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Films of doped and un-doped TiO2with transition metals such as tungsten, vanadium and molybdenum were prepared and 
coated on glass substrates by a simple sol-gel dip-coating method. The doped and co-doped TiO2 samples were characterized 
by scanning electron microscopy, X-ray diffraction and UV-VIS spectroscopy. The influences of the doping on the size, 
morphology and optical properties of TiO2thin-films were investigated. The different behavior of doped and un-
dopedTiO2for their photocatalytic degradation of methyl violetand biomethanated spent wash was evaluated.Mo,Wco-doped 
TiO2and un-doped TiO2 thin-films showed the highest efficiency for sunlight photocatalytic degradation of methyl violet and 
biomethanated spent wash, respectively. 
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I. INTRODUCTION 
 
Many different chemicals are discharged into the 
aquatic environment through industrial activities. Dye 
and distillery industries are two of high water 
intensive industries. Methyl violet (MV) is a basic 
dye with high brilliant and is highly used in 
industries(Kerebo et al., 2016).MV could hinder the 
growth of bacteria and photosynthesis of aquatic 
plants (Kooh et al., 2015). Biomethanated spent wash 
(BSW) is anaerobically treated spent wash. Spent 
wash is a brown liquid-waste that is generated as a 
by-product during the distillation of fermented 
molasses form sugar industries which still contains 
high concentrations of organic persistent pollutants to 
biological treatment systems(Kalavathi et al, 2001). 
Spent wash can be profitably subjected to anaerobic 
treatment to get gas which has fuel value 
(Patwardhan., 2008), but it is not effective for 
complete decolourization and mineralization of 
persistent compound.  Heterogeneous photocatalysts 
such as TiO2 offer huge potential for degradation of 
different persistent organic pollutants including dye 
and biomethanated spent wash. The TiO2 is the most 
active photocatalyst under photon energy of 300 nm< 
l < 390 nm and remains stable after repeated catalytic 
cycles (Malato et al., 2009). In addition, the multi-
functional properties of TiO2 catalyst, such as their 
chemical and thermal stability or resistance to 
chemical breakdown and their strong mechanical 
properties have promoted its wide application in 
photocatalytic water treatment (Chong et al., 2010). 
Since the band gap energy (Eg) of TiO2 is high, 
considerable efforts have been directed to extend the 
absorption edge of TiO2 towards the visible light. 
Different solutions such as doping titania with 
metallic (Gao et al,2010, Kozlova et al, 2009, Wang 
et al 2009) and non-metallic species (Ohno et al,2008, 
Higashimoto et al 2008, Joshi et al 2009) have been 
proposed and investigatedby scientists. Another 

problem related to using TiO2nano-powder for 
photocatalytic degradation of pollutants in aqueous 
solution is the photocatalyst separation problem 
which is cumbersome. Thin films of TiO2as an active 
photocatalyst would be an attractive alternative to 
overcome the catalysts separation problems.  
Titanium oxide films have been made by a variety of 
techniques. Among the different methods for the 
preparation of thin TiO2film, sol-gel method has 
many advantages, particularly the possibility of 
producing large surfaces and additionally this method 
is also suitable for deposition on different substrates 
(Brinker and Scherrer., 1990; Granqvist., 2002; 
Akbarzadeh et al.,2010). The sol-gel process is 
carried out at room temperature and particularly 
attractive for the scaling-up of Thin films fabrication, 
since the liquid precursor can easily be applied on a 
substrate by dipping, spinning or spraying (Knoth et 
al.,2005). 
In this work, TiO2, Mo-doped TiO2, V-doped TiO2, 
W-TiO2 and co-doped TiO2 were synthesized using 
titanium butoxide as a precursor and H2O2 as a 
solvent to form thin films on glass by sol-gel dip 
coating technique with effective heating treatment 
pattern. These films have been characterized by using 
various techniques to determine their structural 
properties. The photocatalytic performance of the 
prepared films in degradation of MV and BSW spent 
wash was studied.  
 
II. MATERIAL AND METHODS 
 
2.1. Preparation of TiO2 film  
Titanium butoxide (Ti(OC4H9)4), H2O2 (30 wt/vol %), 
TiO2 (Degussa P-25) and methyl violet all were 
analytical grade reagents.  Molybdenum trioxide 
(MoO3), vanadium pentoxide (V2O5) and tungsten 
acid (H2WO4) were used as doping agents.For 
preparation of TiO2 thin film 4.2 g titanium butoxide 
was hydrolyzed with 100 ml of distilled water alcohol 
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which is produced due to hydrolysis of titanium 
butoxide was removedby decantation. 15 ml of 30% 
hydrogen peroxide was added todissolve this white 
precipitateand form a yellow sol of titanium peroxide. 
When this solution gets viscose the glass rings and 
glass slides were added for coating purpose. A 
titanium peroxy gel film was formed on the surface of 
glass rings. The coated glass rings were therefore left 
to dry at ambient temperature for several days 
followed by heating at 500 ºC in a furnace at an 
ascending heating rate. 
 
2.2.  Synthesis of W-TiO2 and Mo-TiO2andMo,W-

TiO2 
To prepare W-TiO2,Mo-TiO2, V-TiO2respectively14, 
15and 18 mg of H2WO4 and MoO3and 
V2O5powderwas dissolved in 2 ml of H2O2separately 
to produce peroxo solution, 2ml of water also was 
added to these solutions and heated in a water bath at 
100ºC for 5 minutes.Then,these solutions were slowly 
added to TiO2 sol while stirring for single doping 
separately and simultaneously for co-doping.  
 
2.3.  Characterization  
Scanning electron microscopy (SEM) observation 
and surface morphology were obtained by using JSM 
6360A (JEOL) operated at 20kv. The crystal structure 
of the films was characterized by x-ray diffraction 

(XRD) (Bruker AXS D8 Advance X-ray 
crystallography system). For a film coated on glass, 
the X-ray diffraction pattern was obtained by grazing 
incidence angle (GIA) technique. The absorbance 
spectra of the powder and films were recorded by 
using UV–Vis Spectrophotometer (JASCO model V-
670). The weight of films formed on glass rings was 
measured by subtraction of difference in weight by 
coating on known quantity of glass rings after thermal 
treatment. 
 
2.4. photocatalytic activity evaluation 
The change in dye color concentration was measured 
by difference in UV-Vis absorption spectroscopy. 
COD test reagents, were prepared accordingto 
standard method (ABHA). Methylene violet and 
BSW was used as pollutants.  
 
III. RESULTS AND DISCUSSION 
 
3.1. Characterization of doped and un-doped 
TiO2photocatalysts 
The thin film had a good adhesion to the glass. 
Morphology and surface structure of thin film were 
studied with SEM from which the size of 
nanoparticles could be estimated (Figs. 1).By doping 
the size of nanoparticles in thin film increased.  

 
Fig. 1 SEM images of a)TiO2, b)W-TiO2 and c)Mo,W-TiO2 

 
UV-Visible spectroscopy of prepared TiO2 samples 
also was recorded and it was observed that the 
absorption threshold of TiO2 shifted to higher 
wavelengths. The UV-Vis spectra of doped and un-
doped TiO2 are presented in Fig.2. Obvious red-shifts 
are observed after doping and the best response to 
visible-light obtained for co-doped Mo,W-TiO2.   
The crystal structures and phase determination of 
samples were investigated by XRD. XRD pattern 
showed a well crystallized anatase TiO2. Fig. 3a 
shows the XRD patterns of doped and pure TiO2 
powder and fig.3b showing the XRD of thin film 
sample. Bragg reflections at angles of 25.3°,48.1° and 
55.6° in doped film corresponded to (101), (200) and 
(211) tetragonal crystal planes of anatase phase TiO2, 
respectively. Crystallite size were calculated using 
full-width-at-half-maximum (FWHM) of the 
strongest peak (101) anatase phase, by Scherrer's 
equation as follow: 
T=kλ/β (Cosθ) (1) 

Where T is particle size and K, λ, β and θ are 
constant, wavelength, FWHM and half of 2θ 
respectively. The calculated particle size of doped 
and un-doped TiO2 in Table 1. The data show that 
doping increases the crystallite size in nanoparticles 
in thin film. 
 

 
Fig. 2UV-Vis spectrophotometry of doped and undoped TiO2 

a b c
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Fig. 3 XRD pattern of a) doped and undoped TiO2 nanopowder, b) XRD pattern of thin film TiO2 

 
3.2. Photocatalytic degradation and kinetic rate 
evaluation 
Photocatalytic activity of thin film deposited on glass 
rings for degradation of MVand BSW under solar 
radiation, was evaluated. The rate of discoloration of 
MV and BSW were recorded by UV-Vis 
spectrophotometry and the change in UV-Vis spectra 
of these samples at different time intervals.It was 
found that the photocatalytic degradation of MV and 
BSW follows the pseudo-first order reaction and its 
kinetics expressed as;  
Ln(A/A0)= kt (2) 
Here k is the apparent rate constant, A0 is the initial 
absorption of Methyle violet, t is the reaction time 
and A is the absorption of aqueous Methyle violet at 
time t. The The reduction in absorption in UV-Vis 
spectra of BSW were recorded by UV-Vis 
spectrophotometry and the plot of ln(A/A0) with time 

of irradiation for 2 pollutants has been shown in Fig. 
4.  All the lines of kinetic plots are linear, which 
confirms the first-order reaction kinetics. The highest 
activity for degradation of MB were observed for co-
doped Mo,W-TiO2. However un-doped TiO2show 
highest activity of TiO2 after doping with Mo,W 
increases comparing with pure TiO2. Degradation of 
BSW was confirmed by COD analysis and COD 
reduced by 80%. Control sample of BSW also was 
carried out in the same identical condition in the 
absence of thin films and reduction in absorption of 
BSW was negligible. Wavelength at 267.3 was 
chosen as a fix point and then absorption was plotted 
against time using these records at this point (Fig. 
4b). The plot of ln(A/A0) with time of irradiation for 
BSW sample is shown in Fig.12a, the line of kinetic 
plots is linear, which confirms the first-order reaction 
kinetic in BSW degradation. 

 
Fig.4 First order kinetic plot of a) MVdegradation and b)BSWdegradation in natural sunlight 

 

a b
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In order to find out the life span of the thin film 
photocatalyst, the colorless solution was decanted and 
fresh MV solution was added to the photocatalyst. 
The photocatalyst were used for 20 timeswith almost 
same efficiency. MV also did not remain on the 
surface of catalyst for long time and the photocatalyst 
could be used for further cycles. Therefore, in 
consecutive experiments, no significant decrease in 
catalytic activity was observed.  
 
CONCLUSION 
 
TiO2 thin films were prepared and doped with 
transition metals, W, MO and V by a simple sol–gel 
dip coating method. XRD confirmed the anatase 
phase of TiO2 phase in all samples. The light 
absorptionof doped TiO2 was shifted toward the 
visible light and consequently the band gap energy of 
the doped TiO2 reduced. These doped and un-doped 
TiO2films photocatalyst has been found to be active 
for sunlight photocatalytic degradation of methyl 
violet and biomethanated spent wash. TiO2 films co-
doped Mo,W-TiO2 were found to be the most active 
photocatalyst for degradation of dyes and un-doped 
TiO2 was found to be the most active photocatalyst 
for sunlight photocatalytic degradation of BSW. This 
result could be correlated to the red shift in optical 
absorption and the synergetic effect between tungsten 
and molybdenum.More importantly the TiO2 thin 
film catalyst in this study was found to be economical 
as it utilizes the sunlight for photocatalytic 
degradation and can be reused for 20 numbers of 
cycles without significant reduction in efficiency. 
Last not least it was found that un-doped and doped 
TiO2 has selectivity towards degradation of different 
pollutants as observed in this study.  
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