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Controllable phase transformation of
anodic TiO, nanotube arrays and its characterization
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Abstract: TiO, nanotube arrays were prepared by electrochemical anodic oxidation method. Controllable anatase to rutile
phase transformation (ARPT) was realized by annealing anodic TiO, nanotube arrays (TNTs) in O,, N,, 5%H;+95%N,
(volume fraction) and NH; atmospheres at temperature range of 400—650 ‘C. FESEM, XRD and Raman were used to
characterize the surface morphology, structure and phase transformation of the annealed TNTs in different atmospheres
and temperatures. The results show that the “feeding effect” is mainly responsible for the ARPT of TNTs annealed in O,
with increasing the annealing temperature. Oxygen vacancies induced by N, and (5%H,1t95%N,) atmospheres accelerate
the ARPT. Annealing in ammonia efficiently slows down the ARPT due to the N-doping. ARPT mechanisms were further
investigated. These results provide us an efficient method to extend the study of synthesis of TiO, semiconductors and
high performance devices with controllable phase contents and point defects.
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Fig. 1 FESEM images of as-anodized TiO, nanotube arrays:

(a) Top-view; (b) Cross-section
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Fig. 2 FESEM images of TiO, nanotube arrays annealed at different temperatures in O, for 1 h: (a) 400 ‘C; (b) 450 C; (¢) 500 C;

(d) 550 °C; (e) 600 °C; () 650 ‘C
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Fig. 3 FESEM images of TiO, nanotube arrays annealed at different temperatures in N, for 1 h: (a) 400 ‘C; (b) 450 C; (¢) 500 C;

(d) 550 °C; (e) 600 C; () 650 ‘C
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Fig. 4 FESEM images of TiO, nanotube arrays annealed at different temperatures in (5%H,+95%N5) for 1 h: (a) 400 °C; (b) 450 C;
(c) 500 C; (d) 550 °C; (e) 600 C; (f) 650 C
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Fig. 5 FESEM images of TiO, nanotube arrays annealed at different temperatures in NH; for 1 h: (a) 400 ‘C; (b) 450 C; (¢) 500 C;
(d) 550 °C; () 600 °C; (f) 650 °C
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Fig. 6 XRD patterns of TiO, nanotube arrays annealed in different atmospheres at different temperatures for 1 h: (a) Oy; (b) Ny;

(¢) 5%H,+95%N,; (d) NH;
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Fig. 7 Raman spectra of TiO, nanotube arrays annealed in O, at different atmospheres and temperatures for 1 h: (a) O,; (b) Ny;

(¢) 5%H,+95%N,; (d) NH;
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