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ABSTRACT

Nowadays, extensive research has been undergoing in the fabrication of functional materials in nano
regime having ordinary compositions. Various nanostructures of titania have been synthesized in this direction
because of the higher efficiency of these systems towards a spectrum of applications such as photocatalysis, dye
sensitized solar cells, sensors, drug delivery etc. In this paper Titania nanotube is synthesized by Hydrothermal
method and is characterized by XRD, UVDRS, SEM, TEM, FTIR and surface area analysis. Photocatalytic
efficiency of the prepared nanostructure was envisaged by conducting UV light induced photodegradation of
Methylene blue (MB) dye. Titania nanotube showed superior activity towards the dye degradation when
compared to the reference system prepared signifying the prepared nanostructure has commendable activity
towards waste water treatment.
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1. INTRODUCTION

Among the various semiconductor photocatalysts TiO; has been considered as a promising one because
of its chemical stability, nontoxicity, long durability strong oxidizing abilities (Nosaka, 2004; 2005; Janczyk,
2006) for the decomposition of organic pollutants (Fujishima, 2006; 2007), super hydrophilicity (Wang, 2006)
and low cost. Factors such as size, specific surface area, crystalline phase, pore volume, pore structure, exposed
surface facets may affects the photocatalytic performance of Titania significantly. Of the three polymorphic
forms Anatase phase of TiO is found to be more active than the others namely rutile and brookite. Several TiO>
nanostructural materials, such as spheres (Bai, 2010; Chen, 2011), nanorods (Cozzoli, 2003; Feng, 2005),
fibers (An, 2008; Cheng, 2010), tubes (Liu, 2008; Mor, 2005; Aoyama, 2012; Bavykin, 2006), sheets
(Arabatzis, 1998; Caruso, 1998) and interconnected architectures (Poudel, 2005; Costal, 2009), have been
fabricated owing to their excellent physicochemical properties that are catalytic, electronic, magnetic,
mechanical and optical in nature. Thus, the construction of TiO, nano structures with interesting morphologies
and properties for superior performance has attracted considerable attention. Among the various nanostructures,
there is an engrossing interest in the synthesis of TiO, based nanotubes as they have high specific surface area,
ion changeble ability and photocatalytic activity. There are many methods for synthesizing TiO, nanotubes, but
those having the anatase crystals may exhibit highest photocatalytic activity. In this direction the hydrothermal
method has been proved superior for the synthesis of TiO> nanotubes. In this paper we have synthesized Titania
nanotubes by hydrothermal method in view of their potential applications in the field of photocatalysis. A
thorough characterization was also made for the prepared sample.

2. MATERIALS AND METHODS

2.1. Reagents: Titanium dioxide anatase (Sigma Aldrich), sodium hydroxide (Merck, 98% purity),
Hydrochloric acid (Merck), were used in the experiment. The water used throughout the experiment was
distilled.

2.2. Characterization: Wide angle Powder X-ray diffraction (XRD) pattern of the sample was recorded using
Rigaku D/MAX- diffractometer using CuK, radiation, in the Scan range of 20, 20-80°. The morphology of the
samples was investigated using Transmission electron microscopy, TEM (FEI TECNAI 30 G2, 300KV) and
Scanning electron microscope, FE-SEM (JEOL Model JSM-7600F), SEM (JEOL, Model JSM-6390LV)
equipped with an Energy Dispersive Spectrometer (EDX). Samples for TEM were prepared by dropping the
products on a carbon-coated copper grid after ultrasonic dispersing in water. N, adsorption study was conducted
on a Micromeritics Gemini surface area analyser using static adsorption procedure of N, at 77K. The specific
surface area of the system was calculated using the BET equation for data in p/po range between 0.05-0.299.
Jasco FTIR-4100 spectrometer was used for recording the FTIR spectra of catalyst samples using KBr disc
method. The UV-Vis diffuse reflectance spectrum was obtained using Jasco V-550 spectrophotometer, using
BaSO; as reference.

2.3. Sample Preparation

2.3.1. Synthesis of titania nanotubes: Titania nanotubes were synthesized following a literature procedure.
About 5 g of Commercial TiO> powder was dispersed in 175 ml of NaOH (10 N) solution using mechanical
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stirrer for 1 hour and the suspension was transferred into a Teflon-lined stainless steel autoclave and sealed.
The autoclave was maintained at a temperature of 130°C for 48 h and then allowed to cool to room
temperatures. The white precipitate obtained from the hydrothermal treatment was vacuum-filtered and washed
with 0.1 N HCI and deionized water until the pH was around 7. The sample was then dried at 100°C overnight
and calcined at 300°C to obtain the titania nanotubes denoted as T2.

2.4. Photocatalytic activity study: The photocatalytic activity of the prepared system was monitored by
examining the degradation of methylene blue dye in presence of UV lamp 98W (A= 380nm) at room
temperature in a Luzchem LZC 4X model photoreactor. Continuous stirring is maintained throughout the
reaction. For comparison the activity of the prepared titania is also determined. Catalyst dosage is 0.25g/L.
Required amount of the catalysts were added to 75 ml of 2.325x 10°M solution of methylene blue dye. Prior to
illumination, the solution is stirred for 30 minutes under dark in order to reach adsorption desorption
equilibrium. The aqueous slurry is placed in the centre of the rector and exposed to UV radiation with
continuous magnetic stirring. Certain amount of the sample is taken from the beaker and centrifuged to remove
the catalyst particles allowed to settle and the decanted solution is analyzed for the methylene blue content by
measuring the absorbance at 663nm.The photocatalytic degradation percentage is calculated using the equation
Degradation percentage= [(Co-C)/Co]*100, Where‘C,’ is the initial concentration of the dye solution and ‘C’ is
the concentration after a definite time‘t’.

3. RESULTS AND DISCUSSION

3.1. Electron Microscopy Studies (SEM and TEM): Fig.1lashows a high-magnification SEM image of the
prepared titania nanotube. In figure tube like structures are noticed. Tubular bundles are seen in some region
that may be due to the aggregated nanotubes. The tubes are appeared to be open at the ends. The diameter of
these tubes ranges from 12-15 nm, and their length ranges from 100-200 nm. The TEM image of titania
nanotube [Fig.1b] clearly shows that tubes are uniform and open ended which is extremely beneficial for
adsorption and photocatalysis. The nanotubes were approximately 100-200 nm long and the diameter of the
tube ranges from 8-15 nm.

Fig.1.SEM(a) and TEM(b) images of the prepared nanotube
3.2. XRD: XRD pattern of titania nanotubes is represented in the figure as T2.From the diffraction pattern,
characteristic diffraction peak at 25.3° for titania anatase (1 0 1) crystal face is observed. The characteristic
peaks positioned at 26 values 38.1,48.0,53.8, and 55.2 degrees are attributed to the diffractions of
(004),(200),(105),(211), and (204) planes of anatase. TheXRD pattern also indicated the presence of H;TizO7 by
replacement of Na* by H+ when the products were washed with water. The peak at 26value 10.130 represented
the peak of hydrogen titanate phase (H2TisO7). The particle size was estimated by the Scherrer formula and was
obtained as 31.3 nm.
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Fig.2.XRD pattern of titania nanotube (T2)
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3.3. FTIR Spectral data: Fig.3 Shows typical FTIR spectrum of titania nanotube. The presence of
crystallographic water molecules in the sample is confirmed by the appearance of a characteristic peak at 1631
cm?, that can be assigned to the H-O-H deformation mode. The broad intense band at 3412 cm™ can be
attributed to surface OH stretching mode oscillations. The broad band at 497.05 and 646.77cm * was assigned

to Ti-O and Ti—-O-Ti skeletal frequency region. The samples of titania nanotubes began to appear as a new
peak at 1384 cm™™,
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Fig.3.FTIR spectrum of Titania nanotube(T2)

3.4. UltraViolet- visible Diffuse Reflectance Spectroscopy: The UV-Vis absorption edge and band gap
energies of the samples have been determined from the reflectance [F(R)] spectra using the KM (Kubelka—
Munk) formalism and the Taucplot. For a semiconductor material, a plot of [F(R).hv]" against hvs hould show a
linear region just above the optical absorption edge for n=%:if the band gap is a direct transition, or for n= 2 if it
is indirect[24-25]. Over the linear region of the plots, the relationship can be described as
[F(R) hv]"*=K(hv-E,) (1)
Wherehv is the photon energy, Eqis the band gap energy, and K is aconstant characteristic of the semiconductor
material.
From Eqg. (1) it appears that extrapolation of a Tauc plot to the X-axis should yield the band gap energy.
The band gap energy calculated from Kubolka-Munk plot (Fig. 4 a) was 3.25 eV. The band gap of the prepared
titania nanoparticle is 3 eV.Thetitania nanotube showed higher band gap energies compared to the prepared
titania(3eV) [Figure not shown.].The high band gap Titania nanotube is attributed to the increase in the
crystallite size of tube observed from XRD which inturn affects the band gap energies. A considerable blue shift
is observed in the case of titania nanotube .TheUV-visible absorption spectrum of Titania nanotube has been
shown in the Fig.4b. The absorption spectrum showed a very broad band in the range 245- 295 nm.
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Fig.4.Kubelka-Munk plot (a) and UVDRS spectrum(b) of Titania nanotube(T2)
3.5. Surface area: Table 1 shows the BET surface areas of thenanotubeand the prepared reference system
titania. It can be seen that the titania nanotube is having higher surface area (Sger, 84.79m?/g) which is of course
new quality of the catalyst.

Table.1.BET surface areas of the Samples

Samples SgeT
Titnia nanotube (T2) 84.79 m?/g
Prepared titania(PT) 10.27 m?/g
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3.6. Photocatalytic activity: Photocatalytic activity of the prepared systems is analysed by measuring the
extent of degradation of methylene blue dye in presence of UV light. For comparison, the photocatalytic
activity of the prepared titania is also measured keeping the same experimental conditions. Degradation is
carried out in the following conditions a) in the dark with catalysts b) in dark without catalyst ¢) in UV light
without catalysts d) in UV light with catalysts. For the first three experimental conditions, Methylene Blue
Concentration remains unchanged in the entire period under consideration for all the catalysts.A considerable
degradation is observed only in the case of UV illumination in presence of catalysts. Figure 5 represents the
UV-Visible absorption spectra for degradation of Methylene Blue Dye under UV light for the prepared
nanostructures. A decrease in the absorption intensity is observed as the UV exposure time is increased. There
is an increase in the degradation percentage with respect to irradiation time for all the systems [Fig.6 a].A
remarkable increase in the performance is observed for titania nanotubes when compared to the prepared
titanium dioxide(PT). The percentage of degradation calculated at all time intervals is higher for the nanotube
when compared to the Reference Titania prepared (PT). A sudden increase in the percentage of degradation is
observed for nanotube during the first half of the reaction, which may be due to the high adsorption capacity of
the system.
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Fig.5 Time dependent UV-Vis Spectra of Titania nanotube (T2) and Prepared titania(PT)
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Fig.6 Photocatalytic degradation of the prepared Photocatalysts under UV Radiation(a);
Photodegradation of Methylene Blue monitored as the normalized concentration change versus
irradiation time(b)

Figure 6b represents the extent of degradation of Methylene Blue Dye over photocatalystsprepared.
Photocatalytic reaction rates of the prepared systems were calculated from the pseudo first order rate equation,
In Co/C=Kt
WhereC; is the initial concentration of the dye,C is the concentration after the time t.
Table.2. The rate constant obtained for various systems

Sample Rate Constant(cm™)
T2 0.04911
PT 0.03647

Titania nanotubes show higher activity than the reference titania, PT. The increased photocatalytic
activity in UV light is attributed to the increased surface area and the observed blue shift in absorption of the
prepared systems. The catalyst dosage taken is very low compared to those reported in literature. A significant
enhancement in the surface area value than the previous reports by also highlights the quality of the catalyst.
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4. CONCLUSION

Titania nanotube is prepared by hydrothermal method in order to control the microstructure, which
enhances the photocatalytic activity. A reference system is also prepared and evaluvated for the same.
Synthesized samples were characterized by XRD, UVDRS, SEM, TEM, FTIR and BET Surface area analysis.
Methylene Blue being a hazardous dye is photodegraded under UV light using the above mentioned
photocatalysts. The performance towards the dye degradation followed the order, Titania nanotube>Reference
titania prepared. Titania nanotube shows more activity in the UV light assisted photocatalytic degradation. The
reason being the higher surface area along with the observed blue shift, when compared with the reference
titania prepared.
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