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Abstract — Titanium nanotubes (TNT) of various lengths ranging from 0.34 °C to a maximum of 8.9 °C were pre-
pared by anodizing a titanium metal sheet in an electrolyte containing fluorine ion (F") of HF, NaF and NH,F. When
TNT prepared by anodizing was calcined at 450 °C, anatase crystals with photo activity were formed. The TNT-based
dye-sensitized solar cell (DSSC) showed a maximum conversion efficiency of 4.71% when the TNT length was 2.5 um.
This value was about 18% higher than photo conversion efficiency of the FTO-based DSSC coated with titania paste.
And the short circuit current density (J,.) of the TNT-DSSC was 9.74 mA/cm?, which was about 35% higher than the
7.19 mA/ecm? of FTO-DSSC. The reason for the higher conversion efficiency of TNT-DSSC solar cells is that photo-
electrons generated from dyes are rapidly transferred to the electrode surface through TNT, and the recombination of
photoelectrons and dyes is suppressed.
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Fig. 1. Diagram of Dye-sensitized solar cell assemblies, (left) FTO-
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Fig. 2. FE-SEM images of TNT films prepared by anodizing at 20 V, 1 hr in 0.5 vol% HF aqueous solution electrolyte. (a) surface view, (b) cross

sectional view.
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Fig. 3. FE-SEM images of TNT films prepared by anodizing at 20 V, 9 hr in 0.5 wt% NaF aqueous solution electrolyte. (a) surface view, (b)

cross sectional view.
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Fig. 4. FE-SEM image of TNT films prepared by anodizing at 20 V
in formamide electrolyte with 0.15 M NH4F. (a), (b) surface
view; (c), (d) cross sectional view.
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Fig. 5. XRD patterns of the TNT before and after calcination. A, R,
and Ti represent anatase, rutile, and titanium, respectively.
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Table 2. Photovoltaic characteristics of FTO-DSSC with cathode side illumination

TiO, thickness (um) J.(mA/cm?) V,.(V) Fill factor (FF) Efficiency, n (%)
14 7.14 0.77 0.72 3.98
12 7.19 0.75 0.72 3.86
9 591 0.75 0.70 3.08
7 4.96 0.75 0.67 2.53
4 5.27 0.76 0.63 2.27
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Table 3. Photovoltaic characteristics of TNT-DSSC with cathode side illumination

TNT+TiO, Thickness (um) Je. (mA/cm?) V. (V) Fill factor (FF) Efficiency, n (%)
12 (0+12) 5.33 0.57 0.37 1.14
12.3 (0.34+12) 5.34 0.73 0.69 2.73
12.5 (2.5+10) 9.74 0.71 0.68 4.71
12.3 (5.3+7) 5.94 0.76 0.68 3.05
12.9 (8.9+4) 5.17 0.75 0.66 2.58

Cathode side illumination
—a—Ti
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—4— 89uUMTNT
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o
«
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Fig. 8. Photovoltaic I-V curve of TNT-DSSC with cathode side illu-
mination.
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