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Preparation and photocatalytic properties of mesoporous
SO /W-TiO,@SiO, visible light photocatalysts
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Abstract: The mesoporous SO,* /W-TiO,@SiO, visible light photocatalysts were synthesized by sol-gel method using
P123 as template. The photocatalytic activity of the prepared mesoporous SO,* /W-TiO,@SiO,(WSTS) for methyl
orange was investigated under visible and UV light irradiation, respectively. The textural properties and structure of
samples were characterized by X-ray diffraction (XRD), environmental scanning electron microscope (SEM),
high-resolution transmission electron micro-scope (HRTEM), X-ray photoelectron spectroscopy (XPS), N,
adsorption-desorption measurements (BET), Fourier transform infrared spectroscopy (FTIR), UV-Vis diffuse reflectance
spectroscopy, thermogravimetric analysis (TGA) and photoluminescence spectra (PL). The results show that the W
doping not only increases the surface area and pore volume of sulfated mesoporous TiO,@SiO,, but also inhibits the
phase transition from anatase to rutile. The photo-degradation results reveal that W doping can greatly improve the
photocatalytic activity of sulfated TiO,@SiO, with mesostructure, which is higher than that of undoped samples and the
commercially available Degussa P25 titanium dioxide by degradation of methyl orange (MO) aqueous solutions. The
optimal W doping is n(W)/n(Ti)=0.002 5 (mole fraction), the alloy expresses higher photocatalytic activity, the
discoloration rates are 91.7% and 98.9% under visible light (A>400 nm) for 40 h and UV light for 60 min, respectively.
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Fig. 1 XRD patterns of mesoporous xWSTS-600 (x=0, 0.001,
0.002 5, 0.005, 0.01) (a) and SAXRD pattern of mesoporous of
0.002 5SWSTS-600 (b)
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Table 1 Characteristic parameters of photocatalysts with

different W doping contents

H(WYn(T) JA A Unit-cell ~ Crystal
volume/A*  size/nm
0 3.786 06 9.501 17 136.19 20.7
0.001 3.78137 9.49973 135.83 19.1
0.002 5 3.77997 9.499 19 135.72 17.7
0.005 3.77543  9.496 92 135.36 16.7
0.01 3.7746  9.498 77 135.33 15.1
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Fig. 2 SEM and TEM images of catalysts OWSTS-600 and 0.002 5SWSTS-600 with mesostructure: (a) OWSTS-600 (inset figure for
fumed Si0,), SEM; (b) 0.002 5WSTS-600, SEM; (c) OWSTS-600, TEM (d)~(f) 0.002 SWSTS-600, TEM
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Fig. 3 XPS spectra of 0.001WSTS-600 (1) and 0.002 SWSTS-600 (2) Photocatalysts with mesostructure: (a) Ti 2p; (b) O Is;

(c) W4f; (d) S 2p
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Table 2 XPS analysis of xWSTS-600 (x=0, 0.001, 0.002 5) photocatalysts with mesostructure

172

Photocatalyst ~ E(Ti 2p;,)/eV  E(W 4f)/eV  E(S 2p)/eV Mole fraction of W/% Mole fraction of S/% n(O)/n(Ti) n(S)/n(Ti)
OWSTS-600 458.5 - 168.6 - 0.99 1.92 0.06
0.001WSTS-600 458.6 37.0 168.8 0.08 1.00 1.87 0.06
0.002 SWSTS-600 458.7 37.0 168.8 0.19 1.01 1.81 0.06
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Table 3 Data measured by multi-point BET

Sper/ Pore volume/ Average pore
Photocatalyst . _
(m~g) (em™g ) diameter/nm
OWSTS-600 121.01 0.52 22.1
0.001WSTS-600  143.28 0.93 21.9
0.002 SWSTS-600 142.81 0.91 20.7
0.005WSTS-600  139.82 0.89 20.2
0.01WSTS-600 138.73 0.85 19.5
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Fig. 6 FTIR spectra of samples: (1) SiO,; (2) P25; (3)
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Fig. 7 Thermogravimetric analysis of 0.0025WSTS-600
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Fig. 8 Photoluminescence spectra of xWSTS-600 (x=0, 0.001,

0.002 5, 0.005, 0.01) photocatalysts with excitation wavelength
of 300 nm
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