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It has been investigated the photocatalytic decomposition of industrial dye Methylene blue
(MB) in the presence of the heterogeneous photocatalyst nano-titanium dioxide (TiO,), doped by
tungsten oxide (WOs3), TiO, /WO3, under UV-irradiation (A= 253.7 nm). The photocatalyst preparation
method by wet impregnation of titanium oxide nano-powder with ammonium paratungstate was
simplified by us in comparison with the known ones.

It has been shown, that doping of TiO, with WO; leads to considerably higher photocatalytic
activity of the WO3/TiO, composit as against to pure TiO, The mechanism of the removal of MB in
the presence of TiO,/WOj3; photocatalyst may be assumed to involve following two processes:
photocatalytic oxidative destruction and adsorption of the substrate on the surface of the catalyst.

Figs. 3, table 1, references 8.

Introduction

Currently, wide use of chlorinated derivatives of mono- and polycyclic
hydrocarbons in different areas, including chemical, agricultural and dye
industries, causes serious ecological and environmental problems.
Contaminated water bodies no longer cope with significant pollution through
the natural process of water self-purification, so water purification from
toxic halogen-containing organic contaminants is an actual health and
environmental task.

Currently, the most promising are photocatalytic water treatment
technologies, which have advantages due to their simplicity, profitability, the
possibility of using sunlight. The latter is especially important, since energy
saving technologies have an unconditional advantage. From this point of
view, heterogeneous photocatalysts based on photosensitive carriers were
widely used. Generally, transition metal oxides could be used as adsorbents
or catalysts to remove organic pollutants from water.
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The photocatalytic process using TiO> photocatalyst is very promising
for application in the water purification, because many organic compounds
can be decomposed and mineralized by the proceeding oxidation and
reduction processes on TiO; surface. The most commonly tested compounds
for decomposition through the photocatalysis are phenols, chlorophenols,
pesticides, herbicides, benzenes, alcohols, dyes, pharmaceutics, humic acids,
organic acids, and others [1-3]. TiO2 is the most commonly used
photocatalyst, because it is nontoxic, chemically stable, cheap, and very
efficient.

Earlier we investigated the photocatalytic oxidation of some chlorine-
containing organics in aqueous solution in the presence of catalyst based on
the photosensitive support TiO> [4.5.6].

Over the past years, coupled semiconductors, especially TiO>
composites, have been extensively studied for organics degradation and
catalytic applications due to their coupled effect. Incorporation and doping
of other species into TiO2 can improve the electronic or
photoelectrochemical characteristics of TiO».

In this work, as an example of potential application, the us-prepared
nano-TiO, doped by WOs (TiO2 /WQO3) was used as heterogeneous catalyst
in wastewater treatment. Methylene blue (MB), a common dye in the textile
industry, was chosen as a typical organic waste.

(CH;), S N(CHy);

Methylene blue

Experimental

TiO2/WO3 (nti:nw=4:1) catalyst was synthesized by impregnation of
semiconductor TiO, nanoparticles (Sigma-Aldrich, anatase, 50 m?/g, 21 nm)
with ammonium paratungstate solution followed by calcination (500°C).

The phase composition of TiO2 and TiO./ WOz catalyst was measured
by XRD in DRON-0.5 diffractometer with CuKa lamp (1000, 2000 imp/sec).
The morphology of the photocatalysts surface and content of WOs3 in TiO2/
WO; catalyst were evaluated by SEM (VEGA TS 5130MM) measurements
with EDS analysis. The size of WO3 particles were also calculated by the P.
Scherrer equation. BET surface area, pore volume, pore size were measured
in Gemini VII Version 3.03 Analyzer from Micromeritics.

Diffuse reflectance spectra of TiO2 and TiO2/ WO3 powders were taken
in UV-Vis spectrometer SPECORD-M-40-UV-VIS. SiO2/WO3 (nsi:nw = 4:1)

composite based on nonconductor SiO, (300 m%g) was prepared in the same
312



way as TiO2 /WOs3. Experimental setup consisting of photochemical reactor
(quartz, 30 mL) with a magnetic stirrer and optical junction for UV-
irradiation (A = 253.7 nm), Hg-lamp (DRT-230, Russia), were used.

Reaction mixture was 10 mL of water solution of MB (1.25 mg/L),
containing 0.05g of the TiO2 /WQ3 catalyst. Consumption of MB in solution
was monitored by C®-46 and Agilent Technolodies Cary 60 UV-Vis

spectrophotometeres.

Results and discussion

The photocatalytic activity of the prepared catalyst was studied for a
model reaction of the well-known industrial dye Methylene blue
decomposition under irradiation with a UV lamp. This lamp emits the
radiation with a maximum at around 253.7 nm. MB aqueous solution was
exposed to UV-irradiation in air, in the presence of the prepared TiO2/WOQO3
catalyst, as well as pure TiO2 and without them, in different time intervals.
Experimental results of the consumption of MB are presented in Fig.1.
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Fig.1. Consumption of Methylene blue under UV-irradiation in the presence of (a) — TiO2/WOs,
(b) — TiOg, (c) — only UV- irradiation, without (a), (b).

Curve (a) in Fig.1 corresponds to TiO./WOs catalyst, the curve (b)
corresponds to the photochemical decomposition of MB on the surface of
“pure” TiO2 (without WO3z). The simple comparison of two curves indicates
a significant increase of the consumption of MB in the presence of the
mentioned catalyst (Fig.1.b). Under the same conditions, but in the absence
of the WOs3, the photooxidation of MB on “pure” TiO: is a relatively slow
process (Fig.1.b). The above facts indicate the catalytic character of the
overall process in the presence of the TiO2/WOs catalyst.

It is shown, that doping of TiO2 with WOs leads to considerably higher
catalytic activity of the TiO, /WOs catalyst as against to pure TiOa.
Particularly, during 2 min of exposition 91,3% of MB was removed and after
10 min it practically disappeared completely. Note, that photocatalytic

activity of WOjs itself in the mentioned reaction was shown to be negligible.
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With the purpose of additional confirmation the photocatalytic nature of
the reaction decomposition of MB in the presence of TiO2/WO3 catalyst, this
reaction was also studied in the presence of a composite based on a
nonconductor SiO.. Experimental results of the consumption of MB in the
presence of nonconductor SiO, and SiO./WQO3 composite are presented in
Table. The results obtained in the presence of SiO2 and SiO2/WO3, both with
and without irradiation, indicate that in the presence of a composite based on
a nonconductor, MB is consumed as a result of adsorption on a SiO surface.
The reaction of photocatalytic decomposition of MB does not proceed. Note,
the specific surface of SiO2 (300 m?/g) is 6 time more than of TiO (50 m?/g).

Table

Consumption of methylene blue (MB) under UV-irradiation
in the presence of SiO, and SiO,/WOs3

SiOz (in dark) SiOz/WO3 SiOzM/Os,
SiO2,UV-irradiation UV-irradiation
Irradiation time, min 0103060 10 10 10
D (optical density) | 0.654 0.207 0.202 0.203 | 0.083| 0.147 0.128
Consumption of 68.9 69.0 64.6 85.7 75.2 77.9
MB, %

The composition of the photocatalysts and the particle size were
determined using photographs of a VEGA TS 5130MM scanning electron
microscope (SEM) equipped with an INCA Energy 300SEM microanalytical
system. Images of the surface in secondary and reflected electrons with a
magnification of 50x + 20000x were obtained to determine the morphology
of the sample surface. Images in secondary electrons (SE) were used to
localize the areas of analysis. In Fig. 2 SEM photographs of nonmodified
TiO; (a) and TiO2/WO3 photocatalyst before (b) and after (c) the reaction are
presented.
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Fig.2. SEM photographs of nonmodified TiO, (a) and TiO, / WOj3; photocatalyst before (b) and
after (c).

Some agglomerates of primary TiO. particles are larger than TiO2 doped
with WO3 consisting of smaller particles. Apparently doping of TiO. with
tungsten oxide causes a decrease in the catalyst particle size, mainly due to a
decrease in the tendency of TiO, particles to form agglomerates. The effect
of a decrease in the particle size of TiO2/WQO3 composites in comparison
with TiO; obtained by the sol-gel method was also noted by other authors
[4]. From the EDS analysis, the measured Ti was 31.05 at%, O 68.95 at% for
TiOz and Ti 28,32 at%, W 4,85 at% and O 66,83 at% for TiO2/WOs. The
UV-visible spectra of the measured TiO2 and WO3-TiO. photocatalysts are
shown in Fig. 3. As can be seen from Fig. 2, modification of TiO, with WO3
causes an increase in the absorption of light in the visible range up to
520 nm.
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Fig.3. UV-Vis diffuse reflectance spectra of TiO, / WO;3 catalyst and TiO.
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Conclusion

The method of wet impregnation, which is simplified in comparison
with the known ones, was used to prepare a photocatalyst based on nano-
titanium dioxide, doped with tungsten oxide. Doping WOz into TiO>
increased its absorption of light, adding to the visible range. Although it is
known that the formation of OH radicals on the surface of TiO2/WOs
photocatalysts is higher than on TiO; [8], this is not the main factor affecting
the rate of MB decomposition. It is obvious that the noticeable adsorption of
MB on the surface of the photocatalyst and its ability to absorb both UV and
visible light are responsible for the increasing of the photocatalytic
properties of the doped photocatalyst with the composition (nti: nw = 4: 1),
as a result of which the decomposition of MB in an aqueous solution was
achieved up to 99% in just 10 min. The doping of WO3 into TiO; also caused
a decrease of its particle size, which could also contribute to a greater
dispersion of TiO in water, thus increasing the surface available for MB
adsorption. The expansion of the light absorption limit of the photocatalyst
to the visible light region is of great importance for sensitized photocatalysis,
and the photocatalyst itself is effective in the process of removing MB from
aqueous solutions.
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OOTOKATAIUTUYECKOE PA3JIOKEHUE KPACUTEJIA
METHJIEHOBOTI'O I'OJIYBOT'O B BOAJHOM PACTBOPE
B MPUCYTCTBUU JMOKCHUIA TUTAHA, JOIIMPOBAHHOI'O WOs3

JI. A. MAHYYAPOBA*, T. lsx. CAPKUCSH u JI. A. TABAJISAH
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HccnenoBano (bOTOKaTaHI/ITI/I‘{eCKOG Pa3JI0KCHUC MMPOMBIIIJICHHOTO KpaCUTEIsA MC-

TraeHoBbId cuHuil (MC) B BOJHOM pacTBope, B IPUCYTCTBUH FETEPOreHHOr0 HoTOKaTA-
nu3aropa, Hanoauokeuaa Tutana (TiOy), momupoBaHHOro okcuiIoM Bojbhpama (WO3),
(TiO2/WOs3), mpu YD-06ayuenun (A = 253.7 wu). MeToa mpUroToBieHUs: GpoToKaTaM-
3aTOpa BJIAXKHOW MPOIMTKOM HAHOMOPOIIKA OKCHA THTaHA MapaBojb(paMaToM amMMo-
HHsL HAMU ObLI YIPOIEH 10 CPABHEHUIO C W3BECTHBIMH. [[0Ka3aHO, YTO JOMMPOBAHUE
JAMOKCHIA THUTaHa O0GECTeYnBacT 3HAYMTENBHO 0OJiee BBICOKYIO (POTOKATAIHTHYECKYIO
akTUBHOCTH KoMTI03uTy TiO02/WO3 mo cpaBrenuro ¢ uncthiM TiOz. ChenaHo 3akiroue-
HHE O TOM, YTO Mexanu3M yranenus MC B npucyrctBun porokatanuzatopa TiO/WOs3
BKIIFOUAET CJICAYIOIIME [Ba Iporecca: (pOTOKATATUTHYCCKYI0 OKHCIHTENBHYIO JECTPYK-
LU0 1 aJCOPOLIHIO CyOCcTpaTa Ha IIOBEPXHOCTH KaTaln3aTopa.
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