Photocatalytic application of SiO2/TiO2  Thin Film on Glass
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Abstract: SiO2-TiO2 neutral sols were prepared by peroxo sol-gel method. They were coated on the glass substrate. The characteristics of the SiO2/TiO2 hydrosol and film were characterized by SEM, TEM, HRTEM, XPS and UV-Vis. SiO2/TiO2 film with Si/Ti atomic ratio of 5 had the highest activity based on the same amount of TiO2 and high antireflection property.
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1. Introduction 
Titania has been extensively used as a photocatalyst. However, when TiO2 is coated on glass, the light transmission is not high enough. This study aimed to investigate the synthesis of SiO2/TiO2 hydrosols with the different compositions of SiO2, which possess high light transmittance and high photocatalytic activity simultaneously. The presence of SiO2 in the films could inhibit the diffusion of sodium cations from the glass substrate during heat treatment process1. It also has antireflection and antiglare properties. 
2. Experimental
TiCl4 was slowly added into 1 M HCl aqueous solution under stirring, and kept in ice bath. NH4OH was then added slowly to form Ti(OH)4. The pH value of the solution was adjusted to ~9. After aging and stirring for a period of time, Ti(OH)4 gel was filtered and washed with distilled water several times until no chloride ion was detected. The gel was dispersed in distilled water. 30 wt% H2O2 was added to the solution to oxidize the gel to form titanium peroxide. The resultant solution was heated at 95 °C for 4 h. SiO2 hydrosol was added into the TiO2 sol during heating. The SiO2/TiO2 sol was then dip-coated on glass substrate several times. The effect of SiO2 migration barrier on the sodium migration from soda-lime substrate was also investigated. The sample was denoted as ST(x) where x is Si/Ti atomic ratio. For comparison, the conventional multilayer coating of SiO2 and TiO2 was also prepared, and denoted as S/T film. The samples were characterized by XRD, SEM, TEM, HR-TEM, UV-vis and XPS. Methylene blue destruction was also tested under UVC and UVA light irradiation.
3. Results and discussion

The TiO2 and SiO2/TiO2 hydrosols were prepared by peroxo sol-gel method2 by using TiCl4 as precursor. It was found that the as-prepared TiO2 sol was stable light-yellow transparent sol which contained the rhombus shape of TiO2 nanoparticles dispersed in the sol. In addition, the as-prepared SiO2/TiO2 sols with SiO2:TiO2 mole ratio of 3:1 and 5:1, denoted as ST(3) and ST(5), respectively, could be observed that the TiO2 nanoparticles have been found to embed deeply in the spherical SiO2 particles. This type of combination possesses some better advantages than the others due to the efficient reversible absorption of target organic substances and short traveling distance from the adsorbed site to the active3. For antireflection study, the films were prepared by dip-coating in order to obtain the thickness of about 1 μm, and It was found that the transmittance increased along with the presence of silicon dioxide and could enhance the light transmittance up to 4% in case of ST(5) film when compared to the bare glass substrate, whereas the TiO2 film decreased at least 5% of transmittance (see Fig. 1). Prior to study the effect of the sodium migration from substrate into the film layer, the as-prepared films were treated at 500 oC for 1 h, it could observe that ST(5) film could be detected a small amount of 0.04 atomic % sodium content on the surface, whereas the multilayer coating showed the content of sodium up to 6.57 atomic % but less that on the bare TiO2. For the photocatalytic degradation of methylene blue aqueous solution, the TiO2 film represented the highest activity (see Fig. 2). However, based on the same amount of TiO2 species existed in the films, the presence of SiO2 in the film could enhance the photocatalytic activity. The ST(5) film was also active to destruct methylene blue under UVA illumination (365 nm). 
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4. Conclusions

Bi-functional TiO2-SiO2 material of antireflection and degradation of organic substance were prepared by using peroxo sol-gel method with the preparation condition of prolonging heating the sol at 95 0C for 4 h. This can be the alternative way to produce the film coating on substrate which possesses high light transmittance, prevents the sodium diffusion from substrate to film and preserves high photocatalytic activity simultaneously.
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Figure 3. Photocatalytic activity of ST(5) film under 


different UV sources.








Figure 2. Photocatalytic degradation of methylene blue of various films.








