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Fig. 1. Schematic diagram of the FEAG process.
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Spherical shape cobalt oxide powders with fine size were directly prepared by spray pyrolysis using a filter expan-

sion aerosol generator �FEAG�. These cobalt oxide powders were then compared with the powders prepared by

ultrasonic spray pyrolysis. The cobalt oxide powders prepared using a FEAG are finer and have more narrow size

distribution and filled morphologies than those prepared by ultrasonic spray pyrolysis. The mean sizes of the

cobalt oxide powders prepared using a FEAG increased from 230 to 860 nm when the concentration of the spray

solution was increased from 0.01 to 2 M. �Received April 17, 2007; Accepted June 14, 2007�
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1. Introduction

Tricobalt tetraoxide �Co3O4� powder is believed to be a

promising material for gas sensors, catalysts, lithium seconda-

ry batteries, etc.1�–5� Especially, fine cobalt oxide powders are

developed as black matrix materials for flat panel displays

�black matrix enhances the contrast of flat panel displays

like the plasma display panel �PDP��. Fine cobalt oxide pow-

ders are synthesized through various aqueous-solution-based

methods, such as hydrothermal synthesis, precipitation, and

the sol–gel method.6�–11�

Spray pyrolysis is one of the more promising processes for

the preparation of improved ceramic and metal powders.12�–16�

In spray pyrolysis, one powder is formed from one droplet at

mild preparation conditions. Therefore, the mean size and size

distribution of the powders prepared through spray pyrolysis

at mild preparation conditions are strongly affected by the

spray generator used. In spray pyrolysis, an ultrasonic spray

generator is used for the preparation of submicron ceramic

and metal powders because the ultrasonic spray generator can

generate relatively homogeneous droplets several microns in

size. However, below–500-nm fine ceramic powders could not

be prepared through spray pyrolysis, using an ultrasonic spray

generator, due to the high concentration of the spray solution

used.

Kang and Park proposed the use of a new spray generator,

the filter expansion aerosol generator �FEAG�, in the prepa-

ration of powders and thin films under reduced pressure.16� In

this work, fine, spherical cobalt oxide powders were directly

prepared through spray pyrolysis, using a FEAG. The mean

sizes of the cobalt oxide powders were controlled by varying

the concentrations of the spray solution. The cobalt oxide

powders prepared using the FEAG were then compared with

the powders prepared using the ultrasonic spray generator.

2. Experiments

The schematic diagram of the FEAG process used in this

study was shown in Fig. 1. The FEAG process consists of a

porous glass filter, an ultrasonic spray generator, a vacuum

pump and a bag filter.17� In the FEAG process, spray solution

was supplied through an ultrasonic spray generator using

carrier gas on to a glass filter surface where it forms a thin

liquid film. This liquid film is passed through the filter pores

by the carrier gas and expanded into a low pressure chamber.

In the ultrasonic spray pyrolysis process, droplets formed by

ultrasonic spray generator were directly supplied into the hot

wall reactor. The length and diameter of the quartz reactor

were 1,200 and 50 mm, respectively. The reactor temperature

was fixed at 900�C. The concentrations of cobalt nitrate were

changed from 0.01 to 2 M.

The crystal structures of the cobalt oxide powders were

investigated using X-ray diffractometry �XRD, RIGAKU,

DMAX–33�. The morphological characteristics of the pow-

ders were investigated using scanning electron microscopy

�SEM, JEOL, JSM 6060�.

3. Results and discussions

The crystal structures of the powders prepared with the use

of a FEAG and of an ultrasonic spray generator, respectively,

were investigated, and the results of the investigation are

shown in Fig. 2. The powders had crystal Co3O4 structures
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Fig. 2. XRD spectra of cobalt oxide powders.

Fig. 3. SEM photographs of cobalt oxide powders prepared by the FEAG process.
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regardless of the spray generator that was used in preparing

them. The cobalt nitrate precursors were converted to Co3O4

powders in spite of the short residence times of the powders

inside the hot wall reactor.

Figure 3 shows SEM photographs of the cobalt oxide pow-

ders prepared using a FEAG, at various concentrations of the

spray solution used. The cobalt oxide powders had a spherical

shape and non-aggregation characteristics regardless of the

spray solution concentration. In addition, their mean size

increased as the concentration of the spray solution increased.

In particular, the mean size of the cobalt oxide powders

increased from 230 to 860 nm when the concentration of the

spray solution was increased from 0.01 to 2 M. The charac-

teristics of the cobalt oxide powders were also affected by

the concentration of the spray solution. In particular, the

powders prepared from spray solutions with concentrations

below 0.3 M had dense structures and narrow size distribu-

tions. On the other hand, the powders prepared from spray

solutions with concentrations above 0.7 M had hollow mor-

phologies and broad size distributions.

In this work, one cobalt oxide powder was formed from one

droplet. Therefore, the size distributions of the cobalt oxide

powders were affected by the characteristics of the droplets

that were formed by the FEAG. When the FEAG was used,

the characteristics of the droplets changed according to the
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Fig. 4. SEM photographs of cobalt oxide powders prepared by the ultrasonic spray pyrolysis process.

509Seo Hee JU et al. Journal of the Ceramic Society of Japan 115 [ 8 ] 2007

type of spray solution used. The droplets that were formed

from spray solutions with high concentrations had a broader

size distribution than those that were formed from spray solu-

tions with low concentrations. The hollow morphologies of

the powders obtained from spray solutions with high concen-

trations also affected the powders' size distribution.

Figure 4 shows SEM photographs of the cobalt oxide pow-

ders prepared through ultrasonic spray pyrolysis. The cobalt

oxide powders obtained from spray solutions with concentra-

tions below 0.1 M had a spherical shape and regular morphol-

ogies. On the other hand, the powders prepared from spray

solutions with concentrations above 0.3 M had hollow and

fractured morphologies.

In Figs. 3 and 4, the cobalt oxide powders prepared using

the FEAG were finer and had more regular morphologies than

those prepared using an ultrasonic spray generator. The cobalt

oxide powders prepared using the FEAG had submicron sizes

at all concentrations of the spray solution used. On the other

hand, the cobalt oxide powders prepared using the ultrasonic

spray generator had micron sizes even when the spray solution

used had a low concentration �0.05 M�. In Figs. 3 and 4, the

powders prepared using the FEAG had narrower size distribu-

tions than those prepared using the ultrasonic spray generator.

Assuming that one dense powder is derived from one droplet,

the mean size of the powders prepared through spray pyrolysis

can be calculated using the following equation:

dpowder�ddrop��
Mx�C�10

�3

rx
�
1�3

�1�

where ddrop and dpowder are the mean diameters of the droplets

and the powders, respectively; rx and Mx are the density and

molecular weight, respectively, of the oxide or dried salt pow-

ders; and C is the molar concentration of the spray solution.

Therefore, the mean size and size distribution of the powders

were affected by the mean size and size distribution of the

droplets that were formed by the spray generator used. The

droplets that were formed by the FEAG were finer, and their

size distribution was narrower, than those that were formed by

the ultrasonic spray generator.17�

4. Conclusion

The cobalt oxide powders directly prepared through spray

pyrolysis had a spherical shape and non-aggregation proper-

ties. However, their mean size and size distribution were
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affected by the types of spray generators that were used. The

FEAG produced droplets that were finer and that had a nar-

rower size distribution than those produced using an ultrason-

ic spray generator. It can thus be concluded that the FEAG is

the aropriate generator to use for the preparation of cobalt

oxide powders with submicron sizes and a spherical shape.
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