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relates +o0 a’'nmethod for prepari Qﬁ%a rare earth oxysul fide phosphor. .
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and, if .mu nperature is made 40 high, the synthetic conditions in
a baklng contalner become uneven which lead to the production of phosphors
cont ai nipBTLOSURE demwBNaornount s of the giant particles and fine particles
and having a wide particle size distribution.
The present invention is to overcome the above drawbacks and to provide a method for preparing a
rare earth oxysulfide phosphor which has good dispersibility, a narrow particle size distribution and a
desired particle size.
The present invention provides a method for preparing a rare earth oxysulfide phosphor represented by,
so for example, the formula Ln2028:Ln', by adding a sulfiding agent and a flux to rare earth oxides such as
Ln20; and Ln'203, etc. wherein Ln is an element such as Gd, Y, Sc, Lu or La and Ln' is an element such as
Eu, Tb, Sm, Pr, Dy or Tm, followed by baking, characterized in that seeds (seed crystals) of a rare earth
oxysulfide (Ln2O2S:Ln’ and/or Ln20-8) are added to the above mixture before baking, as defined in claim 1.
It is preferred to add 1 to 60% by weight, particularly 5 to 30% by weight, of the rare earth oxysulfide
55 seeds to the total amount of the rare earth oxide and the rare earth oxysulfide seeds from the viewpoint of
the particle size distribution, the particle size or the like of the rare earth oxysulfide phosphor. Also, it is
recommended to add 1 to 40% by weight, more preferably 3 to 30% by weight, of the above seeds taking
into account the points of the production cost and the production efficiency.
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DI SCLOSURE OF | NVENTI ON 45 The present invention is to overcone the above
dr awbacks and-to provide a nethod for preparing a rare earth oxysulfide
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narr ow par t natrowe parictecsizgi distribition tndas exselieft it e@stingpampertdest s of fine particles and
giant pasticles, and produce a rare earth oxysul fide phosphor having a

desired par BRIEF BESGRIRIIONQE DRAWINGE| e size of the rare earth oxysul fide seeds

added in the present invention is |ess than the particle size of the
obj ective rar EiOwas { g 2, ¥ |9r4PhRoshoNIsE Hieoparticlyy siae *eg&%g’ﬁ Ragicle size ﬂ&F‘P‘i‘t@i‘ & 8pze
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| ess of the | 9 Y?N £ Bthe phosphor. Particularly, it is
preferred t f which has a particle size
wi thin the f 10 to 70% of the median particle size. Particularly,

f or ~the effrcrency of the growth of partlcles it is optimumthat the
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it isr econwaadﬁé ddfodUbifile tshﬁngsﬁﬁﬂ& prelib\Rly prepared solution to conduct coprecipitation and form
oxalates of Y and Eu. After washing with water several times, it was heated at 8900 °C for 1 hour to form an
oxide. To 160 g of (Y,Eu)203, 70 g of sulfur, 70 g of sodium carbonate and 20 g of potassium phosphate, a
45 (Y,Eu)}20:8 seed having the same molar ratio of Y and Eu as the molar ratio of the rare earth oxide and
having the particle size dso of 4.5 um was added which changing the added amount successively, for
example, 10 g when the mixing ratic was 5% and 20 g when the mixing ratio was 10%. The mixture was
thoroughly mixed, then put into an alumina crucible, and baked at 1,150 *C for 2 hours. The baked product
was repeatedly washed with water, and the residual alkali was neutralized with nitric acid. The resuiting
s0 product was subjected to dispersing treatment by a ball mill, dehydrated, filtered, and then dried and at
120 °C for 13 hours, followed by sieving with a nylon mesh of 250 mesh to obtain Y202S:Eu red-emitting
phosphors corresponding to the respective mixing ratios.
With respect to the phosphors obtained under the above synthetic conditions provided that the mixing
ratio of the seeds was changed from 5% to 80%, their effects to the particle size distribution were
55 examined. The particle size distribution in Figure 2 is a particle size distribution when the mixing ratio of the
seeds was changed while taking olog(L) = log{dss.1/dso) and ¢log(S) = -log(dis.e/ds0) as ordinates. clog(L)
shows the extent of incorporation of giant particles. The larger the value, the higher the content. olog(S)
shows the extent of incorporation of fine particles. The larger the particle, the higher the content.
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20 majority of which has a particle size within the range of 10%to 40%
In the present invention, it is recommended to use a phosphor represented
by [err] anong the rare earth oxyFRA MH1@1Rleds because of its merit in use.
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| arger the 'ﬂ@rpﬁdsﬁ oF in Goﬂ\%ar&lvg Eﬁ'&mptektewé QBthiRdA by the method wherem no seed was used under
the preparation conditions in Example 2, and its particle size dso is as small as 4.9 um. On the other hand,
in Comparative Example 1 whersin the baking temperature is rised, although the phosphor thus obtained
has a particle size dso of 8.0 Lm which is close to that of Example 2, other powder properties and coating
45 properties are considerably inferior to those of Example 2, similarly as in the case of Comparative Example
2.
When a part of Y was replaced with 20 mol% of Sc in this Example, the effect was substantially same.

EXAMPLE 3
50
160 g of Gd203 and 2.8 g of Ths 07 were added with 60 g of sulfur, 60 g of sodium carbonate and 10 g
of potassium phosphate, and further added with 40 g of (Gd,Tb)2028 seeds having the particle size dso of
4.5 um which has the same molar ratio of Gd and Tb as of the molar ratio of the rare earth oxide. The
mixture was thoroughly mixed, and put into an alumina crucible, followed by baking at 1,150 C for 2 hours.
55 The baked product was repeatedly washed with water, and its residual alkali was neutralized with nitric acid.
The resulting product was subjected to dispersing treatment by a ball mill, deshydrated and filtered, and then
dried at 120°C for 13 hours, followed by sieving with a nylon mesh of 250 mesh to obtain a Gd20,S:Tb
green-emitting phosphor.



EP O 471 091 B1 It is evident fromFigure 1, when seeds having the particle
size of 4.5 urn is added, the particle size is changed with the m xing
ratio of the seeds. Particularly, ﬁ?@%cﬂ%@‘parti cle size dso of the
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at

whi ch has the sanme nolar ratio of Y and

- Eugas the nolar ratio 20 of the rare earth oxi de, was added. The m xture
vva§"t hor,pgughly m xed, then put into an alum na crucible, and baked at [err]

for 2 hours. The baked product was repeatedly washed with water, and its

residual alkali was neutralized with nitric acid. The resulting product was

subjected to dispersing treatnent by a ball mll, dehydrated and filtered,
and then dried at [err] for 13 hours, followed by sieving with a nylon nesh
of 250 mesh to obtain a Y202S: Eu red-em tting phosphor. 25 For the

pur pose of conparison, in Conparative Exanple 1, a phosphor was prepared
under the above- nentioned conditions provided that the seed was not used,
and, in Conparative Exanple 2, large particles were prepared by using no
seed and changi ng the baking tenperature to [err] to conduct the baking at
a higher®tenperature. The powder properties and coating properties of the
phosphors thus obtained are shown in Table 1. In 30 this Table, the

sedi ment volune in water is obtained in such a nmanner that 5 g of a
phosphor and 30 ml of pure water were placed in a 30 mMl settling tube, well
shaken, left to stand and neasured its sedinent volune after 1 hour. The
packingaﬁroperty of the coating properties indicates the extent of packing
of the phosphor particles which constitute the fluorescent film (dot,
stripe), wherein Oindicates to have excellent packing property and X

i ndrcates not to have necessary packing property. The color m xing
indicatgs the 35 extent of the red-emtting phosphor particles attached on
bl ue picture elenents (dot, stripe), thereby indicating the effect to the
color purity of blue color. Oindicates that no essential influence to the
color purity is observed and X indicates that the influence is large. It is
found that, although the phosphor in Exanple 2 is grown as considerably

| arge a¥68 [err] in the particle size [err] olog(S) and olog(L) are small,
whereby the particle size distribution is narrow It is also found that the
sedi rent volunme in water is snall
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40 the dispersibility is good, and the packing property and col or cross
contam nation are excellent.

[err].

hand,

The
obtai ned by the nethod wherein n
conditions in Exanple 2, and its particle size [err]
On the ot her
tenperature is rised,

S S

is as snmall

Conpar ati ve Exanple 2 was
ed under the preparation

as 4.9

in Conparative Exanple 1 wherein the baking
aIthouch t he phosphor thus obtained has a particle

size [err] of [, 0flerr] whiclh i's clgse toftpat] of Exanpl 2, otHer powder
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preparation c ngjtioas, and, |ir e, anpl e 3, the prepgration was
conducted by Yisiond B seed afjdsckamdi ng t1ewbckhng t enpe ahuneNto 1,200 C.
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A method for preparing a rare earth oxysulfide phosphor which comprises baking a mixture containing

a rare earth oxide and/or a rare earth compound which becomes a rare earth oxide easily at a high
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1. A method for preparing a rare earth oxysulfide phosphor which comprises baking a mixture containing
a rare earth oxide and/or a rare earth compound which becomes a rare earth oxide easily at a high
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to 30% by weight. 15 4. The nmethod according to Claim1l, wherein the

particle size:of the rare earth oxysulfide seeds are 80% mm m““ \\‘“
medi an particle size of the resultiERP&MHREIh oxysul fi dg\“l }

nmet hod according to Caim1, wherein the maj ority of the pdrtfcle S|ze of
the rare earth 0X sulf e seeds n.the r 9J

esee ma a
redi an part i cFEP tﬂ"m “E%w 5? 2yl ﬂﬁ’@@%%t% s i i
[err] wh er e ﬁg gureé tnreq:)a |n ?);Fm gﬁ- S|zéao he J;rth)wg}llf s %s .r':sqg:s Shaft tr%
containin Tw s'% frtlé9 0 euro e "@e %@ m' 25 Patent ansprUche 1.

Ver Lahr en §un?ht|% & labflin 't@@ﬁmﬁ? |v;h€§3ﬁqu2(9(éﬁ§ Wh' bHorltRditCritkett Sfstef Dr a Yirb 3hend
das G Uhen eiddgpoui whish Bwsaﬂes #1Bdo! oo L ool o) b Bigh RHipErakiRA QSLaIrasGhd e
Sel t ener d- VerdajngkitidOand €. S4 afi/idd €7, 09 BRBed 18 MidGare batihlokyslifidetsdbdsitéprépare a rare
Sel t ener doxi ChaHiTBYG¥éMIde Phdspur FepresaiBid( IthecbindRl Lnf0Re:LE | whetsin (fnlis nisasn@pralciven
und ein 30  of G WEBYLS dralLa andDineis aMedst she Blefobrt by, B ISie PeDdeddms ul f i d- Kei ne
in einer Menge von 1 bis 60 Gew. -% zur Gesamnt nenge des Sel t enerdoxi ds und
der Sel t enar drmempthad dcordikg tortaim U, wherein\the @teLaad ddysvifide)sxgdhare added ean amoupbefi3

di e ‘Tei | chengo 8% byleeigiBel| t ener d- Oxysul fi d-Kei me geringer ist als die

Tei | chengr 6l 3e des angestrebten Sel tenerd- Oxysul fid-Leuchtstoffes. 35 2.
Ver f ahr e Aacthe Aetod aeshrding to,@gim 1, wharin e ganticle 29 f the ere parh oxysuifide|spqds @) 80%
oder eine Selar deseefdhe madien partititize ofithe regelfing@rararth erystilfide RROSICFat ur | eicht in
di ese Sel t enerdoxi de .

: "Lefpodamngg\ga&gelt re(réd ala{séndg Sel tenerd P?ﬁ’%l n e%%t“i?
und LA232

HeLet ell en elsr‘?%‘§s '§é'Y'tP'8ﬂér H""‘B&fsﬁt ”TL g' t"eBP fpég'ﬂﬁélélze gﬁerfm

ei ngesetzﬁt "worin Ln m ndestens ein EI enment aus d, Y Sc, Lu und La

: st und Ln he %%9 fn toEtj:lg n&vhe?e“?thﬁ’ér gﬂlﬁdé Q ds are (%% gre-[ms
'?t- 3. Ve T lﬁ'& 3. qsan%“ent htﬁm Hgﬁ%he&f%&ﬁ f Ime 1n
ei ner Menge [ s /\ hi nzugegeben wer . Verfahren nach
Anspr uch‘,slpaeé%hgbﬂgghg Te| I chengr dBe der Sel tenerd O<ysul fi d Kei me 80% oder
weni ger der mttleren Teilchengr6ile des resultierenden

Sel t ener d- @X WWedkhHrérd2unt HEBbIfsh Gink€ SeiltRdra-Bg)sulfidLeuditstdiiad) uifassbAd ldas \GRIpgnUSTer Mi-
wori n der Qbegchinggtheifond 6in ISeitbasrdokiai una/ban cifke Seltereskd-\artsndtng)iy deil einecholien Taepei ne
G 6Be i nner hakior Biekt iBemesettér@aioxid nmJedindait svird, Odditetcanthatiehd bie rSatfuridmngdsaittelngw eir3e
der Sel tsener dFlubitel, wobeOxy Serh Gllitlen Saltarietds®y$ulfidKeimatin eiiar Mgngef vah ! dis B9aok.-% zur
Anspruch 1, waesamimgige dge [SelenedalidOuydsder SpltdnatdDrysullidaitaiipeszu gor Mischung hingiopgebem
Yt tri um und/ owredenCenthell dienTeilghpirgstiBe ercSeltenerdedxysulfit-Keima wernger ist @lg sliefiejiphengrdsp ges

ei nes von EuraspésirehtenReiterperQxysylfid-beuchiptpies. 55 7 = EP 0 471 091 B1

Revendl cati ons _ _
35 2. Verfahren nach Anspruch 1, worin Ln2Os und Ln'20Os oder ihr Mischkristall oder eine Seltenerd-

Verbindung, die bsi einer hohen Temperatur Ieicht in diese Seltenerdoxide umgewandelt wird, als das
Seltenerdoxid eingesetzt wird und Ln2028:Ln' und/oder Ln202S als die Seltenerd-Oxysulfid-Keime zum
]  Herstellen eines Seltenerd-Oxysulfid-Leuchtstoffes der Formel Ln2028:Ln" eingesetzt werden, worin Ln
mindestens ein Element aus Gd, Y, Sc, Lu und La ist und Ln' mindestens ein Element aus Eu, Tb, Sm,
40 Pr, Dy und Tm ist.

3. Verfahren nach Anspruch 1, worin die Seltenerd-Oxysulfid-Keime in einer Menge von 3 bis 30 Gew.-%
hinzugegeben werden.

45 4. Verfahren nach Anspruch 1, worin die TeilchengréBe der Seltenerd-Oxysulfid-Keime 80% oder weniger
der mittleren TeilchengréBe des resultierenden Seltenerd-Oxysulfid-Leuchtstoffes betréigt.

5. Verfahren nach Anspruch 1, worin der {iberwiegende Teil der Teilchen der Seltenerd-Oxysulfid-Keime
eine GriBe innerhalb des Bereiches von 10% bis 70% der mittleren Teilchengr6Be der Seltenerd-
50 Oxysulfid-Leuchistoffes hat.

6. Verfahren nach Anspruch 1, worin die Seltenerd-Oxysulfid-Keime Lnz02S8:Ln' sind, worin Ln Ytirium
und/oder Gadolinium ist und Ln' ein Element ist, das mindestens eines von Europium oder Terbium
enthélt.
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1. Proc6de pour |la preparation d' un phosphor d'oxysutfure-de terres rares
qui conprend 1a cuisson d' un nel ange contonant un oxyde de terres rares
etl ou un conpos6 de terres rares ERIGARINM Blonverti . m, Im,ﬂ'ﬂmm,
ferres rares a tenperature el evde, un agent de sulfu mmant
dans qu“ %n %oute des gormes d' oxysul fure de torres rares 'en Sune
quantitd guendicationd o en p0| ds par rapport Ala quantlte total e de I oxyde

de torreg rQress S Q $é pHlos P%QY A% Jsh\fur% él%r%%ﬁ&r&‘ss en
avant cul Ssrf?é?a 1 Q8 tdid Hr& Htr&mfiﬁl Jner res
rares gtantgld) feﬁé&rﬁreéé t@mﬂirrmégfﬂée én %Fﬂt dlec f@r§ho ‘ét Prclar\éq ubl on

d' axysul f Uréfougedelz §6rnBS d'6>F5uRre dé Brrds rakds @R @ﬁ@qu‘éﬁﬂt@&b 1 866 %VémﬂldQ Birirgiporda 1dans

| equel on Wubditsibralb B Sk doltéired APos@t ddsQéFmes dioRysitture deXtbrivs Gddes| /il H614HGO Svaintd €
torres rar ekissns RNGodser AdY aititules Ndes RBmdE YR Fsulilte UENBS réréy &antAnfétidtre 2 la

t enper at ur egresséw Adpartizulbs du phosbRorlvolky cl@suliare b€ tefreésrae@ir es, et on utili se
Ln22Sy Ln' et/ou Ln22S A titre de gernmes d oxysulfure de terres rares
pour pr 6parRrecédisqiinds paverdicetion Ay dank flaqued ool etillse LmOs ef bn'20s ou dgyr Gustah mdeparunl a
formul o 15 composk i@ @S5 raras'ajséndenh sonverifjeretas oxydes desterresuares? wne tempéeatumeélevée.@hoi si
parm Gd, YitreSe 'odyde dg telres rares, johon wilise Lz O28p il steinlnePSrickire delgeimep digwysylfureEy,

Tb, Sm Pr ,deDgrrest rarpempo. prénerst Npl Ghasehas i'oxysuliues, 86, HrMes, f1es yeRrésegta " aclginsle on

aj out €8 es 'Ggefafudn’ dd%ﬂ?(g?%ﬁ“? it est emepips ynalémont ehaisicpami 5. Y $ariwiet b efdn'@stasg o
on poids. 20PngunglEpedg B?"BhE‘i 0. Sgy BinBY M- on 1, dans | equel I a gr osseur

. 3;5 n g a(rtlfa I31C aég%gg%ﬁ%% e A maa P% o égr%gé({d%l ce(?ﬂ %gg’tg % E;%ﬁls% %{z&%ulfﬁrg gira ?ﬁares %n grpe % ou

d' ysulfur 25 5 Procede solon la revendication 1, dans
lequel™l g rméaaé Lbnde s %Bﬁ%ﬁ‘fr @ratdr&yé aae dﬁgw@ I B8 Sofhe WML & de
terres rareg,a rr (t.o s nI Ia r )‘g de’Pa ulésaduq:rhgs%ﬁ(ﬁ sulfgﬂtyenne
des partic su oxysu fu e terres rares. 6. Procede sol on

| a revendlcatlon dans eque | es gernes d' oxysul fure de terres rares

sont  LR26P preddds selon'—ﬂ reveRfidalidh € and ledlel fal Méﬁrﬁ 463 UgrdsBeugk2 ) baritu$ &Y gdrtles €St
un el enent CapEuMREAb tittds MEENSe $itubl dard’ 1GHEValle Qo Q02070 %IdeDkd grédsdut mojenie dad 40
45 50 55 8 particules du phosphor d'oxysulfure de terres rares.

6. Procédé selon la revendication 1, dans lequel les germes d'oxysulfure de terres rares sont Ln202S :
30 Ln', olt Ln est I'yitrium et/ou le gadolmlum et Ln' est un élément contenant au moins ['un d'entre
I'europium ou le terbium.
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