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Abstract

The redox properties of a homogeneously- precipitated TiO, rutile powder with a BET surface area of ~

200 m¥/g, consisting of an acicular primary particle, were characterized using photocatalytic reaction in aqueous 4-
chlorophenol, Cu-EDTA and Pb-EDTA solutions under ultraviolet irradiation, compared to those of commercial P-25

TiO. powder with a spherical primary particle as well as home-made anatase TiO. powder with ~200 m¥g BET sur-

face area. Here, the anatase powder also includes mainly the primary particles very similar to the acicular shapes of the

rutile TiO. powder. The rutile powder showed the fastest decomposition rate and the largest amount in the

photoredox, compared with the anatase or P-25 powder, while the anatase powder unexpectedly showed the slowest

rate and the smallest amount in the same experiments regardless of almost the same surface area. From results, the

excellent photoredox abilities of this rutile powder appears to be due to specific powder preparation method, like a ho-

mogeneous precipitation leading to direct crystallization from the solution, regardless of their crystalline structures

even when having the similar particle shape and surface area.

Key words: ultrafine TiO. powder, rutile phase, photocatalytic reaction, 4-Chlorophenol, Cu-EthyleneDiamine-

Tetraacetic Acid (EDTA), Pb-EDTA
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Table 1. Physical properties of various TiO, powders used in the experiment.

HPPLT (powder)

HPPLT (slurry)

P-25 nanotube

Crystalline Phase 100% Rutile

100% Rutile

70% Anatase

+30% Rutile 100% Anatase

Specific Surface

~200
Area (m?%/g, BET) 180

~ 55 ~ 200
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Fig. 1. Raman spectra of crude TiCl,, TiO, standard powder
from Aldrich Co, 5 kmol/m® TiOCl;, 0.5 kmol/m*® TiOCl; and
glass bottle as a reference, where the spectra for 0.5 kmol/m®
TiOCl, were obtained before and after the precipitation at 50C
for 4h.
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Fig. 2. XRD patterns of the TiO. powder by HPPLT before and
after calcination at various temperatures for 1h in air,
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Fig. 3. SEM photographs of various TiO; ultrafine powders: (a)
rutile Ti0, powder (or HPPLTed TiQ, powder), (b) commer-
cially obtained P-25 TiO, powder and (¢) anatase TiO. powder.
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Fig. 4. TEM photographs of various TiO; ultrafine powders: (a)
rutile TiO, powder (or HPPLTed TiO. powder), (b} commer-
cially obtained P-25 TiO, powder, and (c) anatase Ti0, powder.
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Fig. 5. Fluorescence spectrum profiles of 4-chlorophenol by
photocatalytic process on the rutile TiO, powders under UV
light (experimental condition: A = 250nm, Aemi = 310nm).
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Fig. 6. Concentrations of 4-chlorophenoc! (4CP), intermediates,
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comparison, the concentrations of 4CP during its degradation in
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Fig. 7. The first two oxidative steps in the degradation of 4-
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Fig. 8. Variations in the amount of total organic carbon (TOC)
during the degradation of 4CP by photocatalytic process on vari-
ous Ti0, powders under UV light
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Fig. 9. Cu ion concentration remained in the aqueous solution
during the degradation of Cu-EDTA by photocatalytic process
on various Ti0, powders under UV light.
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Fig. 10. TEM photographs of Cu/Ti0O. and Pb/TiQ. composites after the photocatalytic reaction in
aqueous Cu~ and Pb-EDTA solutions containing 300 wppm and 500 wppm of Cu and Pb ions,
respectively. (a) & (c) were from the HPPLTed TiQ, powder and (b) & (d) were from P-25 TiO,
powder.
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