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Abstract.  Plastic pollution affects ecosystems worldwide, with
microplastics (MPs) being a major concern. This study evaluates
MP abundance in soils impacted by human activities in different areas in
Istanbul. Results indicate recreational areas have the highest MP content,
while residential areas have the lowest. Industrial areas have intermediate
levels. Particle shapes vary by category, with fibers most prevalent
in recreational areas. FT-IR spectrometry analysis identified the types
of MPs present, with the recreational areas containing polymers undergoing
hydrolysis. The industrial zone’s MP contamination was recent and relatively
clean, while the PE plastic in Dilovasi showed little weathering.

Key words: microplastic, land use, soil, humanimpact, residential, industrial,
recreational.
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Plastic pollution is a global issue that affects various ecosystems
including terrestrial, marine, and freshwater. Microplastics (MPs), small
plastic particles measuring less than 5 mm, are a major concern and can
come from primary and secondary sources. In terrestrial ecosystems,
the abundance and movement of MPs are expected to be higher
than in aquatic systems. This study aims to evaluate the abundance
of microplastics in soils influenced by human activities in different
areas, namely industrial, residential, and recreational, to determine
their impact on soil contamination. Soil samples were collected from
Istanbul, Turkey, from various land-use types for each category.
Results showed that recreational areas had the highest MP content
(mean=7,956 items/kg), while residential areas had the lowest
(mean=3,378 items/kg). The abundance of MPs in industrial areas
was between these two groups with a mean value of 4,488 items/kg.
The lowest concentration was observed in one of the residential zones
with 1,868 items/kg, while the highest content was found in a forested
recreational area (Belgrad forest) with 9,332 items/kg. The shape ratios
of particles varied for each category, with round/spherical particles
having the highest share in industrial and residential areas (34% and
32%, respectively) and fibers in recreational areas (36%).

FT-IR spectrometry analysis with diamond ATR accessory (32 scans
per spectrum) was used to identify the types of microplastics present
in the sampled areas. For one of the recreational areas, the spectrum
showed two bands of asymmetric and symmetric C—H stretching
(2,916 and 2,849 cm') that were not overlapping. The bending of
CH (1,453 cm™") with other minor bands up to 1,375 cm™, along with
the carbonyl area between 1,700 and 1,800 cm™!, contained minor peaks
inside it [1]. Although major peaks were absent, it was determined
that the originating type of plastic was not polyester or polyamide, but
probably of polyolefin type (closest to polypropylene). However, due
to contamination with cellulose paper filter residue, the spectrum also
contained a wide 1,027 cm™ artifact band.

In the Dilovasi sample, the PE plastic remained almost unchanged
by weathering. The peaks at 2,914 cm™' and 2,949 cm! corresponded
to asymmetrical and symmetrical stretching of C-H bond
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in CH,, CH;, and CH groups, while the doublet at 1,462—1,440 cm™!
was related to bending vibrations of the respective CH bond, which is
typical for polyethylene.

The spectra obtained from the sample from the university campus
showed the same configuration of aliphatic C—H bond stretching
peaks (2,917 and 2,850 cm'), a sharp PE-like band at 1,468 cm,
but significant carbonyl C=O stretching band at 1,740 cm™ with
a noticeable shoulder. Minor bands at 1,316 cm™' and nearby can
be associated with the ether bond and be a product of the polymer
transformations in contact with the environment [2].

Recreational areas #2 and #3 showed similar attributions in terms
of their spectra; the presence of organic matter could be detected
by the bands of aliphatic CH groups at 2,918 cm™' and 2,849 cm'
for both samples. There were no signs of the carboxylic band,
indicating that the material destruction had just started. However,
two bands at 3,675 and 3,620 cm™!, attributed to O—H bond stretching
in material structure, may possibly point out the hydrolytic way of
material destruction, which is usual for plastics such as polyacetal,
nylons, and polyethers [3].

In summary, the recreational areas contained small particles
of the polymer at the beginning of destruction. The presence of
OH groups, even after drying, indicated that this polymer underwent
hydrolysis instead of UV or oxygen / ozone-driven oxidation. Hence,
it could be considered either as the initially C=0O-containing polymer
(such as acrylate) that is frequently used in packaging or oxidized
polyolefin (PE or PP). The material found in the industrial zone was
PE-based MP with a still well-defined structure and was relatively
clean, suggesting that the MP contamination was recent.

CONCLUSIONS

MP particles or fibers were present in all of the sam-ples evaluated
in this study. Soil samples from Belgrad forest (recreational area #2)
had the highest amount of MP among all locations, and the other
two rec-reational areas (Yildiz Park and university campus) having
higher MP content compared to industrial andresidential areas
further support the accumulation scenario of MPs in soil. The lowest
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average MP contentwas found in recreational areas, and the results
havebeen consistent for that aspect. It can also be arguedthat size
and shape distribution of MPs can be differ-ent due to the location
of contamination and variousother factors. Specifics of the size
distribution on eachand every location can be further studied to
obtainmore information on fragmentation, and the findingsthat
support the land use affect the distribution of MPsin soil. For
recreational areas including forested area;microfibers were the most
common type with an aver-age of 36.92%, while industrial areas
had more shareon round/spherical MP particles with 32.85% and
residential areas with 34.26%, respectively.
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AHoTaniss. B xoi mpoBeseHHs TOCTIKCHb PO3POOJICHO TEXHOJOTIK0 BHIO-
TOBJICHHS KOMITO3UIIIHHAX MaTepiaiiB THITy TMOKPUTTIB Ha OCHOBI CHCTEMH
POLICRIL 590-YIII 3 momepennboro o0podkoro YIIl creapnHOBOIO KHCIIO-
Toto. OnepkaHo 3pa3ku (BUIbHI IUIIBKA Ta IMOKPHUTTS) PO3POOJICHUX KOM-
MO3WIIH B IIMPOKOMY KOHHEHTpauiiHoMmy inTepBanmi YI: 5-25 mac. %
ta pizauM BMmicrom CK 1-3 mac. % Bixg macu YlII. Bcei po3pobneni mokput-
TiB € riApodinbHUMH, iX KyT 3MOYYBAaHHS HE TepeBHIye 90°. A e(l)eKTI/IB-
HU MOJYJIb NPYKHOCTI B 3aiexkHOCTI Bix KoHUeHTpauii YL, mae nminiiHnit
xapakrep 1 npu 30inpmenHi Bmicty Yl 3 5 mo 25 mac. % 301IBIIy€eThCS
3 102 o 263 MIla. Beenenns 1 mac. % CK no3Boisie miIBUIINTH LeH 1MOKa3-
HUK B 1,5-2,5 pa3u.

KarouoBi ciioBa: BogHa aucnepcis noniMepy, akpuiioBa JUCIepCisi, Y4epBOHUN
1IJIaM, KyT 3MOYYBaHHS, MOJIYJIb IPY>KHOCTI.

Abstract. In the course of the research, the technology of manufacturing
composite materials of the type of coatings based on the POLICRIL 590-RM
system with preliminary treatment of the RM with stearic acid was
developed. Samples (free film and coatings) of the developed compositions
were obtained in a wide concentration range of RM: 5-25 wt. % and with
different SC contents of 1-3 wt. % from the mass of the RM. All developed
coatings are hydrophilic, their wetting angle does not exceed 90 degrees.
And the effective modulus of elasticity, depending on the concentration
of RM, has a linear character and increases from 102 to 263 MPa when
the RM content increases from 5 to 25 wt. %. The introduction of 1 wt. % SC
allows to increase this indicator by 1.5-2.5 times.

Key words: aqueous polymer dispersion, acrylic dispersion, red mud, wetting
angle, modulus of elasticity.

Yepponwuii nutam (YI) € mobiyaum mpomykroM mponecy padiny-
BaHHS TIIMHO3EMY, SIKMH 3a3BHWYail mepeabadae 0OpoOKy OOKCHTOBOI
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pyau rigpokcuaom Harpito (NaOH) ans BuwiyueHHS OKCHIY ajlFOMi-
Hito. BiH MiCTUTB pi3HI MiHEpaJd, Taki K OKCUJ 3aj1i3a, OKCUJ] TUTaHY
Ta MIOKCHI KpeMHit0. OTpUMaHUil YepBOHUI [IIITaM Ma€ BHCOKY JIyXK-
HICTh uepe3 HasBHICTh 3auInkoBoro NaOH Ta iHIIHMX JTy’)KHUX KOMIIO-
HEHTIB. BUCOKa JIy)HICTh Y€PBOHOTO MIJIaAMy MOXKE CTaHOBUTH HeOe3-
MEKY ISl HABKOJIMITHBOTO CePEeIOBHIIIA.

ToMy BUKOpUCTaHHS HMOTO SK HAllOBHIOBada B IOJIMEPHHX KOM-
MO3HLIHHUX MarepiajiaXx € aKTyaJbHOIO MPOOIeMOI0, a 3aBASKH HOTo
YHIKQIBHUM BJIACTHBOCTSIM, BKJIIOYAIOYM BHCOKY IIUIBHICTB, BEIUKY
TUIOILy TIOBEPXHI Ta HU3bKY BapTiCTh — BiH IIUPOKO BUKOPHUCTOBY-
€TBCS B JIOCIIIDKEHHSIX 3 METOIO TIOKPAICHHS MEXaHIYHHUX, TEPMIYHIX
Ta 0ap’€pHUX BIACTUBOCTEH MOKPUTTIB, a TAKOX 3 METOI 3a0e3re-
YEeHHSI CTIHKOTO PIillIeHHS M0 YTHIIi3allii Y4epPBOHOTO MIUIAMY.

Tak Li ta iHmi [1] mociijpkyBaad BIUIMB YEPBOHOIO IUIAMY
Ha MEXaHi4Hi BIACTHBOCTI MOJIMEPHUX IIOKPUTTIB HA OCHOBI €IIOKCHI-
HOTO OJIIFOMEPY 1 BIAMITHIIM 301IbIIEHHS TBEPOCTI Ta aJAre3iiHOT Mill-
HoCTi 1ipu 30inbireHHi Bmicty Yl Cremisini i iHmi [2] moBigoMum,
IO BBEJICHHS YEPBOHOIO NUIAMy B TOJIypETaHOBI MOKPHUTTS MOKpa-
IIMJI0O MEXaHIYHI BJIACTHBOCTI, TakKi SK MIIIHICTh Ha PO3PHB 1 MOIOB-
YKEHHS TIPH PO3PHBI.

Opnnak nmpu BukopucranHi Yl B momiMepHUX 3aXUCHUX MOKPHTTSIX
CITIiJi BpaXOBYBaTH OCOOJIHMBOCTI MOTO BHKOPHUCTaHHS. 30Kpema HeoO-
xijHa morrepenHs 00pooOka moBepxHi YUl mas mokpameHHs aucrep-
cil YaCTUHOK B TIONIMEPHUX MOKPHUTTSIX, TOMY BHKOPHCTOBYIOTH TaKi
METOAM SIK XiMiuHa Moaudikaris ado (dizmuHa o0poOKa, HAITPHUKIAT
YABTPA3BYKOM 200 KyJIbOBHM MJIMHOM.

OO0poOka TOBEpXHI YEPBOHOTO IIIJIAMY Ma€ BHUpIMIabHE 3HAYCHHS
JUISL JIOCSATHEHHST TapHOI JucHepcii Ta CyMICHOCTI 3 MOJIMEPHOI
Marpurero. Kibka gociimpkerp JOCTipKyBalli pi3HI METOAU 00pOOKH
MOBEPXHi, Taki SK 00poOKa KUCIOTOK, 00poOKa CHIAHOM 1 MIa3mMoBa
00poOKka IS TIOKpAIIeHHs JUCTepcii YaCTHHOK YEPBOHOTO ILIAMY
B TIOJTIMEPHUX NOKPHUTTSX [3; 4].

Ockinpku YLl Mae BHCOKY ITy)KHICTh, TOMY OyJO pPO3pOOIIEHO
KiJIbKa METOJIB 3HM)KEHHsI HOro JIy’)KHOCTi 30KpemMa: KapOoHi3alis,
KHCJIOTHE BWJIYTOBYBAaHHS, €NEKTPOXiMiyHa Ta TepMmiuHa oOpoOKa,
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HeHlTpamizalis — nependadae A0aBaHHS KUCIOTH a00 OCHOBH JIO 4ep-
BOHOTO IJIaMy, 1100 BixperymoBaru ioro pH no HedrpambHOro ado
CJIa0OKHUCIIOTO Jliara3oHy.

O0’exTOM JOCHI/DKCHHS B JIaHId poOOTI OyJiM KOMITO3UIIiHI MaTe-
piaau Ha OCHOBI CHCTEMH YEPBOHHI IIJIaM-BOIHA TUCIIEPCIs MOIIMEpPY
MIpHU BapilOBaHHI KOHIICHTpAIlil HAlTOBHIOBaYa Ta BU3HAYCHHS BILIHBY
00pOOKH MOBEPXHI yIABTPA3BYKOM Ta JOJaBaHHS CTEAPHHOBOI KHCIIOTH
it HerTpanizanii ayxaocti YL, TexHonoris BUTOTOBICHHS MOJIIMEp-
HUX TOKpUTTiB Ha ocHOBI UIII Ta moixiMepHOi BOAHOT qUCTepCii BKITIO-
9ae KiJTbKa eTariB:

1. IlinrotoBka YIIl — ynpTpa3BykoBe MOAPiIOHEHHS 3 OJIHO-
4acHOI Moau(ikaiiero moBepxHi creapuHOBOI0 Kuciorow (CK).
Ile#t eram mpoOBOAWIU 3 BUKOPUCTAHHSAM YIbTPa3ByKOBOi BaHHU
BK-9050 (Kwurait) 3 wactororw 40 k[, wac pucnepryBaHHs 2 roa
y BoJHOMY cepepoBuili. OTpuMyBajid 3pa3ku 3 Pi3HUM BMICTOM
CTE€apUHOBOT KUCJIOTH.

2. Jlucmiepramis miarororienoro Ul y momiMepHiit MaTpuIli yiabT-
pasBykoMm (ynbrpa3BykoBa BaHHa BK-9050) 2 rox 3 wactororo 40 kI .
BapiroBanu BMicT cTeapuHOBOi KuciaoTH Bifg 1-3 mac. %, a Yl Big
5-25 mac. %.

3. HaHeceHHS MOKPUTTS Ha CKIsHI Ta Te()IOHOBI MiTKIAJKK 3/iH-
CHIOBAJIM METO/IOM HAJINBY.

4. ®opmyBaHHS TOKPUTTS BifgOyBajocs MpW KiMHATHIA Temmepa-
Typi 48 roj.

Sk 3B’S3yI0YM BHKOPHCTOBYBAJM BOAHY AMCHEPCII0 aKpPHUIOBOTO
noiimepy mapku POLICRIL 590 (ta6m. 1).

SIK HarOBHIOBaY BHKOPHUCTOBYBAJIM YEPBOHHUM HUIaM — 0araTroTOH-
HaXHUHN Bimxonu BupoOHHITBA muHO3eMy [IpAT «3amopi3pkuii aimo-
MiHi€BUH KOMOiHaT». XapaKTepUCTHKH SIKOTO 100pe BUBYEHI [S].

3pa3ku OTpUMalM 32 OIHUCAHOI0 TEXHOJIOTi€l. 3 TeIOHOBHX
MOBEPXOHb OTPUMAJIH BUIbHI TTiBKH.

Juis owiHKM anare3iifHoi 3MaTHOCTI CyOCTpaTy 10 MONSPHUX ajre-
3MBIB BHMIPIOBAIM KyT 3MOYyBaHHS. Bu3Havamm KyT 3MOUyBaHHS
TTOKPUTTIB OJIep’KaHNX Ha CKILTHUX MMigkiIaakax (puc. 1).
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Taonuns 1 — Xapakrepuctukn 38’ s13ytouoro mapku POLICRIL 590

XapaKkTepucTHKH Iloxka3Huku
XiMigHHN CKITaT] aKpuiar
di3nyHui cTan Bojna aucnepcist 011010 Kolbopy
BwmicToM cyxoro 3anumiky, % 53,5-55,5
ITuroma rycruna, r/cm’ 1,04
Cepe/Hiit po3Mip 4acTOK, HM 0,2
Blaien o Brymditry 20°C.
pH 5,5-7,5
Temneparypa (MTITY), °C 0
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Pucynok 1 — 3anexnicts KyTa 3MouyBaHHs BiJ BMicTy YLLI
B CKJ1aji KoMro3uii Ta kinbkocti goganoi CK: 0 — 6e3 gogasanus CK,
1 —1mac. %, 2 — 2 mac. %, 3 — 3 mac. % CK Bix Bmicty Ul

Sx BuaHO 3 TpadivyHOl 3a1eKHOCTI BCl 3pa3ku € TiapodiibHUMU
ix KyT 3MouyBaHHs He nepesuirye 90°. Brenennsa 1 mac. % CK mizn-
BUIIYE 3HAYCHHS IHOrO TOKAa3HUKA JJsl BCIX JOCTIIHUX CHCTEM.
[Momanpie 36inbmieHHs koHreHTpaiii CK He moka3ano odikyBaHOTO
3pocTaHHs LbOro mnokasHuka. o crocyerbcst BIUIMBY 301IBLICHHS
ronneHTpamii Y1 Ha xyT 3MouyBanHS, TO ipu 30iIbIeHH] BMicTy Y11
35 o 25 mac. % KyT 3MOYyBaHHS 3MIHIOETHCSI HE3HAYHO Ta HE JIHIHHO

1 3HAXOIUTHCS B Mexax 50—70°.
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B momanpmmx gocipKkeHHsIX BapTo Oya0 O TOCHiUTH BILTHB 301ITh-
menHs Bmicty CK B mexax Heirpamnizanii YL Ha ¢izuko-mexaniuHi
BJIACTHUBOCTI MOKPHUTTIB.

MexaHi4HI ~ XapaKTEPHCTUKH, 30KpemMa e(EeKTHBHHH  MOJIYIb
MIPYXKHOCTI, TP BHIOBKEHHI BUTbHUX IIIiBOK cuctemu POLICRIL
590-YlIIl 3MiHIOOTBECA TIpHU 30iNBIIEHHI KOHIIEHTpAIii OCTaHHBOTO
3 5 10 25 mac. % HacTynHUM YUHOM (pHuC. 2).
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Pucynok 2 — EdexTiBHIN MOYITb IPYKHOCTI BIJIBHUX TLTIBOK
cuctemu POLICRIL 590-YI1I:
0 — 6e3 momaBanusa CK, 1 — 1 mac. %, 2 — 2 mac. %,
3 — 3 mac. % CK Bix Bmicty YL

3anexxHiCTb e()EeKTUBHOTO MOIYNs MPYKHOCTI BiJ KOHIIEHTpa-
uii Y wmae niniiaui xapakrep i npu 30inbpmenHi Bmicty YII
3 5 mo 25 mac. % 30umbmyerbest 3 102 mo 263 MIla. Beenenus
1 mac. % CK mo3Bossie migBummTH e mokasHWK B 1,5-2,5 pasm.
EdexrusnicTs BBeneHHs 0inbioi kinpkocTi CK He € A0IiTBHOIO.

BUCHOBKHA

B xoni mpoBeneHHsT MOCHIKEHb PO3POOJIECHO TEXHOJOTIK BUTO-
TOBJICHHSI KOMIIO3UIIIMHUX MarepiajiB THIy IMOKPHUTTIB Ha OCHOBI
cuctemu POLICRIL 590-Ull 3 monepenusoro 00podkoro YIII crea-
PUHOBOIO KUCJIOTOIO.
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OpnepxaHo 3pa3ku (BUIbHI IUTIBKH Ta HOKPHUTTS) PO3POOIEHUX KOM-
MO3MLIH B IMPOKOMY KOHIEHTpauiiiHomy intepBami YLL: 5-25 mac. %
ta pizaum Bmicrom CK 1-3 mac. % Big macu YIII.

BusHaueHo KyT 3MO4YyBaHHSI JIaHHX TOKPHUTTIB, BCI BOHU € Til-
podiTpHUME, iX KyT 3MOuyBaHHS He mepeBuirye 90°. Ta Bu3Ha-
YeHO 3aJIeKHICTh €(PEeKTUBHOTO MOMYJS TMPYKHOCTI BiJl KOHIICH-
tpamii Y, BoHa Mae miHiliHWIA XapakTep i MpH 30UIBIICHHI BMICTY
UIll 3 5 mo 25 mac. % 30inbimyerbes 3 102 no 263 Mlla. Beenenns
1 mac. % CK 103BoJisi€ TIABUIIIUTH 1IeH MOKa3HUK B 1,5-2,5 pasu.
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ON THE PHOTODEGRADATION OF POLYMER COATINGS
WHEN EXPOSED TO UV IRRADIATION
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Abstract. The study investigates the impact of functionalized silica
nanoparticles on the photodestruction of styrene acrylic polymer-based
coatings. The research uses infrared spectroscopy, ablation speed, and water
contact angle measurements to analyze the UV degradation of thin layer
coatings under accelerated aging conditions. HALS amine loaded coatings
are used as a reference. Results show that the photodegradation of the silica
nanoparticles-polymer composite thin film coatings is influenced by two
factors: screening of UV radiation and increased polymer hydrophilization
speed. At nanoparticle loads over 15 wt. %, the thickness ablation speed
decreases from 1.3 to 1.2 um/h, and the contact angle sharply drops to 40°
from the initial 89° within the first 30 minutes of exposure.

Key words: silica nanoparticles, polymer coatings, UV degradation, water
contact angle.

Polymer coatings play a crucial role in protecting substrates
in harsh environments and providing functional properties
such as water repellency. However, exposure to UV radiation
causes photodestruction of the organic part, leading to reduced
performance properties such as increased hydrophilicity and
decreased mechanical properties [1]. Approaches to reduce
photodestruction include the use of light absorbers, neutralizers of
photo-oxidation intermediates, and spatial shielding of the polymer
from UV radiation [2-4]. This study focuses on the use of
pyrogenic silica nanoparticles as a shielding additive to decrease
photodestruction. The study compares the photodestruction rate
of neat polymer and polymer-nanoparticle composite films with
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varying nanoparticle content. The effectiveness of nanoparticle
shielding is also compared to that of a UV absorber.

The ablation speed is a crucial parameter for comparing
the photodestruction resistance of different materials. It is represented
by the slope of the line approximating the thickness reduction of
the sample due to photodestruction. The most effective concentration
of the HALS UV absorber additive 5,151 is 6 wt. %, which reduces
the ablation rate by almost 1.7 times. The addition of silica
nanoparticles in concentrations below 15 wt. % does not provide
any significant reduction in ablation speed. However, at higher
concentrations, nanoparticles block some of the UV radiation,
leading to a decrease in ablation speed. The water contact angle
measurement is a more sensitive indicator of photodestruction
than FTIR measurements. Even after 1 hour of exposure, coatings
with 5,151 maintain contact angle values above 75°, while the neat
AC coatings show a sharp decrease to 40°. In contrast, AC-R972
compositions show an even sharper decrease in contact angle, which
starts after only 0.5 hours of exposure. All levels of HALS additives
help inhibit photodestruction.

CONCLUSIONS

The study shows that the photodegradation process of polymer
coatings is affected by two factors when nanoparticles are added:
spatial blocking of radiation at loads over 15 wt. % and increased
hydrophilization due to reduced film thickness and increased polymer
fraction under exposure, resulting in a significant decrease in contact angle
values. The thickness ablation speed also decreases from 1.3 to 1.2 pm/h.
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KuiBcpkuil HaliOHATFHAN YHIBEPCUTET TEXHOJOTIH Ta TU3aiHy

AHoTaniss. Pobora npucBsueHa aHai3y TEXHOJOIIH CTBOPEHHS IMOJIMEPHUX
KOMITO3HIIIMHUX MaTepiaiiB Ha OCHOBI moJionediHiB.

KirouoBi ciaoBa: momiMepHAN KOMITO3UIIIHHUAN Martepian, HarmoBHIOBAY,
(i3uKo-MexaHi4yHI BIACTUBOCTI, AUCIIEPTYBaHH, MOJTi0Ne(iHH.

Abstract. The work is devoted to the analysis of technologies for creating
polymer composite materials based on polyolefins.

Key words: polymer composite material, filler, physical and mechanical
properties, dispersion, polyolefins.

Po3BHUTOK Cy4acHUX TEXHOJIOTiH BUMarae 3acTOCYBaHHS MarepiajiB
3 BIOCKOHAQJICHUMHU eKCIUTyaTalliiHUMH BiacTUBOCTAMHU. IlomimepHi
KOMIIO3UIIIfHI MaTepiaiii — I[e Marepiald Ha OCHOBI MOJIMEPHOI
MaTpHIli, M0 MICTATh (PYHKI[IOHAIbHI HANOBHIOBaYi. SIK HalOBHIO-
Bauli MOXYTh 3aCTOCOBYBAaTHCh PI3HOMaHiTHI HEOpraHiuHi Ta opra-
HIYHI PEYOBUHHU Yy BHIISAI JUCIEPCHUX TOPOIIKIB, BOJOKOH, JIYCOK.
Bubip ckiaay Ta BMICTy KOMIIOHEHTIB IOJIMEPHOTO KOMITO3UI[IHHOIO
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MaTepianry BU3HAYa€ThCS HOTO HACTYITHUM 3aCTOCYBaHHSIM Ta HEOOXiJI-
HUMH (QYHKIIOHAIBHUMHM BIaCTHBOCTAMHU [1].

3Ha4yHy poJib y POpMYyBaHHI BIACTHBOCTEH MOTIMEPHUX KOMIIO3HTIB
BiJIIrpatOTh TEXHOJIOTIi OTPUMAaHHS [IUX KOMITO3HTIB, CIOCOOM morepe-
THBOT 0OPOOKM HANIOBHIOBAYIB Ta CIIOCOOW OTPUMAHHS TOTOBHX BHPO-
0iB Ha OCHOBI CTBOPEHNX KOMIIO3HTIB.

[TomiMepHiI KOMITO3UTH OTPUMYIOTh 33 TEXHOJIOTIE€I0 KOMITAyHIy-
BaHHs. KoMIayHayBaHHS — Mpoiiec MO€AHAHHS IIISIXOM 3MIITyBaHHS
KOMIIOHEHTIB Pi3HOT MPUPOAN HA EKCTPY31HHOMY yCTaTKyBaHHI.
KommaynayBaHHs MOXKe 3A1MCHIOBATHCS TPhOMa OCHOBHHUMH CITOCO-
Oamu: TIOTIepeNHE 3MIITyBaHHS ab0 TPEMIKC; PO3IiTbHE TO3yBaHHS;
KOMOIHOBaHWH TMpolleC 3 TMOEIHAHHSAM IIOTIEPEIHBOTO 3MIITyBaHHS
3 PO3NUIBHUM J03yBaHHM [2-3].

[onepenne 3minTyBaHHS — MPOIEC KOMITAyHAYBaHHS MIPU SIKOMY BCi
KOMIIOHEHTH MalOyTHBOI CyMIllli MONEPEIHBO 3MILIYIOTh Y OKPEMOMY
YCTaTKyBaHHI MUIIXOM TOYHOTO 00’€MHOTo ab0 MacoOBOTO JO3yBAHHS
KOMIIOHEHTIB 32 Hallepes1 3alaHiM perenToM. Jlam rotoBy cymimr mepe-
POOISIOTH y eKCTPY3iHHOMY YCTaTKyBaHHI 3 OTPUMaHHS TPaHYJIATY.

Po3ninpHe 103yBaHHS — Mpollec KOMITayHAyBaHHS TPU SKOMY BCi
HEOOXiJTHI KOMITOHEHTH CTBOPIOBAHOTO KOMIIO3HMTY JO3YHOThCS HeIe-
PEPBHO Y 3a/iaHiil POTOpIIi y eKCTpy3iiiHe yCTaTKyBaHHS 3 BUKOPHC-
TaHHSIM J103aTOPiB HETIepEepBHOI ii.

Kom06iHOBaHUMl TiporieC KOMITayHIyBaHHS TOJSTAa€ y YacTKOBOMY
MOETHAHHI HETIePEPBHOTO JI03yBaHHS YaCTHMHM KOMITOHEHTIB Ta Here-
PEpPBHOTO J103yBaHHS YaCTUHH KOMIIOHEHTIB SIK IOIEPEIHHO BUTOTOB-
JICHOT CyMili.

[MoniMepHi KOMITO3UTH OTPUMYIOTH Ta 3aCTOCOBYIOTH Yy BUIVISII
KOMIIAyHMIB Ta KOHIIEHTpariB. KommayHn — ToToBa 10 IepepoOKH
CHCTeMa, IO 3a3BMUYail Mae CTymiHb HarmoBHeHHS a0 30-40 % wmac.
KoHIleHTpaT — BHUCOKOHAIIOBHEHAa KOMIIO3MIIiSl MPU3HAYEHA LIS 3Mi-
UIYBaHHS 3 OCHOBHOIO CHPOBHHOIO IEpeA MepepoOKOr0, Mae BUCOKUH
CTYIIiHb HATIOBHEHHSI, 1110 MOKe csiratu noHay 80 % mac., He npuaTHa
3a3BUYaAl 10 IEpepOOKH y UncToMy BUTIIAAI [4].

Meton po3AITFHOTO JIO3yBaHHS 3 BHKOPHUCTAHHSIM JBOIITHEKO-
BOTO EKCTPYAEPY J03BOJIIE OTPUMYBATH BHCOKOHATIOBHEHI MOIMEpHi
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KOMITO3UTH Ha OCHOBI TOmione]iHiB, B SIKUX CTYIiHb HAIIOBHEHHS
nocsirae 65—80 % mac.

Januii MeToA OTpUMaHHS BHUCOKOHANIOBHEHHX IONIMEPHHX KOM-
MO3UTIB MOXKe OyTH e(DEeKTHBHO 3aCTOCOBAHHMU MPU BUPIIICHHI aKTy-
aJBLHOTO TUTAHHS TOBTOPHOI MEPEpOOKH IMOTIMEPHUX TOJionediHo-
BUX BigXoZiB. 30KpemMa, BUKOPUCTAHHS TEXHOJIOTIi KOMIIayHIyBaHHS
JO3BOJIUTH CTBOPIOBAaTH BUCOKOHAIIOBHEHI KOHLIEHTPATH KapOoHaTy
KaJbI[il0 Ha OCHOBI MEPBUHHKUX Y BTOPUHHUX moionedinis, gki gami
MOXYTh OyTH BUKOPUCTAHI JIJIsi BBEJCHHS B CKJIAJ[ IJIIBKOBUX KOMIIO-
3UII NPU BUTOTOBJIEHHI YMAaKOBKHA. TakuM crmocoOOM IIaHYETHCS
3a0e3MeueH s 3HIKEHHSI YacTKU MoJIiMepHoi (a3n y 3aranbHilt Maci
MOJIIMEPHUX BiJXOMAIB, IO € TO3UTHBHUM KPOKOM MPH BHPIIICHHS
MUATaHHA yTWIi3alii moxiMepHuX BinxomiB. Takok, BBEIEHHS Kap-
OoHaTy Kajbllilo B moJione(iHu MPUBOAUTH A0 3POCTaHHS T'YCTHHH
MOJIIMEPHOTO MaTepiaiay Ta 3HM)KEHHS HOro 3/JaTHOCTI 10 PO3HECCHHS
BITPOM NP MOTPATUISTHHI Ha TOJITOHHU.

BUCHOBKHU

Y po0oTi TIpoBeIeHO aHai3 TEXHOJOTI CTBOPEHHS BHCOKOHAITOB-
HEHMX MOJIMEPHUX KOMITO3HTIB Ta 3allPONOHOBAHO 3aCTOCYBAaHHS TEX-
HOJIOT1i KOMITAyHyBaHHsI JIJIsl YaCTKOBOTO BHPIILICHHS MUTAHHS IEpe-
POOKHM MOTIUMEPHUX BiJIXOIIB.
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EXPANDING PERLITE MATERIALS TO OBTAIN
COATINGS THAT REPEL WATER
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Abstract. This paper explores a solution to the complex scaling, high cost
and low environmental resistance associated with superhydrophobic coatings.
By using organic coating technology, the paper demonstrates the possibility
of obtaining highly water-repellent surface coatings based on expanded
perlite and regenerated adsorbent. The study characterizes the properties
of the coatings through various techniques and concludes that they serve
as a good base coat for creating superhydrophobic volumetric hierarchical
coatings. Additionally, the research shows that using an adsorbent for used
refined sunflower oil is as effective as using freshly ground expanded perlite.

Key words: uperhydrophobic coating, water-repellent surfaces, crushed
perlite, water contact angle, water-repellent coating.

Superhydrophobic  surfaces have valuable properties but
face challenges of scalability, high cost, and low environmental
resistance. A solution to these problems lies in the use of traditional
organic coatings technology, which can provide cost reduction
and scalability due to established production and application
techniques [1]. Fillers that form the necessary surface texture and are
sufficiently hydrophobic can be used in these coatings, and surface-
treated hydrophilic materials can also be included. However, pure
nanoparticles have low mechanical resistance, so a combination with
microtexture-forming agents is necessary. The majority of fillers used
in protective coatings technology fall in this size range, with known
processing technologies and environmentally friendly solutions
available [2]. The sustainability of Cassie state is determined by
the microstructure formers’ ability to decrease the contact area with
liquid media. Directed platelet-like particles can minimize the contact
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area, making them of special interest. Ground expanded perlite is
a potential filler material, which is widely used as an adsorbent in
sunflower oil production. An acrylate polymer is considered as a binder
for microparticles in this study, which is a widely used film-forming
agent for exterior coatings [3].

During the wear test the value of the contact angle of the coatings
increases to a certain limit, after which begins to decrease to the initial
values and below (Fig. 1). The increase in the contact angle to
the extremum point can be explained both by surface contamination of
the microtextured coating with fragments or whole pearlite particles,
and by the removal of a part of the acrylic film former. A decrease in
this indicator after the extremum point, in turn, can be explained in
a gradual removal of pearlite microparticles that form the structure of
the coating this assumption is partially confirmed by the correlation of
the contact angle curves and the mass loss of the coating.
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Figure 1 — The impact of perlite filler content on the mechanical
abrasion resistance of coatings: a — 85 wt. %; b — 65 wt. %

CONCLUSIONS
The study demonstrates that crushed perlite coatings maintain
their water-repellent properties even during abrasive wear, and
the resistance to abrasion increases with higher binder content.
Grinding expanded perlite produces products with a smaller particle
size range, hydrophobized with polymethylhydrosiloxane, resulting
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in a wetting angle of 145° and surface energy of 27 mN/m.
The coatings exhibit an inhomogeneous surface geometry with
most fine fraction lamellar particles oriented perpendicularly to
the substrate. Water contact angles depend on the amount of abrasive,
with the extremum point determined by binder content. Under
the static action of water, a decrease in the contact angle occurs, but
the Cassie state is not completely lost.
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KuiBchkuii HalllOHATBHUN YHIBEPCUTET TEXHOJIOTIH Ta qu3aiHy

AHoTtamis. Po0Oora mnpucCBsIYEeHAa BHCBITIICHHIO IUTAaHHS MOXJIUBOCTI
3aCTOCYBaHHS TEXHOJIOTii aQJWTUBHOTO BHPOOHWIITBA ISl CTBOPCHHSA
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BHPOOIB Ha OCHOBI MOJIIMEPHUX KOMITO3UIIIHHUX MaTepiasliB 3 MOKpPAIICHUMH
TEIIONPOBIJHUMH BIACTUBOCTSIMH.

KarouoBi caoBa: aautuBHe BUpOOHMITBO, 3D-ApyK, TEIUIONpOBiAHI
MOJIIMEpHI KOMIIO3WUTH, TEIUIO(QI3WYHI BIACTHBOCTI, ITapaMeTpH aTUTHBHOTO
BHPOOHHUIITBA.

Abstract. The paper is devoted to the issue of the possibility of using additive
manufacturing technology to create products based on polymer composite
materials with improved thermal conductive properties.

Key words: additive manufacturing, 3D printing, thermally conductive
polymer composites, thermophysical properties, additive manufacturing
parameters.

AIUTHBHE BUPOOHHIITBO (TAaKOX BimoMme K 3D-IpyK) € BaXKITUBOIO
CY4YacHOIO TEXHOJIOTI€I0, sIKa 3po0HiIa PEBOIIOLII0 Yy MPOMHUCIOBOCTI.
L5 TexHOMOTIs Mependayae CTBOPEHHS! TPUBUMIPHOTO 00’ €KTa HIISIXOM
JIOJIaBaHHS IIapiB MaTrepiajly OJMH Ha OJHOTO, a HE BiJHIMAHHS Mare-
piaimy 3 OJIOKY, K y TpaaWIiHHUX METOJaX BHUPOOHHWIITBA. AJIWTHBHE
BHPOOHHIITBO TIPOIIOHYE KiJbKa TIepeBar MOPIBHIHO 3 TPaIUIlIHHUMHA
METOZaMH BHPOOHUIITBA, BKIIOYAIOYHM OLIBINY THYYKICTh KOHCTPYK-
1ii, TBUIIMIA Yac BUPOOHUIITBA, 3MCHIIICHHS] MaTepiajJbHUX BiJXO/IB
1 MOXKJIMBICTh CTBOPIOBATH CKJIAJIHI TeOMeTpii, siki Oysio O Baxkko abo
HEMOXJIMBO BUTOTOBUTH TpaiuiliiiauMu Metofamu [1]. TexHosoris
3HAWIIIA MIMPOKUI CHEKTP 3aCTOCYBaHb y PI3HHMX Tally3siX, BKIJIIOYa-
I0YH a€POKOCMIYHY, aBTOMOOUTBEHY, METUYHY Ta CHOXHBYY POMHCIIO-
BiCTb. BUKOpUCTOBY€ETHCS 7151 CTBOPEHHS BCHOTO: BiJl JIETKUX KOMIIO-
HEHTIB JIITaKiB JI0 IHIUBIAyaJIbHUX MIPOTE3iB 1 3yOHUX IMIUIAHTATIB.

IcHye Kinbka TUMIB TEXHONOTiIH aJUTUBHOTO BUPOOHHUIITBA, KOXKHA
3 SIKHX Ma€ CBill yHiKanpHHWH mporiec ctBopeHHst 3D-00’ekriB. Och
JesTKi 3 HAOIIBIT 9acTO BUKOPUCTOBYBAHUX THIIIB aINTUBHOTO BHPOO-
HUITBa: Tomapoe HarutaBineHHs Qimamenty (FFF), crepeomitorpa-
¢is (SLA), BubipkoBe nazepue cmikanusa (SLS), mudposa obpoOka
ceitiiom (DLP), CnpsimoBane nazepue ocamkenns (DED).

[Momapose wnaruaBnenust ¢inamenty (FFF) Fused Filament
Fabrication — e momynmspHa TEXHOJOTIS aTUTHBHOTO BHPOOHMIITBA,
siKa Tiependadae TUTaBJICHHST TePMOIIACTUYHOI HUTKH Ta 11 HaHECEHHS
map 3a mapoM s ctBopeHHs 3D-00’exta. Ilporec mouymHaeThCs

38



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLji)

3 3D-Monerni, sika Hapi3aeThCs HAa TOHKI IIapH, a MoTiM 3D-mpuHTep
HarpiBae TEPMOIUIACTUUHY HHUTKY JO TeMIeparypy I[UIaBICHHS
Ta ekcTpynye ii yepe3 comyo. Jlami ekcTpyaoBaHMH Marepial HaHO-
CHUTBCS Iap 3a mapoM Ha OyiBenbHY TuiaropMmy, TIpH IbOMY KOKEH
map 3’€IHYEThCS 3 TIOMEPENHIM Y Mipy OXOJIOKEHHS Ta TBEPIiHHS.
[Iportec FDM mmpoko BUKOPUCTOBYETHCS 3aBISKH HU3BKiM BapTOCTI,
MPOCTOTI 3aCTOCYBaHHS Ta YHIBEpCaJIbHOCTI, 1 3a3BUYal, BUKOPHUCTO-
BY€TBCS JUISl LIBUJKOTO CTBOPEHHS MPOTOTHUIIIB, PO3POOKH OMHUYHOTO
MPOIYKTY Ta APiOHOCEPIHHOTO BUPOOHHUIITBA.

AnutuBHe GopmyBaHHS a00 3D-IpyK € 4yJOBOIO0 TEXHOJIOTIEIO NS
CTBOPCHHSI TETUIOBIMBIMHUX KOPITYCiB IJII €JICKTPOHHUX TPHUCTPOIB.
3a pomomoroio 3D-ApyKy MOXKHA CTBOPIOBATH CKJIQAHI TeOMETpii
Ta (OpMH, SIKi BaKKO BUTOTOBUTH TPATULIMHUMH METOIAMH BHUPOO-
HunTBa. Lle Moxe OyTH 0COOMMBO KOPHUCHUM JUTSI CTBOPEHHS CKJIaTHHX
KaHaJliB OXOJIOMKEHHsI Ta pedep, sKi JOMoMararTh ¢eKTUBHO PO3Ci-
I0BaTH TEIUIO BiJl MPUCTPOr0. JIOCUTh 4acTo TEXHOJIOTIi aJuTHBHOTO
BUPOOHUIITBA BUKOPHCTOBYIOTH Ul BUIOTOBJICHHS JA€TaJell Ta KOH-
CTPYKUIH U1 KOTPHUX Ba)KJIMBa TEMJIONPOBIAHICTH, 30KpeMa, KOPILYCH
JUIS CTIEKTPOHHUX MPHCTPOIB. AJKEe TEIIo, M0 BUAUISETHCS i dac
po0OTH eJIEKTPOHIKMA Mae OyTH BifBeleHE Ui 3a0e3reueHHs Oe3mnepe-
O1MHOCTI Ta HAAIMHOCTI 11 poOOoTH.

TeruronpoBiHI MMOMIMEPHI KOMITO3UTH — II€ Marepiajiu, siKi MO€E-
HYIOTb TIOJIIMEpHY MAaTpHULIO 3 TEMJIONPOBIAHUMH HalOBHIOBAYaMHU
JUTSL TIOKpAIIeHHsT TeIIONPOBiTHOCTI Marepiany. [lomiMepHOIO MaTpu-
e Moke OyTH Oyab-sSIKWH TepMOIJIACTUYHUHN a00 TepMOpEeaKTHBHUI
noJjiMep, Takui sk moJiamif, monikapoonar, AbC-nnactuk, nomiedipu
a00 HaBIiTh CMOKCHJHA CMOJIa. TCIUIOMPOBIIHUMHU HAIOBHIOBAYaMH
MOXXYTh OyTH MeTaJIeBi a00 HeMeTaliuHi YaCTHHKH, BOJIOKHA a00 TiIac-
TiBIIi, TaKi sIK afOMiHIN, MiJb, TpaditT abo ByrieneBi HAHOTPYOKH [2].
TernonpoBigHICTE KOMIIO3UTY BH3HAYAETHCS TEIUIONPOBIIHICTIO Yac-
TUHOK HAIllOBHIOBaYa Ta X 00’€MHOK0 YaCTKOK B MOJIIMEPHIM MaTpPHIIL.
YacTHHKM HAlOBHIOBa4Ya YTBOPIOIOTh MEPEKY BCEPEAMHI MOJIMEp-
HOI MaTpHIli, CTBOPIOIOUM NIISIXU ISl TerJionepenadi yepe3 KOMIIo-
3uT. YnuM BuIIe 00’€MHa 4acTKa YaCTUHOK HANOBHIOBaya, THM BHILE
TETUIONPOBIHICTH KOMITO3UTY.
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KpiM TemmonpoBiHOCTI, iHII BaXKJIUBI BIACTUBOCTI TETLIOMPOBI/I-
HUX TMOJIMEPHUX KOMITO3UTIB BKIIOYAIOTh MEXaHIYHY MIIHICTh, CTa-
OUTBHICTH PO3MIPIB 1 EJIEKTPONPOBIAHICTh. BacTHBOCTI KOMITO3HTY
MOYKHA aJIalTyBaTH NUISIXOM PETYJIIOBAHHS THUIY Ta 00 €MHOI 4acTKU
YaCTWHOK HAIOBHIOBaYa, a TaKOX YMOB OOpOOKH, IO BHKOPHCTOBY-
FOTHCS JIJISI BATOTOBIICHHS KOMITO3HUTY.

BuxopucrtoByroun 3D-ApyK, Tako)k MOKHAa BHTOTOBIISITH KOPITYCH
3 JIETKUMH, aji¢ MIIHUMHU KOHCTPYKIIISIMH, 1[0 3MEHIIIYE Bary BChOTO
MPUCTPOIO Ta TOKpamrye ioro MoOunmbHiCTb. Kpim Toro, 3D-apyk
JI03BOJISIE BUKOPUCTOBYBATH IMEPEJOBI Marepianu 3i crenu(igHuMu
BJIACTUBOCTSIMH, TAaKAMH SIK BHUCOKa TETUIOTPOBIMHICTB, SIKI MOXYTh
JIOTIOMOT'TH TiIBUIIUTH €(DEKTUBHICTH OXOJIOJPKEHHS KOPITYCY.

AUTHBHE BHUPOOHMIITBO Ma€ PsiJi YHIKAIBHUX MOMIJIUBOCTEH —
MporpaMHe IMEpeTBOPEHHS MOJETl BHpPOOy y IIapyBaTy IPOCTOPOBY
CTPYKTYpYy — 000JIOHKH Ta ii 3amoBHeHHs1. [IlapyBara cTpykTypa BHpoOy
JI03BOJIAE TIPOTPAMHUM YHHOM PETYJIIOBaTH PO3MOALT MaTepiamy
Ta HOro OpieHTaLio MO0 (hopmu Brupoly. MIMOBIpHO, 10 0COBIHBOCTI
TEXHOJIOTil aJINTUBHOTO BHPOOHMIITBA BIUIMBAIOTh Ta TEIUIO(I3UYHI
BJIACTUBOCTI CTBOPIOBAHUX TMOJIMEPHHX KOMITO3UTIB 1 JIOCIHIKEHHS
B [IbOMY HANpPSIMKY € aKTyaJbHUM 3aBIaHHS TOJIMEPHOT rarysi.

Jnst nmociijkeHb oOpaHO ToJIiMEpH, 110 HaH4acTinie BHUKO-
PHUCTOBYIOTHCSI B aJIUTHUBHOMY BHUPOOHWIITBI, 30kpema PLA [3],
PET-g, TPU Ta kOMIO3UTH Ha iX OCHOBI 3 JOCTYITHUMH Ta HEAOPO-
TUMH TETUIONPOBITHUMH HAMOBHIOBauYaMH, HAIMpPHUKIAJ, TOPOIIKU
MeTaJliB, OKCUIW METaiB, rpadiT, ByrieueBi HaHOTPYOKH Ta iHMIi
pevOBUHU. [IJ151 OLIHKM BIJIUBY MapaMeTpiB aJlUTHBHOTO BUPOOHU-
ITBa Ha Temao(pi3UYHI BIACTHBOCTI JOCIIIKYBaHMX KOMIIO3UTIB
Oyne TpoBeICHO TOPIBHIHHS BIACTHUBOCTEH 3pa3KiB, OTPUMaHUX
JUTTSM TiJ] TACKOM Ta HaAPYKOBaHUX 3 PI3HUM IPOCTOPOBUM PO3-
TallyBaHHSM IIapiB.

B pesynbrari mpoBeaeHHS JOCHIIKEHb OUYIKY€ThCSI BCTAHOBJICHHS
3aJIe)KHOCTE BIUIMBY MapamMeTpiB aJUTUBHOTO BUPOOHHUIITBA Ha TEILIO-
(hi3UyHI BIACTMBOCTI MOMIMEPHUX KOMIO3UTIB. Po3po0ka ckiaxy Kom-
MTO3UIIIMHOTO MaTtepiajly Ta BHOIp TEXHOJIOTII CTBOPEHHS TOTOBOTO
BHUPOOY 3 IPOTHO30BAHUMU XapaKTEPUCTUKAMHU.
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BUCHOBKHA
1. Y poboTi mpoBeneHO aHali3 MOXIWBOCTEH TEXHOJOTIH aiu-
TUBHOTO BUPOOHMIITBA MPHU CTBOPEHHI (PyHKIIOHATBHHUX MOJIMEPHHUX
KOMITO3HTIB.
2. ChopmybOBaHO METy Ta OCHOBHI 3ajadi JOCIHIDKCHHS IS
CTBOPCHHSI TOJIIMEPHUX KOMITO3UTIB 3 TTOKPAIICHUMH TEIIOMPOBi-
HUMH BIIACTHBOCTSIMHU.
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BIIJINB HAHOHAIIOBHIOBAYA CACO; HA IEAKI
BJIACTUBOCTI MOJIETUJIEHY HU3BLKOI I'YCTUHH

Karepnna Cunraibcbka,
JI1000B MeabHHUK, K. T. H., JIOII.

KIII im. Irops Cikopcbkoro

AHoTtanis. B maniii po6oTi Oyno mpoBeneHe AOCHTIHKEHHS BIUIMBY HaHOHA-
noBHioBaya CaCO; Ha Jesiki BIACTHBOCTI MOJIETHIICHY HHM3bKOI T'YCTHHH.
Byno 3’sicoBano, 10 101@BaHHS JAHOTO HAIOBHIOBAYa JO IMOJIETHIICHY HHU3b-
xoi ryctuan ([IEHI") crpusie migBHIIEHHIO MIIHOCTI MaTepiamy 6e3 3MiHH
TEMIIEpaTypH IUIABJICHHS Ta CTYIEHS KpUCTali3allii, aje Ipu IbOMY 3HUKY-
€THCS HOTO IIIACTHYHICTb.

KurouoBi cioBa: nHaHoHarmoBHioBaui, momietwieH, CaCO,, momynp HOHra,
MeKa TEKYJOCTi, JehopMartis.
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Abstract. In this work, a study of the effect of CaCO, nanofiller on some
properties of low-density polyethylene was carried out. It was found that
the addition of this filler to low-density polyethylene (LDPE) increases
the strength of the material without changing the melting point, and degree of
crystallization, but at the same time, its plasticity decreases.

Key words: nanofillers, polyethylene, CaCO,, Young’s modulus, yield
strength, deformation.

JlucrniepcHi HamoBHIOBaYi — 1e ApiOHI pi3HOT opMH PEeHOBUHH, SIKi
JIOAAI0Th Y JIOCHTH BEJIMKHX KUIBKOCTSIX JIO CKIIAJy KOMITO3UTY ISt
3HIDKEHHSI BapTOCTI Marepiaily, peryiaroBaHHS Horo o0’eMy Ta MacH,
TTOKparmeHds  (i3MKO-MEXaHIYHAX, ONTHYHUX Ta JCKOPaTHBHUX
BIACTHBOCTEH Marepiany. IX MoxHa rpy6o pO3JiNMTH HA HEAKTHBHI
a00 TOMOBXKYIOUI HAalOBHIOBAYl Ta akTHBHI a00 (yHKUiOHaJIBHI abo
3MIIHIOIOY] HaOBHIOBaui [1].

HeaxTHBHI HamoBHIOBaYl BHUKOPUCTOBYIOTHCS JUIsS 3HMKEHHS Bap-
TOCTI MarepiajiB, a aKTUBHI BUKIINKAIOTH OCOOJUBY 3MiHYy BJIACTHBOC-
TeW MaTepialliB, 3 METOIO OJIEpP KaHHS HaIlepeI 3aIaHUX TTOKa3HUKIB.

B ocranni poku 3’sBunacst HoBa 00JIaCTb JOCIIIKEHb — HAHOTEX-
HoJIorii [1], 1110 BUKOPUCTOBYE B SIKOCTI HAIIOBHIOBAUYiB YACTUHKH OAWH
13 po3MipiB sikuX oBuHEH OyTH Bix 1 10 100 HM.

OnHi€r0 3 OCHOBHUX TMPWYMH BUKOPUCTAHHS HAHOYACTHHOK
€ BEJIMKE BITHOIIEHHS TOBEPXHI A0 00’€My, sKe 30UIBITyE KUTBKICTH
B3a€MOJIH YaCTUHOK 13 MaTpHLEI0, TAKMM YMHOM ITOCHJIIOIOYM BILUIMB
Ha 3araJibHi BIaCTUBOCTI Marepiany [2].

OcHoBHa uacTHHa. bylao TpoBeneHO MOCHIHKEHHsS BIUIMBY HaHO-
CaCO; Ha Temneparypy iasnenns (T,,), Temneparypy kpuctanizaiii (T,),
cryninb kpucramizamii (X,), momyns FOnra (E), mexy Ttekyuocri (oy),
neopMarIiro Tpy po3pHBi (€) KOMITO3HITITHOTO MaTepialy 3 MOIIMEPHOIO
MaTpHIeio Ha OCHOBI monieTmwieny H3bkoi Tyctuam (ITEHI), ockinbku
BiH € HaWOLIBII TOIIMPEHNM Ta TEXHOIIOTTYHUM MarepianioM. BBeneHHs
HaHodacTHHOK CaCQO,; B MOJIETHICHOBY MAaTpPHLIO Ja€ 3MOTY 3MIiHHUTH
BJIACTHBOCTI KOMITO3UTY TIOPIBHSHO 3 YHCTHM IOTICTHIICHOM.

Astopu [3] mocmimkysanu 3Miny BiaactuBocreit [TEHI npu noen-
HaHHi #oro 3 HaHo-CaCO,  kinbkocTi 3 Ta 5 Mac. %, pe3yabraTi 10Ci-
JDKSHB TIpeIcTaBiIeH] Ha rpadiky (puc. 1).
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Pucynok 1 — ®i3uko-MexaHigHI BIACTHBOCTI TOCTITHAX CUCTEM:
1 —guctnii [IEHT, 2 — kommoswuriis [TEHIT 97 mac. % + CaCO3
3 mac. %, 3 — kommnosumist [TIEHT 95 mac. % + CaCO3 5 mac. %

SAx BumHo 3 Tpadixky Moaymp FOHra 31 30iNBIIEHHSM BMiCTy
HaHO-CaCO; 30impmryethes Big 205+5 Mlla (mst uucroro ITEHI)
no 25045 Mlla npu ¥oro HamoBHeHHI B 5 mac. % CaCO,. Mexa
TEKy4oCTi 3pociia Maiixe Ha 7 %, a nedopmanis 3am3uinace 3 71 %
(mns guctoro I[EHI) mo 39 % mnsa kommoswutis [TIEHD 95 mac. % +
CaCO, 5 mac. %.

BUCHOBKHA

Byno npoananizoBano BruiMB HaHoHanoBHIoBada CaCO, npu noxa-
BaHHI HOTO JI0 MOJieTUIICHY HU3bKOT I'YCTHHU. 301IbIICHHST KOHIICHTPA-
1ii HaHOHAITOBHIOBAaYA MPU3BOAUTH IO 3POCTAHHS MIITHOCTI MaTepiay,
IIPU CTAJIUX TEMIlepaTypax KpHUCTaji3amii, TJIaBICHHS Ta CTYIICHI
KPUCTAJIIIHOCTI MaTepiary, BOTHOYAC 3HUKYETHCS HOTO TUIACTUIHICTD.
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Abstract. The study investigated the impact of different nanosized additives
on the fire resistance properties of intumescent coatings. The results showed
that the addition of organically modified montmorillonite and hydrophobized
silica reduced the fire resistance properties of the coatings. This was due to
the expansion processes being shifted to higher temperatures, which increased
the time of direct heating of the substrate. However, minor concentrations of
organically modified montmorillonite significantly changed the structure of
the coatings and increased their specific heat insulation properties. The study
also observed that nanosized additives had an effect on the expansion factor
and foam structure of the coatings. This effect was suggested to be due to
the complex influence of the nanoparticles on the bubble growth processes
through the modification of melt viscosity. Overall, the study highlights
the importance of carefully selecting the type and concentration of nanosized
additives when designing intumescent coatings for fire protection applications.

Key words: intumescent coating, expansion factor, heat insulation,
organically modifed montmorillonite, hydrophobic silica.

The determination of the fire resistance value of the formulation
involved measuring the time required for the steel substrate to reach
a temperature of 500 °C at the start of the test, taking into account
potential variations that may arise from changes in fire temperature,
thickness uniformity of the coating, among other factors. To obtain
accurate and reliable results, the test was repeated five times for
each formulation, and the data were then averaged for each testing
time. Remarkably, it was observed that the temperature rise followed
a similar pattern in all cases, as shown in Fig. 1. It illustrates
the uniformity in the temperature increase observed during the testing
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process for all five formulations. Given the possible discrepancies
that may arise from changes in fire temperature, coating thickness,
and other variables, the test was performed five times for each
formulation to obtain a reliable average value for each testing time.
The fire resistance value was determined as the time required for
the steel substrate to attain a temperature of 500 °C at the beginning
of the experiment. The results demonstrate a consistent trend
in the temperature rise for all formulations, as demonstrated by
the similarity in the temperature curves.
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Figure 1 — Experimental curves for fire resistance coatings:
1 — base coating; 2 — with 0.25 wt. % of o-MMT;
3 —with 1.25 wt. % of silica

The thermal curve of the coating can be divided into two main
sections: the first section is from the start to the infection point, and
the second section is from the infection point to the end. It is possible
to suggest that the position of the infection point and the slope of
the first section are influenced by the heat conductivity of the non-
expanded coating and the temperature of intumescence. On the other
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hand, the slope of the second section is entirely determined by the heat
conductivity of the resultant foam, specifically the conductivity of
the char layer formed (not the specific resistance).

Interestingly, the slope of the second section for the o-MMT filled
composition is less steep than that of the base composition line. This
suggests that the addition of o-MMT to the base composition enhances
the thermal insulation ability, even though the char layer thickness is
reduced due to the decrease in expansion factor. However, the position
of the infection point is shifted higher by 57 °C, which may be
attributed to the delayed decomposition of the blowing agent.

Moreover, the study showed that the total fire resistance of
the coating with o-MMT is 12 minutes lower than that of the basic
formulation coating. This can be explained by the general influence
of the additional load of inorganic fillers, including the nanosized
additives (silica and o-MMT), which delays the foam expansion
process and consequently decreases the total fire resistance of
the coating. Nonetheless, the use of silica and o-MMT reduces
the slope of the second segment of the thermal curve, indicating
an improvement in the heat insulation performance of such systems.

These findings suggest that there is potential for further
exploration of the use of silica and o-MMT in better-balanced
intumescent systems, with the aim of improving the thermal insulation
performance of the coating while maintaining or even enhancing its
fire resistance capabilities. Further research could focus on optimizing
the concentration and combination of these nanosized additives to
achieve the best balance between thermal insulation and fire resistance
in intumescent coatings.

CONCLUSIONS

It was determined that in the particular case of basic composition
used in this study, the nanosized additives-organically modifed
montmorillonite and hydrophobized silica had reduced the fre
resistance of the basic formulation. The main reason for this reduction
is the shifting of the intumescence processes to higher temperatures,
thus increasing the time of direct substrate heating. However, it was
also established that the minor concentrations of o-MMT (0.25 wt. %)
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can signifcantly change the structure and increase specifc heat
insulation property of the carbon foam. Such an efect can also be
observed in the case of the use of hydrophobic silica, but to a lesser
extent. In perspective, reducing the thermal insulation property
of nanosized additives containing coatings can be overcome by
using formulation solutions to help compensate for the reduction of
the expansion factor and expansion temperature rise. It was shown
that nanosized additives have strong efect on the expansion factor and
the foam structure. It was suggested that this infuence can be explained
by the complex infuence of nanoparticles on the bubble growth
processes through the melt viscosity modifcation.
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AHAJII3 BIVIUBY OKCUAY HUHKY HA BJIACTUBOCTI
IMOJIMEPHHUX KOMIIO3UTIB

BikTopisn €Bnak,
JIro00B MeabHHUK, K. T. H., JOII.

KIII im. Irops Cikopcbkoro

AHoTanig. B naniit cTaTrTi po3TISAHYTO BIUTMB HAaHOIMCIIEPCHOTO OKCHIY
LUMHKY Ha pi3Hi momnimMepHi Marpuni. [IpoananizoBaHO JOCIHIIKEHHS
3 3aJlaHOl TEeMH, Ta BHIBJICHI 3MiHH, IIO BiIOYBAaIOTHCS MPHU JOMaBaHHI
OKCHIy IIMHKY 10 moxiMepHoi Marpuui. [IpoaHanizoBaHO 3aleXHICTbH
3MIHM MEXaHIYHUX XapaKTePHUCTHK IOJIIMEPHOr0 KOMIIO3HUTY BiJl KOHIIEH-
Tpaiii OKCHAY [UHKY.

KirouoBi cjioBa: Okcua LWHKY, HAHOAWCICPCHHUN HATOBHIOBAY, IOJIMEpHA
MAaTPUIIS, TIOTICTUIICH, MTOJITPOIIJICH, JIATCKC.

Abstract. This article examines the effect of nanodispersed zinc oxide on
various polymer matrices. The research on the given topic was analyzed, and
the changes occurring when zinc oxide was added to the polymer matrix were
identified. The dependence of the change in the mechanical characteristics of
the polymer composite on the concentration of zinc oxide was analyzed.

Key words: zinc oxide, nanodisperse filler, polymer matrix, polyethylene,
polypropylene, latex.

HanonucnepcHi HamoBHIOBa4Yl B OCTaHHI POKH OTPUMAalil 3HAYHY
yBary sK TIOTCHIIHI KOMIIOHEHTH Ui Monudikamii BIacTUBOCTEH
nojiiMepHux MatepiamiB. OAuH 3 HAWOLIBII JOCTIKYBAaHUX HAIOB-
HIOBaYiB — I1¢ HAHOAUCIIEPCHUHN OKCHA MUHKY (ZnO), IKUH Ma€ BUCOKY
KOpO3ilfiHy CTIfKICTh Ta CTIHKICTH J0 OKHCIeHHs. Bomomie aHTHMI-
KpOOHMM e(eKTOM, 110 pOOUTH HOTro 3aTpeOyBaHUM IPH BUTOTOBJICHHI
noJiMepHUX KoMno3uiiitaux Marepiaiis (ITKM).

Takox B 3aJ1€:KHOCTI Bij| Horo koHmeHTpaiii B ckiaai [IKM moxHa
3MIHIOBATH MEXaHI4YHi, TEPMi4Hi, €EKTPUYHI Ta ONTHYHI BIACTHBOCTI.
[Ipu BuroToBneni Takux [IKM B skocTi TosiMepHOi MaTpuIli Haidac-
Tillle BUKOPUCTOBYIOTh MOJIETHIIEH Ta MOJIIPOIIiJIEH.
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Tax B pmocmimkeHHsx [l; 2] moka3zaHo, 1o BBemeHHS ZnO
1o 5 mac. % ToKpalllye MIllHICTh Ha PO3pUB Ta 3HOcocTilikicTh [IKM
Ha ocHoBi nomietuneny (I1E) Ta nominponineny (I1I1).

B po6oti [3] miarBepmkeHo, 1m0 3 jgoxaBaHHsAM ZnO 110 CKiIazxy
I[IKM na ocuosi IIE Ta IIIl migBUIIy€eThCS TEPMOCTIMKICTH Ta CTiH-
KiCTb 710 Aii ynsTpadioIeToBUX MMPOMEHIB.

B nocnimkenHi [4] moka3aHo, 110 BBeIEHHS 3 Mac. % HaHOYACTH-
HOK ZnO no cknaay [IKM Ha ocnosi [1I1 30inbmye ix MexaHiuHi Biac-
THUBOCTI, 30KpeMa: 3MEHIIYETHCS KUIbKICTh MIKPOTPILIIMH Ha MOBEPXHi
3pa3KiB, 30UTBIIYETHCA MIIIHICTH Ha PO3PUB Ta MOIYIb MPY>KHOCTI.

Hocaigauku [5] posmssmamu [TKM Ha ocHoBi cywmimi TTE+TIIIT
MpU BBEJEHHI HAHOYACTHHOK OKCHAY HMHKY Bix 0,5 mo 5 mac. %.
Byno BcraHoBieHO, 1m0 31 30imbIIeHHSIM KOHIEHTpamii ZnO Momxyih
MPYKHOCTI 3pocTae Oinbi sk Ha 15 %, a MIIHICTh MPH PO3TATYBaHHI
Maiixe Ha 24 %.

B pobGoti [6] mpoBoamau BUBUEHHS MEXaHIYHUX BIACTHBOC-
ter IIKM mHa ocuoBi IIE i IIIl mpwm 30iIbIICHHSI KOHIICHTpAIIil
ZnO 1o 10 mac. %. Bcranosneno, mo ITKM 3 Bmictom 5 mac. %
HAHOYACTUHOK OKCHJy IIMHKY, TBEpIICTh 30imbmrmiace Ha 12 %,
a MOJYJIb €J1acTHYHOCTI — Ha 43 %, TOpiBHSAHO 3 0A30BUM MOJIIMEPOM.
[Mpu 30inbiIeHHI BMiCTy HaHo4YacTUHOK g0 10 mac. % mnpu3BOAUTH
JIO TIO/IAJIBIIIOTO 3POCTAaHHS TBEPAOCTI HAa 27 % 1 MOAYINs €1aCTUIHOCTI
Ha 92 %, MIIHICTh HA PO3PHB MPH BOMY 30UIbIIyeThCS Ha 32 % mpu
mBUAKOCTI Aedopmartii 100 MM/XB TOPIBHSHO 3 0230BUM ITOJIIMEPOM.

Ili >x BHCHOBKM HiATBepIkeHi 1 B poboti [7], e aBTopu
Ha [IKM 3 mosjieTUIeHOBOK MAaTpHIICI0 MPH BBeJAeHHI 5 Mac. %
Ha"ojaucrnepcHoro ZnO 3adikcyBaiu IMiJABHINCHHS MIIHOCTI
Ha po3puB Ha 32 %, a Momyns TPYXHOCTI Ha 67 % TOpPIBHAHO
3 HEHATIOBHEHUM IIOJIi€TUIICHOM.

B po6ori [8] okpiM qociikeHHS MEXaHIYHUX BIIACTUBOCTEH, BCTa-
HOBJICHO, Tipu BBeAeHi 4 mac. % ZnO B IIKM na ocnosi I1I1 npusso-
JIUTH 110 301IbIIICHHS TEMIIEPaTypH IeCTpyKiii marepiaiy 1o 358 °C.

Hanonmucniepcuuit ZnO Takox Moxe OyTH BUKOPUCTAHUH JUIsT MOJIU-
(hixarmii BIACTHBOCTEH JIaTekCHUX MaTepiainiB. Hampukiasn, BBemeHHS
ZnO 10 ckiaxy JaTeKCHOi KOMITO3HINT MO)Ke 3HWKYBaTH 3[aTHICTh
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JIO pO3TATY Ta 301IBIIYBaTH MIIHICTB, IO, B CBOIO 4Yepry, 3a0e3mneuye
MOKpallleHy CTIMKICTh 70 po3puBy. KpiM TOro miiBUILY€eTHCS CTIHKICTh
JI0 yABTPadioneToOBOro BUIMPOMIHIOBAHHS Ta 3pOCTAI0Th aHTUMIKPOOHI
BJIACTUBOCTI JIATEKCY.

Tak B po6oti [9] BBemeHHs HaHOYacTHHOK ZnO g0 momiOyTami-
€HOBOTO JIATEKCYy MiJBUIIY€E HOTO MEXaHIYHYy MII[HICTh Ta elacTH4-
HicTh (Tabi. 1).

Ta6aunsa 1 — BnacTuBocCTi JIaTeKCy Ha OCHOBI MOJTIOYTAJIIEHY 3aJI€KHO
BiJl KOHIICHTPAIlil OKCUAY ITUHKY

Konunenrpanisa | Moayab npyx- | Minnicts npu | BitHocHe mooB:xenns
ZnO, mac. % | Hocrti, MIIa | po3pusi, MIla npH po3tssi, %
0 3,5 5,7 480
0,5 4,1 7,1 550
1 5,2 9,2 590
2 7,6 13,4 680
4 9,7 18,6 760

Aptopu [10] BCTaHOBUIM, LIO0 AOJABaHHS HAHOYACTUHOK ZnO
JI0 JIATEKCY Ha OCHOBI MOJIBIHIIOBOTO CIUPTY CHpHsIE 301JIbIICHHIO
CTIMKOCTI JIO Jil BOJAM Ta 3MCHIICHHIO PIBHS BOJOMOIIMHAHHSI
Mmaiixe Ha 20 %.

B po6orti [11] mpu BUKOpUCTaHHI JIATEKCHOT KOMITO3HUIIIi Ha OCHOBI
BIHIJIAIIETaTHOTO JIATEKCY MPOCTIHKYIOTECS aHAIOTiuHI 3aleKHOCTI
(hi3MKO-MEXaHIYHHX BIACTUBOCTEH Bij KOHIIEHTpaii ZnO.

PoGora [12] mnpucesvYeHa MOCIIIKCHHIO BJIACTUBOCTEH JIaTeK-
CHOI KOMIIO3HIIi Ha OCHOBI CTHPOJI-aKpUJIOBOTO CIiBHomiMepy 3 ZnO
B SIKOCTI HaroBHIOBaua. byiio 1mokaszaHo, 1o 3i 30UIbIICHHIM KOHIICH-
Tparii HamoBHIOBa4a 10 5 Mac. % 301MbIIyeThCS MIITHOCTI Ha PO3-
pUB Ta MimHOCTI Tipu 3ruHi. [Ipu 1boMy 30iMbIIEHHS KOHIIEHTpAIIii
ZnO npuU3BOIWIO J0 3HWKCHHS EJIEKTPUYHOI MMPOBITHOCTI MaTepialy.
3o0kpema, OyJI0 BCTaHOBIICHO, IO TpU BBeeHHI 2 Mac. % ZnO 30iib-
HIYETHCS MIIHICTH Ha po3puB Ha 46 %. [lpu 30ibIICHH] KOHIIEHTpA-
ii 70 5 % wmirHICT Ha po3puB 3pocTae Ha 92 %, MpoTe 3MEHITYEThCS
eIeKTPUYHA TIPOBIIHICTE MaTepiay.
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BUCHOBKHA
BcraHoBneHo, 110 BapilOOYM BMICT HAHOIMCHEPCHOTO OKCHIY
unHKy B ckiagi [IKM moxHa perymoBatu Horo (i3mKo-mMexaHiuHi
Ta EJIEKTPUYHI BIACTHBOCTI, @ TAKOXK IMOKPAIIUTH TEPMOCTIHKICTB, CTiii-
KICTh J10 YNbTpagioieTOBOr0 BUIPOMIHEHHS Ta CTIMKICTh JIO i BOAH,
M0 pOOWTH 1X MEPCHEKTHBHUMHM Ul BUKOPHCTAHHS B PI3HUX Tay3six
MPOMHUCIIOBOCTI, TAKHX SIK aBTOMOO1UTbHA, €JIEKTPOHHA Ta MEANIIMHA.
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THE COMBINED EFFECTS OF UV RADIATION
AND WATER FLOW ON THE DETERIORATION
OF WATER-REPELLENT COATINGS WITH TEXTURES
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Denys Baklan', Ph. D. student,
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Abstract. A study analyzed micro- and nanotextured coatings resistance
to UV radiation, water immersion, and flow. The coatings were created
using modified calcium carbonate microparticles and treated colloidal silica
nanoparticles. The study compared the aging of polymeric materials under
UV radiation to hydrophobized particles and proposed a mechanism for
organo-mineral coatings deterioration.

Key words: water contact angle, UV resistance, water repellent coatings,
coatings complex destruction.

The study examined how coatings with micro- and nanoscale
textures react to UV irradiation and water flow. The coatings used

52



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLji)

calcium carbonate microparticles modified with stearic acid and
fumed silica nanoparticles treated with dimethyldichlorosilane, with
styrene butyl methacrylate and cellulose acetate butyrate as matrix
polymers. The ratio of particles to matrix that maintains the Cassie
state is determined by particle size, with a critical polymer content
of 6 and 88 wt. % for nano-sized silicon dioxide and micro-sized
calcium carbonate, respectively. The study found that UV irradiation
leads to a faster destruction rate of polymers than the treatment layer
on the surface of hydrophobized particles. Immersion in water reduces
the Cassie state stability, and water flow combined with UV irradiation
results in almost a two-fold deterioration in water-repellent properties.
Textures based on nanoparticles are less resistant to aggressive factors
than those formed by microparticles. The study proposes a mechanism
for the destruction of organo-mineral coatings based on the balance
of the rates of polymer degradation, detachment of particles due to
friction of water flow, and degradation of the treated surface layer,
which could be used to develop bulk water-repellent coatings.
CONCLUSIONS

Researchers conducted a study on micro- and nanotextured coatings
resilience against harsh conditions such as UV radiation, water
immersion and flow. These coatings were produced using modified
CaCO; microparticles and colloidal silica nanoparticles. The study
compared the aging rate of polymeric materials under UV radiation
to hydrophobized particles treated layer. Additionally, it assessed
the impact of water immersion and flow friction on the stability of
the Cassie state. The study proposes a mechanism for the deterioration
of organo-mineral coatings, based on the balance between rates of
UV degradation, particle detachment in water, polymer degradation,
and treated particle surface layer degradation.
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AHAJI3 CIIOCOBIB BUPOBHUIITBA TOHEPIB

Apxkaniii Ileryxos, 1. T. H., Ipo®.,
Ouer HHupyk,
Jlennc MakoBchbkuid

KIII im. Irops Cikopcbkoro

Anorauist. JlocipkeHo p13H1 crocoon BI/Ip06HI/IHTBa TOHEpIB. 3pasku_OTpH-
MaHi METOJaMH CyCIICH3IHHOI Ta eMyIbCIiiHOI MoiMepHsallii Ta monxiMepH-
3alier0  MiHi-eMyinbeil.  Byno mpoctexeHo MOp(ONIOTivYHI - XapaKTepHCTUKH
BUTOTOBJICHUX TOHEpiB. JloCmipKyBaHi TOHEpH, OTPUMAaHI 32 CXEMOIO CYCIICH-
3ii, BusiBWIM Maibke chepuuny (opMmy 3 HaiiMEHIIMM PO3MIPOM YaCTHHOK —
4,95 MKM TIOpIBHSHO 3 €MYJIBCITHUMH Ta MiHi-eMYJIbCIHHUME TPOXYKTaMH
noiMepu3artii i3 cepeaniMm po3mipoM gactuHOK 12,03 1 16,07 MKM BiamOBiHO.
KurouoBi ciioBa: ToHep, Jla3epHUi IPyK, CYCICH31HHA MOIIMEPU3allis, CMYJIb-
ciifHa mmoiMepu3aItis, MiHi-eMyJIbCiifHA ITOIMEpU3allis.

Abstract. Various methods of producing toners have been studied.
The samples were obtained by the methods of suspension and emulsion
polymerization and mini-emulsion polymerization. The morphological
characteristics of the manufactured toners were traced. The studied toners
obtained by the suspension scheme showed an almost spherical shape
with the smallest particle size of 4.95 um compared to emulsion and
mini-emulsion polymerization products with an average particle size
of 12.03 and 16.07 um, respectively.

Key words: toner, laser printing, suspension polymerization, emulsion
polymerization, mini-emulsion polymerization.
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Tonep — 1e npiOHOAMCIIEPCHUI TONIMEPHUH ITOPOIIOK PO3MipOM
Big 6 1m0 12 MKM, 34aTHUI NEPEHOCHTH 300pakKeHHS Ha MiIKIAAKY
3a JIOTIOMOTOI0 0araToeTamHoro MPOIIECy, BIJOMOTO SIK eJIEKTPO(OTOrpa-
¢iunnii nqpyk. ToHEpH CKIIaIArOThCS 31 3B’ SI3yFOUOTO, SIK MPABHJIIO, COTIO-
JIMEpPy CTHUPOITY Ta aKpmiaty abo mojiedipHuX cMoi; OapBHHUKA 1 HEBe-
JIMKOT KUTBKOCTI J0OaBKM — areHTa Juisi KOHTPOJIO 3apsily, IO Hajgae im
MOTEHLIa Ui APYKY. Y mpoueci enekrporpadiuHoro IpyKy iHAyKOBaHi
CNEeKTPOHHI CHUTHAIIM TEPEHOCATh IPUXOBaHE 300pakeHHS Ha Oapa-
0aHi (OTOKOHAYKTOpPa 3 MOAAJBIIOK MEPEAAUCIO SICKTPUIHO 200 Mar-
HITHO 3aps[UKEHOTO TOHepa J0 BH3HaueHOi o0macTi 300paxkeHHs Oapa-
Oana. YacTHHKY TOHEpaA 3roIoM JPYKYIOTHCS Ha TAKIAIT, (QiKCYIOTHCS
Ta CIUIABIISIOTHCS 3a TIEBHOT TEMITEPaTypH Ta THUCKY.

B peakuii noniMepuzanii npuiiMany y4acTs:

— MonomepH — ctupo (St) (Ipan) i n-Oyrunaxpunar (BA) (Hiveuunna);

— inimiaropu — nepekuc Oensoiny (BPO) (Kwurait) 1 a300icizo0y-
tupoHiTpun (AIBN) (HimeyunHna), peokc, M0 CKIAAa€ThCs 3 BiTHO-
BHHKa (Qopmamnbaeriacyabpokcuiary Harpito (SFS) i okuciaroBaya Tpe-
TrHHOTO OyTHATiAponiepokcury (TBHP);

— TIOBEPXHEBO-aKTUBHI PEYOBUHHU — Jofeluicynbdary narpito (SDS),
cocTrabinizaropa neruioBoro cupty (CA);

— 3mmBarouni areHt — 1,6-rexcanmmoniakpriar (HDDA) (Himewunna);

— crabimizatop — noniBiHUTOBHY criuptT (PVA) (Kuraii);

— OapeHHK caxa (CB) — Printex U (Himeuunna).

Bci Bumes3asHaueHi XiMiKaTH BHKOPUCTOBYBAJIH B TOMY BHIJISIII,
B SKOMY BOHHM OyiaW OTpUMaHi, 32 BUHATKOM St, SIKUH TPOMHUBAIU
10 mac. % po3umnom NaOH ans BupaneHHs iHrioiTopa rigpoxi-
HoHy. CKjaj KOMIIO3WIIM sl PI3HUX BHIIB IOJiMepu3allii HaBe-
JeHo B Tabm. 1.

VY pasi cycnensiitHoi moimMepu3artii peaxiito mpoBoauiy pu 70 °C
npotsaroM 6 rox mpu MWBHAKOCTI nepemimryBaHHus 400 06/XB mix mpo-
IYBKOIO a30ToM. BinbHopamukansHy comonimepusaiio St 3 BA Oyio
IHIIOBaHO PO3KJIaJaHHsAM OpPraHiuHO po3yMHHOrO iHimiatopa AIBN.
[lirmeHTOBaHI YAaCTUHKHU TOJIIMEPY OCAKyBaJIN IEHTPU(PYTYyBAaHHIM
CyMIIIIi 3a JOTIOMOTOIO JIei0HI30BaHOT BOAM 3 ITOMAJBIITNM BUCYIITYBaH-
HSIM Y BaKyyMHi# miedi npotsirom 12-tu ronuH [1].
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Tabaumsa 1 — Ckiiag KOMITO3UITT IS TTOTiMepHU3aItii
py BUPOOHUIITBI TOHEPA

. Cxkaan (Macosi yactuau Ha 100 yacTUH MOHOMePiB)
Inrpenient " - - .
cycneH3is eMyJIbCis MiHi-eMyJIbcist
St 80 80 80
BA 20 20 20
Bona 600 600 600
SDS 1,2 1,2
PVA 5 5 5
BPO 1 — 1
AIBN 2 — —
HDDA 6 6 6
CA — — 2
BignoBHUK — 1 1
CB 4 4 4

EmynbciiiHy monimMepu3aniio MPOBOAMIM 332 THX K€ YMOB, IO
1 CyCHeH3iliHY, 32 BUHSTKOM TOT'0, 1110 BBEACHHS pelokc-ininiatopa SFS
JO3BOJIMIIO 3HU3UTH Temmeparypy peakuii 70 40 °C. OkucmoBanibHO-
BiJTHOBHA ToJliMepu3allisi 06e3 PO3YMHHUKIB 3a0e31edye M’sKi YMOBHU
peaxiiii, Ta BUCOKY KOHBepciro. OTpuMaHuil ToHEp (QiIBTpyBasd, MPo-
MHBAJIN JCiOHI30BAHOIO BOJOIO Ta 30epirayid micys BUCUXaHHS [2].

3arajom comoiiMepH3allisi MiHi-eMYJIbCii € Kpalmlow B MOPiBHSHHI
3 eMyJbCIHHOIO 3aBASKM KpamoMmy MacooOMiHy. MiHi-eMynbciliHa
noJiiMepu3allis POXoAmiia MOMiOHO 0 eMylibCiiiHoi, ane npu 55 °C.
Kpim Toro, y npoMy BHIQJIKy JI0 PEaKIiHHOTO CEpPEeOBHUIIA J0IABAN
crabimizatop CA mis mocsirHeHHS OajlaHCy KOHBEpCii Ta OKPYIIIOCTI
JaCTUHOK TIiT 9ac mojimepu3artii [2].

OTpuMmaHi TOHEpHU 3 PI3HUX CXeM IojiMepu3auii HeHTpUuyryBaaiu
Ta JUCIEPryBajy y BOAL 3 MOJANBLIOID 0OPOOKOIO YABTPa3BYKOM IPO-
TSTOM MPUONM3HO ABOX XBHJIMH JUIs pyHHYBaHHs arperariB. ucnepcii
TOTYBaJM JIJIsi BUMIPIOBAaHHS PO3MIPY YaCTHHOK 1 PO3MOALTY YacTH-
HOK 3a PO3MipoM Ha aHajizatopi po3mipy udactuHOK (PSA, Malvern
Mastersizer 2000, AHIIIS) 3 MOXIIMBICTIO BHSABJICHHS B JIiara3oHi
0,02—2000 MKM.
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Mopdororito momMepru30BaHUX YaCTHHOK TOHEpa CIOCTepiraiu
32 JONOMOTOI0 CKaHYIOUOTo €JISKTPOHHOIO MiKpockoma, a Qakrop
(hopMu TOHEPIB BU3HAYAIIM 32 JIOTIOMOTOI0 MTPOrPAMHOI0 3a0e3eueHHS
image-J (tabn. 2). Ilepen cTBOpeHHSIM 300pakeHb MOPOIIKH TOHEpa
TTOKPUBAJIUCS 30JI0TOM, 100 3poOuTH iX mpoBimHUMHU. [lepeTBOpeHHS
MOHOMEpY BH3HAYaJIH TPABIMETPHIHUM METOIOM.

Tadmuus 2 — Mopdonoriuti BI1acTHBOCTI TOHEPIB,
OTPUMaHHX PI3HUMH METOJIAMH

Mﬂ;)ﬁg;;m& d(50) mxm | InTepBan | OxnopianicTs %z:;opf’
Cycriensis 495 2,05 0,93 1,03
Emynscis 12,03 1,84 1,84 1,80

Mini-eMybCis 16,07 0,77 0,53 1,23

TepMiuHy MTOBEAIHKY TOHEpa MPOBOAMIN Ha nudepeHIliiHOMy cKa-
HYIOUOMY KaJopuMeTpi. BuMiproBaHHS MpOBOAMIM B Jiara3oHi TemIie-
paryp 0...150 °C 3i mBuakictio HarpiBy 10 °C/xB B atMmocdepi a3oTy.

{06 owiHUTH SIKICTH TOHEpa ISl IPYKY Ha OCHOBI €(eKTy po3mipy
YaCTUHOK, MOKHA 3aCTOCYBaTH 3aKOH [ proHiiaxa. BinmoigHo, cepenHiit
pO3Mip YacCTHHOK TOHEpa OOCpHEHO MPOMOPITIMHWMIA MIUTEHOCTI HaHe-
ceHoi ToukH. JIJIT HOCATHEHHS iJealbHOTO BIATBOPEHHS 300pajkKeHHS
3 BUIIOIO PO3/ITLHOIO 3IaTHICTIO MOTPiOEH Manii po3Mip YaCTHHOK.

Sk mpaBMIO, YACTHHKM, IO MalOTh JiaMeTpd B Jiana3oHi
Big 10 MKM 0 5 MM, OTPUMYIOTh IUISIXOM CYCIIEH31HHOI ToNiMepu3a-
1ii, 1110 BCE IIe HE MiIXOAUTh U BUCOKOSKICHOTO IU(POBOTO JAPYKY.
Ha macrts, BBeOeHHA B CHCTEMY HEOPraHIYHMX IIOPOLIKIB, TAaKHX
sk CB, 3MeHIye po3Mip Kpareib 3a paxyHOK iHTeHCHQIKaIlii 3Mimry-
BaHHs. KOHTpomb po3mipy Kpamenb Ha paHHIA cTafii cycneH3iiHOI
nojiMepu3auii MEBHOI MIpOI0 BH3HAuae KIiHLEBUH PO3MIip CHHTe-
30BaHOrO TOHepa. Sk BuAHO 3 Tabi. 2, cycrHeH3iliHa ToiiMepu3alis
€ YCIIIITHOIO y BUPOOHUIITBI TOHEPIB, IO MAIOTh BIAOBITHUI cepes-
Hil po3Mip TSI BUCOKOSIKICHOTO APYKY [2].

Ha BigMiHy Bin cycrieHsii, eMysbciliHa Ta MiHI-eMYIIbCiiiHa TomiMe-
pH3aLis mpu3Besna 10 Ay’Ke APiOHMX YaCTHHOK CyOMIKPOHHOTO JiaMeTpy
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(muB. Tabn. 2). lle BuMarae 30UIbIIEHHS AiaMeTpa YaCTHHOK IO CIPH-
ATIUBOTO PO3MIpY, MPUIATHOTO Uil MPAKTUYHOTO 3acTocyBaHHs. Kpim
TOTO, JOJAaBaHHS OKHCHO-BimHOBHOTO mpekypcopa SFS-TBHP crtBo-
PIOE BHCOKOAKTHBHI PaJIMKaNH, SIKI CHPUSIOTh YTBOPEHHIO YaCTHHOK,
SIKI MAlOTh MPUUHATHAN TiaMeTp I ApyKY — 8—12 MkM (quB. Tabmd. 2).
Xoua eMynbCiifHI a00 MiHI-eMYIIbCiiHI METOaM TmoJiMepu3arii Oyiam O
O1IbLI LiKaBUMH 3 TOUKHU 30y MOTPeOU B €HEprii, po3mip YaCTHUHOK CIIij
JIOJTaTKOBO KOHTPOJIOBATHU ISl SIKICHOTO APYKY.

[IponyKTUBHICTE TOHEPHHUX APYKAPCHKHUX 1 KOMIIOBAJBHHX MAIIWH
Oyne 3anexxatu Bij mMopdoinorii Tonepa. CepryHi YacTHHKH TOHEpa
I IBUITYIOTh SKICTh 300pake€Hb, BOJHOYAC 3HIDKYIOUH €(EKTHUBHICTDH
OUUIIEHHS Yepe3 3HWKECHHSA TePTS MK OYHCHUM JIe30M 1 OapabaHoM
¢doroxkonaykTopa. Bonn Takox 3meHmyoTs Ban-nep-BaanscoBy anre-
3110 Mi’K TOHEPOM 1 OCHOBOIO.

Ha puc. 1 mokazano SEM wikpodotorpadii momimMepr3oBaHHX
TOHEpPiB, OTPUMAHHX 3a JOIIOMOTOI0 PI3HMX CHOCOOIB mMoiMepu3arii.
CdepudHi 9acCTHHKH ONEP)KYIOThCS MPHU CYCHEH3iHHIN moniMepu3arii
(puc. 1, @). 1m0 MOXKHA OSICHUTH MEXaHI3MOM 3apOJKEHHS KpareJb.

l' 7w L, o ¥ -’ ; @ . o "\ riyT (c) R -

KV 250KX  10um  KYKY-EM3200  SN:0363 26 KV 2.50KX __10um KYKY-EM3200  SN:0J83 | 26KV 280KK 10um  KYKY.EM3200  SN:0383

Pucynoxk 1 — Mikpodororpadii SEM uactuHok TOHEpA,
OTpPHMaHMX METOaMH IojiMepH3alii B cycneHsii (a), emynbcii (b)
1 MiHI-eMyJIbCiT (¢)

BuxoprcTaHHs OKHCHO-BiTHOBHOTO iHiIliaTopa JAEmi0 MOPYIIHIIO
(dopMy TOHEpa B eMyJbCiiHIH Ta MiHI-eMyIbCIHHIN MONiMepH3aii
(muB. puc. 1,511, ¢) [3].

BUCHOBKHA

BcranoBneHo  3anexHICTH  MOP(OJOTIYHUX — XapaKTEPHCTHK

BHTOTOBJICHMX TOHEPiB Bim crmocody momiMepm3arnii. Tak ToHepw,
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OJIepXaHi CyCIEH31HOI TOJIMEepHU3aIli€l0 BUSBWIM Maibke cde-
puuny dopmy (koedinient dopmu=1,03) 3 HaliMEHIIUM pPO3MiIpOM
qacTUHOK (4,95 MKM) MOpPIBHSIHO 3 €MYJIbCIHHUMHU Ta MiHi-eMYJIbCili-
HUMH TIPOAYKTaMH MOJiMepH3alii i3 cCepeHiM pPO3MIpOM YacTHHOK
12,03 i 16,07 mxm BigmoBigHO. OMHAK PO3MOALT YaCTHHOK 3a PO3Mi-
POM JUTS TIPOAYKTIB €MYJbCiHOI Ta MiHIeMYIbCIHHOT ToJiMepu3altii
cranoBuB 1,84 1 0,77 BignoBimHO, 110 OyJI0 3HAYHO HUXKYMM, HIK 3Ha-
gyenHs 2,05 171 TOHepiB, OTPUMAaHUX METOIOM CYCIEH31HHOI.

Chucok Jgireparypu

1. Andami, F. Atacefard, M., Najafi, F. and Saeb, M. R. (2015). “Fabrication
of black printing toner through in situ polymerisation: An effective way to
increase conversion”, Prog. Colour Colourants Coat. Vol. 8, no. 2. P. 115-21.

2. Arshady, R. (1992). “Suspension, emulsion, and dispersion polymeri-
sation: A methodological survey”, Colloid & Polymer Science. Vol. 27,
no. 8. P. 717-32.

3. Ataeefard, M. (2013). “Production of carbon black acrylic compos-
ite as an electrophotographic toner using emulsion aggregation method:
Investigation the effect of agitation rate”, Composites: Part B. Vol. 64,
no. 2. P. 78-83.

YIK 678.742.046:691.175.5.8

MNIABUIIEHHA MEXAHIYHUX
BJIACTHUBOCTEM MATEPIAJIIB HA OCHOBI
HAJIBUCOKOMOJIEKYJISAPHOT'O TOJIETHJIEHY
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JI1000B MelbHHUK, K. T. H., JIOLI.

KIII im. Iropst Cikopcbkoro

Anoramisa. B naniif poOori Oymo OCHIMKEHO BIUIMB IOJiCTHICHIII-
koo (PEG) ta momietmneny Bucokoi miasHOoCTi (HDPE) Ha MexaniuHi
BJIACTHBOCTI TOJICTHIICHY HanBHCOKOi MojekymspHoi macu (UHMWPE).
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Jonasanust HDPE moxkpamniye mexanigHi BIacTHBOCTI (MIIHICTE Ha po3-
pHUB, MIIIHICTh Ha BUTHH, yIapHa B’ A3KiCTh, MOIYIb MPYKHOCTI TIPH BUTHHI)
y cuiBBinHomenHi UHMWPE/HDPE — 60/40. Xoua npu nomaBanni PEG
nokparyerscst TexHonoriunicte UHMWPE, ane moripiryroTbess MexaHiuHi
BJIACTHBOCTI CyMIIIIi.

KarouoBi caoBa: mnomierwsien Bucokoi mineHocti (HDPE), mnomietunen
HaaBucokoi monekymsipHoi mMacu (UHMWPE), ymapra B’s3KicTh, MIITHICTB
Ha BUTHH, MOJYJIb TIPY)KHOCTI, MEXaHI4Hi BIACTUBOCTI.

Abstract. This study investigated the effect of polyethylene glycol (PEG)
and high-density polyethylene (HDPE) on the mechanical properties of ultra-
high molecular weight polyethylene (UHMWPE). The addition of HDPE
improves the mechanical properties (tensile strength, flexural strength,
impact strength, flexural modulus) in the UHMWPE/HDPE ratio of 60/40.
Although the addition of PEG improves the processability of UHMWPE,
the mechanical properties of the compound deteriorate.

Key words: high-density polyethylene (HDPE), ultra-high molecular weight
polyethylene (UHMWPE), impact strength, flexural strength, elastic modulus,
mechanical properties.

[omieTnnen Hax BucokomonekymsapHoi macu (UHMWPE) — e min-
IPYIOI0 TEPMOTUIACTHYHOTO TOJIieTHIIeHy. BiH Mae HaA3BUYaifHO TOBTi
JIQHITFOTHY, SIK1 JO3BOJISIFOTH OLIbII €(EKTHBHO MEPCHOCUTH HaBaHTA-
JKCHHSI Ha TIOJIIMEPHHUI CKEJIeT LUIIXOM IMOCHJICHHS MIKMOJICKYJISIPHOT
B3aemoii. Lle mpu3BOAUTE IO Ay)KE€ MIITHOTO MaTepialy 3 HAWBHIIOIO
YIAPHOIO MIITHICTIO cepell OyIb-IKAX TePMOILIACTIB.

[omieTunen Bucoxoi minsHOCTi (HDPE) e momimep BHcoKoi Tyc-
THHU, OTPUMAaHHI PEAKINE€I0 TMOoJiMepu3allii eTHICHY TP HU3BKOMY
TUCKY. B cTanmapTHHX yMOBax Iie TBEpIUii, >KOPCTKUH, BiIHOCHO TPO-
30pa peYOBHHA.

[Momerunenrnikons (PEG) — 3arambHa Ha3Ba MOJIKOHICHCOBAHUX
MOJIIMEPIB  €THIICHTIIIKOMO0 abo0 IONIiMEpPU30BaHUX TOJIMEpIB OKHCY
CTUJICHY 1 BOIH, [Ie HEWTpaJIbHUN, BOOJOPO3UMHHUN TosIiMep. 3aneKHO
BiJIl CEpEAHBOT MOJICKYJISIPHOI MacH MOJIiMepy — B’ SI3Ka PiJIMHA, KEIEIO-
JiOHa abo TBep/a PEUOBHHA.

B poGori [1] st 30iIbIIEHHS yAapHOI MIIHOCTI TIOMIMEPY BHKO-
PUCTOBYIOTH  CyMilml — moiieTwieHy Bucokoi tmmiibHOCTI  (HDPE)
i3 TOMieTWIeHOM HaaBuCOKoi Momnekyasipaoi macu  (UHMWPE)
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Ta nonietwieHrmikoneM (PEG), mo B moganpiioMy AeMOHCTPYIOTh 30116~
LIEHHS MIIHOCTI Ta yapHOi BSI3KOCTI, MOPIBHSHO 3 YACTHM MOTIMEPOM.

I'panynu HDPE nonpiOGHIOIOTE B MOPOLIOK Mepes 3MillyBaHHSIM
3 UHMWPE i PEG ans oTpumaHHs OJHODPITHOTO CKJIaAy 3 IOJallb-
UM TPAHYJIIOBAaHHAM PO3IUIaBY 3 BUKOPHCTAHHSIM OJHOIIHEKOBOTO
eKCTpyzepa 31 MBHUIKICTIO oOepTaHHs mHeka 80 06/xB. BMicT xomro-
HEHTIB CyMillli y BiAMOBIAHOCTI J10 TaO. 1.

Taomuus 1 — Cxnan cymimeir UHMWPE/HDPE/PEG

Ho3nauenns 3paskiB | UHMWPE (mac. %) | HDPE (mac. %) | PEG (phr)
U10H90G 10 90 2
U20H80G 20 80 2
U30H70G 30 70 2
U40H60G 40 60 2
US50H50G 50 50 2
U60H40G 60 40 2

Temmieparypa 10 30HaM MaTepiabHOTO IIJIIHIPY SKCTpyAepa Bimmmo-
BizHO 195, 220, 220 1 240 °C. 3acTOCOBaHO XOIOMHHUHA CTIOCIO TPAHYIIAIIII.

3paskn g gocHikeHb  po3mipom  12,7x3,0%x150,0 MM
(wMpuHa X TOBIIMHA X JIOBKWHA) BUPI3ajid 3 BIANPECOBAHOTO JIHCTA.
TexHomnoriuni mapaMeTpu (GOpPMYyBaHHS JIUCTA: TeMIlEpaTypa Mpecy-
BanHs 210 °C, yac npecyBanns 25 xB (15 xB HarpiBy ta 10 XB 0x0J10-
JDKSHHS T THCKOM), TUCK 14 MITa.

JlocmipkeHHST TIPOBOJMIM Y  BIATIOBIAHOCTI 70 CTaHAAPTHUX
MmetoniB BuipoOyBaHHs ASTM D256-10 (Standard Test Methods
for Determining the Izod Pendulum Impact Resistance of Plastics).
BunpoOysanus Ha ygap 3a [3omom mnpoBomwnu nHa I[MPats 15
(ATS FAAR Iramis). 3pasku s BUNpoOyBaHb BIATIOBIOANN THITY
II ASTM D 256. Haciuky Ha mmouHy 2,6+0,02 MM BHKOHYBaJIH
3a JOIIOMOTI'OI0 Hapi3HOTO iIHCTPYMEHTY.

Mexaniuni BnactuBocti cymimeit UHMWPE/HDPE/PEG nokazani
Ha puc. 1. MinHiCTh Ha PO3PUB, MILHICTh Ha BUI'MH 1 MOIYJb MPYXK-
Hocti mpu 3ruHi cymimedn UHMWPE/HDPE/PEG cnouarky 3po-
CTa€, aje TOTIM TOCTYNOBO 3MEHINYETHCS 31 30UIBIICHHAM YacTKH
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HDPE, 1 MakcuMajbHe 3HA4eHHS JOCATacThCs, KOJIM CITIBBIIHOIIECHHS
UHMWPE/HDPE 6yne cranoButu 60/40. MinHicTe Ha pO3TST, Mil-
HICTh Ha BHIMH 1 MOIYJIb MHPYXHOCTI NMPH BUTHHI 30UTBIIYIOTHCS
Ha 13,8 %, 25,7 % ta 32,5 % [2]. Lle moB’si3an0 3 TiiM, o UHMWPE
Ma€e BHCOKOB’SI3KOTIPYKUHY Oe3rnepepBHy (a3y, Koiu auctepcHa ¢asza
HDPE € Hu3bKO10, 1 B pe3ynbrari boro MoieKyisipHi ianitorn HDPE
MPOHMKAIOTH Y MoJekysipHi janmorn UHMWPE. Lleii 38’30k nipu-
3BOIUTH A0 €(EeKTUBHOrO MPOTUCTOSIHHS Aedopmalii, TO K MIHICHI
XapaKTEPUCTUKH TTOKPAIyOThes 13 qogaBanasmM HDPE.
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Pucynoxk 1 — Brutus yactku HDPE Ha MexaHiuHi BIacTUBOCTI CyMi-
mreii UHMWPE/HDPE/PEG: a — BnacTHBOCTI Ha po3TsT; b — BIacTH-
BOCTI TIPH 3THHI

Vnapna B’s3kicte cymimedr UHMWPE/HDPE ta UHMWPE/
HDPE/PEG nponemoncTpoBano Ha puc. 2 [1]. SIk BugHO, ynapHa B’s13-
kicte UHMWPE/HDPE mae Buiili Ta Kpariii MoKa3HUKH 1€ OB’ SI3aHO
3 TUM, 11O MEPETUICTEHHS JIAHITIOTIB JI03BOJISIE TIOTIMHATH OiJIbIle eHep-
Tii gepe3 mepeopicHTAIlifo JIAHIIOTIB Ta iX KOB3aHHSI.

[pasunenuit ckman cymimi UHMWPE/HDPE (tabm. 1) mae
BaroMme 3HadeHHs. YaapHa miuHicts cymimedt UHMWPE/HDPE 306e-
piraerbest 1o 60 mac. % HDPE, ta npu 306inbmenni Bmicty HDPE
CIIOCTEPIraeThCsl pamnToBe MajiHHA. butbln  e(eKkTuBHE MOINIH-
HaHHS eHeprii ymapy Oy/lo BHSBIEHO Ui KOMIIO3MINI IPH BMICTI
UHMWPE 40, 50 i 60 mac. %. Y 1iux KOMITO3UIISIX HE CIIOCTEPIiranocs

62



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLji)

pPO3pHUBIB JOCTHiAHUX 3pa3kiB. lle MOXHA TOSCHUTH TOBHHM CILIaB-
JICHHSIM Ta XOPOIIOK ajare3ito Mik mnoeepxHero posainy UHMWPE
3 HDPE [1]. Ane skmo B3stu Bmict HDPE 70 mac. % 1 Buie,
TO 11 IPHU3BEJIE J0 MOTIPIICHHS aIre31iHOT B3aeMOIIT MK YaCTUHKaMU
UHMWPE ta marpunieto HDPE, sk macmimok BimOymeTbest pedopma-
ii mmactuky. ToMmy Ut 30epekeHHST MEXaHIYHUX BJIACTHBOCTEH BMICT
HDPE B cknazi cymimi He moBUHEH nepeBuiysat 60 mac. %.

120+
100+
804
60 1

40+

Y aapHa MiHicTs (kLkA3)

204

—&— UHMWPE/HDPE
1| —s— UHMWPE/HDPE/PEG

O1—A T T T T T T 1
0 40 50 60 70 80 20 100 110

HDPE (mac.%)

Pucynok 2 — Ynapna B’s3xicte UHMWPE/HDPE
ta UHMWPE/HDPE/PEG

BUCHOBKH

VY nmaniii poOOTI MOCTIHKEHO MeXaHIuHI BIACTUBOCTI CyMIIli TOJTi-
eTuieHy HaaBucokoi MosekynsipHoi Mmacu (UHMWPE) i3 nonietnneHom
Bucokoi minsHocTi (HDPE). 3aznaunmo, npu noxasanni PEG y cymim,
3HAUHO TOTIPIIYOThCS MexaHiuHi BiactuBocTi UHMWPE, xoua momi-
CTUJICHIIIKOJIb MO TOKpPAIyBaTh TEXHOJOTIYHICTh mojimMepy. Tomy
nonaBanHs HDPE mokparrye Taki TMOKa3HWKH: MIITHICTH Ha pPO3PHB,
MIIHICT Ha BWTHH, yJapHa B’S3KiCTh, MOIYJb MPYKHOCTI MPH 3THHI.
Onrumansanm crissiguomenasM UHMWPE/HDPE e 60/40.

Cnucoxk Jiteparypu
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Jawaid. “Thermal and mechanical properties of ultrahigh molecular
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THIN FILM POLYMER COMPOSITES INCORPORATING
RED MUD PARTICLES AS AGENTS FOR FORMING
TEXTURED SURFACES WITH WATER REPELLENT

PROPERTIES

Oleksiy Myronyuk, PhD, As. Prof.,
Denys Baklan, PhD student,
Li Che, PhD student

Igor Sikorsky Kyiv Polytechnic Institute

Abstract. This study explores a potential approach to derive the foundation
for water-resistant coatings from red mud. The process involves annealing to
remove the water-soluble components of the waste. The research demonstrates
that the utilization of stearic acid as a water-repellent agent yields
the highest contact angle of 143°. The findings indicate that red mud could
be a viable source for producing hierarchical systems capable of achieving
hydrophobicity, in addition to the conventional particulate fillers.

Key words: red mud, hydrophobicity, contact angle, water-repellent coatings,
organo-mineral composite.

Nature has a number of water-repellent surfaces that use the stable
Cassie state due to their unique structure and chemical composition [1].
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The study of lotus leaf surfaces has led to the development of the field
of research on hydrophobic surfaces, which has resulted in the creation
of theoretical criteria for the most effective water-repellent structures
based on geometry [2]. However, the technology of water-repellent
coatings is still in the developmental stage and is limited by issues such
as scaling difficulties, high costs, and low stability under atmospheric
conditions [3]. One potential solution to this problem is the use of
waste particles, such as red mud, as components of dispersed particles.
However, red mud has high chemical activity and water-soluble
components, which can be overcome through inactivation with acid
gases, the hydrothermal method, or high-temperature annealing. The aim
of the study is to confirm the possibility of producing thin-layer water-
repellent coatings based on these particles, which could open up a new
way to valorize this approach and contribute to the stability of the Cassie
state when using hierarchical structures based on agglomerates of
dispersed particles [4].

The study confirms the effectiveness of all water repellents used in
achieving contact angle values above 90° for initially hydrophilic sludge
particles. When modified with stearic acid, the sludge achieves the highest
contact angle values of up to 136°, attributed to the larger amount of this
water repellent compared to silane ones. However, Dynasylan OCTEO
is also effective in hydrophobization, and a clear difference in efficiency
is observed between annealed and unannealed sludge. To form textured
surfaces, different compositions were tested by varying the content of
the film-forming agent binding the particles on the surface. It is worth
noting that the intrinsic contact angle of the styrene-acrylic polymer used
is 85°, which is quite close to the hydrophobic state.

The squeegee method used to produce coatings based on red mud
and polymer results in a surface with heterogeneous wetting properties.
Three types of compositions with the polymer can be identified based
on their wetting properties. Type A contains the minimum amount of
polymer and high porosity, resulting in the development of the surface
structure. Type B has more polymer and fills voids between particles,
but the surface remains rough and matte. Type C contains enough
polymer to cover the red mud particles completely.
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Without polymer, unannealed red mud particles have a water
contact angle of 53°, while annealed red mud particles have a contact
angle of 55°. With the addition of a polymer, the contact angle
drastically increases to 131°.

When a binder is used, there is a gradient transition from
completely unwetted red mud particles to completely wetted particles.
The “A” condition denotes only the lower red mud particles being
wetted by the polymer, resulting in water contact angles of 133°
and 138° for unannealed and annealed red mud, respectively. The “C”
condition denotes complete polymer wetness of the red mud particles,
resulting in water contact angles of 86° and 101° for unannealed
and annealed red mud, respectively. The contact angles following
the order of C>D>E. It is worth noting that even untreated red mud in
the composition shows a high water contact angle, indicating the film-
forming properties of the styrene-acrylic polymer and its ability to
produce a stable coating that provides good protection against water.
Among the water repellents used, stearic acid was found to be the most
effective in achieving a contact angle of 143° in state A.

CONCLUSIONS

This article explores a potential method for repurposing red mud
to derive the foundation of water-resistant coatings. The water-
soluble segment of the waste is removed through annealing
at 950°C. The study demonstrates that the utilization of stearic acid
as a water-repelling agent in binder-depleted thin-film composites
leads to the highest contact angle of 143°. Consequently, red mud
can be deemed as a viable basis for producing hierarchical systems
capable of achieving hydrophobicity, in addition to conventional
dispersed fillers.
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AHAJII3 ®AKTOPIB IMIJIBUIIEHHSA BOTHECTIHKOCTI
TKAHUX MATEPIAJIIB

J1000B MeJbHHUK, K. T. H., JOII.,
Ipnna Copokina
KIII im. Irops Cikopcbkoro

Anortanis. [ocnimkeno smuB antunipeny PVP (PR)-P-DCDA pi3Hux koH-
LEHTpaliii Ha BOTHECTIHKICTH OaBOBHH. 3pa3Kh OTPUMaHi METOJIOM MpO-
coucHHs. [loBeneHo, mo o6podka PVP (PR)-P-DCDA cumeHO BIUTHBa€e
Ha CTIMKICTH 110 3acTocyBaHHs moyM si. Pesymbratn TGA mokazanm, 1o Tem-
reparypa po3KiaJaHHs 00poOIeHUX TKaHUH OyJia 3HIKCHA [UITXOM 00pPOOKH,
a PVP (PR)-P-DCDA 3narHuii 3aXxucTUTH 0aBOBHY BiJ TEpPMIUHOI Jerpamarii
Ta CHOpPUATH YTBOPECHHIO CTabiIbHOTO OOBYIIIEHHS. BcraHoBiIEeHO, 1m0 Aona-
BaHHS AHTUIIPEHY J10 0OaBOBHM 3MEHIIYE 3alMHCTICTh 4epe3 Jeriiparaiio
PVP (PR)-P-DCDA 10 oOBymIJIeHHS, YIIOBIJIBHIOE JOBXHHY OOBYIVICHHS,
a TaKOX BTPATy MacH 3pa3KiB.

Kuro4osi cjioBa: 0aBOBHA, aHTHUIIIPEH, BOTHECTIHKICTh, MOMIBIHIJIOBUHN CIHPT,
0OBYTJICHHSI.

Abstract. The effect of flame retardant PVP (PR)-P-DCDA of different
concentrations on the fire resistance of cotton was studied. The samples
were obtained by impregnation. The treatment of PVP (PR)-P-DCDA has
been shown to greatly affect the flame resistance. The TGA results showed
that the decomposition temperature of the treated fabrics was lowered by
the treatment, and PVP (PR)-P-DCDA was able to protect the cotton from
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thermal degradation and promote the formation of stable char. The addition
of flame retardant to cotton was found to reduce the flammability due to
the dehydration of PVP (PR)-P-DCDA to char, slow the length of char, as well
as the weight loss of the samples.

Key words: cotton, flame retardant, fire resistance, polyvinyl alcohol, charring.

Mertoro pocmimkeHHs Oyiia po3poOKa aHTHITIpeHY /Il OaBOBHH, €KO-
JIOTIYHO YMCTOTO Ta JIETKOTO B 3acTOCyBaHHi 3 epekrom P-N cuneprizmy.

OjHUM 13 METOJiB Ha/IaHHSI BOTHECTIMKOCTI BUpOOaM € BBEICHHS
JI0 iX CKJIaJy aHTHIipeHiB, abo 00poOka HUMH BHUPOOiB. B wmiii poboTi
iHTepec OyB 30CepelkeHHil came Ha 00poOIi OaBOBHSHOI TKAaHWHHU
AQHTHUIIIPCHAMH, OCKUTBKH caMe el METOJl € CKOHOMIYHHM 1 TIPaKTH4-
HUM BHOOPOM cepel iHIInX.

B poGori [1] 3anpomoHOBaHO 3 €0 METOK BHKOPUCTAHHS
HOBOTO TOJIMEPHOro aHTumipeHy i3 (ochopHO-a30THUM CHHEP-
rismom (PVP (PR)-P-DCDA) cuHTE30BaHO Ha OCHOBI MONIBIHIJIO-
Boro crupty (PVA), rimpodinproi momiediproi cmomu, docdop-
Hoi kucnotu Ta aumiangiaminmy (DCDA). ¥V cuHTesi momiBiHiIOBHI
cnupt (PVA) OyB oOpaHuMil 3aBOskd BUCOKIM peakiiiiHiii 37aTHOCTI
Ta 3/IaTHOCTI /10 KapOOHi3aIlii, a TakoXK HU3bKii BapTocTi. BiH Takox
€ XOPOIUM 3ac000M JJisi OOBYINIIOBAHHS 1 MA€ CyMICHICTb 3 LIEJIONO-
3010. Jumiangiamin (DCDA) BUKOPHCTOBYBABCS 3aBASIKM TOMY, IO BiH
€ XOPOIITUM ITOPOYTBOPIOBAYEM y IHTYMECIICHTHIN CHCTEMi aHTHITIpe-
HiB. 3aBIsKy 37aTHOCTI M0 3mmBaHHSA PR (momiedipna cmoma 3 ring-
POKCHWIIBHUMHU T'pynaMu), Oyjla BUKOPHUCTaHA JUISl IiJBUILEHHS JOBIO-
BIYHOCTI IIUISIXOM 3IIUBaHHS MK aHTHITIPEHOM 1 0aBOBHOIO [2].

[TokpokoBuii TpolleC CHHTE3y BKA3aHOTO AaHTHIIIPEHY JeTajbHO
npencTasienuii [ 1], 610k-cxema ioro 300paxena Ha puc. 1.

lotyBamm BOJIHI PO3UHHH OTPUMAHOTO AHTHUITIPEHY
PVP (PR)-P-DCDA (75 %) 3 pi3HUMH KOHIIEHTpPAIisIMH, TaKUMHU
sik 300 /1, 350 r/m, 400 r/m 1 450 r/m.

Jns mpurotyBaHHS fociinHux 3paskiB 100 % O0aBoBHsSHY TKa-
HUHY Hapi3alli Ha CMYXKH JOBKHHOIO 200 MM Ta mmpuHOIO 50 MM
(Y TOB3IOBKHBOMY HANpPSIMKY Opi€HTAIlil BOJIOKOH), Ta MPOBOIMIN iX
MPOCOYEHHS BOJHUMH PO3YMHAMHU AHTHITIPEHIB BKAa3aHWX KOHIIEHTpPA-
[ili TpbOMa 3aHypPEHHSMU NPHU KIMHATHIA TemIieparypi 3 BiTHOCHOIO
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BojioricTio noitps 85 %. Ilortim 3pasku cymmnum npu 100 °C npots-
rom 3 xB Ta orBepkyBanu npu 180 °C nporsrom 3 xB. Ilepen tecty-
BaHHSIM BCi 3pa3ku BUTpuMmyBajuch npu 20+2 °C i BigHOCHIiH BoJO-
rocti 65+2 % npotsrom 24 roj.

OH

1hr I
Hydroxy-
+ functional Product + __-P-..,
polyester (5g) O/ \ OH
120 ml H-O OH

55 ml (85%)
orthophosphoeric acid

12¢g
urea

¥ hr

" | 3nr.100°C

- ——— BEEDYN . | pyA(PR)-POH
2hr, 100°C

Pucynok 1 — brok-cxema cunrezy PVP (PR)-P-DCDA

OTtpumaHi 3pa3Kd JOCH/KYBAIM Ha BEpPTUKAIbHE TOPiHHS (BiI-
moBigHO 1m0 ISO 6940:2006 Ilpomenypa A (oBepXHEBE 3aiiMaHH:)).
VY BunpoOyBaHHI BUKOPHCTOBYBABCSI MAKCUMAaJIbHUN Yac 3aCTOCYBAaHHS
nosrym’st 20 ¢, TCJIsE 40ro BUMIPIOBAIN TIOIIKOJDKEHY JIOBXKUHY (pHC. 2)
3paskiB. Ilicnsi BupaneHHsi Ipkepena MOIyM’sl Hi TOPIHHS, Hi TJIHHS
3pa3KiB HE CIOCTepirasocs.

Tect Ha rpanmunmii kucHeBnit iHmeke (LOI) mpoBOmwIM BiIIOBITHO
o craamapty BS 4589-2. Bin € ogHuM 13 HAWTOMYIISPHIMIIX HAyKOBHX
METOJIIB OIIHKM BOTHECTIMKOCTI. TexcTmibHiI Marepiany, 31 3HadeHHs LOI
1o 21 % — mBumako ropsith, ko LOI B Mexax Big 21 mo 25 % — ropsith
noBibHO, LOI BHIIIe 26, MaTepian Ma€e MeBHI BOTHE3aXUCHI BIIACTUBOCTI [3].

VY Tabn. 1 HaBemeHO pe3ynbTaTH BUNPOOYBaHb Ha 3aliMUCTICTh
nocmiganx 3paskiB. [lokasamk LOI mas HeoOpobieHoi GaBOBHAHOT
TKaHUHH ckiafae 17,6 %.

69



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-npakTM4yHOi WEB-KoHdepeHLiji)

|
|

o L"?"EI»L— 5 L‘“"_

Pucynok 2 — BumiproBaHHS TTOIIKOKEHOT TOBKHHA
Yy BEpTHKAIbHOMY BHIPOOYBaHHI Ha TOPIOYICTh

Tadauns 1 — Pesynsraru 3aiiMucTOCTi 00pOOIEHUX OAaBOBHSHHUX TKAHUH

Tun Konnenrpania | Tect Ha rpaHny- JoB:xnHa Brpara
TKa- PO3YMHY aHTH- | HUIl KUCHeBUH MOLIKO- MacH,
HUHHA nipeny (r/J) ingexc, LOIL, % | mxennss L (Mm) | W, %
450 27,1 133 13,72
100 % 400 27,2 141 13,54
6aBoBHa 350 25,8 156 26,96
300 25 162 17,85

Sx BuzxHO 3 Tabm. 1, MOIIKO/KeHA AOBXKHMHA Ta BTpara Baru
00p0o01eHO0i TKAHUHU 0OEpHEHO OB’ s3aH1 3 KOHIIEHTPALisIMH aHTH-
nipeHy. Bumii koHIeHTpauii aHTHMIpEeHYy NPU3BOIATH O MEHIIOI
JOBKWHU OOBYTJIIOBaHHSI Ta MEHINOI BTPAaTH MacH B OOpOOJICHHX
0aBOBHSHUX TKaHHHAX.

0O6pob6ka PVP (PR)-P-DCDA 3pmarna 3Ha9HO 301TBITATH 3HAYCHHS
LOI nys 6aBoBru (Big 17,6 mo 27,2), BOrHECTIHKICTh 3pocTae ~15 %.

Byno mpoBeneHo mnopiBHsnbHUE [Y-crexTpockomiyHuii - aHa-
miz  (Spekord-75). Cnexktpu HeoOpoOiieHMX Ta  00poOJIeHUX
PVP (PR)-P-DCDA (400 r/n) TkaHnuH 3 0aBOBHM HaBEICHO Ha pHC. 3.

Y cmekTpi HeoOpoOieHoi OaBOBHSHOI TKAHWHW MOXKHA 3HANTH
OCHOBHI  ITIKM TIOTMIMHAHHA  BiOpamii ©aBOBHH  (IIEITIOJIIO3H).
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BaneHTHI KONMMBaHHSA TiJPOKCHIBHUX TPYH LEJNIONIO3H CTaHOBUIIN
3333 em!, a CH, — 2896 cm'. XapakrepHi niku konuBanb CH cra-
HoBwiM 1424 i 1315 cm'. Banentni xonuBanuss C—O Oyiau mpu-
omuzHo 1027 1 1052 cm!'. Xapakrepui miku mnormuHaHHs P i N
y PVP (PR)-P-DCDA wMoxna nerko imeHTH(iKyBaTH Ha 00poOie-
Hii OaBOBHsAHIM TkaHwHI. Hampukian, P cmocrtepiraBes mpu mpwu-
omuzao 831, 905 ta 1232 cm!, a — NH, cnoctepirascsi npuOIn3HO
npu 1659 ta 3333 cm~! Ha 00pobaeHux TkaHuHAX. L{i cMyru BKasyrTh
Ha MPHUCYTHICTH XiMiKaTy, 0 MicTUTh P-N, Ha 6aBOBHAHUX TKaHWHAX.

T
4000 scon 3000 7600 2000 1660 1060 50040
cm-1

Pucynok 3 — Cnexrp Heoopobnenoi (1) i PVP (PR)-P-DCDA
00po0sIeHOT (2) 0aBOBHSIHOT TKAHUHH

TepmorpaBiMeTpHUHUI aHaII3 € HAUTTOMTUPEHIIITAM METOIOM OITIHKH
TEpPMIYHOI CTAOLTBHOCTI pi3HUX mMonimMepiB. Bimomo, mo aHTumipeHwH,
0 MICTATh (POCGOP, YTBOPIOKOTH 3IIUTY MEPEKY BCEPEIUHI IISITFONIO3H,
sKa MOXE TEPEeIIKO[UKaTH BUBUIBHEHHIO JIETKUX TOPHOYMX (pparMen-
TiB 1 MOCWIJIIOBaTH YTBOPEHHs OOBYIVICHHS. BOHH MOXYTh 3MEHIIMTH
3aMHUCTICTH TIENIONIO3H, TOJIOBHAM YHHOM IUISXOM JeTinpartarii, ¢oc-
(hopuTIoBaHHA Ta MeXaHi3MIB po3kiiaaanHs Gocharaux edipiB. 3araaom
OYIKY€TbCS, IO BOTHE3aXMCHI PEYOBMHH PO3KIAAAIOTHCS 110 abo
OM3BKO JI0 TeMIlepaTypy poO3KIaJaHHs cyOcTpary, o0 HeperKoaKaTH
npotiecy ropinss. Puc. 4 imocTpye KpHuBi TepMOrpaBiMETPUYHOTO aHa-
i3y mis HeoOpooOneHoi Tta obpodmenoi 100 % OaBOBHSIHOI TKAHUHH
3 PVP (PR)-P-DCDA (400 1/1). 3i6pani maHi miacymMoBaHi B Ta0I. 2.
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Pucynoxk 4 — TepmorpasimMeTpudHi KpuBi HeoOpoOeHoi (1)
1 00po6seHoi (2) OaBOBHH

Tabauns 2 — J[ani HeoOpoOIeHUX 1 00pOOIEHNX TKAHUH

3pa3ok T,°C | T,°C 3agaumox npu 800 °C (%)
baBoBHa 342 373 3,2
Bbasosna — 400 r/n 273 310 19,7

baBoBHa 3a3BuMuall mipodi3yeThcs B a30Ti JBOMa albTepHa-
TUBHUMH NUISXaMH, $IKi BKJIIOUYAKTh PO3KJIAJaHHS TIIKO3UIIb-
HUX OJIWHUIL N0 aii)aTUYHOTO BYTULIS NPU HIDKYHX TeMIiepa-
Typax 1 JIemoJliiMepHu3aIlifo TaKuX OAWHHUIL IO JICTKUX MPOMYKTIB,
0 MICTATH JICBOTIIIOKO3aH, MpHW BUIIIA Temmeparypi. HasBHicTh
BOTHE3aXMCHUX OOpOOOK BIJIMOBiJa€ 3a CUJIbHE 3HIKCHHS TEM-
nepaTrypyu pPO3KIAJaHHS [EII0J03U, SK BHSIBICHO IOYaTKOBUM
3HaueHHsIM poskiananas (T1) 342...273 °C jgns oOpoOieHoro
3pa3ka. TepMmorpaBiMEeTpHUHHMI aHali3 00poOieHol OaBOBHU
B armocdepi a3ory mokazaB mpubauzHo 20 % Macu 3aJHUIIKOBOTO
Byrimg npu 800 °C, mo BKa3zye Ha BUCOKY TEPMiUHY CTaOiIbHICTB.
s TeHaeHIiS B OCHOBHOMY 3YMOBIICHAa B33a€EMOJIEI0 IIEITIONIO3U
ta PVP (PR)-P-DCDA mix yac cnantoBaHHs, 1m0 3ano0irae mojaaiib-
i gerpanpamii TkauuH. Li pe3ynpratu cBig4arh mpo Te, M0 J0ja-
BaHHS AaHTHUIIIPEHY J0 OaBOBHM MOIJIO 3MEHIIUTH 3aiMHUCTICTH
gepe3 nerinpararito PVP (PR)-P-DCDA mo o6ByTi1eHHS.
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MIABUIIIEHHSA YIAPHOI B'A3KOCTI MATEPIAJIIB
HA OCHOBI HAIBUCOKOMOJIEKYJIAPHOI'O
MOMIETUIERY AJA BPOHEKUJIETIB

Jlennc CaBueHKo, K. T. H.,
Banentun Baaaimipos

KIII im. Iropst Cikopchkoro

Anoranis. JlocniypkeHO TiIBUIIEHHS YAAapHOI B’SI3KOCTI OpOHEKHJIETIB
Ha OCHOBI HaJIBUCOKOMOJICKYJSIDHOTO ITIOJIETHJICHY 3a JIOIIOMOTOIO CTBO-
penss rpanienty kpucraiigaocti (KI'). 3pa3ku oTpumaHi METOIOM T'paji€HT-
Horo HarpiBaHHs. J[oBeseHO, MO 00poOKa 3pa3Ky IpaJi€HTHUM HarpiBaHHIM
CUJIPHO BIUIMBA€ Ha yHAAapHY B’s3KicTh. Pe3ynbraTh BHMIpIB 3a JOIIOMOTIOIO
BumnpoOyBans Ha ymap Llapmi moxasamu, mo yrBopeHHs KI' cmmbHO BIum-
Bac Ha MOKA3HUKH YJIApHOI B’S3KOCTi. BecTaHOBIIEHO, 1O NMPH TPajiieHTHOMY
HarpiBaHHI HIDKYOi YaCTHHU 3pa3ka, pe3yJbTyloua yaapHa B’ sa3kicTs Ha ~20 %
Kpalre, YUM BEpPXHbOI YaCTHHH.

KarouoBi ciioBa: OpoHeuIeT, ynapHa B’S3KICTh, HaJBUCOKOMOIECKYJISIPHUN
MIOJIIeTHJICH, TPali€HTHE HATPiBaHHS.

Abstract. An increase in the impact strength of bulletproof vests based
on ultra-high molecular weight polyethylene by creating a crystalline-
gradient (CG) was investigated. The samples were obtained by the method
of gradient heating. It has been proven that the treatment of the sample
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by gradient heating strongly affects the impact strength. The results of
measurements using Charpy impact tests showed that the formation of
a CG strongly affects the impact strength. It was established that with gradient
heating of the lower part of the sample, the resulting impact strength is ~20 %
better than that of the upper part.

Key words: bulletproof vest, impact strength, ultra-high molecular weight
polyethylene, gradient heating.

Metoro poboTH Oysi0 JOCIIPKEHHS 3MiHU YIapHOI B SI3KOCTI TuIac-
THH 3 HaJBUCOKOMOJIeKYy/sipHOTo noietwieny (HBMIIE) nnst 6pone-
JKUJICTIB METOJOM TPaJliEHTHOTO HArpiBaHHS IUIACTHH. [ pamicHTHHIA
HarpiB — 1¢ HarpiB 3 Pi3HUM 3HAYCHHSIM TEMIICpPaTypH 1O TTPOTHIICHK-
HUM MTOBEPXHAM 3pa3ka [1].

B poGori [2] 3ampomnoHOBaHO CTBOPHUTH 3pa3Kd AJSl JOCITIKEHb
3MiHu yjapHoi B’s3kocTi tiactun HBMIIE 3a paxyHok Temmneparyp-
HOTO TPafi€HTy. 3pa3Kd Mald BHIVISI MPSMOKYTHHUKIB 3 PO3MipaMu
80x80x10 MM (mmpuHaA X JOBKHHA X BHCOTA), a JUII X CTBOPEHHA
BHKOPHCTOBYBaJIacs allfoMiHieBa Gpopma.

AnomiHiEBY (OpMY 3aIIOBHIOBAIIM TIOJTIMEPOM Ta MOMIIIAIH B Ti-
paBniunuii npec. Temmneparypa HarpiBy HWKHBOI 1 BEPXHBOI IUIMTH
npecy craHoBuin 390 ta 220 °C BiAmoBiIHO, TAKUM YUHOM CTBOPIO-
BaBCS TEMIIEPaTypHUH TPaTi€HT IO BHCOTI 3pazka. Yac BUTPUMKH
y mpeci 20 xB mpu THCKY 15 MIIa [2].

OxonomkeHHsT BUpoOy BigOyBanock y ¢hopMi py KiMHATHIN TeMrie-
parypi. 3pa3ok MaB HamiBIIPO30PHUH OLIMH BUIVIAL i3 BUIUMOIO MEXEIO
MiX BEpXHIMH Ta HIDKHIMU YaCTHHAMU 3pa3ka (puc. 1) [2].

Pucynok 1 — ®otorpadist ToCIiTHOTO 3pa3Ky

V 3pasky BepxHi noBepxHei mapu HBMIITE-KI™ manu 6iny, Henpo-
30py TOPHCTY CTPYKTYPY, @ HI)KHI — HamiBIPO30py Ta TOMOICHHY.
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Lle migTBepamin pe3yibTaTd CKaHyBaJbHOT enekTpoHHoi (CEM)
Ta aToMHO-cuiI0Boi Mikpockomii (ACM) (puc. 2). Kpim Toro, BepxHi
mapn HBMIIE-KI' n1eMOHCTpYIOTh KUTBLENOMIOHI KapTHHU elleK-
TPOHHOI auGpakiii BUOpaHoi 001acTi, TOAl SK HWXKHI HIapH JICMOH-
CTPYIOTh UiTKi TOYKOBI AUQPAKIIHHI KapTUHU (pHC. 3), MO € J0Ka-
30M CTPYKTYPHOTO MEpEeXOAy BiJ HU3BKOI'O CTYNEHS KPHCTATidHOCTI
JI0 BUCOKOTO B JociimkeHux 3pazkax HBMITE-KT [1].

Pucynok 2 — Jlocnimxenns crpykrypu HBMITE-KT o Bucori 3pa3kis
o naanM CEM (a) Ta ACM (0)

Pucynok 3 — ludppakuiiini kapruan HBMITE-KI™ mo Bucori 3pa3kiB

HBMIIE-KI' nemoncTpye OUIbITy yAapOCTIHKICTh, KOJIH ymap
INPUXOOUTHCS Ha iX HIDKHIO cTopoHy. Kpama ynapHa B’S3KiCTh
OLTBII KPUCTANIYHOT HMKHBOI CTOPOHU, BUHUKAE 4Yepe3 BEIIUKY Killb-
KicTh eHeprii, sika moTpiOHa aisi nedopmanii KpUCTaIiuHOIro wLIapy,
a BEPXHS CTOPOHA CIYXKHUTh OTOPOI0, K4 MOYKE IEePELIKOKATH TTOILIH-
PEHHIO TPIIUH, PO3CIFOIOYH SHEPril0 BiJl HANPSIMKY yAapy 1O 1HIIHX
HampsmkiB. Hezanexxno Binm ctroponu yaapy, HBMIIE-KI' 3abe3neuye
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MOKpAIIEHY YIapOCTIHKICTh MMOPIBHSHO 3 €TAJIOHHUMH 3pa3KaMu 3 ByT-
neuesoi craii AISI 1090 ta HBMIIE (ta6an. 1) [1].

Taomuusa 1 — Cepenns eneprist pyiHHyBaHHS
Ta yaapHa B’sA3KiCTh MPEACTaBICHNX MaTepiatiB

. Enepris pyiiny- apHa B’si3-
Marepian B‘;I:{Hﬂ,pﬁ'My yl:cilc)n,, l'[a3
HBMIIE-KT (HmxHS yacTHHA) 5,69 1249,7
HBMIIE-KT (BepxHs yacTuHA) 4,95 1039
AISI 1090 Byrenena craib 3,19 764,6
HBMIIE nopiBHsIBHAH 3pa30K 0,12 110,6

Takum unnom, HBMIIE-KI' nemoHCTpy€e TOKpamieHy 37aTHICTh
MOTJIMHATH €HEPTiI0 Ta CTIWKICTh A0 yaapiB, IO poOUTH ix 3arpedyBa-
HUMU JIJ1s1 OpOHIOIOUHX MaTepiajiB Ta BUpoOiB [2].

Cnucok Jiteparypu
1. Crystalline-gradient polycarbonates prepared from enantioselective
terpolymerization of meso-epoxides with CO, /Y. Liu et al. Nat Commun.
2014. Vol. 5. P. 5687. URL: https://doi.org/10.1038/ncomms6687 (date of
access: 12.08.2014).
2. Janeschitz-Kriegl, H. Crystallization Modalities in Polymer Melt
Processing : monorpadis. 2nd ed. Springer Cham, 2018. 229 p.
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CTBOPEHHS KOMIO3UIIMHAUX HETKAHUX
INOJIIMEPHUX MATEPIAJIIB

Bornan CaByeHko, 1. T. H., Ipo.,
Ouaexcangp Cienuos, K. T. H.,
€sreniii Byiarakos, acriipant

KuiBchkuii HalliOHATFHAN YHIBEPCHTET TEXHOJOTIH Ta TU3aiHy

AmnoTtanis. Po6oTa npucBsdeHa aHai3y cTaHy MUTAHHS CTBOPEHHS HETKAaHUX
MOJIIMEPHHUX MaTepiaiB Ha OCHOBI IMOJIMEPHUX KOMIIO3UTIB.

KurouoBi cjioBa: HeTkaHi OMIMEpHI MaTepiaiy, HAITOBHIOBAY, ITOJIITIPOITIICH,
KapOOHAT KaJIBIII0, PO3TaTy>KeHA TTOBEPXHSI.

Abstract. The work is devoted to the analysis of the state of the art of creating
nonwoven polymeric materials based on polymer composites.

Key words: nonwoven polymeric materials, filler, polypropylene, calcium
carbonate, branched surface.

Herkani mosiMepHi MaTepiaii — OKpeMHI KIac TEKCTHIHHUX Mare-
piaiiB, IO IMHUPOKO 3aCTOCOBYIOTHCS B JIETKI MTPOMHUCIOBOCTI, MEIH-
LUHI, CiIbCbKOMY TocronapcTsi, moOyti. Herkani marepiaaum maroTh
psa mepeBard Haja TKAaHMHAMH, OCKUIBKHM, TEXHOJIOTIYHHH Tpolec
iX OTpUMaHHS MOXE 3/IMCHIOBATUCS B OJMH TEXHOJOTIUHUI Mpo-
Xig 1 € eKoHOMIYHO Outhbml BUTiTHEM. CHpPOBHUHOIO IJII OTPUMAHHS
HETKAaHUX MaTepialliB € BEeJNWKa KiTbKICTh CHHTETUIHHX ITONIMEPIB —
moJiinporniier, momiedipu, HEWIOH, TEePMOIUIACTHUYHI TOJiypeTaHH,
towmo [1]. OmHUM 3 METOIIB OTPUMAaHHS HETKAHHX MOJIMEPHHUX MaTe-
piainiB € aepoguHamiuHe GopMyBaHHs 3 PO3ILIaBy nomiMepy [2].

Herkani momiMepHi Matepiaid 3aBIsSKH CBOIM CTPYKTypl edek-
THBHO 3aCTOCOBYIOTHCS ISl (DUIBTPYBaHHS TOBITPS Ta PIAMHHUX CHC-
TeM. Tak 3 MONMPOMNiNIeHy OTPUMYIOTh KaTpUKi ISl (UIBTPIB AJs
BOJIM, OTHOPA30BI MEIMYHI Macku, ririeHiuHi Bupoou. [llupoxa cdepa
3aCTOCYBaHHs HETKAHMX MarepiaiiB 3yMOBIIIOE 3arOCTPEHHS MUTAHHS
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yTHIi3amii BUpoOiB, 10 BUYEPIIAIH CBOE MIJTbOBE 3aCTOCYBaHHA [3—4].
30kpemMa, 3 Ii€l0 NpoOJEeMOI0 TOCTPO 3IITOBXHYJIOCH CYCHUIBCTBO
B HACJIIJIOK eMifieMii KOpOHaBIpyCy Ta aKTUBHOTO BUKOPHUCTAHHS OTHO-
pa3oBUX MEIMYHHUX Macok. Yepes3 CBOIO HHU3BbKY MOBEPXHEBY T'yCTHHY
BUKOPHUCTAaHI HETKaHI MaTepialidi JIETKO PO3HOCATHCS BITPOM TIpH
MOTPAIUISHHI HA MOJIITOHH, IOTPAILISIIOTh Y BOAOHMH.

AHani3 miTepaTypHUX JaHUX Ta NPAKTUYHI HABUKH y PO3POOII
TEXHOJIOTH MepepoOKH MOMIMEPHUX MaTepialliB 103BOJSE 3aCTOCY-
BaTH KiJIbKa MPUHOMIB JUIsi BUPINICHHS JTaHOI MPOOJeMH. Y MepuioMmy
BHIIAJIKy, MOXHA 3aMIHWATH TIONINPOITIJICHOBY CHPOBHMHY Ha 06iomo-
JmiMepu, Hampukiaan moiutakTua. [lomimaktum — 1me  Oiomomiedip,
10 OTPUMYIOTh 3 MPOAYKTIB TIepepoOKu KyKypyasu. [lomiMep Bomosie
BOJIOKHOYTBOPIOIOUMMH BJIACTUBOCTSIMH 1 34aTEH MICIsl BUKOPUCTAHHS
PO3KJIaIaTHCh HA HEIIKiJTUBI KOMIIOHEHTH HPOTSATOM 2 MICSILIB y CIie-
[iaJIbHUX YMOBaX KOMIIOCTYBaHHSI.

Takuii cmoci®, Ha TEPIIUN OIS 3MAETHCS 1ICaTbHAM IIIITXOM
JI0 BHpINICHHS NUTaHHA YTHIi3allii BUPOOIB 3 HETKaHWX Marepia-
niB. [Ipote, 3 iHIIOr0 OOKY, MOJLTAKTH CHOTOMHI 1€ KOIITYE 3HAYHO
JOpokue, HiK mominponisieH. KpiM Toro, 3 TOYKH 30py NPHHLUIIB
LIUKJTIYHOT €KOHOMIKH, TOBTOPHE MEpepoOIeHHs] BUKOPUCTAHUX BHPO-
0B € CKOHOMIYHO BHTIAHIIIUM 1 AOIIBHIIIUM ITPOIECOM, HI’K KOMIIO-
CTYBaHHS, 110 Iepegdauae 0JHOPa30BE BUKOPUCTAHHS IIPOAYKTY.

Hpyruii BapianT mependadae OTpUMaHHA HETKAHWX ITOJIMEPHHX
MarepiajiB 3 TONIMPOIMUICHY Ta IOJUIAKTHIY, TONEpeIHbO HAIIOBHE-
HUX MiHepaJbHUM HANOBHIOBaYeM — KapOOHAaTOM KajbLilo. B mpomy
BUTIAJIKy, MOXXHAa OTPUMAaTH HETKaHI MarepiaJldi Ha OCHOBI IMOJiMep-
HUX KOMIIO3UTIB, SIKI BiJIPI3HSIIOTHCS OLIBII PO3ray:KeHOI MOBEPXHEIO
MaTepiay, o 0COOMBO aKTyaIbHO MPH BUPOOHUIITBI (PITETPYBATEHUX
MarepiaiiB. Takoxk, 3aCTOCYBaHHS TOJIIMEPHUX KOMITO3UTIB 3a0e3meuye
3HIJKEHHSI BapTOCTI HOJIIMEPHOI CKJIAA0BOI y BUIAIKYy 3aCTOCYBaHHS
nominaktuay. HeTkani Marepiaqy OTpUMaHi 3 MOJIMEPHHX KOMIIO3HTIB
BOJIOJIIOTH BHUIIIOIO TTOBEPXHEBOIO TYCTHUHOIO, 1[0 3HMKYE iX 3IaTHICTH
JI0 PO3HECEHHSI BITPOM IIPH TIOTPAIUISTHHI Y HABKOIUIITHE CEPEIOBHIIIC.

[IpoBeneHi NOUIYKOBI €KCHEPUMEHTH B JAHOMY HAIpPSMKY IOKa-
3a]M, IIO0 TOJiMEpHI KOMIIO3UTH € HOBHUM HAIIPSIMKYy B PO3BHUTKY
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TEXHOJIOTIH HeTKaHWX MarepiamiB. Tak, 3acTOCYBaHHS BYIJICLIEBHX
HaIOBHIOBAYiB J03BOJISIE OTPUMYBAaTH HETKaHI MOMIMEpHI MaTepiaiu
3 PErylibOBaHUMH EJIEKTPONPOBITHIUMHU BIACTUBOCTAMHU. MOXIHMBICTh
KOMOIHYBaHHSI HAIOBHIOBAYiB Pi3HOT (YHKI[IOHAIBHOCTI BiJIKPHBAE
HOBI cdepH 3aCTOCyBaHHS CTBOPEHUX HETKAaHWX MaTepialliB Ta OTPH-
MaHHS MarepialiB 3 MPOrpaMOBAHUMH BIACTHBOCTSIMH.
BUCHOBKHA

VY poGoTi 3anpornoHOBaHO MOXIIUBICTD CTBOPEHHSI HETKAHUX Mate-
piayiB Ha OCHOBI TOJIMEPHUX KOMIO3UTIB. OOIPYHTOBaHO OCHOBHI
repeBary JIJaHOTro crnocoly Ta MOXKITHBI 3aCTOCYBaHHS.
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EJEKTPOIIPOBIAHI EHOKCUKOMIIO3UTHU
3 BYIVIEHEBUMU HAHOTPYBKAMU

Bacuiab Coi1aTeHKOB,
JI1000B MeJabHHUK, K. T. H., JIOLI.

KIII im. Iropst Cikopcbkoro

AHoTanis. B maniii poGori po3poOieHO METOAM OfAep)KaHHS 3pa3KiB
Ha OCHOBI EMOKCHIHOTO 3B’S3YIOUOTO Ta BYIICIIEBUX HAHOTPYOOK; BU3HA-
YEHO ONTUMAaJbHI TEXHOJIOTIUHI PEXHUMH IX BUTOTOBIIEHHsS. JlociimkeHo
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CJIEKTPUYHUH OMip PO3pOOIEHUX KOMITO3HTIB B 3aJIC)KHOCTI BiJl KOHIIEHTpaii
BYIJICLICBHX HAHOTPYOOK.

KaiouoBi cioBa: monimMepHnii KOMINO3UIIHHUI Marepial, ermoKcuaHa cMoJa,
BYTJICTIEBI HAHOTPYOKH, EICKTPUIHUI OTip, MaTPHUIIS.

Abstract. This work develops methods for obtaining samples based on
epoxy binder and carbon nanotubes; optimal technological regimes for
their manufacture have been determined. The electrical resistance of
the developed composites has been studied depending on the concentration
of carbon nanotubes.

Key words: polymeric composite material, epoxy resin, carbon nanotubes,
electrical resistance, matrix.

[Momimepni xommozumii (I1IK) depe3 psm cBOiX IIHHUX BIACTH-
BOCTEH Ta MOXIIMBICTH BapilOBaHHS CKJIaQy 3HAXOIATh BCE OiNbII
LIMPOKE 3aCTOCYBAHHS.

Bubip mnomiMepHOi MaTpulli Ta BHKOPHCTAaHHS HAIOBHIOBAYiB
y ckiaai [IK mae 3mory 3a0e3neunty HeoOXiqHI, Harepes 3a1aHi Biac-
THBOCTI KOMIIO3HTY.

OnHYM 3 HANOBHIOBAuiB, IO ITOKPAIy€ MEXaHIYHI BIIACTHUBOCTI
(30inpIIye MIOHICTH MOJiMEpY, TalbMyIOUM IOLIMPEHHS TPIlIKH)
Ta HAJa€ EJICKTPUYHOI Ta TEIUIOBOi MPOBIAHOCTI € BYIJIEIEBI HaHO-
Tpyoku (BHT) [1].

ByrnenieBi HaHOTPYOKHM — IMUTIHAPUYHI CTPYKTYPH JiaMEeTpOM Bif
OITHOTO TI0 JEKITLKOX MECSITKIB HAHOMETPIB, IO CKJIAAlOThCS 3 OMHIET
a00 JIEKUTPKOX 3TOPHYTHX B TPYOKY TeKCaroHaJIbHUX Tpad)iTOBHX ILJIO-
muH (rpadeHiB) 1 3aKiHUYIOTbCS 3a3BHYail HaliBCEPUUHOIO TOJIiB-
koo (puc. 1) [2]. BymreneBi HaHOTPYOKM — Iie IITY4YHO OTpPHMaHa
CTPYKTypa, IO SIBJIsE COOOI0 CYKYIHICTh aTOMiB y BHINIAII TPYyOOK
3 IOPOKHUHOIO BeepeanHi JoBkuHOI0 10 100 HM 1 miameTpoM 1-2 HM.
TpyOuara ¢opma Mae Tpu KOHTAaKTHI ITOBEPXHi: 30BHIIIHIO, BHY-
TPINIHIO TTOBEPXHI Ta KiHIli TpyOoK [3].

HanotpyOku OyBaioTh pi3HOi (hopmu: omHOIIapoBi Ta Oararoruia-
POBI, IPsIMi Ta CIipaibHi, 3 BIAKPUTHMH Ta 3aKPUTUMH KiHISMHE [3].

OyHOMmMApOBI HAHOTPYOKM CTAHOBIISATH IUIACT BYIVIEIICBHX aTOMIB,
3BEPHYTHX Y TPYOKy — BHYTpimHii giametp 0,2-2 uM. bararomaposi
HAaHOTPYOKM TOOy/mOoBaHI 3 JEKUIbKOX TpadiTOBUX MUIIHIAPIB
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3 MPOCTOPOM MiK IIapaMu IpHOIU3HO Yy 3,4 A° — BHYTpilIHIN AiameTp
2-100 BM.

Pucynok 1 — CxemaruuHe 300paskeHHs
30BHIIIHHOTO BUIIISITY HAHOTPYOKH

BHT wmatots HH3BKY TycTHHY (omHOmapoBi — 1,4 r/cm® i Garato-
mapoBi Byrienesi HaHOTPyOku — 1,8 r/cm?). 3a mUTOMOIO, BiJHECEHOT
70 TYCTHUHH, MIIHICTIO BYIJICIIEBI HAHOTPYOKH JalIeKO MEPEBEPIIYIOTh
Bcl iHII Matepianu [4].

dizuko-ximiuHi BiactuBocti BHT 00yMOBIIEHI BUCOKOIO MIIHICTIO
BYDJICTIb-BYTJICIIEBUX 3B’SI3KiB, CITYACTOI0 TEKCArOHAIBLHOIO OymIo-
BOIO 1 BiJICYTHICTIO Te(DeKTiB, a TaKOXK THM, IO JOBKHHA HAHOTPYOOK
B ACCATKHU Pa3iB NEPEBHIIYE J[iaMETp.

EnexTpuyHi BIacTUBOCTI HAHOTPYOOK MOB’S3aHi 3 THM, IIO aTOMHU
BYIJICLIO MalOTh MOTPiIHHY KOOpJAWHAIII, a TOMY HAHOTPYOKH —
e apOMaTUYHiI CHCTEMH, y SIKUX TPH 13 YOTHPHOX BAJICHTHUX €JIEKT-
pOHIB OepyTh ydYacTh B YTBOPCHHI CHUTMa(G)-3B’SI3KiB, a UYETBEPTHH
YTBOPIOE Ti(7)-3B’s130K. Came T-eNeKTPOHU 3aBASIKH CIA0KUM 3B’ SI3KaM
MepeHocsATh 3apsia. Lle mosiCHIOE eNeKTPUYHI BIACTUBOCTI HAHOTPYOOK.

3aBIsIKM BEJIMKOMY BiJHOLICHHIO JOBXHHHU TpyOOK 10 iX miametpa,
HAaHOTPYOKH MarOTh HMEPKOJIIHHI BIacTUBOCTI. [lepkoisiiiss — npoTi-
KaHHA 1 (QiIBTparis piAMHM B MOPUCTHX Marepiajax, a TaKoXK MPOTi-
KaHHS CTPyMy B HEOJHODITHUX Marepianax. BBeneHHS HaBiTh HEBe-
JIUKOi KUTPKOCTI TPOBITHUKOBUX TPYOOK B Ji€NEKTPUYHI Marepiayim
3HAYHO MOKpaIye IXHi BIACTUBOCTI (10JjaBaHHs B PE3UHY a00 MIIaCTHK
0,1-0,2 % npu3BOAUTH JO IMOKPAIIAHHS EJICKTPOIPOBIIHOCTI TaKOTO
KoMITO3uIIiiiHOTO Matepiany B 1000 pa3is.

B sxocTi 00€KTiB AOCHIKCHHS B JaHI poOOTI pPO3MIAIATHCH
IIKM Ha ocnoBi emokcuaHoi cmomu EJ[ 20 3 mmactudikatopom
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muoytundramnar ([Ab®D) Ta oTBepmKyBaueM MOJIETHICHIIOMIaMi-
HoMm (ITEITA) B sixocTi HamoBHIOBadya BukopuctoByBanu BHT ¢izuko-
XIMIYHI IOKAa3HUKU HaBeJeHl B Ta0iI. 1.

Tabauus 1 — Oi3uKo-XiMiUHI TOKa3HUKX BYTIICIIEBUX HAHOTPYOOK

IToxa3zHukn 3HaueHHA
Hacumna rycruna, r/om? 2040
[Turoma noBepxHsi, M%/T 200-400
30BHIMIHIN AiaMeTp, HM 1040
[TuToMMii eIEKTPUYHHMIA OTTip CTUCHEHOTO TOPOIIKY 0.05-0.15
HEOUHIICHUX HAaHOTPYyOOK, OM'cM ’ ’

Homenni 10:2,5:1 BignoBimHo EJI-20:/1Bb®:IIEIIA Ta aucneprysamu
B ynbTpa3BykoBiii BaHHI BK-9050 3 wactororo 50 I'n 3 nomaBanasm BHT
(meBHOT KOHIIEHTparlii) mpotsirom 30 xB. J{jist ofepkaHHst JOCTIHUX 3pa3-
KiB, KOMITO3HIIiT HAHOCHUJIA METOJIOM HAJIUBY Ha CKJISIHI ITiJKJIAJIKH.

Enexrpodizrani xapakrepuctrku [TKM oriHFOBaNHCs 3a 3MIHOIO €IIeKT-
pooropy TpH KiMHATHIA Temmeparypi. [lapamerpn TOCTITHUX 3pa3KiB s
JIOCITiJDKEHHS eJIEKTPOIPOBITHOCTI CKITAA B cepeHboMy S5 x 5% 0,25 cm.

PesynbraT oCHiKEHHS €MEKTPUYHOTO OTIOPY HaBe/IeHi B TaO. 2,
a 3aJIe)KHOCTI eNEKTPUYHOro onopy Bin konueHrpanii BHT mpencras-
JIeHi Ha puc. 2.

RIS 2 — MHHH €JIEKTPUIHUI OIIp €IMOKCUIHUX KOMITO3UIIII
Tao. 2-00¢ ele OITIP EIMOKC OMITO3HIIL
HarmoBHeHux BHT

N W w
Bwmict BHT, - < v g - v ~ v
mac. % = S = — ~
= Q o ~ < o
> > =) =) S S ~
o — — — —
Enexrpuunmit | ” X X x X N &
; . © =) — o) o0 3
orp, OM'M (.l:) 2 A ° v S — S
v o < © — N

3asiexHOCTI Jiorapudmy enekTpuyHoro omopy 3paskie [IKM Bixg
KOHIICHTpALlil BYIJICLIEBUX HAIIOBHIOBAYiB MAarOTh CTCIICHCBUH BHUIVISI,
TOMY JUTSI X OTIHICY JAOIITBEHO CKOPHCTATHCS TEOPI€I0 MEPKOIIAIIIT.
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Pucynok 2 — 3anexHicTh Jiorapudmy 00’ €MHOTO EIEKTPUIHOTO OTIOPY
Bix KoHueHTparii BHT

3rifHoO 3 SKOIO caMe CHCTeMa EHOKCHIHA CMOJla — BYIJIELEBUI
HaIOBHIOBAY OAiOHA 10 MOJIEJi TPUBUMIPHOI CITKH 3 €JIeKTPOIpOBiI-
HUMH By3JlaMHM 3 YaCTWHOK HAIOBHIOBAa4Ya Ta OJOKOBAaHWMH BY3JIaMHU
13 yacTuHOK mojiimepy. [lpu HeBelMKOMYy BMICTI BYIJICIIEBOTO HAIOB-
HIOBa4Ya, MOTO YaCTHHKHU PO3MOBCIOKYIOTHCS B CIMOKCHUIHINA MaTpHIli
TOBUTPHAM YHHOM 1 HE YTBOPIOIOTH CITKY, sIKa IMPOBOIUTEL CIEKTPHY-
HUH cTpyM. 3i 301IBIIEHHSM BMICTY BYIJICHIEBOTO HAIIOBHIOBaYa, HOTO
YaCTUHKH MTOYMHAIOTH B3a€EMOIISITH OFHA 3 OJJHOIO, KJIACTEPH 3’ €/IHYBa-
THCS MiXkK COOO YTBOPIOIOUU Oe3MepepBHUM Ki1acTep, TOOTO CITKY, sKa
MIPOHU3Y€E 00’ €M KOMIO3UTY [5].

[To6nmu3y mopory MpoTiKaHHS CIOCTEPITAETHCS Pi3Ke 3MEHIICHHS
eJNeKTpooniopy (Tak 3BaHMW TEPKONALIHHUN Tepexia), MpH IHOMY
OKpeMi KJ1acTepH BYIVICLIEBOIO HAIlOBHIOBAUA 3’ €IHYIOTHCSI MK c00010
1 yTBOpIOEThbCS Oe3nepepBHUI KiacTep, M0 1 MPU3BOAUTH A0 PI3KOTO
3MEHILEHHS EeJIEeKTPOOIIopY, TOOTO BIACTHBOCTI KOMITO3HMTY 3MiHIO-
FOTHCS BiJI 130J15TOpa 70 TIPOBIHHKA.

Emokcuani kommo3utu HamoBHeHi BHT MarTe mgyke HH3BKI
MOPOTH TIPOTIKAHHS 1 TEPKONAMIHHUN TIEePeXiJ CIIOCTepIiracTbCs MpPU
BMmicti BHT Gmmsbko 1 mac. %.
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BUCHOBKHA

1. Po3po0ieHO TEXHOIOTIYHHNA PEXUM BUTOTOBIICHHS KOMITO3UITiHi-
HUX MaTepiaiB THITY TOKPUTTiB Ha ocHOBI cuctemu EC — BHT.

2. OpmepkaHO 3pa3KM  ENOKCHUIHUX KOMIIO3UIH B  HIMPO-
KOMY KOHIICHTpAI[IfHOMY 1HTEpBajl BYyIJICLEBUX HAIOBHIOBAYIB:
0-2,5 mac. % BHT.

3. BcranoBneHo, MO TepKONAiHWA mopir ans cucteMu EC —
BHT cknanae ~1 mac. %.
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EJEKTPOIIPOBIAHI KOMIIO3UTHI IOKPUTTA.
OTPUMAHHSA TA BJIACTHBOCTI

Bornan CaByeHko, 1. T. H., Ipo.,
Poman CaicTijibHiK,
Tapac ®enopis

KuiBchkuii HalliOHATFHAN YHIBEPCHTET TEXHOJOTIH Ta TU3aiHy

Amnoranis. Poborta nprcBsiueHa TOCTIPKEHHIO BIDIMBY YMOB CTBOPCHHS Ta THITY
YCTaTKyBaHHs Ha €JIEKTPOIIPOBIIHICTh MOJIMEPHUX KOMIO3UTHUX OKPHTTIB.

KawuoBi c/ioBa:  elEKTPONpPOBIJHE KOMIIO3UTHE TMOKPUTTS,  PIAKHIA
KOMITO3UTHUH Marepian, mucrlepcidHa cucTeMa, TepKOJsiiHA —Teopis
MIPOBIHOCTI, TEXHOJIOTIsI TUCTICPTYBaHHHSI.

Abstract. The work is devoted to the study of the influence of the conditions
of creation and the type of equipment on the electrical conductivity of
polymer composite coatings.

Key words: conductive composite coating, liquid composite material,
dispersion system, percolation theory of conductivity, dispersion technology.

EnexrpornpoBiiHi KOMIO3HWIIIIHI TOKPUTTS — II€ IMOJIMEPHI KOM-
MO3MLINHHI MaTepiaiu, SKi MOXYTbh MPOBOAWUTH EIEKTPHUYHHN CTPYM
Ta 3aCTOCOBYIOTBCSI JUII CTBOPEHHS CIEKTPUYHMX KOHTAKTiB abo
3a3eMJIEHHS TTOBEPXOHb. BOHM MOXyTh OyTH HaHeceHl Ha pi3HiI CcyO-
CTpaTH, TaKi K METaJ, CKII0, ITACTUK Ta iHIII MaTepiam.

Li moxpurTsi 3a3BMYail CKIANAIOTBCS 3 MOMIMEPHOI Marpuill, sKa
MICTHTh METaJIeB YaCTHHKH, TaKi SIK Miflb, aTFOMiHii a00 cpiOo, sKi 3a0e3-
MICYYFOTh EJIEKTPOIIPOBIIHICTh a00 BYIVICIICBI HAMOBHIOBAYI, TaKi SIK Caxka,
rpadit, HaHOTPYOKH, TpadeH, ByIeneBi BOJIOKHA, M iX KomOiHaris [1-2].
[okpuTTst MOXyTh OyTM HaHECeHI Ha CyOCTpaTd Pi3HUMH CIIOCOOaMH,
HaIpHKJIaJ], METOIOM HaITiJIeHH, papOyBaHHs a00 MITTAKITFOBAHHS.

EnexrponpoBiziHi KOMIIO3UTHI OKPUTTS IIUPOKO BUKOPUCTOBYIOTHCS
B €JIEKTPOHILl, EJIEKTPOTEXHILIl, TEJICKOMYHIKAIiSX Ta 1HIINX Tamy3sx, J1e
NOTPIOHUI HaJIMHUH eeKTPUIHUI KOHTAKT a00 3a3eMJIICHHSL.
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EnexrponpoBinHi KOMIIO3UTHI MOKPHUTTS MOXYTh OyTH SK aHTH-
CTaTUYHHMH, TaK 1 JICJICKTPUYHUMU, B 3aJISKHOCTI BiJ iX 3MaTHOCTI
MPOBOANUTH ENEKTPUYHUI CTpYyM. AHTHUCTaTUYHI MOKPUTTS IpH3HA-
YeHI JIJIsl 3HWKCHHSI HAKOITMUYCHHSI CTaTHYHOT EJIEKTPUKH Ha MTOBEPXHI,
10 MOKE NPU3BECTU 0 BUXOLY 3 JIaJy €JIEKTPOHHUX HPUCTPOiB abo,
HAaBITh, JIO ClTajlaXy y BUOyXOHeOe3MeyHnx 30HaxX. BOHN MaloTh BUCOKY
CJICKTPONPOBIHICTh Ta 3a0€3MeuyI0Th IBUAKUNA CTaTUYHHUN Yac 3ara-
CaHHS, IO J03BOJISIE YHUKHYTH HAKOIMYEHHS CTaTUYHOTO 3apsiiy.
JlieneKTpuyHi MOKPUTTS, HaBIAKH, MAalOTh BHCOKHHA DPIiBEHb 130JIAIi1
1 HE TPOBOJATH EJICKTPUYHHH CTpyM. BOHM BHKOPHCTOBYIOTBHCS JUIS
3aXHCTy TTOBEPXOHD Bill KOPO3il, a0pa3suBHOTO 3HONTYBaHHS a00 1HIITHX
MOLIKO/DKEHb Ta 3a0€3MeUyI0Th EJICKTPUUHY 130JIALII0 Ul €JIeKTPOH-
HUX KOMIIOHEHTIB Ta IPUCTPOiB [3].

OnHak Jiesiki TOKPUTTS MOXKYTh MaTH 1 aHTUCTaTUYHI 1 JieNeK-
TPHUYHI BIIACTUBOCTI, 110 JIO3BOJISIE 3a0€3MEUUTH 3aXUCT BiJI CTATUYHOI
CICKTPHUKH 1 OJHOYACHO HAJATH 130JIAIIHHAN 3aXHUCT.

EnexTporpoBigHi KOMITO3UTHI MOKPUTTS 3 orropoM 100 OM i Himkde
MOXYTb BHKOPHCTOBYBATHCSl JJIsI CTBOPECHHS! HarpiBaJIbHUX eJEeMEH-
TiB, TaK SIK BOHM MalOTh JOCHTb BHUCOKY E€JICKTPUYHY MPOBIAHICTH AJIS
nepeaadi MOTY)KHOCTI HarpiBy. OfHak, Li Marepiaid MOXKYTbh TaKOXK
BUKOPHCTOBYBATUCSl JUISi CTBOPEHHS CKpPaHYIOUUX 1 BiAOMBarOIHX
[IOBEPXOHb, TAK K, BOHU TAKOX MAIOTh JOCHUTb BUCOKY IPOBIIHICTH
JUIA [IAX I(UIEH.

EnextponpoBifHi KOMITO3UTHI Marepialidi 3 HH3BKAM OIIOPOM
MOXYTb BHKOPHUCTOBYBATHCS Ul CTBOPEHHS Pi3HUX THUIIIB HarpiBalib-
HUX €JIEMCHTIB, TAKUX SIK TUTIBKOBI HarpiBadi, HUTKH, TEPMOCIEKTPHYHI
nepeTBoproBadi Ta iHmi. [{i HarpiBaibHI €IeMEHTH MOXYTh 3aCTOCOBY-
BaTUCh Y PI3HHUX Tajy3sSX MPOMHUCIOBOCTI — MEIWIIMHI, aBTOMOOUTEHA
MIPOMHUCIIOBICTB, €JIEKTPOHIKA, TOLIO.

Kpim TOTO, €1eKTpOonpoBiiHI KOMIO3UTHI Marepiand MOXYTh BUKO-
PHUCTOBYBATHCS JUII CTBOPEHHSI MOBEPXOHb 3 EKPaHYIOUMMH BIIACTH-
BocTsMU. Lli MaTepianu JO3BOJNISIOTH CTBOPIOBATH 3aXUCHY CKPaHYIOUy
000JIOHKY, JIJIsl €IeKTPOHHHX IPHCTPOIB, IO JIOTIOMArae 3aXWUCTHTH
iX BiA eNEeKTPOMArHiTHUX NEpeIlKoA. Takok BOHM MOXYTb BHKO-
PHUCTOBYBaTHCS SIK €JIEKTPOMArHiTHI €KpaHW B PI3HUX Tally3siX, TAKHX
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SIK, aePOKOCMiUHa 200 METUIINHA, Je MOTPIOCH 3aXKCT BiJl €IeKTpoMar-
HITHUX TOJIB [4].

B enexTponpoBiiHUX KOMIO3HMLIHHUX TOKPHUTTSIX peanizoByBaHa
MPOBIIHICTh OIUCYETHCS MEPKOJISIIIKHHOI0 TEOPIEr0 1 B 3HAYHIA Mipi
3QJICKUTH BiJI TEXHOJOTIYHUX OIepalliii CTBOPEHHS ITaHOTO TOKPHTTS.
BaxnuBoo cTafi€lo OTPUMAaHHs €JIeKTPONPOBIIHOTO KOMIIO3UTHOIO
MOKPUTTSL € MPOLIEC AUCHEPIyBaHHS HANOBHIOBaYa i PO3MOALTY HOro
YaCTUHOK B TOJIMEpPHiH MaTpHLli MPH CTBOPEHHI PiJKOTO KOMITO3HIIi-
HOTO Marepiaiy.

Byno pmocnipkeHO BIUIMB TpoOIeCcy JAWCIEPTyBaHHS 3 BHUKOPHC-
TaHHSIM pi3HOTO YycrarkyBauHs (1 — mucmepcep Marnit @CX-2A;
2 — crynkouii MiuH Fritsch Mortar Grinder Pulverisette; 3 — Tpu-
BankoBuid MiuH Exakt-50; 4 — ynpTpasBykoBuMiI Iucmepratrop
V3/1H-A1200T) Ha nUTOMHI E€NEKTPUYHHUH OIip €IEeKTPONPOBITHOTO
KOMITO3UTHOTO TIOKPUTTSI HA OCHOBI MOJIBIHIJIOYTHUPAIIIO, 10 MICTHIIO
KoMOiHOBaHMH HamoBHIOBaY — rpadit mapku Cl Ta caxy mapku XC72
B KibkocTi 60 Ta 10 % mac. BignosigHo (Tabm. 1). TpuBamicTs 3Mimry-
BaHHs BapiloBajlach B MIMPOKUX MEXKax A0 OTPUMAaHHS MiHIMaJIbHOTO
3HAUEHHS MUTOMOTO EJIEKTPUYHOTO OTMOPY IS KOKHOTO BUAY AMCIIEP-
I'YIOUOTO ycTaTKyBaHHs. HaHeceHHs piIKoro KOMIO3UTHOTO MaTepiary
Ha CyOCTpaT 3/11iCHIOBAJIOCH paKEIbHUM CIIOCOOOM. TOBIIMHA OTpUMa-
HOTO €JICKTPOTIPOBITHOTO KOMIIO3UTHOTO ITOKPHUTTS Oyima 50 MKM.

Ta6anus 1 — [TuToMuii eTeKTPUIHHIA OTIip
JTOCITIHPKYBAHOTO €JIEKTPOITPOBITHOTO KOMIIO3UTHOTO MTOKPHTTS

ycfaygllc v Tpusagicrs aucmep- TuTomMuii eleKTPUYHMIA oTmip
Banus ryBaHH:A noBepxHeBHii, OM | 06’ emumii, OM-cm
1 15 xB 31,80 0,16
2 3,5ron 43,16 0,22
3 5 mepetupis 1o 15 xB 136,67 0,73
4 10 xB (400 Bat 70 °C) 49,40 0,25

HaitHuxue 3HaueHHsS NHUTOMOIO EJEKTPUYHOIO OIOpPY BIAOCh
OTPUMATH TIPU 3aCTOCYBaHHI Jqucrnepcepa. TakuM YMHOM, JaHE yCTar-
KyBaHHS JIOIJTBHO 3aCTOCOBYBATH JIJIST TTOJABIIINAX JOCIIHKCHD.
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BUCHOBKMHA

1. Y poboti mpoBeAeHO aHali3 MUTaHHS CTBOPEHHS EIEKTPOIPO-
BiJTHOTO KOMIIO3UTHOTO IIOKPHUTTS Ha OCHOBI TOJIMEPHOK MAaTpUIl
Ta KOMOIHOBAHOT'O BYIVICLIEBOIO HAIIOBHIOBAYA.

2. Jlocnmi/pkeHO  BIUIMB  BHJY JHUCIEPIYIHOYOr0  YCTaTKyBaHHS
Ha 3MiHY MHTOMOTO €JIEKTPHYHOIO OIOPY CTBOPEHOI'O €JIEKTPOMPOBIiJI-
HOT'O KOMITO3UTHOTO MOKPUTTS. JIMCTIepryBaHHs 3 BAKOPHUCTAHHSIM JIHC-
nepcepa 3abe3rnevyye OTpUMaHHS HAWHWKYOTO PIBHS MUTOMOTO €IIeK-
TPUYHOTO OTIOPY JJIS TOCIIJ[KYBAHOT KOMITO3UII1.
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Abstract. The destruction of paint and varnish coatings in atmospheric
conditions is a problematic niche of today, which makes it urgent to identify
the negative impact of nanoparticles on the stability of water repellency and
the need for further research on improving the stability of water repellency for
systems intended for use in atmospheric conditions.

The author of the article investigates the effect of the introduction of
nanoscale additives and ultraviolet stabilizers into thin-layer coatings on their
destruction under the influence of ultraviolet radiation.

Key words: nanocomposite materials, thermoplastic polymers, UV radiation,
degradation, hydrophobicity.

The study of the effect of the introduction of nanoscale additives
and UV stabilizers into thin-layer coatings on their destruction under
the influence of ultraviolet radiation is an urgent task in the context of
finding effective ways to protect against ultraviolet radiation.

UV radiation causes the destruction of paint and varnish coatings,
which can lead to a decrease in their efficiency and service life.

In turn, the addition of nanoparticles is based on a study to increase
the resistance of coatings to atmospheric factors such as rain, snow,
and various types of pollution. The results of the study may be useful
for the development of new materials with improved UV protection
properties that will be used in various industries, such as construction,
transportation, electronics, and others.
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Styrene-acrylic copolymer Pliolite AC-80 was used as a polymeric
binder, chosen on the basis of its film formation properties, resistance
to high temperatures and corrosion.

Tinuvin 5151 (BASF), which is a 2-(2-hydroxyphenyl)-
benzotriazole, was used as a UV absorber in the light stabilizer of
the basic hindered amine (HALS). Tinuvin 5151 is specially designed
for use in coatings, plastics and adhesives. It effectively absorbs
ultraviolet radiation in the 290-400 nm range, which is the same range
of ultraviolet light that can cause photodegradation of many materials.

For the filler and UV blocking agent, dimethyldichlorosilane-treated
pyrogenic silica, designated as Aerosil R972 (Evonik), was chosen.
This is a type of silica, a highly pure, amorphous white powder with
a specific surface area of about 110 m?/g. Aerosil disperses well in
a variety of solvents and resins, which makes it easy to incorporate into
various formulations. Also, its transparency and rheological properties
do not harm the appearance of the film.

The polymer coating was applied to polished 6,063 aluminum
substrates measuring 3030 mm and to KBr glass with a diameter of
40 mm and a thickness of 3 mm. The KBr glass was compressed from
a ground powder using a press to produce 0.5 g tablets, which were
then coated. The coating was applied by air spraying using a spray gun
at a distance of 20 cm from the sample in three layers with a pause
of 30 s to ensure uniform distribution of the film. The carrier used
was o-xylene. After application, the samples were dried in an oven
for 15-20 minutes. The thickness of the coating was calculated based
on the measurement of the substrate plane, weight, and density of
the applied coating.

The IR spectra were obtained using a Nicolet 4700 IR FT-IR
spectrophotometer in the range of 4,000 — 400 cm™' by the transmission
method. The change in the spectrum of polymers is shown in Fig. 1.

During the exposure of the acrylic film-forming agent to ultraviolet
light, a decrease in the intensity of the spectrum is observed,
which may be due to a decrease in the amount of substance and
a change in the spectral pattern. The formation of C=O-containing
oxidation products occurs, which 1is reflected in the increase
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in the intensity of the shoulder in the main peak of valence vibrations
of the carboxyl group with exposure time. After 4 hours of exposure,
there is a decrease in the intensity of the peaks in the IR spectrum
corresponding to asymmetric and symmetric vibrations of
the C—H bond, along with a decrease in the intensity of the peak
corresponding to C=0. This indicates a general loss of material from
the substrate. However, there is no appearance of absorption bands
that would correspond to the formation of additional OH groups on
the polymer surface, and the spectral pattern remains constant.

Oh

Dropping

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number, cm™

Figure 1 — Changes in the chemical composition
of the film during UV irradiation

According to the results of the experiment, the value of
the carbonyl index increases with exposure to ultraviolet radiation.
In the presence of 30 wt. % of nanoparticles of dimethyldichlorosilane-
treated aerosil, the oxidation processes are significantly accelerated,
but increasing the content to 50 wt. % leads to a decrease in this effect.
This can be explained by the interaction of two competing factors: first,
the introduction of nanoparticles increases the surface roughness [1-2],
which leads to an increase in the specific surface area exposed to
ultraviolet radiation. This can contribute to more efficient oxygen
access to the surface and an increase in the number of active oxidation
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centers. Secondly, aerosil particles are only partially transparent
to UV rays, which leads to a certain shielding of the polymer layers
located behind the aerosil particles. Probably, in the range of
nanoparticle content of 30—50 wt. %, these factors are balanced.

To assess the degree of polymer degradation, the carbonyl
index (CI) was used, for which there are several methods for
the isolation of indicative bands with different accuracy of results [3].
The CI was calculated by relating the absorbance of the carbonyl
band at 1,780-1,750 cm™ to the control band at 700 cm™ based on
the approaches described in [4-6]. The dependence of the carbonyl
index on the UV exposure time is shown in Fig. 2.

050 Hl ~C-380
0,45 - [l AC-80 + 30% R972
0.40 Il AC-80 + 50% R972
77 AC-80 + 30% R972 + 6% Tinuvin
0,35 -| I AC-80 + 50% R972 + 6% Tinuvin

0,30
0,25

0,20

Carbonyl index

0,15
0,10

0,05

0,00 .
0,0 0,5 1,0

UV exposure time

Figure 2 — Dependence of the carbonyl index of materials
on the duration of UV irradiation

Adding a UV stabilizer to the system can lead to an increase
in the carbonyl index, which can be explained by the formation
of C=0 groups in the stabilizer itself. This effect can also lead to
an improvement in the UV resistance of the polymer material. But for
a more complete understanding of this effect, it is necessary to study
the interaction with other factors, such as the content of nanoparticles
and their properties, as well as the content of other stabilizers and
additional components.

92



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLji)

During the experiment, the value of the static wetting angle with
water was also determined using the sitting drop method. For each
sample, at least five measurements were made at different points and
the average value was calculated. The wetting angle measurements
were performed using an optical microscope, a Delta Optical
HCDE-50 digital camera, and the corresponding ScopeTek View software.

Table 1 shows the changes in wetting angles that occur due to
the removal of a part of the polymer and its oxidation. Oxidation leads
to the formation of C=0 groups on the surface of the polymer, which
increases its hydrophilicity and the wetting angle. The wetting angle is
more sensitive to destructive processes than infrared spectroscopy and
can identify changes in the polarity of the surface layer after 0.5 hours
of irradiation.

Table 1 — Wettability of films during UV irradiation

Sample Wetting angle with water, °
0h 0.5h 1h 15h

AC-80 88 85 40 35
AC-80+30 % R972 143 123 95 0
AC-80+50 % R972 148 144 98 0
AC-80+30 % R972+6 % Tinuvin 135 111 48 0
AC-80+50 % R972+6 % Tinuvin 137 136 89 0
AC-80+80 % R972 142 124 0 0

The hydrophobicity of the compositions depends on the properties
of the polymer and the surface texture, in particular, on the formation of
the Cassie wetting state. The composite with 50 wt. % aerosil is close
to superhydrophobic, but after 30 minutes of irradiation, the wettability
decreases. After one hour of irradiation, the system with 80 wt. % aerosil
is completely wetted with water. The reason for such a rapid change in
wettability is the reduced film thickness of the film former in this system.
After an hour and a half, all surfaces are hydrophilized.

The addition of a UV stabilizer reduces the water-wetting angle for
composites with different aerosil content, indicating a change in surface
polarity. UV exposure leads to a decrease in the intensity of peaks

93



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-npakTM4yHOi WEB-KoHdepeHLiji)

in the IR spectrum, in particular, peaks corresponding to the C—H and
C=0 bonds. After 4 hours of UV exposure, a general loss of material
from the substrate is observed. The use of Tinuvin does not help to
preserve the hydrophobicity of the coating after 30 minutes of coating.
CONCLUSIONS

In this work, the effect of the introduction of nanoscale additives
and UV stabilizers on the destruction of thin-layer coatings under
the influence of ultraviolet radiation was analyzed. The results of
the study showed that the content of silica nanoparticles in the amount
of 30 wt. % accelerates the oxidation of the base polymer, while
the content of 30 to 50 wt. % slows down the loss of mass and
thickness of the coating on the substrate by 2.5-3 times. The effect of
nanoparticles on the physical and chemical properties of the coating
and their influence on the photodegradation of thin-layer coatings was
determined. The importance of this study lies in the identification of
the negative effect of nanoparticles on the stability of water repellency
and the need for further research on improving the stability of water
repellency for systems intended for use in atmospheric conditions.
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MIIBUIIEHHA YIAPHOI B’SI3KOCTI MATEPIAJIIB
HA OCHOBI P-APAMIAY IJISI BPOHEKHUJIETIB

BikTopia Ky3bmincbka,
Apkaniii IleTyxos, a. T. H., ipod.
KIII im. Iropst Cikopcbkoro

AHoTanis. Y po0oti Oyn0 IpeCcTaBICHO MiABHUIICHHS YAapHOI MIITHOCTI KEB-
JIaPOBHX BOJIOKOH, IO 3aCOBYIOTECS B SIKOCTI OaiCTHYHOTO 3aXHCTY, IIUISXOM
iX mpocodyBaHHs pinuHO0 s 3ryweHHs 3cyBy (STF) 3 pisaum Bmicrom
HAaHOKpeMHe3eMy. BunpoOyBanHs 3pasKkiB Ha IIBMIKICHMHA yxap Ta peolo-
TiYHI TECTH TMOKa3ajM, IO MPH BMICTI HaHOKpemHe3eMy 35 % mac. 9acThH
Bix (STF) — ymapua MiIJ,HiCTI) BOJIOKOH p-apaMiny (KeBiapy) Aocsrae Haii-
e(EKTUBHININX 3HAYCHD.

KoarouoBi ciioBa: mnapa-apamin, OajxicTHUHMH 3aXHCT, KEBJIApOBI BOJIOKHA,
yAapHa MilHICTb, OPOHEKHUIICTH, PilHHA JJIs 3TYIICHHS 3CYBY, BUIIPOOYBaHHS
Ha IIBUAKICHAHN yrap, MEXaHigHI BIACTUBOCTI, PEOJIOTIUHI TECTH.

Abstract. This study presents the enhancement of the toughness of fiber-
reinforced material composed of woven Kevlar fabric impregnated with
a colloidal shear thickening fluid (STF) under rheological tests and high-
velocity impact loading. The best results of fabric Kevlar impregnated with
the STF were performed at 35 wt% nano-silica loading.

Key words: para-aramid, ballistic performance, Kevlar fibers, toughness,
body armor, shear thickening fluid (STF), high-velocity impact, mechanical
properties, rheological tests.
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3BUYaiiHi OpPOHEXKMJIETH 3a3BHYail CKIANAIOTBCS 3 YHCICHHHX
mapiB TKaHWHHM, BHUTOTOBJICHHUX 13 CIHEI[IalbHUX BOJIOKOH, TaKUX
K p-apamif, MOJieTHJIEH HaJBUCOKOI MOJICKYJSPHOI MacH Ta IOJi-
Oen3o0i30kca3on. lle poOUTh OpoOHEXKWIET 3aHAJATO TPOMI3IKUM
y IPAaKTUYHOMY 3aCTOCYBaHHI.

[Tapa-apamin (Takox BiIOMHUH SIK KeBiap) — 1€ apOMaTUYHUI
MoJIiaMiJi, SIKMi CKIIAJJA€EThCS 3 TOBHICTIO BUTATHYTHX PiIKOKpUCTa-
JIYHMUX JIAHIIOTiB, YTBOPEHUX Y3[OBX OC1 BOJOKHA, 3 BUCOKHM CTY-
MEHEM KPHUCTAJIIYHOCTI, IO MiIBUIIYE MIIHICTh BOJIOKHA. P-apamimgHi
BOJIOKHA MOYXHA BUTOTOBJIATH 3 BIJIHOCHHM BHJIOBXKEHHSM TpPH PO3-
puBi ~3,5 % [1].

XimiuHa Oy/1oBa KOMITO3UTY 300pakeHa Ha puc. 1.

_@_\)@SG

| O,
Yy O O~

Pucynok 1 — Ximiuna 6yoBa mapa-apaminy

Tomy B poOoti [2] mis 30UThIIEHHS yHApHOI MIITHOCTI KeBIapy
BUKOPUCTOBYIOTH 3aryuryBad (STF), mo sBise co00r0 KOHIEHTPOBaHY
CYCIIEH31I0 3 BUpa3HUMH PEOJOTIYHUMHU BIACTHBOCTSMH. Koim mpu
HaBaHTA)KCHI Ha KEBJIApOBI IUIACTHHHU HAIpyra 3CyBY 3pOCTa€ J0 KpH-
THYHOTO 3HAYCHHS — B s13KicTh STF MmimBHIMYyEThCS Ha KiTbKa TOPS/IKIB,
IUIIXOM TIepexofy i3 piakoro crany B TBepauid. 1o B pesynbrari Hagae
Marepiaiy, MiIBUIIECHOT yAapHOI CTIHKOCTI Ta Kpammx (i3uKo-MexaHid-
Hux BiactuBocteit. Kpim Toro, noseninka STF mpu 3¢cyBi € 000pOTHOTO.

STF roryBanu nuisixom aumcnepryBanns 15, 25, 35 1 45 mac. %
Aepocmry OX50 (cepemniit po3mip gactuHOK 500 HM) y TIOTIETHIICH-
rnikoni (PEG) [3].
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TexHoMOriyHUI TpoIleC BUTOTOBIEHHS AOCIITHUX 3pa3KiB CKIla-
JaBcs 3 IOCIIOBHOrO BUKOHAHHS HACTYIHUX OIeEpaliii: NpUrory-
BaHHs po3unHy STF 3 BUKOpHUCTaHHSM YIBTpa3ByKy, MPOCOYCHHS
rtacTiH Kepnapy po3unHoMm STF (pi3HOT KOHIlEHTpallii) po3BeJICHUM
B €TaHOIIi, Mmociiayroda cymka B miedi mpu 70 °C mpotsrom 20 XB 1is
BHJIAJICHHS €TAHOIY.

OTpumani 3pa3ku Majlud PO3MIpoM 5X5 cMm, iX IOCHIAXKyBalH
Ha WBUAKICHUN ynap. Takok MpoOBOJWIM PEOJIOTIUHI TECTH PO3UH-
HiB STF.

Peonoriuni BnactuBocTi STF pisHOi koHmentparii 15, 25, 35
i 45 mac. % Oynmu mOCHiKeHi 3a JOMOMOTor0 peomeTpy Anton Paar
MCRS501 3 xoHTposeM Hampyrd 3 Jiarma3oHOM KpPYTHOTO MOMEHTY
Bim 0,01 mMxH'M mo 300 mMH:'M 3 po3miIbHOIO 3[aTHICTIO KpPYT-
Horo momenty 0,1 HH'm 1 mBuzakictio 3cyBy Bim 0/01 mo 2000 1/c.
Peosnoriuna nosexinka pocnigaux STF npejpcrasiena Ha puc. 2.

— 15 Wt.% STF -
10000 — 25 W% STF ] -

- =35 w.%STF R R
~ — 45 WL%STF [ ;

Viscosity (P'a.S)

0 1 10 100 1000
Shear rate (1/S)

Pucynox 2 — Peonoriuna noseniaka STF
[IpY Pi3HOMY BMICTI HAHOKPEMHE3EMY

st Beix 3paskiB STF 3aiexHiCTh B’SI3KOCTI BiJl MIBUIKOCTI 3CYyBY
€ HEHbIOTOHIBCHKOIO Ta IIOBHICTIO HEJIIHINHOIO.
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BumnpoOyBaHHs Ha BHCOKOIIBUAKICHHUH yaap MPOBOIWIHCS 3 BUKO-
pPHUCTaHHSIM ra30BOi rapmMard Ha JBO- Ta YOTHPHILIAPOBOMY UYHUCTOMY
KeBJapi.

UYuctnii keBnap Ta komrno3ut STF/keBnap i3 oTupMa pi3HUMH KOH-
LEHTpaIisMi HaHOKpeMHe3eMy (15, 25, 351 45 mac. %) mociimKyBamu
B nmiana3oHi mBuakoctei Big 40 no 160 m/c. Ha xoxkHOMY Oys10 mpoBe-
JICHO TI0 TPY BUIIPOOYBaHHS HA MIBUJIKICTh 1 CEpEHE 3HAUCHHS 31 CTaH-
JApTHUM BiIXHUJICHHSIM.

Ha puc. 3 mnoka3zani nepdopoBaHi 3pa3ky IUIACTHH, BKJIFOYAFOYU
gucti Ta 15, 25, 35 1 45 mac. % komnosutiB STF/keBnap miciis BUIIpo-
OyBaHb Ha MBHUAKICHUH ymap.

Sk BUAHO 3 MallfOHKY, TOMEPEYHUN MPOTHH (POPMH JIEMOHCTPYE
OJTHAKOBY TOBEIIHKY SIK IUI YMCTOi TKaHWHHU, TaK 1 IJs mpocoye-
Hux STF. ¥V 3paskax keBmapy 3 jonaBanHHsM STF BuTAryBanus
BOJIOKOH Maii)ke HE CIOCTEpIra€ThCcsi, 0COOIUBO NMpPH BUIIMX KOH-
[EHTpaIisSX BMICTY HAaHOKPEMHE3EeMY, i 30Ha TOMIKOIKEHHS CTa€
Habararo MEHILIOIO.

'r

Pucynoxk 3 — [Inactuau keBnapy micis BUIPOOYyBaHHS
Ha IIBUJAKICHUH yaap. | — 9ucTe BOJIOKHO; Ta BOJIOKHO
npocoudeHe STF npu BmicTi HaHOKpeMHe3emy: 2 — 15 mac. %;
3 — 25 mac. %; 4 — 35 mac. %; 5 — 45 mac. %
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BUCHOBKHA

B xomi nocmimkeHHST BCTAHOBHITH, 11O MTPH 301IBIIEHH] KOHI[EHTpa-
uii HaHokpMHe3emy B ckiaai STF ynapHa MILHICTh MPOCOYCHUX KEB-
JIApOBHX BOJIOKOH — 3pocTae. KylneHenpoHUKHICTh 4 mapiB KeBIapoBoi
TKaHuHU, 00poOsmeHoi STF, maiixke ekBiBajieHTHa 14 miapaM 4YHCTOl
KeBnapoBoi TKaHWUHHU [4]. Tok BUKOPHUCTAHHS MPOCOYSHOTO KEBIAPY,
SIKUI € OCHOBOIO OpPOHEKUIIETIB, MOXKHA 3pOOUTH HOTO OLIBII JETKUM,
HaIIMHAM Ta CTIAKHAM.
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Abstract. This research evaluates the effectiveness of various composite
Gas Diffusion Electrode (GDE) architectures for carbon dioxide reduction.
The study employs a flexible spray printing technique to create hydrophobic
porous structures using a blend of carbon or metal nanopowders and
a polymeric binder. The resulting porous layers serve as different electrode
layers, including Gas Diffusion Layers (GDLs), Microporous Layers (MPLs),
and catalyst supports, which can enhance the activity and hydrophobicity
of GDEs. The study finds that the increased surface roughness (porous
structures) and Polyvinylidene fluoride (PVDF) content in these porous layers
improve their hydrophobicity/flooding tolerance. The study demonstrates
that the selective production of ethylene can be sustained for over 10 hours
at a high current density of —200 mA c¢m™ when porous MPL and catalyst
support layers are added. The use of hydrophobic porous structures as
electrode layers can provide a cost-effective and scalable approach to enhance
the hydrophobicity and activity of GDEs. Furthermore, the extended duration
of electrolysis using these porous layers has the potential to create more
efficient and sustainable electrocatalysts for carbon dioxide reduction.

Key words: gas diffusion electrode, polyvinylidene fluoride, electrocatalyst.

Gas diffusion electrodes, particularly carbon paper, have been
extensively used in fuel cells and batteries [1]. However, they are
not optimized explicitly for carbon dioxide reduction and exhibit
limited operational stability, which is primarily attributed to the loss
of hydrophobicity, binder degradation and pore blockage, especially
at elevated pH values [2; 3]. These challenges impede the maintenance

100



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKkoBO-NpakTM4yHOi WEB-KoHdepeHLji)

of the three-phase boundary, which requires catalyst hydrophobicity
with suitable electrode configurations/architectures. The presence
of hydrophobic content within gas-diffusion and microporous layers
is crucial for ensuring the coexistence of gas-liquid interfaces and
serves as an effective barrier to liquid permeation, but it often leads
to reduced porosity and inefficient carbon dioxide transport. For
the electrochemical reduction reactions involving gases, a hydrophobic
surface is still preferred even in the case of catalyst layers, although
most existing works employ Nafion® which is hydrophilic to bind
the catalyst particles together. Despite numerous efforts, selective
production of ethylene over an extended duration remains a major
challenge [2; 5].

In this work, a practical approach is proposed for fabricating
composite gas diffusion electrodes (GDEs) using nanopowders and
polymeric binders with an extended operation at high applied current
densities (e.g. 200 mA cm?). Currently, only a limited number of
studies have reported the development of GDEs using emerging printing
technologies. Among the various manufacturing routes such as additive
manufacturing and vapour deposition, spray-printing is considered
to be a more efficient and applicable technique for self-assembling
microporous structures with conductive/catalyst materials at various
particle sizes ranging from nm to um [6]. This method was inspired by
the existing phase-separation/inversion methods [7] and has been used
for the preparation of high-performance batteries. Additionally, previous
works have reported that porous structures prepared through structured
templates followed by sputtering [8] or by electrodeposition [9] were
effective in facilitating carbon dioxide reduction.

We have demonstrated that hydrophobic and catalytic properties
were tailored using a spray-printing process with different electrode
compositions (particle size and polymeric binders (i.e. PVDF) and
relevant configurations / structures. A layer-by-layer approach enabled
flexible manufacturing of different electrode architectures without
additional treatment or subsequent procedures. For the challenging
ethylene electrosynthesis reaction (twelve-electron process) that
produces valuable feedstock chemicals for polymer production, several

101



KOMMO3ULINHI MATEPIANN
(36ipka maTepianis XIl MixHapoAHOi HayKoBO-npakTM4yHOi WEB-KoHdepeHLiji)

electrode compositions and configurations were evaluated. This
study is one of the few to implement an applicable printing technique
for producing bespoke, in-house gas diffusion electrodes (GDEs)
for electrochemical carbon dioxide reduction [10]. The enhanced
operational stability of the GDEs produced through this method is
rarely reported within the literature [11].

The chemicals and reagents utilized in this study were obtained
from Sigma Aldrich (UK or Germany). GDEs were spray-printed
onto commercial PTFE film (E4, ElectricFuel Inc., Israel) or carbon
paper (Freudenberg H23C2) substrates using an industrial nozzle and
suspension solutions of two fugitive solvents (100 mL volume), which
were delivered via a peristaltic pump at a flow rate of 2-3 mL min .
The spray-printing process was performed at elevated temperatures
(180...220 °C). The suspension solutions for porous carbon layers
contained 0.02 g Super P carbon, 0.12 g carbon black, and 0.02 g PVDF
binder in mixtures of NMP:EtOH solvents (100 mL). The suspension
solutions for porous copper layers consisted of approximately 1.2 g
copper nanoparticles (25-1,000 nm) and 0.01-0.06 g PVDF in mixtures
of NMP:IPA solvents, unless otherwise stated.

In comparison to sputtered or electrodeposited electrodes, spray-
printed electrodes offer flexibility in adjusting particle size and
binder compositions. Increasing particle size and binder compositions
enhances the hydrophobicity of the cataylyst layers (CLs), whereas
smaller nanoparticles improve the selectivity and activity of the carbon
dioxide reduction processes. Various porous electrodes were spray-
printed on different substrates, including carbon paper and polymer
film. By spray-printing on a PTFE film (E4, ElectricFuel Inc., Israel),
the porous carbon can serve directly as a gas-diffusion layer (GDL),
eliminating the need for carbon paper and facilitating carbon dioxide
transport to the electrochemical interfaces (Architecture A, Fig. 1).
Alternatively, the porous carbon can serve as a conductive layer
to cover the copper CL and provide electrical conductivity, as
demonstrated in a recent architecture proposed by Dinh et al. [2].
(Architecture B, Fig. 1). When spray-printed on typical carbon
paper (Freudenberg H,,C,), the same porous carbon can act
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as the microporous carbon layer (MPL), which acts as an effective
barrier to liquid permeation and is widely used for water management
in fuel cells (Architecture C, Fig. 1) [2].

GDL: gas diffusion layer

Spray-printing for Porous Carbon & Copper s e e

MPL: microporous layer

i * PTFE film as substrate: Cs: catalyst support

Architecture A: Architecture B:
Porous Carbon as GDL Porous Carbon as SL

1M KOH 1M KOH

Porous carbon

C02 25 nm Cu COZ (as SL:
- wt PVDF - Supportive

Layer)

25 nm Cu wt

Porous PVDF
PTFE film =" PTFE film
» Carbon paper as substrate:
Architecture C: Architecture D: Architecture E:

Porous Cu as CS Porous C (MPL) & Porous Cu (CS)

1M KOH 1M KOH

25nm Cu CO, .' b
filled in i (R
Porous Cu - \PEA &
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Figure 1 — Schematics of electrode configurations / architectures
prepared by spray-printing using a PTFE film (Architectures A & B)
or carbon paper (Architectures C, D & E) as starting substrates
for the electrochemical reduction of CO2 to ethylene

In addition to porous carbon, porous copper with slightly larger
particle size (500 nm) and PVDF loading (2.5 wt. %) can serve as
a catalyst support, offering increased hydrophobicity (~130° contact
angle) and a larger area for three-phase reactions. However, this
combination showed a relatively poor faradaic efficiency for ethylene
conversion (<10% at —-200 mAcm?). To achieve competitive
catalytic performance (i.e., faradaic efficiency of ethylene: >30 %),
highly active nanoparticles (25 nm) with low PVDF loading
(1.25 wt. %) were subsequently introduced into these porous
structures (Architecture D, Fig. 1). Further, the hydrophobicity was
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enhanced by combining these porous electrode layers (porous carbon
MPL and porous copper catalyst support) on carbon paper GDEs
(Architecture E, Fig. 1).

The present study involved the fabrication of porous carbon and
copper electrode layers through a phase separation/inversion method
using a mixture of NMP and ethanol/propanol solvents with differing
boiling points at an elevated temperature of 200 °C. The resulting
porosities were influenced by the volumetric fractions of the two
fugitive solvents (Fig. 2). The porous electrodes demonstrated

(@)

230 pm

000 wol = HMP:ETOH

B020 ol = NP 1P 5050 v F0:70 wol= HMP:IFA

Figure 2 — Porous carbon and copper electrode layers were developed
through a phase separation/inversion method, which involved using
a mixture of two solvents, namely N-Methyl-2-pyrrolidone (NMP)
and a blend of ethanol and isopropyl alcohol (EtOH:IPA), at a hot-
plate temperature of 200 °C. The morphology of the porous («) carbon
and (b) copper electrode layers were obtained via spray-printing using
suspensions consisting of mixed solvents at varying volumetric ratios
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enhanced hydrophobicity (contact angles: >130°) compared to pure
PVDF films (contact angle: 85-130°) due to their PVDF content and
increased surface roughness. Porous carbon (10 wt. % PVDF) even
exhibited super-hydrophobic properties, as evidenced by a contact
angle exceeding 150°.

These porous carbon layers can serve as a replacement for
conventional carbon fibers as GDL (Architecture A) or as
a conductive layer (Architecture B) to improve operational stability
while providing a reaction interface and electrical conduction.
In contrast, the performance of spray-printed electrodes on carbon
paper substrates (Architectures C, D and E) exhibited gradual drop
in stability over time, despite their slightly higher faradaic efficiencies
(approximately 29-34 % at —200 mA cm?) (Fig. 3). The inclusion
of extra layers of microporous layer (MPL) (Architecture C) and
catalyst support (Architecture D) further improved the duration of
ethylene production, owing to increased hydrophobicity / flooding

(a!m (b)

T T T A0

T T T T T T T
—e—Conventional B —e—Conventional T
55 L —e—Architecture A i --g-- Canventional (PYVDF)
—a— Architecture B B —o—Architecture C 7
30 | --& - Architecture B (Sputtered Cu) --@- Architecture D (60 pm)

5‘*‘*&——33&_ —o—Architecture D (100 )

L st 2L —e—Architecture D (500 prm)
ES =2
- —
20 | 2 [
3 Zz0
b u7
sl st
10 F 10k

—.a- Architecture E (100 ) |
H b ith

Figure 3 — The electrochemical reduction of carbon dioxide
to ethylene was carried out using Gas Diffusion Electrodes (GDEs)
with spray-printed electrode layers in various configurations,
as illustrated in Figure 1. The GDEs were operated for prolon ged
durations at a current density of —200 mA cm—2 in 1 M KOH using (a)
PTFE film (E4, ElectricFuel Inc., Israel) and () carbon paper
(Freudenberg H23C2) as additional substrates
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tolerance across the GDEs. The combination of porous MPL (carbon)
and the catalyst support (copper) (Architecture E) enabled selective
ethylene production to continue for over 10 h at —200 mA cm2 (Fig. 3).
CONCLUSIONS

This study presents an evaluation of various composite Gas
Diffusion Electrode (GDE) architectures based on carbon or metal
nanopowders and polymeric binder using a flexible spray printing
technique. The research demonstrates that high activity and enhanced
hydrophobicity of GDEs can be achieved through the use of
hydrophobic porous structures. These structures can be easily spray-
printed onto carbon paper or polymer film substrates using a mixture of
two fugitive solvents. The resulting porous layers can serve as different
electrode layers, including Gas Diffusion Layers (GDLs), Microporous
Layers (MPLs), and catalyst supports, and are capable of extending
the duration of electrolysis irrespective of the electrode configuration/
architecture. When porous MPL and catalyst support layers were
added, the selective production of ethylene was sustained for over
10 hours at a high current density of —200 mA cm 2. The enhanced
hydrophobicity/flooding tolerance across these electrode layers was
attributed to the increased surface roughness (porous structures) and
Polyvinylidene fluoride (PVDF) content. The findings of this study
have significant implications for the development of high-performance
GDEs for carbon dioxide reduction. The use of hydrophobic porous
structures as electrode layers offers a cost-effective and scalable
approach for enhancing the hydrophobicity and activity of GDEs.
Additionally, the extended duration of electrolysis achieved using
these porous layers could lead to the development of more efficient and
sustainable electrocatalysts for carbon dioxide reduction in the future.
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Abstract. Today, biocomposites produced from a bio-based filler and bio-
based matrix are a great attraction, which can present desired functionalities
at a reasonable cost. In this study, cellulose laminates were prepared by
using CNF as a filler and cellulose acetate butyrate (CAB) as the polymer
matrix. Cellulose composite material was manufactured by sandwiching
CNF reinforcement filler between CAB matrices using the hot-press
technique. The cross-linking agent polyisocyanurate D376N (STABiO™)
was applied to improve the adhesion between the matrix and filler.
The optimal manufacturing conditions (cross-linker amount, hot-press
pressure, and time) were investigated. When 14.3 wt. % of the cross-linking
agent to the total weight of CNF and CAB was added, the tensile strength
and flexural strength were improved by 72.4% and 16.3%, respectively,
compared with neat CAB. It was concluded that this increase in strength is
a result of both: cross-linking between the CNF sheets as well as the cross-
linking occurring at the CNF/CAB interface.

Key words: composite material, CAB, CNF, mechanical strength, cross-
linking, urethane bond.

Results and discussion

First, the authors prepared a laminated material by combining
an acetone treated CNF (A-CNF) sheet and a CAB matrix. To increase
the strength of the final material, biomass-derived cross-linking agent
polyisocyanurate (D376N) was added (Fig. 1).
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Figure 1 — CAB/A-CNF composite material development

The mechanical strength was measured to determine the appropriate
cross-linking material amount and molding process conditions.
The mechanical strength of the laminate was first investigated by
varying the amount of crosslinking agent. Stress-strain curves obtained
from tensile tests are shown in Fig. 2.

The tensile strength increased as the amount of cross-linker
increased, and at 14.3 wt. % of D376N, the tensile strength was
43.1 MPa, which is 72.4% higher than for neat CAB. The tensile
strength remained constant at approximately 43 MPa even when
14.3 wt. % or more of D376N was added. Cross-linking agent D376N
contains three isocyanate groups. Although it can form a cyclic
structure with hydroxyl groups on the same surface of CNF, remaining
isocyanate groups can cross-link with other CNF surface hydroxyl
groups and residual hydroxyl groups in CAB. The elastic modulus
also showed a similar trend. From this experiment, it was found that
14.3 wt. % of cross-linking material is the most optimal amount for
developing a high-strength laminate.

Next, the effect of varying the hot-press time was subsequently
investigated: the amount of D376N was 14.3 wt. %, as determined
in the previous experiment, and the hot-press pressure was 20 kN.
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The obtained stress-strain curve is shown in Fig. 3. The tensile strength
was slightly lower for the hot-press time of 5 min, but the values
for 15 min and longer were close. The same trend was observed for
the elastic modulus. From the above, the authors conclude that 15 min
of hot-press time is sufficient. In the literature, the reaction time
between cellulose and different isocyanates varies largely depending
on the type of isocyanate and the reaction solvent system [1].
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Figure 2 — Tensile strength-strain behavior of laminated CAB/CNF
with different amounts of cross-linker D376N. Samples:

(A) A-CNF; (B) CAB500-5; (C) CAB/A-CNE/D376N (0 wt. %);
(D) CAB/A-CNF/D376N (3.9 wt. %); (E) CAB/A-CNF/D376N
(7.7 wt. %); (F) CAB/A-CNF/D376N (14.3 wt. %);

(G) CAB/A-CNF/D376N (24.5 wt. %)

We investigated whether the addition of a cross-linking agent
causes cross-linking between CNFs. FTIR spectra were measured
to confirm the formation of urethane bonds. The results of the FTIR
measurements are shown in Fig. 4. For both samples (before and
after the reaction), CH, angular vibration at 764 cm!, amide II
at 1570 cm™!, and NCO stretching vibration at 2,248 cm™' were
observed. The intensity ratio of NCO to CH, after the reaction
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Figure 3 — Tensile strength-strain behavior of laminated
CAB/CNF/D376N for different hot-press time. Samples:
(A) A-CNF; (B) CAB500-5; (C) CAB/A-CNF/D376N 5 min;
(D) CAB/A-CNF/D376N 15 min; (E) CAB/A-CNF/D376N 25 min;
(F) CAB/A-CNF/D376N 35 min
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Figure 4 — FTIR spectra before and after the reaction
of A-CNF/D376N
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decreased compared with that before the reaction, while the intensity
ratio of amide II increase, confirming the formation of a urethane
bond between the A-CNF/cross-linker. This is in good agreement
with previously published data on cellulose cross-linking with
isocyanate reagents [2].

Furthermore, the results of the tensile test (Fig. 5) show that
the tensile strength of the A-CNF sheet alone was 16.5 MPa, while
that of the A-CNF/D376N was 36.2 MPa, an improvement of 119%.
The elastic modulus was also improved by 40.4%, from 1.93 GPa
to 2.71 GPa, which confirms the reaction between the cross-linker
and A-CNF surface.

45 T T 3.0
40 [_]Tensile strength I
[] Elastic modulus .|- 25
— 35+ —_
g | g
€ 301 I 208
< »
o 15T
= o
£ 20- g
2 T o
g 15 - L 1.0 3
= 10 w
0.5
54
0 T T 0.0
A-CNF A-CNF/D376N

Figure 5 — Tensile strength and elastic modulus
of A-CNF and A-CNF/D376N

CONCLUSIONS

In this study, we developed cellulose composite material by
sandwiching CNF reinforcement filler between CAB matrices using
the hot-press technique. The optimal amount (14.3 wt. %) of cross-
linking agent polyisocyanurate D376N (STABiO™) was applied to
improve the adhesion between the matrix and filler. The obtained
composite material exhibits improved mechanical properties (tensile
strength) compared with neat CAB. Finally, it was shown that
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the improved mechanical properties of the CAB/A-CNF composite
are due to cross-linking between A-CNF fibers as well as a reaction
at the interface of CAB and A-CNF.
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EHEPTETUYHUI CTAH HOBEPXHI
JAUCHEPCHHUX OKCHIAIB

Tapac BeperoBmii!,
Hina Mepeixko?, 1. T. H., ipod.,
Banentun Ceinepebkuii', 1. T. H., ipod.,
| ronmuaa Hynuenko| !

'KIII im. Irops Cikopcbkoro
2 KuiBChKHil HAI[IOHAIBHUHN TOPTiBEIbHO-EKOHOMIYHUN YHIBEPCUTET

Amnoranis. EQekTrBHICTS 3aCTOCYBaHHS JUCIEPCHUX OKCHIB B CKIIAJI KOMIIO3H-
LIHHUX MaTepialliB Pi3HOTO (yHKIIOHAJILHOTO TIPU3HAYCHHS B 3HAYHIN Mipi BU3HA-
YaeTbCsl (DI3MKO-XIMIYHMMHU BJIACTMBOCTSIMM X ITOBepXHI. He MeHI BaIMBUM
(hakTOpOM SBIAETHCS 1 CTAOLTBHICTh OCTAHHIX B TIPOIIECi ekcInTyaramii. OfHak 1aHi
JIaHi BIJHOCHO TaKWX OCOOJMBOCTEH JTyke OOMEKEHI, TOMy METOIO CTarTi € Killb-
KiCHa OILIHKa CKJIaJly, GHEpreTUYHOIO CTaHy Ta aJICOPLIHHOI 31aTHOCTI psily OKCH-
aiB [I-IV rpym nepionuaHol CHCTeMH, 110 BUKOPHUCTOBYIOTBCS B SIKOCTI HAITOBHIOBA-
4iB 200 CITYT'yIOTh CKJIAJIOBUMU KOMITIOHEHTAMH PI3HUX KOMITO3UTIB.

Meroznamu, 1o 0a3yloThes Ha pi3HUX (DI3MYHUX NMPHHIMIAX (3MOYYBaHOCTI
TNOISPHAMH | HNONAPHMMH PiIMHAMH, JCIeKTPUIHUMH BIACTHBOCTSIMI,
I4-criexTpocKoIis, KOMIUICKCHHH TepPMIYHUIT aHAIII3) OLIHCHHH CHEPreTHIHHUIT
CTaH IOBEPXHI AMCIEPCHUX OKCUAIB Ta HOro 3MiHM B mpowueci Aii BOIOroro
cepeIoBHIIA 3 MIKPOOPraHi3MaMH.
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BusiBiieHo piBeHb PO3BHUTKY JECTPYKIIMHUX MPOLECIB Ta HAHOLIBII cTA0IIbHI
okcuHi Matepiamm (Al,O; Ta oro Mmoaudikarii).

OpieprxaHi pe3ysibTaTi MOXKYTh 3HAWTH 3aCTOCYBaHHS B IIPOMUCIIOBHX 1 010J10-
TYHHX Iponecax.

KoarouoBi ciioBa: juicriepcHi OKCHJM, 3MOYYBaHICTh, J{ICIEKTPUYHI BTPATH,
IUTOMa TMOBEPXHS, EHEPreTWYHUH cTaH moBepxHi, [Y-cnekrpockomis,
nepuBatorpadis.

Abstract. The effectiveness of the use of dispersed oxides in composite
materials of various functional purposes is largely determined by the physical
and chemical properties of their surface. An equally important factor is
the stability of the latter during operation. However, the given data regarding
such features are very limited, so the purpose of the article is to quantitatively
assess the composition, energy state, and adsorption capacity of a number of
oxides of groups II-1V of the periodic table, which are used as fillers or serve
as components of various composites.

Using methods based on various physical principles (wettability by polar and
non-polar liquids, dielectric properties, IR spectroscopy, complex thermal
analysis), the energy state of the surface of dispersed oxides and its changes
during the action of a moist environment with microorganisms was assessed.
The level of development of destructive processes and the most stable oxide
materials (Al,O, and its modifications) were revealed.

The obtained results can find application in industrial and biological processes.

Key words: dispersed oxides, wettability, dielectric losses, specific surface
area, energy state of the surface, IR spectroscopy, derivatography.

IMocranoBka mnpodiaemu. EdexkruBHe 3aCTOCYBaHHS OKCHIHUX
HAaIlOBHIOBAYIB B CKJIAJli KOMIIO3MIIIHHUX MarepiaiiB pi3HOTO (PyHK-
[IOHATBHOTO TMPHU3HAYCHHS TPEICTABISE 3HAYHUN HAyKOBHH 1 Tpak-
TUYHUI iHTepec. IcHyloui cydacHi migxoxum BHOOpPY THX UM IHIIMX
OKCH/IiB 0a3yIOThCs MEPEBaKHO Ha OLiHII (i3UKO-XIMIYHUX Ta EKCILTY-
aTaliiHUX BJIACTUBOCTEH KIHIIEBOTO CKJIAJy KOMIIO3UTY 1 MOTPEOYIOTh
OOITUPHUX CUCTEMHUX JTOCIIKEHb.

BiractrBoCTI TIOBepXHiI HAITOBHIOBAYiB (CHEPTCTHUHUN CTaH, HasB-
HICTh JTYXHHX 1 KACIOTHHX IEHTPIB, X (hi3MKO-XIMI4HI BIIACTHBOCTI)
70 yBaru 4acto He OepyThcs. ToMy MOPIBHSIIBHMI aHajli3 BKa3aHHX
BJIACTHBOCTEH IUCIIEPCHUX OKCHAIB B acleKTi B3aeMofii 3 aacopba-
TaM{ PI3HOTO CTYNEHsS XIMIYHOI aKTHBHOCTI JO3BOJIUTh BHU3HAYMTHU
iX peakmiiiHy 3MaTHICTh Ta MPOTHO3YBATH PIBEHH BIUIMBY Ha ITOKpa-
IeHHS eKCIUTyaTamiiHol HagifHOCTI KOMITO3UTHHX  MaTrepialib.
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3 iHmoro OOKy HasBHICTH Takoi iH(opMaIlii MOXXe CIPOCTHTH MPOIEC
BUOOpPY e(hEeKTUBHUX OKCHIHUX HAIIOBHIOBAYIB.

[ToBHOTA 3MOUYyBaHHS MOBEPXHI HAIOBHIOBAUIB SIBIIETHCS BU3HA-
YalOYuM [apaMeTpoM B TEXHOJOTIT IMOJIMEPHHX KOMIIO3UTIB, sKa
repenbavae AWCIICPTYBAHHS HAITOBHIOBAYiB 1 IMTMEHTIB B pPO3YMHAX
a00 po3MmiaBax BHCOKOMOJCKYIISIPHUX CHONYK, (OPMYBaHHS MMOKPHUT-
TiB Ta CKJICIOBaHHs CyOCTpariB pi3HOI XiMiYHOI CTPYKTYpH, aKTHUBAIIIIO
MOBEPXHI HEOPTaHIUYHUX 1 OpraHiyHuX mojimepis [1].

PerysnroBaHHSI TOBHOTH KOHTAaKTy MK TBEPJIOIO TIOBEPXHEIO HATIOB-
HIOBa4a Ta PiIWHOIO (3B’SI3yIOUMM) B HAIll 9ac 0a3yeThes Ha peaizartii
KoHIIeNIIii TigpodimsHO-TimodinsHOor0 6amancy (I'bJI) [2]. Lei mia-
X1 Mae psii 0OMeXeHb, IO KOHCTATyeThesl B pobdotax [3; 4]. OmgHiero
3 TIPUYHH [BOTO sBIsIEThC 3MiHa ['BJI moBepxHi HarOBHIOBAaYIB B MPO-
Leci KOHTaKTy 3 OTOUYIOUMM CEpeOBHIIEM, 30KpeMa BOAOIO B PI3HHX
arperaTHUX CTaHax Ta IHIIMMU ACCTPYKIIHHUMHU areHTaMH.

XapakTepHOIO OCOOMUBICTIO 3HAYHOI KUTBKOCTI OKCHIHHMX Mare-
piamiB  SABISETHCS  HASBHICTH  KHCIIOTHO-TYXXKHHUX  BIACTHBOCTEH
ix moBepxHi. Tak okcuam 3aimiza, TUTaHA, KPEMHIIO 1 ATIOMIHIIO Bij-
HOCSITHCSI JIO CHIIBHUX TBEPIUX KUCJIOT ampOTOHHOTO Ta MPOTOHHOTO
THUIIIB, 3[aTHUX JI0 JIOHOPHO-aKIENTOPHOI B3aeMOAil 3 (heHIUIbHUMU
rpynamMi B CKJaJl TOJIMEPHUX 3B’S3HUX. EJEKTpOHHO-aKIenTopHa
1 MPOTOHHO-OHOPHA 3aTHICTh 3POCTAE B PSTY OKCHIIIB CIIEMEHTIB Bill
Co,05 o AL O, [5].

[lepenbavaroTh, MO OKCHUAM CIIA0ONYKHOTO XapakTepy CIPHUSIOTh
3MEHIIICHHIO BUJIIJICHHS JIETKOJIIETKUX TPOJYKTIB IECTPYKIIii MoIiMepiB
Ta MiABULICHHIO CYLUIBHOCTI MMOKPUTTIB Ha iX 0cHOBI. JlocsraeTbes Le
3a paxyHOK 3B’sI3yBaHHSI MOJICKYJI BOJH, 1[0 MICTHUTHCSI B KPUCTAJIOT1I-
parax Takux OKCHUIIB [6].

Bigomo, 1m0 CTIHKICTh OKCHIHUX CITONYK JIO Mii PiIKUX arpeCcUBHUX
CEPE/IOBHII BH3HAYAETHCS BEIUYMHOIO BUTBHOI e€Heprii yTBOPEHHS iX
13 eneMeHTiB. [0 HaWOLIBII CTIHKHMX 33 I€0 O3HAKOK BIJHOCATHCS
OKCH/IM Kanblilo, iTpito, nantany i topiro. Oxnak CaO i La,O, serxo
MiJJIa0ThCS Tiparallii, a OKCUIH ITPIit0 1 TOPil0 HE 3HAXONATH IIHPO-
KOTO BHKOpHCTaHHs. TOMY pO3IOBCIO/PKEHHSI Ha TPAKTHIII OTPUMAIU
OKCHUIH aJTIOMIHIIO0, MarHiio i MMUPKOHII0, SKI MalOTh JOCTaTHHO BHCOKY
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XiMiuHy cTifikicTe. CiiJi BpaxoByBaTH HpHU L[bOMY, IO HE BCi 3rajaHi
OKCHJIHI CIIOJTYKH MOXYTb 3aJI0BUILHO CyMIILIATUCS 31 3B SI3HUMH Pevo-
BUHAMH Pi3HOT XIMIUYHOT IPUPOIHM BHACIIAOK IX BUCOKOI AECTPYKIIHHOT
aKTUBHOCTI [7].

ITocTanoBKa 3aBAaHHsS. METOIO IOCIIIKEHb SIBISETHCS KUIbKiCHA
oriHKa (hi3MKO — XiMIYHUX BIACTHBOCTEH MOBEPXHI JUCIIEPCHUX OKCH-
niB enementiB -1V rpyn Ta ocoOmmBOCTel iX 3MOYyBaHHS BOJOIO
30KpeMa B MPUCYTHOCTI MiKpOOPIaHi3MiB, SIK aKTUBHOTO JI€CTPYKIil-
HOTO CepeIOBUIIIA.

3agagamu poOOTH €:

— KUTbKICHA OIlIHKa 3MOYYBaHOCTI Ta CHEPreTHYHOTO CTaHy
MOBEPXHIi TUCTIEPCHUX OKCH/IIB;

— aHaJi3 3MiHU BJACTUBOCTEH MOBEpPXHI MiX Ai€I0 BOAM B MOEA-
HaHHI 3 MIKpOOpraHi3aMamu;

— BCTaHOBJICHHSI OCOOJHMBOCTEH B3a€MOJil OKCHIIB ATIOMIHIIO
3 BOJIOIO.

BceranoBneno 3a pe3ynbTaraMd  OIIIHKHM 3MOYYBAaHOCTI BOJOIO
MpHU HaTiKaHHI, 10 BCI JOCTI/DKYBaHI Marepialii MOXKIHUBO MOIIIATH
Ha 71Bi rpynu. MiHiManpHy 3modyBaHicTh (Ha piBHI 2,3-8,9%107?)
matoth okcuau Al, Ni, Ba, Co, Ti, Si, Ca ta Mg. Bei iHmi okcuaHi
MaTepiaiu XapakTepU3YHThCsS MOKa3HUKAMH 3MOUYBAHOCTI Ha PIBHI
10,0-20,4x 102, Haiiripme 3mouyerbcsi Bomoo AlLO,; (2,3x1072),
a Haiikpamte ZnO (20,4 x1072) (tabm. 1).

CTOCOBHO €(EKTUBHOI ITUTOMOI TTOBEPXHI IO BOJII MOXKJIHBO Cepe
JOCII/DKYBAaHUX MaTepialiB BHIUIATH TpU Tpynu. MakcuMalbHUN
ii piBenb (33,6-33,7 M?/T) BiAMIYCHO Yy OKCHIIB MAarHir0 i KaJblIio.
Jlpyra rpymna BKJIOYae OKCHIM aitoMiHito Ta 3amiza (16,8-19,9 mM*/Tr).
[HII mocmipkyBaHi Marepiaiad MalTh €(EKTUBHY MUTOMY MOBEPXHIO
B Mekax 1,3 (Ba0)-9,2 (ZnO) M/t

AHaJi3 OTpUMaHUX JaHWX BIAHOCHO YMOBHOTO tg KyTa Iieiex-
Tpu9yHUX BTpaT npu 4acToTi 1000 ['11 CBiMIUTH PO BiJICYTHICTH 3HAY-
HO1 qudepeHIrialii B piBHAX B3a€EMOJIT TUCTIEPCHUX OKCHUIIB 3 ITapOI0
BOJIM HA BiIMiHYy BiJl 3MOYYBaHOCTI B PiIKOMY cTaHi. BuKItoueHHs
ckiagae tuibku MgO (tg 6=0,400, na ¢oni 0,500-0,599 mist Bcix
IHITAX Ti€JIEKTPHUKIB).
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Ta6auns 1 — BracTuBOCTI MOBEpXHi TUCHIEPCHUX OKCH/IIB

3MouyBaHicTh K .. IInToma YMoBHMI
oedimieHt
BOJIOI0 TIPH JE epexTuBHA TaHTeHC KyTa
Oxcug . . Jiodinb- .
HaTiKaHHI Hocri MOBEPXHs JieJIeKTPUIHUX
(x10%) o Boji, M%/r BUTPAT

MgO 8,916,1 0,4510,42 33,6 32,8 0,400 0,101
CaO 8,91104 1,00 | 0,40 36,7177 0,5900,510
ZnO 20,419,8 1,07 10,38 9,215,6 0,59410,419
BaO 5,7111,3 0,4910,53 1,3]5,5 0,550 0,490

SnO 17,4153 2,2310,31 16,515,3 0,359 0,282
PbO 15,6 6,6 0,4710,32 6,2]1,4 0,219 0,100
B,0, 10,0179 1,401 0,29 1,413,5 0,500 | 0,099
ALO, 2,315,1 0,201 0,63 16,8 19,7 0,588 10,339
Cz,0, 14,715,5 0,4710,37 2,8]1,6 0,590 0,229
Fe,0, 15,418,0 1,8310,14 2,2159 0,599 0,391
Co,0, 7,115,2 0,36]0,12 12,118,0 0,599 | 0,590
Ni,O, 5,0]84 0,5410,34 21,4379 —

SiO, 8,810,9 0,62 10,47 19,9 15,1 0,599 10,299
TiO, 7,8]11,6 1,66 ] 0,54 7,111,7 0,599 0,590

[MpumiTka: * B uucenbHOMY HaBeICHI JaHi Uil BUXITHUX OKCHIIB, @ B 3HAMCHHHKY
ITiCJISE BATPUMKH Y BOJIOTOMY CEpPEIOBHIIII 3 MIKPOOPTaHi3MaMH.

BusiBieHO B 4acTHHI 3MOYYyBaHOCTI BOJOK HEOJHO3HAYHY Kap-
THUHY. 3pOCTaHHS OCTaHHBOI CIIOCTEPITaeThCS TUTHKHU Ui OKCHAIB Ba
(ma 286 %) Tta Al (Ha 121 %). 3MouyBaHICTh BCIX IHIINX TECTOBAHHUX
MarepianiB moripmmiack B Mexax Big 89,8 (Si0,) o 21 % (B,0,).
AGcomoTHI MakcHMManbHi 3HadeHHs B, Bimmiueno msa TiO, 1 BaO,
a miHiManbHi y SiO, OKpiM IBOX OCTaHHIX BIJHOCHO CYTT€Bi 3MiHH
B TIpolieci TecTyBaHHsI crioctepiraerhes B Al,O,.

JliodinpHo-mi0hoOHNI OamaHC TOBEpPXHI AWCIEPCHUX OKCHIIB
micist Ail BOJOTH B TOEIHAHHI 3 MIKpOOpraHi3MaMmy, K 1 y BHUIAIKY
3MOUYYBAHOCTI BOJIOI0, 3MIHIOEThCS HeomHO3HayHO. KoedirieHT mio-
¢inpHOCTI 30UBIITY€eTHCS TUTbKY A1 BaO (45,7 %) ta ALO, (117,9 %).
MaxkcumanbHe Horo 3MmeHieHHs Bigmideno st Fe,O, (92,3 %),
a Mminimanbae — MgO (6,7 %). Jlinilika OKCUJHUX MaTepialiiB 3 HalHBU-
ITUMU 3Ha9eHHSIMH § Mae Takuii Bua: BaO>Al,0,>TiO,>Si0,.
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BaxxnuBuM (akTopoMm TpH OIiHINI €HEPreTHYHOTO CTaHy MOBEPXHi
JICIIEPCHOTO Marepially SBISIETHCS PiBEHb PO3BUTKY ii e(peKTUBHOCTI
MUTOMOI CKJIaJIOBOI. AHAJIOTIYHO 3MOYYBaHOCTI BCTaHOBJIECHO aude-
peHIliioBaHy 3MiHy €()EKTHBHOI MUTOMOT IOBEPXHI IO BOJI JOCIIKY-
BaHHUX OKCHIIB TCJISI €KCTIO3UITiT y BOJIOTOMY CepemoBHIIi. BoHa 30111b-
myethest y BaO (322 %), B,O, (150 %), SiO, (24 %) ta ALO, (18 %).
3a aOCOMOTHUMH BeJIHMYMHAMH ¢(DEKTHBHA MUTOMA MOBEPXHS TMepely-
Bae B Mexkax 4,2 (BaO)-3,1 M*r (Al,O;). 3MEHIIICHHS TOBEPXHi MiCis
TecTyBaHb CTaHOBUTH Bix 372 % (TiO,) mo 2,4 % (MgO), 1o ckianae
BigmoBinno 4,2—0,8 M/

JletanpHa OITiIHKA EHEPIeTHYHOTO CTaHy TIIOBEPXHI JHUCIEpC-
HHAX OKCHIIB, SIKI NPEICTABISAIOTh MPAKTHYHUK IHTEpPEC Ta BXOIATH
JI0 CKJIaJy TOJIMIHEpaIbHUX HAIOBHIOBadiB Oyia 3IiMiCHEHA MUIIXOM
OIIIHKU iX KPHUCTAIIYHOTO ITOBEPXHEBOTO HATATY 3 BUKOPHUCTAHHSIM
OpraHiYHUX PEYOBUH OJIHOTO TOMOJIOTIYHOTO psiy (Taodi. 2).

Tabéauus 2 — Kputnaauii moBepXHEBUH HATAT TUCTIEPCHUX OKCH/IIB
(H/mx10%) micist aii BOJIOTH B IPUCYTHOCTI MIKPOOPTraHi3MiB

Oxenpn Buxignuii cran ITicsis1 BUNpoOyBaHb
MgO 96 86
CaO 126 90

AlO; 85 120

Fe,O, 140 96
SiO, 125 75

BcTaHoBieHO, 1110 MaKCHUMaJbHUN KPUTUYHUN MOBEPXHEBUM HATAT
cepen gociimkyBanux okcuaiB mMae Fe,O; (140x10° H/m), a wmiHi-
manbauit — ALO, (85x107 H/m). Ilicns ekcnosuiii y arpecuBHOMY
CEPENIOBHII TUIBKH JUIsl OCTAHHBOTO BiJIMIYEHO WOTO 30iTBIICHHS
Ha 41,2 %. MiHimManbHi 3MiHH KPUTHYHOTO TIOBEPXHEBOTO HATATY CIO-
CTepIraeThes TIIbKKM y oKkcuay Martiro (10 %).

OTpumaHi eKCTIepUMEHTalbHI JaHi IMOKa3ald HasSBHICTH CYTTeE-
BUX BIIMIHHOCTEH EHEpreTHYHOrO CTaHy IIOBEPXHI JAMCIIEPCHUX
OKCHJIIB Ta HOTO CTaOLIBHOCTI B TPUCYTHOCTI BOJOTH 3 MIKPOOP-
ranisMamu. Cepen; IOCHiKYyBaHMX MaTepialiB 0coOnuBoi yBaru
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sacnyrosye ALO,. Moro moBepxHs Mae MiHiMaIbHy 3MOUYyBaHICTH
BOJOIO 1 KOe(ilieHT 10 IIBHOCTI Ta KPUTUYHUI [TOBEPXHEBHUI HATSIT.
[Ticnst excro3uilii y BOJIOrOMY CEpeOBHINI ISl 3raJlaHuX MMOKa3HHUKIB
1 muToMOi e(eKTUBHOI MOBEpXHi XapaKTepHO cTabibHE 3POCTaHHSI.
HasBHiCTP Takux 3aKOHOMIPHOCTEH Ha€ TIACTaBH CTBEPIKYBaTH
PO BHCOKY XiMiYHY aKTHBHICTh pPEaKIlifHO3IATHUX IEHTPIB Ha HOTO
MOBEPXHI BIAHOCHO BOJM, L0 MOXCE I[OCHJIIOBAaTUCH aM(OTEPHUMHU
BJIACTUBOCTSIM OcCTaHHboro. Jly)xHo-zemensHi okcuan (Mg Tta Ca)
Ta KucioTHi (Si, Ti) 3HAYHO MOCTYMAKOTHCS B 37aTHOCTI JO XIMIYHOI
B3a€MO/Iii B TOBEPXHEBOMY IIIapi OKCHIY aJIFOMIHIIO.

BukoHnannii ¢i3uKoO-XiMIYHAN aHai3 BHIIB OKCHIY aTIOMIHIIO
MOKa3aB, M0 O0COONMBOCTI B3a€MOIii 3 TUTICHABHMH TprOaMu y BOJIO-
TrOMYy CEpENOBHUINI BHU3HAYAIOTHCS HASBHICTIO B HOro CKIaai Pi3HHUX
¢opm Bomu. 30umbiieHHs pH peakiiiiHOro cepenoBHINa XapaKTEPHO
JUISl YaCTKOBO TiIpaTOBaHOTO, a 3MEHIICHHSI — JUIsi OE3BOJHOTO OKCHJTY.
HepeBatorpadiyanii aHami3 OKCHIIB aTIOMIHIIO PI3HOTO CTYTEHS Tij-
patarii (HasBHICTH AI(OH); Ta AIO(OH) miarBepmKyoTh eHI0eheKTH
mpu 548-578 i 813 K BimmoBimHO) B KOPYH[AI BHSBHB OCIaOIECHHS
3B’SI3Ky TiAPOKCHIIBHUX TPYI 3 MaTepiajioM MICis Jii IUTiCHIBUX TPH-
0iB. EnoedexTn, Bukiinkani HasBHicTIO Al(OH); AIO(OH), 3HuKaoTh
noBHicTio (puc. 1).

OjHOYaCHO 3 IIMM BIJMIYA€ThCS TMOSIBA CHAOTEPMIYHUX e(dek-
TiB ipu 443-458 K, 0OyMOBJICHUX BHIAJICHHSIM aacopOOBaHOI BOIM.
BuTtprMmka BkazaHHUX MaTepiaiiB y Bosoromy cepenosuii (96 %) npax-
TUYHO HE BIUIMBAE HAa HASBHICTH T1IPOKCWIBHUX TPyI. BincyTHicTh
Ui JEesIKMX BUAIB TiJPaTOBAHOTO OKCHAY aJIOMIiHIIO eHIOoe(EeKTy
xapakrtepHoro it AIO(OH) noB’s3aH0 3 HE3HAYHOK HOTO KIIBKICTHO
(menme 0,5 mac). MakcumanpHa BTpara macu (4,37 %) BiamideHO
y Marepiaiy 3i 30inpmennM BMictom AIO(OH).

His mmicHSBuUX TpuOIB HA TIAPOKCHI AIOMIHIIO CYIPOBOIKY-
€TBCS 3MEHIICHHSAM 1HTEHCHBHOCTI eHpoedekry mnpu 593-608 K
(uactkoBa geripparamist Al(OH);) Ta apyroro He MeHII BHpake-
Horo npu 818-823 K (moBHa perinpararisi). Brpara macu mnst rijg-
POKCHUJTy aJFOMiHIIO TICIIsl BIUTUBY MIKpOOPTaHi3MiB CKJIaJa€e iHTepBai
593-608 K 19,0 % B mopiBusuHi 3 17,6 % y xonTpompHOTO 1 17,02 %
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HIiCIIsl BUTPUMKH y BOJIOTOMY CEpEIOBHINI TPH KIiHIEBUX 3HAYCHHSIX
34,8 ta 34,55 % BinnosigHo. OTXKe, MIKPOOPTraHi3MH CIIPUSIOTH [TOCIa-
OJICHHIO 3B’SI3KY T1APOKCHIBHUX TPYIl 3 aTOMOM aJFOMIHIIO.
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Pucynoxk 1 — JlepuBaropamu Al,O,
1, 2, 3 — Buximauit AL,O; 1', 2' — miciast BATPUMKH y BOJIOTOMY CEpPEIOBHIIL;
1", 2", 3" — micst i MiKpOOPTaHi3MiB Ta BOJIOTOTO CepeIoBUIIa

MOXITUBICTB TiJIpaTaliii OKCHy alfOMiHIIO B IPOIIECI il TUTICHABUX
rpubiB MiATBEPAXKYIOTh MOSBOIO Ha Horo [Y-criekTpax MMPOKOi cMyru
NorMHaHHS 3 MakcuMyMoM 3450 cm . CyTTeBuX 3MiH B JaHii obmacti
JUISL BHUXIJIHOTO 1 BHJIEPXKAHOTO Y BOJIOTOMY CEPEJOBHUIII OKCHILY
HE CIIOCTepiraeTrcs (puc. 2).

Jist TuticHSBUX TpHUOIB Ha €NEKTPOKOPYH, KU HE MICTHTH TIpak-
TUYHO BOJIM, CYNPOBOMKYETHCS NMPOTIKAHHAM MEHIO 1HIIMX HPOLECIB.
MakcumyM eHgoeeKTy, OOyMOBJIEHOTO BHAAIEHHSM aacopOLidHOT
BOJIH, 3MIIIY€ETHCSI B OUTBIII BUCOKOTEMIIEpATypHY o0jiacth Ha 55-70°.
[licig BUTPUMKH y BOJIOTOMY CEPEIOBHIII I HOPMAIBHOTO €JIeKTPOKO-
PYHIy Tie 3HAYCHHSI HE TIepeBHUIITye 45. a 11t 01710T0 eeKTPOKOPYHIY 5°.
3menmenHs macu ckiagae 0,1 %. OTxke, BIVIMB MIKPOOPraHi3MiB
Ha €JIEKTPOKOPYH]I CIIPHSIE TOSIBI OUTBIII MIITHO COPOOBAHOT BOIH.
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Bukonanuii komruiekcHUN  (i3UKO-XIMIYHUK aHali3 J03BO-
JIUB TMOSCHUTH MeXaHi3M 3MiH Ha noBepxHi ALO,;. CyTHicTh Horo
MOJIATA€ B YTBOPECHHI TiAPOOKCUAIB TpH Jii MiKpoopraHizmiB
Ta Boau Ha Oe3Bomuuil Al,O, 3 iHriOyBaHHI X PO3BUTKY 3a paxy-
HOK KHCJIOTHO-OCHOBHOTO 3B’s3yBaHHS MPOIYKTIB MeTaboJi3My abo
B OesmocepeHbOMY Tepediry 3a3HadeHuX IPOIECiB Ha YaCTKOBO
TiIpaToBaHOMY OKCH/II.
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Pucynok 2 — [Y-cniektpu okcumy amominito (1)
Ta OUTOTO eNeKTPOKOPYHITY (2) TiCIIT BUTPUMKH
y BOJIOTOMY cepefoBuIli (*) Ta B MPUCYTHOCTI MiKpoopraHi3miB (**)

BUCHOBKH I ITPONIO3UIIIT
Mertonamu aHalizy, oo 0a3yeTbesi HA PI3HUX (I3UYHUX MPUHIUTIAX
TOCITIKEHb (I3MKO-XIMITHHX BJIACTHBOCTEH ITOBEPXHI IHUCIIEPCHUX
OKCH[IIB Ta iX CTaOIIBHICT Y BOJIOTOMY CEpEIOBHIII 3 MIKpOOpTraHi3-
Mamu. HaBenmena kiacudikarisi OKCHIIB 3a IMMOKa3HWKaMHU 3MOYYBa-
HOCTI, tg KyTa MieNCKTPUYHHX BTpPAT Ta KPUTHYHOIO IMMOBEPXHEBOIO
Harsry. BusiBieHo HaiOLIbII CTiHKI MaTepiany (Ha OCHOBI allfOMIHIIO).
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