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Abstract

Eu-doped barium strontium silicate phosphor particles with high photoluminescence intensity under long wavelength ultraviolet were
prepared from the spray solution containing )i flux by spray pyrolysis. It was found that the addition of M to the spray solution
makes it possible to greatly improve the photoluminescence intensity 105853 sSiO4:Eug 012 phosphor particles under long wavelength
ultraviolet of 410 nm. The highest photoluminescence intensity, which was achieved when j8éddéHtent was 5wt.%, was about 150%
of Bay 488S1h.5S104:Eg 012 particles prepared from the spray solution without flux material at the post-treatment temperature &.1050
The particle size of BgugsSi sSiOs:Elg 012 phosphor particles were enlarged by using the,8Hlux in the spray solution because of the
large grain growth which was identified from the sharpening of the XRD peaks. Adding th€INIHx into the spray solution was found
to lower the optimal post-treatment temperature at which thedar sSiOs:Ew 012 phosphor particles are fully crystallized and have the
maximum photoluminescence intensity. The phosphor particles prepared from spray solution containing 5x@l#ukHad the maximum
photoluminescence intensity at post-treatment temperature of €100
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ered as the most efficient process because the process is sim-
ple and can produce full color. In order to apply LED for a
The development of a new illuminator to replace con- light source instead of the conventional lamp, it is essential
ventional incandescent electric lamp or fluorescent lighting to develop LED chip that emits white light. In order to suc-
is one of great research topics. In special, the illuminators cessfully apply phosphor-combined UV LED to the lighting,
worked by light emitting diode (LED) has been received fluorescent materials must work under long-wavelength UV
many researcher’s attention because they have high bright-and have high emission efficienflj.
ness, long lifetime, small size and low power consumption.  Eu-doped oxide phosphor particles such as (BaStdy:
There are several processes for manufacturing LED emit-Eu, BaMgSiQ:Eu, (Ca,SpMgSirO7:Eu, SrAbO4:Eu,
ting white light, which are achieved by pasting fluorescent and CaMg(SiOy)4Cl2:Eu are known as green emitting
materials above ultraviolet LED (UV LED), yellow phos- phosphoj2—6]. Among these green-emitting oxide phos-
phor material above blue LED and combining two or three phor materials, (Ba,SfpiO4:Eu phosphor was known to
different-color semiconductor chips. Among those processes,suitable for UV LED phosphor because it has short decay
pasting fluorescent materials over UV LED chip is consid- time or high luminescence characteristics under long wave-
length ultraviolet. (Ba,SgSi0O4:Eu phosphor particles were
* Corresponding author. Tel.: +82 2 2049 6010; fax: +82 2 458 3504.  Prepared by solid state reaction method in previous stud-
E-mail addressyckang@konkuk.ac.kr (Y.C. Kang). ies. Spray pyrolysis has been applied to the preparation of
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multicomponent oxide-phosphor particles and the phosphor 100
particles prepared by spray pyrolysis process are almost sat- 5 wi% NH .Gl
isfied the requirements for the applications to displays and 80 7wt%NHjCI
lamps[7-11] The phosphor particles prepared by spray py- 11 Wt% NH,Cl
rolysis have good characteristics such as spherical morphol-

ogy, non-aggregation, fine size and narrow size distribution 2 60-
for application in displays.

In this work, high efficient (Ba,Ss5iO4:Eu phosphor par-
ticles were prepared by spray pyrolysis process. The effect of
NH4Cl flux on the photoluminescence and morphology char-
acteristics of (Ba,SgBiO4:Eu phosphor particles prepared 204
by spray pyrolysis was studied.
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An ultrasonic spray generator with six vibrators that has Fig.1. PL emission spectra of BassSto.5Si04:ELP*g o12phosphor particles
frequency of 1.7 MHz was used to produce large amount of as a function of NHCI content.
droplets. The length and inside diameter of quarts reactor
were 1200 and 50 mm, respectively. The temperature of thephor particles in conventional solid-state reaction method.
reactor was fixed at 90@. The flow rate of air used as car- NH4ClI flux improved the reaction rate and the luminescence
rier gas was controlled at 45I1/min and the residence time characteristics of silicate phosphor particles at a given tem-
of the particles inside the reactor was 0.6s. The precursorperaturd2,12].
solutions were prepared from barium nitrate, strontium ni-  NH4CI flux was effective to control the luminous effi-
trate, europium oxide and tetraethyl orthosilicate (TEOS). ciency of Ba 4gsSly.5Si04:Eug 012 phosphor particles pre-
The overall solution concentration was 0.3 M. The addition pared by spray pyrolysis. The effect of the NH flux on the
amount of NHCI used as flux material was changed from photoluminescence intensity of the BagSrp.5Si04:Eug 012
1 to 11 wt.% of the BaSrSiQEu phosphor. The as-prepared phosphor particles prepared by spray pyrolysis was shown
particles were post-treated between 900 and 1@0f@r 3 h in Fig. 1 The addition amount of NkCI flux was changed
under 10% H/N2 mixture gas. The morphology of phos- from 1 to 11wt.% of the BauggSry.5SiO4:Eug 012 phos-
phor particles was investigated by scanning electron mi- phor. The as-prepared particles obtained by spray py-
croscopy (Philips XL 30S FEG). X-ray diffraction patterns of rolysis at 900C were post-treated at 105CG for 3h
phosphor particles were obtained using X-ray diffractometer under 10% H/N, mixture gas. The phosphor particles
(Rigaku DMAX-33 X-ray) with Ni filtered Cu k radiation were excited by long wavelength ultraviolet light of
(A= 1.54185\). Diffraction patterns were taken overtherange 410nm. The BaagsSly.5SiO4:El 012 phosphor particles
of 20° <20 <80° with scan rate of 520/min. The X-ray had broad emission spectrum between 460 and 560 nm
diffractometer was operated at 40kV and 40 mA. The pho- and had the maximum peak intensity at 508 nm. The
toluminescence spectra of BaSrgiBu phosphor particles  Baj 488510.5Si04:Eup 012 phosphor particles prepared from
after the post-treatment were measured using a spectrofluospray solution containing NKCI flux had higher photolu-
rophotometer (Perkin-Elmer LS50-B) under the excitation of minescence intensity than those prepared from spray so-
a 410 nm ultraviolet (UV) produced by an Xe flash lamp. lution without flux material. As increasing the content of
NH4CI flux up to 5wt.%, the photoluminescence intensity
of the prepared BayggSto 5SiOs:Eup o012 phosphor particles
3. Results and discussions had improved photoluminescence intensity under 410 nm
excitation. The maximum photoluminescence intensity of
Europium-doped B&r,_xSiO; phosphor particles had  Bay 488510.55104:EUg 012 phosphor particles was achieved
various emission spectra according to the ratjpdf bar- from the spray solution containing 5 wt.% of N¥&l flux and
ium to strontium componeni?]. In the spray pyrolysis, about 150% of the phosphor particles prepared from spray
the composition of host material and doping concentration solution without flux material. The photoluminescence in-
of europium were optimized to obtain the highest pho- tensity of the phosphor particles was decreased when the ad-
toluminescence intensity of the Eu-doped barium stron- dition amount of NHCI flux was above 5 wt.%.
tium silicate phosphor particles emitting the green light. In The excitation spectra of the phosphor particles pre-
this work, the phosphor particles with the composition of pared from spray solutions with and without ME flux
Bay 488510.55104:EUg 012 Were prepared by spray pyrolysis material were measured to show the potential of the
from spray solutions with and without N§&I flux. NH4CI Bay 488S10.55104:Eug 012 phosphor particles as UV LED
was used as flux material for the preparation of silicate phos- phosphors. InFig. 2, the excitation spectrum of the
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