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Abstract

Gel combustion synthesis of {¥sEuy05)2.0s phosphor was performed in presence of several kinds of lithium salt flux. Luminescence
intensity of the products and the appearance of combustion reaction were different with the kind and the amount of Li salts added. There
were two maxima in the intensity against the Li amount; one is due to Li doping intg\, 05),03 lattice and another is flux effect. The
highest luminescence intensity was obtained for the product synthesized with adding 60 wt.% LiCl. It was about 2.5 times larger than that of
(Yo0.95E W0 05)203 synthesized without flux, and almost comparable to that of commercial sample.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction particles, less than 100 nm particle size, was obtained because
gases such asJ@ and CQ were generated from the mix-

Fine particle is very important in many applications and ture in only a few seconds during the exothermic reaction.
also required in the area of phosphor. Fine particle phos- The molar ratio of glycine to nitrate was important to con-
phors result in high resolutions, high densities, and small trol crystallinity, morphology and luminescence intensity of
consumption in displays, and may also exhibit unique phys- the products. The fine particles formed a porous agglomerate.
ical propertieg1]. Although fine particle phosphor has been The luminescence intensity was much lower than that of com-
synthesized in several methd@s3], the luminescence inten-  mercial sample as is the case with the fine particle phosphor
sity decreases compared with commercially available micron synthesized in different synthesis methods. Crystallinity and
size phosphor. Imperfections in the surface region affect the dispersion of the fine particles would be important to improve
luminescence properties. This effect is enhanced because théhe luminescence intensity. In conventional solid-state syn-
surface to volume ratio increases in fine particle phosphors. Itthesis of phosphor, halide and carbonate have been used as
is especially important for phosphors used in plasma display fluxes to grow the crystals and to improve their crystallinity.
panels (PDP) and field emission display (FED), where the In the present study, fine crystalline {¥sEup.05)203
excitation energy is absorbed on the surface of the phosphormphosphor was prepared by gel combustion in presence of vari-
reflecting short wavelengths (147 nm) for PDP and low ex- ous kinds of lithium flux. Luminescence property was studied
citation voltages (0.5-10KkV) for FE[#]. It is necessary to  with morphology by changing the kinds and the amount of
improve the surface of fine particle phosphor. Li salts as flux.

We synthesized fine particle red-emittingQ3:Eu by gel
combustion methofb]. A nitrate oxidant with a gelling agent
such as glycine worked as a fuel in this method. Fine oxide 2. Experimental
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in distilled water with the molar ratio of glycine (Wako GR) 100 [ T T =
to nitrate of 1.5. LiCl (Kanto GR), LiF (Wako GR) or £50, 700
(Wako GR) were used as Li fluxes. They were added to
the nitrate solution with the ratio of 0.4-80wt.% of the ni-
trate. This solution was heated in a crucible on a hot plate
to obtain a viscous gel. When most of the water had evapo-
rated, the crucible was put into a pre-heated muffle furnace at
300°C for 30 min, where combustion occurred and fine par-
ticles were obtained. X-ray diffraction (XRD) patterns were
recorded with a Philips X'pert diffractometer with monochro-
matized Cu kv radiation. Photoluminescence (PL) spectra
were measured with a spectrofluorometer (JASCO FP6300).
The powder morphology was observed by transmission elec-
tron microscope (TEM) (JEOL JEM2000FX).
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3. Results and discussion

300
In gel combustion, an explosive reaction vigorously oc- 0 20 40 60 80

curred with fire and sound at an appropriate mixing ratio of Li salt added / wi%
glycine to nitrate. The combusted product was dispersed thor-
oughly inside the muffle furnace. The appropriate glycine to Fig. 2. Luminescence intensity against Li salts added as fluxes in their con-
nitrate ratio is around 1.f5] and this ratio was kept in this ~ centrations~80wt.% anc~20 at.%.
experiment. The appearance of reaction changed with the
amount of Lisaltadded. The above-mentioned vigorous reac-
tion was observed below 20 wt.% of the added Li salt. Above ~ X . . ; )
30 wt.%, the product was a dome shaped lump. No dispersionMinescence |nte_nS|ty excited by 2$0 nm light changed with
of product and sound were observed. Heat produced in thetN® @mount of Li salt as shown ifig. 2 There were two
combustion reaction got smaller with the amount of Li salts. cOMpositional regions where luminescence intensity was en-

Fig. 1shows XRD patterns of (YosEUo,05)203 prepared hanged. At low Li conc_:entration range, the luminescence in-
by gel combustion with 30 or 40wt.% Li salt and without (€nSity enhanced rapidly. It had maximal values at 10at.%
Li salt. (Yo.95E U0 05203 phase was observed in all patterns. independently on the kind of Li salts as shown in an inset of
LioSOy and LiF were recognized on the products combusted
in presence of LSO, and LiF, respectively. There were no Lo63 H ' ' ' H
peaks of LiCl in the product combusted in presence of LiCl.

All products showed the main peak at 612nm of the
Do—'F> transition of EG* in their emission spectra. The lu-

LiCl may be present as amorphous phase in the product be- o La
. . . . . | —¥—LiF |
cause of its high hygroscopic character. The peak intensity CA-Liso

was a little weaker for combusted sample with Li salt than the
combusted sample without the salt. This is due to a decrease

in relative amount of (.95sEup.05)203 in the product. 1062 |- _
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Fig. 1. XRD patterns of gel combusted{¥sEu 05)203 with differentkinds
of Li salts and without Li salt: (a) 40 wt.% k8O, (b) 40wt.% LiF, (c) Fig. 3. Lattice constant of (¥9sEU.05)203 against the Li salt amount added
30wt.% LiCl and (d) without Li salt. in the preparation.
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expanded compositional range, where wt.% is converted toformula (Yp.gsEUg.05)2—LiO3—x. The lattice might expand
at.%. The largest intensity was obtained for the combusted because of a repulsive interaction between cations having ox-
sample with LpSQOy. In higher Li salt concentration range, ide anion vacancy. Reducing the site symmetry if*Esite
the luminescence intensity increased gradually and showedby Li* doping may increase transition probability of electron
maximal value at 50-70wt.% although the volume fraction and enhance the luminescence intensity. Higher Li doping
of (Yo.95EU.05)203 was small in the product. The highest into (Yg.95EU.05)203 lattice decreased the luminescence in-
luminescence intensity was observed for combusted prod-tensity as shown irfrig. 2 Too much deficiency in crystal
uct with 60 wt.% of LiCl. The intensity was about 2.5 times quench the luminescence. Similar Li effect on luminescence
larger than that of (W g5sEUp.05)203 synthesized without flux ~ has been reported in a glycine gel combustion of Y-Eu—Li
and almost as same as those of commercial samples. nitrates mixturg6].

Lattice parameter of (Y 95EUp.05)203 changed against the Fig. 4 shows TEM photographs of @YgsEup 05)203 pre-
Li salt amount in the lower concentration region as shown in pared by gel combustion with 10at.% Li salt and without
Fig. 3. The value of 1.0603 nm obtained from the product syn- Li salt. The crystal size of (¥ 95EUp.05)203 prepared by gel
thesized without Li salt was nearly the same as a referencecombustion with 10 at.% Li salt was almost the same as the
value of 1.0604 nm (JCPDS 25-1011). The lattice parameterproduct prepared without Li salt. The surface crystallinity
expanded with the amount of Li salt. This lattice expansion seemed to be a little improved by Li salts worked as fluxes.
indicates that Li is incorporated into ¥sEup 05)203 lattice Li salts have two kinds of roles in its low concentration; pre-
as well as its flux effect. When tireplaces the ¥ site in dominant one was the Li source for doping inteO4:Eu
Y 203 structure, oxygen vacancy is generated according to thelattice and another was flux. Lithium doping inte@s:Eu

50nm

Fig. 4. TEM photographs of (¥9sEUp.05)203 prepared by gel combustion: (a) with 10 at.% LiF, (b) 10 at.% LiCl, (c) without Li salt and (d) with 60 wt.% LiF.
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lattice have been reported in several papers8]. Li doping respective luminescence enhancements in lower and higher
and improvements of morphology and dispersion have beenconcentration Li salts addition.
described as the cause of the luminescent enhancement. It is
necessary to carry out chemical analysis in detail to elucidate
the Li doping into ¥%O3:Eu lattice. Acknowledgements
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