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Abstract−Sr2CeO4 phosphor particles were prepared by spray pyrolysis at various preparation temperatures. The

effect of preparation temperatures on the morphology, crystal structure and photoluminescence characteristics of the

post-treated Sr2CeO4 phosphor particles was studied. Phase pure Sr2CeO4 phosphor particles were not produced by spray

pyrolysis without post-treatment. The optimum post-treatment temperature to produce the Sr2CeO4 phosphor particles

with high photoluminescence intensity was 1,000 oC in spray pyrolysis. The spherical morphology of the as-prepared

particles obtained at high preparation temperatures above 1,400 oC had maintained after post-treatment at 1,000 oC.

The relative photoluminescence intensities of the Sr2CeO4 phosphor particles varied with the preparation tempera-

tures in the spray pyrolysis. The as-prepared particles obtained by spray pyrolysis at preparation temperatures below

1,400 oC converted into phase pure Sr2CeO4 phosphor particles after post-treatment at 1,000 oC. The optimum prepara-

tion temperature of the as-prepared particles was 1,400 oC to produce the Sr2CeO4 phosphor particles with spherical shape

and high photoluminescence intensity in the spray pyrolysis.
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INTRODUCTION

Sr2CeO4 phosphor emitting blue-white light has efficient lumi-

nescence characteristics under electron beam and ultraviolet light

[Danielson et al., 1998; Tang et al., 2002; Chen et al., 2004; Jiang et

al., 1999; Yu et al., 2003; Masui et al., 2003]. Application of Sr2CeO4

particles as a phosphor in displays and lamps requires good mor-

phology as well as high luminescence characteristics. The mean

size and morphology of phosphor particles affects the characteristics

of phosphor material in application to displays and lamps. Sr2CeO4

phosphor particles have been prepared by many phosphor prepara-

tion processes because the characteristics of phosphor particles are

strongly affected by the synthetic process. Especially, liquid solu-

tion methods including citrate-gel, co-precipitation and hydrother-

mal methods were applied to the preparation of fine sized Sr2CeO4

phosphor particles [Jiang et al., 1999; Yu et al., 2003; Masui et al.,

2003; Khollam et al., 2004]. Spray pyrolysis is one of the promis-

ing processes for the preparation of improved phosphor particles

with spherical shape, fine size, narrow size distribution, and non-

aggregation characteristics [Kang et al., 2000, 2002, 2003; Roh et

al., 2003; Shimomura et al., 2004; Kang and Choi, 2002; Jung et

al., 2004]. Sr2CeO4 phosphor particles were also prepared by spray

pyrolysis process, in which the prepared phosphor particles had spher-

ical shape and fine size [Kang and Choi, 2002].

In this work, Sr2CeO4 phosphor particles were prepared by spray

pyrolysis at various preparation temperatures. In spray pyrolysis,

the effect of preparation temperatures on the morphology, crystal

structure and photoluminescence characteristics of the post-treated

Sr2CeO4 phosphor particles was studied.

EXPERIMENTAL

The solution of salts was atomized with six ultrasonic spray gen-

erators with 1.7 MHz resonator and introduced into a hot reaction

column, where the droplets were dried, decomposed, and/or crys-

tallized in dispersed phase. The length and inner diameter of the

alumina reactor were 1,000 and 25 mm, respectively. The flow rate

of carrier gas was 10 l/min. The spray solutions were obtained by

adding strontium and cerium nitrate precursors into distilled water.

The overall solution concentration was 0.5 M. The preparation tem-

perature in the spray pyrolysis varied from 800 to 1,600 oC. The

as-prepared particles were post-treated at temperatures between 700

and 1,200 oC for 3 h in muffle furnace.

The crystal structures of the particles were studied by X-ray dif-

fraction (XRD, RIGAKU, D/MAX-RB) with Cu-Kα radiation (λ=

1.5418). The morphologies of particles were investigated by scan-

ning electron microscopy (SEM). Photoluminescence measurement

was performed with a spectrofluorophotometer (SHIMADZU, RF-

5301PC) by using a Xe lamp excitation source.

RESULTS AND DISCUSSION

The Sr2CeO4 phosphor particles prepared by spray pyrolysis had

poor photoluminescence intensities even at high preparation tem-

perature of 1,600 oC. In the aqueous solution methods, phase pure

Sr2CeO4 phosphor particles with high photoluminescence intensi-

ties were obtained at post-treatment temperatures below 1,000 oC

[Jiang et al., 1999; Yu et al., 2003; Masui et al., 2003; Khollam et

al., 2004]. In spray pyrolysis, the crystal structure of Sr2CeO4 phos-

phor appeared at a preparation temperature of 1,400 oC. However,

phase pure Sr2CeO4 phosphor particles were not produced by spray

pyrolysis without post-treatment. The short residence time of parti-
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cles inside the hot wall reactor did not offer enough time for the

crystallization of Sr2CeO4 phosphor particles in spray pyrolysis. The

residence time of particles inside the hot wall reactor was 0.3 sec at

a preparation temperature of 1,600 oC. The Sr2CeO4 phosphor parti-

cles prepared by spray pyrolysis had pure crystal structure and high

photoluminescence intensities after post-treatment. The optimum

post-treatment temperature to produce the Sr2CeO4 phosphor parti-

cles with high photoluminescence intensity was 1,000 oC in spray

pyrolysis. Phase pure Sr2CeO4 phosphor particles were obtained at

low post-treatment temperature of 800 oC because of high mixing

degree of each component comprising the as-prepared particles.

The photoluminescence intensity of the Sr2CeO4 phosphor particles

post-treated at 800 oC was 80% of that of the phosphor particles

post-treated at 1,000 oC.

The as-prepared particles obtained by spray pyrolysis had spher-

ical shape regardless of the preparation temperatures. On the other

hand, the morphology of the post-treated Sr2CeO4 phosphor parti-

cles was affected by the preparation temperatures in the spray pyrol-

ysis. The spherical shape of the as-prepared particles obtained at

800 oC disappeared after post-treatment at 1,000 oC. Aggregated

and non-spherical shape Sr2CeO4 phosphor particles were obtained

as shown in Fig. 1(a). However, the morphology of the as-prepared

particles obtained at high preparation temperatures above 1,400 oC

had maintained after post-treatment at 1,000 oC. Fig. 1(b) shows

the SEM photograph of the Sr2CeO4 phosphor particles, in which

the as-prepared particles obtained at 1,400 oC were post-treated at

1,000 oC. The post-treated Sr2CeO4 phosphor particles (Fig. 1b) had

spherical shape and non-aggregation characteristics.

Fig. 2 shows the emission spectra of the Sr2CeO4 phosphor parti-

cles, in which the as-prepared particles at different preparation tem-

peratures were post-treated at 1,000 oC. The emission spectra of the

Sr2CeO4 phosphor particles were measured under excitation wave-

length of 285 nm showing the maximum peak intensity in the ex-

citation spectra. The photoluminescence intensities of the Sr2CeO4

phosphor particles were affected by the preparation temperatures in

the spray pyrolysis. All the phosphor particles had the same emis-

sion spectra having a maximum peak intensity at 455 nm. How-

ever, the relative photoluminescence intensities of the Sr2CeO4 phos-

phor particles varied with the preparation temperatures in the spray

pyrolysis. The Sr2CeO4 phosphor particles obtained at the prepara-

tion temperature of 800 oC had low photoluminescence intensity

after post-treatment at 1,000 oC. The maximum photoluminescence

intensity of the post-treated Sr2CeO4 phosphor particles was obtained

at a preparation temperature of 1,400 oC. The Sr2CeO4 phosphor

particles obtained at a preparation temperature of 1,600 oC had lower

photoluminescence intensity than that of the phosphor particles ob-

tained at 1,400 oC after post-treatment.

XRD spectra of the Sr2CeO4 phosphor particles were investigated

to explain the effect of the preparation temperature on the photolu-

minescence intensities of the Sr2CeO4 phosphor particles in spray

pyrolysis. Fig. 3 shows the XRD spectra of the as-prepared and post-

treated particles obtained by spray pyrolysis. The as-prepared particles

obtained by spray pyrolysis at a preparation temperature of 1,000 oC

had phase of CeO2. No peak lines corresponding to Sr2CeO4 phos-

phor particles were observed in the XRD spectrum of the as-pre-

pared particles obtained at 1,000 oC. The peak lines of the Sr2CeO4

phosphor appeared at the preparation temperature of 1,200 oC, in
Fig. 1. SEM photographs of post-treated Sr2CeO4 phosphor parti-

cles.

Fig. 2. Emission spectra of Sr2CeO4 phosphor particles prepared
at different preparation temperatures.
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which the particles had mixture peaks of SrCeO3, Sr2CeO4 and CeO2

compounds. The as-prepared particles obtained at 1,400 oC had mix-

ture peaks of Sr2CeO4 and SrCeO3 compounds. SrCeO3 was inter-

mediate product in the preparation of Sr2CeO4 phosphor particles

by spray pyrolysis. However, the as-prepared particles obtained at

a preparation temperature of 1,600 oC had main peaks of SrCeO3

compound. Sr2CeO4 decomposed into SrCeO3 and SrO compounds at

a preparation temperature of 1,600 oC. The as-prepared particles ob-

tained by spray pyrolysis at preparation temperatures below 1,400 oC

converted into phase pure Sr2CeO4 phosphor particles after post-

treatment at 1,000 oC. However, the particles prepared by spray py-

rolysis at a preparation temperature of 1,600 oC had impurity phase

of SrCeO3 after post-treatment at 1,000 oC. In spray pyrolysis, some

of strontium component formed by decomposition of Sr2CeO4 into

SrCeO3 and SrO evaporated at the preparation temperature of 1,600
oC. Therefore, the phosphor particles prepared by spray pyrolysis

at the preparation temperature of 1,600 oC had low photolumines-

cence intensity and impurity phase after post-treatment.

In spray pyrolysis, the preparation temperature of the as-prepared

particles affected the morphology, crystal structure and photolumines-

cence characteristics of the Sr2CeO4 phosphor particles. The optimum

preparation temperature of the as-prepared particles was 1,400 oC

to produce the Sr2CeO4 phosphor particles with spherical shape and

high photoluminescence intensity in the spray pyrolysis.

ACKNOWLEDGEMENT

This work was supported by the Korea Research Foundation

(KRF, R08-2004-000-10160-0).

REFERENCES

Chen, S. J., Chen, X. T., Yu, Z., Hong, J. M., Xue, Z. and You, X. Z.,

“Preparation and characterization of fine Sr2CeO4 blue phosphor

powders,” Solid State Comm., 130, 281 (2004).

Danielson, E., Devenney, M., Giaquinta, D. M., Golden, J. H., Haush-

alter, R. C., McFarland, E. W., Poojary, D. M., Reaves, C. M., Wein-

berg, W. H. and Wu, X. D., “A rare-earth phosphor containing one-

dimensional chains identified through combinatorial methods,” Sci-

ence, 279, 837 (1998).

Jiang, Y. D., Zhang, F. and Summers, C. J., “Synthesis and properties of

Sr2CeO4 blue emission powder phosphor for field emission dis-

plays,” Appl. Phys. Lett., 74(12), 1677 (1999).

Jung, K. Y., Lee, D. Y. and Kang, Y. C., “Size-dependent luminescent

properties of hollow and dense BaMgAl10O17 : Eu blue phosphor par-

ticles prepared by spray pyrolysis,” Korean J. Chem. Eng., 21, 1072

(2004).

Kang, H. S., Kang, Y. C. and Park, H. D., “Green-emitting yttrium sili-

cate phosphor particles prepared by large scale ultrasonic spray py-

rolysis,” Korean J. Chem. Eng., 20, 930 (2003).

Kang, M. and Choi, S., “Preparation of Sr2CeO4 blue phosphor by ultra-

sonic spray pyrolysis: effect of NH4NO3 addition,” J. Mater. Sci., 37,

272 (2002).

Kang, Y. C., Roh, H. S. and Park, S. B., “Preparation of Y2O3 : Eu phos-

phor particles of filled morphology at high precursor concentrations

by spray pyrolysis,” Adv. Mater., 12, 451 (2000).

Kang, Y. C., Roh, H. S. and Park, S. B., “Use of LiCl flux in the prepa-

ration of Y2O3 : Eu phosphor particles by spray pyrolysis,” J. Eur.

Ceram. Soc., 22, 1661 (2002).

Khollam, Y. B., Deshpande, S. B., Khanna, P. K., Joy, P. A. and Potdar,

H. S., “Microwave-accelerated hydrothermal synthesis of blue white

phosphor: Sr2CeO4,” Mater. Lett., 58, 2521 (2004).

Masui, T., Chiga, T., Imanaka, N. and Adachi, G., “Synthesis and lumi-

nescence of Sr2CeO4 fine particles,” Mater. Res. Bull., 38, 17 (2003).

Roh, H. S., Kim, E. J., Kang, H. S., Kang, Y. C., Park, H. D. and Park,

S. B., “Vacuum ultraviolet characteristics of nano-sized Gd2O3 : Eu

phosphor particles,” J. Appl. Phys., 42, 2741 (2003).

Shimomura, Y. and Kijima, N., “High-luminance Y2O3 : Eu3+ phosphor

synthesis by high temperature and alkali metal ion-added spray py-

rolysis,” J. Electrochem. Soc., 151(4), H86 (2004).

Tang, Y., Guo, H. and Qin, Q., “Photoluminescence of Sr2CeO4 phos-

phors prepared by microwave calcinations and pulsed laser deposi-

tion,” Solid State Comm., 121, 351 (2002).

Yu, X., He, X., Yang, S. and Xu, X., “Synthesis and luminescence of

Sr2CeO4 superfine particles by citrate-gel method,” Mater. Lett., 58,

48 (2003).
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