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Description

[0001] The present invention relates to a method for
producing a barium-containing composite metal oxide
which can be used as a raw material for a powder, paste
or a sintered body of functional oxide ceramics used e.
g. in fluorescent substances or dielectrics.
[0002] Barium-containing composite metal oxides are
widely used as functional materials such as fluorescent
substances and dielectrics.
[0003] Example of the barium-containing composite
metal oxide used as fluorescent substances includes,
for example, europium-activated barium magnesium
aluminate. The europium-activated barium magnesium
aluminate is a compound represented by the composi-
tion formula BaMgAl10O17:Eu, is a fluorescent sub-
stance emitting blue color by excitation of e.g. vacuum
ultraviolet rays, and is therefore used e.g. as PDP or
rare gas lamps. Further, a compound in which a part of
barium in the europium-activated barium magnesium
aluminate is substituted with strontium or calcium is
known as a blue color emitting fluorescent substance.
[0004] An example of a barium-containing composite
metal oxide used as a fluorescent substance includes,
for example, manganese-activated barium aluminate.
The manganese-activated barium aluminate is a com-
pound represented by the composition formula
BaAl12O19:Mn, and shows emission of green color by
excitation of vacuum ultraviolet rays or the like. Further,
a compound in which a part of barium in the manganese-
activated barium aluminate is substituted with europium
is known as a green color emitting fluorescent sub-
stance.
[0005] Example of the barium-containing composite
metal oxide used as a dielectric includes barium titan-
ate. The barium titanate is a compound represented by
the composition formula BaTiO3, and shows high die-
lectric constant. As a result, the barium titanate is widely
used for a lamination type capacitor. Further, a com-
pound in which a part of barium in the barium titanate is
substituted with strontium also shows high dielectric
constant.
[0006] Those barium-containing composite metal ox-
ides have conventionally been obtained e.g. by a liquid
phase method, a gas phase method, a solid phase
method, a hydrothermal synthesis method or a flux
method. The oxides thus obtained are generally in the
form of a powder containing many agglomerated parti-
cles.
[0007] JP-A- 7-187612 discloses a method for pro-
ducing a composite metal oxide powder by calcining a
composite metal oxide precursor powder in a halogen-
based gas as a method for producing a composite metal
oxide powder having less agglomerated particles and
showing narrow particle size distribution. However, this
publication does not contain the disclosure regarding
barium-containing composite metal oxides.
[0008] The barium-containing composite metal ox-

ides are, in many cases, once dispersed in a dispersion
medium in the form of e.g. a paste or a slurry, and then,
converted into a final product. For this reason, dispers-
ibility of the oxides to a dispersion medium directly re-
flects functions and physical properties of the final prod-
uct. Therefore, the dispersibility of metal oxides is one
of the important properties. Further, while dielectrics are
usually used in the form of a sintered body, in some cas-
es, its dispersibility gives great influence on the property
of sintered body. Therefore, there is a desire for im-
provement in dispersiblity of barium-containing com-
posite metal. In general, dispersibility is improved by de-
creasing agglomeration proportion of primary particles
with each other, and in view of this, there is also a desire
for development of barium-containing composite metal
oxides having weak agglomerating force of primary par-
ticles with each other.
[0009] Accordingly, an object of the present invention
is to provide a method for producing a barium-containing
composite metal oxide having weak agglomerating
force of primary particles with each other, suitably used
for functional oxide ceramic powder such as fluorescent
substances or dielectrics, raw materials for pastes, or
raw materials for sintered bodies.
[0010] This object could be achieved on the basis of
the finding that a barium-containing composite metal ox-
ide having weak agglomerating force of primary parti-
cles with each other is obtained by calcining raw mate-
rial compounds thereof in a specific gas atmosphere.
[0011] According to the present invention, there is
provided a method for producing a barium-containing
composite metal oxide, which comprises calcining a
mixture of a barium compound and a metal compound
comprising at least one metal selected from magnesi-
um, aluminum, europium, manganese, strontium, calci-
um, terbium, zinc and titanium, or calcining a barium-
containing composite metal salt comprising barium and
at least one metal selected from magnesium, aluminum,
europium, manganese, strontium, calcium, terbium,
zinc and titanium, in a gas comprising a hydrogen halide
and water vapor.
[0012] The present invention is described in detail be-
low.
[0013] The barium compound used in the present in-
vention may be a barium oxide, or any barium com-
pound as long as it converts to a barium oxide by de-
composition reaction or oxidation reaction when it is cal-
cined.
[0014] Similar to the above-described barium com-
pound, the metal compound comprising at least one
metal selected from magnesium, aluminum, europium,
manganese, strontium, calcium, terbium, zinc and tita-
nium used in the present invention (hereinafter some-
times referred to as a "metal compound" ) may be an
oxide comprising at least one metal selected from mag-
nesium, aluminum, europium, manganese, strontium,
calcium, terbium, zinc and titanium, or any compound
as long as it converts to a metal oxide by decomposition
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reaction or oxidation reaction when it is calcined.
[0015] The composite metal salt used in the present
invention may be any metal salt as long as it comprises
at least one metal selected from magnesium, aluminum,
europium, manganese, strontium, calcium, terbium,
zinc and titanium, and barium, and converts to a barium-
containing composite metal oxide described hereinafter
by decomposition reaction or oxidation reaction when it
is calcined.
[0016] Calcination conditions may be exemplified as
described hereinafter. Examples of the compound that
converts to its oxide by decomposition reaction or oxi-
dation reaction include hydroxides, aqueous oxides, ox-
yhydroxides, oxyhalides, halides, carbonates, oxalates,
sulfates and nitrates.
[0017] The above-described barium compound, met-
al compound and composite metal salt can be produced
by conventional methods. For example, the methods in-
clude the liquid phase method, the gas phase method
and the solid phase method.
[0018] The above-mentioned barium compound is
mixed with above-mentioned metal compound to obtain
the mixture of barium compound and metal compound
in a ratio so that a specific composition ratio of a complex
metal oxide including barium described later is obtained.
[0019] Methods of mixing a barium compound and a
metal compound are illustrated as any suitable method
now known or developed in the future, and for example,
mixing methods using a ball mill, V-shape mixer. and
stirring apparatus, may be exemplified.
[0020] The order of feeding a barium compound and
a metal compound to a mixing apparatus is not particu-
larly restricted, and both of them may be fed simultane-
ously fed separately, or they may be fed according to a
master batch mode.
[0021] In a mixture of the barium compound and the
metal compound, a barium oxide and a barium com-
pound which converts to a barium oxide by decomposi-
tion reaction or oxidation reaction when it is calcined
may be used together as the barium compound. Further,
a metal oxide and a metal compound which converts to
a metal oxide by decomposition reaction or oxidation re-
action when it is calcined may be used together as the
metal compound, or at least two kinds of the metal com-
pounds or at least two different kinds of metals may be
used together as the metal compound. A metal com-
pound containing at least two kinds of metals may also
be used.
[0022] A mixture of the above-described barium com-
pound and metal compound comprising at least one
metal selected from magnesium, aluminum, europium,
manganese, strontium, calcium, terbium, zinc and tita-
nium, or a composite metal salt comprising at least one
metal selected from magnesium, aluminum, europium,
manganese, strontium, calcium, terbium, zinc and tita-
nium, and barium (both the mixture and the composite
metal salt are hereinafter sometimes referred to as a
"raw material compound") is calcined in a gas compris-

ing hydrogen halide and water vapor.
[0023] Concentration of the hydrogen halide used is
preferably about 1 vol% or more, more preferably about
5 vol% or more to the total volume of the gas from the
standpoint that agglomeration proportion in primary par-
ticles with each other of the barium-containing compos-
ite metal oxide obtained is further suppressed. Further,
concentration of the hydrogen halide is preferably about
50 vol% or less from the standpoint of suppressing for-
mation of halides.
[0024] Examples of the hydrogen halide include hy-
drogen chloride, hydrogen bromide and hydrogen fluo-
ride. Hydrogen chloride is preferably used as the hydro-
gen halide from the standpoint that it is easily available
as a raw material. Two kinds of hydrogen halide may be
used together.
[0025] In the case where water vapor is not present
in the gas, barium easily reacts with hydrogen halide
during calcination, and volatilizes off as a barium halide
gas. As a result, the objective barium-containing com-
posite metal oxide may not be sufficiently obtained.
Concentration of water vapor in the gas is preferably
about 0.5 vol% or more, more preferably about 2 vol%
or more to the total volume of the gas from the stand-
point of suppressing formation of barium halide.
[0026] The gas may contain an inert gas such as ni-
trogen or argon, oxygen or air as a dilution gas. Further,
if it is necessary to reduce a metallic element, a gas hav-
ing a reducing property, such as a hydrogen gas, may
further be present in the gas.
[0027] A supply source and a supply method of each
component in the gas can be any source and method
generally used industrially. A hydrogen halide gas may
be supplied, for example, from a cylinder, tank or reser-
voir of hydrogen halide gas. A gas containing hydrogen
halide may also be prepared and used utilizing evapo-
ration or decomposition of a halide compound such as
ammonium halide or a halogen-containing polymeric
compound such as vinyl chloride polymer. A mixture of
the above-described raw material compound and a hal-
ide compound, a halogen-containing polymeric com-
pound or the like may be calcined in a calcining furnace.
[0028] The method for supplying water vapor may be
a method of supplying steam, a method of supplying a
gas other than a water vapor through water, a method
of arranging water in a calcining furnace prior to calci-
nation and supplying water vapor by evaporating water
when calcining, and a method of using raw material
compounds containing water.
[0029] In the production method of the present inven-
tion, calcination temperature is generally from about 500
to about 1,700°C, preferably from about 800 to about
1,500°C, more preferably from about 1,100 to about
1,500°C, although varying depending e.g. on the kind
of the objective barium-containing composite metal ox-
ide and the concentration of components contained in
a gas. For example, in the case of producing a com-
pound represented by the composition formula (Ba, Eu,
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MA)MgAl10O17 (wherein MA represents at least one el-
ement selected from the group consisting of calcium,
strontium, zinc and europium), the calcination tempera-
ture is preferably in a range of from about 1,100 to about
1,400°C.
[0030] Calcination time is preferably from about 1
minute to about 24 hours, more preferably from about
10 minutes to about 10 hours, although varying depend-
ing e.g. on the kind of the objective barium-containing
composite metal oxide, concentration of components
contained in a gas and calcination temperature.
[0031] The calcination time can be shortened by high
calcination temperature.
[0032] Calcining furnaces generally used industrially
may be used as a calcination apparatus. The calcining
furnace is preferably constituted of a material resistant
to corrosion by hydrogen halide, and is preferably
equipped with a mechanism that can regulate an atmos-
phere in the apparatus. Further, because an acid gas
such as a hydrogen halide gas is used, the calcining fur-
nace preferably has an airtightness.
[0033] Considering that reaction proceeds in an acidic
atmosphere, it is preferable to use such a crucible, boat
and the like, as is made of alumina, quartz, acid resistant
brick, graphite or noble metal such as platinum, as a
vessel filled by raw material metal compounds in the
course of calcination steps.
[0034] A barium-containing composite metal oxide
comprising at least one metal selected from magnesi-
um, aluminum, europium, manganese, strontium, calci-
um, terbium zinc and titanium, and barium can be ob-
tained by the above production method. The barium-
containing composite metal oxide is a compound com-
prising barium, at least one metal, and oxygen.
[0035] Examples of the barium-containing composite
metal oxide include blue color emitting fluorescent sub-
stances represented by the composition formula (Ba,
Eu, MA)MgAl10O17 (wherein MA represents at least one
element selected from calcium, strontium, zinc and
europium), green color emitting fluorescent substances
represented by the composition formula (Ba, MB, MC)
Al12O19 (wherein MB is at least one element selected
from manganese and terbium, and MC is at least one
element selected from europium, calcium, strontium,
manganese and terbium), and high dielectrics repre-
sented by the composition formula (BaxSr1-x)TiO3
(wherein x is 0<x%1).
[0036] To obtain the barium-containing composite
metal oxide such as the above-described composition,
compounds are mixed at such mixing ratio that each
metal ratio satisfies the objective compositional ratio,
and the resulting mixture is calcined.
[0037] According to the production method of the
present invention, the barium-containing composite
metal oxide containing less agglomerated particles and
having narrow particle size distribution is formed.
[0038] Even if the oxide obtained by above-described
method may contain agglomerated particles depending

on raw materials used or production conditions, the pro-
portion of the agglomerated particles is very small. In
such a case, the barium-containing composite metal ox-
ide having less agglomerated particles can easily be
produced by subjecting the oxide obtained to a light de-
gree of pulverization treatment such as ball mill treat-
ment or jet mill treatment in a short period of time.
[0039] By-products or unreacted raw material metal
oxide powder other than the barium-containing compos-
ite metal oxide of the present invention may remain de-
pending on the production conditions. Even in such a
case, the barium-containing composite metal oxide of
the present invention can easily be refined by a post-
treatment such as a simple washing.
[0040] If desired and necessary, re-calcination may
be conducted to further improve the performance of the
barium-containing composite metal oxide powder ob-
tained.
[0041] The barium-containing composite metal oxide
powder containing less agglomerated particles and hav-
ing narrow particle size distribution can be obtained by
the production method of the present invention. The
finely particulate barium-containing composite metal ox-
ide containing less agglomerated particles contains par-
ticles having a primary particle size of about 5 µm or less
in an amount of about 80 mass% or more, and such a
finely particulate oxide can preferably be used in avari-
ety of uses as rawmaterials formetal oxide-based ce-
ramics, raw materials for paste, used as functional ma-
terials of fluorescent substances or dielectrics.
[0042] Further, the production method according to
the present invention can provide the barium-containing
composite metal oxide containing at least two kinds of
metallic elements and having weak agglomerating force
of primary particles with each other which is suitable as
a raw material powder of oxide-based ceramics that are
functional materials of e.g. fluorescent substances or di-
electrics, a raw material of paste or a raw material of
sintered body, and thus is industrially useful.

EXAMPLES

[0043] The present invention is described in more de-
tail with reference to the following examples, but the in-
vention is not limited to those examples.

EXAMPLE 1

[0044] Barium oxalate, europium oxalate, magnesi-
um oxalate and aluminum hydroxide were weighed and
mixed such that Ba:Eu:Mg:Al were 0.9:0.1:1:10 in molar
ratio, and placed in a core tube. An argon gas containing
2 vol% of hydrogen obtained by passing through water
with bubbling, and hydrogen chloride were supplied to
the core tube at a flow rate of 40 ml/min and 10 ml/min,
respectively, to adjust a calcination atmosphere, and
calcination was conducted at 1250°C for 2 hours. Tem-
perature of water which was conducted bubbling was
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30°C. Because saturated water vapor pressure at 30°C
was 0.042 atm, concentration of water vapor was 4.2
vol%. As a result of phase identification of the powder
obtained by an X-ray diffraction analysis, it was found
that a blue color emitting fluorescent substance of
Ba0.9Eu0.1Al10O17 was formed. Further, as a result of
observation with a scanning electron microscope
(SEM), it was found that agglomeration of primary par-
ticles with each other was weak. Furthermore, as a re-
sult of measurement of particle diameter of 30 primary
particles. it was found that all of the 30 primary particles
had a primary particle diameter in a range of 0.8 to 1.4
µm, and an average primary particle diameter of 1.1 µm.
[0045] The blue color emitting fluorescent substance
obtained above was irradiated with ultraviolet ray using
Excimer 146 nm lamp (a product of Ushio Electric Co.)
in a Vacuum chamber of 6.7 Pa (5x10-2 Torr) or less. As
a result, it showed strong blue color emission. Further,
when this blue color emitting fluorescent substance was
excited with ultraviolet ray of 254 nm, ultraviolet ray of
365 nm, cathode ray and X-ray, all of the emissions were
blue color emission of high brightness.

COMPARATIVE EXAMPLE 1

[0046] Calcination was conducted in the same man-
ner as in Example 1 except that hydrogen chloride and
argon gas containing 2 vol% of hydrogen were supplied
at a rate of 10 ml/min and 40 ml/min, respectively, to
form a calcination atmosphere. With regard to the pow-
der obtained, as a result of identification of phase by an
X-ray diffraction analysis, it was found that the power
was a mixed phase of Al2O3 and MgAl2O4, and a bari-
um-containing composite metal oxide powder was not
obtained.

Claims

1. A method for producing a barium-containing com-
posite metal oxide, comprising calcining a mixture
of a barium compound and a metal compound com-
prising at least one metal selected from magnesi-
um, aluminum, europium, manganese, strontium,
calcium, terbium, zinc and titanium, or calcining a
barium-containing composite metal salt comprising
barium and at least one metal selected from mag-
nesium, aluminum, europium, manganese, stron-
tium, calcium, terbium, zinc and titanium, in a gas
comprising a hydrogen halide and water vapor.

2. The method according to claim 1, wherein said hy-
drogen halide is hydrogen chloride.

3. The method according to claim 1 or 2, wherein said
gas further comprises hydrogen gas.

4. The method according to any one of claims 1 to 3,

wherein said gas has a water vapor concentration
of about 0.5 vol% or higher.

5. The method according to any one of claims 1 to 4,
wherein said barium compound is barium oxide.

6. The method according to any one of claims 1 to 5,
wherein said metal compound is a metal oxide.

7. The method according to any one of claims 1 to 6,
wherein said barium-containing composite metal
oxide has a composition formula (Ba, Eu, MA)
MgAl10O17 (wherein MA represents at least one
metal selected from calcium, strontium, zinc and
europium).

8. The method according to any one of claims 1 to 6,
wherein said barium-containing composite metal
oxide has a composition formula (Ba, MB, MC)
Al12O19 (wherein MB is at least one metal of man-
ganese and terbium, and MC is at least one element
selected from europium, calcium, strontium, man-
ganese and terbium).

9. The method according to any one of claims 1 to 6,
wherein said barium-containing composite metal
oxide has a composition formula (BaxSr1-x)TiO3
(wherein x is 0<x%1).

Patentansprüche

1. Verfahren zur Herstellung eines Barium enthalten-
den Komposit-Metalloxids, welches Kalzinieren ei-
nes Gemisches aus einer Bariumverbindung und
einer Metallverbindung, die mindestens ein aus Ma-
gnesium, Aluminium, Europium, Mangan, Stronti-
um, Calcium, Terbium, Zink und Titan ausgewähltes
Metall umfasst, oder Kalzinieren eines Barium ent-
haltenden Komposit-Metallsalzes, das mindestens
ein aus Magnesium, Aluminium, Europium, Man-
gan, Strontium, Calcium, Terbium, Zink und Titan
ausgewähltes Metall umfasst, in einem einen Halo-
genwasserstoff und Wasserdampf umfassenden
Gas umfasst.

2. Verfahren gemäß Anspruch 1, wobei der Halogen-
wasserstoff Chlorwasserstoff ist.

3. Verfahren gemäß Anspruch 1 oder 2, wobei das
Gas weiterhin Wasserstoffgas umfasst.

4. Verfahren gemäß einem der Ansprüche 1 bis 3, wo-
bei das Gas eine Wasserdampfkonzentration von
etwa 0,5 Vol.-% oder höher aufweist.

5. Verfahren gemäß einem der Ansprüche 1 bis 4, wo-
bei die Bariumverbindung Bariumoxid ist.

7 8



EP 1 176 119 B1

6

5

10

15

20

25

30

35

40

45

50

55

6. Verfahren gemäß einem der Ansprüche 1 bis 5, wo-
bei die Metallverbindung ein Metalloxid ist.

7. Verfahren gemäß einem der Ansprüche 1 bis 6, wo-
bei das Barium enthaltende Komposit-Metalloxid
eine Zusammensetzung der Formel (Ba, Eu, MA)
MgAl10O17 aufweist (wobei MA mindestens ein aus
Calcium, Strontium, Zink und Europium ausgewähl-
tes Metall darstellt).

8. Verfahren gemäß einem der Ansprüche 1 bis 6, wo-
bei das Barium enthaltende Komposit-Metalloxid
eine Zusammensetzung der Formel (Ba, MB, MC)
Al12O19 aufweist (wobei MB mindestens ein Metall
aus Mangan und Terbium ist und MC mindestens
ein aus Europium, Calcium, Strontium, Mangan und
Terbium ausgewähltes Element ist).

9. Verfahren gemäß einem der Ansprüche 1 bis 6, wo-
bei das Barium enthaltende Komposit-Metalloxid
eine Zusammensetzung der Formel (BaxSr1-x)TiO3
aufweist (wobei x gleich 0 < x % 1 ist).

Revendications

1. Procédé pour la production d'un oxyde métallique
composite contenant du baryum, comprenant la
calcination du mélange d'un composé de baryum et
d'un composé métallique comprenant au moins un
métal choisi à partir du magnésium, de l'aluminium,
de l'europium, du manganèse, du strontium, du cal-
cium, du terbium, du zinc ou du titane, ou la calci-
nation d'un sel métallique composite contenant du
baryum comprenant du baryum et au moins un mé-
tal choisi à partir du magnésium, de l'aluminium, de
l'europium, du manganèse, du strontium, du cal-
cium, du terbium, du zinc ou du titane, dans un gaz
comprenant un halogénure d'hydrogène et de la va-
peur d'eau.

2. Procédé selon la revendication 1, dans lequel ledit
halogénure d'hydrogène est du chlorure d'hydrogè-
ne.

3. Procédé selon la revendication 1 ou 2, dans lequel
ledit gaz comprend en outre du gaz d'hydrogène.

4. Procédé selon l'une quelconque des revendications
1 à 3 , dans lequel ledit gaz a une concentration de
vapeur d'eau d'environ 0,5 % du volume ou plus.

5. Procédé selon l'une quelconque des revendications
1 à 4, dans lequel ledit composé de baryum est de
l'oxyde de baryum.

6. Procédé selon l'une quelconque des revendications
1 à 5, dans lequel ledit composé métallique est un

oxyde de métal.

7. Procédé selon l'une quelconque des revendications
1 à 6, dans lequel ledit oxyde métallique composite
contenant du baryum a comme formule de compo-
sition (Ba, Eu, MA)MgAl10O17 (dans laquelle MA re-
présente au moins un métal choisi à partir du cal-
cium, du strontium, du zinc ou de l'europium).

8. Procédé selon l'une quelconque des revendications
1 à 6, dans lequel ledit oxyde métallique composite
contenant du baryum a comme formule de compo-
sition (Ba, MB, MC)Al12O19 (dans laquelle MB est au
moins un métal de manganèse et de terbium, et MC

est au moins un élément choisi à partir de l'euro-
pium, du calcium, du strontium, du manganèse ou
du terbium).

9. Procédé selon l'une quelconque des revendications
1 à 6, dans lequel ledit oxyde métallique composé
contenant du baryum a comme formule de compo-
sition (BaxSr1-x)TiO3 (dans laquelle 0<X%1).
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