1 15 Septenber 2006 METHOD FOR MANUFACTURI NG HI GHLY- CRYSTALLI ZED OXI DE
POADER BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The
present invention relates to a nethod for manufacturing a

hi ghl y-crystallized netal oxide powder, sem netal oxide powder, or double
oxi de powder conprising at |least two netal elenents and/or sem netal
elenments. In particular, the present invention relates to a~nethod for

t he manufacture of an oxide powder with a high dispersibility and a high

crystallinity that has a high purity.and a unifornm parfi.cle shggs this
powder being suitable for functional materials for electronlcs such as
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pi ezoelectric materials, magnetic recording materials, positive el ectrode

materials for secondary bBatkkerbesp @ﬁdTﬁéQﬁbhﬁﬂﬁﬂﬂftlc wave absor bi ng

materials, catalyst materials, and starting materials for the nmanufacture
thereof, or for industrial materials that can be used in a variety of

ot her fielldsFi2ldDegcthet Invewtidde Prior Art [0002] Powders of neta

oxi des, sem netal oxides and double oxides conprising at |east two

net al el ements and/or sem netal elenents (those powders wll be
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char act erb%‘f‘t&%u§99h @ﬁe%f@é&%eﬂﬁﬁ‘edﬁo@ﬁ tDét%fs teha W@Q‘Bﬁﬁd Bor
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smal |~ ano BRPHAPGFTES HAVIFgle ﬁH”ﬁ%?béP§hoP P&ﬂplce def or mati ons on
the surfadéspbrsibility and a high crystallinity that has a high

purity and a uniform particle size, this powder being
suitable for functional materials for electronics such as
phosphor materials, dielectric materials, magnetic
materials, conductive materials, semiconductive materials,
superconductive materials, piezoelectric materials,
magnetic recording materials, positive electrode materials
for secondary batteries, and electromagnetic wave absorbing
materials, catalyst materials, and starting materials for
the manufacture therecf, or for industrial materials that

can be used in a variety of cther fields.
2. Description of the Prior Art

[0002] Powders of metal oxides, semimetal oxides and
double oxides comprising at least two metal .elements and/or
semimetal elements (those powders will be collectively
referred to hereinbelow as "oxide powders"”, unless stated
otherwise) employeg as functional materials are desired to
have a high purity, to be cdmpositionally homogeneous, and
to have a high crystallinity in order to demonstrate fully

_their functions. In particular, in crder to improve




particles or inside thereof, being conpositionally honbgeneous, in
particul ar, having a very small amount of activation elenents uniformy
distributed therein, and preferably consisting of a single phase. [0003]
When an oxi de powder is nolded and heat treated by a sintering process to
manuf acture a sintered body, property control of the oxide powder as a
starting material 1is also inportant. For exanple, in order to-obtain high-
per formance oxi de cores or oxide pernmanent magnets with excellent magnetic
properties and nmechanical properties,_,the oxide pawder ﬂgﬁﬁ%ra§o%6startlng
material is required to consist of fine partlcles to thave a uniform

particle size and an isotropic shape, and to be a single crystal. [0004]
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performance oxide cores or oxide permanent magnets with
excellent magnetic properties and mechanical properties,
the oxide powder used as a starting material is required to
consist of fine particles, to have a unifeorm particle size
“"and an isotropic shape, and to be a single crystal.

[0004] Furthermore, when an oxide powder is dispersed in
a matrix such as a resin or the like and used in the form
of a thick-film paste, 1ink, paint, sheet, powder compact,
or other cbmpositions and composite materials, it is
important that in addition to the improvement of properties
inherent to the oxide, the particle shape and size be
uniform and aggleomeration of particles be prevented in
order to improve dispersibility, packing density, and
processability. In particular, a fine monodisperse powder
with a mean particle diameter of about 0.1-10um, a narrow
particle size distribution, and nc agglomeration is desired
for thick-film pastes or inks.

[0005] Oxide pogders have been manufactured in the past
by & solid-phase reaction method, a gas-phase reaction
method, a liguid-phase reaction method, and a spray

pyrolysis method.




by grinding in a ball mll or the |like. However, the oxide powder

manuf actured by this nethod has an irregul ar shape and consists of
particle aggregates with a large particle size distribution. Mreover, a

| arge anount of inmpurities are introduced fromthe crucible or in the
grinding process. Further, when double oxides are nanufactured, treatnent
is required to be conducted for a long tinme at a high tenperature in-
order to inprove conpositional honogeneity. As a result, the production
efficiency is poor. Furthernore, partigle surface wasJdmdifi-ed ang a | arge
nunber of defects were produced on the particle surface and i nside thereof

by chem c ctigns,a physical. i npacts . durin rinding. As a result,
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a high di rsibi l it re difficult to uf acture. t.her nore
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or an orgéﬁﬁglgspvgﬁtg¥scgﬁ$%§5 tPoIf W ir@e at a high

temperature in order to improve compositional heomogeneity.
As a result, the production efficiency is poor.
Furthermore, particle surface was modified and a large
number of defects were produced on the particle surface and
inside thereof by chemical reactions and physical impacts
during grinding. As a result, the crystallinity was
decreased and physical properties inherent to oxides were
degraded.

[0007] With the gas-phase method by which vapors of
metals or metal compounds are reacted in a gas phase, fine
oxide powders can be manufactured. However, not only the
cost is high, but agglomeration easily occurs in the
obtained powder and the particle diameter is difficult o
control.

[0008] Examples of the liquid-phase reaction method
include a liquid-phase precipitation method, a hydrothermal
method, and a method based on hydrolysis of inorganic salts
or alkoxides. Those methods produce fine oxide powders with
a comparatively.smgll surface modification and a high
crystallinity. However, fine powders without agglomeration
and with a high dispersibility are difficult to manufacture.

Furthermore, high-purity starting materials are necessary




liquid droplets and the droplets are heated under the conditions allow ng
a netal oxide to precipitate, thereby producing a netal oxide powder, Wth
such a nmethod, aggloneration-free fine nonodi sperse particles can be
obt ai ned and the amount of introduced inpurities is small. Furthernore,
because the starting materials are in the form of a solution, netal
conponents can be m xed honbgeneously at any ratio. For those-reasons;.
this method is considered to be suitable for the manufacture of double

oxi de powders. For exanple, Japanese_fpatent Publicatdgn Ne,.,20Q0k6152146
descri bed the manufacture of a fine phosphor powder mnth excel | ent
fluorescence praoperties by this nethod. [0010] However, the spray pyronS|s
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is |imteddmilesarst atii agounmat efi ahsrbhated atmber Usiess tics catadiin
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pl aced on o<i tionar range and concentration of starting naterlals
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US- A-5, 8515425 aadvatsudacet tabsedireghboses ahiawdBied iad considered
to ke suitable for the manufacture of double oxide powders.
For example, Japanese Patent Publication No. 2001-1523i46
described the manufacture of a fine phosphor powder with
excellent fluorescence properties by this method.

[0010] However, the spray pyrolysis method uses a large
amount of water or an corganic solvent such as an alcohol,
acetone, an ether, and the like to obtain liquid droplets
of the metal compounds used as a starting material. For
this reason, a large quantity of energy is required to
evaporate the solvent, energy loss during pyrolysis is
increased, and the cost rises. Furthermore, the atmosphere
control during pyrolysis is difficult because of solwvent
decomposition. TIn addition, the particle size distribution
of the produced particles sometimes becomes wide because of
merging and splitting of liguid particles in the reaction
vessel. For those reasons, the reaction conditions such as
the spraying rate% the concentration of liquid dreplets in
a carrier gas, the retention time in the reaction vessel,
and the like are difficult to set and the productivity is
pocr. Mereover, this method 1s limited to those starting

materials that can be used to obtain solutions or




prepared by washi ng a phosphor powder containing a phosphor host materi al
and an activator with an acid solution, followed by drying the washed
powder, which is heated wthin a thernmal plasma at a tenperature which
permts partially nelting the phosphor, followed by cooling and
subsequent |y subjecting the resultant phosphor at 1200 to 1700C, thereby
manuf acturing spherical phosphor particles having a concentration gradient
in aradial direction. SUVWARY OF THE I NVENTION [0011] It is an object of
the present invention to manufacture-@n oxide powdershavpg aRbgh
crystallinity, a high dispersibility, and a uniformparticle size, wthout

i ntroduci Lities ereLnLo, cost, a | e roducti on
equi prent .” ﬁ%%§%P%cula?ﬂ?ﬁe F%Se% %ﬁﬁ%%%ﬁ]linéiﬁc ggog ffuf act uri ng
met hod smqﬂmMQ§lﬁéﬁnﬁherﬁagafandu¢@n©éntu@ti¢mwm¢ i del ppwiersr isuch as
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honngenel%é nd a high crystallinity, or an oxide powd serving as a
starting 8 for functional ceramics and functlonal conposite
materials. It is yet another object to obtain an oxide powder with a high

purity, agighs @5&1&3@@@9&'%&@ %@mfryﬂ%{ﬂés@é Y, and %tU@'lf?Wm
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hi ghly- crystal rzed omder Whert s produced by
ej ecting &l§@aﬂtﬁnghﬁﬁm@llnlaimﬁwﬁ# & drprssiatgireatwhiiespeoné tel ement

sel ected baemihheygnoup; £9NESthnesHor Matal KlLmpt %o%ﬂ%ae get al
el enents t hat constituent conponent I which is to

be producga%seﬁPSDEPYeﬁﬂ??%ﬁtﬁ%%§3Feﬁﬁﬁ%ﬁﬁ@@qmgﬂﬁsgh8§r@Fe?zags t@r ough

1700°C, thereby manufacturing spherical phosphor particles

having a concentration gradient in a radial direction.
SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to
manufacture an oxide powder having a high crystallinity, a
high dispersibility, and a uniform particle size, without
introducing impurities thereinto, by a low-cost and simple
production equipment. In particular the present invention
provides a manufacturing method suitable for the
manufacture of functional oxide powders such as phosphors
that are strongly reguired to have good compositicnail
homogeneity and a high crystallinity, or an oxide powder
serving as a starting material for functional ceramics and
functional composite materials. It is yet another object
to obtain an oxide powder with a high purity, a high
dispersibility, a high crystallinity, and a uniform
particle size as wgll as a shape and a particle size
suitable for thick-film pastes such as phosphor pastes,
inks, paints, and the like.

{00121 Accordingly, the present invention is as follows.




a nozzle; and heating the starting material powder at a tenperature higher
than the deconposition tenperature or reaction tenperature thereof and not
| ower than (Tni2)C, where TnC stands for a nelting point of the oxide
which is to be produced, in a state in which the starting nmaterial powder
is dispersed in a gas phase at a concentration of not higher than 10 g/L,
wherein the starting material powder is ejected into the reaction vessel
under the <condition that V/S >600, where V (L/mn) is a flowrate of the

carrier gas per unit time and S (cn2) LS a cross nal t he
openi ng of the nozzle. [0014] 2. The nlét hod descn%’edgte? éﬂ%e\fe%%og

wherein the starting material powder is mixed and dispersed in the
carrier gadfUdidlh aldi spemsithgdnaehi nenpfioruibnded dyglejected into the

reaction @%&&Jaltlhrz%@gbx&a@ ﬁ@%aée wJEQQéiS.l & SEeferahlaer tihe particle
size of the's C#%% ﬁQESE” al po s ad% ustfed i n advance. [0016] 4. The
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constant conpositional ratio in individual particles of the starting
mat eri al . GOVRfeTUERE CREPPREBEHCEE BE&?d‘éX’r‘éeanéib"?fbljeS Gk ikfe PJOWEPE 5. The
met hod desigrided ridacabeve vebesl 4t owbener nwitmdi viditialepajds alesugh
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- powder is dispersed in a gas phase at a concentration of
not higher than 10 g/I, wherein the starting material
powder is ejected into the reaction vessel under the
condition that Vv/S >600, where V (L/min) 1is a flow rate of
the carrier gas per unit time and S (sz) 1s a cross—
sectional area of the opening of the nozzle.

[0014] 2. The method described in above item 1, wherein
the starting material powder is mixed and dispersed in the
carrier gas with a dispersing machine prior to being
ejected into the reaction vessel through the nozzle.

[0015] 3. Preferably, the particle size of the starting
material powder is adjusted in advance.

[0016] 4. The method described in any one of above items
i1 to 3, wherein the starting material powder comprises at
least two elements selected from the group consisting of
metal elements and semimetal elements at a substantially
constant compositional ratic in individual particles of the
starting material ,powder and the produced oxide is a double
oxide.

[0017] 5. The method described in above item 4, wherein
individual particles constituting the starting material

powder are composed cf an alloy comprising at least two



sem netal elenents. [0018] 6. A nethod for manufacturing a highly- _ _
crystallized oxi de powder, conprising: producing a starting material powder
conprising at least two elenents selected fromthe group consisting of
metal el enments and sem netal elenents that will becone constituent
conponents of the oxide which is to be produced, at a substantially
constant conpositional ratio in individual particles of the~starting -
material powder; collecting the starting material powder; dispersing the

collected starting material powder in-f carrier 9§§SQ%%%E5%Q @Ogbsper5|ng
machi ne; ejecting the carrier gas having the startlng terial

di spersed therein |ng ﬁ reactio vessel t hrough a nozzle; _and prodUC|ng a
doubl e oxidE5Eders &t AL RS TR i Y et e paRdert at a
tenperatuﬁéehﬁgheranﬁaaemhmetdECQM¢mEnus(nrtaﬂqmmpusﬂn@ @ompeasthgn

tenper at urg tBgEeot oAl Dol sl oved) dhaly (TP Ge ‘M}%rg) E'sgsits%%a for a

nmelting paint of the double oxid isto ina” state in
whi ch t he °&t ZPEPAG: naEBIRaF 2 hdnderd |%PWRQ%RQ%N§?§Q@Ofa §&s cpRReEedt a
concent r atifon eﬁngmé hbgbenndh@wmﬁihgﬂdg atWiesRith thide cqarkheks gas having

the startig r mp e therein is.ejected into the
reaction v%géisegllye8 Q%\Q (é %t(ip(%lf}ssjt%% g&//%l 56506t ﬁﬁ&?“? MEEPRin) is a
fIOM/ratese@ﬂmﬁﬁélcaﬂ?m@?tgas per unit time and S (cnR) is a cross-

sectional (aoeajof the ppeatRgd ofot heaMoZzl®iri®igls BeRheher 2006 [0019] 7.
The net hod_de Cé bed .in above item 6, wherein 'the partlcle si ze adj ust nment

i s conductéd W thTE%gr PHRET R &hi e e % he starting materi al powder
i s dispersed |nrOdhElnaralswagﬁﬁngnm&ﬁQKﬂah tochakkrbeenpdiispagsad. [ 0020] 8.

The et h?de@%%cH«Qtegl%xﬂeﬁt%’v@etié@i?d Qi Fne WL Ep@o'ngq'sgaﬂﬁa part' cles
nggr:srnlng E s gmggténgndrggéﬁmetal eleﬂé&?g that 3??1 become

constituent components of the oxide which is to be produced,
at a substantially constant compositional ratio in
individual particles of the starting material powder; .

collecting the starting material powder;

dispersing the collected starting material powder in a
carrier gas by using a dispersing machine;

ejecting the carrier gas having the starting material
powder dispersed therein into a reaction vessel through a
nozzle; and

producing a deouble oxide powder by heating the
starting material powder at a temperature higher than the
decompositicn temperature or reaction temperature thereof
and not lower than (Tm/2)°C, where T™m°C stands for a melting
point of the double oxide which is to be produced, in a
state in which the starting material powder is dispersed in
a gas phase at a concentration of net higher than 10 g/L,
wherein the carrier gas having the starting material powder
dispersed therein is ejected into the reaction vessel under
the condition thativ/s >600, where V {L/min) is a flow rate
of the carrier gas per unit time and S (c¢m?) is a cross-

sectional area of the opening of the nozzle.




| east two el enents selected fromthe group consisting of netal elenents
and sem netal elenents or a conposite conprising at |least two materials
selected fromthe group consisting of netals, sem netals, and conpounds

t hereof, or conposed of a single conmpound conprising at |east two

el enents selected fromthe group consisting of netal elenents and

sem netal elenents. [0021] 9. A nethod for the manufacture of -a single- -
crystal oxide powder, wherein a single-crystal oxide powder is produced by

supplying a starting material powder §onprising t. | east one el nt
S BEh aoDa

sel ected fromthe group consisting of°netal ele
el ements that will beconme a constituent conponent of the oxide which is
to be prod@®®d@li ntd.a Feacnebhoyedsetr tlogtieralwiveh idemdrr ivdrergas; and

heating theeStantibdeTaESEI Al ROVEEHL af s Bcod RMEIALHIG i ghehdihgn the
deconposition te ure or _reaction tggﬁf@ggur t hereaf and close to or

erature
not IowernﬁﬁgﬁnepﬁgfﬁﬁﬁtFﬂa POFREIRY 1 <h 1% TFPFESFFodliced, in
a state i nthwhicelrtike gharbrngftateit ahapoweer disspdirspetr.sed in a gas phase
at a concaglonii ongof Aok RLORSH 800 10c9/dn AR Sl gharting -
material powder is ejected into the reaction vessel under the condition
that V/ S ¥hegeinwhefevidugl/ RrRFirsea FPRwHatte g Hife MG E9 gas per unit
time and »Sterhii poaderossesechponad &f emn ofi 1de @peiringnef atthe nozzl e.
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[ 0022] In~accor ance mn?ﬁtPhe présent 1nve |éﬁ?)§6C%ﬂﬁiﬁqﬁW9 Pimitation is

pl aced onmetielnetlaiteakenentssanine sehi eetegnted et sSqrefséritieed to
her ei nbel QWrRsisABLHakt eL8IBENERS)mhbhati & | sdecon cansd idnderfrogpnponent s
of the oxide powdér. _For e{anple,_elgnfntsl%yat USU%L%¥ %ﬁ&nlfoxides can
be sel ect &8 16489 PEMBRES’ P ncP i Fig™at Ral 17 feAHE N4 AR FE TeaPth
met al s, typmpalsedietd aekénghésceumpbundscdhpriGaing mt SmaskEltweb, and the
li ke, tra%ﬁ%&k&@s”@%ﬁgcted from the group consisting of metal

elements and semimetal elements.

[0021] 9. A method for the manufacture of a single-

crystal oxide powder, wherein a single-~-crystal oxide powder

is produced by supplying a starting material powder

comprising at least cne element selected from the group

consisting of metal elements and semimetal elements that

will become a constituent compcnent of the oxide which is

to be produced into a reacticn vessel together with a

carrier gas; and heating the starting material powder at a

temperature higher than the deccompesition temperature or

reaction temperature thereof and close to or nct lower than

the melting point of the oxide which is to be produced, in

a state in which the starting material powder is dispersed

in a gas phase at a concentration of not higher than 10 g/L,

wherein the starting material powder is ejected into the

'reaction vessel under the condition that v/38 > 600, where V

(L/min) is a flow,rate of the carrier gas per unit time and

S(cmz) is a cross sectional area of the opening of the

nozzle.




elements such as Ti, V, C, M, Fe, Co, N, Cu, Zn, Zr, Nb, M, H, Ta, W
Ag, Au, platinumgroup netals, and the like, Ilanthanide rare earth netal

el ements such as Y, La, Ce, &, Eu, Tb, Sm Pr, Yb, and the like, and

sem netal elenents such as P, Si, B, Ge, Sh, Bi, and the like. [0023]
Powders of a variety of oxides, that is, nmetal oxide powders, sem netal
oxi de powders, or double oxide powders, can be manufactured-by the nethod
in accordance wth the present invention, and no specific limtation is
placed on the type of oxide. Exanples_-gf oxides ing] tenid4» 24203, Ti 02,
Fe304, Fe203, COO, Co304, Ni O Cu20, CUO, ZnO LiZ20, BaO Y203, La203,

Ru02, Ta205, . d e oxide are referred to
herein is an %ﬁ%gﬁg&%géﬁggﬁ gﬁﬁ g&#@%@f” REHRFEHS sel ect ed
.from nmetal elenments and sem netal elenents. Exanples of double oxides

i ncl ude phorpiqr maheki-absasHeD asei3r Ah@ Y Ebnd anver@)oﬁéogi Eu, Y2Si Cb: Ce,
BaMjA1100Ll7: Eu,_.BaAl.12019: Mh,  Y3A15012: Ce, Y3AI 5012: Th, Zn2Si O4: Mh,

| nBCB: Th, SPF63-TEG, 1HABERCERD Yodalened Wyldiorinl Zistmors2amE, (v,

&d) BO3: Eu,sef¥meGa)B@3eifbnts S FeBr e  Znhd it cGa@1and s eckiaske, dielectric
mat eri al s gr, iLezQe rjc ials : Ti r Ti.O3,

Pb( I\/g13Nb2e%)§(%r)ﬂ??{?i tI%ZEr', ltI%%ET{,'&{éEEE(%%@%i?(%?ggr}a%%eelﬁ?cdo toé-%nalssOfsfﬁg:1 as
ferrites, cAide RevPrke, EP&ctrfBalty Torithitd vdratmaserdldlys fogah as
szRu_zola, dxfQesardnt be Qlji;)%écteap-%ﬂ@ség@leﬁﬁé)ﬁfs_ aQQqualq%@eram@d!ﬂcti Ve s
material s_s as a and the Jike, .positive_electrode materials for
secondarynﬁgt%{iesr’i g;%aéag nggﬁi% ,’ L'Wf(%of)%,aluegﬁg‘?n Bo#J'°B, Li cop,
Li Ni O2, Lish2d4, GalLaCooBsnakhO3yb anthd hehd i kige elteetsdde omatetal s for
solid el eatehiehytesfiugl aselrls, vsueh, as Late . FIX+YGr 03,and t he 'ﬁ%

phot ocat al tl%] or Eho%ﬂofunctl onal _nmmterials such as Bafi 409, " "Nb6017, -
CUAl 02, ahdt H&71 TRe. VF 0024] An REROIHEh MR IS Spr é8enthendéhei on, a
powder cdrindhainngeatrakeastroneneaed eré admeaeecheth fasom,t he, greypcd,

ConSiStin@ugfT%?t§h§’P§?n¥ﬂ?tQﬂé’tﬁ@tﬁ£b§PQngQQ§ﬁﬂ%%%l elements
such as P, 3i, B, Ge, Sb, Bi, and the like.

[0023] Powders of a variety of oxides, that is, metal

oxide powders, semimetal oxide powders, or double oxide
powders, can be manufactured by the method in accordance
with the present invention, and no specific limitation is
placed on the type of oxide. Examples of oxides include
510z, Al;03, TiO0,, Fesz0s, Fen03, C00, Co304, NiO, Cu,0, Cuo,
Zn0, Li,0, BaO, Y03, Lax03;, RuO, Ta,0s, Cel,, 5n0,, and In,0s.
The double oxide are referred to herein is an oxide
composed of oxygen and at least two elements selected from
metal elements and semimetal elements. Examples of double
oxides include phosphor materials such as SrAl,04:Eu, (Sr,
Ca}B407:Eu, Y,8i0s5:Ce, BaMgAlip0:i7:Eu, BaAli»0:16:Mn, Y3A1:0::Ce,
Y3A15012:Th, 2Zn,Si0Os:Mn, InBO3:Tb, Y,0::Eu, InBOs:Eu, YVO,:Eu,
Mg2Si04:Mn, Zn3{PO4)2:Mn, (Y, GdA)BO;:Eu, (Y, Gd)BGC;: Th,
SrTiOs:Eu, 72n0-LiGa0,, and the like, dielectric materials or
. piezoeleciric mate}ials such as BaTiOi;, S5rTiQs,
Pb (Mg, ,3Nbz,3) 03, PZT, PLZT, and the like, magnetic materials
such as ferrites, and the like, electrically conductive .

materials such as PbyRu;0¢, ITO, and the like,



sem netal conpounds is prepared as a starting material powder. Exanples of
powders of compounds of nmetals and sem netals include inorganic conpound
powders or organic conpound powders such as oxi des, hydroxides, nitrates,
sul fates, oxynitrates, oxysulfates, halides, carbonates, berates,
silicates, ammonium salts, amoni um conpl exes, phosphates, carboxyl ates,
resi nates, sulfonates, acetylacetonates, al koxides, am de conpounds, rkm-de
conpounds, urea conpounds, and the |ike. Exanples of suitable conpounds of
sem netal elenents such as boron, sil phosphar nd .t he

i ncl ude boric acid, phosphoric acid, £§|ICIC aC|dq“gﬁ%*ﬁﬁakFFkgooFbOZS] In
particul ar, when a doubl e oxide powder is nmanufactured, a powder in which
a pluralitsppsfropecalctiive materials avehcont WBadd:Q8 anddst dritheal |y

Cotnstanlt ;ﬁﬁm%'et qua@barbabl ﬂ%@r@@ﬂzg F@fté@é&]@asry&gic@ﬁﬁsst%hhng g
materi a e ers inc ers o s ngl.e cogpounds
contalnlné“hgﬂggﬁ §ﬁ3e|%ﬁ€ﬁP§P %éfﬁﬁ%re erg e onpl ex
salts, pomdﬂkﬁhofLaMn@ynunkbaﬂmndnﬁbexesecp@mdermabérsahplﬁqra$¢bmides and
alloy powdelch:,0h3ss RAWICES) @ndsngég KEa) FSELNGKAIDLGY BnoPQUKler composed

of conplex particles or coate onpl Hat were prepared in
advance byP3HAeEaLYGifher HEP5P§H%Fth%?%} %%ﬁ%%ﬁ%ﬁ%fﬁﬁvlﬁésé1 d1dged. The

fol | ow ng Nkke, 15 chaptenberd 2006 14wt hods can be used to obtain the
above- desc ound rs omder ntalnl Ieast
qdd%%q[oogp agffrﬁgmgg. 18% Eﬁe éht dxb ﬁkﬁgh &

two el enen ase” rgaciyon net Stals  or
net al conpwurids rdenoviag 1&g st anei mgtﬁm@ll m%ecatrséed nfi g then wwEnce, and

heat treat&ﬁiiﬂs'tﬁn@ %Qme%b&sonééﬂnym@@@genﬁ@wﬂ Sédlﬁ{fddﬁd’s i sarfzbt ai ned and
ground. [0027 An al koxi de nethod b luralit nmet a
31 Koxi des HPETFS A GAMRRANEE. COnGERSATEY, 71 Hor HyGr Sl yRRF S opt | onal |y
heat treanﬁdwknnobﬁaampaedoublpowdxrdeopre@mm@mmds of metals and
semimetals include inorganic compound powders or organic
compound powders such as oxides, hydroxides, nitrates,
sulfates, oxynitrates, oxysulfates, halides, carbonates,
borates, silicates, ammonium salts, ammonium ccomplexes,
phosphates, carboxylates, resinates, sulfonates,
acetylacetonates, alkoxides, amide compounds, imide
compounds, urea compounds, and the like. Examples of
suitable compounds of semimetal elements such as boron,
silicon, phosphorus, and the like include boric acid,-
phospheric acid, silicic acid, and the like.
[0025] In particular, when a double oxide powder is
manufactured, a powder in which a plurality of metallic
materials are contained at a substantially constant
compositional ratio in each particle is used as a starting
material. Examples of such powders include powders of -
single compounds containing at least two metal elements,
for example, powders of complex salts, powders of
polynuclear complexes, powders of complex alkoxides, and
alloy powders, glass powders, and the like. Furthermore, a
powder composed of complex particles or ccated complex
particles that were prepared in advance by complexing the

metals or metal compounds may be alsc used. _The following



[0028] (3) A co-precipitation nethod by which a precipitating agent
selected fromanong a variety of precipitating agents is added to a
solution conprising a plurality of netal compounds and a precipitate is
obtained in which the conponents are m xed honogeneously. For exanple, a
conposite of a carbonate or an oxalate is obtained by adding a carbonate
or an oxalate to a netal nitrate solution, causing the reaction-thereof,:
filtering the precipitate and drying the same. Alternatively, an oxide

conposite is obtained by calcining the conposite thus o Qhtalned, bg029] (4)
A urea honmpgeneous preC|p|tat|on nethod by whi ch urea ?Q ﬁ%% 0

sol ution con alnlng Iurall conpounds, the reactlon |s
conduct ed d&Fh& Plﬁg usﬁﬂd %%ﬁ%ﬂén % SRR St ShYEPBRAdes,
car bonat epowdand e cbimkéekspobtiaraedonThenjr@catpi 1ade obicalglethamys be

et SR0V2RIC 1 2190hA60; PR L0 LOMPORL] S (OB RLA SATBIEX 1 .

p0| erEI’I zatl on net agueous soO 1 on ving mxX
pl ural ity °Ff T5&dl CO@B%Bﬁﬁdéer‘éﬂh%%xV@al?bdm|mac,teéfé1adSsaéﬁ Béxedtric acid
or the |iikeadandca,pehyohestchrastet hyiene gogalsiandntheyl i ke is heated

to inducehkg%geg%gblogtgHgFﬁﬁ%fogn%g%gonD ene us c%pp05|te pol ymer of a

nmetal conple spray pyrol ysis net hod
by which d9887dti on2) ﬁnsaéb@ﬁsﬁ%nm%ﬁﬁqﬁlerﬂ?ﬂﬂhﬂ@g@ﬁ@@@QHyYaO§lurallty of

net al comuudalkax§aégyagélﬁ@la@tfe@paz@a/ Qe @ QbtaLA a conposite
powder co at a substanti al

const ant Pg%lgﬁgg gagﬂgng%f%T %Tﬁé%ﬁE%é%%i%&i?ﬂﬂ@QtalﬁsPngoﬁ H%u%le oxi de

precur sor oxpowdereobrapned by the al koxi de met hod, a double oxi de

precur sor pewdgr OQQﬁoﬂegobﬂr@cf§f¥ﬁﬁﬂ5ﬁ“ﬂé¥h&83 ugh. as the

co- precipitation met Of ‘urea eneous  preci |tat|on met hod, a
conposi t e PFECYREF2poRBerIBRE aSHETGTe C%ﬂ%?é%“ﬁﬁtéiﬁéélﬁ$ytﬁé conpl ex
pol yneri zatieatprebhodg agents is added to a solution comprising a

plurality of metal compounds and a precipitate is obtained
in which the components are mixed homogeneously. For
example, a composite of a carbonate or an oxalate is
obtained by adding a carbonate or an oxalate to a metal
nitrate solution, causing the reaction thereof, filtering
the precipitate and drying the same. Alternatively, an
oxide composite is obtained by calcining the composite thus
obtained. _

[0028] (4} A urea homogenecus precipitation method by
which urea is added to a solution containing a plurality of
metal compounds, the reaction is conducted under heating,
and a homogeneous precipitate of hydroxides, carbonates,
and the like is obtained. The precipitate obtained may be
further calcined to obtain an oxide composite.

[0030] (5} A complex polymerization method by which an
aqueocus solution having mixed therein a plurality of metal
compcunds, a hydrqucarboxylic acid such as citric acid eor
the like, and a polyecl such as ethylene glycol and the like
is heated to induce the reaction and to form a homogeneous
composite_polymer of a metal complex.



a conposite powder obtained by the spray pyrolysis nethod as a starting
mat eri al powder is especially preferred because a highly-crystallized
doubl e oxi de powder with a very high degree of conpositional honpgeneity
can be readily manufactured. The starting material powders prepared by

t hose nethods are collected and then mxed with a carrier gas. [0033] A
flux conmponent may be further introduced in the starting nmaterial powder-.
The flux acts as a solvent in the solid-phase reaction and, while it is

not reactive with the target oxide, if,enhances s t e t_ by
creating a very small anount of nelt L% enhances t é%ﬁ%;g&? E%B
Conventional fluxes such as alkali netal halides, alkallne earth met al

hal i des, b&03dlaci df)bér aresy mardoihels|mkighod dyvy estaimdl e ssddituiwchl ori de,
barlun1f|l5¥'éﬁ%pe%%qOhh%ohbkﬁsgﬁﬁ H@m&é@ﬁ%é&%li*ﬁ5@1&&3%%%% o @@ sgonmpounds
are preferably introduced Qto i.ndi vi dual part clef he starting

material POWESISE ¢5atBId8n Fhedstar PRy MY et e taimgaq]

Xi di zi ng @ages igec poasieal conbaygeny mepkmra&ﬂﬂyspf rggith It led dridoges | nert

gases SUChdtaSa @uﬁor 3%%@15151‘%208011@9911{ hPatié KEn gﬁ%{ﬁ:h@ xtures thereof
t nos

can be usual use carrier gas. \Wen t ere during heat
treat ment LOP$2115 EBpParbarubpbe UFLNY o7t El e &’ﬁéiea R@ﬁh’éﬁsﬁﬁf at mospher e,
r educi ng gﬁﬁ&ﬁar mlalaedhysgr egenam@xm@ rm@tnm«:n,dea deidlanex iawmoni a gas,
o ne oy ¥egd! SRNLE,RIPONISS Yk AZ.ALEANNL S B0t Rl By L ac o
t hat prodﬁ%e are at nosp ere &) osition urlng‘%eaﬁlng may
be adnlxediWFGﬁrﬁeﬁ@epetatmhenmﬁebeﬁ @bmweﬂhdymmﬂﬁnﬂqp&ﬁ produci ng a

reduci ng @termwmeﬁ;eohymgeﬂeaatangoﬁ@wp@e pdRiNaRE of slhal |ike
during thernma dec np05|t| g %! tes, a|kOXId s,, and conposite
pol yners 5P“ﬁ§t ooSplELe B?a? Q%&?ﬁﬂ%ﬁﬁqu%aﬁpgn met hod)

are used a&s cdmpessttar ppwgenabletaahedth;e tleedmangy atyresipleese regihcbe
as a starting material powder is especially preferred
because a highly-crystallized double oxide powder with a
very high degree of compositional homogeneity can be
readily manufactured. The starting material powders
prepared by those methods are collected and then mixed with
a carrier gas.
[0033] A flux component may be further introduced in the
starting material powder. The flux acts as a solvent in
the solid-phase reaction and, while 1t is not reactive with
the target oxide, it enhances substance movement by
creating a very small amount of melt and enhances the
reaction. Conventional fluxes such as alkali metal halides,
alkaline earth metal halides, boric acid, borates, and the
like, for example, sodium chloride, barium fluoride, and
the like can be used for this purpose. Those compounds are
preferably introduced into individual particles of the
starting material powder or coated on the starting material
powder. .
[0034] Oxidizing gases such as air, oxygen, water vapors,
and the like, inert gases such as nitrogen, argon, and the
like, or gaseous mixtures thereof can be usually used as

. the carrier gas. When the atmosphere during heat treatment




obt ai ned wi t hout supplying reducing gases into the reaction systemfrom
the outside. [0035] Wen oxide phosphor powders that require a stringent
control of the valence of activator ions are nmanufactured or oxide powders
requiring a controll ed oxygen deficiency are manufactured, if a
conventional spray pyrolysis nethod using an aqueous solution is enployed,
then the atnosphere inside the furnace tends to be an oxidizing atnosphere
due to deconposition of water. As a result, the atnosphere is difficult to

control even by introducing a reducing.gas. For eﬁ%nglgtehge&hgoggse of
phosphors using divalent Eu ions or trivalent Ce ions as activators, such

as SrAl1204: Eu2 |, Al 10017 Y2Si O6: Ce3+ and the like, a reducing
atnospheré%mrFﬁuérﬁgbgPdg?aﬁl éﬁﬁ%?ﬁmf?%ﬂﬁﬁh%ﬁ?«xﬁ%ﬁ&cﬂ?gl§aP§EU|red
Thereforesutheaspbydeogearecdrmémomdﬂoixﬁanamuﬁaﬁﬁuweeﬁmdbhlhhgaspray

pyrolysis jagt had. 1 FQL, th:S £<§£‘r§£’8 dmiSo FRIY &REOnAl R E&%?%S affas

conplicated, for_exanp conducting ad i'onal hea reatment of the
produced FORHEF¥ILA é01ﬁ§dF%ﬁ%hPEQﬁﬂ%ﬁrﬁrﬁf%ﬁﬁ%ﬂﬂlﬂ&ﬂ@ﬁ@h@reHQWQVer in
accordancaecwmpbsﬁheonr@ﬁﬁﬂﬁglm&&x&ngNMaﬁxﬁéﬂaﬂmﬁieﬁQ|V@ﬂ&th&@ﬁbr@§ wat er

h I
oroduced. k8 BeBSnSRRenEat (AN [ M 2085 E4RE al 1y sul L abl e
when t he éé@@ééh@reoRngﬁﬁeﬁﬁtﬁnqrﬂﬁrhnn(mpqumﬁﬁ' methhos pequheed to be

stringent hy xeoRuk9hhethe rh&D3 cdp ALROrARNGE g t f&arh&%xefls%@@t i nvention,
it is |npg%tant t hat éhe solid starting material powdef be é&jected into a

reaction VeSSELIEEgetRr CHRP B¢ HT1 8 §f'FﬁF€&gﬁo5Pﬁ8§§Fe and heat
treat ed i pbaashatiebintivbi chiep pax tpcl e wfzdtherstathiody metensal powder are

hi ghl y dttﬁ@eg§99tm%%9@érp§flsec J%uéﬁ;[ %% %ﬁ%%”%gh has to Dbe

conducted inside a reaction vessel in a e Starting
mat eri al BEﬁﬁéPeﬁsWHFQ%%FS%EPP#V%PQ(ﬁﬁdQﬁﬁﬁﬂeﬁ@ﬁﬁﬁléﬁt§uéhea§e§©ty?@vent
col | i si onsybetmeénohhehe ocutside.

fO035] When oxide phosphor powders that require a
stringent control of the valence of activator ions are
manufactured or oxide powders requiring a controlled oxygen
deficiency are manufactured, if a conventional spray
pyrolysis method using an aqueous solution is employed,
then the atmosphere inside the furnace tends to be an
oxidizing atmosphere due to decomposition of water. As a
result, the atmosphere is difficult to control even by
introducing a reducing gas. For example, in the case of
phosphors using divalent Eu ions or trivalent Ce ions as
activators, such as SrAl,0,:Eu®*, BaMgAlioOy:Eu®’, Y,5i05:Ce",
and the like, a reducing atmosphere with a considerably
strong reducing capacity is required. Therefore, the
powders are difficult to manufacture with the spray
pyrolysis method. For this reason, the conventional
process was complicated, for example, by conducting
additional heat trfatment of the produced powders in a
hydrogen-containing gas atmosphere. However, in accordance
with the present invention, because a solvent, such as
water or the like, is not used, a strongly reduéing

atmosphere can be easily produced. The present method is




particles of the starting material and the produced particles. For this
purpose, the concentration in a gas phase has to be not higher than 10
g/L. If the concentration is higher than this |limt, collision and
sintering of particles occur and an oxide powder with a uniformparticle
si ze cannot be obtained. No specific Ilimtation is placed on the

di spersion concentration, provided that it is not higher than10 g/L, -and
the dispersion concentration is appropriately det erm ned according to the
di spersi ng apparatus or heating apparai used

t
concentration is too low, the production eff|C|en%¥§E§H§W@$¥ﬁgoﬂ§'thls

reason, it is desirable that the dispersion concentration be no I ess than
0.01 g/L. §we37elily endérbie whppl yhéndevreriabt paridadiian: off the starting

material powder dodaert he 'Eﬁagt!f@@uﬁ«‘ééeto'kﬁb astx_sir?éeﬁjﬂ wWhirahrdihey .ar e
di spersed re effectivel t he startlng mat er i a| er |s preferably
& TSRy che

m xed and rsed™ PHCQ¥QQPF?eV1 sty RETIRF Hi'ne prior
to being iejecttedti nhatt hberea&idomta{essm rbanir et epchHd @e The

convent i onal, gispersisng ?ESEH_‘&% %séega@ogé%f %PEh as%ﬁsef*g%@ nes of

an ejector type, a Venturi e, or an -15- Sept enber 2006 1 fice
type, or tiHeE Ry enPrERAR F@? H??F E%%a%%du§%daa%taﬁ?u%QMWQ&éﬁblng nachi ne.
[ 0038] ThQE&ﬁﬁkﬂE@goﬁﬁtﬁélataﬁﬂmﬂ@rmaﬁeﬁi£rtﬁﬁhdéﬁ(hﬁdﬂhlgha@CtiOn vessel at

a high rat er ondi n h t >600, where V. (L/mn) is a
rom1rateC§T fheeggrgler g phggg uﬁ??ﬁ?inehe %F%§(tr tm?ﬁf %as t%
Cross- secth%mndallcé&dofmﬁhée épéﬁ@ﬂgl@lﬁ Theshbzzl ¢ Ante rlélsmhtlcht hen t he

starting m@esrﬂaasltla@wﬁkarce%albﬁoﬁaéﬁqsV@iyp@fssmrls@cgIlrbwa gas phase by
rapid expansi on of gas i nside the reactéfg*vessel wi t hoyt causi ng

re- aggloné?éFFﬁﬁraﬁ&°§p BFPi 851 FRi BPEEYORE § SUF GEHRE™ e and
nozzl es ofpaamyicdkapef tbe sexahphe, nmogzzlaeb awd htlae nountlicepbl ygonal , or
Slit'likeparticles. Fer this purpose, the concentration in a gas
phase has to be not higher than 10 g/L. If the
concentration is higher than this limit, collision and
sintéring of particlies occur and an oxide powder with a
uniform particle size cannot be obtained. No specific
limitation is placed on the dispersion concentration,
provided that it is not higher than 10 g/L, and the
dispersion concentration is appropriately determined
according to the dispersing apparatus or heating apparatus
used. However, if the concentration is too low, the
production efficiency is lowered. For this reason, it is
desirable that the dispersion concentration be no less than
0.01 g/L.

[0037] In order to supply individual particles of the
starting material powder intc the reaction vessel in a
state in which they are dispersed more effectively, the
starting material powder 1s preferably.mixed and dispersed
in a carrier gas Ly using a dispersing machine prior to
being ejected into the reacticn vessel through a nozzle.
The conventiocnal dispersing machines of a gas flow type,

such as machines of an ejector type, a Venturi type, or an



cross section, nozzles with a tip.of reduced cross section, and nozzles
with a reduced cross section in the nmedium section and expandi ng openi ng,
may be used. [0039] Wth the present nethod, one particle of an oxide
powder is considered as forned per one particle of the starting materi al
powder because heating is conducted in a state with a high degree of

di spersion in a gas phase. For this reason, the particle sizeof the -
resul tant oxide powder particles thus forned differs depending on the type

of starting material powder, but is in general propertd (o]
particle size of the starting materi al %Bmder. Thggkg%ﬁgghpﬁ&ogggg to

obtain an oxide powder with a wuniformparticle diameter, a starting
materi al PEMdeCSWHRE aCtnFPor FYPERH Fedr 5id/E 1 lds&@n WeeseHeaparti ¢l e
si ze di stuhiebutiisparefinyheashanéi ng materi al powder is wide, the particle

size adj uslggh | SoRLelelably, condueted L, advance , by o iading,

conmi nuting, or classifying m?t_ a grinding -~ machi € or a El&ssifier. Any
of a jet-FARCtignwEesgelndt ng hhdlehides wnaRy gyrdandiliig omachiche thahd t he
like, maywe used, asetBevgringdimg fachi ey huddherr ad wati-Ag t hesparticle
size may be c%%dgcked prior tg Qgsper5|%%.thg startin mat er alegomder in
a carrier P§&s "8Gt CPend)% 0 5784 P62 1B O88pCERbAPM2608 S RoNbUT®d aft er
or sinult @apesasbyoli thedigpeisi ngAhye usisglt a thetn nhldl sarrthegl i ke. [ 0040]

In order tQieonduchohgal LiLaLIBHEse MY 4&1y MRIdPAINING 1t he lgigsgggggd

starting nmaterial powder at a_|low concentration, for exa ,a tubul ar
reaction V¥s$8P1IhEXPeDS PRt hetdudt dsidaudde r@asttdrri gsagteri al
“powder i srighectedategelhhes-addhomecaridrer gas safecd raenstantathiow rate

t hrough a;nozzl r o] ' of. the _reactiaon vessel and
passed i ns%igdéétaﬁg&r ggcﬁlﬂ%ngﬁgésgl%drﬁ%ezzgl%ﬁsdé)fpg\ﬁd’efhtaﬁa?f ?grpr oduced by
the heat EréEPHEnt 1P3zleacoiel etl ¥ 1 Hwlopsiiadg ar shdtodh&e end. The

passage tirf@sOketheon] xhoELl ©f wen powder ANd-LRIddEer-rgas theeugh,
and nozzles with a reduced cross section in the medium
section and expanding opening, may be used.
[0039] With the present method, one particle of an oxide
powder is considered as formed per one particle of the
starting material powder because heating is conducted in a
state with a high degree of dispersion in a gas phase. For
this reason, the particle size of the resultant oxide
powder particles thus formed differs depending on the type
of starting material powder, but is in general proportional
to the particle size of the starting material powder.
Therefore, in order to obtain an oxide powder with a
uniform particle diameter, a starting material powder with
a uniform particle size is used. When the particle size
distribution of the starting material powder is wide, the
particle size adjustment is preferably conducted in advance
by grinding, comminuting, or classifying with a grinding
machine or a Classgfier. Any of a jet-mill, a wet grinding
machine, a dry grinding machine, and the like, may be used
as the grinding machine. Further, adjusting the particie
size may be conducted prior to dispersing the starting

material powder in a carrier gas, but it may be also




the reaction vessel is set according to the type of apparatus (or vessel)
used so that the powder be heated sufficiently at the prescribed
tenperature. Usually, this tine is about 0.3-30 sec. The heating is
conducted from the outside of the reaction vessel, for exanple, with an
el ectric furnace or a gas furnace, but conbustion flame obtained by

suppl ying a conbustion gas into the reaction vessel may be also used. -

[ 0041] The heating is conducted at a tenperature higher than the
deconposition tenperature or reaction_ tenperature { t he startbgg mat eri al
powder under the conditions producing oxi de po Cat ment
shoul d be conducted at a tenperature of no less than (Tm 2)C, where TnC
denot es t heorrbiatieny agdient ogf sihelogndeusly witeh deetdmmintedpenatiooe s
belom1(Tht;)f;tiﬂyqlt@&g@he04hgg powder cannot be obtained. In order to
obt ai n an OXI owder wi th even higher cr stalllnlty the heating is

de
preferably %%uct &61 95Tt LRpEPRLUFE Bf2ho ‘F%%J%mefrﬁtan #He© sint eri ng
initiati omaienedmdiig ehef dibpetaecdestaxt ey miiﬂ@éﬁ]l Ipm&nazoraiaraaceo\m th the

present iny dénod}vattﬂ&g $har fekﬁﬂgﬂét eéi@&bﬁ?g@ef Orou f%é dy @ State in

which it 1s dispersed at a oncentration an -17-
Sept enber FRIEA dHoFoRRy s adgads phage: by ?ﬁe%ﬁ%lftﬁ naattﬁl’glﬁlsﬁéé@eg?as fl ow
froma nozzd e eﬂt@cﬁft@rg%,thtebewdtﬁpﬁr@@ﬂrﬁéﬁtg’aé:adt he dmidtaitned ow t hout

aggl oner ati gn articl es _caus usion and_sinteri n at a high
t enper at ur eQt Qcéln% té“ol i & ﬁgse%rrcérﬁc Illo%p?%l%%pd% st yelicﬂ%tqea d inside
each par tﬁ%ﬂ@lﬁweﬁéﬁéoagﬂypaﬁﬁhdth@SWGB ollysiseafppar ertdsel .beGauwse t he

sol i d- phasg fRAGdWRIR PEBGREdS pgoauég@l by 38R, he £ WS @My 1 S enhanced
within a shortve%ee&{/od of tine ox| de Powder i's obtained which has a

high cryst®id tzng FE‘@ Pﬁ?@?ﬂ%l aﬁe?lé%t het P¥bnsi s RS Sa9R mary
parti cl es shewafy the ajgltomer ati dhe ﬁmmﬂélerm ezartiepaydd aHmughi n t he

case of dQHQ!%éQQﬂy%%’vggggwsgstggt according to the type of
apparatus (or vessel) used so that the powder be heated
sufficiently at the prescribed temperature. Usually, this
time is about 0.3-30 sec. The heating is conducted from
the outside of the reaction vessel, for example, with an
electric furnace or a gas furnace, but combustion flame
obtained by supplying a combustion gas into the reaction
vessel may be alsc used.
[0041] The heating is conducted at a temperature higher
than the decomposition temperature or reaction temperature
0of the starting material powder under the conditions
producing an oxide powder. The heat treatment should bhe
conducted at a temperature of no less than (Tm/2)°C, where
Tm°C denotes the melting point of the oxide. If the
heating temperature is below (Tm/2)°C, the target oxide
powder cannot be obtained. In order to obtain an oxide
powder with even higher crystallinity, the heating is
preferably conducted at a temperature of no less than the
sintering initiation temperature of the target oxide.
[0042] In accordance with the present invention, the
starting material powder is heated in a state in which it

is dispersed at a low concentration and thoroughly



constituent elenents are contained inside each particle of the starting
mat eri al powder at a substantially constant conpositional ratio, a double
oxi de powder having a very honpbgeneous conposition can be obtained. [0043]
Further, when the starting material powder produces nitrides, carbides,
and the like during or after the pyrolysis, the heating has to be
conducted under the conditions causing deconposition thereof.-[0044] When
the above-nentioned flux conponents are introduced into the starting
material powder, a highly- crystallized, oxide powdgr, bt d under
the sanme heating conditions due to tﬁg7effect of ﬁhe%%thggg agbggactlon
enhancer. The fl ux conmponents can be renoved by the conventional nethod

such as WASHITRGM&Ft &P £h@2dxpiRse gondeatae heehistoswesd. Ip60AEP The
opt i num heabinng heapeeat urkeck fd1es s KkﬁnﬁmhgulsQMWs&heecaﬁaoﬁetIOn and

ded h h d.d
|t ended aaplicabLan,ol.Lle Xl sl he reqyited degrepof

crystallln t arac erl st°ESSUE
heat re3|§ﬁ&ﬁéean¢heiete¥engt¢ﬁ£¢uﬁﬁ|auﬁnqhnﬂammama§um§, detlerni ned

apprOP;la%@ﬂidaﬁﬁgédlBQa&@l@@eléEg&ﬁﬁoséﬂﬁy7ﬁﬁf%ﬂa%khc§nsﬁgé gg@ﬂple in the
case Of OXi de -z---z=-s- ===2ccomozuoo_ - ooo__

15
Septenberp?ﬁ%éCbﬁogbﬂB}Ean?%%s%%éﬂ%?&)HQﬁnﬁﬁﬁﬁaﬁﬁisls ﬁP@FéF&EFV about 1200
to 1800C, kandura the satedabhadxg desadEcir o omider iial & Sorllbatteri es,

whi ch has cR yBeal gee&tﬁ%%me& he dheat G di® Brabyr fi %iﬂéef erably

not hi gher han 9 0046] When the heating Is c ucte
conparatlﬁeﬁyanl8ﬁﬁ?% Srdttres e Wipshehdrc @@ﬁl@l@égbn the produced
powder iscugsakllyihheysane ﬂ@wtiﬁﬂenﬁaﬂlﬁéﬁﬁdﬂﬁlImadﬁab@%héts pewder. |f the

heat i ng tgggﬁgggu#gr£§ciggr%gﬁeﬁgj e a %pggr Qb%n]O%P créstals becones

appar ent I'n or -Cr
si ngl e- cr&@tQﬁrtégﬂherpoMﬁeﬁh@MQ%ﬁQaQﬁndthﬁepaﬁﬂﬁ@Be @heeesetheeheatlng is

constituent elements are contained inside each particle of
the starting material powder at a substantially constant
- compositional ratico, a double oxide powder having a very
homogeneous composition can be obtained.
[0043] Farther, when the starting material powder
produces nitrides, carbides, and the like during or after
the pyrolysis, the heating has to be conducted under the
conditions causing decomposition thereof.
[C024} When the above-mentioned flux components are
introduced into the starting material powder, a highly-
crystallized oxide powder can be obtained under the same
heating conditicns due to the effect of the flux as a
reaction enhancer. The flux components can be removed by
the conventional method such as washing after the oxide
powder has been produced.
[0045] The optimum heating temperature differs depending
on the composition and intended application of the oxide
powder, the requir$d degree of crystallinity, and the
required characteristics such as particle shape and heat
resistance. Therefore, the heating temperature is
determined appropriately according to the target

characteristics. For example, in the case of oxide




preferably conducted at a tenperature in the vicinity of the nelting point
of the target oxide or above it. For exanple, in order to obtain

hi ghly-crystallized spherical powders of ferrites, the pyrolysis has to be
conducted at |east at 1200C. [0047] If desired, the oxi de powder obtained
may be further subjected to annealing. For exanple, in the case of
phosphors, the annealing is conducted at a tenperature of 480-to 1800€.
The anneal ing apparently increases crystallinity and controls the valence
of activators, thereby nmaking it possjble to increase the fluorescence
intensity, and to control the afterglo per5|stencé%hﬁH*“€HF§§i ﬁ%éolor
tone. The powder obtained in accordance wth the present invention has a
hi gh crystidspohicns, ofthephetithestanpenai ntai s piwf dmoimdgeagiotyr 200

conposi ti qn, 1é5®969f9ﬁ§1lﬁgﬁﬂé”65§§'d¥1d%ld%a%ﬁb%EQ%dQUﬁaEQr§h@&efbfg
hardly occurs even when annealing is conducted at a é%%% t enper at ure.

[0048] TheFhtHIESin “RE8r BaRcd MPeh B3Rt presetiangsy OrateREs it
possi bl e ttengkiraitmrii gbl prefystialyized hdxise ol e.t h any desired mean

particle di@yiRher %@Pathgaﬁé%’lﬁ ris Cé&%#&@% ascE“ t?:%tn{\k%'}a%rquel

especially SU|tabIe the manufacture ers useg in -19-

15 Septenﬂéﬁ“Zﬁﬂﬁﬁrﬁﬁ€§ﬁhthéoﬁb%B?t@%h@a§%bﬁ“ﬁ%Jﬁhé%ﬁh6ﬂ36@§ﬁ€s phosphor

i nks, phos;pmfezgrlgemlssla@@ysm@nglaﬁ@eaé i Kgat afE airseo &@ﬁqngpewi%ﬁ:&aﬁor
thICk f|In1 %§tes r o manuf acture the osphor MS: es and

phosphor i theIglﬁﬁFy y%?%l TR 2 'O0%F Het DK manuf act ur ed
by the nnbiuﬂﬁmqrphA®mopﬂahbe erﬁt@h@ lpre coeaRt apnﬂmﬁnun1laemmﬁaﬂdyn1y m xed

and di sperﬁ%ﬂd&@%%%@hﬁ xem eycorposert Ofed Jresihg12-59ky¥gAt . and
the like, by the usual nethod hos hor_ green sheets ar e “obt ai ned by

appropri at %QQngﬂW%jrtﬁéthh?gHP§f%¥ sﬁ%ﬁ?%%%ﬁi%ﬂﬁHﬁa PGS BREGC1BGwdEr i n
accor dancerraficriatiliye cpnésentdi aveat tampard thirge rigsitheand candalwert to

the melting point of the target oxide or above it. For
example, in order to obtain highly-crystallized sphericail
powders of ferrites, the pyrolysis has to be conducted at
least at 1200°C.

[0047] If desired, the oxide powder obtained may be
further subjected to annealing. For example, in the case
of phosphors, the annealing is conducted at a temperature
of 400 to 1800°C. The annealing apparently increases
crystallinity and controls the valence of activators,
thereby making it possible to increase the flucrescerice
intensity, and teo contrel the afterglow persistence and
emission color tone. The powder obtained in accordance
with the present invention has a high crystallinity of
particles and maintains the homogeneity of composition.
Therefore, agglomeration of particles due to sintering
hardly occurs even when annealing is conducted at a high-
temperature.

[0048] The methagd in accordance with the present
invention makes it possible to obtain highly-crystallized
oxide powders with any desired mean particle diameter and a
narrow particle size distribution and is especially

suitabkle for the manufacture of phosphor powders used in




obtain a slurry, casting the slurry, for exanple, by a doctor blade

nmet hod, on a flexible resin film and then drying. |Inorganic binders such
as glass particles and the 1ike, pignments, and other additives nay be
added to the above-nentioned phosphor conpositions or thick-film pastes.

[ 0049] The present invention will be described hereinbelowin greater
detail based on the exanples thereof and conparative exanples: (Y203: Eu3+
phosphor powder) Exanple 1 [0050] Europiumnitrate hexahydrate and yttrium
nitrate hexahydrate were weighed to gjye 4 nol % of, .eyr opi_um ni e
hexahydr at e based on yttriun1nitrate'ﬁgiahydrate and %%%%§gg%§d5?§%

dei oni zed water to obtain an aqueous solution wth a total nmetal ion
concent r atAPGFPEPTaFEHPO0 1 t1fApF / BUC ARSI Ao IS t6$ -ofPhasbeirtum car bonat e
was added itnxst, hehoppapar gdesnl shéohs Atamordrm tienperat unecaseiykt ri um and

eur opi um C@gﬁ%%-EE?C&g%Eng?%mThgé égpig#§ateiEPE%H“%B%EE%%%F%ﬁ%inltered

out, coll dried a rature Cjet-mll
t 0 obt ai n Ph@sparBoracéce oppdsPiespovkleknkmyitie divdiogeneystsllized
--------- wxite phosphor- powder -manufactured by “the method in -~ -- -20- 15

Sept enber 2006 CO”DOS%%'OH and a %giforn1,arthle size with a nean
particle G &TECEPCSE "AbBut e nPT 381 | 1 ofHE &rs OB EOR8d YwAd *8flect ed at a

feed rateapid d3skgihedt hnoaghoeganzzehidle aapesedsedt korakiafea of the
openi ng 0%0@&%%t9”gnﬁogﬁéhf{k¥“tg#f%ﬂe sh1l LW IR e %%eggggskégkn as a

carrier gas into a reaction tube heated to a tenpeératur Cin an
el ectric fARSHAcENCHEEsRES PRFDIRAF the eI trdtve Mivne thai nt ai ni ng t he
di sper si omighapeenysahlobzofl dhedPpmiershandhertredn Theodhspeesi on
concentratj.on of tgg starting, nat erial powder .in _the _gas hase inside the
. i Y .

reaction tube was 0.4 gﬁt, and@%%%?ﬁ%@jpf56§?¥&'ﬁﬁl & 58&H§P%tﬁﬁs obt ai ned
was col | e®Pédini fhsjurry, casting the slurry, for example, by a

doctor blade method, on a flexible resin film, and then

drying. TInorganic binders such as glass particles and the

like, pigments, and other additives may be added to the

above-mentioned phosphor compositions or thick-film pastes.

[0049] The present invention will be described

hereinbelow in greater detail based on the examples thereof

and comparative examples.

(Y,03:Eu’" phosphor powder)

Example 1

[00501 Europium nitrate hexahydrate and yttrium nitrate
hexahydrate were weighed to give 4 moi% of europium nitrate
hexahydrate based on yttrium nitrate hexahydrate and
dissolved in deionized water to obtain an aqueous solution
with a total metal ion concentration of about ¢.1 moi/L.
An aqueous sclution of ammonium carbonate was added to the
prepared solution at nofmal temperature and yttrium and
europlium were co—pgecipitated. The precipitate thus
obtained was filtered out, collected, dried at a
temperature of 100°C, and ground with a jet-mill to obtain

a carbonate composite powder having a homogeneous




A

bag filter. [0052] According to the analysis of the powder thus obtained
with an X ray diffractoneter, it was a double oxide powder with extrenely
good crystallinity that consisted of a single phase represented by
(Yo.96Euo0. 4)203. Further, observations conducted with a scanning el ectron
m croscope (SEM showed a powder that consisted of aggloneration-free
particles having an al nost spherical shape and a narrow particle size-
distribution with a mean particle di arreter of Imand with a maxi num
particle diameter of 3m Further, rements of en _ssi on ectrum at
a wavel ength of 612 nmunder ultravi oT {f |rra$ag;t§e&¥eﬁbe§ &?I ength
of 147 nm showed that the fluorescence int ensi ty was 150% the fl uorescence
i ntensity caofpdhia iponwderd wi uhiéomanap’ai@lel ®l ¢ amettera ofea® y mthat was

obt ai ned bEy gﬂq:lceo%%ghgt% fs%hgtp?%%e reaction nethod. Exanple 2 [0053]

A car bonat'e. conposi t nean particle dianeter of about 2m
that was pFEhdrled |Tr§’et tﬁ’é"@&ﬁeoﬁﬁﬁh@?d was| I B B vigehised® ®itth an air
carrier gas ly/tr -through @ nozzle-with-a-eress2dectliorBaptanhero2@B6 usi ng

an ej ector éé’rﬁﬁ&qﬂ oﬁfp%r %“% %%&eg%t%?'éﬂ- 43S 2 'f'lé%“"rgt%h%éﬁe%%a' ned

was ej ecte a nozzl cross-sectional ~area o openi ng of
0.13 cnP akb/min IQﬁNa Icétrél@ff 200 ERRPN2i AedCRLPRACtvDMeARE Heatted to a

t enper at urerfe rkaRRE 0¥ ansePecid ign faraace.c rﬁ&s@@e t paedgh the reaction
t ube and t\%ated The feed, rate o ersj.on concentration
a

of the starting’ %eeﬁeﬁ‘lc%%tjEPL?h ‘t“%gﬁalgajp‘%%%lemir}?t AR 51 Pube, and
VI S were idemdmiadattion leodséhef pEBxdapl eand amek et SE‘H@g/dﬁrS,per@aiAmg/ L, and

1500, resa&s&{défr@dﬁstﬂogo%%] chaecpavdleng bt alned vas.confT ek busthe X ray

diffraction analysis to S: %203 povvd r with a
phase inside the rea tlon tu as 0. and V/S was

1500. A white powder thus obtained was collected with a
bag filter.

[0052] According to the analysis of the powder thus
obtained with an X ray diffractometer, it was a double
oxide powder with extremely good crystallinity that
consisted of a single phase represented by (¥Yq.seBug.a)20;.
Further, observations conducted with a scanning electron
microsccpe (SEM) showed a powder that consisted of
agglomeration-free particles having an almost spherical
shape and a narrow particle size distribution with a mean
particle diameter of lum and with a maximum particle

diameter of 3um. Further, measurements of an emission
spectrum at a wavelength of 612 nm under ultraviolet (UV)
irradiation at a wavelength cof 147 nm showed that the
fluorescence intensity was 150% the fluorescence intensity
of the powder with a mean particle diameter of 3 um that
was obtained by the conventicnal solid-phase reaction
method.

Example 2
{0053] A carbonate composite powder with a mean particle

diameter cof about 2um that was prepared in the same manner
as in Example 1 was mixed with an air carrier gas by a



very ‘high crystallinity. The results of SEM observations denonstrated that
t he powder obtained consisted of aggloneration-free spherical particles
and had a nean particle dianmeter of 0.8 gmand a maxi num particle

dianeter of 2 gm that is, had a particle size less and the particle size
di stribution narrower than the powder of Exanple 1 that was obtained

W t hout using the dispersing nachine. The fluorescence intenstty at a-
wavel ength of 612 nmunder UV irradiation at a wavel ength of 147 nm was

identical to that of Exanple 1. Exanplegs.3, 4 [0053]s '%%g;hlleﬁmb%@ %gogowders
were manufactured in the same manner as in Exanple 1, éexcept that the

tenperature .of the .electric furpace was 1450C and 1650C, respectively. The
v

el
char act er i '€V 38 SPRETHOWIEPE IHERF R AV | Fhrasicd 1drgapoose]
Furt her, tHethingortéscenbeainéénsas ye presahtigddugh ttheidzahlee wiisht he

f1 uor escence, dnNtensi;t.y . at agewglﬁg%;it%}jggingmgf niunder LV griggbiqati on at a

wavel ength of 147 nmand.  I1s a re e Intensity which 1s referred to the
f1 uor escerd@&s Merdlt v/ Binalpvo. d6ERAC WO rndEatfict koaanean - 22- 15
Sept enber t20@&raparti ekeldbatetier 0f 3 cdtmithat:rwasepbhakesd by the

conventi o i d-ph t] d,_the latter. fluorescen
i nt ensi tyq:gJétlongjht gﬁlgngggc%gﬁ fﬁi}’tge n%@s éaeﬁeidﬁi t?hles tessh &a&fi 8% gﬁea
rel ative iRftElgit Fher diepeedien ePreoyrglidinf fatadhieos tiemtténgi ty of the

powder ofmateampliepdwtibat inashs aked @sak00in BHRIMI8 3 ilP0%AbThe, AT OCESS
except that the feed

fate of tHdSPEre AQ= TALRI BT PoWiRr b PIBs KgrHe WHRe & E6Psi on
concent r atd-dn 9dfl:, t hedsiaP@i ngesmeeriwdlypowder in the gas phase was 0.1
g/L. The qm%giqter&ﬁéiﬁéw@ért£ﬁ%£§ﬁgﬁﬂwa§ﬂgéﬂf¥?%e%r%ysQﬂ@nXiQayable 1.
diffraction analysis to be a (Yp.96EU0.4)203 powder with a
very high crystallinity. " The results of SEM observations
demonstrated that the powder obtained consisted of
agglomeration-free spherical particles and had a mean
particle diameter of 0.8 um and a maximum particle
diameter of 2 um, that is, had a particle size less and
the particle size distribution narrower than the powder of
Example 1 that was obtained without using the dispersing
machine. The fluorescence intensity at a wavelength of 612
nm under UV irradiation at a wavelength of 147 nm was

identical to that of Example 1.

Examples 3, 4

[0055] Double oxide powders were manufactured in the same
manner as in Example 1, except that the temperature of the
electric furnace was 1450°C and 1650°C, respectively. The
characteristics of the powders obtained are shown in Table
1.

[0056] Further, &he fluorescence intensity presented in
the table is the fluorescence intensity at a wavelength of
612 nm under UV irradiation at a wavelength of 147 nm and
is a relative intensity which is referred to the

fluorescence intensity of a {Yq.9sEup.4)20: powder with a mean



Exanpl e 6 [0058] The process was conducted in the same manner as in

Exanpl e 1, except that the feed rate of the starting naterial powder was
62.5 kg/ hr and the nmean particle diameter of the starting material powder
was 4 u m The dispersion concentration of the starting material powder in
t he gas phase was 5.0 g/L. The characteristics of the powder obtained are
shown in Table 1. Exanple 7 [0059] A doubl e oxi de powder was-manufact ured
in the sane manner as in Exanple 1, except that the cross-sectional area

of the opening of the nozzle was 0.03 ¢p2. The char eristics t he
powder obtai ned are shown in Table 1. z anple 8 [(a)lolgaep&e%%ﬁbl éﬂg)‘éi de

powder was manufactured in the same nmanner as in Exanple 1, except that
t he cross-adticdialdiaggtetr5o8ept ermbdmnaz008s abtaiofdthg hlozzl e openi ng was

0.28 cn?. Mifrerflanaat eoilsh-pbadt tbecppyliarcii@l newd argtshown in Table 1.
Exanpl e 9 (for conpari sonéﬁ%ogGIL A doub]I{e oXi df]od)o r was manufactured in
t he sane H& C545°n 18X - yl,e?ﬁ%eﬁ? that® the cr oss: sectional area of

t he nozzl enperildgdy 0sb0cprRselhedclryst afdiafiiwe laricrfslitcor escence

charact erisld Qg the tpeWsteral,husrebhai Ned i Welies 890G s byl SEMagbservati ons
confirmed the presence of amount of |arge ‘particleS of irregular

a Small
shape. Exd&hpl&af®fod62P2EuFapi bAtAtt7att%%hexahydrate and yttriumnitrate
hexahydrate were wei ghed to give 4 nol % of Europiumnitrate hexahydrate
based on wttriumnitrate hexahydrate and dissolved in deionized water to
obtain an aqueous solution wth a total metal ion concentration of about
0.1 nol / L.IO0RYd solThE onOor&ssSpraeessedisiedninl thasodie manowiczés &8 obtain

fine |iquirkAaoR at,sexeedtSphay pyeokysisraes ofaniuGiedahga tenperature
of 700C me%Eggl l@%%w %rawas 1.25 kg/hr. The dis?ersion

concentration of the starting material powder in the gas

phase was 0.1 g/L. The characteristics of the powder

obtained are shown in Table 1.

Example 6

f0058] The process was conducted in the same manner as in
Example 1, except that the feed rate of the starting
material powder was 62.5 kg/hr and the mean particle
diameter of the starting material powder was 4 um. The
dispersion concentration of the starting material powder in
the gas phase was 5.0 g/L. The characteristics of the

powder obtained are shown in Table 1.

Example 7

[0059] A double oxide powder was manufactured in the same

manner as in Example 1, except that the cross-sectional

area of the opening cf the nozzle was 0.03 cm?. The

characteristics of the powder obtained are shown in Table 1.
%

Example 8

[0060] A double oxide powder was manuﬁactured in the same

manner as in Example 1, except that the cross-sectional
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carrier- gas. The product was collected with a bag filter and a Y2O3- EuO
conposite powder with a nean particle dianmeter of about 2 /Lm was

obt ai ned. The Y2Q3-EuO conposite powder was ground with a jet-mll to
obtain a nean particle dianeter of about 0.5m followed by mxing wth an
air carrier by using an orifice-type dispersing machine. The solid-gas

m xture thus obtained was ejected through a nozzle with a cross-sectienal
area of the opening of 0.13 cnR at a flowrate of 200 L/mn into a
reaction tube heated to a tenperaturepf 1550C i nl@,nS%F%g%gg >hygnace,
simlarly to Exanple 2, and heated by passing through the reaction tube.

The feed rate of e powder, _the dispersi state_of the starting nateri al
powder in arheg 954%ﬁf58§55$%n%%?n32%%6”3059a@'Zgﬂa@b’i n"Efe reaction tube, and
VIS were Zhgelgterdsgicg/ of bhd p60der raspeotedane JHOG63])inTHabiewder

obt ai ned was a spherical powder of (YO.96Eu0.4)203 with a very high
crystallinjty. - Th haracteristics of the powder obtained are shown in
Tabl e 1. rﬁé@%ﬁ&ﬁag'\f CExGHPPRT159®064] The process was conducted in the

sanme manndi00&dli n AEdanple dxidxgepiddrhatad herfigdedtnatd of the siasting -
materi al powder s:15 A T 0 ntration_in. the gas phase
in the reacti %ﬁ }té%bégl\/\g}s{g@éﬁ% 1g7 ,%%%Kfe%ﬁgce&\%% icgﬁtgsogefﬁéoﬁggmer obt ai ned
showed t h&@ted pIEUFAPi £9ZZ68 Porting egandt-o X g8éd fBhrwi pgvitabelpdnticl es of

i rregul ar amameua?dsthﬂc@Owﬂﬁa@@&iﬁsﬁ/ﬂcd%ma;welb?o%dékzQhugi sbrhbydgon. | Thg
- characteristic the. p er, are own in _Table Conpar at i ve_Exanpl e
[ 0065] Thg%%Fo eogg’mggtcg%\gu%?%%mfars]tjt%es SEREY ﬁe%hﬁspgﬁseﬁﬁﬁn‘ﬁfeal,

except thamatlheamenper af uteret pawtisllest rdic irfnegmdee waspd100C. The heating
tenperature was below 1/2 of the nelting point (about 2300C) of
(Yo. 96EuUO 4}1()2&} Ihe powder obtai ned consi sted of rectangul ar col umar
particl es B¥emple 10

[0062] Buropium nitrate hexahydrate and yttrium nitrate

hexahydrate were weighed to give 4 mol% of Europium nitrate
hexahydrate based on yttrium nitrate hexahydrate and
dissolved in deionized water to obtain an agueous solution
with a total metal ion concentration of about 0.1 mol/L.
The sclution was processed in an ultrasonic atomizer to
obtain fine liquid droplets, and spray pyrolysis was
conducted at a temperature of 700°C by using air as a
carrier gas. The product was collected with a bag filter
and a Y;03-Eu0 composite powder with a mean particle
diameter of about 2 um was obtained. The Y,03-Eu0
composite powder was ground with a jJet-mill to obtain a
mean particle diameter of about 0.5um, followed by mixing
with an air carrier by using an orifice-type dispersing
machine. The solid-gas mixture thus obtained was ejected
through a nozzle with a cross—-sectional area of the opening
of 0.13 cm® at a flow rate of 200 L/min into a reaction
tube heated to a t?mperature of 1550°C in an electric
furnace, similarlywto Example 2, and heated by passing
through the reaction tube. The feed rate of the powder,

the dispersion state of the starting material powder in the




and had a low crystallinity. The fl uor escence i nt ensi ty was also
decreased. The characteristics of the powder are shown in Table 1. -25- 15
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gas phase in the reaction tube, and V/S were 5 kg/hr, 0.4
g/L,. and 1500, respectively.

[0063] The powder obtained was a spherical powder of
(Yo.96EUg_4) 203 with a very high crystallinity. The

characteristics of the powder obtained are shown in Table 1.

Comparative Example 1
[0064] The process was conducted in the same manner as in

Example 1, except that the feed rate of the starting

material powder was 150 kg/hr. The powder concentration in
the gas phase in the reaction tube was 12.0 g/L. SEM
observations of the powder obtained showed that a plurality
of particles were fused forming large particles of \
irregular shape and the powder had a wide particle size
distribution. . The characteristics of the powder are shown
in Table 1.

Comparative Example 2

[0065] The process was conducted in the same manner as in
Example 1, except that the temperature of the electric
furnace was 1100°C. The heating temperature was below 1/2
of the melting point (about 2300°C) of (Yg.s6Eup.4)203. The
powder obtained consisted of rectangular columhar particles
and had a low crystallinity. The fluorescence intensity
was also decreased. The characteristics of the powder are

shown in Table 1.
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-26- 15 Septenber 2006 (BaMgAl110017: Eu2+ phosphor) Exanple 11 [0066]

Bariumnitrate, europiumnitrate hexahydrate, nmagnesiumnitrate - .-
hexahydrate, and alum numnitrate nonahydrate were weighed to obtain a

ol ar ratio Ba:Eu:My: Al =0.9:0.1:1:10_apd dissolvedd i_oni ze ter.
Citric acid was then added in a nol ar a?munt of lglét ﬁ?gjgcle?@)ﬁé %8 ar anount

of all the metal ions_and dissolved, followed by the addition of ethylene
gl ycol in @3#dncC1aiddint PBEERROEL that of citric acid. The solution
obt ai ned Bsasfieatied at a tenperature of 150C under stirring and a

gel -like 3%% r “%Erggﬁahg%gat hee8§$ggE% L raEé“ﬁ%%%ﬂ%ﬁ%attenperature of

400C to r ve "bi ndi'ng conponents an roundin a et 6 obtain a
starting mREEsgHuUpsRdsetenwheiahventtor pdral@linwt 2d tawdea nean particle

dianeter rfn=akeuate Merb0RB7ndher poywiesiohl aided was igj ected at a feed-

rate of %ak%juhli\dgtwlgﬂggaTo%z!lS g\fi}éhdfsgcglovsesci Sier?tcle%rg)agizaerde%a%]:ert.he
Citric acid was then added in a molar amount of 1.5 times
the molar amount of all the metal ions and dissolved,
followed by the addition of ethylene glycel in a molar
amount equal to that of citric acid. The solution obtained
was heated at a temperature of 150°C under stirring and a
gel-like polymer was obtained. The polymer was heated at a
temperature of 400°C to remove binding components and
ground in a jet-mill to obtain a starting material powder
with a uniform particle size and a mean particle diameter
of about 2 um.
[0067] The powder obtained was ejected at a feed rate of
5 kg/hr through a nozzle with a cross-sectional area of the
opening of 0.13 cm® together with nitrogen containing 1%
hydrogen at a flow rate of 200 L/min as a carrier gas into
a reaction tube heated to a temperature of 1600°% in an
electric furnace, passed through the reaction tuke, while
maintaining the dispersion concentration of the powder, and
heated. The dispersion concentration of the starting
material powder in the gas phase inside the reaction tube
was 0.4 g/L, and V/S was 1500. The powder thus obtained
was collected with a bag filter.
[0068] In the analysis of the powder thus obtained with
an X ray diffractometer, only a diffraction line of
BaogEunggAlmOl7w%s confirmed. SEM observations showed
plate-like particles héving a uniform particle size with a
mean particle diameterkof about 1 pum and a maximum
particle diameter of akout 4 pm., Further, measurements of
an emission spectrum at a wavelength of 450 nm under UV



opening of 0.13 cnR together with nitrogen containing 1% hydrogen at a
flowrate of 200 L/mn as a carrier gas into a reaction tube heated to a
tenperature of 1600C in an electric furnace, passed through the reaction
tube, while mintaining the dispersion concentration of the powder, and
heat ed. The di spersion concentration of the starting material powder in
the gas phase inside the reaction tube was 0.4 g/L, and V/ S~was-1500. -The
powder thus obtained was collected with a bag filter. [0068] In the

anal ysis of the powder thus obtained w4h an X ray didf only a
diffraction line of Bao.9Euo. 1MJA110017 was confirnegégggkﬁgggggégtions

showed pl.ate-l.i ke ar%icles having a uniformparticle size with a nean
particle dirdRStér 8 ghoft "IVGhT AR £ edd it Shemecct@adi AR&t er of about 4
um Furt hérlluomeasenerenhsendit prwan sgiah spatid Whatredceavel engt h of 450

nm under WY+-=2%~+15.%€e el T iati t velength.of 147 nm
showed thgytfﬁgltgl8§rgg%gggédgggﬁﬁgét%a@%§$é%%gﬁqgg ?%S%Fﬁﬁgrggc%nce
intensity 4 ¥t piak el tdineda bveahepapnivehbidnaheteridfrihsey mthat was
obt ai ned byathecnoneenbtional solid-phase reaction nethod. (BaFel2019
ferrite) Exanple 12 [0069] Bariumnitrate and iron nitrate nonahydrate
were weighed to obtain a nolar ratio of 1:12 and di ssolved in deionized
wat er to dbedemosttuiten with a total metal ion concentration of about
0.2 nol/Lexkhg1sohgtion was heated at a tenperature of 80C, urea was.

added to Si% z cgncentration of urea of 2 nol/L under stirring and a
homogeneodd %? ci pPEAt BNt BAtT GHC 4By Ty k€ GPBalYRYaFS! Y8Fe reacti on
was initi akédhednte pktainthensidwtiano refadhad &ndt Hesseactiiomnsyst em was

cool ed angctiRg;reachhedr M@Soﬁfg{ﬂr%u§§;u-ggi %&%%igikskglt gg.{offEd was

filtered, dried at a tenperature of 1 06 and then calcined at—a
concentration of about 0.2 mol/L. The solution was heated
at a temperature of 80°C, urea was added to give a
concentration of urea of 2 mol/L under stirring and a
homogeneous precipitation reaction caused by the urea
hydrolysis reaction was initiated. Once pH of the solution
reached 8, the reaction system was cooled and the reaction
was terminated. The precipitate thus formed was filtered,
dried at a temperature of 100°C and then calcined at a
temperature of 600°C. Then grinding was conducted in a
jet-mill and a starting material powder with a uniform
particlie size and a mean particle diameter of about 2 um
was obtained.
[0070] The powder obtained was ejected at a feed rate of
5 kg/hr through a nozzle with a cross—-sectional area of the

opening of 0.13 cm?

together with air at a flow rate of 200
L/min as a carrier gas into a reaction tube heated to a
temperature of 1300°C in an electric furnace, passed
through the reaction tube, while maintaining the dispersion
concentration of t?e powder, and heated. The dispersion
concentration of the starting material powder in the gas
phase inside the reaction tube was 0.4 g/L, and V/S was
1500. The powder thus obtained was collected with a bag

filter. .SEM obsecrvations of the powder obtained showed




t enperature of 600C. Then grinding was conducted in.a jet-mll and a
starting material powder with a uniform particle size and a nean particle
di aneter of about 2 m was obtained. [0070] The powder obtai ned was ejected
at a feed rate of 5 kg/hr through a nozzle with a cross-sectional area of
the opening of 0.13 cnR together with air at a flowrate of 200 L/mn as
a carrier gas into a reaction tube heated to a tenperature of~1300C ir an
el ectric furnace, passed through the reaction tube, while maintaining the
di spersion concentration of the powde and heat ed.. The .di sper
concentration of the starting nateriaTi%bmder in tﬂ@ g8t §§é§bﬁ§ide t he
reaction tube was 0.4 g/L, and V/S was 1500. The powder thus obtai ned was
col | ect ed pdiattle-d ibagrafiicées ISEM obseriationeofticie séwder obt ai ned

showed 28 o3 SepLeuBAY 2000, RLAf Sodt ki RATdI Fl AS @M NAcnar A particle

size distribution wt mean particle dianeter o out 1 g m and a
maxi-mum p@nd @ Bagianet BArbECEe g ARt heflanhl 8 s I Ehe fradyHp
di ffract ongtiédr anoil yagndactitecdohétact i anly lameaoft BahRgf20t® iwas confir med.

(BaTi 03 dijelectd ¢) p-Examl.e %gnkgg%%a_Equinnlar amounts of barium chloride
hydrate and titaniumchforide were dissolved in deionized water and a

solution was prepared with a total netal ion concentration of 0.1 nol/L.
The sol uti@amas dieopwisei@dded to a 0.5 nol/L aqueous solution of oxalic

aci d, andE%abaﬁgu titanyl oxalate precipitate was formed. The precipitate
was filtéréed- WwashRed with water, calcined at a tenperature of 500C, and
then wet Jio®TAd wi Ehuarpéad andinby ofilpryrivn rdolmmdsalblysingiteh aaddi anet er

of 0.3 nmy;and idki ed160i8bVRerd §ia6d1Ven Bl &fd adnipewdesateThanst arting

material powder, was commnuted in a jet-mll by using air at a.flowrate
of 200 LIAATEIGRs BarsBACRAEST: FEER |y &9Ett dtPEAL 4 Fodw Kars Fat Lon

of 0.1 mol/L. The solution was dropwise added to a 0.5
mel/L aquecus solution of oxalic acid, and a barium titanyl
oxalate precipitate was formed. The precipitate was
filtered, washed with water, calcined at a temperature of
500°C, and then wet ground with a bead mill by using
zirconia balls with a diameter of 0.3 mm, and dried to give
a starting material powder. The starting material powder
was comminuted in a jet-mill by using air at a flow rate of
200 L/min, dispersed and directly ejected at a feed rate of
5 kg/hr through a nozzle with a cross-sectional area of the
opening of 0.13 cm’ into a reaction tube heated to a
temperature of 1100°C in an electric furnace. The
dispersion concentration of the starting material powder in
the gas phase inside the reaction tube was 0.4 g/L, and V/5
was 1500. The starting material powder was passed through
the reaction tube, while maintaining the dispersion
concentration of the powder, and heated. The powder
obtained was collected with a bag filter. SEM observations
of the powder obtained confirmed the presence of
agglomeration-free particles with a mean particle diameter
of about 0.2 um and a maximum particle diameter of (0.4 um.
In the analysis with an X ray diffractometer, only an acute

diffraction line of tetragonal BaTiOs; was confirmed._




5 kg/ hr through a nozzle with a cross-sectional area of the opening of
0.13 cn? into a reaction tube heated to a tenperature of 1100Cin an

el ectric furnace. The dispersion concentration of the starting nmateri al
powder in the gas phase inside the reaction tube was 0.4 g/L, and V/S was
1500. The starting material powder was passed through the reaction tube,
whi | e mai ntai ning the dispersion concentration of the powder,~and heated.
The powder obtained was collected with a bag filter. SEM observations of
t he powder obtained confirned the presgnce of aggg%rr%rﬁg)ge%-eﬁ:r aﬁ?garti cles

with a nean particle dianeter of about 0.2 y m and’a“axinum p I'cle

dianeter of 0.4y m In the analysis with an X ray diffractoneter, only an
acute di fP%cPPYAF) ne of tetragonal BaTi O3 was confirmed. -29- 15

Sept enber P20 1e( ZAO powder) Exanple 14 [0072] A conmercial high-purity
zinc oxid er (zi ite) ground with a.jet-mll and,a powder
having a e[l?ir?? orm %a!r:?f%g ggg%geh%frﬂégﬁwe%nmﬁlacr SRR &Ogﬁﬁfe;}zb?c about 2
gm was obt&ilked. "TReIpoWadr wilels @jirtwei bl and eedowdatrehetiBgkg/ hr t hr ough

a nozzl e wiriifo2mCpassiseet sopal wieh ea fard R anpening iahe@e13,¢M2 toget her
with air at a flow rate of 200 L/mn as a carrier gas into a reaction tube

2 !
heat ed to 2R Enperdt GPs GPLE2068-i nThA BPELEFivas wiRrded afasségerhr ough
t he react irefet gbep Whihe bharoteh i npadile wiitdper sirossesnpcenvnati on of the

powder, angcheatredn.T, LS PEE S ¢ o LN t starti terial
powder in tehe %agaghggzé?ﬂﬁgiﬁ% ?%_ﬁgc??g%%%gewgé% %%1 6Iig‘;aLé %ﬁ’ﬁ/s was
1500. The "Wt 8Tpoidet/ PHus2 DM FHed Stadaolindé eédrepicthon bagefilter.

[0073] Thaeanabysbsaoteimber powterodhiaiotedini kh ancdray rhifdact omet er
Shoved {ng-Q6ute ARIEE VLN AELdn LA, SSLALLLDLLY U o gonsi st of
rricroscopéllspersion concentration of the powder, and heated. The

dispersion concentration of the starting material powder in

the gas phase inside the reaction tube was 0.4 g/L, and V/S-

was 1500. The white powder thus obtained was collected

with a bag filter.

[0073] The analysis of the powder obtained with an X ray

diffractometer showed the oxide powder with a very high

crystallinity which consisted of Zn0 single phase.

Observations conducted with a scanning electron microscope

(SEM) confirmed a powder which consisted of agglomeration-

- free particles having an almost spherical shape and a
narrow particle size distribution with a maximum particle

diameter of 5 um and a mean particle diameter of 2 um.

Examples 15-18

[0074] Cxide powders were manufactured in the same manner
as in Example 14, except that the dispersion concentration
of the starting material powders in the gas phase, cross-
sectional area of Ehe opening of the nozzle, and the
temperature of the electric furnace were selected from the
Lemperatures shown in Table 2., Characteristics of the
powders obtained are shown in Table 2. The crystallinity

is represented by a relative intensity referred to the X




(SEM confirmed a powder which consisted of aggl oneration- free particles
havi ng an al nost spherical shape and a narrow particle size distribution
with a maxi num particle dianeter of 5 u mand a nean particle dianeter of
2 um Exanples 15-18 [0074] Oxi de powders were nanufactured in the sane
manner as in Exanple 14, except that the dispersion concentration of the
starting material powders in the gas phase, cross- sectional-area of the -
openi ng of the nozzle, and the tenperature of the electric furnace were

sel ected fromthe tenperatures shown Tabl e 2. ct erl St f the
powders obtained are shown in Table 2. éFhe crystal ﬁlh)ﬁl e)P |H? Fe%i«g%ent ed by
arelative intensity referred to the X --- -----c--un mommn omioot
-30- 15 Septerdidifraggdonr aptdnsiracef obh¢ neerdsy ywibfExdwolsovderthett Exanpl e
14 that was tiaken as 10@. Conparative Exanple 3 [0075] The process was
conducted in the sane manner as in Exanple 14, except that the feed rate
of the starting material powder was 150 kg/ hr. The powder concentration in
t he gas phasgamgiide EkempéacBi on tube was 12.0 g/L. SEM observations of
the powderqpfei ne%%hg%geg@a&ag phinalily iofe mﬁrganﬁg FRnte sused

formnglarge particle I rregul ar shape and ) a wde
particle &8P l§ dtdvi GECPBAR. TR Elﬁ%r%{%"‘?‘ér?%ﬁ f otfh@t h'%t‘?ff&wd’éfi' obt ai ned
are shown rigtxekahile prd@@npaeau buek&xanpl eme [Wcﬁe}r dehmeess onasn

conduct ed |n the %%rr% (EdeSBB%:n ﬁ"%@ eat| n Dgg%cel@ Oth thPSEherrper ature

of the el echt i Urnace was rmer ature was below 1/2
of about 2000Cv@Airider plessar Bpwdhr chbtainge Prﬁ#"t ghpdi it plofradili§y oxi de.

The powder,:obi-aitied chadean FLE8QUESFNiRQr1dLde Shapeand & | ow
crystallini tlyegu'Ehe char act er.i %gl cs of t a(g)omder obt ai .ned are shown in

Tabl e 2. ar shape and the powder a wide particle siz
distribution. The characteristics of the powder cbtained

are shown in Table 2.

Comparative Example 4

[0076] The process was conducted in the same manner as in
Example 14, except that the temperature of the electric
furnace was 800°C. The heating temperature was below 1/2
of about 2000°C (under pressure) which is the melting point
of zinc oxide. The powder obtained had an irregular
particle shape and a low crystallinity. The

characteristics of the powder obtained are shown in Table 2.
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N UU-32- 15 Septenber 2006 Exanple 19 [0077] A commercial™zinc
rbonat e powder was ground with
-32- 15 September 2006
Example 19
[0077] A commercial zinc carbonate powder was ground with.

a jet-mill and a starting material powder with a mean
particle diameter of about 0.2 um was obtained. The
powder fed at a feed rate of 1.25 kg/hr was mixed with an
air carrier gas by a using an ejector-type dispersing
machine and the solid-gas mixture thus obtained was ejected
at a flow rate of 200 L/min into a reaction tube heated to
a temperature of 1200°C in an electric furnace through a
nozzle with a cross—sectional area of the ocpening of 0.13
cm?, passed through the reaction tube, aﬁd heated. The
dispersion concentration of the starting material powder in
the gas phase inside the reaction. tube were 0.1 g/L, and
V/S was 1500. The white powder thus obtained was collected
with a bag filter.

[0078] The powder cbtained was confirmed by the X ray
analysis to be a Zn0O powder with good crystalliinity. SEM
observation results showed that the powder consisted of
agglomeration-free spherical particles having a maximum
particle diameter of 0.8 um and a mean particle diameter
of 0.2 um.

(Ce0; powder)

Example 20

[0079] A cerium oxalate powder was prepared by adding an
aquecus solution of ammonium oxalate to an agueous solution
of cerium chloride under stirring, causing the
precipitation of cerium oxalate, filtering, and drying.

The powder was ground with a jet-mill to obtain a starting
material powder with a mean particle diameter of about 1
um. The powder was ejected at a feed rate of 5 kg/hr
through a nozzle with a cross-sectional area of the opening
of 0.33 cm® together with air at a flow rate of 200 L/mln

as a carrier gas into a reaction tube heated to a



ajet-mll and a starting material powder with a . nean particle dianeter of
about 0.2 gmwas obtained. The powder fed at a feed rate of 1.25 kg/hr was
mxed with an air carrier gas by a using an ejector-type .di spersing
machi ne and the solid-gas m xture thus obtained was ejected at a flowrate
of 200 L/mn into a reaction tube heated to a tenperature of 1200C in an
el ectric furnace through a nozzle with a cross-sectional area-of the -
opening of 0.13 c¢nR, passed through the reaction tube, and heated. The

di spersion concentration of the startifg. material pewderikbRnthegggs phase
inside the reaction. tube were 0.1 g/L, and V/S was 156b The white powder

t hus obt ai,ned vas col | ec ith ab filter 0078] The powder obtai ned

was conleﬁgleﬁf the X gggocﬁéfy§géeﬁ%c6§l§ fHELBSﬁUePaﬁf?ﬁ good |

crystalI|mh@PHQSEWheobsQCVaonohub@sLwnxieﬂmamniaﬂnﬂmgth@epdmdpersbosisted of

aggl omer ardo@l@efnrt%t%eheefc%e p@é&a&é esaﬁt@\ﬂe%g;&i ”a)ﬁ'h@“ m&m%&,dgb;n@ amet er
po

of 0.8 u mand a nean E ticle |anet of 0. Exanpl e
20 [0079] %A C&Fi-U 8%4 ﬁtéspﬁﬁﬁﬁﬁ el Erepgpgdd5§p§HEFﬁ@ an aqueous
sol ution @bn@EMmMEMManafatEetﬁt&wtIﬁﬂﬁﬂhﬁhﬁﬂﬁlﬂpdmmerOﬁnCEhbuqhshlOride

under sti gibag ;G3USLNGLNEeo PEEG] rgé'&g . LA umaratgke, Ll ter ng,

and dryi ng. &p er was roun et- m a Starting
mat eri al ?hlagﬁﬁaﬁebb?W|R9WﬂQﬁzﬁﬁﬁﬁﬂpnﬂdu§§@uwa§ pomleThed powder

was ejectadt@taabﬁgeﬁlmaég of 5 kg/hr through a nozzle with a

Cr oss- sectl of the openin of 0.13 cnP to eth r with air at a
flow rate o®%§60 ?%?npowgeﬁ.éé&?%ééd |Qﬂﬂfi¥q%9a ¥i &Rt tb&2Keated to a
-33- 15 Seprénbérs 2006e @e@@@zakmw@roWlIBOQGancaMSeabbimlmyfurmﬁme, passed

through teseeastion Eé‘@@lt%ﬂ&mé@'ﬂﬂé’d NG JAeid SBRLSLPAg gencentration

of the omde and, heat The nel ting poai.nt
P lomeratlon gree spherlcal(%artlcles having a maximum

partlcle diameter of 2 um and a mean particle diameter of
0.8 um,

(T10: powder)

Example 21

[0081] Water—-containing titanium oxide manufactured by
hydrelysis of titanyl sulfate was ground and dispersed with
a jet-mill by using air at a flow rate of 200 L/min,
directly ejected through a nozzle with a cross-sectional
arca of the opening of 0.13 cm? into a reaction tube heated
to a temperature of 1400°C in an electric furnace, passed
through the reaction tube, while maintaining the dispersion
concentration of the powder, and heated. The melting point
of titanium oxide is about 1850°C. The dispersion
concentration of the starting material powder in the gas
phase inside the reaction tube was 0.4 ¢/L, and V/S was
1500. The white powder thus produced was collected with a
bag filter.

[0082] The powde; obtained was confirmed by the X ray
analysis to be a rutile-type TiO; powder with good
crystallinity. SEM observation results showed that the

powder consisted of agglomeration-free spherical particles




of cerium oxide is about 1950C. The di spersion concentration of the
starting material powder in the gas phase inside the reaction tube was 0.4
g/L, and VS was 1500. The light-yell ow powder thus produced was coll ected
with a bag filter. [0080] The powder obtained was confirmed by the X ray
analysis to be a CeO2 powder with good crystallinity. SEM observation
results showed that the powder consisted of aggloneration-free spherieal-
particles having a maxi mum particle dianeter of 2 gmand a nean particle
dianeter of 0.8 um (Ti Q2 powder) Ex le 21 [00 hii ng
titani um oxi de manufactured by hydr ol%{s]:ips of ti taﬁl;]/# S\ség)ltt%a faé%nwggbgr ound
and dispersed with a jet-m Il by using air at a flowrate of 200 L/ mn,
directly éjaedned at hagdyhmaradlzeee wilidmeter oxs-Seehi andl 2 B¢ of the
openi ng ofp Q453 16M:ibAtbe-2 heagti,@n tube heated to a tenperature of 1400C
in an electric furnace, passed through the reaction tube, while

mai nt ai ni ng the di spersion concentration of the powder, and heated. The
mel ting poiGealdf oriidanpandexi de i s about 1850C. The di spersion
concent r atd;Qhale the starting material powder in the gas phase inside the
reaction tube was 0.4 %/L,, ?nd VIS was . 1500. The whi te&%g)v\d%(r) t'hF)S
produced WEPOEEdI | eCORBERFLAaP2BAG FPPREY . COUER L oriE HARTE LBt ned was
confirmed abyjettheiX1r ayd anakysts$ng ondecmi autpdveddrype th @ mpewder Wit h good
crystallinity.. SEM ryation lts,sh d ! e si sted of
aggl oner a |ac¥)fllc-l Egedg;%ﬁ%rtfagaf)? %%??gl ies“iS%\églg%ggé?%%erPg%gé_gw%%i ng a
maxi num partt iclfeedi arbfePoP 59T afes dnheeth Widdt tart|%d HWicaHetder 8Y 2 u m
(Cobal t ox deipewder kjeEXamptgp@2dispersing machine and the solid- '

gas mixture thus obtained was ejected through a nozzle with

a cross—sectional area of the opening of (.13 cm® at a flow
rate of 200 L/min into a reaction.tube heated to a
temperature of 1500°C in an electric furnace, passed
through the reaction tube, while maintaining the dispersion
concentration of the powder, and heated. The melting point
of cobalt oxide is about 1935°C. The dispersion |
concentration of the starting material powder in the gas
phase inside the reaction tube was 0.4 g/L, and V/S was
1500. The dark gray powder thus obtained was collected
with a bag filter.

[0084] The powder obtained was confirmed by the X ray
analysis teo be a mixed CoO and Co30, powder with good
crystallinity. SEM observation results showed that the
powder consisted of agglomeraticon—-free spherical particles
having a maximum particle diameter of 1.5 pm and a mean

particle diameter of 0.7 um,

[0085] The present invention makes it possible to obtain
easily an oxide pgwder with a homogeneous compesition, a
high crystallinity, and a high dispersibility, this powder
consisting of agglomeration-free primary particles with a
uniform particle shape. Further, a high-purity powder with

few impurities can be obtained because no additive or




[0083] Conmercial basic cobalt carbonate was ground with a jet-mll-and a
starting material powder with a mean particle diameter of about 1 gmwas:
obtai ned. The powder at a feed rate of 5 kg/hr was m xed with-an air
carrier by a using an ejector-type dispersing machine and the solid- gas
m xture thus obtained was ejected through a nozzle with a cross-sectional
area of the opening of 0.13 cn2 at a flow rate of 200 L/min~into a -
reaction.tube heated to a tenperature of 1500C in an electric furnace,

passed through the reaction tube, white naintaining the dispersigp _
concentration of the powder, and heated. The nelting poﬁht §%§:co§alt oxi de

i s about 1935C. The di spersi concentration of the starting materi al
powder ir1%#l¥e &sadﬁﬁ§§§an§?g%CFh%gr%%ﬁ&?¥nﬁ%lHﬁ?QMﬂsWynihﬁFﬁPrénd V/ S was

1500. Thelxkndusgraygp@mdéngtpnsc@®$admembwwmeqnﬂﬂgﬂneﬂéw\&ﬂfbcgsbagdgiIter.
0084] Th I aj s.confir r an sis to be a
[ ] %ﬂ%‘%‘%%go%l}%o\?\g@ge% %Iq 0 4 ﬂ?gtapé/lﬁt hﬁ“{%{af%yéﬁel 3R

m xed Coo an er wmth good ~ crystallin observat i on

resul ts sHéWw&dthat the powder consisted of aggl omeration-free spherical
particl es [00BEINg FumBXkRRBYPArfi€h et}di e t0fmek oy @o@r&éoglmﬁétn
article di : 0.7 m .[0085] The present. i nventi on es, | _
Bossible ﬂ%%gg%gﬁﬁgagagﬁFé %%dog%%Eéfﬁﬁﬁﬁwcﬁﬂéi%%quo g&%&oggaﬁgﬁﬁgsit!on,
~a_ high cmpdealiritnppydeandake i gh pivsperist bid idgrairhian pevwder poedasi sting
of aggl onyiati @nuhk @6rRl bARE Yo Pardi Shasem Whidn Wi QP pactiche shape.
Further, a high- ti; owder with fewinpurities can be obtained because
no additi&@agrpgg ¢ é %éﬁ?%ﬁ%%rw e B L@perserprar 8k Aglpurity
is used. Fumtbheratmne, 2Mbecausesacigrd ki PrieCeSpdcs anaty kaqubped, few

defects and, $hteRsqsrateupL eéfnilrﬁ)%ézgélﬁi@_%r tv\jicilhte-asggr?‘%% ?thiigfiede
thereof. [0Q086] Furthernore, wth the present method, controll'ing the
particle Si#zé HAataiBPEH ST oRs M tiivife o lithe@astter Ppkgrials .

Further, the powder obtained is also useful for a variety
of functional materials and starting materials therefor, as
well as for sintered materials and composite materials.
[0087] Further, because starting materials are not in the
form of a solution or suspension, the energy loss on
solvent evaporation is less than that of the usual spray
pyrolysis method and manufacturing can be conducted at a
low cost. Moreover, the problem of liguid droplets merging
with each other is avoided and dispersing in a gas phase
can be conducted to a comparatively high concentration as
compared with the spray pyrolysis method, thereby providing
for a high efficiency. Moreover, because it is not
necessary for the starting materials teo be formed to a
solution or suspension, the starting materials can be
selected from a wide range of materials. Therefore, oxide
powders of a variety of types can be manufactured.

[00881 Furthermore, with the present method no oxidizing
gas 1s produced from the solvents. Therefore, the method
is also suitable fEr the manufacture of double oxide
powders requiring synthesis under a low-oxygen pressure.
Moreover, a reducing atmosphere can be obtained inside the

system during decomposition by selecting appropriate




mat eri al powder makes it possible to obtain an oxide powder wth a uniform
particle dianmeter, which has any desired nean particle dianmeter within a
range fromno nore than 0.1 u mto about 20 um Such a nmethod is
especially suitable for the manufacture of fine powders with a narrow
particle size distribution used as thick-filmpaste materials. Further,
the powder obtained is al so useful for a variety of functional raterials
and starting materials therefor, well as for sintered materials and
conposite materials. [0087] Further cause starting materi al re not in
the formof a solution or suspension, ?g he energy | To% & B SIS éﬂs
evaporation is less than that of the usual spray pyrolysis nethod and
manuf act urstrg téay bheteondlctedpatnds. | olwn cdsts dvreeowver suplpd yprdbl em of

liquid drqcrég%tc%n@e@,g' ngrow %Heeaﬁbspége{s%@éfsoga%ﬂaawoqsl%%ec ishng in a gas
phase can be conducted tq a conparatively high concentration as conpared

with the §§Fh?ep?P8P§§?§eﬁethBHer?ﬁ%F%byS?F?ﬁﬂQhWﬂf ST/ gh ef fici ency.

Mor eover, deecHusenist isSsimplenecessary for the starting materials to be

formed to 0]’ Ul 1N QL SUEPEDS! Ol L04SLAILLN0, MPLEL S aéa%t% By

selected from ange ‘of nhteri ore,” oxil ers of a
vari ety oftheypassean E@thﬁﬁuﬁﬁ@tﬁ%@@lYTQﬂﬂﬁﬂaki#%ﬁﬁwrﬁﬂﬂ?oﬁmtﬂﬁnﬁﬁéYpresent

nmet hod Nno 1¥icdieticdt s aﬁdb§sphgdyﬁ@dn$r9mﬁart@esﬂ.lvlefttémaﬂhesre@fe@rt@, t he
met hod |s als sui t uf acture doublg OXIde powder s

Toqu 1 ng CBHCILre ARGEPEEPha, By ol FF bestr a T educi ng
at nospher ecgdvaterobvasnedifnsinde dhepesq@dthahﬁmnug(ﬂuﬂMnmmdem@n by

sel ecting apRy %&rc'e@tléntsgho%éh(%?p&ﬁﬁ@@&tg%lc§§ anfdng,dqmterial conpounds.
In this case no supply of Trteducing gas.fromthe outside is necessary and

oxi dati on 16%%&%&6&@%@@8“%@?@61?% L& ti ARy SeadECEnSec bR ti ons
is sinplepd@@i9chripast bEubane hdeodkscer ohqesphidres amndftactumigdriy t he

present mefNed are hlghl yr6r ¥stablLlzed,n SOMESI I MNA LY tn excellent
dispersibility can be manufactured, the powder packing
density attained by coating such pastes is high and a film

thickness can be decreased.




honogeneous powders having no surface or internal defects or lattice .
di stortions and having snmall anounts of activator ions uniformy dispersed
therein. Such powders have excell ent phosphor characteristics such as
fluorescence intensity and the |ike. Mreover, because the powder consists
of fine nonodi sperse particles with uniform particle shape and di aneter,
phosphor pastes with excellent dispersibility can be manufactured, the
powder packing density attained by coating such pastes is high and a film
t hi ckness can be decreased. ---------- eI e er 2006
Claims 1. A nethod for manufacturing a %lghly CrySta||I}t§%g§§I gﬁggmder
wherein an oxi de powder is produced hy ejecting a starting material powder
conprising at |east one element seld@&F fromthe group consisting of

metal elements and sem nmetal elenments that will becone a constituent

conponent of tRhe oxhdﬁe%gbghf%§ $§M&¥%ég&¥g#iqi In%ﬁ'a ﬁa% ygsse

together with a carrier r ough nozz ?artlng
materi al [FWdEr PaWAgT, t Bhpee bk ure %ﬁyﬁéﬂxﬂﬁ&ﬁ?FH%IE@@bWﬁdsbvlon t enperature

or reacticgrdremperakubett her gof e angh r;%wct@y\&.rontﬁﬁrsl(n@ma%) Ceaswhghe TnC
stands for 1 g%%tlng gg at of t€$ oxi de whi ch LS, éb gr duced, in a
state in Wi G thESSEEFEPNET At €FF & O PovedtS i % oér 884°n a gas phase at
a concent redteingntef andosehighesl t bemdrd g/ tha twharldi We@heesaarting mat eri al

powder 'S(:%in%fﬁtl%@teh'ﬂt @oﬁtﬁ@néﬁ@céf Ofhyesstle Undeh tike rcondpti,an.that V/'S
>600, where V (L/mn) is aflowrate of the carrier gas per unit time and

S (cn) i $%CcPogsac éBPlBﬁ%fe%UQQQ?ﬁh?%émﬁﬁbﬁiﬁ@IEFthéaﬁof?F@Ugb The
met hod aceomdizaget; oanHahan iinghietiei 4 hel ne trarddmg 1mpeti-al apowder is ni xed

o e SRR e hSOREL B L T DS RSP o el
reaction temperature thereof and not lower than (Tm/2)°C
where Tm°C stands for a melting point of the oxide which is
to be produced, in a state in which the starting material
powder 1s dispersed in a gas phase at a concentration of
not higher than 10 g/L, wherein the starting material
powder is ejected into the reaction vessel under the
condition that V/S >600, where V (L/min) is a flow rate of
the carrier gas per unit time and S (cm?) is a cross-—

sectional area of the opening of the nozzle.

2. The method according to ciaim 1, wherein the
starting material powder is mixed and dispersed in the
carrier gas with a dispersing machine prior to being

ejected into the reaction vessel through the nozzle.

3. The method according to claim 1 or 2, wherein the
particle size of t?e starting material powder is adjusted

in advance.




3. The method according to claim1 or 2, wherein the . particle size of the
starting material powder is adjusted in advance. -38- 15 Septenber 2006
4. The method according to any one of clainms 1 to 3, wherein the starting
mat eri al powder  conprises at |east two elenents selected fromthe group
consisting of nmetal elenents and sem netal elenents at a substantially
constant conpositional ratio in individual particles of the~starting -
mat eri al powder and the produced oxide is a double oxide. 5. The mnethod

according to claim4, wherein individyal particle stitutin
starting material powder are corrposedygf an al | oyslc%%erﬁtsﬁnn%gerat%o}oéqgst t wo

el ements selected fromthe group consisting of nmetal elenents and
sem metal el enghts dheaneERpEsREECEBRPY i 5¢ My en¢ exdfstchai@sndt 9 alrs

sel ected fyrpdile [GOYRac0NSLShNEriff PBLIA S, c&RfMRLaAls, 1andtcemeounds

t hereof, or cor{%osed oft g ZI nﬁlﬁ conPound cor’%réf{i} n%afﬁt | eqst two el enents
sel ected fToMThe GG €GnSFETi hgS of © el aFOF % Ande i met al

el ement s. lLenkhg sretrldodeadverdilngleonentai ot la f oubstwmuf iactlyr icagrstant

hi ghly- cr ysialddi2ed 4 dgROWIRT i nGOHPELST NSk f OAUCT W 1 StALLitng gt erial
powder COI%’I sing at least two elenments selected fromthe group consisting

of metal P eLepffer A BFERRRES Phade wid 12 KEREHE 0RSti t uent

conponents of the oxide which is to be produced, at a substantially
constant conpositional ratio in individual particles of the starting
mat eri al powder; collecti ng the starting material powder; dispersing the
col I ected starting ficerrahogonaerrdnna tearkier Yag'liwraisi ng a di spersing
machi ne;  ejRctdiGiadiN@a6RAELEE g36shavhNond Nenst i dd thith Rteldralal powder
di sper sed Ftﬁ%tef%erl rérlentC%ma rsggcglfognvaeffgl (t:hr ough. a oazl 2 a%nd -39- 15
Sept enber PO Y omprIrsing a eas WO

elements selected from the group consisting of metal

elements and semimetal elements or a composite comprising

at least two materials selected from the group consisting

of metals, semimetals, and compounds thereof, or composed

of a single compound comprising at least two elements

selected from the group consisting of metal elements and

semimetal elements.

6. The methed according to claim 1 for manufacturing
a highly-crystallized oxide powder, comprising:

producing a starting material powder comprising at
least two elements selected from the group consisting of
metal elements and semimetal elements that will bhecome
constituent compornents of the oxide which is to be produced,
at a substantially constant compositional ratic in
individual particles of the starting material powder;

collecting the starting material powder;

dispersing the collected starting material powder in a
carrier gas by using a dispersing machine;

ejecting the carrier gas having the starting material
powder dispersed therein intc a reaction vessel through a

nozzle; and



produci ng a doubl e oxi de powder by heating the starting material powder at
a tenperature higher than the deconposition tenperature or reaction
tenperature thereof and not |ower than (Tm 2)C, where TnC stands for a
melting point of the double oxide which is to be produced, in a state in
which the starting material powder is dispersed in a gas phase at a
concentration of not higher than 10 g/L, wherein the starting-materiak
powder is ejected into the reaction vessel under the condition that V/ S
>600, where V (L/min) is aflowrate of the carrier gas uni i me and
S (cnR) is a cross-sectional area of the opening o§5t%§pt%§%§Fe259% The
met hod according to ¢claim®6, wherein the article size adjustnent is
conduct ed wi t hPACHRFABING dralehf e s greyvddie kst degitdgamaberi al powder is
di sper sed sitarthagcantkelagasowde afftera i fedirsheer dispersedan8rhdhe nmet hod
accordin (e r wherein _1ndividual particles constituting the
startinggﬁéggr ?Fgkg%§u5%m%?%§%§ﬁ%d?%d“%?*&ﬁ?mﬁ%&?eES%ﬁfﬁs?ﬁ8f8?9|east t wo
el ement s s@de@pédliprem thengf By’ Cénsiwseirsg TofC netards e enments ldndg

sem net al pRlieREBEStAE AoGOIPOSEE® GANIH SiNGo e keasticbwo ARtgrials
selected fromthe géggg con5|styggg%of nmetal s, sem netals, and conpounds
f

t hereof , &F2&&npBs the s7 gt M Po M6t ng Saf  PEREEFet Wb el enent s
sel ect ed fr gmst hbageoap onsictitgptofornetfalnegd énehes ahdn Fenghbt a

I ) g h i l.ai f. . g f
el ements. e ThE HRENOMLACERL Bl Lo ClAlilcL fY e aytactyee of a

singl e-crystal oxide powder, wherein a ------------ ptenber 2006
si ngl e- cr ySP&16Ri UeSpohderdss Hrodirdel Byprs dppity Vd§ &608t avbrhg Yt eri al
powder conpy/inshngiatal east oaee ebermy caeliest e@d sl Hem LAeLgroMp £eASi sting

of netal el n{ s. em netal. el nts that, will becone constituent
conponent% gg?tﬁé“%%?dgéﬁ%%c Cﬁéoﬁg%g§r8?o gcéaei%¥%n%??é%%f#%% vessel
neczzle.

7. The method according to claim 6, wherein the
particle size adjustment is conducted with a grinding
machine before the starting material powder is dispersed in

the carrier gas or after it has been dispersed.

8. The method according to claim 6 or 7, wherein
individual particles constituting the starting material
powder are composed of an alloy comprising at least two
elements selected from the group consisting of metal
elements and semimetal elements or a composite comprising
at least two materials selected from the group consisting
of metals, semimetals, and compounds thereof, or composed
of a single compound comprising at least two elements
selected from the group consisting of metal elements and

semimetal elements.
K

9. The method accerding to claim 1 for the

manufacture of a single-crystal oxide powder, wherein a




together with a carrier gas; and heating the starting naterial powder at a
t enperature higher than the deconposition tenperature or reaction
tenperature thereof and close to or not |ower than the nelting point of
the oxide which is to be produced, in a state in which the starting
material powder is dispersed in a gas phase at a concentration of not

hi gher than 10 g/L, wherein the starting naterial powder is-ejected into
the reaction vessel under the condition that VS >600, where V (L/mn) is

gr ];!sg\-lvs:agz i60(r)1];1l tgreega:‘)][l teLegg;S)eﬁie;\gungi?therrﬁogglde.s 1(5C’§the'nﬁbe% 2006
single-crystal oxide powder is produced by supplying a
starting material powder comprising at least one element
selected from the group consisting of metal elements and
semimetal elements that will become a constituent component
of the oxide which is toc be produced.into a reaction vessel
together with a carrier gas; and heating the starting
material powder at a temperature higher than the
decomposition temperature or reaction temperature thereof
and close to or not lower than the melting point of the
oxide which is to be produced, in a state in which the
starting material powder is dispersed in a gas phase at a
concentration of not higher than 10 g/L, wherein the
starting material powder is ejected into the reaction
vessel under the condition that V/S >600, where V (L/min)
is a flow rate of the carrier gas per unit time and 8 (sz)

i1s a cross—sectional area of the opening of Lhe nozzle.






