
EP 0 471 091 B1 Description TECHNICAL FIELD 5     The present invention
relates to a method for preparing a rare earth oxysulfide phosphor.
BACKGROUND ART Since the rare earth oxysulfide phosphor (in the form of
[err]:Ln') is good in emission efficiency, 10 chemically stable, easy in
handling, etc., Y202S:Eu is practically used as a red-emitting phosphor for
color televisions and [err]:Tb is practically used as a green-emitting
phosphor for projection cathode-ray tubes. As a method for preparing this
kind of phosphor, it has been known to employ a method wherein [err] and
[err] as rare earth oxide raw materials are dissolved in a mineral acid and
then reacted with oxalic 15  acid to coprecipitate as their oxalates, which
are pyrolysed to form a [err] mixed crystal, and then a sulfiding agent and
a flux are added to the mixed crystal, followed by baking, and a method
wherein a sulfiding agent and a flux are added directly to [err], followed
by taking (US Patent No. 3,502,590). In these methods, the flux serves to
let the above synthesis proceed easily and accelerate the growth of
particles. Under these circumstances, in order to improve the emission
efficiency of phosphors 20 and accelerate the growth of particles, attempts
have been made to add various kinds of phosphates as the flux, for example,
[err] (Japanese Patent Publication No. 35555/1976), [err] (Japanese Patent
Publication No. 46182/1979), [err] (Japanese Patent Publication No.
192484/1982), etc. On the other hand, with the trend to high quality of
color televisions and display tubes in recent years, it has been highly
demanded to improve the quality of fluorescent screens of cathode-ray
tubes. It is 25 important that the dispersibility is good and giant
particles are not contained to obtain a fluorescent film (dot, stripe)
excellent in packing property. This is because that the presence of the
giant particles is apt to cause defects such as pinholes. For fluorescent
film properties, it is important to form three pure colors (dots or
stripes) by coating. If a red-emitting phosphor particle is deposited on a
blue or green picture element formed in the previous step and remains
thereon, so-called color cross contamination which 30 reduces color purity
is caused. The color cross contamination is mainly caused by fine particles
and thus it is desired to reduce the content of the fine particles. Namely,
as the powder properties of phosphors, it is desired that the
dispersibility is good, the contents of the large particles and fine
particles are low and the particle size distribution is narrow. It is also
desired to obtain large particles (i.e. 7 [err] or  more) which can hardly
be obtained by 35 conventional synthetic methods, and thus it is required
to provide a phosphor having a particle size suitable for particular use of
the phosphor. However, conventional techniques for synthesizing phosphors
are not adequate because there is a limit in the particle size control by
adjusting the baking temperature or the kind or the amount of the flux
added. Particularly, the synthesis of large particle phosphors is difficult
and, if the baking temperature is made 40 high, the synthetic conditions in
a baking container become uneven which lead to the production of phosphors
containing considerable amounts of the giant particles and fine particles
and having a wide particle size distribution. 



DISCLOSURE OF INVENTION 45 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, 50 for example,
the formula [err] by adding a sulfiding agent and a flux to rare earth
oxides such as [err] and [err] 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 [err] and/or [err] 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. 2    EP 0 471 091 B1 In the conventional
synthetic methods, the formation of nuclei for the growth of particles,
coupled with the unevenness of the synthetic conditions in the baking
container, causes a deviation in the formation and also a great difference
in the growth of particles. It is considered that a phosphor having a wide
particle size distribution is thereby produced. 5     According to the
present invention wherein, in the course of mixing a sulfurizing agent and
a flux with a rare earth oxide and/or a rare earth compound which easily
becomes its oxide at a high temperature (e.g. carbonates, oxalates,
sulfites or the like of rare earth elements) followed by heating and
synthesizing, an appropriate amount of rare earth oxysulfide seeds (seed
crystals) having an appropriate particle size are added, it is possible to
make the conditions of the growth of particles uniform, obtain particles
having a 10  good dispersibility with less fusing of particles, achieve a
narrow particle size distribution with less contents of fine particles and
giant particles, and produce a rare earth oxysulfide phosphor having a
desired particle size. The particle size of the rare earth oxysulfide seeds
added in the present invention is less than the particle size of the
objective rare earth oxysulfide phosphor. With respect to the particle size
of the above 15  seeds, usually used is a particle size which is 80% or
less of the median particle size [err] of the phosphor. Particularly, it is
preferred to use the seeds, the majority of which has a particle size
within the range of 10 to 70% of the median particle size. Particularly,
for the efficiency of the growth of particles, it is optimum that the
majority of the particle sizes of the phosphor is within the range of 25%
to 65%. For the improvement of the effect to the amount of the above seeds,
it is recommended to use the seeds, the 



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] among the rare earth oxysulfide seeds because of its merit in use.
The method of the present invention provides a meaningful effect only to
the rare earth oxysulfide phosphor. No such effect is observed on the
conventional sulfide series phosphors (e.g. phosphors such as 25  ZnS:Ag,
ZnS:CuAI or ZnCdS:Cu), oxide phosphors (e.g. phosphors such as [err] etc.
In the present invention, the median particle size [err] is represented by
the weight distribution. According to the present invention, wherein the
above construction is employed, it is possible to obtain a rare earth
oxysulfide phosphor which is good in dispersibility, easy in controlling
the particle size within a narrow particle size distribution and is
excellent in coating properties. 30 BRIEF DESCRIPTION OF DRAWINGS Figures 1
and 2 are graphs showing the particle size dso and the particle size
distribution of the phosphor obtained by changing the mixing ratio of the
seeds in Example 1. 36 BEST MODE FOR CARRYING OUT THE INVENTION EXAMPLE 1
40     226 g of [err] and 13.7 g of [err] were dissolved in nitric acid and
diluted with pure water to about 1.8 1, followed by heating at [err]. Then,
a [err] solution of 565 g of oxalic acid dissolved in 1 l of pure water was
added while stirring to the previously prepared solution to conduct
coprecipitation and form oxalates of Y and Eu. After washing with water
several times, it was heated at [err] 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  [err] 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 [err] was added which changing the added amount successively,
for example, 10 g when the mixing ratio 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 resulting 50  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
[err] 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 [err]
and olog(S) = -log [err] as ordinates. olog(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. 3   



EP 0 471 091 B1 It is evident from Figure 1, when seeds having the particle
size of 4.5 urn is added, the particle size is changed with the mixing
ratio of the seeds. Particularly, the median particle size dso of the
phosphor obtained at the mixing ratio of 5% by weight indicates the highest
value of 11.4 [err], and, when the mixing ratio is further increased, the
value is gradually decreased and indicates the lowest value of 8 [err] at
the 5  mixing ratio of 60% by weight. It is also evident from Figure 2 that
the value of alog(L) becomes small by the addition of the seeds and the
content of giant particles is reduced. Particularly, the tendency is
remarkable within the range of 5 to 30% by weight. olog(S) also has the
essentially same tendency as olog(L). In this Example, when a part of Y was
replaced with 10 mol% of Gd, the effect was essentially same, 10 and, when
1,000 ppm of Sm was added, no change was observed. EXAMPLE 2 226 g of Y203
and 13.7 g of [err] were dissolved in nitric acid, diluted with pure water
to about 1.8 l, 15 and then heated at [err]. When a [err] solution of 565 g
of oxalic acid dissolved in 1 l of pure water was added to the previously
prepared solution to coprecipitate oxalates of Y and Eu. After washing with
water several times, heating was conducted at [err] for 1 hour to form an
oxide. To 160 g of [err] thus obtained, 70 g of sulfur, 70 g of sodium
carbonate and 20 g of potassium phosphate, 40 g of a [err] seeds having the
particle size [err] of 4.5 [err], which has the same molar ratio of Y and
Eu as the molar ratio 20 of the rare earth oxide, was added. The mixture
was thoroughly mixed, then put into an alumina 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 treatment by a ball mill, dehydrated and filtered,
and then dried at [err] for 13 hours, followed by sieving with a nylon mesh
of 250 mesh to obtain a Y202S:Eu red-emitting phosphor. 25     For the
purpose of comparison, in Comparative Example 1, a phosphor was prepared
under the above- mentioned conditions provided that the seed was not used,
and, in Comparative Example 2, large particles were prepared by using no
seed and changing the baking temperature to [err] to conduct the baking at
a higher temperature. The powder properties and coating properties of the
phosphors thus obtained are shown in Table 1. In 30 this Table, the
sediment volume in water is obtained in such a manner that 5 g of a
phosphor and 30 ml of pure water were placed in a 30 ml settling tube, well
shaken, left to stand and measured its sediment volume after 1 hour. The
packing property of the coating properties indicates the extent of packing
of the phosphor particles which constitute the fluorescent film (dot,
stripe), wherein O indicates to have excellent packing property and X
indicates not to have necessary packing property. The color mixing
indicates the 35 extent of the red-emitting phosphor particles attached on
blue picture elements (dot, stripe), thereby indicating the effect to the
color purity of blue color. O indicates 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 Example 2 is grown as considerably
large as 8 [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
sediment volume in water is small, 



40 the dispersibility is good, and the packing property and color cross
contamination are excellent. The phosphor in Comparative Example 2 was
obtained by the method wherein no seed was used under the preparation
conditions in Example 2, and its particle size [err] is as small as 4.9
[err]. On the other hand, in Comparative Example 1 wherein the baking
temperature is rised, although the phosphor thus obtained has a particle
size [err] of 8.0 [err] 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 [err] and 2.8 g of [err] 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 [err] seeds having the particle
size [err] of 4.5 urn 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, dehydrated and filtered,
and then dried at [err] for 13 hours, followed by sieving with a nylon mesh
of 250 mesh to obtain a [err] green-emitting phosphor. 4    EP 0 471 091 B1
For the purpose of comparison, in Comparative Example 4, a phosphor was
prepared by the method wherein no seed was used under the above-mentioned
preparation conditions, and, in Comparative Example 3, the preparation was
conducted by using no seed and changing the baking temperature to 1,200 C.
5     The powder properties and coating properties of the phosphors thus
obtained are shown in Table 2. It is found, from the comparison between
Comparative Examples 3 and 4, that the phosphor of Comparative Example 3 is
superior to that of Comparative Example 4 in the powder properties and
coating properties as shown in the Table. In the above, as typical
examples, the case wherein Y. Gd or Sc is used as a host element (Ln) and
the 10 case wherein Eu, Tb or Sm is used as an activator element (Ln') are
exemplified. However, according to the present invention, the effect of the
present invention can be obtained also in the case wherein La or Lu as
other host element is used, the case where a solid solution including these
elements is used, the case wherein Pr, Dy or Tm is used as other activator
element (Ln'), further the case of coactivation by two or more elements
including these elements. In addition, by using the technique of the
present invention, a is phosphor of large particle size which have not been
obtained in the conventional manner can be obtained, i.e. a phosphor of 20
[err] can be obtained by using seeds of 10 [err] whereby the present
invention is 



extremely useful. 20 25 30 35 40 45 50 55 5    EP 0 471 091 B1 [err]    EP
0 471 091 B1 [err] 55 Claims 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 6    [err] temperature, a sulfurizing agent and a flux,
wherein rare earth oxysulfide seeds are added in an amount of 1 to 60% by
weight to  the total amount of the rare earth oxide and the rare earth
oxysulfide seeds to the mixture before baking, wherein the particle size of
the rare earth oxysulfide seeds is less than the particle size of the
objective rare earth oxysulfide phosphor. 5 2. The method according to
Claim 1, wherein [err] and [err] or their mixed crystal, or a rare earth
compound which becomes these rare earth oxides easily at a high temperature
is used as the rare earth oxide, and [err] and/or [err] is used as the rare
earth oxysulfide seeds to prepare a rare earth oxysulfide phosphor
represented by the formula [err] wherein Ln is at least one element 10
of Gd, Y Sc, Lu and La and Ln' is at least one element of Eu, Tb, Sm, Pr,
Dy and Tm. 3. The method according to Claim 1, wherein the rare earth
oxysulfide seeds are added in an amount of 3 



to 30% by weight. 15  4. The method according to Claim 1, wherein the
particle size of the rare earth oxysulfide seeds are 80% or less of the
median particle size of the resulting are earth oxysulfide phosphor. 5. The
method according to Claim 1, wherein the majority of the particle size of
the rare earth oxysulfide seeds is within the range of 10 to 70% of the
median particle size of the rare earth oxysulfide 20     phosphor. 6. The
method according to Claim 1, wherein the rare earth oxysulfide seeds are
[err] where Ln is yttrium and/or gadolinium and Ln' is an element
containing at least one of europium or terbium. 25  PatentansprUche 1.
Verfahren zum Herstellen eines Seltenerd-Oxysulfid-Leuchtstoffes, umfassend
das GlUhen einer Mi- schung, enthaltend ein Seltenerdoxid und/oder eine
Seltenerd-Verbindung, die bei einer hohen Tempe- ratur leicht in ein
Seltenerdoxid umgewandelt wird, weiter enthaltend ein Sulfurierungsmittel
und ein 30     FluBmittel, wobei vor dem Glahen Seltenerd-Oxysulfid-Keime
in einer Menge von 1 bis 60 Gew.-% zur Gesamtmenge des Seltenerdoxids und
der Seltenerd-Oxysulfid-Keime zu der Mischung hinzugegeben werden, wobei
die Teilchengrofe der Seltenerd-Oxysulfid-Keime geringer ist als die
Teilchengr6l3e des angestrebten Seltenerd-Oxysulfid-Leuchtstoffes. 35  2.
Verfahren nach Anspruch 1, worn Ln2O3 und Ln'203 oder ihr Mischkristall
oder eine Seltenerd- Verbindung, die bei einer hohen Temperatur leicht in
diese Seltenerdoxide .umgewandelt wird, als das Seltenerdoxid eingesetzt
wird und Ln2O2S:Ln' und/oder Ln2O2S als die Seltenerd-Oxysulfid-Keime zum
Herstellen eines Seltenerd-Oxysulfid-Leuchtstoffes der Formel Ln2O2S: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 TeilchengrdBe der Seltenerd-Oxysulfid-Keime 80% oder
weniger der mittleren Teilchengr6ile des resultierenden
Seltenerd-Oxysulfid-Leuchtstoffes betragt. 5. Verfahren nach Anspruch 1,
worin der Oberwiegende Teil der Teilchen der Seltenerd-Oxysulfid-Keime eine
Gr6Be innerhalb des Bereiches von 10% bis 70% der mittleren Teilchengrol3e
der Seltenerd- 50     Oxysulfid-Leuchtstoffes hat. 6. Verfahren nach
Anspruch 1, worin die Seltenerd-Oxysulfid-Keime Ln2O2S:Ln' sind, worin Ln
Yttrium und/oder Gadolinium ist und Ln' ein Element ist, das mindestens
eines von Europium oder Terbium enthilt. 55 7    EP 0 471 091 B1
Revendlcations 



1. Proc6de pour la preparation d'un phosphor d'oxysulfure de terres rares
qui comprend la cuisson d'un melange contonant un oxyde de terres rares
etlou un compos6 de terres rares aledment converti en 5      oxyde de
ferres rares a temperature elevde, un agent de sulfuration et un fondant,
dans lequel on ajoute des gormes d'oxysulfure de torres rares en une
quantitd de 1 A 60 % en poids par rapport A la quantite totale de l'oxyde
de torres rares et des germoes d'oxysulfure de terres rares, au melange
avant cuisson, la grosseur des particules des germes d'oxysulfure de terres
rares etant infdrieure a la grosseur de particules du phosphor voulu
d'oxysulfure de terres rares. 10 2. Procede solon la revendication 1, dans
lequel on utilise Ln2O3 et Ln'203 ou leur cristal mixto ou un compose de
torres rares aisement converti en ces oxydes de terres rares A une
temperature eleveo, a titre de l'oxyde de terres rares, et on utilise
Ln2O2S: Ln' et/ou Ln2O2S A titre de germes d'oxysulfure de terres rares
pour pr6parer un phosphor d'oxysulfure de terres rares repr6sent6 par la
formulo 15     Ln202S: Ln', dans laquelle Ln est au moins un el6ment choisi
parmi Gd, Y, Sc, Lu et La et Ln' est au moins un el6ment choisi parmi Eu,
Tb, Sm, Pr, Dy et Tm. 3. ProcMd6 solon la revendication 1, dans lequel on
ajoute les germes d'oxysulfure de torres rares on une quantit6 de 3 a 30 %
on poids. 20 4. Procede solon la revendication 1, dans lequel la grosseur
des particules des germes d'oxysulfure de terres rares correspond & 80 % ou
moins de la grosseur moyenne de particules du phosphor resultant
d'oxysulfure de terres rares. 25  5. Procede solon la revendication 1, dans
lequel la majoritd des grosseurs de particules des germes d'oxysulfure de
terres rares so situe dans l'intervalle de 10 & 70 % de la grosseur moyenne
des particules du phosphor d'oxysulfure de terres rares. 6. Procede solon
la revendication 1, dans lequel les germes d'oxysulfure de terres rares
sont Ln2O2S 30     Ln', oO Ln est l'yttrium et/ou le gadolinium et Ln' est
un element contenant au moins I'un d'entre o'europium ou le terbium. 35 40
45 50 55 8    


