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Abstract −−−−Tb doped Y2SiO5 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 of Y2SiO5 : 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 1,200oC had X1 type crystal structure but the crystal structure changed from X1 to X2 after post-treatment above
1,300oC. 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 particles prepared from
the stoichiometric solution of yttrium nitrate and fumed silica had mixed phases of X1 and X2 type and had impurity
as Y2O3. 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

Various types of multicomponent oxide particles have been widely
studied for application in displays such as high definition (HD), pro-
jection television (PTVs), and flat panel displays (FPDs). These phos-
phor materials must have narrow size distribution, fine size, non-
agglomeration, and spherical morphology for good luminescent char-
acteristics. Therefore, the characteristics of phosphor materials are
strongly affected by the synthetic method.

In general, phosphor materials have been mainly prepared by
solid-state reactions [Ohno and Abe, 1994; Ravichandran et al., 1997;
Chang et al., 1989]. The conventional solid-state reaction method
requires a high-temperature process with long processing time, re-
peated milling processes, adding flux, and washing with chemicals.
These mechanical and chemical processes tend to degrade the lu-
minescence properties and produce the irregular shaped particles
[Sohn et al., 1999; Lenggoro et al., 2000].

Recently, spray pyrolysis has been recommended as a promis-
ing method for producing the phosphor particles of the controlled
characteristics of fine size, spherical shape, high purity, and aggre-
gation-free particles. However, the problem of spray pyrolysis is
the potential of forming hollow and/or porous particles [Hampden-
Smith et al., 2001; Vanheusden et al., 1997; Kang et al., 2000]. The
hollowness of phosphor particles causes the reduction of thermal
and mechanical stability. Furthermore, it reduces the luminescence
intensity of phosphor materials by acting as defects. The morphol-
ogy of phosphor particles synthesized by spray pyrolysis is highly
influenced by the operating conditions such as reactor temperature,

flow rate of carrier gas, precursor type, and precursor solution c
centration [Jung and Park, 2001]. The particles prepared by la
scale spray pyrolysis tend to have a further hollow and/or por
structure than that prepared by laboratory-scale spray pyrolysis
vere conditions such as short residence time, high temperature
dient within the reactor, and high solution concentration prom
the formation of hollow-structured particles [Kang et al., 1999; L
et al., 2002]. To overcome these problems in large-scale spray
rolysis, a modified spray pyrolysis using the artificial colloidal sol
tion was proposed [Kang and Park, 1999]. The colloidal partic
dispersed in the droplet promote the volume precipitation by ac
as a nucleation seed for the precipitation.

Yttrium silicate has been known to be good host material for c
odoluminescent phosphors [Kang et al., 1999; Yin et al., 1996; M
and Kemmler-Sack, 1991; Shen and Kachru, 1994]. In this wo
terbium-doped yttrium silicate phosphors, one of the green ph
phor materials, were prepared by large-scale spray pyrolysis.
attempted to control the characteristics of Y2SiO5 : Tb phosphor par-
ticles by using the artificial colloidal solution as a silicon source
large-scale spray pyrolysis.

EXPERIMENTAL

The general schematic diagram of spray pyrolysis system is g
elsewhere [Sohn et al., 2002]. The system has a droplet gene
quartz reactor and particle collector. The apparatus used in this 
was an ultrasonic spray generator having six vibrators with 1.7M
The length and inside diameter of the quartz reactor were 1,200
50 mm, respectively. The flow rate of air used as a carrier gas 
45 L/min, and the residence time of the particles inside the rea
was 0.6 sec. The colloidal solution was obtained by adding fum
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silica particles with size of 14nm into the aqueous solution dissolved
with nitrate salts of other components. The total concentration was
1 M and the doping concentration of terbium was fixed at 35 mol%
of yttrium component. The particles were as-prepared at 900oC by
spray pyrolysis. The post-treatment temperature was changed from
1,000oC to 1,400oC. The photoluminescence characteristics of pre-
pared particles were measured under ultraviolet (254 nm) by spec-
trofluorometer (Perkin Elmer LS50). The crystallinity and morphol-
ogy of particles were investigated with X-ray diffractometry (XRD,
RIGAKU DMAX-33 X-ray) and scanning electron microscopy
(SEM, PHILIPS XL 30S FEG), respectively.

RESULTS AND DISCUSSION

Fig. 1 shows the morphologies of as-prepared and post-treated
Y2SiO5 : Tb phosphor particles synthesized by a modified large-
scale spray pyrolysis using fumed silica particles as a silicon source.
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-
ticles prepared from the colloidal solution. The fumed silica colloi-
dal particles dispersed in the droplet induced volume precipitation
by acting as a nucleation seed for the precipitation. Thus the as-pre-
pared particles had filled and porous morphology. These filled par-
ticles prepared from the colloidal solution maintained their spheric-
ity and non-aggregation characteristics even after post-treatment at

1,300oC as shown in Fig. 1(b). The porous morphology of as-p
pared particles turned into dense structure after post-treatment.

The luminescence characteristics of phosphor are strongly affe
by the phase purity and crystallinity of particles. The effect of po
treatment temperature on the crystal structure of prepared par
is shown in Fig. 2. In this case, the Y2SiO5 : Tb phosphor particles
were prepared from the solution with 110% excess of stoichiom
ric fumed silica. Y2SiO5 : Tb is polymorphic and crystallizes in the
monoclinic X1 or X2 type determined by the synthetic tempe
ture. The Y2SiO5 :Tb phosphor particles post-treated at 1,100oC had
phase-pure crystal structure of X1 type. The crystal structure of
type appeared after post-treatment at 1,200oC, and the Y2SiO5 :Tb
phosphor particles with complete X2 type structure was obtai
above 1,300oC. In the spray pyrolysis, the high mixing degree 
each componentís inside particle reduced the formation temp
ture of phase-pure and high crystallinity Y2SiO5 : Tb phosphor par-
ticles.

The emission spectra of Y2SiO5 : Tb phosphor particles prepared
from colloidal solutions at different post-treatment temperatures w
shown in Fig. 3. The luminescence characteristics of prepared p

Fig. 1. SEM photographs of Y2SiO5 : Tb particles before and after
treatment.

Fig. 2. XRD spectra of Y2SiO5 : Tb particles annealed at different
temperatures.

Fig. 3. Emission spectra of Y2SiO5 : Tb particles annealed at dif-
ferent temperatures.
Korean J. Chem. Eng.(Vol. 20, No. 5)



932 H.-S. Kang et al.

 X1

be-

ted

cted

tri-
phor particles were affected by the post-treatment temperatures. The
PL intensity of phosphor particles increased with increasing post-
treatment temperatures because of high crystallinity and phase purity
of phosphor particles post-treated at high temperatures. In Fig. 2

and Fig. 3, the Y2SiO5 : Tb phosphor particles with complete X2
type crystal structure had higher PL intensities than those with
type crystal structure. The Y2SiO5 : Tb phosphor particles obtained
at 1,400oC had a maximum brightness. However, aggregation 
tween particles occurred at 1,400oC as shown in Fig. 4. The PL
intensity of spherical shape Y2SiO5 : Tb phosphor particles post-
treated at 1,300oC was 93% of that of phosphor particles post-trea
at 1,400oC.

The added amount of fumed silica used as silicon source affe
the crystal structure and PL intensity of prepared Y2SiO5 : Tb phos-
phor particles. Fig. 5 shows the emission spectra of Y2SiO5 :Tb phos-
phor particles prepared from solutions with different ratios of yt

Fig. 4. SEM photograph of Y2SiO5 : Tb particles prepared from
fumed silica annealed at 1,400oC for 3 h.

Fig. 5. Emission spectra of Y2SiO5 : Tb particles prepared from
different ratios of yttrium nitrate and fumed silica.

Fig. 6. XRD spectra of Y2SiO5 : Tb particles prepared from dif-
ferent ratios of yttrium nitrate and fumed silica.

Fig. 7. SEM photographs of Y2SiO5 : Tb particles prepared from
different ratios of yttrium nitrate and fumed silica.
September, 2003
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um nitrate and fumed silica. The as-prepared particles by spray py-
rolysis were post-treated at 1,300oC for 3 h. The maximum PL in-
tensity of particles, which were prepared from the solution with 20%
excess fumed silica, was about 4 times higher than that of the par-
ticles prepared from the stoichiometric solution. From the results
of XRD spectra as shown in Fig. 6, phase-pure X2 type Y2SiO5 :
Tb phosphor particles were obtained from the solution with 110%
excess of stoichiometric fumed silica. The particles prepared from
the stoichiometric solution of yttrium nitrate and fumed silica had
mixture phases of X1 and X2 type and had impurity as Y2O3. The
particles prepared from the solution with 105% excess of stoichio-
metric fumed silica had high crystallinity of X2 type with small im-
purity peaks of Y2O3. On the other hand, the particles prepared from
the solution with 115-120% excess of stoichiometric fumed silica
had impurity phase as Y2Si2O5. However, the Y2SiO5 :Tb phosphor
particles prepared from the solution with 120% excess of stoichio-
metric fumed silica had maximum brightness in spite of small impu-
rity phase as Y2Si2O5. Fig. 7 shows the SEM photographs of Y2SiO5 :
Tb phosphor particles with different ratios of yttrium nitrate and
fumed silica. All Y2SiO5 :Tb phosphor particles post-treated at 1,300
oC had spherical morphology and non-agglomeration characteris-
tics. The mean particle size of phosphor particles measured from
the SEM photograph [Fig. 7a] was 1.4µm.

CONCLUSIONS

Green-emitting Y2SiO5 : Tb phosphor particles were synthesized
under severe preparation conditions by large-scale spray pyrolysis.
The particles prepared from the colloidal solution containing the
fumed silica particles with the size of 14 nm had a spherical and
filled structure even after the post-treatment. The effect of post-treat-
ment temperatures and different ratios of yttrium nitrate and fumed
silica on crystallinity and photoluminescence intensity of Y2SiO5 :
Tb phosphor particles was investigated. The Y2SiO5 : Tb phosphor
particles prepared from the solution with 120% excess of stoichio-
metric fumed silica had high crystallinity of X2 type and high pho-
toluminescence intensity.
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