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Abstract
The X1 type Y2SiO5:Tb phosphor particles with high brightness were prepared by spray pyrolysis from spray solution with NH4F flux

material. The phosphor particles prepared by spray pyrolysis at high preparation temperature had spherical shape, fine size and dense

morphology. The mean sizes of the phosphor particles prepared at 900 and 1650 8C were 1.3 and 0.9 mm. The emission spectrum of the

phosphor particles prepared by spray pyrolysis at 1650oC had the characteristics of X1 type Y2SiO5:Tb phosphor. The photoluminescence

intensity of the phosphor particles directly prepared by spray pyrolysis from spray solution with 20 wt.% NH4F flux of the product at

temperature of 1650 8C was 127 and 184% of the X1 and X2 type Y2SiO5:Tb phosphor particles post-treated at 1100 and 1300 8C,

respectively. The Y2SiO5:Tb phosphor particles prepared by spray pyrolysis at 1650 8C had X1 type crystal structure because of short

residence time of particles inside hot wall reactor of 0.4 s.
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1. Introduction

Spherical phosphor has many advantages such as high

packing density, good slurry property, and smoother light

intensity distribution. Thus spherical phosphor particle can

optimize the optical and geometrical structure of phosphor

layer. The particle size of a phosphor affects the amount of

phosphor particles needed to produce an optimal coating for

a particular application. Phosphors having smaller particle

size can provide equivalent coverage densities at lower

powder weights than larger sized particles. However, a

reduction in the size of a phosphor usually results in lower

emission brightness because of the higher intrinsic reflection

coefficient associated with the smaller particles. Addition-

ally, because of the difficulty in controlling the phosphor

particle size during synthesis, the general practice of making

a smaller size phosphor includes milling process after
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synthesis. The milling process results in a further loss in

brightness of phosphor particles [1–3].

Spray pyrolysis is applied to the preparation of multi-

component oxide phosphor particles [4–13]. The morphol-

ogy and luminescence characteristics of phosphor particles

were affected by the preparation conditions in the spray

pyrolysis. Direct preparation of high brightness phosphor

particles in the spray pyrolysis was introduced in several

literatures [9–12]. Shimomura and Kijima prepared high

luminance Y2O3:Eu3+ red phosphor by spray pyrolysis

method without post-heating [9–11]. The effect of ammo-

nium chloride flux on the luminescence intensity of the

BaMgAl10O17:Eu2+ phosphor directly synthesized by spray

pyrolysis without post-heating was also investigated by

Shimomura and Kijima [12].

Tb-doped yttrium silicate (Y2SiO5:Tb) has been widely

studied as green-emitting phosphor because of their high

luminescence efficiency under electron beam and ultraviolet

light [14,15]. It is known that Y2SiO5:Tb is polymorphic and

crystallizes in the monoclinic X1 or X2 type, which is

determined by the synthesis temperature. X1 and X2 types
ved.
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Y2SiO5:Tb phosphor particles were prepared by spray

pyrolysis after post-treatment at different temperatures [15].

The Y2SiO5:Tb phosphor particles post-treated at 1100 8C
had phase-pure crystal structure of X1 type. The crystal

structure of X2 type appeared after post-treatment at

1200 8C, and the Y2SiO5:Tb phosphor particles with

complete X2 type structure was obtained above 1300 8C.

In the spray pyrolysis, the Y2SiO5:Tb phosphor particles
Fig. 1. SEM photographs of Y2SiO5:Tb phosphor particles
with complete X2 type crystal structure had higher

photolunminescence intensities than those with X1 type

crystal structure. In this work, X1 type Y2SiO5:Tb phosphor

particles were prepared by high temperature spray pyrolysis

without post-treatment. The effect of preparation tempera-

ture on the morphology, crystal structure and photolumi-

nescence characteristics of the Y2SiO5:Tb phosphor

particles prepared by spray pyrolysis were investigated.
prepared by spray pyrolysis without post-treatment.
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2. Experimental

Tb-doped yttrium silicate phosphor particles with the

composition of Y1.8SiO5:Tb0.2 were prepared by spray

pyrolysis at various preparation temperatures. Spray

generator with six vibrators that has frequency of

1.7 MHz was used to produce large amount of droplets.

The general flow diagram of the spray pyrolysis process is

given elsewhere [6]. The solution of salts was atomized with

ultrasonic spray generators and introduced into a hot

reaction column, where the droplets were dried, decom-

posed and/or crystallized. The total concentration of metal

components was 0.5 M. The content of ammonium fluoride

used as flux material was varied from 0 to 30 wt.% of

Y2SiO5:Tb phosphor particles. The flow rate of 10% H2/N2

mixture gas used as a carrier gas was 7 L/min.

The crystal structures of the particles were studied by

X-ray diffraction (XRD, RIGAKU, D/MAX-RB) with Cu

Ka radiation (l = 1.5418). The morphology of particles was

investigated using scanning electron microscopy (SEM,

JEOL, JSM 6060). Photoluminescence measurement was

performed with spectrofluorophotometer (SHIMADZU, RF-

5301PC) using a Xe lamp excitation source.
3. Results and discussion

The morphology of the Y2SiO5:Tb phosphor particles

prepared by spray pyrolysis from spray solution with and

without NH4F flux material at different preparation

temperatures was shown in Fig. 1. The Y2SiO5:Tb phosphor

particles prepared by spray pyrolysis without post-treatment

had spherical shape and non-aggregation characteristics.

The phosphor particles prepared at low preparation

temperature had larger size than those prepared at high

preparation temperature. The mean sizes, which were

measured from the SEM photographs, of the particles

prepared at temperature of 900 and 1650 8C were 1.3 and
Fig. 2. Photoluminescence spectra of Y2SiO5:Tb phosphor particles before

and after post-treatment. (p: preparation temperature, a: post-treatment

temperature)
0.9 mm, respectively. Densification of the Y2SiO5:Tb

phosphor particles occurred at high preparation temperature

in the spray pyrolysis. The phosphor particles prepared from

spray solution with different additional amount of NH4F had

spherical shape and fine size.

The photoluminescence characteristics of the Y2SiO5:Tb

phosphor particles before and after post-treatment were
Fig. 3. SEM photographs of Y2SiO5:Tb phosphor particles after post-

treatment.
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Fig. 4. X-ray diffraction spectra of Y2SiO5:Tb phosphor particles prepared

by spray pyrolysis before and after post-treatment.
shown in Fig. 2. The photoluminescence spectra of the

Y2SiO5:Tb phosphor particles were measured under

excitation wavelength of 241 nm. The emission spectra of

the particles prepared by spray pyrolysis from spray solution

with and without NH4F flux at 1650 8C had the character-

istics of X1 type Y2SiO5:Tb phosphor. Peak split of the

emission spectrum between the wavelength of 542 and

547 nm did not occur. The particles prepared by spray

pyrolysis at 900 8C had no light emission under ultraviolet

excitation. The as-prepared particles obtained by spray

pyrolysis at 900 8C were post-treated at 1100 and 1300 8C to

improve the crystallinity and photoluminescence intensity of

the Y2SiO5:Tb phosphor particles. The phosphor particles

post-treated at 1100 8C had also emission spectrum of the

X1 type Y2SiO5:Tb phosphor. On the other hand, peak split

of the emission spectrum observed in the phosphor particles

post-treated at 1300 8C. The phosphor particles prepared

from spray solution with NH4F flux at 1650 8C had higher

photoluminescence intensity than that of the phosphor

particles prepared from spray solution without flux material.

The optimum additional amount of NH4F flux was 20 wt.%

of the product in improving the photoluminescence intensity

of the Y2SiO5:Tb phosphor particles in the high temperature
Fig. 5. SEM photographs of Y2SiO5:Tb phosphor particles prepar
spray pyrolysis. The photoluminescence intensity of the

phosphor particles prepared from spray solution with

20 wt.% NH4F flux of the product at 1650 8C was 127

and 184% of the X1 and X2 type Y2SiO5:Tb phosphor

particles post-treated at 1100 and 1300 8C, respectively. On

the other hand, the X2 type Y2SiO5:Tb phosphor particles
ed by spray pyrolysis at different preparation temperatures.
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Fig. 7. X-ray diffraction spectra of Y2SiO5:Tb phosphor particles prepared

by spray pyrolysis at different preparation temperatures.
prepared from spray solution with NH4F flux had low

photoluminescence intensity after post-treatment at

1300 8C.

The morphology of the post-treated Y2SiO5:Tb phosphor

particles is shown in Fig. 3. The as-prepared particles obtained

by spray pyrolysis from spray solution with and without flux

material were post-treated at 1100 and 1300 8C for 3 h under

reducing atmosphere. The Y2SiO5:Tb phosphor particles

prepared from spray solution without flux material had

spherical shape and non-aggregation characteristics after

post-treatment at 1100 8C. On the other hand, the Y2SiO5:Tb

phosphor particles post-treated at 1300 8C had non-spherical

shape and aggregation characteristics. The spherical shape of

the Y2SiO5:Tb phosphor particles prepared by spray pyrolysis

from spray solution with NH4F flux at 1650 8C was also

destroyed after post-treatment at 1300 8C. The crystal

structure of the as-prepared and post-treated Y2SiO5:Tb

phosphor particles was shown in Fig. 4. The particles prepared

by spray pyrolysis from spray solution with and without NH4F

flux at 1650 8C without post-treatment had crystal structure of

phase-pure X1 type Y2SiO5:Tb phosphor. The Y2SiO5:Tb

phosphor particles post-treated at 1100 8C, in which the as-

prepared particles were obtained from spray solution without

flux material at 900 8C, had also phase-pure X1 crystal

structure. The Y2SiO5:Tb phosphor particles directly pre-

pared by spray pyrolysis at 1650oC had X1 type crystal

structure because of short residence time of particles inside

hot wall reactor as 0.4 s. Phase transition from X1 to X2 type

crystal structure of the Y2SiO5:Tb phosphor particles did not

occurred at preparation temperature of 1650 8C in the spray

pyrolysis. However the Y2SiO5:Tb phosphor particles

prepared by spray pyrolysis at 1650 8C had high crystallinity

of X1 type crystal structure comparable with that of the

particles post-treated at 1100 8C for 3 h. The particles

prepared from spray solution with and without NH4F flux had

X2 type crystal structure after post-treatment at 1300 8C.

The effect of the preparation temperature in the spray

pyrolysis on the morphology and photoluminescence

intensity of the Y2SiO5:Tb phosphor particles was shown
Fig. 6. Photoluminescence spectra of Y2SiO5:Tb phosphor particles pre-

pared by spray pyrolysis at different preparation temperatures.
in Figs. 5 and 6. The morphology of the Y2SiO5:Tb phosphor

particles prepared by spray pyrolysis from spray solution

with NH4F flux was slightly affected by the preparation

temperatures. The sphericity of the particles improved

with increasing the preparation temperatures in the spray

pyrolysis. The photoluminescence intensity of the

Y2SiO5:Tb phosphor particles is strongly affected by the

preparation temperatures. The photoluminescence intensity

of the Y2SiO5:Tb phosphor particles increased with

increasing the preparation temperature in the spray

pyrolysis. However, the phosphor particles directly prepared

by spray pyrolysis had the characteristic of emission

spectrum of the X1 type Y2SiO5:Tb phosphor irrespective

of the preparation temperatures. Fig. 7 shows the XRD

spectra of the Y2SiO5:Tb phosphor particles directly

prepared by spray pyrolysis at different preparation

temperatures. The particles obtained at preparation tem-

perature of 1000 8C had the crystal structure of yttrium

oxide. Therefore, in Fig. 6, the emission spectrum of the

particles obtained at preparation temperature of 1000 8C was

that of the Y2O3:Tb phosphor particles. On the other hand,

the particles directly prepared by spray pyrolysis above

1300 8C had main peak lines corresponding to X1 type

Y2SiO5:Tb phosphor. The crystallinity of the X1 type

Y2SiO5:Tb phosphor increased with increasing the prepara-

tion temperature in the spray pyrolysis.
4. Conclusions

The X1 and X2 types Y2SiO5:Tb phosphor particles were

prepared by spray pyrolysis. The particles directly prepared

by spray pyrolysis at high preparation temperatures had the

crystal structure and photoluminescence characteristics of

the X1 type Y2SiO5:Tb phosphor. The X1 type Y2SiO5:Tb

phosphor particles prepared by spray pyrolysis from spray

solution with NH4F flux without post-treatment had

spherical shape and non-aggregation characteristics. On

the other hand, the X2 type Y2SiO5:Tb phosphor particles
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prepared from spray solution without flux material after

post-treatment at 1300 8C had non-spherical shape and

aggregation characteristics. The X1 type Y2SiO5:Tb

phosphor particles prepared by spray pyrolysis at high

preparation temperature had high photoluminescence

intensity because of phase purity and high crystallinity

even at short residence time of the particles inside hot wall

reactor.
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