuTyaTarii.
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JOCJIIIKEHHA MOPUCTOI CTPYKTYPH MOJIUPIKOBAHUX
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Hanionaneuuii TexHiuHuil yHiBepcuteT YKpainu « KuiBCbKUI NOMITEXHIYHUM IHCTUTYT IMEH1
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aleksyk.al@gmail.com

HeBucoka co6iBapTICTh, BEIMKE PI3HOMAHITTS BUJIIB CAllOHITOBUX TJIMH 3 PI3HOMaHITHUMU
CTPYKTYPHUMHU XapaKTEPUCTUKAMU 1 3HAYHUMU COPOLIHHUMH BIIACTHBOCTSIMHU POOJATH iX
3pydyHUM MarepiagoMm g (GOpMyBaHHA Ha IX OCHOBI BUCOKOC(EKTUBHUX COpPOEHTIB s
LUIbOBOIO BUKOPUCTAaHHS y Ipouecax BoaoouuuieHHs. OAHMM 3 NEpCHEKTUBHUX NUIAXIB
CHPSMOBAHOTO  pEryjloBaHHS IX BJACTUBOCTEM € MoaudiKyBaHHS  PI3HOMaHITHUMU
HaHouacTUHKaMu. CepeJl HAaHOPO3MIPHUX 00’€KTIB MUJIbHY yBary MpUBEPTalOTh XadbKOT€HIIU
MepexiAHUX MEeTalliB 3aBISKHU iX (POTOKATATITUYHUM BJIACTUBOCTSIM.

Orxe, Meror0 poOOTH Oyno JOCHIDKEHHS BIUIMBY MOJAU(DIKYIOUMX  J100aBOK
HAaHOPO3MIPHUX TIpadeHONnoAIOHNX CYIb(IAIB Ha IMOPUCTY CTPYKTYpY HAHOKOMIIO3HUTIB Ha
OCHOBI CaIloHITY.

VY nauiii po6oTi OyI0 OTPUMAHO HAHOKOMIIO3UTH HA OCHOBI CAIlOHITY 3T1IHO METOJIMKH,
mo HaseneHa B [1]. Tulbku y JaHOMy BHUIAQJAKy BUKOPHUCTOBYBAaBCS HE MOAM(DIKOBaHHM, a
HaTUBHUM canoHiT. Sk Moaudikaropu Oyno Bukopucrano MoS; ta WS,. Takum yuHOM
orpumano 3 3pasku (Camonit, CamnonirtMoS,;, Canonit+WS,), B SKuX nami IOCHIIKYBalu
CTPYKTYPHO-aJICOPOIIiliH1 BJIACTUBOCTI.

CtpykTypHO-aacopOIiiHi BJIACTHUBOCTI OTPUMAHUX 3pa3KiB JTOCITIKYBaTH
HU3BKOTEMIIEpATypHUM MeToAoM azacopoOiii-necopoiii azoty (T = 77 K ) ma Quantachrome
Autosorb (Nova 2200e). [Tutoma moBepxHsi Oyna oOuuciena 3a mpornomoroto piBHsHHS BET, a
00’em nop metojiom BJIX. OTpumani 130TepMH Ta po3NOALUT OP Ul BCIX 3pa3KiB HaBEJEHO Ha
pucyHky 1. 3rigHo 130TepM, MOKa3aHUX HA PUCYHKY 1, BUIHO, 110 HE MOJM(DIKOBAHUNA CANIOHIT
(puc. la) mae OuIbII IIMPOKHUI Jiala3oH PO3NOALIY MOp, HDK y MOJIM(IKOBaHMX 3pa3kax, 3
makcuMmoM npu d=4 M. ITpy 1BOMY, HOTO MHTOMA ILIONIA MOBEPXHI CTAHOBHTH 35 MY/T. s
MOAU(IKOBAHUX 3pa3KiB, K Y BUMAJKY CAMlOHITY, MOAU(IKOBAHOTO Cylb(inoM Moaibaeny (puc.
16), Tak ¥ camoHiTy, Moau(piKOBaHOTO Cyib(pimoM Bosbdpamy (puc. 1c¢), miamazoH po3moaury
MOp 3HAYHO 3BYXKYETHCA (CEpenmHild AlaMeTp MOop Maike HE 3MIHIOETHCS), a MUTOMAa MOBEPXHS
31—§I/I>Ky€TBC$IZ s 3pasky Camonit+MoS,; BoHa cTaHOBUTH 19 M*/r, a i CanonittWS, — 24
M/T.
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Puc. 1. 3orepmu ta poznoain mop Canoniry (a), Canonit+MoS2 (6), Canonit+WS2 (c¢).
OTxe, y JaHOMY BHUIIQJKy MOKHA CTBEPKYBATH, 10 BIIOYBAETHCS YaCTKOBE OJOKYBaHHS
MIKPO-ME30MOPUCTOT CHUCTEMH CaIlOHITOBOI TJIMHH 1, SIK PE3YJIbTaT, 3BYKYEThCSA Alama3oH
PO3MOAUTY TIOP Ta 3HIKYETHCS TUTOMA TUIOIIA TIOBEPXHI.

1. Dontsova T.A., Yanushevskaya E.l., Nahirniak S.V., Makarchuk O.V., Ivanets A.IL.,
Roshchina M.Yu., Kutuzova A.S., Kulikov L.M. Directional control of the structural adsorption
properties of clays by magnetite modification, 2018, Journal of Nanomaterials, 1-9.
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MOJIMEPHI KOMIIO3UIIMHI MATEPIAJIM TPUBOTEXHIYHOI'O
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CriokuBYa CIPOMOKHICTh CYy4aCHOTO CYCHUIbCTBA MIIBUINYEThCA 13 pOKy B pik. Jlms 1i
3aJI0BOJICHHSl MIJIPUEMCTBA BCIX Taly3eil MPOMMCIOBOCTI BHUKOPUCTOBYIOTH MAIIMHH 1
MEXaHI3MH 3 BHUCOKUM pIBHEM HPOIYKTUBHOCTI, $Ki, Yy OUIBIIOCTI BUIAJAKIB, € JOCUTH
€HEepProeEMHUMH (BIIOMO, IO €HEPris, sKa CIOXUBAaeTbcsl oOnaaHanHsM Ha 70-80%
BUTPAYAETHCSl Ha KOMIIEHCALII0 BTPAT Ha TEPTA y By3Jlax MalluH 1 MexaHi3MiB). IlinBuiieHHs
MPOJYKTUBHOCTI MallMH 1 MEXaHI3MIB JIOCUTh 4acTO BiIOYBa€ThCS 3a PaxXyHOK IHTEHCH(pikarlii
poOOTH TX OCHOBHUX BY3JiB, 1110 Y CBOIO YEPT'y PU3BOJIUTH /10 3MEHIIIEHHS iX HaIHHOCTI.

ToMy 3MeHILIeHHS BTpaT Ha TEPTS y By3jaxX MalllMH 1 MEXaHI3MIB Ta MiABUILEHHS PIBHS iX
HAJIMHOCTI € BAXJIMBUMU 1 aKTyaJlbHUMH 3aBJaHHAMU. OJHHUM 13 LUISIXIB BUPILIEHHS LOTO
3aB/IaHHS € CTBOPEHHSI HOBUX MaTepiaiB 3 BUCOKUM PIBHEM TPHOOJIOTTYHUX BIACTUBOCTEH st
BY3JIiB TEPTH.

OpHuM 13 HalOUIBII NEPCHEKTUBHUX MaTepialliB, sIKI CIIPOMOXHI 3MEHIIUTU TEpTd Ta
MIIBUIIUATH PIBEHb HAAIMHOCTI BY3JIIB MalIvH 1 MexaHi3MiB € nosiMepu Ta [IKM Ha iX ocHOBIL. Y
MOPIBHSHHI 13 TPAAUIIHHUMH MaTepiaiaMu, 110 BUKOPHUCTOBYIOTHCS y BY3JIaxX TepTs (MeTagamMu
Ta iX CIUIaBaMH) BOHM MAalOTh MEHIIY Bary, OLIbII TEXHOJIOTTYHI MpHU Imepepodil y BupoOu
(BLAMOBITHO OUIBII J€HIeBl), MOXYTh MpAaIlOBaTU HpHU Ml arpecMBHUX Ta aOpa3uBHUX
CepeOBUIL TP TEPT1 O€3 3MAaIyBaHHS 1 y peKHMaXx 13 TPaHUYHUM 3MallyBaHHSM.

Jlo moutiMepiB, SIK1 MarOTh HaMKpaluil piBeHb TPUOOIOTTUHUX BJIACTUBOCTEH BITHOCSTHCS
¢ropronimepu Ta IIKM Ha iX ocHOB1. B cyyacHiif IpoMuUCIOBOCTI HAOLIbIIE PO3NOBCIOIKEHHS
13 ¢dropnonimepiB oTpumaB (roporuiacT-4, SKUM HAMOBHAIOTH TIpadiToM, BYIJIELIEBUM
BOJIOKHOM, JUCIEPCHUMH MeTajamu 1 T.J. OHaK 11 KOMIIO3UTH MAlOTh Psiji HEJOJIIKIB, a caMe
JOCTaTHBO BHUCOKHUH piBEHb COOIBapTOCTI Ta HEBUCOKUH piBEHb (PI3UKO-MEXaHIYHUX 1
teriodizuuHux BiactuBocTedl. Tomy akTyanbHuM 3aBHaHHsIM € po3poOka IIKM Ha ocHoOBi
¢Toporutacta-4, ki M030aBJieH] WX HEJOJIKIB Ta MOXYTh OYyTH BUKOPUCTaH1 y By3/1aX TEPTs
MalIiH 1 MEXaHI13MIB.

Jlist BUpIIEHHS 1BOTO 3aBAaHHS (PTOpPOIUIAcT-4 HAMOBHSIM CHUJIIKAreiaeM, KWW 3aBISKU
aKTUBHIN PO3BMHEHIA MOBEPXHI 3/aT€H MIJICHJIIOBATH TMOJIMEPHY MaTPHUIIO. 3a pe3ysbTaTamMu
TPUOOTEXHIYHUX NOCHIKeHb po3podneHux [IKM BcTaHOBIIEHO, IO ONTHMAJILHUM BMICTOM
HanoBHIOBaya y noJiiMepi € 10% Bar. BuBduena mopdororis ctaseBoi HOoBepxHI TepTs A0 Ta
micas ¢pukiiiaoi B3aemonii 13 [IKM 1 BcTaHOBIIEHO, IO HA HI CTBOPIOETHCS “@aHTU(PPUKITIITHE
MOKPUTTA, K€ CIpUSE TOKPAIIECHHIO TPUOOTEXHIUHUX XapakTepucTtuk mapu Teptsa “TIKM-
CTaib”’ y TOPIBHSHHI 13 Mapol0 TepTA “BUXIAHHUI TOIIMep-cTans’. BuzHaueHo, MakcuMaibHI
3HaueHHs HaBaHTaxeHHs (2,0 Mlla) ta mBuakocti koB3anHda (1,25 m/c) mpu sSkux aerani 13
po3pobiienoro IIKM OynyTh mpaifoBatu y By3jax TEpTS MallUMH 1 MEXaHI3MIB Y HOPMAJIbHOMY
pexumi podotu. 3a gonomoror nporpamu MathCAD otpuMani MareMaTH4H1 3aJI€XKHOCTI, SK1
ONKCYIOTh BIUIMB 30BHIIHIX (haKTOpiB (HaBaHTa)KEHHS, LIBUIKICTH KOB3aHHS) Ha TepTsA Ta
3HomryBaHHs1 Marepiany 90% d¢roponanct-4 + 10% cuikarens. BusHadeHi HOro OCHOBHI
¢13MKO-MexaHIuHl Ta TeIo()i3UYHl BJIACTUBOCTI 1 BCTAHOBJIEHO, L0 CHJIIKAreib 3/1HCHIOE
MIZCUITIOIOUY Jit0 Ha (proporiact-4, 30UIbI1YI0UN PIBEHb HAMIPYKEHHS IPU MEX1 TEKY4OCT1 IpU
CTHCKaHH1, MOJYJIb MIPYXHOCTI, TBEPAICTh Ta TEMIIEpaTypy po3Mm sikiieHHs 3a Bika Ha 5-15% y
MOPIBHSIHHI 13 BUX1THUM HOJIMEPOM.
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Nowadays, the techniques used to solutions purification from undesirable components,
membrane methods are widely recognized. Membrane techniques, such as pervaporation or
vapor permeation, are commonly used in the process of separating liquid mixtures [1]. In the
course of these processes, the feed stream is divided into two streams: permeate and retentate.
Permeate is enriched with the component preferentially transported through the membrane but
the retentate with component retained by them. The selectivity of membrane depending on
differences in the solubility of each mixture components in polymer matrix the and diffusion of
individual components through membrane material.

For ethanol dehydration in pervaporation, as well as in vapor permeation process,
hydrophilic polymer membranes based on natural, biodegradable polysaccharides such cellulose,
alginate or chitosan are commonly used [2, 3]. Chitosan despite the features like good film-
forming properties, high hydrophilicity or good chemical resistance, needed additional
modification to improve their separation properties in dehydration process. One of these methods
was preparing composite materials where inorganic particles were dispersed in polymer
matrix [4, 5].

The aim of this work was to determined the effect of the presence of ferrite nanoparticles
on separation properties of composite chitosan membranes in two membrane processes and
compared they each other. For this purpose, series of chitosan membranes without as well as
with different amount of inorganic nanoparticles were investigated and separation experiments
were performed.

The results of the research on ethanol-water mixture separation with pervaporation and
vapor permeation method showed that the presence of ferrites in the polymer matrix influence on
membrane selectivity. Differences of membrane transport properties in both processes which
were compared.

Acknowledgement
The author would like to acknowledge the National Science Center of Poland for providing
financial support of this research under the project 2016/21/N/ST8/01868.

1. Feng X. et al. Liquid Separation by Membrane Pervaporation: A Review. Industrial and
Engineering Chemistry Research. 1997, pp. 1048-1066

2. Kanti P. et al. Dehydration of ethanol through blend membranes of chitosan and sodium
alginate by pervaporation. Separation and Purification Technology. 2004, pp. 259-266.

3. Veerapur r. et al. Pervaporation dehydration of isopropanol using blend membranes of
chitosan and hydroxypropyl cellulose. Journal of Membrane Science. 2017, pp. 102-111.

4. Dudek G. et al. Pervaporation with chitosan membranes containing iron oxide
nanoparticles. Separation and Purificztion Technology. 2014, pp. 8—15.

5. Gnus M. et al. The influence of filler type on the separation properties of mixed - matrix
membranes. Chemical Papers. 2018, pp. 1095-1105.

64



ELECTROCHEMICAL SYNTHESIS OF FUNCTIONAL
POLYMERS ON FLEXIBLE SUBSTRATES
Hryhorii Starvkov', Yuliia Horbenko', Olena Aksimenlyeval,
Hrystyna Ivaniuk’
'Tvan Franko National University of Lviv
*Lviv Polytechnic National University
e-mail: hr.starykov@gmail.com

With the development of organic electronics, studies related to the production of thin
polymer layers with various functions such as electrical conductivity, sensory sensitivity, the
ability to convert solar energy, absorb or emit light in a fixed optical range, are of particular
relevance. Such coatings can be obtained by simple vacuum-free methods — electronic printing,
molecular imprinting or solid surface polymerization. One of the major advantages of this
approach is the ability to obtain functional materials directly on polymeric substrates, which is
important for the production of flexible screens, plastic solar cells, organic light-emitting diodes
and electrochromic devices [1, 2].

The purpose of this work was to establish the conditions for the electrochemical
preparation of functional polymer layers based on poly-3,4-ethylenedioxythiophene (PEDOT) on
ITO-PET electrodes made of polyethylene terephthalate (PET) film with a deposited conductive
layer of indium tin oxide (ITO). Electrosynthesis was carried out in a 0.1 M solution of the
EDOT monomer in a mixed solvent of water-acetonitrile (1:1) and sulfuric acid was used as the
conductive impurity.

By cyclic voltammetry (CVA) was found out that the initiation of electrochemical
polymerization of EDOT on ITO-PET electrodes occurs in the potential range £ = 1.42-1.45 V
(Ag / AgCl), and is accompanied by the formation of an electrically conductive PEDOT film
with intense blue color. Preliminary modification of the surface of the ITO-PET electrode with a
polyaniline nanolayer leads to a change in the electrode process and a decrease of the EDOT
electrooxidative potential to £ = 1.28 V. In this case, the formed hybrid layer changes color to
light blue, which is evidence of the electrochromic effect. The optical spectra of the obtained
functional films on flexible ITO-PET electrodes are characterized by the presence of absorption
bands in the visible (440, 689 nm) and near IR region (800-900 nm) specific to charge carriers of
the polaron type [2]. The obtained results will be the basis for the development of a method of
forming electrochromic polymer layers for flexible optoelectronic devices.

1. Park Y., Bormann L., Miller-Meskamp L. [et al.] Efficient flexible organic
photovoltaics using silver nanowires and polymer based transparent electrodes. Org.
Electron.2016. 36. 68—72. doi:10.1016/j.0rgel.2016.05.032

2. Aksymentyeva O., Zayarnyuk T., Konopelnyk O., Dyakonov V., HorbenkoYu. Effect of
doping on thermo-optical behavior of poly-3,4-ethylenedioxythiophene films. Visnyk of the Lviv
University. Series Chemistry. 2016. 57. 432-439.
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B nanuii yac, oTpumaHHsS TepMOILIACTHYHOI enekTpoizossaniiinoi kommnosuuii (TEI) 3
BUCOKMMHU 3HAQUEHHSAMM IIOKa3HUKIB €JIEKTPUYHOI MINHOCTI Ta  (I3UKO-MEXaHIYHUMU
MMOKa3HUKAMH € TOJIOBHUM 3aBJIaHHSM BUPOOHUKIB €JEKTPO-IPOBIAHUKOBUX BUPOOIB.

Jis po3po6ku kommno3zuuii TEIT Oynu npoBeneni psa BUnpoOyBaHb BIUIMBY KOMIIOHEHTIB
Ha (i3uKO-MexaHIuH1 BJIACTUBOCTL. OCHOBOIO Uil CTBOPEHHS TEPMOIUIACTUYHHUX KaOeIbHUX
KOMITIO3ULII € CTHPOJIOBI OJOK-KOMOJIMEpU KaydyKiB 1 €TUJICH-NPONUICHOBUN KaydyK, Bil
IIPOLIEHTHOTO BMICTY SIKUX 3aJ€XKaTh (PI3MKO-MEXaHIYHI BJIACTUBOCTI KOMIAyH[IB. BulblIicTh
BUPOOHUKIB Uil  €JEKTPOOJALIMHMX  KOMIAyHJIB  BUOMpAIOTh  HAlOBHIOBAYl -
TOHKOJMCIIEPCHUM TaibK 1 JUIsl 37€LIeBIeHHS - Triipo@oOHy kpeiay. OAHMM 3 OCHOBHHX
KOMITOHEHTIB B TEPMOIUIACTUYHUX €JIEKTPOI30IALINHIX KOMIO3ULISIX € 3MILHIOI0Y1 CYMICHUKH,
KOTp1 6e31ocepeIHbO MIABUIIYIOTh (DI3UKO-MEXaHIYHHUX BIIACTUBOCTI.

Pesynbratu BunpoOysanb 1Box kommno3suuiii TEIl HaBeneni B Ta0iuiti.

Tabnuus. PezynpTaT BUIpoOyBaHb (hyHKI[IOHAJIBHOTO enekTpoizossiiiinoro TEIT

IToka3HUKH BJIACTUBOCTEH TEII Nel TEII Ne2
MinnicTts npu po3pusi, MIla 5,5 6
BinnocHe nonosxkeHHs npu po3pusi, % 550 630
Bignocna 3anumkoBa aedopmaiiis miciis po3puBy, % 87 105
Omip po3aupy, H/mm 25 31

3a pe3ynbTatamMu BUIPOOYBaHb, OYJI0 BCTAHOBJIEHO, IO KOMIIOHEHTH 1 iX MPOLCHTHUN
BMICT ICTOTHO BIUIMBalOTh Ha  (PI3BUKO-MEXaHIYHI TMOKA3HUKU  EJIEKTPOI3OJISAIIHHOL
TEPMOILJIaCTUYHOI KOMIO3MIll. A came, 3 MOJIMEpIB, Kpaile BHUKOPUCTOBYBATH E€TUJICH-
MIPOIUICHOBUN Kay4yyK, KM CyTTE€BO 30UIbIIYE MILHICTH 1 BIIHOCHE MOJIOBXKEHHS IIPU PO3PUBL.
VY poii 3MIITHIOIOYOTO CyMICHUKAa OyB OOpaHUN HHU3BKOMOJEKYJISPHUN IMOJI1300yTHIICH, SIKUN
MIIBUIIYE TAPAMETP - OIIP PO3AIPY.

1. U. B. T'apmonoBa (pen.) Cunaretudeckuit kayayk. — JI.: Xumus, 1976. — 752 c.

2. Aizuncon W.JI., Bocropros b.E., Kauesman M.JI. OcHOBHbIE HamnpaBieHUs Pa3BUTHUS
KOMIIO3UITMOHHBIX TEPMOIUIACTUYHBIX MaTeprayioB. — M.: Xumus, 1988. — 48 c.

3. bapmreitn I'.P., Cabcaii O.}O. TexHoyornyeckue CBOWCTBA TEPMOIUIACTOB C
MUHepajoprannueckumu HanosHuTesnssMu. — M.: HUMTOXUM, 1988. — 345 c.

4. A.A. bepnun, C.A. Boasdceon, B.I'. Ommsia, H.C. Eauxononsin. [TpuHImner co3nanus
KOMITO3UIIMOHHBIX MaTepuanoB. M.: Xumus, 1990. — 240 c.
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Yobim M.P., Bacunves B.11., briswuneys M.1.
Kadenpa opraniunoi ximii, IXXT, Hamionansauit yHiBepcurer ,,JIbBIBChbKa MOJITEXHIKA™,
VYkpaina, M. JIsBiB, 79013, m. Cs. IOpa 3/4.
e-mail: maksym.r.chobit@lpnu.ua

Y xapyoBiifi NIPOMHUCIOBOCTI Ta 3aKjajjaXx TIPOMAJCHKOrO XapyyBaHHS YKpaiHH
YTBOPIOETHCS JIOCUThH BEJMKa KUIBKICTh OJIii, SIka BUKOPUCTOBYBAJIACh IiJ] 4yac 0OCMakKyBaHHS
PI3HOMAHITHOI XapyoBO1 CUPOBHUHU Ta MPUTOTYBAaHHS CTPaB, HAIIPHUKIIAJl OBOYIB Ta pUOH Mij Yac
BUTOTOBJICHHSI KOHCEPBIB, IPUTOTYBaHHS KapToIull (pl, MamMIyxiB, 4e0ypeKkiB TOLIO0. 3a paxyHOK
MPOTIKAaHHSA B OJIi NMpPU BHUCOKIA TeMmIeparypl MiJ Yac KOHTAKTy 13 XapyOBOK CHPOBHUHOIO,
MPOIIECIB TEPMIYHOTO PO3KIJIAMy, OKHCHEHHS, MOJIMEpH3allii TOHo, B OJii HAKOTMUYYIOTHCS
WIKIUIMBL U9 JTIOJUHA pedyoBUHUA. Oisl MpU IBOMY CTa€ HEMPUIATHOIO IS TMOJANIBIIOTO
Xap4yoOBOrO BHKOpUCTaHHsS. B TOH e uac, cydacHa NPOMMCIOBICTH NMOTpeOye po3poOIieHHs
HOBUX IMOJIIMEPHUX KOMIO3UIIMHUX MaTepiaiiB, s CTBOPEHHS SKMX HEOOXIJAH1 HallOBHIOBAUI,
y TOMY YHCIIi 1 MiHEpaJIbHI 13 MOJU(IKOBaHOIO MOBEpXHE. [lepCreKTUBHOIO MPeICTaBIsETbCS
crpoba 0JHOYaCHOT0 KOMIUIEKCHOT'O BUPIILIEHHS IIUX ABOX IPOOJIEM OJIHOYACHO.

Metoro pobOTH € TMpeAcTaBICHHS MOKJIMBOCTI BHKOPHUCTAaHHS  BiANpalbOBAaHOT
COHSILIHUKOBOT 01l Juisi Moaudikalii MoBepXH1 Kpehau Ta TIPOKCHAY MAarHito, Ta BUBUYEHHS
BIUIUBY TaKWX HAMOBHIOBAuYIB Ha (PI3MKO-MEXaHIYHI BJIACTUBOCTI MOJIMEPHUX KOMIO3UIIMHUX
MarepiaiiB.

Jig  moaudikanii BHUKOPUCTOBYBAIM KpeWay Ta TigpokcuJ MarHio. B skocTti
MoAu(IKaTOpa 3aCTOCOBYBAIM NEPECMaKEHY COHSUIHUKOBY OJIII0, SIKa BUKOPHCTOBYBAJIACh Y
3aKiIajjax TI'POMAJICbKOro XapuyyBaHHS, NpPU CMaXEHHI 4eOypekiB. Sk MOJIMEpHY MaTpHIIO
BUKOpPHUCTOBYBaM moJiietwsieH Hu3bkoro tucky (IIEHT), mnactudixkoBanuil momiBiHUIXIOPU]T
(IIBX) ta enoxcuany cmoiy EJI-20.

Monudikamiss MiHEepaJbHUX HANOBHIOBAYIB IMPOXOJWIa 3a HACTYIHOIO METOJUKOI0. Y
cTakaH 00’emMoM 250MJi. moMmillaay MIHEpaJIbHUNM HANOBHIOBAY Ta BIANPALbOBAaHY OJIIO Yy
cuiBBigHomeHH1 20:1, a TakoX AUCTUILOBAHY BOAY y chiBBigHomIeHHI 10:1 10 HamoBHIOBaua.
Cycnensito npu MocTifHOMY IepeMilllyBaHHI MarHiTHOIO MIIIAJIKOK BUTPUMYBAIN MPOTATroM 1-
1,5ron. Opepxany cymim (iTbTpyBadum 3a JONOMOTOI0 (GUIBTPYBAJBLHOTO Tamepy Ta
BUCYIYBAIM B CyIIWIbHIA madi npu Ttemmneparypi 60°C no mnocriiiHoi macu. MoskHa
MPUITYCTUTH, 110 Ha MOBEPXH1 HAIOBHIOBAYa YTPUMYIOTHCSA SIK MOJIEKYJIU TPUIJILEPUIIB, 32
paxyHOK (13U4HOT COpOIIii, TAK 1 MOJIEKYJIU )KUPHUX KUCIIOT, K1 YTBOPUJIUCH MiJ yac 30epiranHs
Ta CMaXEHHS OJIii, II0 MPUIIENWINCh NIIAXOM Ipoluecy Xemocop6buii. [lig onep:kanHHs
HAIlOBHEHOI'0 KOMITO3UTY 3MIIYBaIM MIHEpaJbHUI HAMOBHIOBAY 13 MOJIMEPHUM MaTepiajoM Y
crniBBigHomeHH1 40% MiHepanbHOro HanoBHIOBaya Ta 60% moxiMepHOi MaTpHILL.

3a pesynpTaTaMu JOCHIDKEHBb, BIIEpIIC JOCIIHKEHA MOXKIUBICTH  Moaudikarii
BHINE3Ta/IaHUX JTUCIEPCHUX MIHEPAIbHUX HAMOBHIOBAYIB BiIMPAIlbOBAHOK (TIEPECMAKEHOIO)
COHSILIHUKOBOIO OJII€I0 HEMPUIATHOO AJIs XapuoBuX Iuield. CTBOPEHI MOJIMEpHI KOMIO3UTH Ha
OCHOB1 TMOJIETUJIEHY HHU3bKOi IIUIbHOCTI, IuiacTugikoBaHoro IIBX Tta enokcuaHoi cmoiiu
HallOBHEHI KPEHIOK Ta TIAPOKCHJAOM Mar"iro MOIu(IKOBaHUMH  BIANIPAIIbOBAHOIO
COHSILIHUKOBOIO outi€ero0. [IpupicT MILIHOCTI Ha pO3pUB, NEPETIUEHUX KOMIO3UTIB, Aocarae Big 30
1m0 180%. Ilpu TepmMomMexaHIYHUX JOCTIIKCHHSIX HAMOBHEHUX IMOJICTUIIEHY HU3BKOT MIUTBHOCTI
ta wiactudikoanoro [1BX mokaszaHo, 1m0 TEmIOCTIMKICTh TaKMX KOMIIO3UTIB B OCHOBHOMY HeE
3MIHIOETHCA B MOPIBHIHHI 13 KOMIIO3UTaMHU HAIIOBHEHUMHU HEMOIM(IKOBAaHUMHU HAIIOBHIOBAYAMH.
JloBeneHo, 1110 BHUKOPUCTAHHS TakuX MOJU(IKOBAHMX HAMOBHIOBAYIB MOKpallye (¢i3uKo-
MEXaHI4H1 BJaCTUBOCT1 KOMITO3UTIB 30UIBIIYIOUH iX yIapHY B’ A3KICTh, BIATHOCHE BUJOBKEHHS Ta
MIIHICTh HAa PO3PUB.
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[Npoporeni € ogHMM 3 MEPCHEKTUBHUX KIJIACIB MOJIMEPHUX CHCTEM, SKI OXOIUIIOIOTh
quclieHHI OloMequuHi 1 ¢apManeBTU4YHI 3acTOCyBaHHA. ['iiporeni craiu ayxXe MOIMYNSpHI
3aBISKA CBOIM YyHIKaJbHUM BJIACTHBOCTSM, TaKUM SK BHCOKHM BMICT BOJHU, M'SKICTB,
€JIaCTUYHICTh Ta 6i0cyMicHICTh. HaTypalsibHi Ta CHHTETHUHI TIpOo(UIbHI HOJIMEPU MOXKYTh OYTH
¢isuuno a60 XiMiYHO 3IIMTI I OTPUMAHHs Tigporesiell. IX CXOXKICTb 3 KMBOIO TKAHUHOKO
BIIKpUBaE 0arato MOXMJIMBOCTEH JUIsi 3aCTOCYBaHHS B OlomeawmuHux oOnactsax. ['imporemni
IIAPOKO BHKOPUCTOBYIOTHCS ISl PI3HOTO0 O10MEAMYHOTO 3aCTOCYBAaHHS — TKAaHWHHOI 1HXXEHEpIi,
MOJIEKYJISIPHOTO IMIPUHTUHTY, IMYHOI30JIA1lli, SIK NEpeB'sI3yBajibHI MaTepiaiu, JUIsl TOCTaBKU
JIIKIB TOIIO.

Mertoro npezactaBieHoi poOOTH € OJEp>KaHHS TiIPOreleBUX KOMIIO3UTIB, 110 HANOBHEHI
KEJIATUHOM, JJIi KOCMETHYHOTO 3aCTOCYBaHHSI Ta JOCHUDKEHHS KIHETUKHM HaOpsKaHHS
0JIEpKAHUX TIPOTeIeBUX KOMITO3UTIB.

[Ipuenienow nojiMepusaniero ripo@uIbHUX (QYHKIIOHATIBHUX MOHOMEPIB Y BOJHOMY
cepeloBHINl OyJ0 OTPUMAHO MPOCTOPOBO 3IIMTI MOJIMEPHI Tigporeii, IO HANOBHEHI
&KesatuHoM. [[i1st boro mpouec IpoBOAWIN Y BOJAHOMY PO3YMHI IIPU PI3HOMY CIIIBBIJHOIIEHHI
MoHOoMepiB (akpunamig (AkAm), akpuiioBa kucioTa (AkK)) y npucyTHocTI )kenaTuHy (1HIiaTop
K;S,0s, Temneparypa 60 °C, npoTsarom 2 rojuH) Ta KeJaTHHY MOAU(IKOBAHOTO TEPOKCHIHUM
oiiromepom BEII-MA (2%mac., temmeparypa 80 °C, mporsroM 5 roauH). Y BHIAAKy
BUKOPUCTaHHS MOJM(]DIKOBAHOIO IKEJATUHY IHIIIIOBaHHA IoJiiMepu3alii BinOyBajloch 3a
pPaxyHOK PpO3KJIaay IMMOOUII30BaHMX MEPOKCHUIHUX TPYyN 3 MOBEPXHI MOJIEKYJ] >KEJaTHHY.
[IpoBeneHo AoOCHKEHHS KIHETUKU HAOpsIKaHHSA TIpaBIMETPUYHUM METOJIOM Ta BHU3HAYEHO

KOHCTAHTH MBHAKOCTI HaOpsikanus. Ctymias HaOpsikanus (C.H.) Buznauanu 3a hopmynoro:
m—-=m
a=———2100 : : o
m , JIe 0. — CTYIIIHb HaOpsIKaHHS T1aporento Y%mac, m — Maca HaOpsIKIOro

KOIIOJIIMEPY, 2, My — Maca HaBaXKU CyXOro KOMIIO3UTY, 2.
Ha PUCYHKY 300paXkeHo
1 Puc. dotorpadis ¢dboTorpadiro 3pasKy T1pOTreIeBOTO
KOMIIO3UTY JI0 Ta IIiciAsl TPHUBAJIOro
CKIIaJ1 KOTIOJMEDY: nepeOyBaHHs y BoAal. 3 ¢oTtorpadii
Kemarum. (Hemom)=20%, MOJKHA HO6a‘II/ITI/I,' WO 3Pa3oK  MO¥Ke
AxAM= 40 %’ AxK=40%. HOBFO\'ITpI/IBaJ'IO 36ep1FaTI/I CBOIO q)OpMy 1

HE pyHHYBaTHCA.
3 OTpUMaHUX pe3yabTaTiB
CIOCTEpIraeTbCcsi  pi3K€  3pOCTaHHS
MaKCUMaJIbHUX 3Hau€Hb HaOpsiKaHHA 3pa3KiB rpad1-kononivepiB AkKAM Ta AkK y nopiBHsHHI 13
3pasKaMi MPUILEIUICHOr0 MoMakpriaMiny. FIMOBIpHO Iie TT0B’S3aHO 3 YTBOPEHHSM H0JATKOBOT
3MIMTOI CITKM MDK MPUIICINIEHUMH KOIOJIMEpPaMH 3a PaxyHOK LIEHTPIB B3aeMOJIl MIK
¢dbyaKioHaTpHUMH Tpynamu  Makpomosiekyn —NH,; ta —COOH. Kowmmo3uTtn, HamoBHEHI
MOAU(IKOBAHUM KEJIATUHOM, JEMOHCTPYIOTh 30€piraHHs Macu, a oTxe 1 ¢GopMu, Npu
TPUBAJIOMY YTPUMYBaHH1 y BOJHOMY cepenoBuii. Lle cBiguuTh mpo Te, Mo MepOKCHI0BAHHIA
JKEJIATUH Ma€ 3aJ0BUIbHI BJIACTHBOCTI 3IIHMBAIOYOr0 areHTy, a ONTHUMaJbHUM MOro BMICT Yy
riiporeiaeBoMy KOMMO3UTI cTaHOBUTH S5%wmac. Ilo pesympraTam npoBeNeHHX AOCTIIKEHb
KIHETUKM HaOpsKaHHS BCTAHOBJEHO, IO TiIpOJesieBl KOMIIO3UTH, HANOBHEH! >XEIaTUHOM
JIEMOHCTPYIOTh cyrnepadbcopOyrouil BiaacTUBOCTL. Lle miaTBepmKyeThCs MOCATHEHHSM CTYIICHS
Habpsikanus 20000 Y%mac.

TiIpOreaeBoro KOMIO3UTY.
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O.V. Zinchenko, A.L. Tolstov, V.F. Matyushov
Institute of Macromolecular Chemistry of the NAS of Ukraine
48 Kharkivske shose, 02160 Kyiv, Ukraine
tolstov@nas.gov.ua

Nowadays elaboration of novel composite sensor materials with improved technological
and exploitation characteristics, high sensitivity and simplified methods of their producing are
the key tasks for scientific society of the world. For many cases sensor materials are selected
among either thin ceramic films or inert carriers coated with stimuli responsive, including
polymer, layer(s) [1]. Depending on exploitation conditions proposed materials could be taken
and successfully applied for qualitative or quantitative determination of heavy metal ions,
pollutants, pharmaceuticals, other biologically active substances etc.

Polymer composites with ZnO-based sensor constituent are one of the most
technologically and economically attractive materials for many applications due to unique
combination of enhanced mechanical properties, UV-absorbance characteristics, luminescent and
photochemical activity etc.

Here we proposed a versatile method of producing novel polymer composite sensors based
on ZnO nanoparticles chemically joined with acrylic copolymer matrix. According to synthetic
pathway a dispersion of ZnO nanoparticles (20 + 4.5 nm) surfacially functionalized with
polymerizable moieties were prepared. At the next stage as-synthesized ZnO nanoparticles were
introduced into a mixture of acrylic acid (AA), 2-hydroxyethyl methacrylate (HEMA) and UV
initiator. The reactive mixture was polymerized under UV irradiation source. Finally, the
composite samples with hybrid structure based on a mixture of acrylic monomers cross-linked
with polyfunctional ZnO nanofiller were obtained. Neat composites demonstrate improved UV

105 = AA-HEMA-ZnO"’ absorbance at spectral region of A <400 nm (Fig.
s AA-HEMA-ZnQO" 1) and an intensive luminescence with maximum
at A = 509 nm at excitation wavelength of Ax =
365 nm. The samples are characterized by
appropriate tensile properties and improved
hydrophilicity, and could be applied as hydrogel
materials for many purposes.

The optical properties of nanoparticulate
ZnO is typically depend of composition and
functionality of dispersive media. The ZnO-
based nanocomposites obtained were examined
as thin film sensors for heavy metals. It was
observed that presence of Cu’" ions in

400 so0 surrounding media suppresses luminescent

A, nm activity of ZnO-based composites. Reducing a

Fig. 1. UV absorption spectra (intensity of  |yminescence was detected in Cu®* concentration

luminescence ()) of hybrid composites.  range of 10" .. 10° M. Moreover, the

Superscript index at ZnO indicates composites have high pH sensitivity as well.

nanoparticles content (in 1000 ppm) Thus composition-dependent uv

absorption and luminescent properties as well as pH-responsive ability of the hybrid hydrogels

due to specific structure of hybrid matrix provide enhanced possibilities in development of novel
sensors with multiple sensing mechanisms for various applications.

| (@

Abs

0,2

1. Review of Progress in quantitative nondestructive evaluation (Eds. D.O. Thompson,
D.E. Chimenti). New York: Springer Science & Business Media, 2012. — 2127 p.
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BAOCKOHAJIEHHS MIKPO®IBPUISIPHOI CTPYKTYPH
HAHOHAITIOBHEHUX ITOJIIMEPHUX KOMIIO3UTIB
H.M. Peszanosa, 10.0. byoaw, B.I1. [1nasan

KwuiBchkuit HaIllOHAIBHUHN YHIBEPCUTET TEXHOJIOTIH Ta AU3alHy
budash.yo@knutd.com.ua

BBenenns B cymimii moJiiMepiB HAHOHAIMOBHIOBAYIB € OJHHUM 13 MEPCIEKTHBHUX METO/IIB
CTBOPEHHS HOBUX KOMIIO3MLIAHUX MarepiajiiB 3 MPOrHO30BAHMMHU XapaKTEPUCTUKAMHM, IO
JI03BOJIIE TOEJHYBAaTH MOJKJIUBICTh PETYNIOBaHHS iX TeTeporeHHoi mMopdosorii 1 yHIKanibHI
BJIACTUBOCTI PEYOBUH B HAHOCTAHI.

Metoro pobGoTu Oyio JOCIIPKEHHS BIUIMBY KOHIIEHTpAlll HaHOPO3MIPHOTO OKCHIY
QIIOMIHIIO Ha BJOCKOHAJEHHS MIKpOQIOPMISIPHOT CTPYKTYpU KOMIIO3UTIB, C(HOpPMOBAHHUX 13
TEPMOJIMHAMIUYHO HeCYMICHOI cymiii nosinpomniieH/cnisnomiamin (IITI/CITA).

Bbynu Buxopucrani cymimi [IT1/CITA 31 cniBBiaHOImIEHHIM 1HrpeaieHTiB 30/70, ki MicTHIH
(0,1+3,0) mac. % miporenroro oxcuay amominito (ALO3) 3 mHTOMO0 TOBepxHE 109 M/T.
Komnonentn  3mimyBasim 'y  po3ijiaBi  Ha  4epB’SYHO-IIMCKOBOMY  €KCTpYAEpI.
CrpykrypoyrBopenss [1I1 B maTpui CITA BuBYamM METOOM ONTHYHOI MiKpocKoTii. B'a3KicTh
posmiaBiB (1)) BH3HAYAIXM METOJOM KamuIsipHOi Bicko3umeTpii. EnacTuuni BiactuBOCTI
OIIHIOBAJIM 3a BEJIIMYMHOIO po30yxaHHs «B» ekcrpynariB. BrimB HaHOm00aBKM Ha MiK(]a3HI
SIBUIA JOCITDKYBaJIHd 32 METOJMKOI0, OCHOBAHOK HA BHUMIpl IIBHUIKOCTI POCTY KamUIIPHUX
XBWJIb B PIIKOMY CTPYMEHI, BIIMOBIAHO JIO KJIACHYHO1 Teopii TOMOTIKH.

[Tokazano, mo 3a Teuii AOCIAIKEHUX CUCTEM B HUX (opmyeTbcst MiKpodiOpuiispHa
Mopdoutoris — komnoHeHT aucnepcHoi ¢azu (I1I1) yrBoproe in situ mepeBaxHO PiAKi CTpyMeEHI
(Mikpoi1Opunu) B MaTpUYHOMY IMOJIMEpl, a TaKOX IUNBKM 1 4YacTUHKU. JlomaBaHHS
HAaHOHANOBHIOBa4Ya B pO3IUIAB CYMIlIl J03BOJISIE BIOCKOHAIUTH  MOP(OJIOTII0 KOMITO3UTIB!
cepenHii niametp Mikpodidbpui 3Menmyethes B 1,3+1,9 pasu, miaBUIIYIOTHCS iX MacoBa J0JI Ta
OJIHOPIJHICTh PO3MOJLTY 32 MOMEPEYHUMHU po3MipaMu. MakcuMalbHUN €(QEeKT N0CATraeThes 3a
Bmicty HanomoOaBku 1,0 mac. %. IlokpamieHHST MIKPOCTPYKTYpH KOMIIO3UTIB OOYMOBIICHE
JIBOMa OCHOBHUMHU YMHHHMKaMHU — BIUIMBOM HaHodyacTUHOK (HY) okcuay amoMiHi0 Ha B’S3KO-
MPYXHI XapaKTEepUCTUKUA KOMIIOHEHTIB CyMIIll Ta SIBUIA HA MEXI1 NOALTY (a3 MOIMPOMNUIeHY 1
cuinomiaminy. Beenennst tBepaux HY nobGaBku 3aKOHOMIPHO MHiIBUINYE B’SI3KICTH PO3ILIABY
[1IT Ta 3mMeHITye HOTO €MaCTUYHICTh Yepe3 3HIKECHHS PYyXJIMBOCTI JIAHIIOTIB MaKpOMOJIEKyI. 31
30utbIIeHHAM BMicTy Al,O3 BeNWYMHM CIIBBIAHOIIEHHS B’SI3KOCTEH (NMmr/Mcra) 3pOCTalOTh, a
enactuunocted  (Bnn/Bera) — magaroTe, HaOMMKamuMCh A0 OJMHMIN, IO TOJIETIIYE
negopmMario Kpamnenb AuciepcHoi (azu. 3riiHo 3 3aKkoOHaMH TiAPOAMHAMIKH, B IOJIIMEp-
MOJIIMEPHUX CHCTEMax JUCHEpryBaHHS B1IOyBa€eTbCcsi HaWOUIbII €QEKTUBHO B pasi, KOJHU
BEJIMYMHU B’ S3KOCTEH 1 €IACTUYHOCTEN KOMITIOHEHTIB € Oin3bkuMu. OepkaHi pe3yJIbTaTh MoJ10
BIIMBY KoHuUeHTpauii HY no6aBku Ha mapaMmerpu KiHETUKH po3naay crpyMmenis I1I1 B marpuii
CITA Ta BenMYMHY MOBEPXHEBOI'O HATATY ()qs) CBILIYATH MPO iX KOMMATUOLII3yrOuy 0 Ha
nepexigHuil map. Lle nposiBisieTbes y 3HMKEHHI BEJIMYMHHU Yqp B 2,60 MH/M (i BuxigHOi
cymimi) go 0,49 mMH/M (mns komnosunii, mo wmictuts 1,0 mac. % ALOs3). Ilpu mpomy
MIZBUILYETHCS TaKOX CTaOUIBHICTh PIIKMX CTPYMEHIB, TOOTO 4Yac 10 iX po3majay 3pocTae, a
Koe]iieHT HEeCTaOUTbHOCT1 3MEHITy€eThes. Takuil 3HAaYHMM MOIU(DIKYIOUHi €eKT TOCATAETHCS
3aBJSIKH TIOTIEPETHROMY BBEJICHHIO HaHO100aBKH B po3uiaB 11 Ta ii cenekTuBHIN ToKamizamii B
nepexiHoMy mapi. Mirpaiiis HaHOYaCTHHOK 00yMOBJIEHA BUCOKOIO MOJISIPHICTIO X TMOBEPXHI,
0 YCKJIQJHIOE B3a€EMOJII0 3 MAaKpOMOJIEKYJaMU HEMOJISIPHOIO MOJINPONUIEHY Ta CIpPUSIE
BumtoBxyBanHio HY Ha Mexy moauny ¢as.

Takum ymHOM, BCcTaHOBIeHO, 1m0 BBenaeHHs (0,1+3,0) mac. % HaAHOPO3MIPHOTO OKCHUIY
AMIOMIHIIO B po3iuiaB TepMmoauHamiyHO HecymicHoi cymimni [III/CITA no3Bonsie 3aBasiku
KOMITaTHOUTI3y04ill A1l HAHOYAaCTMHOK J00aBKM OJEp>KyBaTH IMOJIMEpPHI KOMIIO3UTH 3
BJIOCKOHAJICHOIO MIKpO(D10pIISIpHOIO MOP(}OIIOTIETO.

70



SYNTHESIS AND CHARACTERIZATION OF ORGANIC/INORGANIC
DOUBLE NETWORK HYDROGELS BASED ON ACRYLIC ACID AND 2-
AMINOETHYL-3-AMINOPROPYLTRIMETOXYSILANE

Olga Slisenko
Institute of Macromolecular Chemistry of the NAS of Ukraine
olgaslisenko(@ukr.net

Term “double networks”, described by Gong [1] in 2003, is used for a unique type of IPN
in which a high relative molecular mass neutral polymer network is incorporated within a
swollen heterogeneous polyelectrolyte network. Such networks exhibit a nonlinear enhancement
of mechanical strength, high resistance to wear and high fracture strength, containing 60-90% of
water. The concept of DN hydrogels has shown that the first rigid network dissipates energy and
increases the resistance against the crack creep, and the flexible second network, which provides
elasticity to the hydrogel. In this study, one-pot method of organic-inorganic composites
synthesis by combination of free radical polymerization of acrylic acid (AA) and catalytically-
induced condensation of organosilane is presented.

Synthesis of PAA hydrogels of different cross-linking degree (content of N,N'-methylene-
bis(acrylamide), MBA, varied from 0.3 to 1 wt. %) were carried out by simultaneous cross-
linking technology, which includes a combination of free radical polymerization of acrylic acid
(AA) in a presence of MBA, initiator ((NH4),S,0g) and polycondensation of 2-aminoethyl-3-
aminopropyltrimetoxysilane, ATMS, (from 5 to 20 wt.%) in aqueous solution. Before using AA
was neutralized with 10 wt.% NaOH solution (neutralization degree was 10 %).

17
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Fig. a) FTIR spectra of initial ATMS (1) and polyATMS (2);
b) FTIR spectra of PAA (MBA 0.3wt.%) (1), PAA/ATMS = 90/10 (2) and polyATMS (3).

The hydrolysis and self-condensation reactions of ATMS have been studied by means of
FT-IR spectroscopy. The hydrolysis of ATMS gives hydroxyl groups (Si—-OH) that self-condense
to form Si—-O-Si bonds in linear and cyclic structures. The appearing of absorption bands at
around 1040 and 800 cm™ are observed and assigned to asymmetric and symmetric stretching
vibrations of Si-O-Si network, respectively. Bands at 2974, 2928 and 2874 cm ' corresponds to
Vas(C—H)CH3, v,(C—H)CH; and v4(C-H)CHj3 from both, the ATMS and MetOH. There is a small
band at 1602 cm™ due to NH, bending of ATMS.

The FTIR spectra of PAA/ATMS composite hydrogels indicate the formation of
intercomponent H-bonds. Addition of 10 wt.% of ATMS into PAA causes appearing of clear
maximum at 1738 and 1640 cm™, initiates narrowing and growing an intensity of 3433 cm’
band, which is attributed to the superposition of —-OH and —NH groups.

1. Gong J.P., Katsuyama Y., Kurokawa T., Osada Y. Double-network hydrogels with
extremely high mechanical strength. Adv Mater. 2003, V.15, P. 1155-1158.
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JOCJIJIKEHHS MPOLIECY MMOPYIIEHHS TEPMETH3 AL
CKJIOIIJIACTUKOBUX BUPOBIB NPU BUCOKOMY

BHYTPIHNIHBOMY TUCKY
Kapanoawos O. I'
HanionanbHuii TEXHIYHUN YHIBEPCUTET «XapKIBCbKUN MOJITEXHIYHUI IHCTUTYT»
E-mail: nokturnok@gmail.com

CkJ101U1aCTUKOBI BUPOOM, y TOMY YHCHl 1 CKJIOIUIACTUKOBI TPYOW IJIsi TPaHCHOPTYBAHHS
PIBHUX PIIMH Ta ra3iB, MOCTYNOBO HApOILYIOTh 00’€éM BHUPOOHMIITBA Ta BIPOBA/DKYIOTHCS Y HOBI
rajry3i 3aCTOCYBaHHSI BUTICHSIOUM BHpPOOHW 3 TpaAuIidHuX marepianiB. Lle BimOyBaeTbcs 3aBASIKH
VHIKQJIbHUM BJIACTUBOCTSIM MaTepialy, KU NpH BITHOCHO HEBEIMKIA Ba3l BOJIOJIE BUCOKUMU
(h13MKO-MEXaHIYHUMH BJIACTUBOCTSIMH Ta CTIMKICTIO JI0 JIiT PI3HUX arpeCUBHUX CEPEIOBHILL.

OnHi€l0 3 MEpPCHeKTHBHUX Traily3edl 3acTOCYBaHHS  CKJIOIUIACTUKOBUX BHUpPOOIB €
HadTorepepoOHa rany3b, Jie TOJOBHUMH KPUTEPLIMU JI0 3aCTOCOBAHOTO MaTepially € CTIMKICTh J0
BHCOKOI'O THCKY Ta KOpPO3lifHa CTIMKICTh /10 HAQTONPOAYKTIB. Y JaHid ramysi CKJIOIUIACTUKOBI
BHUpPOOH, a caMe eMHOCTI Juisi 30epiraHHsi HahTOIPOAYKTIB B3KE JIABHO YCITIIIIHO BUKOPHCTOBYIOTHCS,
TOJIl SIK CKJIOIUIACTUKOBI TPYOHM [yl MariCTpajlbHOTO TPAaHCIIOPTYBaHHS HA(PTU MalOThb OOMEXEHE
BUKOpHUCTaHHs. Lle OB s13aH0 3 BUCOKUM TUCKOM Yy TpYOONpOBOL, IKUM Moke gocaratu 22,5 MIla.

Cepen CKJIOIUIACTUKOBUX TPyO OCOONMBE MiCIe 3aliMarOTh BHUPOOM OTPUMaHI METOIOM
KOCOIIAporo mo30BxkHbo-nonepeuHoro HamotyBaHHs (KIIIIH). OcoOmuBicts naHux BupoOiB
MOJISITAE Y MOJKJIMBOCTI PErY/IIOBaHHS CIIIBBIIHOIIEHHS (DI3MKO-MEXaHIYHUX BJIACTHUBOCTEN Yy
M03/I0B)KHBOMY Ta IONEPEYHOMY HalpsiMaxX BCTAHOBJIIOIOUM HEOOX1IHY TPAHCBEPCATIbHO-130TPOITHY
CTpyKTYpy. JlaHi BUpoOU 3apeKoMeHTyBaIu cede Ui TpaHCIIOPTYBaHHS HaQTU [IPU BHYTPILLIHHOMY
TUCKY y TpyOompoBoi 10 8,0 Mlla ta BHyTpimHIM giamerpom 10 300 M.

[Ipy BUTOTOBIIEH] CKJIOIIACTUKOBUX TPYO Ha OUIBIIMKA THCK, BUHHUKAE PsiJi TEXHOJIOTTUHHX
mpo6siem. binbia TOBIIMHA CTIHKK MPU3BOAMUTH A0 OUTBIIOT KUIBKOCTI TEIUIa, K€ BUIAUISETHCS T
Yyac XIMIYHOI peakilii CTPYKTYpyBaHHs, IO YCKJIAIHEHHS Horo BimBeneHHsA. lle mpusBoauTh 110
(¢opMyBaHHSI y TOBILII BUPOOY BHYTPILIHIX HANpyr 1 3a paXyHOK I[bOI'O MPUCKOPEHHIO HPOLECy
yIBOpeHHs JjedekTiB minx uac ekcruryatauii. [IpoBemeHi JOCHIKEHHS BCTAaHOBWIIM, IO
ckioriactukoBl Tpyou otpumani KIIIIH, sxi BuUKOpHCTOBYeTbCA Uil TPaHCIIOPTYBAHHS IpU
BHYTPIIIHbOMY THCKY 70 8 MIla, BTpadaroTh repMETHYHICTh IPU BCTAHOBJIEHHI Y TOBILI BUPOOY
Hanpyru 165 MIla. Tonai sik 1y BUpoOIB Opi€EHTOBaHMX Ha OUIBIIMN TUCK IPaHUYHA Hampyra mnpu
po3repMmeTu3allii MocTyrnoBO 3MEHUIYEThCS 1 U1l BUPOOIB, SIKI BUKOPUCTOBYIOThHCS Tipu 22,5 Mlla ii
BenruuHa ctaHoBUTh Jiiie 110 MlTa.

3 METO0 M/IBUIIEHHS TOPOTy T€PMETHUYHOCTI JJIs1 BUPOOIB, SIKI BUKOPUCTOBYIOTHCS Y CUCTEMI
TpyOOIIPOBOAY TpW BHYTPIIHBOMY THCKY Bim 8,0 mo 22,5 MIla BcTraHOBIEHO JOAATKOBUI
TEXHOJIOTTYHUHM BY30J1 Ha YCTaTKyBaHHS JJ1s1 HaMoTyBaHHs TpyO meronom KIIITH, sikuit BinmnoBinae
3a MOCTIMHUHM NIAIrpIB HANOBHIOBAaYa, SKUN BKJIAJA€ThCA Yy MO3J0BKHBOMY Hampsmi. [ligirpis
HAIOBHIOBAaYa B1IOYBAETHCS 10 MOTpAIUIIHHSA Ha (opMyrody ompaBKy. Temrmeparypa ckianae HE
mermre 60 °C.

JlocnikeHHs: BCTAHOBWJIM, 1110 BUKOPHCTAHHS JIAHOTO By3jla HE NPU3BOAUTH O 3HAYHOTO
MIIBUIIEHHS TPAaHUYHOI HANpyru TpH  pO3repMeTH3alli  CKJIOIUIACTUKOBUX  TPYyO,  fKi
BUKOPUCTOBYIOTbCS Ipu TUCKY 110 8,0 MIla, Toni sik anst BUpOOIB, SIKI BUKOPUCTOBYIOTCS IpPU
Tucky 22,5 Mlla npusBesno 10 MiIBUIIEHHS opory po3repmerusarii 10 Hanpyra 130 MIla y ToBuii
BHUpoOy. KpiM 11b0T0 32 OJHAKOBUX IHIIMX TEXHOJOTTYHMX HAJIAIITYBAHHAX BUKOPUCTAHHS JaHOTO
By3JIa 3MEHIIMJIO BMICT MOJIMEPHOrO KoMmayHay y BupoOi 3 26 mo 24 %. lle mae 3mory
CTBEP/DKYBATH, 1110 BY30J HIIITPIBY IMO3J0BXXHBOIO HANOBHIOBAua, B MEpIIYy Yepry BIUIMBAE Ha
SKICTh IPOCOYECHHS HAIlOBHIOBaYa MOJIMEPHUM KOMIIAYH/IOM, HOro OUIblla KUIBKICTh MPOHUKAE Y
MOpH CKJITHOTO HAIllOBHIOBAua, 1110 3MEHIIYE KUIbKICTh HOTO CKYITYEHHS Y IPOCTOPI MK JDKIyTaMu
HAlOBHIOBAyYa, 3MEHUIYIOYM BIPOTIIHICTH MICLEBOIO IEPErpiBy, IO BIUIMBAE HA 3MEHIIECHHS
KUIBKOCT1 BHYTPIUIHIX Hampyr Ta BUHUKHEHHS MIKpOAE(EKTIB, SKI CHPHUSIOTH pO3repMeTu3allii
BUPOOIB NpH OUTBII HU3bKINA HAIIPY31 Y TOBILI BUPOOY.
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HIABUIIEHHA TEPMETHYHOCTI ENIOKCHU/JIHUX
CKUIOIVMTACTUKOBHUX TPYbB

Onee Kapanoauwios, Bauecnae Aepamenxo, Jlioisa Iliocopna
HanionanbHuii TEXHIYHUN YHIBEPCUTET «XapKIBCbKUN MOJITEXHIYHUI IHCTUTYT»
e-mail avramenko(@kpi.kharkov.ua

B ocranHiii yac CKIOIUTACTHKOBI TPYOM JOCTaTHHO HIMPOKO BUKOPHCTOBYIOTHCS IS
TPAHCIOPTYBaHHS BOAM Ta PI3HUX XIMIYHUX CEPEIOBHUILL.

Hamu po3poOiieni ckimaau €mOKCHUIHUX 3B S3HUX I BUPOOHHUIITBA CKIIOTUTACTHKOBUX
Tpy0 METOJOM KOCOIIApOBOrO IO3/I0BKHbO-IIONEPEUHOTO HAMOTYBAHHS 3 MiJABUILEHUMU
TETUTOCTIMKICTIO Ta XIMIYHUM OnopoM. CKJIaJu KOMIO3HUIIIH BMIIYBAIH €TIOKCHIHUHN OJIIroMep

EPICOT 828, anminukinigyauil nosiamid 13o¢ropoHaiamin abo amidarnynuii amin BD H
328, MIPUCKOPIOBaY YII-606/2, a TaKOXK MoudikaTop - MOX1THU M
OKCUIIPONUITPUMETOKCUCUIIAHY.

Buxingna (6a3zoBa) xommno3uiis mana y ckiail enokcuauuil oxiromep CHS—Epoxy 520,
TBEpAHUK MOU(DIKOBaHUN 130—MeTmiTeTpariapodraneBuii anrigpun XT—-152b ta npuckoproBau
VII-606/2.

Heo0OxinHo Oyno Ou1b1I BAOCKOHAJIEHO BUBYUTH MEPMETUYHICTh OTPUMAHUX HA 1X OCHOBI
TpyO B yMOBax eKcCIUTyaTaLii.

['epMeTHUHICTh Ta KPUXKICTh TPYO OLIHIOBAJIM HpH BUNpoOyBaHHIX Ha riapocteni CI'T-
99. Ilin yac BunpoOyBaHb (ikCyBalIM J1Ba MOKA3HUKA:

| moKa3HMK HalpyKXEHHsI «IIEpLIOro TPICKY» — BHYTPIIIHE HANpYKEHHSA y TpyOl, mpu
SKOMY 3pa30K BUPOOY yTBOPIOE XapaKTepHUIN 3BYK, AKHI CBIIYUTH MPO MOPYIIEHHS LLIICHOCTI
BUpoOy; OJIHAaK JaHE MIHIMaJlbHE MOYaTKOBE PYHHYBaHHS MO)KE HE BECTH 3a COO0OI0 BTpaTy
repMETUYHOCTI;

2 npu NojajbUIOMY IMiJIBULEHHI HANPYXEHHS 3aMIpSIETbCS 3HAYEHHS HANpPYXKEHHS, MpU
SKOMY Ha MOBEpPXH1 CKJIOIIACTUKOBOI TPYOU BUSBIISIOTHCS MEPILI CIIJU BUIOTIBAHHS (Iepiua
Kparuisi BOJHM), MOsIBa CBUILIB, LIO0 CHUTHANI3YE MPO BTPATy I'E€PMETUYHOCTI 1 HEMOKIIUBICTh
MOAAJIBIIOr0 BUITPOOYBAaHHS Ta BUKOPUCTAHHS BUPOOY IpU OUIbII BUCOKOMY Halpy>KEHHI.

VY TpyO1 BCTAaHOBIIOIOTHCS YIIUIbHIOBAIBHI 3arIYIIKH, 10 HUKHBOT M1ABOJUTHCS BOAA Bij
Mmarictpasi. TpyOa 3amoBHIOETBCS BOJOIO 1 3a JOMNOMOIOIO JIBOCTYIEHEBOTO KOMIIpecopa
CTBOPIOETHCA BHUMIPOOYBAJIbHMM THCK 3TIJHO CIPaBXHIM TEXHIYHUM ymoBam. TpyOy
BUTPUMYIOTH ITiJ1 TUCKOM Boau He MeHuIe 10 xBunuH. TpyOy orisiiaroTh Ha NpeAMET BUSIBICHHS
Tedi 13aMoTIBaHHS.

Pe3ynbratu KOHTPOJIIO 3/IMCHIOIOTH BI3yaJIbHO 1 BB)XXAIOTh 3aJIOBUIBHHMH, SIKIIO 3@ 4yac
BUNPOOYBaHHS Ha MOBEPXHI 3pa3ka TpyOH MpHU JaHOMY TUCKY BOJM HE BUSIBJICHO TE€4l, Kparelb
BOJM 200 3aroTIBaHHS, @ TAKOXK MOBUHHO OyTH BJICYTHE Na/1HHS THUCKY.

BuBueHi Takox (13UKO-MeXaHI14H1 MOKa3HUKU 3aTBEPIHEHUX 3B SA3HUX (ylapHa B’A3KICTb,
pyHHIBHAa Hampyra IOpU BUTHMHI) Ta TEIUIOCTIMKICT, 3a MapTreHcoMm, a TakoX pyHHIBHE
HaIpY)XEHHsI IIPU KUIbLIEBOMY PO3TATY 3pa3KiB CKJIOILUIACTUKIB (3a ctangaptoMm ASTMD 2290-
76). Ilpum BHU3HAYEHHI PYHHIBHOTO HANpyXEHHS NpPU KUIbLIEBOMY pO3TATY PO3TATHEHHS
KUIBLIEBUX 3pa3KiB B iX IUJIOMIl 3IACHIOETHCS 3a JONOMOIOI0 BHYTPIUIHBOTO THCKY, SKHUI
CTBOPIOETHCS )KOPCTKUMHU JcKaMu. Kinblisi BUTOTOBIISIOTH, BUPI3alOuU 3 IMIIHAPIB, MOTIM MIPH
BUMNPOOYBaHHI HAASATAIOTh HA HAMIBAWCKH, SK1 3a JOIMOMOTOI0 MPUCTPOIO 3aKPIMUIIOIOTHCA Y
BUNPOOYBaAJIbHOT MallMHI. 3pa30K 13 33/JaHOI0 IIBUAKICTIO HAaBAHTAXYEThCSA 10 PYHHYBaHHS, 1
(biKCyeThCsI MOKa3HUK HaBAaHTA)XKEHHSI [IPU pyHHYBaHHI.

Pesynbratu mociimkeHs moka3aid, mo po3po0sieH] KOMIayHIu MaroTh OUThIT BUCOKI (Ha
15-20 %) 3Ha4eHHS BCIX MOKA3HHUKIB JOCIIKYBAaHUX BIACTHBOCTEH, YNM BUXIJTHI KOMITAYH/IH.

Po3pobneni kommno3zuuii npoxoasts BunpoOyBanHs Ha TOB «CknoruiacTukoBi TpyOu»
(M. XapkiB).
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CHHTE3 TA CTPYKTYPA HAITIOBHEHOI AEPOCHJIOM
B3A€EMONPOHUKHOI MOJIMEPHOI CITKA IMMA/ITY
Taica lenamosa, Jlrvoomuna Kocanuyk, Oxcana Aumonenxo, JIto606 Boponyosa,
Onexcandp bposko
[HCcTUTYT X1MIT BUcOKOMOJIEeKyIsipHUX crosiyk HAH Vkpainu
taya.ihnatova@gmail.com

Jna nigcunenHs yaapominHocti [IMMA 'y HbOro BBOJSATH €JaCTOMEpH, 30Kpema
noniyperanu (I1Y). Ilpu upomy KiHLIeBHI MaTepiai MOXKe OyTH B3a€MOIPOHUKHOIO HOJIIMEPHOIO
citrkoto (BIIC), B skiii mosiiMepu yTBOPWIHCA 3a PI3HUMHU MeXaHI3MaMH OJIHOYacHO abo
nociigoBHO. XiMiyHI peakuii yrBopeHHs kommnoHeHTiB BIIC cympoBokyroThCs (a3zoBUM
MO/UIOM, B pe3yabTaTi 4oro (popmyroThCcs (Pa3oBONOALUIEH] CUCTEMH, MOP(OJIOTIs 1 BIaCTUBOCTI
SKUX 3aJ€KaTh BiJ YMOB CHHTE3y, 30KpeMa, HasBHOCTI B pEaKIiiHIM cyMmilli pi3HOTO poay
komnaTtubinizatopiB. Kommarubuinizaropom s cymimi [IMMA/ITY moxe Oyru aepocu.
[IpoTe, Horo TeHAEHINA O aryioMepallli HETaTUBHO IMO3HAYAETHCA HA BJIACTUBOCTSIX CYMIIIIL.
Tomy AOUUIPHUM € BUKOPUCTAHHSI MOAM(IKOBAHOTO TiIpodh0oOI30BaHOTO aepOCUTy, HEAKTUBHA
MOBEPXHS SIKOTO 3MEHIIY€E TEHJICHIII0 /0 arjoMeparii 1 CHpHs€ JOCSITHEHHIO MaKCHUMaJbHO
MO>KJIMBOT MOr0 JTMCIEPCHOCTI Ta PIBHOMIPHOMY PO3MOJULY B HOJIIMEpHINA cymimi. Mera gaHoi
poOOTH — JMOCHIDKEHHS! BIUIMBY KUTBKOCTI TrigpodobizoBaHoro aepocuny AM-300 Ha mporec
yrBopenHs: [IMMA/ITY BIIC Ta mopdoJiorito KIHIIEBOTrO Marepiany.

O6’extamu  pocnimkerdss Oymu BIIC na ocnoBi [IMMA/ITY ckmany 80/20 mac. %,
HanoBHeHi 1 abo 7 mac. % AM-300.

Cunre3 BIIC mpoBoamnm 13 3aralbHOi peakmiiHOi cymimii, B AKIA  peakuil
ypeTaHOYTBOPEHHS 1 OJIIMEpU3allii METHIIMETaKpuiIaTy BigOyBanucsa oqHoyacHo. [lokazano, 1o
npu BBeleHH1 HamoBHIoBaua y [IMMA/ITY BIIC 1 3pocTtanHi #loro BMICTY CHOCTEPIraeThCs
MaiHHS IIBUIKOCTI 000X peakiiid, M0 CHPUYUHEHO 3HWKEHHSM pPYXJIHUBOCTI pearyrdmnx
Mosiekyn IIY KOMIIOHEHTH Ta YTBOPEHHSM JOJAaTKOBUX BY3JIB 3IIMBKH MpU MOJIMEpH3allii
MMA B OubII B’I3KUX HAIIOBHEHUX CUCTEMAX.

[Tpu BuBUeHHI Pa30BOro MOALTY METOJOM CBITJIOPO3CISTHHSI BCTAHOBJIEHO, IO IIEH MpOIIeC
BiIOyBa€eThCA y MBI CTaiil 3a 3MINIAaHUM MEXaHI3MOM: Ha TEpIIid cTajiii MepeBaXHUM €
HyKJICallIlHUH MeXaHI3M, a Ha Jpyrii — crniHojaibHuil. BBeaenHs HamoBHioBaua AM-300 y
I[IMMAV/ITY BIIC 1 30u1bII€HHST HOTO KOHILIEHTpPAIlll CIPUSIIOTH MPoIiecy (Ha30BOTO MOALTY.

Hocnimxennss Mopdosorii miiBok orpumanux [IMMA/ITY BIIC meronoM oONTHYHOT
MIKpPOCKOTII 0Ka3aJio, 110 JJIs BUX1IHOT CyMIllli CIIOCTEPIraeThCsl yTBOPEHHS B3a€EMOIIOB’ I3aHUX
NEepIOUYHUX CTPYKTYp (puc. a). YBeaenHsa 1 mac. % mMoau¢ikoBaHOTO aepOCHITy MaJIO 3MIHIOE
SIK MBHUAKICTH (a30Boro mojury, Tak i mopdomorito BIIC (puc. 6), MoxIHBO, 32 paxyHOK TOTO,
0 IpPU TaKOMY BMICT1 HallOBHIOBaY HE YTBOPIOE CTPYKTYPHOI CITKH, 1 B’SI3KICTb CHCTEMU
3MIHIOETbCA He3HauHo. [Ipu 30UIbIIEHHI KUTBKOCTI HamoBHIOBa4da 10 7 mac. %, YaCTHHKHU
aepoCHIly YTBOPIOIOTH CTPYKTYPHY CITKY, SIKa rajbMy€ TUCHEpryBaHHsS OJHOIO KOMIIOHEHTa B
IHIIOMY, CIpHUsA€ MBHAKOMY (a3oMy MOAUTY 1 YTBOPEHHIO (Da30BOMOAUICHUX CTPYKTYp 3
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OCOBJIMBOCTI EGEKTUBHUX CTEKIHI-B3AEMO/JIIN
Y ITIOJIIMEPHUX MATEPIAJIAX APAMIZITHOI'O THUITY

Anopiu Toxap, Onvea Yuesinyesa

JIHINPOBCHKUI IepKaBHUN arpapHO-€KOHOMIUHUN YHIBEPCUTET
atokar 2004(@ukr.net

Sk BiOMO, 10 cmeKine-B3a€EMOMIN BIAHOCATH MEPEBAKHO HEBAJIEHTHI MDKMOJIEKYJSPHI
B3a€MO/I11, [0 BUHUKAIOTh MDK 7-CHCTEMaMH apOMAaTUYHUX (PparMeHTIB Ta MarOTh IPUPOJy BaH-
Jep-BaalbCOBUX 3B’s3KiB. Taki B3aemonli, MOpsAA 13 «KIACUUYHUM» BOJHEBUM 3B’S3YBaHHSM,
BIJII'PaOTh BAXKJIUBY POJib Y POPMYBaHHI CTPYKTYpH MOJIMEPHUX MaTepialliB apaMiJTHOTO THUILY,
30kpeMa (peHUIoHIB. JIOCHIKEHHS] OCOOJMBOCTEH pO3MOALTY €JIEeKTPOHHOI TyCTUHU Y
MOJENBHUX cynepMosiekyiaax auMepiB 0enseny (Puc. 1) 13 7-noni6Ho0, NapanienbHO-3MIIEHOI0
Ta CaHJIBIYE€BOIO CTPYKTYpPOIO, 10 NepedyBatoTh y Ta3oBii (a3i, CBIAYUTH PO TE, M0 MEPII Ba
TUIH TAMEPIB BIAMOBIAAIOTH MiHIMyMaM Ha MOBEPXHI MOTEHIIIHOT €Heprii, MPUIOMY CTPYKTypa
13 MapaJie’IbHO-3MIILIEHUMHU MOJIEKYJIaMU € OUIbII CTIMKOIO, a CAHJIBIY — MEPEXITHOMY CTaHy MK
Humu [ 1-3].

Puc. 1. llpuknaan neskux koHpopMmairii 06H3eHOBOTO AUMEDPY
13 MapaMeTpaMu 7T-CmeKiHe-B3aEMOIII

Y Bumaaky auMmepu3oBaHoi (opmMu MoOJenbHOI crnojyku N-¢peHuiOeH3aMminy, 1o
BIITBOPIOE OCOOJIMBOCTI €(EeKTIB BOJHEBOTO 3B’SI3yBaHHS Yy MOJIMEpHIA MaTpulll (EeHUIOHY,
PO3IUICHHS OJEp)KaHOi pPIBHOBa)XKHOI TreoMeTpii JuMepy Ha MOHOMEpHI CKJIAIoBlI 3 IX
MOJAJBIIOK onTuMizaliero y HaOmkeHH1 B3LYP/6-311++G(d,p) npusBoauio 10 yrBOpeHHS
IBOX IAEHTUYHUX CTPYKTYp. PO3paxyHOK KOJMBaJIbHMX YacTOT JJs BCIX JIOKAII30BaHUX
CTAalllOHapHUX TOYOK CBIIYMB NP0 BIACYTHICTb YSABHHUX KOJIMBaHb, IO JO3BOJIHIIO
0XapaKTEepU3yBaTH iX K MIHIMYMHU Ha IIOBEPXH1 MOTEHIIIMHOT eHeprii.

AnHaniz opOiTaTbHUX B3aEMOJIA, IO BHHUKAIOTh B YMOBAaxX YTBOPEHHSI KOMIUIEKCY 13
BOJIHEBHUM 3B’SI3KOM, Y MeXax Teopii HaTypaibHUX 3B s3yrounx opbiraneit (NBO) mokasas, 1m0
TOJIOBHUM BHECOK Y 3arajbHy €HEeprio cTabuii3allii CUCTEMH CTaHOBIISITH NMEPEKPUBAHHS THUILY
n;2(0)—c*(NH) 13 Bianosigaumu napamerpamu E(2), mo ckinagaiots 15,4 ta 9,5 k/x/mMonb, y
TOM Yac SK IHII1 BHYTPIIIHbO- Ta MDKMOJIEKYJIIPHI B3a€EMOJII MaJIo BIIPI3HAIOTHCA 3a €HEPTi€lo i
HOCSITh TEPEBAXKHO eJIEKTpocTaTUYHUN Xapakrep. [lpu 1mpomy Ttumnosi 7-mofiOHI cmekine-
B3a€EMO/I, 1[0 BUHUKAIOTh MDK OCH3E€HOBUMHM SIpaMu Ha BLICTaHIX ~2,997 A, BinmoBinarots
nepexkpuBadiM n(C=C)—c*(CH-opmo) 13 nmapamerpamu E(2) e Outbie 1,6 xJ>x/M0b.

I. Munshi P. Charge density based classification of intermolecular interactions in
molecular crystals. CrystEngComm. 2005, p.608-611.

2. Zhikol O. Electron density distribution in stacked benzene dimers: A new approach
towards the estimation of stacking interaction energies. J. Chem. Phys. 2005, 144104.

3. Hill J. Calculation of intermolecular interactions in the benzene dimer using coupled-
cluster and local electron correlation methods. Chem. Phys. Phys. Chem. 2006, p.4072-4078.
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JOCIAZKEHHA BIIVINBY MOAN®PIKOBAHUX HOXITHUMH
HOJIETUJIEHAMIHOI'YAHIIMHY HAITOBHIOBAYIB HA

BJIACTUBOCTI KOMITIO3UTIB HA OCHOBI HOJIIIPOIIIVIEHY
llempo bawmanuk, Mapuna Tepewyk, Kaponina slnosa
JIBH3 «YkpaiHcbkuil AepkaBHUIN XIMIKO-TEXHOJIOTTYHUN YHIBEpcUTET», M. [IHINpo
e-mail:bashtanyk@i.ua

[lonmimpomniien  BIAHOCUTBCS 10  0araTOTOHHAXHUX  TEPMOIUIACTIB  3arajbHOTrO
npu3HaueHHs. OCHOBHUMH HOro ImepeBaraMu €: JIETKICTh MepepoOKH, BUCOKI MeEXaHIYHI
BJIACTUBOCTI (MIIHICTh MPH PO3Ts31, yAapHa B’SI3KICTb), 3/IaTHICTh 0 OPIEHTALINHOT BUTSKKH,
rapHUi 30BHIMIHIA BUrJsSA BUpoOiB. CopsiMOBaHE MOKpPAILEHHS BJIACTHUBOCTEH MHOJINPOINUICHY
JOCATAETHCSI BBEJICHHSAM Yy IMOJIMEPHY MaTpPHULIIO PI3HOMAHITHUX HANOBHIOBauiB. BiactuBocTi
HallOBHEHUX TOJIMEPHUX KOMIIO3UTIB BU3HAYAIOTHCS MPUPOJIOI0 TOJIMEPHOI MaTpHIil,
HallOBHIOBAaYa 1 XapaKTepoOM B3aEMOJIi Ha MeXi moaury (a3 «mojiMep — HalOBHIOBAW.
JlucrniepcH1 HANOBHIOBAYl - HAMMOUIMPEHIIINI BU HAIOBHIOBAYIB MOJIMEPHUX KOMIO3UIIHUX
MarepiajiiB, B SIKOCTI SIKMX BHUCTYNAIOTh PI3HOMAHITHI PEYOBMHM OPraHIUHOI 1 HEOPraHIYHOi
npupoad. [[ns moxpailieHHs 3MOYYBaHHS HAaIllOBHIOBaua pPO3IUIABOM IOJIMEpPY, IMiIBUILEHHS
aAre3iitHO1 B3a€EMOJIT Yy CHCTEM1 «ITOJIMEpP-HAIOBHIOBAY», 3HIKEHHSI CXUJIBHOCTI YaCTUHOK 0
aryioMepariii MOBEPXHIO MOPOIMIKOMOAIOHUX HAIMOBHIOBAYIB YacTO OOpPOOISIOTH MOBEPXHEBO-
aKTUBHUMHU PEUYOBMHAMHU. 3POCTAHHIO aire3ii Ha Mexi moaury (a3 «ImoJiMep-HarmoOBHIOBAY
CHPUSAIOTh peakUiIiHO-3aTHI (PYHKIIIOHANbHI IPYIIH, K1 HassBHI1 y HAalIOBHIOBaul a00 CHeI[laIbHO
CTBOPEHI Ha OTr0 NOBEPXHI IIPH alpeTyBaHHI.

Metoro nocnikeHHs Oy/no oJep)KaHHsS MOJIIMEPHOIO KOMIIO3UIIMHOrO Marepialy Ha
OCHOBI TIOJIIITPOTIUIEHY 3 MOKPAIIEHUMU MEXaHIYHUMU Ta TEIIO(PI3SUYHUMHU BIIACTUBOCTSMH.

Sk mojiMepHy MaTpHII0 BUKOPUCTOBYBaiIM nodjinponuieH Mapku «JIUIIOJI» A4-71, a ax
BOJIOKHUCTUH HAIllOBHIOBAaY — pyOaHi Ha BiJpi3ku 8-12 MM 0a3anbTOBI BOJIOKHA, SIK1 OJEPKYBAIU
npu HapizaHHi 0azanpToBoro posinry XBTP-O-330 (TY ¥V 00292729.001-96). Sk nucnepcHuit
HAlOBHIOBaY  BUKOpHCTOBYBanu  KaomiH Mapku KPIIII. IloBepxHi0O HamoBHIOBadYiB
MOAU(IKYBAIU NOXITHUMH TMOJIIETUIICHAMIHOTYaH1TUHY.

[InacTuku, 1m0 HAMOBHEHI KOMOIHOBAaHMM HAIOBHIOBAYEM, OJCPKYBAIH METOIOM
4epB’SIUHO-IMCKOBOI eKCTPy3ii mpH Temmeparypi y 30HI HOpManbHux Hampyxkens 220 °C,
4acToTl 0OepTaHHs IUCKy KoMmOiHoBaHoro ekctpyaepa EJI-2,2 — 60 00./xB., Benu4yuHi 3a30py
MDK KOPILYCOM 1 IUCKOM €KCTpyJepa — 4 MM. 3 OTPUMAHOIO IPAHYJSATY BUTOTOBJISIIM CTaHJApTHI
3pa3KM METOIOM JIMTTS Ii THCKOM IPH TeMIeparypi wiminapy murreBoi mammun 210-230 °C,
ticky st - 100 MITa, temmeparypi dopmu — 20 °C.

BceranoBieno, mo aaresiiiHa MILHICTh Y CHCTEMI «IOJIIPOIUIEH-0a3albTOBE BOJOKHO»
P BIICYTHOCTI OOpOOKHM BOJIOKOH arnpeTroM ctaHoBuTh 21,6 Mlla. Monudikauis 6a3anbToBuX
BOJIOKOH MOXITHUMH IOJIIETHICHaMIHOTYaHIAUHY MPU3BOIUTH O 3MEHUICHHS KpailoBOro kyra
3MOYYBaHHS TEPMOIUIACTY - HEOOX1IHOT YMOBH JIJIsl YTBOPEHHS MILHOTO aJre3iifHOro KOHTAaKTYy.
PanionanbHMii BMICT ampeTy Ha NOBEpXHI 0a3aJibTOBOTO BOJIOKHA, HE3QJIEKHO Bif HOro
pUpoau, cTaHoBUTH 1,5 mac.%. HaiiOuibiie 3poctanHs aaresiiHoi MinHOCTI (B 2,5 pasu) y
CHUCTEMI1 «IOJIIPOTMIEH-0a3a]IbTOBE BOJIOKHO» JOCSTHYTO TIPH ampeTyBaHHI 0a3ajbTOBOTO
BOJIOKHA TOJTieTUIIEHaMiHOTyaH1muHKapoonartoM (51,2 MIla).

JlocnijpkeHHsT BJIACTUBOCTEH TMOJIMEPHOTO KOMIO3MIIIMHOIO MaTepialy Ha OCHOBI
MOJIMPOMNUIEHY Ta KOMOIHOBAHOIO (BOJOKHHCTOIO Ta IOPOILIKONOJIOHOI0) HaroBHIOBayua
BCTAHOBWJIM, IO BHUCOKMMH MEXAaHIYHUMHU Ta TEIUIO(PI3BUYHUMH  XapaKTepUCTUKAMU
XapaKTepHU3yIOThCI KOMIIO3UTH, 0 HamoBHEH1 20 mMac.% BOJIOKHHCTOrO HamoBHIOBada Ta 10
Mac.% TOPOIIKOMOIIOHOTO HAMOBHIOBAYa, IO MICTHTh Ha TOBEPXHI A0 7 Mac.% MOXimHUX
MOJIIETUIIEHaMIHOTYaH1IUHY.

OTtpumani 0a3aJIbTOIUIACTUKY € KOHKYPEHTHOCIIPOMOKHUMHU Ha PUHKY BUCOKOMIIHMX 1 3
MaJIOI0 MUTOMOIO T'YCTUHOKO MaTepialiiB, IO MOXKYTh 3HAHUTH 3aCTOCYBaHHS Yy aBia-, aBTOMOOLIE-
Ta NpUIaa00yTyBaHHI.
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OpHuM 3 HamnpsMIB palioOHaIbHOTO BUKOPUCTAHHS Jierkoi ¢pakuii kam’ sSHOBYTUIbHOT
cvoisin (JIOKC) € onepxanus Ha i1 ocHOBI 1HAeH-KymapoHoBux cmoi (IKC) [1]. Ha xadenpi
XiMI4HOI TexHousorii nepepoOku Haptu Ta razy HY «JIbBiBChbKa MOMITEXHIKA» BIPOJOBK
OCTaHHIX POKIB BeAyTbcs pobotu 13 onepxkaHHa IKC Ta 3actocyBaHHS iX SIK MHOJIMEPHHX
KOMIIOHEHTIB IPU CTBOPEHHI OITyM-noaiMepHuX cymimient [2, 3]. [lepcieKTHBHUMU BUIIISLIAIOTH
JOCITIKEHHS 13 po3pobieHHss HoBUX croco0iB oaepxkanHs IKC Ta BBeneHHS B iX CTPYKTYpY
PI3HOMAHITHUX (YHKIIIHUX TPYIL.

Y naHiii poOOTI BHUBYEHA MOXJIUBICTH OJIEpKAHHS Ha OCHOBI Jierkoi Qpakuii
KaM’STHOBYTUTbHOT CMOJIM 1HJIEH-KYMapOHOBHUX CMOJ 3 MeTakpuiaTHuMu rpynamu (IKCM).

Cuposunoro ans oxepxkanHs IKCM cnyrysana nerka ¢paxuis kam’ sSHOBYT'UJIbHOT CMOJIH
(JIOKBC), Binibpana Ha [IAT «3amopikkoke» (Ykpaina). Y ckmani JIOKBC wmictunock
6,73 % wmac. ctupodny, 5,75 % mac. kymapony Ta 44,45 % mac. iHIeHY.

3 MeTOr0 30UTBIICHHS BUXOAY KIHIIEBUX MPOIYKTIB JOJATKOBO Y MOJIMEPHU3AIIiHY Macy
BBOJWJIM CcTUPOJI Ta MeTtunMmetakpuinatr (MMA). Ininiatopom peakuii ciayrysas 2,2 -a30-06ic-(2-
METHIINPOMIOHITPUI). Y pe3yibTari iHiniioBanoi koosiromepusaii JIOKBC otpumana IKCM,
10 XapaKTepu3yBajiacsi MOJIEKYIISIpHOIO Macoto 830 r/Moub Ta Buxo1oM 22,4 % Mac. Ha BUXIIHY
cymimt. Iy nigTBepHKEHHS IPUCYTHOCTL Y OJIep>KaHIi CMOJII METaKpUIIATHUX IPYH MPOBEACHO
[Y-cnekrpockoniuni apociiypkeHHs (puc). I'pyma C—O—C, sika BXOOUTb y METaKpHJIOBUMI
(DparMeHT, miATBEpIKEHA ACHMETPHYHIMHI BAJTCHTHIMHI KoMBaHHsME mipr 114511143 em™.
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1. Becenosckuii B.C. Xumunueckass npupojia roprounx uckomnaembix. M3narenscteo AH
CCCP, 1955, 424 c.

2. Pyshyev S., Gunka V., Grytsenko Yu. et al. Polymer modified bitumen: Review. Chem.
Chem. Technol., 2016, 10, p. 631-636.

3. Pyshyev S., Grytsenko Y., Bilushchak H. et al. Production of indene-coumarone resins
as bitumen modifiers. Petroleum & Coal, 2015, p. 303-314.
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Binomo, mo inneH-kymaponosi cmonu (IKC) oTpumyioTe BHaCIiIOK MoJiMepu3anii
CyMilleil HEeHACHYEHHUX CIOJIYK (B OCHOBHOMY 1HJIEHY Ta KyMapoHY), iK1 0A€pKYyIOTh 3 HOOIYHUX
IIPOJIYKTiB KOKCYBaHHS BYT'ULJIS Ta apOMAaTUYHUX BHCOKOKMUIUISYMX MPOIYKTIB MIpOJi3y HapTH
[1]. InneH-kKymMapoHOBI CMOJM BUKOPHUCTOBYIOTHCS B PI3HHX Tally3sfiX IMPOMUCIOBOCTI, B TOMY
YHCIl 3aMICTh JOPOTUX MPUPOJHUX CMOJ IpPU BUTOTOBJIEHH! Jako(apOOBHX MarepiaiiB. 3
iHIoro 6oky, IKC 3 pi3HUMH QYHKIIHHUMY rpyliaMyd MOKYTbh OyTH BUKOPHUCTaH1 SIK I0OJAaTKH J10
O1TyMy JUIsl IOJIMIIEHHS X eKCIUTyaTalliHUuX BIACTUBOCTEN, 30Kpema aaresii [2, 3].

Ha kadenpi ximiuHO1 TexHOJOT1T IepepoOku HapTH TH ra3y HaiioHanbHOro yHIBEPCUTETY
«JIpbBiBChKA MOJITEXHIKAa» MPOBEACHO Psi JOCIIKEHb 11070 OTpuMaHHs Ta 3actocyBaHHs [KC
SIK KOMITOHEHTIB JIJIsl BUTOTOBJICHHSI 0i1TyM1B, MoaudikoBaHuX mojimepamu (BMII).

Metoro nanoi po6otu Oyno crBopeHHs HOBUX IKC 3 kapOOKCHMIBHUMH Tpynamu,
BUKOPUCTOBYIOUHM SIK CHpPOBUHY JIerKy ¢pakuito kam'ssHoByruibHOi cmonu (JIOKC), 1
JOCTIIKEHHS BIUTUBY PI3HUX YUHHUKIB Ha iX XapaKTepUCTHKU.

HonatkoBo, kpiM JIKDOC, BukoprcToByBajiu CTUPOJI 1 METAaKPHIIOBY KUCIOTY. [HiliaTopoM
KooJliroMepu3allii ciyryBas 2,2°-a30-0ic(2-metwnnpomnioHitpuin) y Bursiai 0,2M po3uuny B
TOJIYOJTI.

JlocnipkeHo BIUIMB TEMIIEpATypH, 4acy, MPUPOIM MOHOMEPIB Ta KUIBKOCTI IHII[IaTOpa Ha
xapakrepuctuku IKC. /I Bu3HaueHHs pouti Jerkoi Gppakiiii KaM'sHOBYTUIbHOI CMOJIU B IIPOLIEC]
KOOJIIrOMepu3allii JOCHIIPKEHHs MPOBOAMIM Takok Oe3 ii ydacti. CTpyKTypy CHHTE30BaHOL
cmoiin Bu3Hauanu [Y-cmekrpockormiero. XpomarorpadiuHi JTOCHIDKEHHS MNPOBOAMIN IS
BU3HAUEHHS KOHBEPCIi HEHACMYEHHUX CIIOJYK Il Yac CUHTE3Y Ta BCTAHOBJICHHS pOJII BUXITHUX
KOMIIOHEHTIB cyMmimli B npoueci yrsopenns IKC.

Bceranosneno, mo naiBummii Buxin IKC 3 kapOOKCUIBHUMH TpPyHamMu JOCATAETHCA 3a
kipkocTi JIKOC 45,2 mac. vacrt., ctupony — 7,3 mac. 4acT., METaKpUJIOBOi KHCIOTH — 2 Mac.
4acT. 3a KOHIIEHTpaIlii iHiiaropa 2,2 -a30-0ic(2-metmimnpomnionirpuin) 0,25 mac. 4acr.

["a3o-pinuHHOIO Xpomartorpadiero 0ya0 MiATBEPAKEHO, IO TUIBKH METAKPUIOBA KUCIOTA
MOBHICTIO MPUMMAaE y4acTh B peakilii moiimepusaii. Kousepcis ctupoity He nepesuirye 50 %,
kymapony — 37 %, inneny — 46 %. Crpykrypy cunre3oBanux IKC 3 kapOOKCHIBHUMU TpyrHamu i
MPUCYTHICTh BUIBHUX KapOOKCUIBHUX IPYIl Y iX CTPYKTYp1 NiATBepKeHo [Y-criekTpockomiero.

1. CoxonoB B.: Unaen-kymapoHnoBbie cMoJibl. Metanyprusi, Mocksa 1978.

2. Pyshyev S., Grytsenko Y., Bilushchak H. et al. Production of indene-coumarone resins
as bitumen modifiers. Petroleum & Coal, 2015, p. 303-314.

3. Serhiy Pyshyev, Volodymyr Gunka, Yuriy Grytsenko and Michael Bratychak. Polymer
modified bitumen: review. Chem. Chem. Technol., 2016, 10, p. 631-636.
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Huni ocoOnuBuil HayKOBH Ta NPAKTUYHUIN IHTEPEC CTAHOBIATH KOMIIO3UIIMHI MaTepiaiu
Ha OCHOBI €MOKCHJIHUX CMOJI, Kl 3JaTHI CyMIIaTHUCA 3 IHIIMMH HOJIMEPHUMH MaTepialiaMiu 1
THM CaMUM I[OKpAaIyBaTH BJIACTUBOCTI OTPMMAaHUX 3a IXHBOIO yuacTio BupoOiB [1]. s
3JICHIEBJICHHS OCTaHHIX |0 MOJIMEPHUX CyMIllel J10/1al0Th MIHEpaJbHI HAIIOBHIOBAYl, 30KpeMa
kap6OoHart ka1 CaCOs.

Mertoro ganoi poO0oTH OyJI0 CTBOPEHHS HOBHX €TIOKCH-OJIIMOECTEPHUX CyMillleld Ha OCHOBI1
npoMucioBoi enokcuaHoi cmosu Epidian-5 Ta oniroecrepakpunaty TI'M-3 it MOHOTIEpOKCHUIHOT
noxigHoi enokcujaHoi cmosin Epidian-6 (I10). fIxk MiHepaiibHUN HANOBHIOBaY BUKOPHCTAHO
CaCOs3, 3aTBEpAHUKOM CyMILLIEH CIIYT'YBaB MOJIIETUIICHIIOIIAMIH.

HocnimkeHo (I3MKO-MEXaHIuH1 BJIACTUBOCTI 3pa3KiB, YTBOPEHHMX HAa OCHOBI E€MOKCH-
osiroectepunx cymimeit. Beenenuss no cymimeit CaCO; 3HayHO 30UIBIIYE TBEPAICTh TLTIBOK.
AmnaioriuHi pe3ynpTaTu 0yau oTpuMaHi, Koy Mosiekyiau Epidian-5 6ynu yacTkoBO 3amilieHi Ha
I1O. Ognouacue BBenenns CaCO; y kimbkocTi 30-60 mac. gact. 1 [1O (10 mac. gact.) 30u1bIIyE
BMICT 1 TBEPIICTh Te€Ib-(paKIil y HOPIBHSAHHI 3 CyMIIaMH 0€3 UX KOMIIOHEHTIB.

Cymimi 6e3 IO 1 cymim, y ckiaai skoi 3Haxoautbes 30 mac. yact. CaCOs,
XapaKTEPHU3YIOThCS MEHIIUMH 3HAYCHHSIMHU MaKCHMAaJIbHOI MIIIHOCT1 Ha pO3puB, JAehopMalli€io
IpU PO3TATYBaHHI, yaapHOlO0 B’sa3KkicTio Charpy, MakCUMajJbHOIO MIIHICTIO Ha BUTHMH 1
nedopmarlliero po3puBy, ajae OUTHII BUCOKMMH 3Ha4eHHsIMU Moayis FOnHra ta TBepmocti Shore D.
AmnainoriuHi pesyapTaTH oTpumani npu BBeaeHHI 10 mac. wact. [1O. Otpumani pe3ynabTaTu
cBiguaTh npo yyactb Mosiekyn I10 y dopmyBaHHI TpUBUMIPHOI 31IMUTOT CTPYKTYpH. OTprMaHuit
MPOJAYKT CTA€ TBEPAIIIUM 1 MCHIII €JTACTUYHUM.

30uibiienHs kiutbkocTi [10 Big 10 no 30 mac. yacT. MpU3BOAUTD O 3HUKEHHS TBEPJIOCTI Ta
30UIBbIIEHHS] €JNacCTUYHOCTI mponaykry. Lli maHi NiATBEpUKYIOTh NPUITYILIEHHS, L0 BEJIUKa
kUIbKicTh 11O mpu3BOaUTH 10 MEHIIOI HIUIHLHOCTI MONEPEYHUX 3B’A3KIB KOMIIOHEHTIB CyMIIII.
30uibiieHHd  KiibkocTi CaCOj; migBUINYe TBEPIICTh, PO3TATYBAaHHS Ta €JIACTUYHICTb, alie
3MeHIYye AeQopMaliio IpHU PO3TATYBaHHI Ta yAapHY B A3KICTh

3 BHUKOpPUCTAHHSIM CKaHYIOUOi €JIEKTPOHHOI MIKPOCKOIIi BCTaHOBJIEHO MOP(OIIOTio
OTpPUMAHUX CyMilledl 1 J0BEIEHO, IO OJHOYAaCHE BUKOPHUCTAHHSA Yy EMOKCH-OJIINOECTEPHUX
cymimax I10 1 CaCOs3 npuBoANTH 10 NOKpPALIEHHS CTPYKTYPH OTPUMAHUX B3IPIIIB.

1. Ellis B.: Chemistry and Technology of Epoxy Resins. Blackie Academic and
Professional, London 1993.
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[HcTHTYT Tpo6IeM Matepiano3HaBcTBa iM. 1. M. ®dpannesnua HAH Ykpaiau
e-mail: kasumov.IPM@gmail.com

[Tonimep mnomietminentepedranar (IIETD), mo mupoko BUKOPUCTOBYETHCS B PI3HUX
0o0JacTsX MPOMMCIOBOCTI BCE YAaCTIIIE 3aCTOCOBYETHCS B TMO€JHAHHI 3 TOHKOILUIIBKOBUMU
MOKPUTTSAMM, 1LI0 BHUKOHYIOTh JEKOPAaTMBHY, CBITJIOBIOMBarO4y Ta 1HII  (YHKIII.
[IpencTaBisioTh IHTEPEC TaKOK MOKPUTTS HAa OCHOBI (pepOMArHiTHUX MeTaliB rpymnu 3ainiza Fe,
Co, Ni, mo 3aBAsKM CBOIH CIIOHTAaHHIA HaMarHideHOCTl 34aTHI HAJaTH MAarHiTHI BJIACTHBOCTI
koMmiuiekcy Fe, Co, NVIIET®, mo mae ¢popmy MmIiBOK, HUTOK, HaHOYAacTHHOK. [Ipu npomy ciifn
BpPaxoOBYBAaTH, 110 MArHITHE I10JI€ JaHUX NOKPUTTIB 3/1aTHE BIUIMBATH HAa MOJIEKYJIAPHI TPYIH, L0
BxomiaTh 10 ckmany I[IET®, ockutbku OUIBIIICTE 3 HHUX BOJIOMIIOTH JlaMarHITHUMU
BJIACTUBOCTAMH, TOOTO € MarHiTouymmBuMu [1]. BmumB MarxiTHOro mosiss Ha MeXaHIYHI
BrnactuBocTi [IET® omucano B [2].

Mertoto 1aHO1 poOOTH € BUBYEHHSI BIUIMBY TOBILMHU TOHKOIUIIBKOBUX IMOKPUTTIB 3 METAJIIB
Fe, Co, Ni na mikpoTBepaicTh uiacTuHoK [IET®.

TonxomniBkoBi nmokputtst Fe, Co, Ni Oynu ocamxeni Ha mactuiku [IET® tepmiunum
BUIIAPOBYBAHHSAM Uil MIHIMI3alil TEMJIOBOro BIUIMBY Ha mosiMep. Temmeparypa MiIkIaaKud
[IET® B mporeci oca/ukeHHs MiABUINYBaiach BiJ KiMHaTHOi Ha 5°C, T00TO Bech uvac Oyna
3HAYHO MEHIIO0 3a Temrepatypy po3m akiieHHs [IETD (95 — 100 °C). ToBmuHa METaIIYHOTO
MOKPUTTS 30UIbIIYBaNach LUISIXOM HANWJIEHHS Ha OJHY 1 Ty X camy IutactuHky IIET®.
MikpotBepaicte camoi tutactuHkd [IET® Tta 11 moegHaHHS 31 3pOCTalOYMM 110 TOBIIWHI
METaJIIYHUM MOKPUTTAM, BUMiptoBasiack Ha TBepAoMipi [IMT — 5. Tosmuna mnactunku [TIET®
nopiBHioe 0,1 MM, MmetaniyHoro nokputTs 0+110 HM.

Ha pucysky mnpexacraBieHo

I emien - upeene
5.4 —— Co/lIET® ) .

5.3 ] v NillIET® TOHKOILTIBKOBHM TOKpHTTSIM 3 Fe

Eé 5,2 BiJl TOBIIMHU JAHOTO TOKPHUTTS.

P! g(l): Taka * 3aJI€XKHICTh IS MOKPHUTTIB

§ 491 Co 1 Ni mae aHaJIOTYHUI XapakTep

'§., 4,8 A Ta MPEACTABIICHA OKpPEMHUMH
S 474 / TOYKaMH Ha KpUBIH.

§ ig: r Sk BUIHO 3 pHCYHKa, KpHBa

£ 4] - Ma€e CKCIOHCHINIATbHHUI XapakTep.
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i% E / 3pOCTAIOYMM CyMapHUM BIUTHBOM SIK

40 HaMarHiyeHocri (bepomMarHiTHuX

0 10 20 30 40 50 60 70 80 90 100 110 TLIiBOK METally Ha MOJIEKYJspHI

h, um Ipyny, TaKk 1 TBEPAOCTI CaMHUX

MeTalIIYHUX MOKPUTTIB npu

KOaJIeCLIeHLIli OCTpIBI[IB METaly B CYLUIbHY IUIIBKY. 3 pocTtoM TOBIIMHM Fe — mokputrs 1o
110 M, 30uTbIIEHHS MIKpOTBepAOCTI ckiaamae 32%. ToOTO Take TOHKOIUTIBKOBE IOKPUTTS
CYTT€BO BIUIMBAE HA MEXaHIYH1 BIACTUBOCTI IUTBOK [IET®.

1. D. W. van Krevelen and K. Te. Nijenhuis. Properties of Polymers (Amsterdam: Elsevier
Science: 2009).

2. AnexcanapoB II. A., bymaparun B. B., IllaxoB M. H. Mexanuuyeckue cBoOMCTBa
HEKOTOPBIX MaTepHajoB B MarHUTHOM Ioyie. Bompocwl aromHoii Haykum W TexHukH. Cep.
TepmosinepHblil cuntes, Bbin. 1.2005.c. 24—30.
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IMOJIIMEPHI IOHHI PIINHU TA IOHHI PIIMHU IOHEHOBOI'O
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MNPUPOAHUX ITOJIMEPIB
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JABH3 «Yxpaincekuil iep»KaBHHUI XIMIKO-TE€XHOJIOTTYHUI YHIBEPCUTET)
o.sverdlikovska@gmail.com

OcobnMBa yBara BYEHHUX YChOTO CBITY JI0 XIMIYHOi NPOMHCIIOBOCTI 3yMOBJIEHA BHCOKHUM
pPIBHEM PO3BUTKY IIi€] raiy3i. BimblIicTe TEXHOJIOTH BHPOOHUIITBA MAIOTh HEOOXIIHICTh Y HOBHX
MiAX0JaxX JO BHUPINICHHS ICHYIOUMX EKOHOMIYHMX Ta EKOJIOTTYHHX MpoOJsieM, TOB’SI3aHUX 13
BEJIMKUMU €HEPreTUYHUMHU BUTpPAaTaMU Ta 3a0pYAHEHHSIM HaBKOJMILIHBOTO CEPEIOBUILIA.

Jlana HaykoBa po0OoTa cripsiMOBaHa Ha pO3pOOKY MPUHITMTIOBO HOBUX €KOJIOTTYHO OE3MeYHNX i
€KOHOMIYHO JIOCTYITHMX THOJIMEPHUX IOHHUX PIIMH Ta 10HHUX piAMH I0HeHoBoro tumy. Lle
JI03BOJIUTH OTPUMATHU BIIOMOCTI, HEOOXIH1 ISl pEeKOMEHAALIl LIMX PIAMH sl BUPIILIEHHS HayKOBO-
TEeXHIYHUX MpOoOJeM 3 pO3pOOKH aJbTEPHATUBHUX PO3ZYMHHHKIB JJISI OTPUMaHHS 1 HepepoOKu
MOJIIMEPHUX KOMITO3ULIIHHUX MaTepiajiB, 110 € HAYKOBO 1 IPAKTUYHO aKTYyaJIbHUM.

Ha ocHoBi B3aemonii amiaTHUHMX 1 aIKUIAPOMATUYHUX JUTAIOTEHIIIB 3 MOP(OIIHOM —
BUXIJJHUX MOHOMEpIB HOBUX MOJIMEPHUX 10HHUX PIUH 10HEHOBOI'O TUITY PO3POOJIEHI METOI0JIOTIT
ix orpuManHs [1]. BcraHOBI€HO, 1110 BUKOPUCTAHHSI B MOHO- 1 TUMEPHUX I0HHUX PIAMHAX aHIOHIB
XJIOPY B SIKOCTI IPOTHIOHIB, MPUCYTHICTh HEOJHAKOBUX 3aMICHHUKIB MPHU YETBEPTUHHOMY aToOMi
Hirporeny, sk 1 BBeZIeHHs JJ0 HUX T'IPOKCUJIBHUX Ta AJIUVIBHUX IPYII CIIPHsI€ OTPUMAHHIO BUCOKOTO
piBust jormoi mposimsocti (107'+107° Cvrem ™) mpw i 36epesxenni no temmeparyp —28 + —130°C.
ToOto, ynepiiie CHHTE30BaHO NOJIIMEPHI 10HHI PIAMHU Ta 10HHI PIJMHU I0HEHOBOTO THITY Ha OCHOBI
Mop(oITiHy, SIKi HE MMOCTYIAIOThCS CBITOBUM aHAJIOTaM 3a PIBHEM 10HHOT IPOBIAHOCTI, ajlie B 3HAYHO
OUIBLIOMY IHTEPBAJI TEMIIEPATYD.

VYhepiie BUSBIEHO 3aKOHOMIPHOCTI PErY/IIOBAHHS BICKO3UMETPUYHUX  BJIACTUBOCTEH
CHHTE30BaHUX MOJIMEPHUX I0HHUX PIIUH I0HEHOBOT'O TUITY HA OCHOBI MOP(OJIIHY Y BOJII Ta BOAHO-
OpraHIYHMX PO3UYMHHMKAX LUIIXOM BapilOBaHHA OyJOBM 1 KOHLEHTpALli MOJIMEpy, MPUPOAU 1
CKJIaJy PO3YMHHUKA, TeMIlepaTypu. B's3KICTb BU3HAUA€THCSI CTYNEHEM HAOPSKaHHS IMOJIIMEPHOTO
KITyOKa B PO3YMHI 1 3aJ€KUTh BT PO3MIPY 3aMICHUKA TpU 4YeTBEepTUHHOMY aromi Hirporeny,
rimpodoOHOCTI Ta TYCTHHU 3apsiTy JIAHIFOra MaKpoOMOJIeKySu. PO3BHHYTI HAyKOBI YSBICHHS I10]I0
MOBEIHKA MaKpOMOJIEKYJI ITOJIIMEPHUX 10HHUX PIIUH Y POZYMHHUKAX J03BOJISIOTH COPMYIIOBATU
pEeKOMeH[allli OCHOBM METOJOJIOTIl CTBOPEHHs IOJIMEPHMX IOHHUX pPIIMH Ta I10HHUX PIIUH
10HEHOBOTO THITy 3 BUCOKMM PIBHEM BJIACTUBOCTEH JIsi 3aCTOCYBaHHS iX y CHCT€MaX Ha OCHOBI
BIZIOMUX TIOJIIMEPHUX MaTepialiB TpUAIETATY IENTI0JIO3H, a TAKOXK MOJII30I[i1aHaTYy.

Ha ocHOBI 10HHUX piIUH i MOMII30111aHaTy CTBOPEH1 KOMIO3HULIIT I0HOOOMIHHUX MeMOpaH s
CEHCOPHUX CHCTEM, SIKI BUPI3HSIOTbCS BHCOKHM CBITJIONpONycKaHHAM (10 82%) Ta 10HHOIO
nposimrictio (10°+10° Cyvrem ™) 3 0iHOYACHIM THiBHIIEHHSM MiHOCTI 1 TBepoCTi MTiBoK (¥ 1,9-
3,0 pasu Ta 2,4-3,5 pas3u, BianoBinHO). Haifkpariorw moixiMepHO KOMIO3UIIIHHOI CHCTEMOIO €
MoJTii301liaHaT—I0HHa  piguHa—auMeTwihopmamin y croiBBigHomenni  0,1/0,05/1, sxy cmig
PEKOMEHJIyBaTU B SKOCTI HOHOOOMIHHOI MeMOpaHH €JEeKTPOJITHUX MarepiaiiB  Pi3HOTO
[IPU3HAYEHHS, HAPUKIIAJ, sl €IEKTPOXIMIYHIX CEHCOPIB.

Po3po0neni HOBI IUTIBKOBI MMOJIIMEPHI KOMITO3MIIIIIHI MaTrepiali Ha OCHOBI TpHUaLETaTy
LEJIONO3U 1 MOJIMEPHUX IOHHUX PIOMH Ta 10HHUX PIAMH 10HEHBOTO THITy SIK OCHOB ONTHYHMX
CEHCOpIB, $IKI BHPI3HSIOTHCS BUCOKUM cBITIONponyckanHaM (1o 80-90%) 3 oaHOuacHUM
MIIBUIIEHHSAM MIOHOCTI 1 TBepaocTi miiBok (y 2,4-18,2 pasu Tta 1,0-2,9 pasu, BiANOBITHO).
Haiikpamoro T1UIiBKOBOIO TOJIMEPHOIO KOMITO3UINIMHOIO CHCTEMOIO € KOMITO3HUINSI TpHaleTaT
LIENTI0JI03a— 10HHA PIIMHA-TIOTpIiHA cyMimn y criBBiaHomeHH1 1/0,1/10.

1. CsepmmikoBchka, O.C. IlomimepHi 4YeTBEpTHHHI aMOHIEBI COMl Ta iX aHAIOTH —
nepcrnektuBHl 10HH1 piaunHu: MoHorpadisi/ O.C. CeepmiikoBebka. — JIBH3 VIXTY:
JlainponerpoBcbk, 2014. — 264 c.
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®I3UKO-XIMIYHI BJIACTUBOCTI TA ®A30BA MOP®OJIOT IS
KOMITO3UIIN TA BIOIIOJIMEPHUX KOMIIO3UTHUX IIJIACTHUKIB
HA OCHOBI CHHTETUYHOI'O OJIITOMEPY EJI-20 TA
ENNOKCUJOBAHOI CO€EBOI OJIII

Topoau JIL.A., Jlyyux O./]., Babkuna H.B., Bposxo O.O.
[HCcTHUTYT X1MIT BUCcOKOMOJIEeKyIsipHUX criosiyk HAH Vkpainu,
XapkiBceke moce, 48, 02160, Kuis, Ykpaina,
gorbachla@bigmir.net

CkopoueHHs 3amnaciB HadTH Ta MpoOIeMH 3 YTHIII3AIlI€I0 TOJIMEPHUX BIAXOA1B HATUXAIOTh
BUEHHUX /10 pO3pOOOK HOBUX IOJIMEPIB 3 BIAHOBIIOBAJBHUX HPHUPOJHUX JDKEPEN CUPOBHUHU.
3acToCcyBaHHS POCIMHHUX OJIiH, BOJIOKOH Ta TKaHWH 3 HaTYpaJbHOI POCIMHHOI CUPOBUHHU NpPU
BUTOTOBJICHH]1 O10MOJIMEPHUX KOMIIO3UTIB MOXE OYTH LIUIKOM JOLUIBHO, OCKUIBKHM MAaroTh
3HAYHl €KOJIOT1YHI IepeBard 1 JOCUTh BHUCOKI (PI3MKO-MEXaHIYH1 BIJIACTUBOCTI, HE MICTATh
TOKCUYHUX PEYOBHH, MAalOTh NMPUHHATHY LIHY, iX MOXHa HIBUAKO BHUPOLIYBAaTH B HEOOXIAHHUX
KUTBKOCTSIX.

Meroro pobotu Oyno JociipkKeHHS (I3MKO-XIMIYHUX BilacTUBOCTeW Ta (ha3oBoi
MOp¢oJIOoTii KOMITO3UIlII Ha OCHOBI cuHTEeTUYHOTO oyiromepa EJ[-20 Ta emokcumoBaHoOi coeBOi
onii (ECO), sixk GiopecypcHO1 CKJIaJoBOi OI0MOTIMEPHUX KOMIO3UTHUX IUIACTUKIB, apMOBAHHUX
TKaHWHAMU TPUPOJHOIO Ta CHUHTETUYHOIO TOXO/DKEHHS, IO BIJHOBIIOETHCS Ta CHpUSE
(dbparmeHTarrii Ta po3KIagaHHIO KOMIIO3UIII B yMOBaX JOBKULIS.

O0’exTaMu JOCHIDKEHHS CIYTYBaIM TPUBUMIPHI IMOJIMEpPHI OIOKOMIO3ULIT y BUIVISAL
IJIIBOK, OTpPUMaHUX Ha OCHOBI emokcuaHoi cmonu EJI-20 Ta emokcuaoBaHOi CO€BOi OJIii,
3aTBEP/KEHI aMIHHMMM TBEpPIHUKAMU Ta IX CyMIIIIO. [3 3amydyeHHAM OIOKOMMIO3MILINA Ta
apMyIOUUX MarepialliB: POCIMHHUX, 3 KOHOIENb, Ta CHHTETUYHHUX CKJIO- Ta BYIJIELIEBOi TKAaHUH,
BIJIIPECOBAHO O10MOJIMEPHI KOMIIO3UTHI IUIACTUKH, IO MICTATH 3, 6 Ta 9 mapis.

JlocnipkeHo KIHETHKY TBEPAHEHHS MOJIIMEPHMX KOMMO3MIIA 3 pi3HuM BMmictom ECO,
BUHAWJIEHO Ta BIANPAllbOBAHO CTYMIHYACTHH pPEXUM TBEPAHEHHS Ta IOKAa3aHo, 10 BIPOJOBXK 7
roguH Bi1OyBaeTbcsd IMOBHAa KoHBepcis emnokcuaHux rpyn BuxigHoi EJ[-20 ta ECO pmns
xommno3suttii cknanxy EJ[-20/ECO = 80/20.

Bunaitneno, mo cymimenss ECO 3 EJ[-20 B momiMepHiil KOMIIO3HIIT MPU3BOAUTH 10
MOHOTOHHOI'O 3HMKEHHS 3HaYE€Hb I'yCTHUHHU.

[Tokazano, mo kitpkicth ECO 3HayHO BIUMBae Ha Ga3zoBy MOp(oJIorito 610KOMIIO3HULIIH,
3OUIBIICHHS BMICTY SIKOT CYTTEBO 3MCHIIYE TeMIepaTypy CKiyBaHHs T 1 TIpHBOIUTE 10
YTBOPEHHS OUIbII PIAKOT CITKH.

Onineno criiikicts 3pa3kiB EJ[-20/ECO=95/5 no aii arpecuBHUX CepeqOBUI IO Ta MICIs
nepeOyBaHHs iX y BOJ1, BOJHUX PO3YMHAX KUCIOTH Ta JIyTy. BctaHOBIEHO, 1110 HAMOLIBIN CTIHKI
10 i BOJHU KOMITO3HII11, OTpUMaH1 13 3aCTOCYBaHHSM TBEpAHHUKA
MoHo(uiaHeTmm)nierunentpuaminy (YII), mo xii  10% H,SO, — xommosuuii, orpumaHi i3

3actocyBaHHsAM TBepaHuka Tpuertanojaminy (TEA), ta mo naii 10% NaOH — xommnoswuuii,
oTpuMaHi 13 3actocyBaHHsaM TBepAHUKIB YII, TEA Ta ix cymirii.

HanpyxeHHs npu 3ruHi OTpUMaHuX OI10TUIACTUKIB, apMOBAHUX KOHOIUISHOIO TKAHWHOIO Y
3 mwapu MaroTh nokazHuku 256 MlIla ta Habmuxarotbes 1o 272 Mlla s apmoBaHuX y 3 1mapu
CKJIOTKaHUHOIO.
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OJEPKAHHA HOJI}MEPHOi IIVIIBKH, 1O 3ABE3IIEYY€
3BLJIBIIEHHSA COPBUINHOI 3IATHOCTI TA 3SMEHIIEHHS YACY
EKCIO3UILII Y BOOJHOMY PO3UUHI ITPU BUSHAYEHHI ®EHOJTY

Topoau JI.A., Jlyyux O./]., Bposko O.O.
[HCcTHTYT X1MIT BUcOKOMOJIeKyIsipHUX cosiyk HAH Vkpainu,
XapkiBceke moce, 48, 02160,Kuis, Ykpaina
gorbachla@bigmir.net

OpHi€ro 3 akTyallbHUX 1 HAOUIBII TJI00aNbHUX MPOOJIEM CYYaCHOTO JKUTTS € 3a0pyAHEHHS
HaBKOJIMIIIHBOTO cepenoBuia. Cepen HalOUIbII HEOE3NMEYHUX 1 OTPYHHUX PEUOBUH € (PEHOJHU Ta
ix moxigHi. [Ipu morparuisiHHI 10 JHOACHKOTO OpraHi3my, ()€HOJI BIUIMBAE€ Ha OLIKOBUN OOMIH,
MO>K€ BUKJIMKATH 3JI0SIKICHI MYXJIMHU Ta HE3BOPOTHI 3MIHM (YHKIIII CIIMHHOTO MO3KY.

Binomi cnocoOu oxaepkaHHs (EHOJ-CEIEKTUBHHUX MOJIMEPHHUX IUIIBOK 3a MPUHIMIIOM
MOJIEKYJISIPHOTO IMIPUHTUHTY. CaMe KOJOPUMETPUYHI TECT-CUCTEMHU Ha OCHOBI MOJIEKYJISIPHO
imopuHToBanux nojimepis (MIII) 3 «po3ymHuMEN» caiftamu 3B’sS3yBaHHS, MOXHa BIJHECTU JI0
AQHAIITUYHUX METOJIB MalOyTHbOro, fKi HajleXaTb A0 3pYyYHUX 1 HaJIHHUX aHaJTITUYHUX
METO/1iB, L0 JIO3BOJISIIOTH SIKICHO BHSIBJISITU Ta 3 BUCOKOIO TOYHICTIO BH3HAYaTH KOHIIEHTPALIIO
denony y Boxl. IlpwHIMn nii TakMxX TECT-CUCTEM 3aCHOBAaHMM Ha XIMIYHHUX PEAKIifX, SKI
B1I0OYBalOThCSl HA MOBEPXHI MOJIMEPHOI IUIIBKM IIBUJIKO Ta CYIPOBOKYIOTHCS IOSIBOIO abo
3MIHOIO ii 3a0apBIEHHS, IO JIETKO BI3yalbHO 3a(iKCyBaTH.

Henonikom onepkaHWX TOHKUX IUIIBOK € HEOOXITHICTh JOBTOTPUBAJIOrO 3aHYPEHHS Y
BoJAHMI po3unH (180 XB.), 10 CYTTEBO YHNOBUIBHIOE MPOLIEC BU3HAYEHHS CIOJIYK (peHOIy B
M0JILOBUX YMOBaXx.

Otxe, MeTor0 poOOTH OyJIO OTPUMAHHS HAMOBHEHUX MOJIEKYJISPHO IMIPUHTOBAHUM
noiMepoM (MIII) TuTiBOK, SIK OCHOBHU JJIsi KOJIOPUMETPHYHOI T€CT-CUCTEMH, IO MIIBUIIUTH il
COpOIiiiHY 3/1aTHICTh, BIUIMBOBO CKOPOTUTh YacC €KCIIO3MIIli Y BOJHOMY PO3YMHH Ta 3a0€3M€UUTh
OUIBII SIKICHE BU3HAYEHHS (PEHOITY.

OTxe, TOCTaBJICHY METY BHPINIYBaJIM THUM, IO 3a CIIOCOOOM OJEpXKaHHS IMOJTIMEPHOI
IUTIBKA ~LUISIXOM MPUTOTYBaHHS CYMIIIl 3MIMBavya  TPH(ETUJICHIJIIKOJb)-AUMETaKpuiarTa,
mwiacTudikaropa osiroyperaHakpuiara, MaTpull, (pyHKIIOHAJIbHOIO MOHOMEpA, JOAABaHHS 0
Hei mopoyrBoproBaua nojieruiaeHraikonss MM20000, iHiiaTopa mojiMepu3allii, po3YuHHUKA
numetuidopmaminy 1 noaansiioi Y@ mnomiMepusanii oAep:kaHoi Cymilli, OTPUMaHy IUTIBKY
MOPiIOHIOIOTE 10 pO3Mipy 4acTHHOK 25-200 MKM, ITOAArOTh M0 PEAKIIITHOT CyMilll 3 BOJHOTO
1,5% po3uumny HaTpieBoi coii kapookcumerunentono3u (Na-KML), 1% ruyrapansaeriny,
TIPOKCIETUIIMETaKpHIIaTy, (OTOIHIIIATOPY Ta ONPOMIHIOIOTH  JIOMIHICHEHTHOIO JIAMIIOIO
(Philips TL 2001 8wx4 A=365) npotsirom 40xB - o 20XB Ha KOHII CTOPOH1 OpMHU, ILITIBKY
BHCYIIYIOTH B Tepmomadi 3a 60-80°C 1o cranoi Barm.

[Tokazano, mo HanoBHeHa MIII-om momiMepHa mMiiBKa 30UIblIye COpPOILIIHY 30aTHICTD
Maiixke y 8 pa3iB, 3MEHIIYE 4ac €KCIO3UIl TECT-CUCTEMH Y BOJHOMY pO3uuH1 Maibke y 18 pasis,
Bia 3 rox. g0 10 xB.
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TEINVIO®I3UYHI BJACTUBOCTI HOJIINTAKTUJIHHUX KOMIIO3UTIB
Amnopiu Macrox, Xpucmuna Kucine, Bikmop Hikimiwox, Borooumup Crxopoxooa
Hamionansuuii YHiBepcuTeT «JIbBIBCbKA MOJITEXHIKA)
masyukas@gmail.com

Po3poGnenns pisaux OiogerpagabenbHuX OIOKOMIIO3UTIB HAa OCHOBI TMOJIMEPIB 13
MPUPOJIHOT CUPOBUHM € aKTYaJIbHUM HAIPsIMOM B TEXHOJIOTIi MOJIMEPHUX Ta KOMIO3UI[IMHHUX
MarepianiB. [lepcriekTHBHUM T0JIIMEPOM 7151 O10CYMICHHX Ta 010/1erpaiadeibHuX KOMIIO3HUTIB €
nonimaktua (IJIA), mepm 3a Bce, 3aBAsKM CBOIM TepeBaram: 3JaTHOCTI TO Olojerpajaaiii;
HETOKCHUYHOCTI; BIJCYTHOCTI YCaJKM; HEPO3UMHHOCTI Yy CHHUpPTax Ta BOJl; PO3YUHHOCTI Yy
OUIBIIOCTI OPraHIYHUX PO3YMHHHUKIB.

VY naHiii poOOTI JUid OJep)KaHHA KOMIIO3UTIB OyB BHUKOPUCTaHHMM MOJIUIAKTHU] MapKH
INGEO 4032D Ta HamoBHIOBaul HEOpPraHIYHOI MPUPOJM: TIIPOKCHANATUT Ta MOIU(IKOBaHI
CWJIIKATH HIKEJIO.

BaxxnnBor XapakTepuCTUKOIO MOJTIMEPHUX KOMIIO3UTIB € 3MIHA 1X BIACTUBOCTEH ITiJT JI€I0
temreparypu. Ciil BIA3HAUYWUTH, WO TIIPOKCHANATUT MOBOAMUTHCA SK KIACUYHUHN IHEPTHUU
HAllOBHIOBAY, IO MIATBEP/UKYEThCS TaKOXX HOT0 BIUIMBOM Ha TeIUIOCTIMKICT, 3a Bika
MOJIVTAKTUAHUX MaTtepiaiiB. 30kpema, Juist HeHanoBHeHoro [IJIA xapakTtepHa TEMIOCTIMKICTh 3a
Bika - 67,0 °C, npu upomy J0JaBaHHS T'IPOKCUANATUTY CHpPUSIE AESIKOMY ii MIIBUILIEHHIO, TIPU
Makcumymi 68,8 °C 3a namoBHeHHs 20% Mac. Y 1ei ke 9ac, J0JaBaHHS HAINOBHIOBAYiB Ha
OCHOBI cwmiikaTy Ni copusie 3pOoCTaHHIO TEIIOCTIMKOCTI 3a Bika Ha 3-4 °C, mo O4eBHAHO
OOyMOBJIEHO JESIKUM M1JIBULLEHHSM CTYNEHS KPUCTAIIYHOCTI MOJUIAKTULY 3a CHPUSHHS
YaCTUHOK HYyKJIeaTopa-HamoBHIoBada. Ciil BI3HAYMUTH, IO JOJABAHHS HAMOBHIOBAYIB CIIPHUSIE
30UTBIIIEHHIO 3HAYEHHSI MOBEPXHEBOI TBEPIOCTI MOJUIAKTHAHUX MaTepiaiiB, 110, OYEBUIHO,
MOB’S3aHO 31 3MEHIICHHSAM BUIBHOTO MPOCTOPY MDK MAaKpOMOJIEKyJaMHu TOJIMEpy Ta
3MEHILEHHSM BUCOKOEIACTHYHOI AedopMallii TOBEPXHEBUX LIAPIB MOIUIAKTUILY.

JUis BUBYEHHS MOJIEKYJISIPHOT PYXJMBOCTI Ta peJakcalliiHUX IpoLeciB B MOJIMepax
HalyacTile BHUKOPUCTOBYIOTh TEpPMOMEXaHIUHMW MeToJ. TepMomexaHIUHI BJIACTUBOCTI
MoJIIMEpIB Ta KOMITO3UIIIHUX MaTepiaiB Ha IXHI1 OCHOBI TICHO MOB’s3aHi 3 €KCILTyaTalliHUMU
1 TEXHOJOTIYHMMHU BIJIACTUBOCTSAMHU Ta JAIOTh 3MOrY OILIHUTU SIK TEMIIEpaTypHI Mexl1
eKCIUTyaTallli marepiany, TaKk 1 TeMmIlepaTypHi 1HTepBaiu (QI3UYHUX CTaHIB IOJIMEPIB, IO
HEoOX1H1 Juisi BUOOpY palllOHAJBbHUX MapaMeTpiB IXHbOI NEepepoOKH Ta eKCIUTyaTallii.
BusiBneno, mo TepMoMexaHIYHI KpUB1 MOJUIAKTHIHUX KOMIIO3UTIB, HE3aJE€KHO BiJ IPUPOAU
HEOPraHIYHOTO HAIMOBHIOBaYa € XapaKTepHUMHU JUIs MOJIMEpiB, L0 KpUcCTalizyloThes. [lpu
LbOMY, BBEJICHHSI HAIlOBHIOBAUIB MPU3BOAUTH J0 3MIHM KyTa HaXWjy KpUBOI NpU MHEPEXojl y
B’SI3KOTEKY4YHI CTaH Ta 3MILIEHHIO TEMIIEpaTypH TOIJIEHHS B 00JacTh BULIUX TeMIEpaTyp, 110,
OUYEBUJIHO, OOYMOBJIEHO MPHUCYTHICTIO (PYHKUIMHMX TPyl HANOBHIOBAYIB fKI MNPUIMAaOTh
aKTUBHY Yy4acTb Yy [MEpPepo3NoAUIl MDKMOJEKYIIpHUX 1 MDK(a3HUX B3aeEMOMIA MDK
KOMITOHEHTaMU CUCTEMH.

BusiBneHo, 1o BBEJEHHS BUKOPUCTAHMX HAMOBHIOBAUIB CIPHUS€E 3MEHIICHHIO 3HAYEHHS
Koe(ilieHTa JIHIHONO  TEIUIOBOTO  PO3IIMPEHHS  MOJIVIAKTHIHUX  KOMMO3WTIB.  Taki
3aKOHOMIPHOCTI, OYEBHJIHO OOYMOBJICHI THM, IO YaCTHHKH HEOPTaHIYHOTO HAIMOBHIOBaYa
HE3HAYHO JeQOpMYIOTbCS IIiJ] BIUIMBOM TEMIIEpaTypu 1 MEPEHIKOKAIOTh TEIIOBOMY
PO3IIMPEHHIO MaTepiaiy.
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ANTI-CORROSION COATINGS BASED
ON MODIFIED POLYESTER RESINS
Diana Katruk, Andrii Masyuk, Taras Humenetskyi, Levko Bilyi
Lviv Polytechnic National University
masyukas@gmail.com

Among polymer composite materials, special attention is paid to composites based on
unsaturated polyester resins cause these materials are widely used for the manufacture of
sealants, artificial stone, bulk floor, products made of polymer concrete and as the basis for anti-
corrosion coatings.

Chemical and anti-corrosion resistance of polyester composites based on unsaturated
polyester resins of brand Estromal A023 was evaluated according to ISO 2812-1: 2007.
Polyvinyl chloride (PVC) was used as the polymer modifier, as the fillers were used calcium
carbonate (CaCO3), aluminum oxide (Al,O3) and polymer-silicate materials [1]. Additionally, in
the composition was added a plasticizer - dibutyl phthalate (DBP), which simultaneously served
as a solvent and plasticizer for polyester resin and PVC.

For modified polyester compositions deposited on a metal substrate, during exposure in an
aggressive medium, the coating capacity after a slight increase, which indicates the swelling of
the coating in the medium, stabilizes at a certain level. The coatings retain their protective effect
and function mainly as a barrier to the path of water molecules and corrosion ions. It should be
noted that modified polyester materials with a PVC content of 2 wt%. are characterized by the
highest protective effect, as evidenced by the lowest capacitance values (12,2 - 107%-15 - 1072
F/cm®). Among metal-containing polymer-silicate fillers, Ni-silicate fillers have the highest
anticorrosion protection and the Zn-silicate fillers the least (capacities are 15,7 - 10"°-16,9 - 10°
2 F/em® and 17,7 - 10" '?-37,5 - 10™"? F/em?, respectively). This is a consequence of the different
nature of the electrode processes that occur with the participation of metal ions and components
of the corrosive environment.

The resistance of some modified polyester coatings, being high in the first days of
research, further decreases somewhat and approaches the level of 1,5 - 10° Om - cm?’ which
indicates penetration of the corrosive medium into the steel substrate and loss of the coating with
protective properties. This applies to compositions containing Zn - silicate and Co - silicate filler,
as well as 5% by wt. of PVC. After such a decrease in resistance on the samples the appearance
of the first points of corrosion destruction can be observed.

It 1s found that the equilibrium water absorption of polyester composites is established
within 3-4 days. The water absorption of unmodified polyester material is about 1,5%. However,
the adding of PVC into the polyester matrix leads to a significant increase in water absorption
(3,5%), which is obviously due to the additional heterophase of the system. In addition, the water
absorption of composites containing CaCOs is quite high = 1-3%, and composites of Al,O3 - 0,5-
1,3%. Modified polyester materials containing DBF have the highest resistance to water.

It was found that for modified polyester composites with CaCOs the weight gain of the
samples after 16 days of exposure in 3% NaOH and H,SOy solutions is 1.5% in alkaline medium
and 1.0% in acidic, and for ALO; composites it does not exceed 1,3-1,4% both in alkaline and in
acidic environments. The adding of DBP in polyester composites that do not contain PVC leads
to a deterioration of the chemical stability of materials in an alkaline environment (weight gain is
2,3-5,0%). However, a somewhat different pattern is observed in acidic environments - the
introduction of DBP into modified and unmodified polyester composites containing CaCOj; leads
to an increase in chemical resistance.

1. D. Katruk, V. Levytskyi, U. Khromyak, V. Moravskyi, and A. Masyuk Physicochemical
Principles of Synthesis and Modification of Unsaturated Polyester-Polyvinyl Chloride
Composites and the Properties of Materials Derived from Them // International Journal of
Polymer Science— 2019. — Volume 2019, 9 pages.
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BILIUB TPUPOJIU KAJBIIMBMICHUX HAIIOBHIOBAUIB HA
3AKOHOMIPHOCTI OJEP)KAHHS MOJIMEPHUX KOMITIO3UTIB MEIMYHOT'O
MNPU3HAYEHHS
Ipuna /3aman, Xpucmuna Kucine, I'anuna [{yoox, Borooumup Cropoxooa
Kadenpa ximiunoi TexHosnorii nepepodku miacrmac, Haionansuuii yaisepcuteT “JIpBiBCbKa
nositexHika M. JIbBiB, Byn. C. bannepu 12, 79013 Vkpaina
e-mail: iradzyaman@gmail.com

[ToTpeba y BUKOpHCTaHHI BHYTPIIIHBO-KICTKOBUX IMIUIAHTATIB B TEIEPIIIHIN Yac € JOCTaTHBO
HeoOxiHow0. [l nux nuiedl, B MEAWYHINA MpaKkTUL IIUPOKO BUKOPUCTOBYIOThCS Ipernapatd Ha
OCHOBI MIHEpaJIbHUX HAIIOBHIOBAYIB, SIK1 CIIPUAIOTH LIBUIKOMY BITHOBJICHHIO KICTKOBOI CTPYKTYPH,
MMOBHOMY 3aMIIICHHIO KICTKOBOIO TKAHWHOIO, HE MAaIOTh HEraTUBHOI MOOIYHOT JIii 1 HE BUKIMKAIOTh
JOJTATKOBUX YCKJIATHEHb. [IpoTe HeT0IKOM TaKuX MaTepialiB € iXHs KPUXKICTh Ta HU3bKa MIIHICTB,
sIKa 3HAYHO IIOCTYIAETHCSI BJIACTUBOCTSIM KICTKOBOI TKAaHUHHU. TOMY, OJJHUM 3 METOJIB YCYHEHHS
JIAHOTO HEMOJIIKY, € MOXKJIIMBE MOEIHAHHS MIHEpAJIbHUX HAIOBHIOBAYIB 3 MOJIMEPHOI0 MATPHULIEIO.
Sk momiMepHy MATpUL0 HaMH 3alpollOHOBAaHO BHUKOpHcTOBYBaTH Komommepu [IBIT 3
METaKpUJIOBUMHU MOHOMeEpaMHu, a Takox cymiuni [1BII 3 noninakrunamu.

bazoBoro mosiMep-MOHOMEpPHOIO KOMMO3uIli€r0 Oyna BHOpaHa KOMIIO3WIISL — CKIIATY
[TEMA]:[TIBIT]=7:3 mac.4., sika BiI3HAYA€THCSI BACOKOIO PEAKITIIHOIO 37JaTHICTIO 1 TOMY HE BUMarae
BHCOKHX TEMIEpaTypHUX PEXUMIB MoiiMepu3allii. SIk MiHepajibH1 HAIlOBHIOBAYl JJIsl JOCIHIIKEHD
BUKOpucTOBYBaM  rigpokcuanatut (I'A), mont™opmionitr (MMT), Bomactonir (BJI) Ta
tpukanbuiiipocdar (TD). Konomimepu oTrprmMyBaan OJIOKOBOIO MOJIMEpU3AIli€}0 KOMIO3MILIM 3a
MoTiepeIHLO0  BCTaHOBIIEHNMH pexumamu [1]. Kinetnky momiMepuzarii JOCTDKYBaIH XIMIYHUM
METO/IOM 3a 3MIHOIO KUTbKOCTI HEPOpearoBaHoro MOHoOMepa i1 yac noximepusaiiii. EQexTuBHICTh
npuieruieHHs (f) po3paxoByBaiy SIK CHIBBIAHOIICHHS KUThKOCTI mipuiteruieHoro [IBI1 o 3aranphoi
kuibkocTi [IBII y BuxigHii KOMNO3HULIL; a cTymiHb npuiieruieHHs (P) BuzHauanu K BiJHOILIEHHS
Baru npumeruieHoro [1BIT 1o 3aranpHOi Baru KomosMepy.

3 MeTor0 NOpPIBHSHHS BIUIMBY MNPHUPOIM KaJbL[IMBMICHOIO HANOBHIOBAaYa JOCIHIKYBAIN
MOJIIMEPU3ALII0 MOHOMEP-TIOJIIMEPHUX KOMIIO3MLIM OJHOTO CKJIaay y HPUCYTHOCTI OJHAKOBOI
KUIBKOCT1 PI3HUMX HaloOBHIOBauiB. JIOCIPKEHHS MOKAa3ylOTh, 110 KOMIIO3MLII 3 T'IPOKCIAiaTUTOM
MaroTh HalMEHIIly peaKIiifHy 3/1aTHICTb.

Ha BnactuBocTi komnosuTiB Ha ocHoBI komomimepiB IIBII 3 merakpunoBumu ecrepamu
3HaYHO BIUIMBAE 1 CKJIAJl KOMOJIMEpy. 3TiAHO JOCIIIKEHb, I OJHAKOBOTO CKJIaTy MOHOMEp-
MOJIIMEPHOT KOMIIO3ULII Yy BHIIAJAKYy BUKOPHCTaHHS $IK HAllOBHIOBaYa MOHTMOPHWJIOHITY Ta
Tpukanbliiipocdary 3a temneparypu 348 K y peakuiro NpuIlleryieHHS BCTYIa€ 3HA4YHO OuIblIa
kuibkicTh [IBII (maitxe 90-92%), Hix y Bunaaxy BojactoHity (75,1%) ta rigpokcianatury (42,5%).
OpnepxkaHi KOMIIO3UTH MalOTh TIOPUCTY CTPYKTYpPY (3arajibHa MOPHCTICTH 67...69%) 1 moctartHi
MeXaHI14H1 BJacTUBOCTI (MIHICTh Ha cTickaHHsA 10,5 MIIa).

O1xe, 3MIHOIO KOMIIO3UIIIMHOTO CKJIJAy Ta MPUPOAM HAIMOBHIOBaYa MOKHA HAIPABIICHO
3MIHIOBaTU CKJIaJl KOIOJIMEpPIB 1 iXHI BiacTuBocTi. Hamu NOCHIKEHO KIHETHKY MOJIIMepHu3allii
komnosuiii 'EMA 3 [IBIl y npucyTHOCTI MiHEpalbHUX HANOBHIOBAYiB pPI3HOI MpUpOAX 1
BCTAHOBJICHO, 10 HaMBUIIOK PEAKLIHHOI 3[aTHICTIO XapaKTepPU3YIOTbCS KOMIIO3UTH, SIKI SIK
HAlOBHIOBAY MICTSITh MOHTMOPWIOHIT Ta TpUKajblilidocdaT, 1110 CBIAUUTH PO aKTHUBHY Y4acTb
L[MX HAallOBHIOBAYiB B peaKilii oJiepsKaHHs NOJIMEPHUX KOMITO3UTIB.

1. Skorokhoda V., Semenyuk N., Dziaman I., Levytska Kh, Dudok H. Vplyv pryrody
kal'tsiyevmisnoho napovnyuvacha na zakonomirnosti oderzhannya ta vlastyvosti osteoplastychnykh
porystykh kompozytiv / Voprosy khimii 1 khimicheskoy tekhnologii.—2018.—Vol.2. -Nel117. —P.101-
108.
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In recent years, the demand for rare earth metals has risen sharply worldwide. Unlike oil
and gas, they do not attract attention so often, but they are very important and are present in
almost every modern complex product - smartphones, laser systems, computer memory chips,
DVD players, rechargeable batteries, night vision devices, magnets and sources of fluorescent
light flux. The main consumption of rare earth products is associated with its use in the defense,
aerospace and nuclear industries.

In this regard, in this work, to predict the sorption activity of polymer networks, we studied
the electrochemical properties and features of the interaction between KU 2-8 cation exchanger
and AB-17 anion exchanger in ratios 6:0-0:6, based on electrostatic and hydrogen bonds between
ion exchangers. KU-2-8DRY systems - AV-17DRY, KU-2-8DRY - AV-17SWOLLEN, KU-2-
8SWOLLEN - AV-17SWOLLEN, KU-2-8SWOLLEN - AV-17DRY.

Physicochemical methods used to study ionite systems indicate the presence of remote
interaction between KU-2-8 cation exchanger and AB-17 anion exchanger.

As a result of remote interaction, an additional activation of ion exchangers occurs,
indicating an increase in the content of interstitial chains without counterions in solution.

1. Jumadilov T., Akimov A., Eskalieva G., Kondaurov R. Features of polyvalent metals
sorption by intergel systems // Proceedings of VIII international scientific-technical conference
—Advance in petroleum and gas industry and petrochemistryl (APGIP-8). — Lviv, Ukraine, may
2016. —P. 68.

2.Jumadilov T., AbilovZh.,Grazulevicius J., Zhunusbekova N., Kondaurov R., Agibayeva
L., Akimov A. Features of lanthanum ions sorption by intergelsystembased on polymethacrylic
acid and poly-4-vinylpyridine hydrogels // Proceedings of International scientific-technical
conference —The modern technologies of polymer materials obtaining and processingl. — Lviv,
Ukraine, September 2016. — P. 95.
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BIIVIMB TUITY PO3IIOAITY HAITOBHIOBAYA HA MEXAHIYHI
XAPAKTEPUCTHUKHU ITOJIMEPHOI'O KOMIIO3UTY

Micropa A.L ", Mamyns €.11°
! Kuiscokuit nanionansamii yaiBepcuter imeni Tapaca Illepuenka, mp. Timymkosa 4, 03022 Kuis,
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*TucTuTyT XiMii BucokoMonexyisipaux crionyk HAH Vipainu, Xapkiscbke moce, 48, 02160,
Kwuis, Ykpaina, ymamunya(@ukr.net

HamoBraeni mosiMepHi KOMIIO3UTH IIMPOKO BHUKOPHUCTOBYIOTBCA B PI3HHX cdepax
IIPOMHUCIIOBOCTI, OCKUIBKM BOHU BOJIOJIIOTh MOKPALIEHUMH TEIUIONPOBIIHUMU Ta MEXaHIYHUMU
XapaKTepUCTUKaMH, B TOM dYac, sIK iX mapaMerpu nepepoOKu OIM3bKl 0 YUCTHX IOJIMEpIB.
BnacTuBoCTI KOMIO3UTY BU3HAYAIOTHCS MOrO CTPYKTYpPOIO, B TOMY YHCII TaKHUM Ba)KJIMBUM
(hakTOpOM, SIK MPOCTOPOBHUH PO3TOIUT YACTUHOK HAIIOBHIOBAaYA B MOJIMEPHIA MATPHUIIIB.

Byno BUroToBieHO 1Ba TUIY KOMIIO3UTIB: 1) 3 cerperoBaHuM pO3IOJLUIOM HallOBHIOBAaya
[1], oTpuMaHi METOJOM Traps4yoro MIpecyBaHHsS, MPU LOMY B 00’€Ml MOJIMEPHOI MaTpull
YTBOPIOETHCS KapKacHa CTPYKTYypa 3 YaCTUHOK HAIlOBHIOBaYa; 2) 13 CTATUCTUYHHUM PO3IOALUIOM
YaCTMHOK HAlOBHIOBa4Ya B TMOJIMEpPHIA MaTpulll, OTPUMaHI METOJOM EKCTPYAYBaHHS.
Komno3utu BurotoBieHi Ha ocHOBI moJjieTwieHy Hu3bkoi ryctunu (IIEHI) 3 posmipom
gactTuHok 200-300 MM Ta HamoBHIOBaya - aucrepcHoi mial (Cu) 3 4acTUHKaMM JI€HAPUTHOL
dhopmu cepenHiM po3mipom 50-70 MKM.
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Puc.1. KonuenTpauiiina 3ai1exHICTh Moy pyxHOocTi Komno3uTtis [IEHT -Cu:

TOYKH — €KCIIEPUMEHTAJIBH1 JJaH1; JIIH1I — po3paxyHOK 3a piBHSIHHAM JlixTeHekepa;
1 — cerperoBanuii po3moJIi1 HAIOBHIOBAYa, 2 — CTATUCTUYHUIA.

Ha puc.1 HaBeneHO KOHIEHTpaliiHy 3aJ€KHICTh MO NPYXKHOCTI (G ') KOMIIO3UTY IIPU
nedopmariii 3cyBy. SIK mMoka3zaHO Ha PUCYHKY, OOMJBI 3aJIEKHOCTI MAIOTh JIHIMHUN XapakTep 1
onucyrThes piBHSIHHAM Jlixtenekepa: log G'=log G’, (1-¢p) +log G’y ¢, ne G’, Ta G’r-Monyii
3CyBY moiiMepy 1 ¢a3u HamoBHIOBava. Po3paxyHOK mokasye, M0 MOJYJb 3CYBY HAlOBHIOBAYa,
KOTpUH YTBOPIOE YIOPSAKOBAaHY cerperoBaHy cTpykrypy - G’y = 20,0 I'Tla, naGarato
nepesunrye Moayiab 3cyBy Gy = 5, 9 T'lla, nna ¢a3u HamoBHIOBaya 31 CTaTUCTUYHHUM
PO3MOATIOM YaCTHHOK.

Takuii edekT MOKHA MOSICHUTU TUM, 110 KapKac, yTBOPEHUI 3 YaCTUHOK HallOBHIOBaua B
cerperoBadiii cucrtemi, crpumye nedopmario nosimMepHoi ¢asu. ToOTo, ymopsaKyBaHHS
YaCTUHOK M1/l MDK BEJIMKUMHU YaCTHMHKaMH IOJIIMEpy 30UIblIye BHECOK (Da3u HamOBHIOBada B
MPOTUII0 MaTepially 10 NPUKIAJEHOTO 30BHIIIHPOTO HABAHTAYKEHHSI.

1. Mamunya Ye.P., Davydenko V.V., Pissis P., Lebedev E.V. Electrical and thermal
conductivity of polymers filled with metal powders. Eur. Polym. J., 2 002, 38:1887-1897.
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OJEPKAHHS MOJIMEPHOI CIPKH I3 CIPKOBMICHUX CHIOJIYK
TA II BACTOCYBAHHA SIK BYJIKAHIZATOPA

3enositi 3nak, Anopiii I'enew, Poman Onenuu
Hanionaneuuit ynisepcutet “JIbBIBChbKa MOJITEXHIKA”
kadeapa Ximii 1 TEXHOJIOT1] HEOPraHIYHUX PEYOBHUH
e-mail: znak zo(@ukr.net

JlocnikeHo o/ep KaHHs MOJIIMEPHOI CIpKM KHUCJIOTHUM PO3KJIAZO0M HATpiio Tiocyibdary
Ta IJIa3MOJII30M CIpKOBOAHIO. KHCIOTHUI pO3Kia[ NpPOBOAMIM PO3UYMHAMHU XJIOPUIHOI,
cynab(}aTHOI Ta HITPATHOI KUCJIOT Y peaKTopi ijeasbHOro 3MimyBanHsa. [lma3moi3 CipkoBOIHIO
MIPOBOJMIIN Y HA/JIBUCOKOYACTOTHOMY ILJIa3MOTPOHI 3 MOJAJIBIINUM IHTEHCUBHUM OXOJIOPKEHHAM
ra3onoJiOHUX NPOIAYKTIB y KOHAEHCATOpax pI3HUX THUMIB (IOBEpPXHEBOro Ta OO ’€MHOIO
KOHTAKTY).

BceraHoBieHO BIUIMB MPUPOJIM Ta KOHILEHTpALli KUCIOTHOIO areHTy, TeEMIEpaTypHu, TUIY
Ta KOHLEHTpalli noBepxHeBO akTUBHUX peuoBuH (IIAP), TpuBanocTi excno3uiii yTBOPEHOro
MPOJYKTY B MaTOYHOMY PO3YMHI Ha BUX1J MPOJIYKTY Ta BMICT MOJIMEPHOI CKJIAZ0BOI y HHOMY.
Haii6inpmmii BUXiZ NpOAYKTY 31 BMICTOM HoJjimepy cipku Omu3zbko 60 % nocsranu y pasi
Bukopuctans 35 % po3uuny HCI 3a npucyrnocti takux IIAP, sk cuHTaHon Ta cyiabdaHoI.
[Ipoaykr 3 HaitOuTbmuM BMicToM nodiMepy (91...93%) ame 3 Buxomom He Outbine 50 %
yTBOpIoBaBcs min aieto koHieHTpoBaHoi HNO;. IlomiMepHa cipka, o yTBOprOBajiach y pasi
Bukopuctands B cepeposumni HCl 1 HNOs, nanexana mo crabuibHOi B 4yaci m-Moaudikariii
cipku. MeToJjoM TepMOMEXaHIYHOTO aHaii3y BCTAHOBIJIEHO, IO MOJIMEpHa CipKa, OTpUMaHa B
CEPEIOBHIII XJIOPUIAHOI KHCIIOTH, MAa€ HIKIY MOJICKYJISIpHY Macy, HDK mia aiero HNO;.

BHacnigok miua3zMoxXiMiYHOTO PpO3KJIaay Y HaJBUCOKOYACTOTHIM HEpIBHOBAXKHIN IUIa3Mi
YTBOPIOBABCS MPOAYKT, (I3UKO-XIMIYH1 BIIACTUBOCTI SIKOTO 3aJI€KajIM Bl TUITY KOHJIeHcaTopa. Y
KOHJICHCATOP1 MOBEPXHEBOIO TUITY BMICT HOJIIMEPY Y MPOIYKTIL, SIKHH YTBOPIOBABCS y BUIJISIL
BHCOKO B’SI3KO1 piIMHUA 200 €JaCTUYHOI MacH, IO 3aJeXali0 BiJ MIBUIKOCTI TEIJIONEpeaayl Ta
HasiBHOCTI JIOMIIIOK y CIPKOBOJHEBOMY rasi, He mnepeBuinyBaB 80 %. Y pas3i MIBHIKICHOTO
OXOJIOJKEHHS MPOAYKTIB IJIA3MOJII3Yy CIPKOBOJIHIO B 00’ €M1 OX0JIOKYBAJILHOTO cepeoBHINa (Y
KOHJIEHCATOP1 00’€MHOr0 THUITYy) OTPUMYBAJIU HNPOAYKT Y BUIJISI1 BUCOKOIUCIIEPCHUX YACTUHOK
31 BMicTOM mnoxiMepy mnoHan 95 %. BusiBneHo, mo HaWOUIBLIMI BHX1J MOJIMEPHOI CIPKHU
JOCATAEThCSl Yy pa3l BBEACHHS /10 CIPKOBOJHEBOIO rasy a0 5 % 00. meraHy, sIKuil y Iuia3mi
reHepye METWIbHI paJMKalid, LI0 BIAINPalOTh poJib CTAaOUII3aTOPIB BUCOKOMOJEKYIISIPHUX
JIAHITIOTIB MOJIMEPHOT CIpKU. 3aBISKU LbOMY (POPMYEThCA O-MOAUQIKAIIA MOJIMEPHOI CIpKHU.
3MIHOI0 MPUPOJM Ta BMICTY JOJATKIB SK JI0 CKJIaqy CIPKOBOJHEBOTO rasy, Tak 1 J0 CKJIamy
0XOJIOKYBAJIbHOTO CEPEIOBUINA, Ta IIBUAKOCTI OXOJIOJKEHHS MPOAYKTIB IUIa3MOJII3Y MO’KHA
PEryJoBaTH CEPEIHI0 MOJICKYIISIPHY Macy MOJIIMEPHOT CIPKH.

3pa3ku MoJIIMEPHOT CIpKH, OTPUMaH1 BKa3aHUMH BHUIIE CTIOCOOaMH, a TAKOK MEJICHY CIpKY
pomOiyHOi Moaudikaiii, $AKy TpaJULIHHO 3aCTOCOBYIOTh Yy TYMO-TE€XHIUHIA ramysi,
BUKOPUCTOBYBAJIM SIK BYJIKAHI3aTOpPH AJIsi OJepxaHHsS I'yM Ha ocHoBl kayuyky CKJI. Hapami
JNOCIKYBAJIN (PI3UKO-MEXaHIYH1 BJIACTUBOCTI OTPUMaHUX 3pa3KiB ryM. BcraHoBieHo, mio
3aCTOCYBaHHS YCIX 3pa3KiB MOJIMEPHOT CIpKH, TOPIBHSIHO 3 POMOIYHO, 3a0e3Ieuye 3HAYHO Kparlli
BiacTuBOCTI ryM. Hampukian, emactuunicte ryM € Ouibmoro Ha 300...400 % Ouibmioro, a
3anumikoBa gedgopmanis — Ha 20...30 % meHmow. BaxiuBoro nepeBaroro mojiMepHOi CIpKH,
MOPIBHSIHO 3 pOMOIYHOIO, € BIICYTHICTh BUIIBITAHHS CIPKHM Ha ITOBEPXHIO 3pa3KiB, 10 3yMOBJIEHO
MIPaKTUYHO MOBHUM BHUKOPHCTAaHHSAM IOJIIMEPHOI CIpKU y mpolieci ByakaHizauii. Lle 3a6e3neuye
BUCOKI KOH(EKIIIifHI BJIAaCTUBOCTI TYMOBHUX JeTaled, fAKI BUKOPUCTOBYIOTb I 4ac
BUTOTOBJICHHSI CKJIAJIHUX BUPOOIB, HAIPUKJIIA] aBTOMOOUIHHUX Ta aBlallifHUX IIHH.

OtpuMaHi pe3yapTaTH CBIYATh MPO MEPCHEKTUBHICTH OTPUMAHHS IOJIMEPHOI CIpKH
BKa3aHUMU BUIIIE CIIOCOOaMU 1 BUKOPUCTAHHS 1i SIK BYJIKAHI3aTOPa Y TyMO-TEXHIYHIM ramsysi.
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Hanoxomnosutu Ha ocHoBi Ti0O;-SnO, chOroaHi MUPOKO BUBYAIOTHCS 3aBISIKU
MOXKJIUBOCT1 €()EKTHUBHOTO BHUKOPUCTAHHS LMX MaTepialiB y TeTepOoreHHOMY (OoToKaTali3l.
Bupimaneny ponas B edekTuBHOMY nepeliry (OTOKATaIiTUYHOTO IPOLECy BIJIrpae cTaH
MOBEpXH1 MaTepiany. Mera poOoTH noJjsraiga y BUBYEHHI XIMIYHOTO CKJIaly Ta XIMIYHOTO CTaHy
MOBEPXHI CHHTE30BaHMX HaHOKOMNO3UTIB ckiaxy TiO,—SnO, MerogoM peHTreHIBChKOi
¢dotoenexTponHoi cnekrpockorii (POEC), sk ayxe 4yTIMBOi TEXHIKM aHAII3Y.

Hanokxomnosutu Ha ocHoBi TiO; Tta SnO; Oyno cunre3oBano riapositnyauMm (HL) Ta
rinporepmanbiuM  (HT) meromamu 13 Hactynmuum ckmagom: 100 % TiO, (HL100Ti0Sn,
HT100Ti0Sn) ta 90 % TiOz; 10 % SnO, (HL90Ti10Sn, HT90Ti10Sn). Ha pucynky 1
300paxkeHo 3aranbHi POEC-cniekTpu ojepxaHuX 3pa3kKiB, K1 IEMOHCTPYIOTh HasBHICTh TaKUX
esneMeHTiB, sk Ti, Sn, O ta C. POEC-cnexrpu Ti 2p, 300pakeHi Ha pUCyHKY 10, ckiiagaroThes 3
JIBOX IIIKIB, criocTepexyBaHux npu 464.3 eB Tta 458.8 eB, ski BIANOBIIalOTh €HEPTiAM 3B 3Ky
Ti2p12 Ta Ti2p3s, BianoBigHo. POEC-cnexktpu Sn 3d noka3ani Ha pucyHky 1B. EHeprii 3B’ 513Ky
Sn 3d;;, ta Sn3ds, cmoctepiramuce npu 494.9 eB Ta 486.4 eB, BimnosigHo. [lani POEC
CBimuaTh Tpo TeTpaBameHTHHMII craH atomis turtanmy (Ti'') Ta cramymy (Sn*"). Pucymox 1
nemoHcTpye POEC-cnektpu O 1s 13 agBoma pisHumu mikamu npu 531.1 eB ta 529.9 eB, sxi
BIJIMTOB1/Ial0OTh HACTYITHUM cTaHaMm aTomiB okcureny: Ti0; ta Ti-OH, Bignosigno [1].
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Puc. 1. POEC-cnexrpu kommno3utiB Ti0,-SnO;: (a) 3aranehi, (6) T12p, (B) Sn 3d, (1) O 1s.

Hani POEC no3Boymiy DOCTIIMTA XIMIYHUEN CKJIaJ 3pa3KiB 1 BCTAHOBUTH BMICT SnO; y
3pasky HT90Ti10Sn, mo ckmamae 1 % 3amicth TeopernyHo pospaxoBaHux 10 %. I[lomampmri
JOCTIKEeHHS OyAyTh CIPSIMOBAHI HA KOPETYBAHHS YMOB CHHTE3Y.

1. C. Jia, H.S. Chen, P. Yang. Construction of hollow waxberry-like rutile-/anatase-

Ti0,/Sn0O; towards enhanced photocatalysis. Journal of Industrial and Engineering Chemistry.
2018, c.278-289.
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Recently, considerable progress has been made in developing new methods, optimizing the
synthesis conditions and properties of metal-polymeric composites, which is prerequisite for the
creation of materials with unique properties for various applications. Metal-containing hydrogels
are distinguished from other metal-filled polymeric materials by the ability to change
characteristics, obtained as a result of filling, depending on temperature, pH, humidity, content
of low-molecular substances.

Synthesis and study of metal-containing hydrogels, in particular filled with nickel
nanoparticles, is currently of interest to many researchers. Hydrogels, containing particles of
Ni(0), are widely used as an effective catalyst, for example, in reduction reaction of 2- and 4-
nitrophenols, in the hydrolysis of sodium borohydride in an alkaline medium for the hydrogen
obtaining.

This work presents the results of structure and properties investigation of Ni(0)-filled
composites on the basis of 2-hydroxyethylmethacrylate (HEMA) copolymers with
polyvinylpyrrolidone (PVP) and their hydrogels. The authors of the article are the first who
propose the method to produce these materials by combining the processes of polymer matrix
synthesis and reduction of Ni*" ions. Prerequisite for the implementation of developed method
for the production of metal-containing HEMA-gr-PVP copolymers is the high reactivity of
HEMA/PVP compositions, possibility of polymerization in the presence of solvent with the
achievement of high porosity of the polymer matrix, which provides the removal of the reduction
reaction products from the volume of the composite, as well as exothermic effects of
polymerization, the heat of which can be used to create the necessary temperature conditions for
the reduction of nickel ions.

Synthesis is carried out in one stage without complicated equipment and is technologically
simple. It is deterimened by thermometric researchs that the temperature conditions required for
the chemical reduction of Ni*" are achieved due to the heat, released during the exothermic
reaction of HEMA polymerization in the presence of PVP. With the help of Fourier transform
infrared analysis, thermogravimetric and differential-thermal analysis, the formation of
crosslinked graft copolymer based on HEMA and PVP was confirmed, and its structural
parameters — the efficiency of PVP grafting, PVP content in the copolymer and the molecular
weight of the interstitial fragment of the polymer network were investigated. The results
obtained with scanning electron microscopy revealed that the size of the Ni(0) particles is about
500 nm. X-ray structural analysis of the composites obtained confirmed the existence of metal
nickel particles. The strength, elastic, sorption, electrical and magnetic properties of the obtained
composites in the solid (dry) and elastic (swollen) physical states depending on the composition
of the copolymer and the content of the metal filler have been investigated.

The publication contains the results of studies conducted by President’s of Ukraine grant

for competitive projects @84/56870, as well as within the framework of the National Scholarship
Program of the Slovak Republic ( SAIA)
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BYTJIEIINIACTUKHN HA OCHOBI
HOTAPUJIATCYJIB®OHOBOI'O BJIOK-COIIOJIIMEPY

Onvea Yuesinyesa
JIHINPOBCHKUI IepKaBHUN arpapHO-€KOHOMIUHUN YHIBEPCUTET

diso@i.ua

BrnpoBamkeHHs y KOHCTPYKIIIT MalllMH Ta MEXaHI3MIB HOBUX MOJIIMEPHUX KOMIIO3ULIMHUX
MarepiajgiB 3 MOKpalleHMMH eKCIUTyaTalllfHUMH XapaKTepUCTUKAMH JO3BOJISIE 3HU3UTH iX
MaTepiaJOEMHICTh 1 Bary, a TaKOX MIABUIIUTU IX HAJIMHICTH Ta JOBIOBIYHICTb. 3 METOIO
CTBOPEHHSI HOBUX TMOJIMEPHUX KOMIIO3UTIB IMOIIapUIaTCyab()OHOBUIN OJIOK-COMOIIMEP MapKu
BCII-7 6yB apMmoBaHMii TiIpaTLENOI03HUM ByriieneBUM BoJokHOM (BB) mapku Vpan-24H y
kuiekocti 10, 15, 201 30 mac. %.

Pesynbratu mpoBeaeHNX TETUIO(PIBUYHUX AOCTIHKEHb CBIAYATH MPO TE, MIO 31 3pOCTaHHIM
CTyNEHS apMyBaHHsS BHXiAHOro nojimepy BB Horo rtemnodizuuHi XapakTepUCTUKH MOKpa-
IIyIOThCSA. 30KpeMa BCTaHOBJICHO, IO B iHTEpBaJi Temrepatyp 323-473 K nutoma TEmioeMHICTh
po3pobiienux Byriemtactukis (BII) 3Hu3unace y mopiBHSHHI 3 B’SKYy4HMM B CEpeHbOMY Ha
15-35 % npu ogHOYACHOMY 3pOCTaHHI TEMIIepaTypu CKiyBaHHs (Tadm. 1).

JlocnipkeHHsT MUTOMOI TEIJIOEMHOCTI y IIMPOKOMY IHTEpBaJll TEMIIEpaTyp A03BOJIE
BU3HAUUTU TEMIIEPATYPY CKIYBaHHS, SIKa € OJHIEIO 3 TOJOBHUX XapaKTEPUCTHK, MOB’S3aHUX 3
PYXOMICTIO $IK CTPYKTYpHHUX €JIEMEHTIB MAaKpOMOJICKYJSIPHUX JIAHIIOTIB, TaK 1 €JIEMEHTIB
HAJMOJIEKYJISIPHUX CTPYKTYp. ApMyBaHHS MOJIMEPHOI MaTpulll MPU3BOAUTH J0 3HAYHOI 3MIHU
PYXOMOCTI BKa3aHMX CTPYKTYPHUX €JEMEHTIB, NMPUYOMY ILi€i 3MIHU 3aJ€KUTh Bl HPUPOIU
oJIiMepy, BOJIOKHUCTOTO HAIIOBHIOBAYa Ta XapaKTepy B3a€MO/I11 MK HUMU.

Bimomo [1], mo cepen maHux mpo BIUIMB HAMOBHIOBAa4Ya Ha TEIUIO(DI3WYHI BJIACTHBOCTI
II0JIIMEPIB BaXJIMBE MICIIE 3aliMa€ aHalll3 TEMIIEPaTypHOro cTpubka NUTOMOI TeroeMHocTi AC,
B 00J1aCT1 CKJIyBaHHSI KOMIIO3UTIB, a MOT0 BEJIMYMHA CIIYTYE HAMMIBKUIbKICHOK MIPOIO BIIHOCHOTO
BMICTY I'pPaHUYHMX IIApiB y HAOBHEHIM CUCTeMi. Y HalIOMy BUIAJKY, 3TIAHO 3 OTPUMAHUMU
JAHUMH BCTAHOBJICHO, 110 30UIbIIEHHS BMICTY cTyneHs apmyBaHHa BbCII-7 npusBoauts 10
cyrreBoro (OUThIN, HDK y 3 pa3u) 3MEHIIEHHS cTpuOKa TtertoemHocTi s BII. 3HmkeHHs
BenuuuHu AC, IpU CKIYBaHHI CBIAYUTH NPO BUKIIOYEHHS JAEAKOI YaCTMHM MaKpOMOJIEKY] B
amop(HUX 001acTaX 13 ydacTi B IpOLECI CKIyBaHHS 1 MOXKHA MOSCHUTH IOSIBOIO Y CUCTEMI
IrpaHUYHUX oOJacTel mosiMepy Mmobau3y MOBEPXHI HAIlOBHIOBAaYa, PyXOMICTh MaKpOMOJEKY B
SIKUX B 3HAYHINA Mip1 3MEHIIeHa [2].

Tabnuus 1. Bimus BMicTy ByriieneBoro BosiokHa Ypan-24H
Ha Tero(i3nyH1 BIACTUBOCTI Os10K-cononimepy bCII-7

BMicT ByriereBoro BoJIoKHa, Mac. %

Hoxazmmiu 0 10 15 20 30

ITutoma teroemuicTh, kJx/kr - K mpu 323 K 1,25 1,06 0,98 0,89 0,81

Ctpubok nutoMoi TemtoeMHocti AC,

B oOusacti ckiryBanHsl, KJbk/kr - K 0,91 0791 0,57 | 048 | 0,28

Temneparypa ckiayBanHs, K 373 378 381 390 430
KoedirmienT Teruonposignocti, Br/m - K 0,33 0,45 0,47 0,48 0,57
Tennocriiikicts 3a BIKa, K 449 451 456 458 460

Pesynbratu mpoBenenux mociimpkenp nokaszanu, mo BII ma ocnosi BCII-7 B iHTEepBaii
temreparyp 323-473 K matote Ha 33-42% Bumuid, HDK y BUXIIHOTO MOJIMEpY, KoedilieHT
TEIUTONPOBITHOCTI Ta OUIBII BHCOKY TeruiocTidkicTh 3a BIKa, sika 3pocrae 31 30UIbIICHHSAM
CTYIIEHSl apMYBaHHS IOJIIMEDY.

1. I'ogosckuit 10.K. Temnogusnueckue MeToasl uccienoBaHuil noaumepoB M.: Xumus,

1970, 216 c.
2. JlumaroB 0. ®usnyeckas XuMus HAMOJTHEHHBIX TToJiuMepoB. M.: Xumus, 1977, C. 99.
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OPI'AHIYHUX CEPEJIOBHUIIIAX
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JIpBiBChKMI HalllOHANBHUM yHIBEpcUTET iIMeH1 IBana @panka, YHiBepcurerchbka 1
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'Bimtinenns ¢isuko-ximii roprounx komanus IHCTHTYTY (i3HKO-Opraniumoi ximii Ta Byrmeximii
im. JI.M. JlutBunenka HamionanpHo1 akagemii Hayk Ykpainu, M. JIbBiB, Bysn. HaykoBa 3a.

Bonopo3unHHi HOHOreHH1 MOJIMEpU HIMPOKO 3aCTOCOBYIOTH JJIsi OOpOOKHM pIZHHUX
MIOBEPXOHb, SIK 3aXUCHI KOJIOiAM MNpH OJAEpKaHHI HaHoMaTepiamiB Ta 1H. s ycmimHOro
3aCTOCYBaHHS HOHOIE€HHHMX IOJIMEpIB HE0oOX1AHO MaTu iHpopmarlliio npo KoH(popMmariiHun
CTaH MaKpOMOJIEKYJ B po3umHi. Taky iHGOpMaIlio Jal0Th JOCIINA 3 JOCHIKEHHS B’ S3KOCTI,
€JIEKTPONPOBIAHOCTI Ta 3MiHM eHeprii ['1060ca mnpu KOHPOpPMAIIMHUX TEPETBOPEHHAX
komouiiMepiB. Hamu cruHTE30BaHI KOMOJIMEPU HAa OCHOBI MaJ€iHOBOTO AHTIAPUIY 3 PI3SHUMU
BIHUIOBUMH MOHOMEpaMH. SIK B1IoMO, MaJICTHOBHUI aHT1IPHU] HE YTBOPIOE TOMOTIONIMEPIB, TPOTE
3IaTHUH BCTYNATH B peakilii KomoJyiMepusallii, B X041 SKMX YTBOPIOIOTHCS MOJIMEPHI MPOJAYKTH
MOHOMEpPHI JIaHKH, B SIKHMX 4epryloTbcs. [lomiMepu cuHTE3yBanu B CepelOBHUIIN OEH30IY,
eTwiianerary, Alokcany mnpu Temneparypi 348 K. B pesympraTi cuHTe3y Oyiau OTpuUMaHi
komnousimepy ctupeH-MA (CMA), Binutanerar-MA (BMA), metakpuiioBa kuciora- MA (MMA),
oyrunakpunar-MA (BMA) ta 6ytunmerakpuinar-MA (BMMA). [Inst oTpuMaHuX KOHOJIIMEPIB
BHU3HAYAJIM KUCJIOTHI YUCIIa T XapaKTEPUCTUYHY B’ SI3KICTh

Y BogHUX po3YMHAX JIaHKa MaJieiHOBOTO AaHTIAPUIY BCTYMA€ B PEAKIIIO T1APOIi3y,
YTBOPIOIOUM  KOMOJIMEpH  MajeiHoBOi  KucaoTH. Hamu  gociimkeHo  BS3KICTH  Ta
€JIEKTPONPOBIAHICTG BOJHUX Ta BOAHO-OpraHiyHux po3uuHiB MMA. Heiitpanizanito
KapOOKCUJIBHUX TIpPyH B MakpOMOJIEKYJl KOIOJIMEpPY NpPOBOIWIN, JOJAI0YM B PO3UUH
MIKpOILUTNPUIIOM po3paxoBaHy KuIbKicTh BoaHoro po3unny KOH. flk 1 y Bunagky I[IMAK, npu
HEBHUCOKUX CTYNEHAX HeWTpamizalii MakpoMmosieKynu komoiiMepy MMA — 3HaxodsThcs B
KOMITaKTHOMY BUrsAl rinodynu. I[lpm Heltpamizanii 20% kapOOKCHMIBHMX TPyl BI1JIHOCHA
B’S3KICTh PO3YUHUY 3pOCTAE, AOCATAIOYM MAKCUMYMY IpHU 3HaueHHAX o, piBHUX 40%. [lonanpma
HehTpami3alis KapOOKCUJIbHUX IPYH HE BIUIMBAE HA B A3KICTh PO3UUHY.

[Ipu crynensx neirpanizauii 10 - 30% xapOokcuiabHHX Tpyn Makpomosiekyn MMA
CIIOCTEPIraeThbCsl MIHIMYM €JIEKTPOIPOBIIHOCTI, a MOJAJblIe 3POCTaHHS O HPUBOJIUTH [0
3pOCTaHHS €JIEKTPOINPOBITHOCTI. HasiBHICTh MIHIMYMY Ha 3aJIEXKHOCTSIX BKa3ye Ha 3B’SI3yBaHHS
PYXJIMBUX HOHIB Kajilo TOJIMEpPHOK MaTpuilero. Bkaszani gocimigu cBimuaTh TpoO BIUIMB Ha
PO3MIp MaKpOMOJIEKYJIIPHOTO KJIyOKa pEeakIlfHOTO CepeoBHIla, IO B CBOIO 4epry Oyrie
BIUIMBATH Ha mpolec Mojau(ikanii HaHOAUCHEPCHUX MiHepamiB. s MigTBEpKEHHS ILBOTO
BUCHOBKY HaMHM BHU3HAY€HO XapaKTEPUCTUYHI B’sA3KOcTi Ta 3MiHy eHeprii ['i066ca (AG) mpu
KOH(pOpMaLIHHOMY TIEPEeX0 1 MaKpOMOJIeKY noiiMeTakpmiioBoi kuciaoTu (IIMAK) ta MMA.

BuBueHHs B’A3KOCTI Ta €JIEKTPONPOBIAHOCTI BKa3ylOThb Ha Te, 110 KOH(POpMAaIMHMIA
nepexia konojimepy MMA cnocrepiraetsest npu Hewtpanizaunii 20 - 40% kapOOKCHIBHUX TPYIL.
XapakTtepuctuuHi B’s3kocTi MMA, sKi 3B’A3aH1 3 pO3MIPOM MakKpOMOJIEKYJISIPHOTO KiIyOKa B
po3uuHi, JexaTsh B Mexax Bim 1,20 mis gocminie B [IM®PA no 0,44 1misi eKCriepuMEHTIB B
niokcaHi. B Toil ke yac uucioBe 3HaueHHs 3MiHM eHeprii ['100ca mix yac koHpopmauiiHOTro
Mepexoly Mpu 3MEHIIYETHCS MPU 3MEHILIEHHI pO3MIPy MaKpOMOJIEKYJIIPHOTO KIyOKa B PO3UMHI.
Hocninu, 3a nux xe ymos, s [IMAK cBiguath npo BIUIMB PO3UYMHHUKA Ha YUCIIOBE 3HAUYEHHS
XapaKTEePUCTHYHOI B’SA3KOCTL.. YncaoBe 3HaueHHs 3MiHM eHeprii ['166ca mis koHdopmamiiHoro
nepexony IIMAK mnpakTuuHO He 3aleXWUTh BIJ HIPUPOAM peaKUiifHOro cepeioBUINA 1
3HaxoauTthess B Mexkax 0,388 go 0,313 x/Dx/mMonb. Ha oOCHOBI  JOCIIDKEHh MOKHA
CTBEp/UKYBAaTH, IO  CEPEJOBMILE YWHUTHb CYTTEBUNW BIUIMB Ha KOHQOpMAIIMHUNA CTaH
MaKpOMOJIEKYJI JOCIIIKYBAaHUX TIOJIIMEPIB.
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10. ®opozion, O. Auopecsa. TeopeTuuHi OCHOBH KOMIIO3WIIHHUX MaTepialiB Jjist
B3YTTS

I'anuna Bbaé6'ak. Bnactusocti [IE komno3uiii HarmoBHEHUX KOJOIZHUM TpadiTOBUM
npenapaTom Mapku C1

C.A. Jlykawmeeuu, P.A. Poxcnoea ,I.A. Ko3znoea, JI.IO. Heuacsa. Kommosuiliitai
MarepiaJd Ha OCHOBI 130L1aHYpaTBMICHOTO TOJIypeTaHy 3 IPOJOHIOBAHUM
BUBUIbHEHHSM JIOKCOPYOILMHY

Volodymyr Moravskyi, Anastasiya Kucherenko, Marta Kuznetsova, Ludmila
Dulebova. Metal-filled polymer composites

Ostap Lishchynskyi, Kamil Awsiuk, Yurij Stetsyshyn, Joanna Raczkowska, Andrij
Kostruba, Halyna Ohar, Yana Shymborska, Svyatoslav Nastyshyn, Andrzej
Budkowski.  Temperature-responsive  grafted polymer brushes: poly(butyl
methacrylate) vs poly(butyl acrylate) with temperature-controlled orientation of
proteins

CTEHAOBA CECIsA
POSTER PRESENTATIONS

TI'anuna Jlyoox, Hamania Cemenwk, Bonooumup Ckopoxooa. 3aKOHOMIPHOCTI
OJIEp>KaHHA T1IPOresIeBUX KOMIO3UIIHHUX MaTepiaiiB y NPUCYTHOCTI METAJIOBMICHUX
HaIOBHIOBAYiB

Volodymyr Krasinskyi, Viktoria Antoniuk, Tomasz Jachowicz, Ivan Gajdos.
Nanocomposite hydrogel films based on polyvinyl alcohol

Bonooumup Ckopoxooa, Ipuna /[3aman, I'ammua Jynox, Hamania Cemenwk.
3aKOHOMIPHOCTI CUHTE3Y 1 MOJU(IKYBaHHS MOJIMEpP-HEOPraHIYHUX (HaHO)KOMIIO3UTIB
3 BUKOPHCTaHHSAM YJIbTPa3BYKY

Kpin  Menvnuxk, Hamania Cementox, Kamepuna Illanosan, Bonooumup
Ckopoxooa. JlocnimpxkeHHs ajacopOIii BOAM TiIporesissMM Ha OCHOBI KOIOJIIMEpPIB
I'EMA-IIBII

Hamania Cemenwk, I@anuna /yook, Bonooumup Ckopoxoda. OcobiuBOCTi
oJIepaHHA CPEpUUYHUX TIAPOTENIB AK TMOJIMEPHHX HOCIB I CHCTEM
KOHTPOJIbOBAHOTO BUBUIHHEHHS JIIKIB

Anacmacia Kyuepenko, Bonooumup Mopaecekuit, Conomia Manvkesuu, lean
T'aiiooc. JlocnipkeHHs KIHETUKY MeTaji3alli TpaHyJIb0BaHO1 OIIMEPHOT CHPOBUHU
Hamania bapan, IOpinu Menvnuk, Onexcanop I puyenxo, Coghia Cybepnak, I'anuna
Auynvuaxk.  KomnosuuiiiHi  mojiamif-TiiporeiaeBl  MeMOpaHM  Ha  OCHOBI
MOJIIBIHUIIPOJIIAOHY 3 PI3HOIO MOJIEKYJISIPHOIO Macolo

Oleksandr Grytsenko, Oleg Suberlyak, Mykola Kushnirchuk, Volodymyr Moravskyi,
Taras Kyryk, Vsevolod Vashchuk. The development of perspective technologies of
high efficient hydrogel medical bandages formation

FOpiu Menvnuk, Muxaiino boiiko, /Imumpo Keuyp, Tapac Cxopoxooda. Po3pobneHus
KOMIUIEKCHOT TaO0OpaTOPHOi YCTAHOBKH ISl IOAPIOHEHHS TIJIaCTMAcC

Oleksandr Grytsenko, Volodymyr Krasinskyi, Anna Pokhmurska, Bogdan
Berezhnyy. The technological parameters’ optimization of the copolymerization 2-
hydroxyethyl methacrylate with polyvinylpyrrolidone with simultaneous deposition of
silver

Pycnan @ininconos, Cepziti Manunuu, Onena Axcimenmucea, I'anuna Mapmuniwk.
Kommno3uitiitHi nojgiMepHi HOKPUTTS CHELIaIbHOTO IPU3HAYEHHS

J.W. Sikora, K. Glogowska, L. Majewski. A new generation of extruders with an
active grooved feed section

97

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43



Onena lwenko, Bikmopia Ilnasan, Ipuna Jlawok. EnextpodopMyBaHHS pO3YUHIB
0610CyMICHUX TOJIIMEPIB

H.B. Kozak, T.A. lllanmaniu, K.C./[pazan. CTpyKTypHO-IMHAMIUH1 XapaKTEPUCTUKHI
MOJIIIM1OBMICHUX HAHOKOMITIO3UTIB

H.A. Bycvko, B.K. I'puwenko, A. B. bapanuoea, H. B. I'yozenxo, A. B. Kouemoasa.
CuHTe3 Ta BIaCTUBOCTI KPEMHIHOPraHIYHUX OJIITOMEPHUX (POTOIHIIATOPIB

A. B. bapanuyoea, B.K. I'puwenko, H.A. bycvko, H. B. I'yo3enxo, 3.B. @anvuenxo.
[TonimepHi MaTepiany Ha OCHOBI (PYHKI[IOHAJII30BAHUX MOXIIHUX OJIIi

Banenmuna Cucrok, Bacuno I'panuax, Bonooumup I puwenko, Ilempo /lasuckuoa,
Bonooumup Maix. OcobmuBocti  (oTomnomiMepusartii HaHOKOMITO3HITIHHIX
MaTepiajiiB AJis JJaMiHYBaHHS MOMIrpadiuHol mpoayKIii

bpamuuaxk Mux.Mux., Yonuk H.B., 3emke B.M.. MonentoBaHHSI IPOLECY €KCTPY3il
B 3QJIEKHOCTI BiJ] CITIBBIJHOILIEHHS MOJ107e(p1HOBOI CUPOBUHU

0. 0. bymenko, A. 1. Micwopa, €. II. Mamyns, B. 3. bapcykos. TepmomexaHIuHUN
aHaJI13 eJIEKTPOINPOBIIHUX KOMIIO3UTIB Ha OCHOBI MOJTIBIHUIOYTHPAIIIO

Cogia Cyobepnak, IOpin Menvnuk, Mapia My3uka, Onena @Deoopoea, Pomana
Ilempina. 1lniBKM KOCMETHMYHOTO IPHU3HAYEHHS HAa OCHOBI TIAPOTENIB NremMa Ta
excrpakry Calendula Officinalis

Banenmuna Cnobéooanux, Muxaiino fcincokuii, Bauecnae Penema, Bonooumup
HlIuéanos. 1loBepxHeBi Ta IUIACTUYHI BIIACTUBOCTI (priekcorpiuHUX MaTepiaitiB
Mariia Zhyhailo, Viktoria Kochubei, Iryna Yevchuk, Oksana Demchyna, Khrystyna
Rymsha. Synthesis of polyacrylate — silica membranes for fuel cells

JI. M. Awenxo, H. B. Aposa, O. O. bpoéxko. BnacTuBoCcTi €MOKCHYpPETaHOBUX
KOMIIO3UTIB

A.A. Novokhatko, M. A. Kompanets, O. V. Kushch, 1. A. Opeida.
N-hydroxyphthalimide in the oxidative polymerization and homopolymeryzation of
vinyl monomers by

Izop Cemenwk, Bikmopia Kouybeii, Bonooumup Ckopoxooa, Temsana
IHokunvopooa, I'anuna Mioana, Onena Kapnenxo, Bikmop Menvnux. Cunte3 ta
BJIACTUBOCTI 010110JIIMEPIB -MOJIT1IPOKCHATIKAHOATIB

Bonooumup /lymka, fApocnae Koeanvcokuii, Onena Axcimenmueea. Ilonimepusaris
BIHUJIOBUX MOHOMEPIB 32 HASIBHOCT1 BUCOKOAMCIIEPCHUX HEOPTaHIYHUX MIHEPAJIiB

Yurij Stetsyshyn, Joanna Raczkowska, Kamil Awsiuk, Ostap Lishchynskyi, Yana
Shymborska, Svyatoslav Nastyshyn, Khrystyna Harhay, Halyna Ohar, Andrij
Kostruba, Andrzej Budkowski, Stanislav Voronov. Nanoparticles embedded in
temperature-responsive polymer coatings attached to a glass surface: fabrication and
application

Kiuypa /. b. 3actocyBaHHs TOJIIMEpPHUX MartepiajiB Ha OCHOBI PEAKIIHHO3IATHHUX
HEHACUYCHUX KHUCIIOT

Kacvkosa A.B., /lonyosa T. A. JlocnimxeHnHs cOpOIIiTHO-KAaTaTITUYHOI aKTUBHOCTI
HaHOKOMITO3HTIB Ha OCHOBI1 7i0,-Zn0O

O. Paccoxa, I. Yepxkawuna, M. Cyxocmagcvka. DyHKIIOHAIBbHI T'PaTIEHTHI
MOKPUTTS Ha OCHOBI MOJIM(IKOBAaHUX (ypaHO-EMOKCHIHUX MOTIMEPIB

Anekcuk A.L, /lonyoea T.A., Anymeecoka O.1. JlocnigxeHHS TOPUCTOI CTPYKTYpHU
MOAU(IKOBaHMX HAHOKOMIIO3UTIB HA OCHOBI CAIlOHITY

Kabam O.C., Jlamescoka M. C., Ilasnywkina H.B. lloniMepHi KOMIO3HITIHI
MaTepiajau TpUOOTEXHIYHOTO MPU3HAUEHHS Ha OCHOBI (proporiacTa-4 i CUIIiKaresto
Malgorzata Gnus, Roman Turczyn. Separation properties of composite chitosan
membranes containing spinel ferrite nanoparticles in pervaporation and vapour
permeation of ethanol-water system

Hryhorii Starykov, Yuliia Horbenko, Olena Aksimentyeva, Hrystyna Ivaniuk.
Electrochemical synthesis of functional polymers on flexible substrates

I'apkasun  JI.1O., Aepamenxko B’auecnae Jleonioosuu. DyHKIIOHATHLHUN
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EJIEKTPOIBOJIAIMHII TEPMOEIACTOTUIACT Ta HOTO BIACTUBOCTI

Yoo6im M.P., Bacunves B.Il., bnawuneys M.I. BukopucTtanHs BiANpanboBaHOi 0JIii
JUTSI TIOKPAIICHHS] KOMIIO3UTIB

Yoo6im M.P., Ilanuenko IO.B., Cipayvka M.M. 3acToCyBaHHS eJNAaTUHY 5K 3IIMBayva
JUTSI OJIep>KaHHS T1IpOTresiB

O.V. Zinchenko, A.L. Tolstov, V.F. Matyushov. Polymer composite sensor material
with immobilized nanoparticulate ZnO for liquid phase detecting of Cu’" ions

H.M. Pe3anosa, 10.0. byoaw, B.Il. Ilhagan. BnockonaneHHss MIKpoQiOpuisipHOT
CTPYKTYpH HAHOHAIIOBHEHHX IOJIMEPHUX KOMIIO3HUTIB

Olga Slisenko. Synthesis and characterization of organic/inorganic double network
hydrogels based on acrylic acid and 2-aminoethyl-3-aminopropyltrimetoxysilane
Kapanoawmose O. TI. JlocnipkeHHsS — Ipoliecy — MOpYUIEHHS — repMmeTH3anii
CKJIOIJIACTUKOBUX BHUPOOIB MpPHU BHUCOKOMY BHYTPIIIHBOMY THUCKY IiJIBULLIEHHS
FepPMETUYHOCTI EMIOKCUTHUX CKIIOTUIACTUKOBUX TPYO

Onez Kapanoawos, Bauecnae Aepamenko, Jlioia Iliozopna Ilinsuienus
FepPMETUYHOCTI EMIOKCUTHUX CKIIOTUIACTUKOBUX TPYO

Taica Ienamoesa, JIwomuna Kocanuyx, Oxcana Anmonenxo, JIo6oé Boponyosa,
Onexcandp bpoeko. CuHTE3 Ta CTPYKTypa HAlOBHEHOI a€pOCHIIOM B3a€MOIPOHUKHOL
nosimepHoi citku [IMMA/ITY

Anopin Tokap, Onvea Yuezeinyesa. OcoOMMBOCTI €PEKTUBHUX CTEKIHT-B3a€EMOIIN Y
MOJIIMEPHUX MaTepianax apaMiHOTO THUILY

Ilempo bawmanux, Mapuna Tepewyk, Kaponina fnoea. JlocnipkeHHS BIUIUBY
MOAM(IKOBAaHMX  MOXIHUMH  MOJIETWICHAMIHOTYaHIIMHY  HAlOBHIOBAaYIB  Ha
BJIACTHBOCTI KOMIIO3UTIB Ha OCHOBI MOJIMPONUIEHY

Mapia Illgeo, Onena Iluwax, Onena Acmaxoea, Anacmacia Konicnux, Muxaiino
Bbpamuyak. CuHTe3 1 BJIACTUBOCTI 1HJIEH-KyMapOHOBUX CMOJI 3 METaKpWJIaTHUMU
rpynamu

HBOpiu Ipucsasxcuuii, Onena Iluwax, Onena Acmaxoea, /lapuna JImumpenko,
Muxaiino bpamuuax. CuHTE3 1 BJIACTUBOCTI 1HJEH-KyMapOHOBUX CMOJ 3
KapOOKCUJIBHUMU TpylaMu

Onena Acmaxoea, Onena Illluwax, Onvea 3yoans, Muxaiino bpamuuax. HanoBueHi
KapOOHATOM KaJIbLIiI0 €MOKCU-OJIITOECTEPHI CyMilli

Kacymoe A. M., Hlanosan K. O., Kapasacea B. M., Onigpan O. 1. Brnus
TOHKOIUTIBKOBUX MOKpUTTIB Fe, Co, N1 Ha MIKpOTBEpIiCTh MOJIieTHIIeHTepedTanaTy
Ceepoanikoscvka O.C., Bypmicmp M.B., Yepeakxoe O.B. IlonimepHi 10HHI pIAMHU Ta
10HH1 PIAMHYA 10HEHOBOI'O THUITY SIK MOJIU(IKaTOPHU KOMIIO3UI(II1 HA OCHOBI MPUPOTHUX
noJyiMepiB

TI'opoau JI.A., Jlyyuk O./1., baokuna H.B., bposko 0.0. ®13uko-XiMiuH1 BIaCTUBOCTI
Ta ¢azoBa Mop(]oJOris KOMIIO3UINNA Ta OIOTOJIMEPHUX KOMITO3UTHUX TUIACTHKIB Ha
OCHOB1 CUHTETHYHOTO osiroMepy £/[-2() Ta enoKcuI0BaHOi COE€BOI OIiT

TI'opoau JL.A., Jlyyux O./., bposexko 0.0. OnepxaHHs TOJIMEPHOI TIUTIBKH, IO
3a0e3neuye 30UIbIIEHHS COPOLIMHOI 3JaTHOCTI Ta 3MEHILUEHHS Yacy €KCIO3MIIi y
BOJTHOMY PO34MHI ITPY BU3HAYEHH]1 heHOITy

Anopin Macrwok, Xpucmuna Kucine, Bikmop Hikimwk, Bonooumup Ckopoxooa.
Temnog13nyH1 BIaCTUBOCTI MOJIUIAKTUIHUX KOMIIO3UTIB

Diana Katruk, Andrii Masyuk, Taras Humenetskyi, Levko Bilyi. Anti-corrosion
coatings based on modified polyester resins

Ipuna /[3aman, Xpucmuna Kucine, I'anuna /[yoox, Bonooumup Ckopoxooa. Brinus
MIPUPOIY KaNbIIMBMICHUX HAIIOBHIOBAYIB HA 3aKOHOMIPHOCT1 OJIEpKAaHHS MOJIIMEPHUX
KOMIIO3HTIB MEIMYHOTO TPH3HAYCHHS

LS.Saparbekova,. O.V. Suberlyak, L.K. Yskak, Z.0. Malimbayeva, N.O.
Mpyrzahmetova, T.K. Dzhumadilov. Some features of the remote interaction of ku 2-8
cation exchanger with ab-17 anion exchanger
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Micwpa A.l, Mamyna E€.Il. By Tuily po3mNoOJAUTy HAMOBHIOBa4Ya HAa MEXaHIYHI
XapaKTEPUCTHUKH MOJIIMEPHOTO KOMIIO3HUTY

3enogin 3nax, Andpin I'enew, Poman Onenuuy OJnep>xkaHHs NOJIMEPHOI CIpKH 13
CIPKOBMICHHX CIOJIYK Ta ii 3aCTOCYBaHHS K BYJIKaHI13aTopa

Kymyszoea A.C., Jlonuyosa T.A. JlocniyikeHHsT  TOBEPXHEBOI  CTPYKTYpHU
HaHOKOMITO3UTIB Ha 0cHOBI Ti10;

Anna Pokhmurska, Oleksandr Grytsenko, Oleg Suberlyak, Ludmila Dulebova, Ivan
Gajdos, Nataliia Baran Features of polyvinylpyrrolidone metal-filled copolymers
structure formation duriring polymerization with simultaneous deposition of metals
Onvea Yuzeéinueea ByriennacTukd Ha OCHOBI MOJiapuiIaTcyib(OHOBOrO OJIOK-
comoJimepy

B.C. Jlymka, I.I. Mioana OpnepxaHHsS KOTOJIMEpPIB Ha OCHOBI MasieiHOMOTO
aHT1IpUly Ta iXHs MOBEIIHKA y 3MIIIaHUX BOJHO — OPTaHIYHUX CEpEeIOBUIIIAX

100

88

89

90

91

92

93



HAYKOBE BUJIAHHSA

I MDXHAPOZAHA HAYKOBO-TEXHIYHA KOH®EPEHIIA

«CYYACHI TEXHOJIOI'Il OJEP)KAHHS TA NIEPEPOBKHU
HOJIMEPHUX MATEPIAJIIB»

3BIPHUK TE3 JOMOBIIE

JIeBiB, 0608 nmuctomana 2019 p.

Bionogioanvnuii 3a sunyck — B. Kpacincokuti

[Tignucano o apyky 24.10.2019 p.
®opmar 70x100/16. [Tamip odcernuit. pyk nmudpoBuid.
YMOBH. apykK. apk. 7,64. O6i.-Bu. apk. 6,91.
Haxnazg 300 mpum.

Bupnaseus i BurorosmoBau: T30B«Pactp-7»
79005, m. JIbBiB, Byn. Ku. Pomana, 9/1
ten./akc. 032235 52 05, 23572 13
e-mail: rastr.sim@gmail.com www.rastr-7.com.ua

CainonTBO cy0’€KTa BUAABHUYOI CIIPAaBU
JIB Ne 22 Bin19.11.2002 p.



o
1
o
o0
1
0
2V
~
~
1
I~
—
0
1
[ee]
~
o
=
m
w)
-




