M4t 7

2011 Chinese Journal of Catalysis Vol. 32 No. 2

XE4HS: 0253-9837(2011)02-0286-07 DOI: 10.3724/SP.J.1088.2011.00819 FFRILL: 286~292

Si 273 TiO, = 1L i ER T S A Fn S R 1L 1 BERY =2 M)

Z R, o8 B, ME, K OWE

W) KA FE DA SR, WK 610065

FEE: LR B o SRCER TR R JRUAE TR e oAy JUR, SR FH — 4 7K A B V0 7 A 2 W 5 5 TG 1 ) A M e Bk 3 T SR S AR 1 T 5 Ti/Si )
Tl {1 T 0K 420 SI2 oK, P 28 i R B I ok B BR AR, 14 S5 2% 1 TiO, Lok, N i 3 PR S LB . X ERAT A . XA 00
HA, 7 A T R N WL B - B0 PR 25 5 B R SR R AT 7 SR AE. &5 SRR W, Si BE B TiO, 1 T 4%, T ) Si-O—Ti 8 AR AX nl 47 244 6] Tio, ¥
AHMBLERAT 7] 4 21 A 36 A2, T HL I A8 BALAS TiO 44 K i 76 K b ok A vh DO K. BE A5 145 2% /= 1K 389 0, 41k 25 0o Bk ek 52 )2 1) TiO,
YK i 1T 350 WL B BTN TR 2 R 1 Tl 2 T AR AN AL AR FIUZ i 1 K. DA R AR B (MIB) WA IS4 e, 25 58 T 5640k
T Si#B 4% TiO O ER MDA P RE. 45 R, BEE Si 5% I3 N, TiO, 25O Bk MB I B Al 280% 3 FHdr; 24 Si
HIPEIR 54000 0.5 I, 288 oAk I G A sk 2 B vmn, A2 P25 1Y 1.25 135,

KA RSy THRALER BRIEREING KRG G 0ROk, Dt

PESES: 0643 XERFRIZEE: A

Effect of Si Doping on the Microstructure and Photocatalytic Performance
of TiO, Hollow Microspheres

LI Gang, LIU Fang, YANG Qihua, ZHANG Zhao®
College of Chemical Engineering, Sichuan University, Chengdu 610065, Sichuan, China

Abstract: Solid precursory microspheres composed of Ti/Si species were in situ formed on the surface of a colloid carbon microsphere tem-
plate derived from glucose polymerization and carbonization by a one-pot hydrothermal method using ammonium fluorotitanate, ammonium
fluorosilicate, and glucose as source materials. Si-doped TiO, hollow microspheres were then obtained after calcination and removal of the
carbon microsphere template at high temperature. High-resolution transmission electron microscopy, X-ray diffraction, X-ray photoelectron
spectroscopy, and N, adsorption-desorption were used to characterize the samples. The effect of Si doping on the microstructure and photo-
catalytic performance of the TiO, hollow microspheres was investigated. The results confirmed that the Si element entered into the lattice of
TiO, and formed Si—O-Ti bond, which could not only effectively suppress the phase transformation from anatase to rutile, but also restrain
the rapid growth of TiO; nanocrystallites during the calcination process. The average grain size of the nanocrystallites constituting the shell
of the microspheres decreased gradually and the specific surface area and pore volume of the hollow microspheres increased progressively
with the increase in the amount of Si doping. The photocatalytic activity of the Si-doped TiO, hollow microspheres was measured under
ultraviolet light using methylene blue solution as a simulated degradation model. The results demonstrated that the degradation efficiency of
TiO; hollow microspheres enhanced gradually with increasing Si doping in its mol fraction range of 0-0.5. Especially, the degradation effi-
ciency of TiO, hollow microspheres is 1.25 times that of P25 when the Si mol fraction is 0.5.
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Fig. 1. TEM (a~c) and HRTEM (d) images of Si-TiO,-0.5 sample. The number after Si-TiO, means the Si mol fraction (n(Si)/n(Si+Ti)) in the sam-

ple.
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Fig. 2. XRD patterns of Si-TiO, hollow microsphere samples. (1)
Si-Ti0,-0; (2) Si-Ti0,-0.1; (3) Si-Ti0»-0.3; (4) Si-TiO»-0.5.
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Table 1 Physical parameters of different Si-TiO, hollow microsphere samples

Aggt/ Pore volume Pore size Crystalline size Content (x/%)
Sample ) N - -

(m/g) (cm’/g) (nm) (nm) Ti Si
Si-TiO,-0 73 0.14 20.9 25.83 0
Si-Ti0,-0.1 97 0.17 14.8 23.09 3.22
Si-Ti0,-0.3 151 0.22 9.0 21.61 4.97
Si-Ti0,-0.5 188 0.24 7.8 20.83 6.18
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Fig. 3. High-resolution XPS spectra of different Si-TiO, hollow mi-
crosphere samples. (1) Si-Ti0,-0.1; (2) Si-TiO,-0.3; (3) Si-Ti0,-0.5.
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Fig. 4. N, adsorption-desorption isotherms of different Si-TiO, hol-
low microsphere samples. (1) Si-TiO,-0; (2) Si-TiO,-0.1; (3) Si-TiO,-
0.3; (4) Si-Ti0»-0.5.
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Fig. 5. Pore size distribution of different Si-TiO, hollow microsphere samples. (a) Si-TiO,-0; (b) Si-Ti0»-0.1; (¢) Si-TiO,-0.3; (d) Si-Ti0,-0.5.
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Fig. 6. In(co/c) as a function of irradiation time under ultraviolet light

over different Si-TiO, hollow microsphere samples. (1) photolysis; (2)
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crosphere samples. The sample numbers are the same as in Fig. 6.
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