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Photocatalytic activity of monolithic TiO,-SiO; composite aerogels

obtained by ambient drying for degrading oily wastewater

LI Xing-wang V), ZHAO Hai-lei V™, LU Peng-peng V), ZHU Xiao-hui ', YAO Ke-fu®, XU Li-hua

1) School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China
2) Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China
> Corresponding author, E-mail: hlzhao@ustb.edu.cn

ABSTRACT TiO2-SiO; composite aerogels with different contents of SiO2 were synthesized through a sol-gel route
with tetrabutyl titanate and tetraethyl orthosilicate as the raw materials. In combination with solution aging and pinhole
drying processes, monolithic TiO2-SiO2 composite aerogels were prepared via ambient drying, and their microstructure
and the physicochemical properties were studied by scanning electron microscopy, BET method and X-ray diffraction
analysis. It is found that the composite aerogels have low density, high specific surface area and show uniform element
distribution of Ti and Si. With the increase of SiO2 content, the density of the composite aerogels decreases gradually,
the specific surface area and the porosity increase, and the phase transition temperature to anatase rises. By calcination
at high temperature, the composite aerogels change into anatase structure. The photocatalytic properties of the calcined
samples were investigated by degradation experiments of the aqueous emulsion of crude oil from the Bohai Sea. The
experimental results show that the photocatalytic degradation efficiency of the calcined sample increases with the mole
fraction of SiO; increasing till 30%, but it decreases when the mole fraction of SiOz is above 30%. The best photocatalytic
performance is acquired when the calcined sample contains 30% SiO, with the catalytic degradation efficiency for 90

min being up to 95%.
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Fig.1 Photographs of TiO2-SiO2 composite aerogels dried at ambient pressure: (a) the mole fraction of SiOy is 30%; (b) the
mole fraction of SiOy is 70%
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Table 1 Physical properties of TiO2-SiO2composite aerogels with different SiO2 contents

Si0, BER 3/ % ERMPYHE S BB /(g-cm™3) SHE/% KREEE/% hREH/(m?g™1)
0 5 F % 0.55 87.0 51.9 210.0
10 3 Y iEHH 0.49 87.9 48.9 285.0
20 3 IEH 0.46 88.2 48.5 372.6
30 2 335 0.42 88.7 44.5 504.1
40 2 FiEH 0.42 88.1 38.9 529.7
50 1 £S5 L 0.39 88.5 38.3 542.3
60 1 e 0.36 88.8 37.8 534.0
70 0 At 0.31 89.1 35.7 591.6
80 0 HAEM 0.28 90.4 33.9 581.2
90 0 LAt 0.26 90.7 26.8 733.7
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Fig.2 FESEM image and EDS mapping of the Ti02-SiO2 Composite aerogel when the mole frqction of SiOz is 50%: (a) FESEM

image; (b) Ti; (c) Si; (d) O
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Fig.3 FT-IR spectra of aerogels prepared via ambient dry-
ing method: (a) TiO2 aerogel; (b) SiO aerogel; (c) TiO2-SiO2

composite aerogel
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Fig.4 TG-DTA curves of the TiO2-SiO; composite aerogel

when the mole fraction of SiOs is 30%
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Fig.5 XRD patterns of calcined TiO2-SiO2 composite aerogels with different mole fractions of SiO2: (a) 30%; (b) 50%; (c) 80%
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B 6 SiO; BE/RSHCH 30%M TiO2-SiO2

R

BB B (2) MBS (b) MHRA DB T EMBEEA

Fig.6 FESEM images of the Ti02-SiO2 composite aerogel before (a) and after calcination (b) when the mole fraction of SiOg is

30%
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Fig.7 Photocatalytic degradation curves of oily wastewater

by Ti03-8i02 aerogels with different mole fractions of SiOq
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