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Introduction

           Porous nanocomposites of anatase TiO2 have attracted much attention for their applications as photocatalyst to decompose environmental pollutants such as halogenated organic compounds and nitrogen oxides and to leave organisms and bacteria. Nanosized TiO2 particles show higher photocatalytic activities than the bulk because they have a large surface area per unite mass and volume and facilitate the diffusion of excited electrons and holes toward the surface because their recombination. Among the crystalline phases of titanium dioxide, anatase is reported to exhibit the highest activity. In addition, increasing the porosity and surface area of the matrix in which anatase nanocrystals are dispersed should improve the photocatalytic activities of the composites.

The sol-gel method, using metal alkoxides as the starting materials, is one of the most promising techniques for fabrication of nanocomposites with a tailored structure and porosity. Several techniques that are based on the sol-gel method for the preparation of  TiO2 nanocomposites and TiO2 porous films, such as TiO2/polymer nanocomposite films, multilayered SiO2/TiO2 nanoparticles in pillared clay and others, have been reported. However, these techniques still have disadvantages and inherent limitations; one of these limitations, for both TiO2 nanocomposites and TiO2 porous films, is that a high temperature process is required to form anatase nanocrystals. In addition, homogeneous dispersion of the particles in the matrix and control of the porosity of the matrix can not easily be attained in the composite films. In the preparation of TiO2 porous films, the particles have a tendency to aggregate in the sol and the resultant films usually become opaque. Thus, the techniques used to form transparent anatase nanocomposite films on various substrates at low temperature are essential to practical applications of TiO2 as a photocatalyst for pollutant-decomposing, seft-cleaning and hydrophilic surfaces systems.

Here, this project studies the preparation of transparent anatase nanocomposite film by treating SiO2-TiO2 gel films with hot water. The processing temperature is less than 1000C under ambient pressure, so that the procedure can be applied to various types of substrate, including glasses and semiconductors, as well as organic polymers with poor heat resistance. 
Experimental Procedure

          SiO2-TiO2 film coatings that contained 16.5 mol% TiO2 ( SiO2:TiO2 molar ratio 5:1) were prepared from the corresponding metal alkoxides. Silicon Tetraethoxide in ethanol was hydrolyzed with water that contained 3.6 w% HCl at room temperature for 60 minute; the molar ratios of ethanol and water to silicon tetraethoxide were 5:1 and 4:1, respectively. Then, the hydrolyzed solution was mixed with titanium tetra-iso-propoxide that was diluted with ethanol and stirred continuously for 60 minute. The molar ratio of ethanol to titanium tetra-iso-propoxide was 20:1. Finally, an organic polymer was added to the solution and the resultant solution was used for coating on various substrates, such as non-alkali glass plates, silicon wafers, aluminum foils, and poly-ethylene-terephthalate (PET) sheets, using dipping and withdrawing procedure. The coating process was performed in a dry atmosphere (20% relative humidity) at room temperature. The substrates that were coated with the film were dried at a temperature of 90oC for 60 minute in air using an oven and then were immersed in hot water at a temperature of 97oC for several periods.. PEG was selected as the organic polymer because it was the most suitable substance to be eliminated by leaching in hot water and it can be used to control the porosity in the resultant film. The average molecular weigh of the PEG that was used was 600. The weigh ratio of PEG that was added to the SiO2-TiO2 compound was unity.
The changes in the texture, structure, and composition of the coating film during the hot water treatment were examined using High Resolution Transmission Electron Microscopy (HRTEM), Fourier Transform Infrared (FTIR), Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDS), Ultraviolet-Visible spectrophotometer (UV-Vis).

Result and discussion
Figure 1 shows changes in the IR absorption spectrum of the PEG-containing SiO2-TiO2 film coatings during the hot water treatment. In the spectrum of the film before the hot water treatment Fig. 1a, the strongest absorption peak is observed at ( 1100cm-1, which is assigned to the overlapping of the stretching modes of Si-O bonds in the silica network and C-O bonds in PEG. The absorption peak at 2800 cm-1 is assigned to the C-H bonds in PEG. The peak at 950 cm-1 mainly is ascribed to the band that is due to Si-O-Ti bonds in which Ti ions were introduced into four coordinated sites. The peak at 2800 cm-1 disappears after hot water treatment 60 minute Fig. 1b, which indicates that the PEG  in the film was leached out completely with the hot water treatment. The intensity of the peak at 950 cm-1 decreases during the treatment and becomes very weak after hot water treatment for 60 minute. This result indicates that the Si-O-Ti bonds are hydrolyzed readily and the hydrolysis of the bonds is closely related to the formation of anatase. Fig. 1c  also indicates that formation anatase did not occur in the film that without PEG after hot water treatment. 
Figure 2 shows SEM spectrum on different substrates. Images indicate that anatase nanocrystals formation on various substrates consist of silicon (a), glass (b) and PET (c) after hot water treatment 60 minute. It is very convenient to employ in industry, especially, PET is one of the substrate materials with poor heat resistance that apply in special reaction. We can show that crystalline only occur in films coating that containing PEG. Anatase nanocrystals have not occurring in films coating that PEG-non-containing after hot water treatment Fig (c), (d), (f). That can conclude that PEG have role very important to form anatase. 
Figure 3 shows the optical transmission spectra of PET substrates without coating Fig. 3a and substrates that have been coated with the SiO2-TiO2 film after hot water treatment at 97oC for 60 minute Fig. 3b. Having to interference between the film coating and the PET substrate, the changes in the thickness and refractive index of the film during the hot water treatment. The film coatings are highly transparent, even after the formation of anatase nanocrystals and substrate was not damaged. The decrease in transmittance of the film for UV light with a wavelength of less than 400 nm after the treatment is due to the fundamental absorption of anatase nanoctystals that form in the film.
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Figure. 1  FT-IR spectrum of PEG containing SiO2-TiO2 film coating before (a) and after (b) hot water treatment 60 minute and PEG non-containing SiO2-TiO2 film coating after hot water treatment 60 minute (c) on silicon substrate
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Figure. 2 SEM  image  of PEG-containing SiO2-SiO2 films coating after hot water treatment 60 minute on silicon wafer (a), non-alkali glass plates (b) and PET substrate (c). And SEM image of PEG-non-containing SiO2-SiO2 films coating after hot water treatment 60 minute on silicon wafer (d), non-alkali glass plates (e) and PET substrate (c)
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Figure. 3 UV-Vis spectra of PET substrates without coating and PEG-containing SiO2-TiO2 on PET substrate after hot water treatment 60 minute
Conclusion

            Transparent anatase nanocomposite films have been prepared by treating the SiO2-SiO2 gel film that contained polyethyleneglycol (PEG) with hot water. The changes is the structure of the film that was subjected to the hot water treatment are summarized as follows: (i) leaching of PEG from the SiO2-SiO2 film (ii) the addition of an organic polymer (PEG) in the films accelerates the formation of anatase nanocrystals and porosity of films (iii) hydrolysis of the Si-O-Ti bonds and dissolution of the SiO2 component (iv) nucleation and growth of anatase nanocrystals.

The process temperature is less than 100oC under ambient pressure, so that transparent and porous anatase nanocomposite  films can be formed on various
types of substrates, including organic polymers with poor heat resistance. The film coating on the substrate is a promising candidate for use a photocatalyst to decompose environmental pollutants and harmful microorganisms.
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