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The Effect of Preparation Condition on the Properties of Anatase-Type Titania

Solid Solution Nanoparticles
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Abstract Anatase-type titania solid solution nanoparticles doped with niobium and aluminum
(Ti;NbyAl,O,) were synthesized under various hydrothermal conditions. The effects of hydrothermal
treatment temperature and the presence of various additive agents in the precursor solution on the
crystallite growth and morphology of anatase and photocatalytic activity were investigated. The crystallite
growth of anatase was controlled by the presence of sodium carbonate and sodium citrate. Many of
elongated particles were observed in the precipitates obtained in the presence of aqueous ammonia
although elongated particles were not detected in the sample prepared using the hydrolysis of urea. Their
photocatalytic activity and adsorptivity were evaluated separately by the measurement of the concentration
of methylene blue (MB) remained in the solution in the dark or under UV-light irradiation. The anatase
solid solution (Tp goNbg 10Aly1002) prepared under hydrothermal condition at 240 °C for 5 h in the presence
of aqueous ammonia showed two times higher photocatalytic activity than that of commercially available

anatase-type pure TiO, (ST-01).
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Fig. 1. X-ray diffraction patterns of precipitates obtained at the
starting composition  TogoNbgsAlgosO, under hydrothermal

conditions in the presence of urea at various temperatures for 5 h.
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Fig. 2. Crystallite size of anatase-type precipitates as-prepared at the
starting composition TooolNbgosAlgesO, in the presence of urea
under hydrothermal conditions for 5 h plotted against hydrothermal
treatment temperature.
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Fig.3. X-ray diffraction patterns of precipitates obtained at various
compositions X=0-0.20 in T;xNbxAlxO, under hydrothermal
conditions in the presence of urea at 180 °C for 5 h.
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starting  composition T goNby 10Alp 100,
conditions in the presence of urea, aqueous ammonia, sodium
carbonate, and sodium citrate at 180 °C for 5 h.
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Fig. 5. Transmission electron microscopy images of anatase-type
titania obtained at the starting composition T goNbg 10Alp 100, under
hydrothermal conditions in the presence of urea, aqueous ammonia,
sodium carbonate, and sodium citrate at 180 °C for 5 h.
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Fig. 6. Photocatalytic degradation of methylene blue for
anatase-type  TogoNbg10Alp 100,  prepared under  various
hydrothermal conditions at 180 °C for 5 h and the reference sample
(pure TiO,: ST-01).
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Fig. 7. Photocatalytic degradation of methylene blue for
anatase-type  TogoNbg10Alp 100,  prepared under  various
hydrothermal conditions at 240 °C for 5 h.
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