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ABSTRACT

In this paper, a sol-gel technique with dip coatingethod is used to prepare photocatalytic ,TiBin films
immobilized on glass substrate. The substrates weaged with titanium peroxide precursor solutidncontrolled
viscosity at a constant pulling rate of 1 mrh, sir-dried and further heated at 40G to obtain uniform films with
good adhesion to the substrate. The titanium ofildes deposited by this technique were 20-100 riok thith a
particle size of 4-10 nm and showed anatase streickilms of titanium oxide as well as the driedvyoer of bulk
gel were characterized by different techniques Xkeay diffraction (XRD), UV-Vis, scanning electnaricroscopy
(SEM), N adsorption and thermogravimetric differential theal analysis (TG-DTA) techniques. The titanium exid
films were found to be very active for photocatalytecomposition of methyl orange and methylene.bhe
photoactivity of the prepared Ti@hin films exhibits a comparable efficiency wiildI powder,Degussa P-25.
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INTRODUCTION

The sol-gel process is well known as a chemicath®gis method for the preparation of glasses. iBgaftom
inorganic precursors such as alkoxides,solubleasxjdr hydroxides,a growth process is initiatedilegto colloids
which then form three —dimensional networks by citairaggregation. The shaping ability of sols defseon the
structure and interaction between the colloidatauhiis difficult to obtain films thicker than 1pby a one step dip-
coating and densification step.

A number of methods have been employed to fabritede films, including sputtering, chemical vapor depiosi,
and sol-gel process [2,3,4]. The interest in apgilbm of sol-gel method is due to several advargageluding ;
good homogeneity ,ease of composition control, fpacessing temperature, large area coating , lavwipetgent
cost, and good photocatalytic properties[5].

The solgel methed has the method has the advaotagsy control of chemical composition of thindey[6]. TiQ,
layers prepared by this method have been useddduption of architectural windows [7, 8], as warielectrodes
in electro chromic devices (ECD) [9-16] and alsp dolar cell applications [17-24].In the last dezadiO, layers
have been applied in nano cell. Photo voltaic systas a photo catalyst to remove organic pollutota air and
water and also, gas sensors, ultra filtration mamés and semi conductor devices can be based -grlsiiania
coatings [25-28].
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Fig. 1. Schematic diagram for preparation of TiO, thin film photocatalyst.

MATERIALSAND METHODS

Preparation of TiO, precursor sol
In the preparation of Ti-precursor sol, titaniuxj(ketra-butoxide (4.8 g, Aldrich chemicals) wasdihglyzed with

deionized water (100 ml), the resulting titaniunditox-ide precipitate was separated by decantatimhveashed
thoroughly with water until the alcohol generatedidg hydrolysis of titanium alkoxide was complgteémoved.
To get a transparent orange sol of titanium percomplex, the precipitate was dissolved in 75 mlaqtieous

hydrogen peroxide [29].
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Preparation of thin filmsof TIO,

To make a film, substrates were first de-greaskedned thoroughly and dried before deposition. Tthersubstrate
was dipped in the viscous Ti-precursor sol of knasgtosity and pulled out , and then dried at raemperature.
Following this method, films were deposited witlegursor sol of different viscosities to study teation between
the viscosity of precursor sol and film thickne&svery thin film of TiO, formed on the substrate was first dried in
air at room temperature followed by drying at 1@0for 2 h in an elec-tric oven. The films formedravdurther
heated at 400C for 1 h in an electric furnace in air. By usirigst method the films on the substrates like glass
plates, ceramics and quartz plates were depositeédpr the deposition on the substrates like gladix and silica
rings, the substrates were dipped into the vissmliand the sol was allowed to dry for 6-8 dayghié film of
titanium peroxo complex was formed on the substea@ after heat treatment they were used for platabgic
reaction [30].

Characterization

The crystallinity of the Ti@ films was determined by X-ray diffraction (XRD)h& accelerating voltage and the
applied current were 35 kV and20 mA, respectivéhe surface morphology of the Ti@ms were observed using
scanning electron microscopy with an acceleratiolgage of 20 kV. The thickness of the films was mgad by
using the Step Profilometer. Spectroscopic analysisthe TiQ films were performed using UV-Vis
spectrophotometer (Hitachi, U-3210) with wavelengdimge of 200—900 nm. The solid was heated at wsirio
temperatures and these samples were charactegiz¢RD, and surface area [31].

RESULTSAND DISCUSSION

Variation of Viscosity of the Sol With Time

At room temperature the change in the viscositthefprecursor sol with time was studied using aonseter. After
sol dilutions the change in viscosity was obsemvbiath was found concentration dependent. The vigcoss very
low initially but attained highest value within B&- hrs [fig. 2].
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Fig. 2. Variation in viscosity with time of titanium peroxide sol having titanium ion concentration:
(a) 0.01, (b) 0.005 and (c) 0.001 M.

Variation of Film Thicknesswith Viscosity

The viscosity plays an important role in the deposiprocess. The thickness of the films depos#aedarious
viscosities was measured by the Profilometer. & wiaserved that the film thickness increases witheiase in the
viscosity of the precursor sol up to certain limg, in between 4000 and 12,000 cps. The filmdied using Ti-
precursor sol of viscosity less than4000 cps wengny different colors at different spots whichicates that the
film deposited was very thin and non-uniform [fiyy Ihe films deposited above 12,000 cps were repotd be
thick and non-uniform [5].
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Fig. 3. Variation of film thicknesswith viscosity of sol

Characterization of Films

The thickness of the Ti (IV) oxide films on glasdica and stainless steel plates was measuredebgrbfilometer.
For these measurements, the half surface of thte plas coated on one side and the height of the bt the
difference in height between the uncoated surfawkthe coated surface, was measured. The filmsasimum
thickness up to 100 nm can be deposited by thisodet

The UV-Vis spectra of the films deposited on sodselglass at different viscosities were recordeamni-the
spectra, it is observed that the films are traresptain visible region and shows characteristic ghtsan in UV
region at a wavelength of around 305 nm. The wifthhe absorption band increases with the incréaddm
thickness.

CONCLUSION

A very simple method for the deposition of thimfg of TiQ, on various substrates like glass plates, siliategland
glass helix has been developed. The films are peest, homogeneous and uniform, and showed ertelle
adhesion to all the substrates. The film thickriesdependent on the concentration of titanium i bl and the
viscosity of the sol. It was found that the filmspwsited in the viscosity range from 4000 to 12609 are uniform.
The films heated at various temperatures (from t20800°C) are mostly of pure anatase type. The films hkate
400 °C show excellent photocatalytic activity for thengulete decomposition of various dyes in water likethyl
orange, methylene blue.
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