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Abstract

TiO, nanoparticle was synthesized by the flame method, which was controlled by varying the ratio and flow rate of gas
mixtures consisting of oxygen (oxidizer), methane (fuel) and nitrogen (carrier gas). The crystalline phases of TiO,
nanoparticle depended strongly on the temperature distribution in the flame, whereas the morphology was not sensitive. e
proved that the anatase phase formed without the phase transformation in the flame and the rutile phase generated through

several phase transformations.
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1. Introduction

It has been well known that the photocatalytic properties
of the titania (TiO,) nanopowder which has polymorphic
structures [1] are decided by the anatase to rutile ratio [2].
Therefore, many researchers have tried to control the phase
ratio of anatase and rutile during the manufacture of TiO,
nanopowder.

To date, the synthesis of nanopowder using the flame
method have focused on the effects of various operating
parameters on the size, shape and phases of TiO,
nanopowders [2-7]. In the flame method, on the other hand,
the formation behavior of TiO, nanoparticle has been
reported that the nanoparticle is manufactured by the
coalescence of tiny particles and the crystal structure is
decided on the highest peak temperature of flame [6-7]. It is
known that the high peak temperature leads to the
formation of anatase phase. However we did not find the
systematic study on the phase formation and evolution of
TiO, nanoparticle. In this work, we tried to investigate the
formation behavior of the anatase and rutile nanoparticle in
flame using in-situ TEM observation.

2. Experimental and Results

A precursor of TiO, tetraisopropoxide (TTIP) was used
for synthesizing TiO, nanoparticle. The TTIP was vaporized
in the oil bath and transported into the horizontal burner
nozzle by nitrogen. The used gases were oxygen (oxidizer),
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methane (fuel) and nitrogen (carrier gas) [6].

Fig. 1 shows the X-ray diffraction [(XRD) Philips XRD
3003] of TiO; nanoparticle manufactured with the different
temperature gradient controlled by changing the mixing
ratio of gases. We could control the phase ratio of anatase
and rutile by changing the gas ratio.
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Fig. 1. XRD spectra of TiO, nanoparticles synthesized at
thevariousflow rates

We observed that the phase ratio of anatase and rutile
strongly depends on the distribution curve of the flame
temperature. According the gas condition, various
temperature distributions were made in the flame. The
anatase TiO, nanoparticle was manufactured in the
temperature distribution, which the flame is compressed in
the total length of flame (<50 mm) and has a stiff cooling
rate. On the other hand, the rutile TiO, nanoparticle was
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formed in the temperature distribution of the flame which
spreads out long.

The microstructures of TiO, nanoparticles synthesized at
the flow rates of oxygen/methane/nitrogen = 0.5/0.3/0.5
(100% anatase) and 1/0.6/0.5 (50% rutile). Although the
particles were synthesized by the different flame condition,
the general morphologies (spherical shape about 70 nm) of
nanoparticle were similar.

Figs. 2 shows the flame photos, its temperature
distributions, and TEM SAD patterns of TiO, synthesized
by two distinguishable flame conditions, the condition of
100% anatase and 95% rutile, respectively. In Fig. 2(a),
TiO, nanoparticle was an anatase phase at all the positions
of flame. In the Fig. 2(a), the TiO, nanoparticle shows a
broad anatase ring pattern (SAD I) and subsequently has a
sharp anatase ring pattern without the transformation to
rutile phase (SAD II, III, and IV). It means that the
crystallinity of the anatase particle is more enhanced in the
flame.
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Fig. 2. The temperature distribution of flame and SAD
patterns of TiO, nanoparticles.

The flame of Fig. 2(b) had a long and wide temperature
distribution rather than Fig. 2(a). In this flame condition,
TiO, formed the fully amorphous (I), the mixed phase of
anatase and rutile (II), the rutile phase with a broad ring
pattern (II1), and close to perfect rutile phase (IV). Here the
volume fraction of rutile phase was 95%.

It is generally well known that the particles in flame are
formed by a homogeneous nucleation. In this work, the two
kinds of particles (amorphous and anatase) in the initial
stage of flame also are formed by the homogeneous
nucleation. The phase of TiO, nanoparticle formed in flame
depends on the various flame parameters affecting the
homogeneous nucleation. In this view point, the flame of
Figs. 2(a) and 2(b) is clearly different.

The anatase TiO, was first nucleated rather than
amorphous (Fig. 2(a)), of which the flame is under the
condition of the high starting temperature and the short
flame length. The relatively smaller flow rate than one of
Fig. 2(b) results in the rapid cooling rate of the temperature
distribution of the flame. Therefore the homogeneously
nucleated anatase nanoparticles have finally kept the
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anatase phase without the phase transformation.

At the the low temperature and long flame (Fig. 2(b)),
however, it is hard to make a perfect crystal from the initial
stage of nucleation. The other reason is due to an imperfect
combustion with red color in Fig. 2(b). Therefore the
nucleation in initial stage forms TiO, nanoparticles with
amorphous phase. Since then, the amorphous TiO,
nanoparticles are transformed to anatase or rutile phase by
the subsequent-influxing heat from the long flame. From
the results of SAD in Fig. 2(b), we can suggest that the
many fraction of rutile phase is attributed to the phase
transformation such as amorphous—>anatase>rutile. The
rutile phase was nucleated heterogencously from the
amorphous or anatase particles.

3. Summary

TiO, nanoparticles with the anatase, anatase and rutile
mixture or rutile phases were successfully manufactured in
various flame conditions. The anatase TiO, nanoparticle
was predominantly synthesized at the high flame
temperature and rapid flame cooling condition. The
nucleation of anatase phase was homogeneous and the
anatase nanoparticles have finally kept the anatase phase
without the phase transformation any more in the flame.

At the flame condition having the low temperature and long
flame, it was hard to make a perfect crystal from the initial
stage of nucleation and it was easy to form the TiO,
nanoparticle with the amorphous structure in the initial
stage of flame. The amorphous TiO, nanoparticle was
transformed to the rutile phase through the anatase phase by
the subsequent-influxing heat from the long flame.

The rutile TiO, nanoparticle was not formed directly and
homogeneously in flame, and was manufactured by the
phase transformation such as amorphous—>anatase—>rutile.
The rutile phase was nucleated heterogencously from the
amorphous or anatase particles.
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