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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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BUCOKOHAIIOBHEHI NIOJIMEPHI KOMIIO3UTH,
OTPUMAHHA TA 3ACTOCYBAHHA
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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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Marepiady BU3HAYa€ThCSl HOro HACTYIHHUM 3aCTOCYBAaHHSIM Ta HEOOXi-
HUMH (QYHKIIOHAIEHUMHM BIaCTHBOCTAMHU [1].

3HauHy poiib y (POPMYBaHHI BIaCTHBOCTEH MONIMEPHUX KOMITO3UTIB
BiJIIrpatoTh TEXHOJOTIi OTPUMAHHS [IUX KOMITIO3HTIB, CIOCOOM morepe-
JTHBOI OOPOOKM HAMTOBHIOBAYIB Ta CIIOCOOM OTPUMaHHS TOTOBHUX BHPO-
0iB Ha OCHOB1 CTBOPCHUX KOMITO3HTIB.

[TonmimMepHi KOMIO3UTH OTPUMYIOTH 3@ TEXHOJIOTI€I0 KOMIayHIY-
BaHHs. KoMmmayHIyBaHHS — Mpolec MO€IHAHHS IUISXOM 3MilllyBaHHS
KOMIIOHEHTIB Pi3HOT IPUPOAX HA EKCTPY31HHOMY yCTaTKyBaHHI.
KomnayHayBanHsT MOxe 3IIHCHIOBATHCS TPhOMa OCHOBHHMH CIIOCO-
Oamu: ToTIepeqHE 3MilTyBaHHS ab0 TPEMIKC; pPO3MiIbHE I03yBaHHS,
KOMOIHOBaHWU TMpolleC 3 TMOEIHAHHSAM TOTIEPEIHBOTO 3MIITyBaHHS
3 PO3IUIBHUM J03yBaHHM [2-3].

[onepenne 3milTyBaHHS — MPOLEC KOMIIAyHAYBaHHS [IPU SIKOMY BCi
KOMIIOHEHTH MaiOyTHBOI CyMIllli MMONEPEIHBO 3MILIYIOTh Y OKPEMOMY
YCTaTKyBaHHI IIISIXOM TOYHOTO 00’€MHOT0 ab0 MacoBOIO JI03YBaHHS
KOMITOHEHTIB 3a Hamepen 3afaHuM perienToM. Jlasi ToToBy cymimr mepe-
POOIISAIOTH y eKCTPY31HHOMY yCTaTKyBaHHI 3 OTPUMAaHHS IPaHYJISTY.

Po3ninbHe 103yBaHHS — MpoLeC KOMIAyHIYBaHHS MpPU SIKOMY BCi
HEOOXi/IHI KOMIIOHEHTH CTBOPIOBAHOTO KOMIIO3UTY IO3YIOTHCSI Herle-
PEpBHO Y 3a/iaHiil MpOMOopIIii y eKCTpy3iiiHe yCTaTKyBaHHS 3 BUKOPHC-
TaHHSIM J103aTOPiB HETIepepBHOI ii.

Kom0iHoBaHU#l mporec KOMIAyHIYBAaHHs IIOJSITAE Y YaCTKOBOMY
MO€HAHHI HENEPEePBHOIO JO3yBaHHS YaCTHMHU KOMIIOHEHTIB Ta Herle-
PEPBHOTO 103yBaHHS YaCTHHH KOMIIOHEHTIB SIK IOIEPEIHHO BUTOTOB-
JICHOT CyMili.

[TonimMepHi KOMITO3UTH OTPHMYIOTH Ta 3aCTOCOBYIOTH Y BHIVISIL
KOMIIayH/iB Ta KOHIeHTpaTiB. Kommayna — rotoBa a0 mepepoOKu
cucTema, L0 3a3BUYail Mae cTymiHb HamoBHEHHS 1o 30—40 % wmac.
KoHneHTpaT — BHCOKOHANlOBHEHA KOMIIO3HIisl MpU3HA4YeHa IJIsl 3Mi-
LIYBaHHS 3 OCHOBHOIO CHPOBHHOIO IEPEA MEepepoOKOI0, Mae BUCOKUI
CTYIIiHb HATIOBHEHHSI, 1110 MOXe csiratu noHay 80 % mac., He TpuaTHa
3a3BHYail J10 MepepoOKH y YUcTOMY BUTIISII [4].

Meron po3HIIBHOIO JI03yBaHHS 3 BUKOPUCTAHHSM JBOIIHEKO-
BOTO EKCTPYAEPY AO3BOJIIE OTPUMYBATH BHCOKOHATIOBHEHI MONIMEpHi
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