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Y,0;:Eu powder was synthesized using a solution-combustion method by dissolving
(CH3CO,);Y and (CH3CO,);Eu in methyl-alcohol solution. Results from X-ray diffractometery
(XRD), thermogravimetry (TG)-differential thermal analysis (DTA) show that Y,0;:Eu
crystallizes completely when the dry powder is sintered at 500 °C. The investigated optical

properties were

the photoluminescence emission spectra,

the excitation spectra and

luminescence decay curve. Europium (Eu) concentration had no observable effect on the optical
spectrum which depended on the emission intensity. The mean lifetime of synthesized

phosphors was 2.3 ~ 2.6 ms.

Keywords : Y,05:Eu, Optical properties, Photoluminescence, Lifetime

1. INTRODUCTION

Yttrium oxide is an excellent substrate for phosphors
because of its chemical stability. Recently, europium
doped yttrium oxide (Y,Os:Eu™) as an efficient red-
emission phosphor has been applied widely in high
resolution projection devices, the cathode ray tube (CRT),
fluorescent lights (FL), plasma display panels (PDP) and
field emission displays (FED) and so on[1].

High efficiency phosphors with crystalline particles
are the key for high resolution screens, and flat panels
[2-4]. Therefore, the quality of the phosphor particles is
very important, and phosphor pixel size as small as ~ 10
(m in diameter are required for high resolution image
devices. In practice, small particle sizes may improve
aging by forming a densely packed film layer .

On the other hand, particle sizes smaller than a critical
value decreases luminescence efficiency because of

increasing light absorption and quenching effects by the
surface layer. So, researches about synthesis of fine
luminescence particles with high luminescence effi-
ciency are needed.

Grinding is required to achieve the small particle size
phosphor powders of high quality since particle sizes of
phosphors synthesized by conventional high temperature
solid-state reaction methods are too large. But, during
this process, the particle morphology changes and the
luminescence efficiency decreases. Therefore, various
preparation schemes have been adopted to reduce the
reactivity such as sol-gel, coprecipitation, etc[5,6].

In this paper, we report on the preparation of
crystalline Y,0;:Eu phosphor particles using a modified
low temperature solution-combustion technique. Struc-
ture and luminescence properties were carried out on the
resulting phosphors with respect to varying europium
(Eu) concentrations.



170

2. EXPERIMENT

Yittrium acetate hydrate [(CH3;CO,),Y, 999 %,
Aldrich], europium acetate hydrate [(CH3CO-);Eu,
99.999 %, Aldrich], and a methyl-alcohol solution were
used as starting materials. Specified amounts of
(CH3CO,):Y and (CH3CO;)3Eu were dissolved in
methanol separately and formed two solutions, and then
mixed under stirring. This mixed solution containing
yittrinm and europium was evaporated by chemical
evaporation method at 60 °C. After dried in air at 120 °C,
~ the transparent powder was put into a covered 50 ml
alumina crucible, and then this crucible was annealed at
at 500 °C in furnace for 1 hour and cooled down to room
temperature naturally in the chamber. The. Y,Os:Eu™
phosphor particles with europium concentration of 8
wit%, 10 wt%, and 15 wt% were fabricated.

X-ray diffraction patterns were obtained with a Rigaku
D/Max-IHA X-ray diffractometer (XRD) using Cu Ka .
The thermal decomposition behavior of the dried powder
was examined by means of thermogravimetry (TG) and
differential thermal analysis (DTA) using the Setaram/
TGA92 analyzer. A JSM-6500F field-emission scanning
electron microscopy (FE-SEM) was used to observe the
particle morphology of the phosphors. The excitation and
emission spectra of the phosphor powders were recorded
using a FS900CDT spectrofluoremeter of Edinburgh
Analytical. FL900CDT time-resolved fluorometer was
used for measurements of luminescent decay curve.

3. STRUCTURE OF Y;03:EU PHOSPHOR

The decomposition of the dry powder can be seen from
the TG-DTA curve in Fig. 1. Several reactions occurred
when the dry powder was heated. The weight loss below
200 °C corresponds to the removal of absorbed water.
The weight loss from 350 to 450 °C was due to the
combustion of redundant carbon from the decomposition
of acetate hydrate, and there was a corresponding
exothermic peak at 360 °C in the DTA curve. The dried
Y-Eu composite powders are pro-gressively crystallized
above 360 °C.

X-ray diffraction patterns for the decomposition
products of the dry gel synthesized by the solution-
combustion method at low temperature are shown in Fig.
2. X-ray diffraction patterns shows <222>, <400>,
<411>, <332>, <511> peaks. These peaks are almost
identical to typical Y,Os:Eu™* phosphor crystal peaks.
When sintered at 500 °C, a single phase of Y,0Os is
obtained, with Eu,O; entering the Y,0Oj; crystal lattice[4].
The SEM images of Y,Os:Eu’* particles are shown in
Fig. 3. The particles exhibited a wide distribution in
particle size.
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It can be seen from the SEM image that most of the
particles were agglomerated after sintering. The average
diameter of the particle used in the present study was
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Fig. 1. TG-DTA curve of the dried Y-Eu powder.
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Fig. 2. X-ray diffraction spectra of Y,05:Eu’ particle
after sintered at 500 °C for 1 h.

Fig. 3. Morphology of the Y,OsEu** particles after
sintering at 500 °C for 1 hour.
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determined to be about 30~40 nm. The calcination of the
particles resulted in some contraction of the particles was
probably caused by elimination of H,O and CO, during
the combustion process.

4. LUMINESCENCE PROPERTIES OF
Y;0::Eu PHOSPHOR

Figure 4 shows the excitation and emission spectra of
the Y,0s5:Eu phosphor. Emission peaks are the same as
commercial bulk phosphor's peaks[7]. As shown in Fig.
5, the excitation spectrum of the red fluorescence (A=611
nm) shows a wide band with a peak at about 253.5 nm,
which is attributed to transition towards the charge
transfer state (CTS) due to Eu-O interaction.

The emission spectrum excited by 253.5 nm UV
consists of lines in the red spectral area. These lines
correspond to transition from the excited “Dy level to 'F,
(J=0,1,2,3) level of the 4F5 configuration of the Eu’ ion.
Figure 5 shows emission spectra excited by 253.5 nm
UV with respect to changes of europium concentrations.
As shown in Fig. 5, there are no changes to the emission
peaks and in relative emission intensity, the Y,03:Eu (10
wt%) has 1.56 times higher emission intensity than
Y,03:Eu (8 wt%) and Y,0s5:Eu (15 wt%). The quenching
concentration of Y,0s:Eu phosphors prepared by
conventional synthesis is 6 wt% Eu, but for our samples
the quenching concentration has apparently increased[8].

Because the quenching concentration is related to the
energy transfer between the Eu ions, we think that the
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Fig. 4. Excitation and emission spectra of Y,0s3:Eu

phosphor phosphors after sintering at 500 °C for 1 hour
in O, environment.

171

interface of the particles may hinder the energy transfer
and, as a result, the quenching concentration increases.

To measure the lifetime of the Y,05:Fu’* phosphor,
after excitation at a charge transfer band of 253.5 nm, the
mean lifetime for the ° Dy — 'F, transition is measured at
611 nm. Fig. 6 shows the result of lifetime measurement
with respect to europium concentrations. The mean
lifetime is 2.3 ~ 2.6 ms which is relatively higher than
the 1 ms mean lifetime of bulk phosphors. Also,
europium concentration increases, decreases the mean
lifetime, and the sintering environment has no relation to
the mean lifetime. This increase of mean lifetime is
caused by the radiative transition rate[8].
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Fig. 5. Emission efficiency of the Y,0Os:Eu phosphors
after sintering at 500 °C for 1 hour in O, environment.
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Fig. 6. Time resolved PL-emission intensity of the
Y,0;:Eu phosphors after sintering at 500 °C for 1 hour in
O, environment.
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5. CONCLUSION

In this paper, Y,Os:Eu™ phosphors are synthesized
using a solution-combustion method. From TG-DTA
analysis, the phosphor crystallizes completely at 500 °C
Some contraction of the particles was probably caused
by elimination of HO and CO, during the combustion
process. There are no changes to the emission peaks and
in relative emission intensity, the Y,03:Eu (10 wt%) has
1.56 times higher emission intensity than Y,0s;:Eu (8
wt%) and Y,0;:Eu (15 wt%). Furthermore, all our
samples exhibited a lifetime of 2.3~2.6 ms which is
longer than commercial bulk phosphor lifetime. This
increase in mean lifetime is caused by the radiative
transition rate.
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