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Synthesis and characterization of Y,0;:Eu’" red nano phosphor powders
using RF thermal plasma
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Abstract Y,0;:Eu’" is an excellent red-emitting phosphor, which has been widely used for display devices due to highly
luminescent property and chemical stability. In this study, Y,O;:Eu’" red phosphors were prepared using the solid state
reaction and RF thermal plasma synthesis. The particle size of Y,0,:Eu’" phosphors obtained by the solid state reaction
varied from 10 to 20 um, and 30~100 nanometer sized Y,O,:Eu’ particles were obtained from a liquid form of raw
material through RF thermal plasma synthesis without an additional heat treatment. Photoluminescence measurements of the
obtained Y,O;: Eu’" particles showed a red emission peak at 611 nm (’D,— 'F,). PL intensity of red nano phosphors
prepared by RF thermal plasma synthesis was comparable to that of red phosphors prepared by the solid state reaction,
indicating that nano-sized Y,O,: Eu’" red phosphors could be successfully synthesized using one-step process of RF thermal
plasma.

Key words Y,O,: Eu’ red phosphor, Raw material, RF thermal plasma, Solid state reaction, Photoluminescence
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Fig. 1. Schematic diagram of RF thermal plasma system.
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Table 1

Experimental conditions of RF thermal plasma synthesis
Precursor (Yo95EU0,05):05
Plasma power 15 kW
Central gas (Ar) 20 slpm
Sheath gas (A1/O,) 50 slpm/40 slpm
Dispersion gas (Ar) 5 slpm
Pressure 9 psi
Feeding rate 10 ml/min
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Fig. 2. (a) XRD spectra of Eu’*-doped Y,0; powders synthesized using the solid state reaction and (b) the magnified plot at the
peak position of (222) plane.
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Table 2

The peak positions and FWHM values of (222) plane from XRD
results of Eu’*-doped Y,O, powders synthesized using the solid
state reaction
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Table 3

The peak positions and FWHM values of (222) plane from XRD
results of Eu’'-doped Y,0; powders synthesized using RF
thermal plasma synthesis

Calcination temp. (222) Peak position (20) FWHM of (222) peak (222) Peak position (20)  FWHM of (222) peak
800°C 29.06 0.258 Reactor  29.03 0.196
1000°C 29.09 0.167 Filter 28.99 0.223
1300°C 29.14 0.153
1400°C 29.21 0.146 N
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Fig. 3. (a) XRD spectra of Eu’"-doped Y,0; powders synthesized using RF thermal plasma synthesis and (b) the magnified plot at
the peak position of (222) plane.
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Fig. 4. FE-SEM images of Y,0; “Eu” particles synthesized using the solid state reaction after the calcination at (a) 800°C, (b) 1000°C,
(c) 1300°C, (d) 1400°C.

Table 4

BET specific surface area of Eu’*-doped Y,O, particles synthesized
using the solid state reaction

Table 5

BET specific surface area of Eu’*-doped Y,O; particles synthesized
using RF thermal plasma synthesis

Calcination temp. BET surface area (m’/g) BET surface area (m’/g)
800°C 9.80 Reactor 13.18

1000°C 5.68 Filter 42.08

1300°C 4.15

1400°C 2.78
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Fig. 5. TEM images of Y,O,:Eu’" particles synthesized using RF thermal plasma synthesis, collected from (e) reactor bottom,
(f) filter part.
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Fig. 8. Optical images Y,0;: Eu’* powders prepared using the solid state reaction after the calcination at (a) 800°C, (b) 1000°C,
(c) 1300°C, (d) 1400°C, and prepared using RF thermal plasma synthesis, collected from (e) reactor bottom, (f) filter part.
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