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Abstract—Tb doped YSiO, phosphor particles with spherical morphology, fine size, high crystallinity and good
photoluminescence intensity were prepared by spray pyrolysis. The colloidal solution obtained by adding the fumed
silica particles was introduced to control the characteristics®ifDy: Tb phosphor particles. The particles prepared
from the colloidal solution had a spherical and filled morphology even after post-treatment. The particles post-treated
below 1,200C had X1 type crystal structure but the crystal structure changed from X1 to X2 after post-treatment above
1,300°C. When crystal structure was changed from X1 to X2, the PL intensity greatly increased. The maximum PL
intensity of particles, which were prepared from the solution with 120% excess of stoichiometric fumed silica, was
about 4 times higher than that of the particles prepared from the stoichiometric solution. The patrticles prepared from
the stoichiometric solution of yttrium nitrate and fumed silica had mixed phases of X1 and X2 type and had impurity
as Y,0,. On the other hand, the particles prepared from the solution with 120% excess of stoichiometric fumed silica
had high crystallinity of X2 type.
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INTRODUCTION flow rate of carrier gas, precursor type, and precursor solution con-
centration [Jung and Park, 2001]. The particles prepared by large-

Various types of multicomponent oxide particles have been widelyscale spray pyrolysis tend to have a further hollow and/or porous
studied for application in displays such as high definition (HD), pro- structure than that prepared by laboratory-scale spray pyrolysis. Se-
jection television (PTVs), and flat panel displays (FPDs). These phosvere conditions such as short residence time, high temperature gra-
phor materials must have narrow size distribution, fine size, nondient within the reactor, and high solution concentration promote
agglomeration, and spherical morphology for good luminescent charthe formation of hollow-structured particles [Kang et al., 1999; Lim
acteristics. Therefore, the characteristics of phosphor materials aet al., 2002]. To overcome these problems in large-scale spray py-
strongly affected by the synthetic method. rolysis, a modified spray pyrolysis using the artificial colloidal solu-

In general, phosphor materials have been mainly prepared bijon was proposed [Kang and Park, 1999]. The colloidal particles
solid-state reactions [Ohno and Abe, 1994; Ravichandran et al., 199@ispersed in the droplet promote the volume precipitation by acing
Chang et al., 1989]. The conventional solid-state reaction methoes a nucleation seed for the precipitation.
requires a high-temperature process with long processing time, re- Yttrium silicate has been known to be good host material for cath-
peated milling processes, adding flux, and washing with chemicalsodoluminescent phosphors [Kang et al., 1999; Yin et al., 1996; Meiss
These mechanical and chemical processes tend to degrade the and Kemmler-Sack, 1991; Shen and Kachru, 1994]. In this work,
minescence properties and produce the irregular shaped particlésrbium-doped yttrium silicate phosphors, one of the green phos-
[Sohn et al., 1999; Lenggoro et al., 2000]. phor materials, were prepared by large-scale spray pyrolysis. We

Recently, spray pyrolysis has been recommended as a promigttempted to control the characteristics £8i®, : Tb phosphor par-
ing method for producing the phosphor particles of the controlledticles by using the artificial colloidal solution as a silicon source in
characteristics of fine size, spherical shape, high purity, and aggrdarge-scale spray pyrolysis.
gation-free particles. However, the problem of spray pyrolysis is
the potential of forming hollow and/or porous particles [Hampden- EXPERIMENTAL
Smith et al., 2001; Vanheusden et al., 1997; Kang et al., 2000]. The
hollowness of phosphor particles causes the reduction of thermal The general schematic diagram of spray pyrolysis system is given
and mechanical stability. Furthermore, it reduces the luminescencelsewhere [Sohn et al., 2002]. The system has a droplet generator,
intensity of phosphor materials by acting as defects. The morpholguartz reactor and particle collector. The apparatus used in this work
ogy of phosphor patrticles synthesized by spray pyrolysis is highlywas an ultrasonic spray generator having six vibrators with 1.7 MHz.
influenced by the operating conditions such as reactor temperaturghe length and inside diameter of the quartz reactor were 1,200 and
50 mm, respectively. The flow rate of air used as a carrier gas was
To whom correspondence should be addressed. 45 L/min, and the residence time of the particles inside the reactor
E-mail: yckang@krict.re.kr was 0.6 sec. The colloidal solution was obtained by adding fumed
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silica particles with size of 14 nm into the aqueous solution dissolvec " X-Y.S0
with nitrate salts of other components. The total concentration wa o e 0 xj- YiSio:
1 M and the doping concentration of terbium was fixed at 35 mol% ’ . .
of yttrium component. The particles were as-prepared 4C900 otV L el o sttt epsten_1A00C
spray pyrolysis. The post-treatment temperature was changed frol ’

1,000°C to 1,400C. The photoluminescence characteristics of pre-
pared particles were measured under ultraviolet (254 nm) by spec
trofluorometer (Perkin EImer LS50). The crystallinity and morphol-
ogy of particles were investigated with X-ray diffractometry (XRD, éo 0

RIGAKU DMAX-33 X-ray) and scanning electron microscopy w? 00,0t 0 L o ok @8 R0 fog o 1200C
(SEM, PHILIPS XL 30S FEG), respectively.
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Fig. 1 shows the morphologies of as-prepared and post-treate 10 20 %0 gg %0 60 7
Y,SiO, : Th phosphor particles synthesized by a modified large- _ ) ]
scale spray pyrolysis using fumed silica particles as a silicon sourc&9- 2- XRD spectra of ¥.SiO; : Th particles annealed at different

. . . temperatures.
The as-prepared particles had completely spherical shape, fine par-
ticle size, and non-hollow morphology even at severe preparation
conditions. This is due to the particle formation mechanism of par-1,300°C as shown in Fig. 1(b). The porous morphology of as-pre-
ticles prepared from the colloidal solution. The fumed silica colloi- pared particles turned into dense structure after post-treatment.
dal particles dispersed in the droplet induced volume precipitation The luminescence characteristics of phosphor are strongly affected
by acting as a nucleation seed for the precipitation. Thus the as-préy the phase purity and crystallinity of particles. The effect of post-
pared particles had filled and porous morphology. These filled partreatment temperature on the crystal structure of prepared particles
ticles prepared from the colloidal solution maintained their spheric-is shown in Fig. 2. In this case, theSYO, : Th phosphor particles
ity and non-aggregation characteristics even after post-treatment atere prepared from the solution with 110% excess of stoichiomet-
ric fumed silica. YSIO; : Th is polymorphic and crystallizes in the
monoclinic X1 or X2 type determined by the synthetic tempera-
ture. The YSIO, : Tb phosphor particles post-treated at 1;0008ad
phase-pure crystal structure of X1 type. The crystal structure of X2
type appeared after post-treatment at P20p@nd the ¥SIQ,: Th
phosphor particles with complete X2 type structure was obtained
above 1,30€C. In the spray pyrolysis, the high mixing degree of
each componentis inside particle reduced the formation tempera-
ture of phase-pure and high crystalliniS¥O, : Tb phosphor par-
ticles.

The emission spectra ofSIQ, : Th phosphor particles prepared
from colloidal solutions at different post-treatment temperatures were
shown in Fig. 3. The luminescence characteristics of prepared phos-
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Fig. 1. SEM photographs of ¥SiO; : Tb particles before and after Fig. 3. Emission spectra of ¥SiO;: Tb particles annealed at dif-
treatment. ferent temperatures.
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phor particles were affected by the post-treatment temperatures. Thand Fig. 3, the YSiO;: Th phosphor particles with complete X2
PL intensity of phosphor particles increased with increasing posttype crystal structure had higher PL intensities than those with X1
treatment temperatures because of high crystallinity and phase puritype crystal structure. The,SI0, : Tb phosphor particles obtained
of phosphor particles post-treated at high temperatures. In Fig. 2t 1,400C had a maximum brightness. However, aggregation be-
tween particles occurred at 1,4@as shown in Fig. 4. The PL
intensity of spherical shape,YO;: Tb phosphor particles post-
treated at 1,30 was 93% of that of phosphor particles post-treated
at 1,400C.

The added amount of fumed silica used as silicon source affected
the crystal structure and PL intensity of prepargsl(Y : Tb phos-
phor particles. Fig. 5 shows the emission spectrali€l: Tb phos-
phor particles prepared from solutions with different ratios of yttri-

i 2 4 - 5

Fig. 4. SEM photograph of Y,SiO;: Tb particles prepared from
fumed silica annealed at 1,408C for 3 h.
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Fig. 5. Emission spectra of ¥SiO;: Th particles prepared from
different ratios of yttrium nitrate and fumed silica.
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Fig. 6. XRD spectra of Y;SiO, : Tb particles prepared from dif- Fig. 7. SEM photographs of ¥SiO;: Tb particles prepared from
ferent ratios of yttrium nitrate and fumed silica. different ratios of yttrium nitrate and fumed silica.
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