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Fabrication of TiO, nanotube arrays in
organic electrolyte and its photoelectric performances
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Abstract: TiO, nanotube arrays were fabricated by anodic oxidation in the mixture of NH,F/glycerol at a constant
potential. The crystalline behavior of TiO, nanotube arrays during heat treatment in air atmosphere was studied. Then, the
dye-sensitized solar cells (DSSC) were assembled with the prepared TiO, nanotube arrays electrodes. The effects of
anodization time and heat treatment temperature on the photoelectric performances of DSSC were investigated. The
results show that the formation process of TiO, nanotube arrays is a gradual evolving process. The length of the nanotube
increases obviously with increasing the anodization time. When the anodization time is 70 h, the length is about 5 pum.
Only the anatase phase is found in the TiO, nanotube arrays heat-treated at 400 ‘C or lower temperatures, while both the
anatase and rutile phases are found in the tubes annealed at 450 ‘C and 500 ‘C. Furthermore, the structure of TiO,
nanotube arrays has high temperature stability. Compared with other DSSC samples, the DSSC assembled with the TiO,
nanotube arrays (20 V, 70 h) annealed at 450 ‘C shows the best photoelectric performance that the light-to-electrical
energy conversion efficiency is 0.989%.
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Fig. 1 Schematic diagrams of assembly process of DSSC: (a) TiO, nanotube array on Ti; (b) Pt/FTO (counter electrode); (c) Top

view of DSSC; (d) Cross-sectional view of DSSC
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Fig. 2 Microstructures changes of TiO, nanotube arrays during formation process: (a) 200 s; (b) 420 s; (¢) 15 min; (d) 30 min
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Fig. 3 Surface((a), (c)) and cross-sectional((b), (d)) morphologies of TiO, nanotube arrays fabricated with different anodization

times: (a), (b) 20 h; (c), (d) 70 h
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Fig. 4 Effects of heat treatment on morphologies of TiO, nanotube arrays: (a) TEM image, untreated; (b) TEM image, 450 C;

(c) SEM image, 450 C; (d) SEM image, 500 ‘C
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Fig. 5 XRD patterns of TiO, nanotube arrays heat treated at
different temperatures: (a) 300 C; (b) 350 'C; (c) 400 C; (d)
450 °C; (e) 500 C
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Table 1 Photoelectric performances of DSSC assembled with TiO, nanotube arrays heat treated at different temperatures for 20 h

Heat treatment

Short circuit current Open circuit

Fill factor

Photoelectric conversion

temperature/‘C density/(mA-cm %) voltage/V efficiency/%
300 1.20 0.73 0.43 0.374
350 1.04 0.64 0.44 0.293
400 1.20 0.72 0.47 0.405
450 1.18 0.86 0.61 0.618
500 1.46 0.80 0.48 0.557

2 ARFEIEALINTE 450 CTHALBE) I TiO, 4K & 44145 () DSSC % Hi 1 AE

Table 2 Photoelectric performances of DSSC assembled with TiO, nanotube arrays fabricated by different anodization times at

450 C
Anodization Short circuit current Open circuit . Photoelectric conversion
time/h density/(mA-cm %) voltage/V Fill factor efficiency/%
20 1.18 0.86 0.61 0.618
40 2.26 0.76 0.47 0.813
70 2.85 0.79 0.44 0.989
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