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The effect of pyrogenic SiO2 nanoparticles 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 μm/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 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 5151 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 5151 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.
CONCLUTIONS
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 μm/h.
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