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Abstract: The reaction morphology was investigated depending on the amounts of HCl and NH,OH, and the

effect of pH was studied on the preparation of TiO, nanopowders. TiO, nanopowder was prepared using a
titanium tetra-isopropoxide. Subsequently, the effect of pH on the characteristics of the prepared TiO, nanopowder
was evaluated depending on the amounts of the catalysts such as HCl and NH4,OH. The morphology and phase
transformation of TiO, powder prepared by hydrolysis of titanium tetra-isopropoxide were strongly influenced
by the presence of the catalysts. In the case of using NH,OH, the morphology of the TiO, powder exhibited
powder form. For the HCI catalyst, it showed bulk or granule form. The phase transformations of amorphous
Ti(OH), to anatase TiO, and the anatase to rutile was significantly influenced by the kind and amount of the
catalysts.
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X :weight fraction of rutile in the powders

Ipn :X-ray integrated intensities of the strongest
peaks of anatase (20 = 25.3° (101) plane)

Ir :X-ray integrated intensities of the strongest
peaks of rutile (20 = 27.5°, (110) plane)
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A : wavelength of X-ray

By : full width at half maximum.

K : constant (0.9-1.4)
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Table 1. Effect of catalyst amounts on the morphology and crystalline structure of the TiO,

catalyst/TTIP crystal
sample catalyst mol}a]u' Latio pH morphology strlllycmre
N 1.0 NH,OH 1.0 10.07 Powder Amorphous
N 0.5 NH,OH 0.5 9.45 Powder Amorphous
N 0.25 NH,OH 0.25 7.77 Powder Amorphous
N 0.0 No catalyst 0.0 5.04 Powder Amorphous
H 0.05 HCI 0.05 3.96 Agglomerate Amorphous
H 0.1 HCI 0.1 2.95 Granule Amorphous
H 0.25 HCI 0.25 2.12 Bulk Anatase
H 0.5 HCI 0.5 1.90 Bulk Anatase

N1.0

pH 10.67

Fig. 1. SEM micrographs of the TiO, powders dried at 100°C in the case of a catalyst of NH,OH or none.
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Fig. 2. SEM micrographs of the TiO, powders dried at 100°C in the case of a catalyst of HCI.

Table 2. Formation of various phases for the TiO, powders as a function of pH and calcination temperature

(Am : amorphous, A : anatase, R : rutile)

sample pH Dried 200°C 300°C 400°C 500°C

N 1.0 10.07 Am Am A A A+R

N 0.5 9.45 Am Am A A A+R

N 0.25 7.77 Am Am A A A+R

N 0.0 5.04 Am Am A A A +R

H 0.05 3.96 Am Am A A A

H 0.1 2.95 Am Am A A A

H 0.25 2.12 A A A A +R A +R

HO0.5 1.90 A A A+R A+R A +R
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Fig. 3. XRD patterns of TiO, powders calcined for 3 hours
at (a) 200, (b) 300, (c) 400 and (d) 500°C in case
of a catalyst of NH,OH.
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Fig. 4. XRD patterns of TiO, powders calcined for 3 hours
at (a) dried, (b) 200, (c) 300 and (d) 400 and (e)
500°C in case of a catalyst of HCI.
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Fig. 5. Calculated rutile weight fractions of the TiO, powders
as a function of pH.
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