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Modification of titania particles by ultrasonic
spray pyrolysis of colloid
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Composite fine particles such as ZnO-TiO2, CdS-TiO2, ZnS-TiO2 and Ag-TiO2 were prepared
by ultrasonic spray pyrolysis of metal salt aqueous solution in which TiO2 (Degussa P25)
particles were suspended. The crystallinity, chemical compositions, and morphologies of
the produced particles were investigated by XRD, centrifugal particle size analyzer, and
SEM/EDAX. The photocatalytic activity of the modified particles was investigated for the
decomposition of trichloroethylene (TCE). The prepared particles were micro-porous and
had spherical shapes of 0.3–1.5 µm in diameter. The size and size distribution of the
prepared particles were not significantly changed by the type and loading of modifier. The
crystallinity and crystallite size of TiO2 was not changed by these modifications. The
photocatalytic activities of modified particles was slightly higher than pure titania when the
loading was low. However, as the loading was further increased, the photocatalytic activity
was sharply decreased and became almost constant. C© 1999 Kluwer Academic Publishers

1. Introduction
Recently, the preparation of ultrafine particles by spray
pyrolysis of colloidal particles in a precursor solution
has been studied [1–6]. This method is applicable for
drying of colloids, direct control of microstructure and
size of particles, and control of composition in parti-
cles. When the precursor solution is atomized to form
droplets and pyrolyzed, the colloidal particles serve as
seeds for nucleation. Thus the dense particles are easily
formed.

Ortega and Kodas [2] added the colloidal seed par-
ticles in order to prevent particles from becoming hol-
low and porous. Mooreet al.[3] prepared mullite pow-
der (3Al2O3 ·2SiO2) by spray pyrolysis of aluminum
nitrate aqueous solution with suspended fumed sil-
ica. They reported that the prepared particles were not
strongly agglomerated and their mean size was about
0.6µm. Ohshimaet al. [4] prepared ZnO-TiO2 com-
posite particles by ultrasonic spray pyrolysis of the
Zn(NO3)2 aqueous solution with suspended TiO2 par-
ticles. The prepared composite particles ranged from
0.36 to 0.5µm in size and they had better UV ab-
sorption characteristics than that of pure ZnO and TiO2
particles. Matijevicet al.[5] reported that droplets were
completely converted to particles by injecting AgCl nu-
clei into carrier gas when silica/titania composite par-
ticles were prepared by spray pyrolysis of tetraethyl
orthosilicate and titanium(IV) ethoxide. Kanget al.[6]
reported thatγ -LiAlO 2 particles, which had pure crys-
talline phase and high surface area, were prepared by
ultrasonic spray pyrolysis of a colloidal mixture of alu-
mina sol and lithium salt. The particles prepared from
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the colloidal mixture had rough surfaces and high sur-
face area (45 m2/g), due to the heterogeneous precip-
itation of the lithium component on the fibrils of the
aluminum hydroxide sol, while the particles prepared
from the aqueous solution had smooth and low surface
area (7 m2/g).

In this paper, the surface composition of titania par-
ticles was changed by ultrasonic spray pyrolysis of var-
ious metal salt aqueous solutions in which titania par-
ticles (Degussa P25) were suspended.

2. Experimental
2.1. Spray drying of pure TiO2

(Degussa P25)
In order to evaluate the characteristics of spray pyroly-
sis of colloid, spray drying of pure TiO2 (Degussa P25)
suspension was performed. The spray solution was pre-
pared by suspending TiO2 particles in water, and then
it was sonicated for 5 min in order to obtain good dis-
persion. The concentration of suspended titania par-
ticles was 7.8 g/l. This solution was spray-dried by us-
ing the ultrasonic spray pyrolysis apparatus as shown
in Fig. 1. The reactor has the length of 50 cm, the inner
diameter of 2.5 cm, and the outer diameter of 3 cm. The
ultrasonic nebulizer (SAMSUNG Co. HU-45301B) has
the frequency of 1.67 MHz and the liquid depth of 3 cm.
The temperature of the furnace reactor was maintained
at 550◦C and nitrogen was used as carrier gas. The flow
rate of carrier gas was 5 l/min and the residence time
in reactor was 3 sec. The production rate of the mod-
ified titania was 0.1 g/h for the current experimental
conditions.
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Figure 1 The ultrasonic spray pyrolysis system.

2.2. Preparation of ZnO-TiO2 and Ag-TiO2
composite particles

Solutions were prepared by dissolving Zn(NO3)2 (0.2,
0.05, 0.02 and 0.005 M) or AgNO3 (0.2, 0.02 M) in wa-
ter, in which TiO2 particles (Degussa P25) were later
added. These solutions were sonicated for 5 min. The
concentration of suspended TiO2 particles was fixed at
7.8 g/l. ZnO-TiO2 or Ag-TiO2 composite particles were
prepared by ultrasonic spray pyrolysis of these spray so-
lutions. The temperature of furnace reactor was main-
tained at 550◦C and nitrogen gas was used as carrier
gas. The flow rate of carrier gas was 5 l/min.

2.3. Preparation of ZnS-TiO2 and CdS-TiO2
composite particles

The solution were prepared by dissolving Zn(NO3)2
or Cd(NO3)2 and thioacetamide (TAA) in water sol-
vent, in which TiO2 particles (Degussa P25) were later
added. These solutions were sonicated for 5 min. The
concentration of suspended TiO2 particles was 7.8 g/l
and the concentration of Zn(NO3)2 and TAA were 0.08
and 0.2 M, respectively, when the ZnS-TiO2 composite
particle was prepared. The concentrations of Cd(NO3)2
and TAA were 0.02 M for the preparation of CdS-TiO2
composite particles. ZnS-TiO2 and CdS-TiO2 compos-
ite particles were prepared by ultrasonic spray pyrol-
ysis of these solutions. The temperature of furnace

Figure 2 The photocatalytic reaction system.

reactor was maintained at 150◦C when the ZnS-TiO2
composite particle was prepared, and 370◦C when the
CdS-TiO2 composite particle was prepared. The high
temperature is not required, which is lower than that
of the preparation of ZnO-TiO2 or Ag-TiO2 composite
particles, since Zn(NO3)2 or Cd(NO3)2 and TAA are
rapidly converted to ZnS and CdS precipitate at low
temperature. Nitrogen gas was used as carrier gas and
the flow rate of carrier gas was 5 l/min.

2.4. Characterization of prepared
composite particles

The crystalline phase and crystallinity of the com-
posite particles were investigated by X-ray diffraction
(XRD; RIGAKU, D/MAX-RB, CuKα, 4 deg/min). The
compositions of modified particles were determined
by EDAX(SEM). The morphology and size of parti-
cles were observed from scanning electron microscopy
(SEM; Philips, 535M) and measured by centrifugal par-
ticle size analyzer (CPSA; Shimadzu, SA-CP3).

The photocatalytic activities of modified particles
were measured for the decomposition reaction of
trichloroethylene (TCE) by the photocatalytic reaction
system shown in Fig. 2.

C2HCl3+ 3
2O2+ H2O→ 3HCl+ 2CO2 (1)
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Figure 3 X-ray diffraction patterns of (a) TiO2 (Degussa P25) and (b)
spray dried TiO2.

Figure 4 X-ray diffraction patterns of modified titania particles: 0:
TiO2(anatase),×: TiO2(rutile), x: ZnO,¨: ZnS,∗: CdS,1: Ag.

The irradiation wave length of the UV lamp ranged from
300–420 nm, and the average wave length was 350 nm.
The initial TCE concentration was fixed at 58.56 ppm.
The decomposition rate of TCE was measured by mon-
itoring the concentration of Cl− ion in the solution by
using Cl− electrode (Orion, Model 96-17B).

3. Results and discussion
XRD spectra of TiO2 (Degussa P25) particles and TiO2
particle prepared by spray drying of colloidal TiO2 are
shown in Fig. 3. The two XRD patterns are identical.
Therefore, the crystallinity of TiO2 was not changed

Figure 5 The median diameters of ZnO-TiO2 composite particles mea-
sured by centrifugal particle size analyzer and the crystallite size of ZnO
and TiO2.

at the temperature under 550◦C by the spray dry-
ing/pyrolysis system shown in Fig. 1. This is also con-
firmed from XRD spectra of modified TiO2 particles
(shown in Fig. 4). Both characteristic peaks of anatase
and rutile are shown in Figs 3 and 4. Also, Fig. 4 indi-
cates that the crystals of ZnO, ZnS, CdS and Ag were
successfully formed in the modified particles.

The median diameter of ZnO-TiO2 composite par-
ticles was measured by CPSA. The crystallite sizes
of TiO2 (anatase, rutile) and modifier were calculated
from XRD patterns with the loading of modifier. Fig. 5
shows the median diameter and the crystallite size of
the prepared composite particles. The particle median
diameter and crystallite size of TiO2 did not change
significantly with the loading of ZnO. However, the
crystallite size of ZnO was decreased slightly. It was
also confirmed that the crystallinity of TiO2 was not
changed by this spray pyrolysis system.

Fig. 6 shows SEM photographs of spray dried tita-
nia particle and modified particles. Prepared particles
are spherical and micro-porous aggregates. This figure
shows that the primary particles of the modified particle
are larger than the spray dried titania, and the modified
particles are more porous. From these results, it is clear
that the modifier is precipitated and pyrolyzed on the
surface of the titania particle. The particle size ranged
from 0.3 to 1.5µm. Regardless of the types of modi-
fiers, the particles had similar shape and size.

The extent of ZnO formation in the prepared
ZnO-TiO2 composite particle was tested by measuring
the Zn fraction in the particle by EDAX(SEM). Fig. 7
shows that all Zn(NO3)2 in solution was converted into
ZnO in the composite particle. This implies that the
composition of the modified particles can be directly
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Figure 6 SEM photographs of produced particles: (a) Spray dried TiO2 (CTiO2 = 7.8 g/l); (b) CdS-TiO2; (c) Ag-TiO2 (CAgNO3= 0.02M).
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Figure 7 The relationship between the composition of spray solution
and the composition of prepared particle.

Figure 8 The photocatalytic activities of modified particles with chang-
ing the modifier loading.

controlled by changing the composition of spray
solution.

The effect of modifier loading on the photocatalytic
activity for the decomposition of TCE is shown in
Fig. 8. The photocatalytic activity was slightly higher
than that of pure titania when the modifier loading
is low. As the modifier loading is further increased,
the photocatalytic activity is sharply decreased and be-
comes almost constant, which lies between pure TiO2
and pure ZnO in case of ZnO-TiO2 composite particle.
From this result, it is concluded that the initial surface
modification determines the photocatalytic activity and
the further modification does not affect the chemical
property.

4. Conclusions
The properties of titania particles were modified by ul-
trasonic spray pyrolysis of metal salt aqueous solution
in which titania particles suspended. Prepared ZnO-
TiO2, ZnS-TiO2, CdS-TiO2 and Ag-TiO2 composite
particles were spherical and micro-porous aggregates.
These modified particles had sizes ranged from 0.3 to
1.5µm when the concentration of TiO2 suspended in
spray solution was 7.8 g/l, and their size and size distri-
bution were not significantly changed by changing the
type of modifier or the loading. The crystallite size of
modified particle was 10–20 nm and the crystallinity
of TiO2 was not changed by this modification process.
The photocatalytic activities of modified particles are
slightly higher than pure titania when the loading is low
(∼0.15 mol %), however, as the loading is further in-
creased, the photocatalytic activity is sharply decreased
and becomes almost constant. These results demon-
strate that the surface modification of colloidal particles
can be modified by ultrasonic spray pyrolysis.

Acknowledgement
This paper was supported by Non Directed Research
Fund, Korea Research Foundation (1994–1995).

References
1. Y . K O U S A K A , T . H O R I U C H I, Y . E N D O andS. A O T A N I ,

Adv. Mat.6 (1989) 180.
2. J. O R T E G A andT.T. K O D A S, J. Aerosol Sci.23 (1992) S253.
3. K . A . M O O R E, J. C E S A R A N O I I I, D . M . S M I T H and

T. T. K O D A S, J. Amer. Ceram. Soc.75 (1992) 213.
4. K . O H S H I M A, K . T S U T O, K . O K U Y A M A andN. T O H G E,

Aerosol Science and Technology19 (1993) 468.
5. E. M A T I J E V I C , Q. Z H O N G and R. E. P A R T C H, ibid. 22

(1995) 162.
6. Y . C. K A N G , S. B. P A R K andS. W. K W O N, J. Colloidal

and Interface Sci.182(1996) 59.

Received 2 January 1997
and accepted 7 December 1998

4093


