4e3e6QLLM OR*ONP6PT6(bo 7A  _, METHOD FOR MANUFACTURI NG

HI GHLY- CRYSTALLI ZED DOUBLE OXI DE POADER BACKGROUND OF THE | NVENTI ON 1

Field of the Invention [0001 present invention rel ates WMmmﬂmﬁ for
manuf acturing a hi ghmm\h\mmmw {ﬁgd doubl e oxi de powder co “N

nore netal el enents tal elekents, and nore parti cukgby
relates to a nethod for mesmagracturing a highly-crystallized doubl e oxide
powder having a uniformparticle size and a high purity and conposed of a
single crystal phase, which is useful as industrial materials in a variety
of fields, including various functional materials used in electronics, such
as phosphor nat eri METHOD PORCMANUFASTURING SHIGHIONAGRYSTRIIIAED S, conduct or
materi al s, sem conductor materi (o] r material s,

pi ezo-el ectric material s, mgnﬂ@%wﬁnggﬁbgri al s, secondary cell-use
positive electrode materials, electromagnetic wave absorption material s,
catalyst materials, etc. 2. L 0RO h | rt (0002] Mechani cal
pul veri zation has been used E%{G@&spﬁ %Hﬁaﬁﬂﬁg*clﬁt?l@ a -doubl e oxi de

powder. This process involves mxing raw material powders, putting this

mxture in a grug aveitlidn ring vessel and heated at a high
tenperature for an extendedpﬁfnn to brlng about a solid phase reaction, and
then pulverizing this product in a ball mll or the |ike. The double oxi de

pO\tAﬂer manuf apdoupp bWﬁ?'[ﬁré@r%quinm\#ﬁbﬁr rer.otlataa eeghomélttﬁbla gbrparticles
Wi an | [regy article s and .a article |ze

G str bt on ML LT Ger Tt Sircinn e Liagd AepBIe BRide; Bhvih

cruci bl e. Fur¢¢mprmnzngttwntdf%ﬂdnﬂﬂmatallnébmentsnbnﬂéoausemn%mbaslto be

carried out Caé ?xﬁé}k@é‘ ta"r{?‘?{oa}.té’rea:ft%r ?l.a.lrci&gr'é%g%ehntg ﬁ%e‘tﬂo&at?i? the

honogenei ty e cohposi tion, e particfes are o
modi fi ed on tmﬁnwfaﬁﬁﬂnkngtﬂlhiﬁhlﬂhﬂiﬁﬁﬁ@éﬂlzﬁﬂadpuhhé exadecapwdekction to

whi ch they argyeuly ec it (i PhidiR1RUIsYeE a8l ANhREACEEE it hﬁ& means t hat
many defects devel© the surface and_in _the interior of powder ,

t her eby Iead|9&FRQF%am9ﬁcﬁwﬁ%qﬁ}?ﬂ03¥§}§9aPPPﬁFvyW Aght A& Hé?@PFoF%tlon of
t he physi cal xndu&ﬂﬂia&;maﬁﬁr1HWS|nn hhaaddehyeoﬁxfdeldbOO&ﬁhlAd$mq gel

process, MANHRALR AR Ghe lhtEl BkAl 4ANeISRERNIYES] Kabg and oo

forth are knomn ne g the enerat
nodi fi cati on Q%ﬂrowrob\!aéiﬁmlrmlsa @d@dle@tﬁxpd@aﬁsmds, magnetic

materials, conductor materials, semiconductor materials,
superconductor materials, piezo-electric materials,
magnetic recording materials, secondary cell-use
positive electrode materials, electromagnetic wave
absorption materials, catalyst materials, etc.

2. Description of the Prior Art

[0002] Mechanical pulverization has been used in the
past to manufacture a double oxide powder. This
process involves mixing raw material powders, putting
this mixture in a crucible or other such firing vessel
and heated at a high temperature for an extended time
to bring about a solid phase reaction, and then
pulverizing this product in a ball mill or the like.
The double oxide powder manufactured by this method,
however, is an agglomerate of particles with an



<~ . wWith high crystallinity. Still, a sol-gel process entails high raw

mat eri al cost because it requires a high-purity raw material, while a
hydr ot her mal process and co-precipitation both take a long tinme and have

|l ow yield per unit of tinme, so the manufacturing cost is high. [0004] Spray
pyrolysis is a known method for manufactwgiFng a fine oxi de powder, in which
one or mare netal conpounds or sem -netal conpounds are uniformy dissol ved
or dispersed in water or an organic solvent, this mxed solution is

atom zed in the formof fine droplets, these droplets are heated at a
tenperature higher than the deconposition tenperature of the netal

compounds and Hpgh1 SPNGAELANRS dinipeliably GuEBaRr BALRILSLT Bz0! et

oxi des, and t npounds }() gro uce netal ,oxi de
powder. This %Fﬁﬁélb%k%r |%n%a?53ﬁqf¥§1§@?é Aeaaf“PH tsBﬁeF—‘“EHF’-EéﬁBer -3 of
uni form parti gbReSEEEm ¥hé fbfu@ibréyamlrlth@trhwrér)dtn@ dgeheifenet | mn by

properly selecting.the rolysis condition |nc a, sol n of
metal or sem ﬁ%?gglﬁb%g %%X‘?%e u’:»i'e(ri‘aés tg ?’&vvcﬁﬁﬂfé@ aagaﬁtg are that

various netal teepppatuie £an Helongarinien inherdes ltedraabeotaed uniformy at
the ion level, inclusipn of | urltles I,.S_Suppre nd particle size
of the produc%‘&l Bgﬁﬂ%}‘%a‘# b%hn%a%qn}gf HEAPPsI | %aa%;t&ggés%ggnt rol of the
spray conditipastaotiesoaterefiten mosiirfkitedodni xhiehe‘r elwfaceohyi theed a good

way to manuf g@égﬁgnf’}cgg Bhﬁ‘? ﬂgi%%e’ala%aE%igge% Elh' Ehhgl de

manuf act ur e I'ne rfor oxide phosp ors
di el ectrics, @R?déuhﬂgﬂé‘édcdlbﬁ)m%sth%ﬂudé@rﬂ-@é&lp@r %@Géﬁaaryhéﬁhl posi tive

elt ect {8882] ﬁhe@gﬁf ﬁﬁFae%aﬁ w@é@eéatt&qd%m;@ Rt @hiedls@r faakakyat fmatgri3 al s,
etc. vert hel ess, en a dou [ S actured by
spray pyrol ystRe {Rterieke ﬁ‘?.w 't%'i‘ ﬁ%&d&rngplt& g’?n a reaction
vessel is extlewelynghoftcrgetelbidity asid theodetedidbracidd sdécthds, so in
t he manuf act d i..0 4 p a doubl e oxi de
with a high gé%%;?gl §g§%%€}r_‘]é el ’%[3% re1n rérhrée htljbgleeg(s)(g?ge conposed of
met al el ement 0PI h I olv 8vhtael rmrqw@tn hywownwh@ﬁ@éesﬁar fPcl es are

not a single phrasep 1@8616@9' té[l?f@y w&%ﬁdsﬁha%@i ts%ncfotrtherér ®avead, or
“unreacted mater]j aI t ends Particul arl Q&ng net al compounds

are used for TRENPAH f‘@?eﬁ’?%‘fem?:‘c“q y’(?elﬁeé’\‘r’é@ttlﬁé‘t 8Gfdi ng reaction
i s inpeded bemadifitativarlaypesr czmq)mtﬂ:mmﬂmjva diofulbéjeemuﬂyer ploydies

t enper at ur es i i es. S cAusys tLhe that is
produced to h‘g%téﬁaﬂfugﬁ 89}{/ f&ﬁ{ﬁ% S 1 %a;é'?jlaclgte}i Sgg’g%%%na be porous
or the parti c¢7ét¢rh3/5 bligh aEXedmaterial q0§td|bfefqa@l§|et itto rﬁalullﬁeﬁeél ize the
physical - Dgﬂpﬁﬁi:i@? t&b‘ﬂﬁ@i@riﬂ t R ideubl evy@ticihe rd@ngprockes

probl ens. One ens, enc te i f thehatln is.carri.ed out at
a hi gher tenmp®? t%?epfﬁchﬂnéﬁb?q c}fcgt t@ﬂ‘(ﬁ & i Vi 3‘ H&l O8¥SodRYi ng i s
that the desiykeldrypstainphaset wime, rm:t e mtarmﬁaextl{r(i@@G):omamﬁ/m | e,

conpl ex pol ynﬁ%gﬂ;atl on is a knowmn nethod for manufacturing a doubl e oxide
powder conpose a single crystal phase. Wth this nethod, a raw materi al

conpound i ncl (PP t woSBF aYroPXE Pt kS diseferOh Aetd@s fotut e t he doubl e

oxi de, a pol y:@zmlm@a@h@i:@hgn@ BOEA 00T d e gfmdremyclar bmﬁyin Qm&aClod: fidcle as

citric acid, and fvxﬁ %o guch as exr% &ﬁ/col mxed r.oduce an

aqueous sol utTHh2 L wRPBROTRAR cAF 3P}~ ts%'e RS eal'raet l‘JllnéL | east

110C to bri ngdm)sxulvad est éispersed on reectn ar and dngama: cohyssit,e pol yner

of V2 metal complexmi RehNeopoL bl Off HIRICRN Tf T SdioBROGnGRUS pr ecur sor
t on 't met a |on eve

havi ng a uni form rrangenen ter this, as

di scussed i n 9&pahete, Phhese @(@Pl%feﬁ iate Npatel PﬂB%&@mPﬂﬁa@M}?lSA and
10- 99694A, foﬁl@?@f‘p{',ﬁanpﬂi\é‘ede@cf)m L TP asdii e mMaeroﬂ)ftnémmual
conpl ex i s separ at ed, i ne %nflretgnq_n errperatureto
obtain a doub %‘“B‘R?H@Spﬁ et %F %%n "ﬁ’a]gla %at ent

Publ i cati on N@redﬂpiﬁaﬂ.ﬁdﬁ\ of hhetgbnpoiddse, pald/ nere insetdils swimpedhrids wat er
and atom zed [nto_a h eratu e, at s he yz obtain a
doubl e oxi de ‘lb%%\d@{m &gg h%lélo Honeler aol 6 ]C(?é]n%flca(yed %]ﬁga it
requires a camq:rblsoctlempbéynet edsy met@bta:varrm efdne spheyyimelegiomsterpri or to
the pyrolysis step, and for this polynmer to be separated or redissolved. It
al so requires a large anount of ethylene glycol or other coprecipitant or

conpl exi ng agent, and the pol ycondensation reaction takes an extrenely |ong
time with a low yield, thereby resulting in a higher -5



manufacturing cost. Furthernore, the honogeneity of the conplex ions of the
solution may not always be maintained in the renoval of the solvent from

t he produced conplex. Particularly when the pol ycondensation reaction is
conducted by gradually renoving the solvent over an extended period of

time, any gel that is produced may redi ssdtve and formsalts wth anions
present in the solution, and these salts may precipitate and affect the
conposition, which neans that honobgeneity is lost. [0007] In yet another
known net hod, a doubl e al koxi de, double salt, or the like of the netals
that constitute the double oxide is synthesized ahead of tine, and this is

pyrol yzed, busttameeemy adtakae 8kl ienCRIBh PSORELitipy Wi et al o

that can be used nust be sel ected froma narrow [ange, and |t iIs difficult

to achi eve hdMdRIHMEIHEIANse byf PAPPLELENERLEFHIAN LN RBIQHELS rates of

the respecti V@olﬁ@iﬂioﬂ@ﬁp(ﬁl@@% sfiptechappletiandof hesE€iP ¢ il e phase
of sufficient cr tallinity i,s not .obtain THE | NVENTI ON

[0008] It is ™ j P héSpP§§9nFslﬁvEﬁV|%ﬁa?fﬁ?&wuﬂéﬁﬁQﬁﬁggf
highly-crystaarezthhtkndﬁubu@xmétaﬂoudmpohhntshasnnbe|m&xedn1n1tﬂe

andhas. & uni FET R 5aRE SR, Bndisotln ¢ REP RS fon SLSUEP, TN n PINGS: |
particul ar t @bHriwpeme s esa st aup@:c'engedet and Shuetle@lrtmlmesmmiécture of a
functional gl e PofiReROWR! he aﬁufn 23t @5% ed the

| i ke of which unitorm conposition an |n|ty quired. It
i s anot her olffURErek afhdhe spsay Pﬁ@éﬁ?i@ﬁsténﬁr%9|ﬁ%r metHHEE wi t h which a

-6 hi gﬂl y- ﬁrmﬁét’aﬁd’d zgsl ﬂmt@f@r@xbgasaaw@gl &hgéo@aﬁaﬁ i forg] particle |
size, has hi i spersible osed of a single
crystal phasEating & Aedbyk PeilR: povack. JRad Bad RS Sadh
plurality of thawmnnuﬁaaﬁureomﬁoandinendbhblennmiéetpmwﬂeﬁ ﬁoﬁommiéeoxide
powder by th r RS io tal ol re netal s
O Somi - et aiP S e UntHe et Bty O SRR R s e e

sol ution com@ﬁﬂ4¢&nﬂﬁﬁﬂ'ﬁpﬁ'§959ﬁ§@§¥ cpbdopps FhiverebestredR@ntion is as

fol | ows. [OOJél.ﬂec%tro%armiétq@ WakemapebaptibhNEate Pight ycsysd B4t zed doubl e
oxi de powder cQtS 0s d of single crystal phase by form ng fine droplets of

a raw nateri &2 SIn 58nta|n|ng a raw material conpound that includes at
| east one net[le(tﬂ]enemeVMdMaﬂeas,l wheh endosbhe-oxridé powdentis hat

constitutes se 0.

t enper at ur e, qvﬂerefﬁnﬁﬁgpﬁg %gag ?QFBQXFgglOEH%SPgééﬁT%%?g% Wﬁléﬂ exhibits
only one nai Ffeditoaizadhdrapleteoinna geashpori Yeorel cbttedirgrethe raw
material conpisit Orgehdreaqli 0Bsikaher Badi;abelt ber E@fseébﬁd@Tﬁscprml | e when

t he sol ution | drleq%it d SO|Idlfhed nd suﬁkec gﬁ oli_1 (ﬁ A%% neasur enent .
[0011] 2. Thelhef% 8F§|H§ fo 83 8 Pt ef el hIt HE f%gpeak is
present at aRosimer & wioabdangside 836ht e BOOL. sfobeRing. radet hen hod
accor ding { 0 A, L of a2dotiBEeehRiBePbuhpbbby Of fogppunds, each
i ncluding at | ease one met al el ement ;and/ or at | east one sem -netal
elements with low sintering reactivity, the produced
particles are not a single phase, and multiple crystal
phases tend to be produced, or unreacted material tends
to remain. Particularly when many metal compounds are
used for the raw material, it is believed that the
compounding reaction is impeded because the various
components have different pyrolysis temperatures or
sintering temperatures. This causes the powder that is
produced to have a low crystallinity, or the particle
surface may be porous or the particle may be cracked,

and it is difficult to fully realize the physical



el ement therein, is used as the raw material conpound. [0013] 4. The nethod
according to any of above itens 1 to 3, wherein the raw material solution
further includes a conpound that reacts with the raw materi al conpound
to forma double salt, a conplex, or a conplex polyner. [0014] 5. The

met hod according to above item 4, whereind4the raw material sol ution

I ncl udes the raw material conpound, a hydroxycarboxylic acid and/or a

pol yam no chel ati ng agent, and a pol yol. DESCRI PTI ON OF THE DRAW NGS [ 0015]
Fig. 1 is the DIA profile of a sanple obtained by drying and solidifying
the raw material solution of Exanple 1. (0016] Fig. 2 is the DTA profile of

a sanpl e obt %(ﬁ%ﬂy]iég y%g&ﬁ@?@ 2ol el Hbﬁﬁléhéxicri%" [@h&ﬁ? %tRétuti on of

Conpar at ive a sanple
obt ai ned by d@XANERE sQﬂq @ff %hﬁg PFHE’lPEﬁ/ ﬁﬁ?@vn‘a¢r§6| Lfi¥heof Conparative

Exanple 2. [ {¥dllidd %is 4drrildie cdtAarr af hh.@h@f: eeﬁpé@aeu@@tmnsﬂ by drying
and solidifyi % he raw mat eri al sql ut,ion [ 0019]

Fig. 5is thé toridt iRRemgt e, BYLHVS I§hRR nEBmB uH&&P%glﬁhggggl?@?fylng
t he raw mat erd@élrsé& Wrywtalf pheswpkd 12 np@0BE] obtg@inédi s the DTA profile of

S oo, o0 Y, TR, 3l bR SRS AL Lo
obt ai ned by duq»hhtgiaﬁtd: s nudiafiotugnighe dawbiet exidé powder opompoBedmpar ati ve
Exanpl e 5. DRHAILER [RIRFEAY Fhalids PREERRBRDs BYBCRLYEN Sraw

material compound including two or more metal elements
that constitute the double oxide, a polyamino chelating

agent or a hydroxycarboxylic acid such as citric acid,
and a polyol such as ethylene glycol are mixed to
produce an aqueous solution, which is heated at a
specific temperature of at least 110°C to bring about
an esterification reaction and form a composite polymer
of a metal complex in the solution, thereby forming a
homogeneous precursor having a uniform element
arrangement on the metal ion level. After this, as
discussed in Japanese Patent Publication Nos. 6-115934A,
10-330118A, and 10-99694A, for example, powder of the
composite polymer of the metal complex is separated,
calcined and then fired at a high temperature to obtain
a double oxide powder, or as discussed in Japanese
Patent Publication No. 10-182161A, this composite
polymer is dissolved in water and atomized into a high-
temperature atmosphere and pyrolyzed to obtain a double
oxide powder. This method, however, is complicated in
that it requires a composite polymer of a metal complex
to be synthesized prior to the pyrolysis step, and for
this polymer to be separated or redissolved. It also
requires a large amount of ethylene glycol or other co-
precipitant or complexing agent, and the
polycondensation reaction takes an extremely long time
with a low yield, thereby resulting in a higher



“g_ (10022] The doubl e oxi de powder manufactured with the present invention
is not particularly limted except that it is conposed of oxygen and two or
nore el ements selected fromanong netal elenments and seni-netal elenents
(hereinafter referred to as "netal elenents”). [0023] Exanpl es incl ude

SrAl 20, : Eu, (Sr, Ca)B40,:Eu, Y2Si05:Ce, BéMyAl |, Oz3: Eu, BaMyAl | oo, ~: Eu,

BaAl 1z019: Wvn, Y3A15012: Ce, Y, A15012: Tb, ZnSi O, : Mh, 1 nB03: Tb, Y203: Eu,

| nBO4: Eu, YV04: Eu, MyzSi Gd: Mh, Zn3(P04)z: Wn, (Y,CG)BO :Eu, SrTi03: Eu,

Zn0- Li Ga02, and ot her such phosphor materials; BaTi 03, SrTiO03,

Pb(Myl "Nbz") 03, PZT, PLZT, and other such dielectric materials and

pi ezo- el ectrj Wak s, | t epPch Silsle, S heti gt gkl al s;
Pb2Ru206, IT&Cn)angE %rgPEg??ségﬁEéoﬁ%uctor mteér#glgs@@%g%&g}g gEd ot her such
super conduct &hengPBPLEKs 1ons vag ohe |sS\Btionpgay) not gilwgys pepo ) 3,

Li CoQz, Li N Rdinkia¥ndd" ihatRe3rehéMPDf aihd eoheentuEromeenadary cel |
positive el ectrad terials; Lal XSrx+YCr03 and, ot her such el ectrode

e

material s foPTOIPFEdeFREPLEKyt PREICHATLY: WhsH BBF 400, Nb601~, CuAl Oz,

?nd oi heL supblpbondeakakysh ﬁaéeﬁi@xh Sisalwmallm@:ttd @df %Ith;b:aﬂ?hlﬂrgt e(rji al s. )
0024] The present, i nyention is characterize a _neans for .predicting the

i deal corrposFangxlB]g ¥ﬁ8 Pga/vﬁﬁ)f'ew%ﬁ? as’blﬁﬁ%ﬁe&rﬁibeésg&r SQWESUF&E‘Fdre t he

i nt ended hi ghhy- gelstahti 1edpdodinted axayd e egldssel veo mpds €draf salsengl e

crystal p_has%j}tp anibif Brak&Rt ugh n?l?]é pbrd"l]%t&)érnm Y tHREe! Ehiek! v, when the
raw material solution I s-prepared, the solutiod conposition is so chosen
that only onBafapPhegdpiktater ppdt apfect dchen€oHROSHIIOM i FRICRaBEABS of t he

raw nmat eri al taaepaepdgehedtycdst 168t nternediate thereof is present in a

DTA profile he Solution is dried and lidified and sybjected to

TG DTA neas ufgﬁ@ﬂ&. IngyeEodpgther kpgwn é‘b%&ofii'c o @P@Q%Qi &i-deme
prepared rawdoabéei ahlsQl oki dhei bikakeh thed mdtedisedhaandodsitddute obtain a
solidified s I S ol ysj NJ i I Wi a DTA
reasur ement - SigadSnALe" GRBUECLY i QORI dreelP R el WRATERTE S
tenperature &6 RErohyeRd,sbitebbisfmethod Adseatedtiadilss@ GompA X | |

evaporate, |gaycBaugedl ¥n80httalFOFnA EAGR MR mMiditehel Seleteeds (he
solvent, the_solution is evaporated to djg%ne,ss .at a tenperagture between 50

and 100C. (0858F PnBATERE YrhIeaniPd 1t & sjidddeq it t PGB ASHEasur enent, a
pyrol ysi s rehombgeneitgcbeopase edf bhyif ferayesariandheothyalrodystilser m ¢ or
absorption p F | u j as the raw
mat eri al con%%gﬁa, 8§n%§§g¥l%§?ﬁ1¥\€f€%g’ﬁe€iﬁ%g%ro&q _t'h?{zuli s%}éaé?lg)(riietﬂut able to
- the oxidativendetbepespPreon 8inghe phagowrfd sudfigiendt her hand, there may
be cases in ghisbadiigaeyi 98 hetWswkaimyy material compounds or between the
raw mat eri al conpounds and a conpound such as a conpl exi ng agent added to
the raw material solution produces an internedi ate, and an exot herm c peak
produced by the pyrolysis r ciMMARY OF THESINVENTR@N| at e appears. Research
conducted by the inventors has reveal ed that when a DTA profile is

pr epar ed, andoaaray pyrolysis is performed on a raw material solution such

that only on&ORBBAL pedk i& pRoebieet WL tHe RIGHRYs INVERtden A raw
nmaterial conpaHAfsceureeachignlynéeysed piam ddidllargelerd pdedde oxide

powder is objaiped, or nore.specificall a fine .doyhl e oxi de powder that
consi sts of {éﬁg?‘ngﬁg Bpydpgie ﬁ%’%e?gilsm%'}ﬁlﬁzolr?ﬁ’i S 'ti’slgglc}r}bosi tion (viewed
m croscopi catiigperantilbasisxtorpesgd hofha oriystla |dmistalofphiass pamnd cl es.
_10_ [0027] n,a ter] | 450N X | Syyl i 1S

surm sed t ha%mlgnat Hé§§’8?§y§%§r@%?f§i %Ii%?bp@lg]tﬁ%ré% }ift?r%fl%i%te%tqfa raw

materi al conpBWnEeSHr ea8imint BALbLEH apyEd|BraHdeh & MAanUfROEWIEd dr opl et s,

or an intermgdiabg 8hivBHf @6MREONRESH AN & eh i icRall elal such as a
single corrpoal te, a si ggl e COgP' ex, or.a sjingle conpl ex, polyner, i

_ : e o 1S
produced in PREPYPOPFEEE BPPERL( ol YT biSRAL CorfP it dPHdfdve S st ant I y
pyrv: yz;ad. Aﬂ:d:laédblﬁgbmgcht uhifnghi @Uaxﬁpl?éﬂatort hendp | hicae : ty of constituent
nmetal el enen t cone_individu i de t 1Ke te are
conpounded s§§¥9?32§68§?¥ ﬁf?hrﬁ%iﬁ?/ is%m%sihaq{ﬁetaﬁr}egr t#]b;ect‘ﬁe%yf are heated
to an even htbhepreeaper ahueptiwnl tot preohivie emedtthodfwitthe wWomdosi tion is
preserved, producing a double oxide of a single phase. Conversely, when
there are a plurality of the above-nentioned nain peaks, it is very likely
that the netal conponents will be separately deconposed and precipitated
during pyrolysis. Wien this happens, if heating at a high tenperature is
subsequent|ly perforned, the conpositional honogenization wll proceed, but
because the heating tine is so short in a spray pyrolysis process, it seens
that the solid phase reaction does not bring about enough novenent and
diffusion of the atons, and as a result the honogeneity and crystallinity

o a I e oINS T



.-11 conpounds remains in the solidified product, peaks originating in the
conbustion of these conpounds nmay appear in a relatively | ow tenperature
region. Such peaks attributable to the deconposition of residual organic
conponents can be readily distinguished frompeak attributable to the
deconposition of the raw material conpoumds or reaction internediates
thereof , based on the TG profiles and the conposition of the raw materi al
solution. In the present invention, the forner peaks are neglected to find
the main peaks. That is, the raw material solution exhibiting just one main
peak attributable to the deconposition reaction of the raw materi al

comounds or KEG1Y o1 SLATTEMP RIS boliged. LhBE haglacxhibits

singl e nmai n peal erature between 300" an 0Cis ﬁarti cularly
favorabl e. | fURKEORR| PAPetkle SiFsyi thasndd FoBUratYeolenBiahyy tenperature
si de, deconpogispePsibié, bend! WV domgdedRfay BYhgLBSEEyStED. phafe
deconposition_of the organl r%’iﬁer will he mcorrBhlet et SO gar bon w ||
remai n behi nd*3RdPRi PREFLRSL & LRt 1Vedd i AgPNPACaRtERY gEROBefi ci ency.
([jOO&O] Th_edrreplaxhraﬁlmntbﬁ r&t@tmaaﬂmlas:dldpebum?stiht uhetxlnanﬁ*piaoeu_re of Ithe
oubl e oxi de resent. i nventjon.may.be [ ex alkali metals,
al kal i ne eart‘lf’lgnét‘g?‘gt?f? y%’f’c‘iﬁ R?é’fdﬁr aye#\;‘ﬁt EP£§XhPnggX,Si%a?Ecé, In, Sn,
Sh, T1, Pb, aswl@jionreemtaimingrdmel cgi eomet slesadh oy Femivpetal My, Fe,
Co, N, Cu, b, : eal:'ﬁfé t [ reqearth
metal el errentzgleslﬁ%%té\tlé ?_@1@ Wc&-ﬁ%&u n SS#?@P?' BBE'{E §§§1’dﬁ%,éeg§%ﬁ - et al
el ement s suchs@kupion coppes B.iamdodo st PUraPsRough they are not linited
to these el enpgge9) Therhavpredeit alnveliaennds akefolibably selected from

anong oxi des, oxides,_nitrates, sulfates, carbonates, halides, ammonium
salts, -12 B&%ﬂéhat egj %%%‘?llqditf@i MRS aCEYEdDg thﬂrﬁmﬁfcorrpl exes,
acet yl acet onatepstahl bned | ddwdsle reesideatpesideal konpdesd affi destogpeunds,

i mde conpou i i I I GeC nds of netal

el ement s. mmsggftéﬁ%éc np efﬂg{zﬁgta%n%f %trﬁggg%?ragfa?gggge used. If the
metal el enentMd&ebhbrbrsokiticoeqitesipiaus, rér BASERaAlsaenpPsund- net al
elherfeRti therulbep:f i %n@m@esd FHIQSI]EHE!{ﬁ %rfg:lnséltaa.l Euemengcaﬂg(/)g%r ag:rﬁs,
phosphates, sjlicates, and, so r may .al so, be us raw
material conpotis e %‘?r%%ﬂ‘f‘?féﬁ |eﬁeé.‘“%lﬁl \Fi‘ﬁtt Fﬁ@gé@f‘k?ﬁ Br SBBEEFons to
prepare the rewmidef eandlhesatiig dthesEhelrogledst atan béghatempeaatorgani c
sol vent such . al aeat . , +Qr -a i J :Lhese. Not
all of the ra@v%nﬁééiglﬁgg%an%ounfgl%&e %lgﬁgﬁcéﬁpfefggkgfjgsgmg as | ong
as they are W@FHRHES PREE e Mpiheaitotdrdbutgblenspatibe, the raw

mat er | a: CONTHY c_t?@%tﬂﬁ\ %{]ﬁir&ydﬁ scp@rd seeh hagteht&agpeamﬁbugui ?—ﬁ col | oi d
in a solution in ich the other. co unds have issolve e term
"sol ution" a§id%%QF?+P?rﬁpﬁﬁﬁﬂﬁéﬁa 43} i ﬁhéﬁcgn§§§38§°§d i ghapspersion.

[ 0032] When &l walutiowfisampicdhdend exdhidoffiedi endcempriestsedobe net al

el ement or a'fﬁl‘ﬁdTﬂ%Qésﬁ My nore netal elenents, are used as the raw

mat eri al conpoun in order to pr%fare a raw material solution wth just
one mai n peakl 811} scidscthaatdiod REqoRd i &0 4Po¥6l dEeBnlshoul d be
prepared by avhetdng e Wi Oh RN Gs Rnithatpyr eeynpesatarperahgees cl ose
to each other_ar sed, Plurality of raw material conpounds which react

wi th each otH%EIfQ¢%Yﬁrﬁé;:§‘ngle conposite in the solution are used, or a
further conpdiMlZhpab? e Tie fthiory secatodiing $al apoyenpiter, loprcdmpl ex

pol ymer throygle reastd L343 AT @l doh s | Re chaWnta L8k ha! agompounds is
added, for exanple. é% dﬁ%@?‘@%péﬂfghg% IQ@iS ?grnigg a éo%b?e salt,

conpl ex, or cARtRORRINRERL iskanant Anddredt deassxprec seBilaBesadh as
oxalic acid asbikdrit i€haedth, MY ddW lasltirhdaw RG] aBfpadrEni um

salts. The addjtj.pon of an_organic conplexj.ng agent is patticular

effective wh éi?lnor%aﬁPHEgﬁﬂﬂﬁﬁhdﬂﬁ§”ﬁb@% 35 oRy Péwaﬁﬁygrﬁgﬁm%onpound.
(0033] Preferlabia,3 t hehema mretdley irw soltdrial iselptdpar €drbheaddi ng and

m xi ng a pol yam e i t r hy.dr o ar i hd capabl e
o " orm ng. o RHASE i troBsu e Bndly et ch, SO EES TR ek 3a” Do8d as
a crosslinking agent). If this raw material solution exhibits a single main
peak, it is surmsed that in the spray pyrolysis step, an extrenely
honbgeneous and si ngl e- phase doubl e oxi de powder is produced through a
continuous series of steps conprising the formation of a nmetal conplex by
reaction of the raw material conpound and the hydroxycarboxylic acid and so
forth in each droplet, followed by esterification, dehydration, conposite
pol ymeri zation, and the production and sintering of a double oxide by the
pyrolysis of a conposite polyner of a netal conplex. Therefore, with the
present invention, the starting raw materials need only be a m xed sol ution

o e o I T



.(0034] Exanpl es of hydroxycarboxylic acids that can be used include citric
acid, malic acid, tartaric acid, -14 neaotartaric acid, neconic acid,

gl yceric acid, hydroxybutyric acid, lactic acid, glycolic acid, and
hydracrylic acid. Exanples of favorable pol yam no chel ati ng agents incl ude
et hyl enedi am netetraacetic acid, traps-1+2=cycl ohexanedi am netetraacetic
acid, glycol ether diam netetraacetic acid, _ diethylenetriam nepentaacetic
acid, triethylenetetram nehexaacetic acid, nitrilotriacetic acid,

t etraet hyl enepent am nehept aaceti c acid,

N- (2hydr oxyet hyl ) - et hyl enediam ne-N, N , N -triacetic acid,

et hyl enedi am_pe- N, Netetra { Qnj cid, qiathyl trigm and
triethyl enet é:f[&?ttgg]u#g tExgﬁpEﬁeé géggjoﬁgy% %gt hagtcog(gﬁ'%ée/’ ?slg& |c%ﬁﬂl}?ex et hyl ene

gl ycol , propycdiysmegl.ycol , trinethylene glycol, diethylene glycol,

di propyl ene gl l, paly y I Y ol, triglycol,
tetraet hyl engwgli%ol , goc?&?eﬁgegfgc%ﬁ%ﬁﬁﬁgé}eﬁ{ 3%1@ 1£e‘%%lcq'éne gl ycol,

1, 4but anedi oWherednp&heafayi Batexisl heghweien| inaludes Hde J#¢h glycols,
glycerols, améteidian eehpbuaal,paahy@ia@kl cafSE¥3Alicl e fRWio ial sol ution
is formed into fine dro ?ts with an ultrasoni'c atom zer, a two-fluid

nozzl e type &ClyaRdno; ¢helatdng agent, R R RMWHHer such atni zi ng neans,
then the droplets are heated and pyrolyzed at a high tenperature. The

heati ng step here may be t i r.di pray pyrolysis method.
For exanple, the droplets gﬁﬁaggﬁ?&’éd&%ﬁ%ﬁmﬂmw rate along with a
carrier gas into a vessel heated to a high tenperature by an electric
“furnace or thediske apdqpassed LREOMER LRSFVES j hordpd 1 In this
heat i ng stepIt thequlr opﬁgts rrgy ??I‘ st %eﬁ)drfed 3#5%0%“"?%@@ é%lglr%ed, t hen
suppl i ed to RYhdFwingnpafasaladafeing obhey¥ar pateriple sadiidam ik usual |y
tends to var Examphlealprocess such as this because the heating rate of the

droplets is w, _.-15_but e ting.rate has no effect when the raw
mat erial sol xbioi'ﬁ?of Fﬁg'p?eé'@n%ﬂ\en@ﬁ%t?’é‘ﬁfi'ﬁe LPs'gda. 5 WShl ets are
heat ed at a bympgeyangr endi ghledbfigingothe heaw avatreatiexl adolodnpouret t o

conpl etely deqanRese ieRd eja double oxide. This is usually about 700
to 1800C. The o tIS}rTBJl Eegfglﬁﬁ E,(!%e:rlrperture will vary with the conposition and

i ntended appllP@37lon Bfigehd dsubhe BIAJRrobikrR ol #hEamrle htaiangd red
degree of crypyt arkiingt ¥ndSpbeLUCEY InghERE Frasimdtancal il ydiel «fuch

characteri StE%ﬁl a%gtti\r}i S ;{errgira ure should be determ ned as dictated by

t he i ntended puPpose. BoF*PREL SN &, about 1200 to 1700C is favorable with
an oxi de phod@@dB)] whFlig.abods ¥hHe PDAOPOCLike efta wianplen adxiadaeas ect r ode
material wt BPH avyhagt ah_@sbéﬁ.iﬁﬁfyiﬁ’ HRE F&k BRddri £5 s ohu iR RiIdE @

hi ghl y-crystallized Qr single-crystal double oxide powder with a uniform
particle sha%BF‘PPFaFé"Seﬁ§gQPF—9 gavorabl e for the pyrolysis to be perforned
at a tenperafgoogd9near Fag.above the DEBAtpngf D NAf of ddnplcaraaisichatbubl e

oxi de. For e . to_ohtain.g.fkerrit i ghl y- tall] spherd cal
powder, the g’ pg}‘g%f‘é ﬁﬁgt 382‘%%‘%?6?% hgt]'g%"tnéa}cr{péle laa{alurgeozlgﬁlaqqploefast 1200C.
[ 0037] The aExompheré.used during pyrolysis is suitably selected from anong
oxi di zi ng, r?debE@L fig.i gerl RhADHPRCHLST i BECHF A Nhiid bdpimeied
doubl e oxi de (80 8] If desired, the finhe doubl e oxjde powder thus obtai ned
may al so be BEn&AVERY PRIt ARLLGLEY BRI ALRROEPFRITAt LAk ©oR 1% heat
treat ment i sCpmpheankdebekamphe4®) and 1800C. It is believed that this heat
treatnment in s C tall i Qi o e val ence qaf. an tivator,
and t herefor iblsg?jeasgéafl Eorlgs%é%?gg%n?g}ﬁfsﬂ%/ %31“]:[:10?-’l a%@r:'}se t‘%’etaa ’fegc?gl ow
-16 persi st eR¥edandngnapdi snlidifying bkecoaw rdtexdialiso uvider @bt ai ned
with the pre@gﬁpagggg{)gi fRafBsehsgh crystallinity in its particles and the
honbgeneity of the conposition is nmaintained, so even if annealing is
performed at high tenperature, the particles will not readily aggl onerate
due to sinteringerTh®88] DESERRPESEN! OF YRR PREFERRED NENBAISIMIASRS | bed i n
nore specific terns through exanpl es and conparative exanpl es.

—hp



.Exanple 1 (YzO, : Eu3'" phosphor) [0040] A raw material solution was
prepared by dissolving 112.1 g of yttriumnitrate, 7.0 g of europi um
nitrate, 130.8 g of citric acid, and 38.6 g of nobnoethyl ene glycol in 1000
mL (mlliliters) of deionized water so that the nolar ratio of the raw
materials would be 0.95:0.05:2:2. 10 nL @8-this raw material solution was
taken out and dried at 100C, and the solidified sanple was subjected to

TG DTA neasurenent. The DTA profile is showmn in Fig. 1. It can be seen from
this DTA profile that the main peak is a single strong, sharp exothermc
peak in the vicinity of 465C. There is a weak, broad exotherm c peak in the

o decomposi 0F2dr 1 AR dERpIe bedad Hpie” R GHEGREE N e (0 00
fromthis rapresent dnvestionodsusdhgpant itulamslgnilinited Asnceptnhd t hese

I L£d t
1600C by an o et*ts'r."'%’?u”?ﬂ‘?&?a“'8*%?2&“&%’%@%%%% 5 passed

through the WedEoted drem groadcmaal ahementd afhe powder thus
gbt g: ned Wfil? eﬂ%%tdﬁ%dmbﬁér@lné'f%)érdté$éﬁﬁé@r\@cl§ &ds 'M%t_féll reMaddrieh ). todbg a
ouble - e powder conpqQse as e cr a ase expresse y
Yp, 95Eu0. 0503'%@2‘\1| ng G éﬂﬁft‘&ﬁ ?I}Aiaaﬁ’g AT 8%«%’8% of 0.151
degree in thea,shon qesaksaMid) Ydﬂd'@m bma&]g;@l@mmg el ectron
m croscope ( ev aI t pherical particles
with no aggl m%ﬁl %’Pﬁfh@ﬁ E&gﬂ%aﬁdp ééﬂ ’of §&E Nm a m ni num
size of 0.5 tImBOanEua WURj sBamn Mngalef'Mﬁ 2Zp§r(1P0Ehe=Mnuo¢5és@brﬂm Epect rum
produced by %&ﬁﬁiylﬁﬁetzﬁéct &b ONWAS o FRas UES %ﬂfééwgpn a high

’rﬁea The wa

fl uorescence 1 nten S|ty was obt al emtte s red. Table 1

shows the ch#dd@rdm@ilsii BATd0;¢ R Bifai RbdMﬁovDth OgonBaTF at P&l Exanpl e 1

[0043] A phomtaorotm&d%rudmm@a@uta@bumgderﬂatéﬂear&armé@dsmeasrim Exanpl e
ttriumnitr

1, except that t he lar. ratio of .th Sur nitrate,

citric gm d, r’r&ﬁ% iy é:rtgeglaﬁéo?gpér t FeCY AT eJrcf dre %‘Ipltﬁbhirgdn was

changed to OP%R@;G% 270, h004dthér gsuch stmwhiatos DiBAqurigflisl;e obt ai ned by

- TGDTA neasur?@% Nbw @ 598 ﬁ@hégiéﬁéﬁi§§B@¥é%dguéﬂg% h@m tAd.al solution. It
rom %ﬁd et

can be seen it exotherm ¢ peaks are

_ present as nilHNe@akd:ii:H. (B ) vi cIrJnF?y(Rﬁ)aAfl@ APd FAEO.colp¥RLU t o t he

powder of Exaaplo®, ]l .ANROPORRT ocRRbai Bﬁdhhéééoh\@ﬂry?l @eUErppeitied e size
dlstrlbutlon nd Io r cr stallln ty Q% haract er, sti s are shown in
1-1‘

Table 1. The SHETSFESENEES ﬁF&ﬁSI é&te?%.l%th?ﬂt S|ty when t he
powder of Ex@ﬂppb@rbdu&smmlaisafbaseot)idlebectmmgtfu@lE:@Mﬁ;e 2 [0045]

A phosphor peywdeisasoman,act, uaﬁﬂlbn tat}ﬁ SRR MBRBE! pﬁ%t'oeaeéwate 1,
except that no nDnoeth | ene chol d and t nol ar rati o of the

yttrium - 183%eTigds, a@@r GRTﬁPPFEP@“a nﬁaE?¥+? acid in the raw
mat eri al sol goioaajwas Theapgeden® On®&n0ibh: 2s characterized by a

means for predicting the ideal composition of the raw
material solution used to manufacture the intended
highly-crystallized double oxide powder composed of a
single crystal phase in a single step using spray
pyrolysis. Specifically, when the raw material
solution is prepared, the solution composition is so
chosen that only one main peak attributable to the
decomposition reaction of the raw material compound or
a reaction intermediate thereof is present in a DTA
profile when the solution is dried and solidified and
subjected to TG-DTA measurement.



[0046] Fig. 3 shows the DTA profile of the raw material solution. It can be
seen fromFig. 3 that two exotherm c peaks with overlapping skirts are
present between 400 and 500C. The characteristics of this powder are~shown
in Table 1. Conparative Exanple 3 [0047] A phosphor powder was manufact ured
in the sane manner as in Exanple 1, usingoga raw material solution obtained
by dissolving yttriumnitrate and europiumnitrate in deionized water so
that the nolar ratio of the raw materials would be 0.95:0.05, and
containing no citric acid or nonoethyl ene glycol. (0048] Fig. 4 shows the
DTA profile of the solidified sanple of the raw material solution. It can

be seen from Fi 4 that two exot her.m eaks _ar resent_as main peaks.

The powder ch@@tﬁ’eri f;'[ar? JUOLE & G r%’e%g‘ﬁl’epf.r%ngl gﬁ? RB?P%]FE&

DTACr yst al Hal fawandteit a ki e ticore Siee vadken vatymheatedpeahkd pheseddeg

~M n. Max. i nt gnsi ampl el ssEuo. o50n. Yq.0 .15 O 2

exot her m c )etg (%lﬁ%%(? 2 O%og:sqgﬁleds samp(ie ' w]\%se pyrélgsis b&ﬂ’g\}{or
is measured with a TG-DTA measurement apparatus. The
heating and drying should be carried out at a
temperature at which the solvent of the raw material
solution will evaporate, leaving a dry solid. For
instance, when water is used as the solvent, the

solution is evaporated to dryness at a temperature
between 50 and 100°C.

[0026] When the dry sample is subjected to TG-DTA
measurement, a pyrolysis reaction is accompanied by the
appearance of an exothermic or absorption peak. For
example, when an organic compound is used as the raw
material compound, an exothermic peak is observed that
is attributable to the oxidative decomposition of the
compound. On the other hand, there may be cases in
which a reaction between raw material compounds or
‘between the raw material compounds and a compound such
as a complexing agent added to the raw material
solution produces an intermediate, and an exothermic
peak produced by the pyrolysis reaction of this
intermediate appears. Research conducted by the
inventors has revealed that when a DTA profile is
prepared, and spray pyrolysis is performed on a raw
material solution such that only one main peak is
produced by the decomposition of the raw material
compounds or reaction intermediates, the targeted
double oxide powder is obtained, or more specifically,
a fine double oxide powder that consists of a single
crystal phase, is uniform in its composition (viewed
microscopically), and has extremely high crystallinity
of its particles.



Yo D.17 8 1. D6 . 0 80Ex . 1( exothermc. .Conp.2 95Euo 0s~3 Yo 0 .154 O
8 4. 0 85Ex . 2( exothermc ), .Conp.2 oSoa asEuo

-10-

[0027] When a raw material solution such as this is
used, it is surmised that in the spray pyrolysis step,
either a plurality of raw material compounds are
simultaneously pyrolyzed in the individual droplets, or
an intermediate of uniform composition on the elemental
level, such as a single composite, a single complex, or
a single complex polymer, is produced in the droplets
prior to pyrolysis, and then these are instantly
pyrolyzed. Accordingly, it is believed that the
plurality of constituent metal elements do not become
individual oxides or the like, but are compounded
simultaneously with pyrolysis, which means that they
are heated to an even higher temperature while the
homogeneity of the composition is preserved, producing
a double oxide of a single phase. Conversely, when
there are a plurality of the above-mentioned main peaks,
it is very likely that the metal components will be
separately decomposed and precipitated during pyrolysis.
When this happens, if heating at a high temperature is
subsequently performed, the compositional
homogenization will proceed, but because the heating
time is so short in a spray pyrolysis process, it seems
that the solid phase reaction does not bring about
enough movement and diffusion of the atoms, and as a
result the homogeneity and crystallinity are inferior
and a single phase tends not be obtained.

[{0028] Therefore, whether or not an intermediate is
involved, this method makes it possible to predict
whether a single crystal phase will result prior to the
spray pyrolysis step, and to predetermine the solution
composition that will yield a highly-crystallized
double oxide powder of a single crystal phase.

[0029] If a solvent or other additive or an organic
component that does not react with the raw material



Yo 0.192 1.0 6.D 68Ex. 3(endothermc). . Exanple 2 (YzSi 05: Th' + phosphor)
[0049] A raw material solution was prepared by dissolving 48.5 g of yttrium
nitrate, 3.02 g of terbiumnitrate, 14.6 g of ethyl orthosilicate, 75.1 g
of citric acid, and 22.1 g of nonoethylene glycol in -19 1000 nL of

dei oni zed water so that the nolar ratio efl+he raw materials woul d be
1.9:0.1:1.0:5.3:5.3. 10 nL of this raw material solution was taken out and
dried at 100C, and the solidified sanple was subjected to TG DTA
measurenent. The DTA profile is shown in Fig. 5. It can be seen fromFig. 5
that just one sharp exotherm c peak thought to be the result of

deconposi t i OlbdipohnidBageinddnsN A" ERE AbLi@{fidN sRidde) unds is
present in the V|C|n|ty of [ 0050] Fine droplets were produced from

this raw mat &4igingking an ﬁ@ﬁn&oﬁhuﬁn?%s‘éﬁl*éh%ﬁ%rﬁf’é‘%i?ou Ra¥ese were
suppl i ed, uSidgpedir J.%Saarééhltlnﬁélgaiowt@eﬂpé@éﬁmé gi{;heatﬁwo 1600C by

an electrlc fu | ets r ol zed as the d through the
heating zoneP e&?@d&@ﬁ: %Hgﬁgﬁ'ﬁe Bo dg% "paqi{?(sal obt ai ned was
a fine sphermm@anmwwdempmnéhta nanrbe/peadibyedtsﬁanhrﬁnednﬂnomn. The

result of X-r reyea e 0 cO ed of just a
Yl , 9Tbo, 1si 0% 1§§%E%$BLE g%ﬁe¥§tt§g %% e§8¥ﬂ IO& ;ﬁ%ah cr3§tallln|ty
Thi s powder vwatanmmdabempbundg h@ursa¢hl@nhnmtexmﬂdﬂataﬁnﬂhﬁranﬁ'nace set to

1300C in an t r ef u S f scence
Fotensi Uy vl BISRRE! 8 Prokifel ARASENE cdfSERNIdI dN e U CCNSr o

phase (hi gh P@Wﬁ%ﬁé@u?@lﬁﬁ&§§) TabF eZPEﬁ%ﬁﬁ¢t¥RYQﬂﬁ%QRmeﬁh%ﬂ|cs of the

obt ai ned pOV\KRfrn@‘ﬁ@éaﬁBnaﬁblﬂ 1&B€e@M bt £0n@OLIYE MBS PeRAHE . GaRar ative
Exanpl e 4 [0052] %é épfﬁgfnanufactured i n the sane .tanner as
I

ho or pQ
T Exanpl e 2 Loa E06t TRRARSERE o8 SXBIRECANG JURH ANG AR { e bi um
nitrate, et hpleadxr attagibutabde tbt the decompaesiitiamastdytiiore off wd@ in the

gaWTrgtD%\' al 30 hit@R 1485 c6HpBAREst 8r 1r8aft fort Mhideuc iedls shown in Fig.
thereof is used. One that exhibits a single main peak

at a temperature between 300 and 600°C is particularly
favorable. If the main peak is positioned too far to
the high temperature side, decomposition will be slow
in the spray pyrolysis step, and decomposition of the
organic matter will be incomplete, so carbon will
remain behind and hinder the reaction, resulting in an
oxygen deficiency.

[0030] The metal elements that serve as the
constituent components of the double oxide in the
present invention may be, for example, alkali metals,
alkaline earth metals, typical metal elements such as
Al, Ga, Ge, In, Sn, Sb, Tl, Pb, and Bi, transition
metal elements such as Ti, Vv, Cr, Mn, Fe, Co, Ni, Cu,
Zn, zr, Nb, Mo, Hf, Ta, and W, lanthanum series rare
earth metal elements such as La, Y, Gd, Eu, Tb, Sm, Pr,
Ce, and Yb, semi-metal elements such as P, Si, and B,
and so forth, although they are not limited to these
elements. The raw material compounds are suitably
selected from among oxides, hydroxides, nitrates,
sulfates, carbonates, halides, ammonium salts,



.~20 neasurenent of the solidified sanple of the raw material solution
confirnmed the presence of two exotherm c peaks with overl apping skirts.

[ 0053] The X-ray diffraction of the obtained powder identified tw phases,
nanely, a Yl,9Tba, 10, phase and a Y|, 9Tbo, 1Si 05 phase ( | ow tenperature
phasa ) . The Yl.9Tbo. 1~3 phase renmi ned €en after annealing, and the

obt ai ned powder was conposed of two phases, including the Yl,9Tbo, 1Si 05
phase (high tenperature phase) . Table 2 shows the characteristics of the
obt ai ned powder after annealing. Conpared to the powder of Exanple 2, the
powder obtai ned here had a wider particle size distribution and | ower
crystallini txal\mhma‘tlasor exyaitrates gnsxyyulfatés, rasmaniam i nt ensity when

t he powder of 2 i S 1?@&7}) anple 5
(0054] A doub 05{%%34 B av\%t&iﬁge%ng’tg?éd be%%gla ?rlraé?lénie\réq;aés?(l n Exanpl e
2, except th@tll@me@r,- solidel sompbundszoimm mmbundsm a&owl gfthere et hyl
orthosilicat g ) ca r(?j;:aln'l‘éogrr W Hﬁisrb&h?oaﬂ&'sté'f O%Eagi Lg]j]_éﬁ&él{.t%t e, terbium

nitrate, and si vveeuse In a no ratio 1.0. The DTA
profile obtaDfstblyy spdbEACKe gONPARENEabES 1 RE EREFRIMIRALIINS WHed-he raw

material sol ytd Ghd %ei:'?ﬂv‘”él'eﬂleﬁ'tgls7b0}:én?aé‘li?fc&@ﬁ 1 hdﬂﬁ-:f eds no
exot herm c peak, .and t rise threg? endot ‘{n c peaks.
‘e

(o050 The REMEEIY muah POMIGRERL SLEBPTEG PRGOS Tded ug phases.
nanely, a VI p@lﬁaphkﬁiqoha:iel agdlacYt, &dbea, lﬁbﬁ&@ﬁqﬁmé’ﬁtﬂtﬁeeﬁ, shows t he

characteristigs ; aqtet}.e lﬂfjasgegoggﬂdﬁgyaﬁgé ﬁgﬂ@ (Jtlng. The SEM observation
r 0

reveal ed the par € 'su us icle size distribution
to be wide, d993He c/Mpst alami mattyr@altﬂ@mpraund%lmet@molmd in @1 Table

2 No. of DTAQossiciltPal isped i¥12CFrupbees6RE b b LESALY B raw

oakshaeeM n. Max. after
anneal | nExanPedPRiadTIFOlusiiene. 5Fhe180Lvenbt FaR e WAHeBY At Tho, | Si O' 0. 83. 5
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-22 solution should be prepared by a method in which
compounds having pyrolysis temperatures close to each
other are used, a plurality of raw material compounds
which react with each other to form a single composite
in the solution are used, or a further compound capable
of forming a double salt, complex, or complex polymer
through reaction with a plurality of the raw material

compounds is added, for example. Compounds capable of
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material compound, a hydroxycarboxylic acid or other
complexing agent, and a polyol, and there is no need to
synthesize a composite polymer of a metal complex in
advance. Furthermore, since the series of reactions
occurs continuously over an extremely short residence
time within a heating vessel, there is no loss of
homogeneity of the composite polymer as a result of
time-consuming solvent removal and gellation as with a
conventional complex polymerization method.

[0034] Examples of hydroxycarboxylic acids that can
be used include citric acid, malic acid, tartaric acid,
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octylene glycol, butanediol-1l,4-hexylene glycol, 1,4-
butanediol, 1,5-pentanediol, 1,6-hexanediol, and other
such glycols, glycerols, and other polyhydric alcohols.
[0035) The raw material solution is formed into fine
droplets with an ultrasonic atomizer, a two-fluid
nozzle type or other type atomizer, or using another
such atmizing means, then the droplets are heated and
pyrolyzed at a high temperature. The heating step here
may be the same as in an ordinary spray pyrolysis
method. For example, the droplets are supplied at a
constant flow rate along with a carrier gas into a
vessel heated to a high temperature by an electric
furnace or the like and passed through the vessel in a
short time. In this heating step, the droplets may
first be dried at a low temperature, then supplied to a
high temperature area for pyrolysis. The composition
usually tends to vary with a process such as this
because the heating rate of the droplets is so slow,
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but the heating rate has no effect when the raw
material solution of the present invention is used.
[0036] The droplets are heated at a temperature high
enough for the raw material compound to completely
decompose and produce a double oxide. This is usually
about 700 to 1800°C. The optimal heating temperature
will vary with the composition and intended application
of the double oxide powder, and with the required
degree of crystallinity, sphericity, heat resistance,
and other such characteristics, so this temperature
should be determined as dictated by the intended
purpose. For instance, about 1200 to 1700°C is
favorable with an oxide phosphor, while about 700 to
900°C is best with an oxide electrode material with low
heat resistance for use in batteries. To obtain a
highly-crystallized or single-crystal double oxide
powder with a uniform particle shape, it is generally
favorable for the pyrolysis to be performed at a
temperature near or above the melting point of the
targeted double oxide. For example, to obtain a
ferrite highly-crystallized spherical powder, the
pyrolysis must be performed at a temperature of at
least 1200°C.

[0037] The atmosphere used during pyrolysis is
suitably selected from among oxidizing, reducing, and
inert atmospheres, according to the targeted double
oxide.

[0038] If desired, the fine double oxide powder thus
obtained may also be annealed. In the case of a
phosphor, for example, this heat treatment is performed
between 400 and 1800°C. It is believed that this heat
treatment increases crystallinity and controls the
valence of an activator, and therefore increases
fluorescence intensity and allows the afterglow

F
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persistence and emission color to be controlled. The
powder obtained with the present invention has high
crystallinity in its particles and the homogeneity of
the composition is maintained, so even if annealing is
performed at high temperature, the particles will not
readily agglomerate due to sintering.

[0039] The presént invention will now be described in
more specific terms through examples and comparative
examples.

Example 1 (Y,0,:Eu’* phosphor)

[0040] A raw material solution was prepared by
dissolving 112.1 g of yttrium nitrate, 7.0 g of
europium nitrate, 130.8 g of citric acid, and 38.6 g of
monoethylene glycol in 1000 mL (milliliters) of
deionized water so that the molar ratio of the raw
materials would be 0.95:0.05:2:2. 10 mL of this raw
material solution was taken out and dried at 100°C, and
the solidified sample was subjected to TG-DTA
measurement. The DTA profile is shown in Fig. 1. It
can be seen from this DTA profile that the main peak is
a single strong, sharp exothermic peak in the vicinity
of 465°C. There is a weak, broad exothermic peak in
the vicinity of 150°C, but analysis by X-ray
diffraction revealed this to be due to decomposition of
the citric acid.

[0041) Fine droplets were produced from this raw
material solution using an ultrasonic atomizer, and
these were supplied, using air as a carrier gas, to a
ceramic tube heated to 1600°C by an electric furnace.
The droplets were pyrolyzed as they passed through the
heating zone, producing a white powder.

[0042] The powder thus obtained was analyzed by an X~
ray diffractometer, which revealed it to be a double
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oxide powder composed of a single crystal phase
expressed by Y, ,Eu, ,0;, having good crystallinity and
a half-value width of 0.151 degree in the main peak
(222) plane. Observation by a scanning electron
microscope (SEM) revealed that this powder consisted of
spherical particles with no agglomeration, with an
average particle size of 1.0 uym, a minimum size of 0.5
pm, and a maximum size of 2.2 um. The fluorescence
spectrum produced by ultraviolet excitation was
measured, whereupon a high fluorescence intensity was
obtained. The emitted color was red. Table 1 shows
the characteristics of the obtained powder.

Comparative Example 1

[0043] A phosphor powder was manufactured in the same
manner as in Example 1, except that the molar ratio of
the yttrium nitrate, europium nitrate, citric acid, and
monoethylene glycol in the raw material solution was
changed to 0.95:0.05:2:1.

[0044] Fig. 2 shows the DTA profile obtained by TG-
DTA measurement of the solidified sample of the raw
material solution. It can be seen from Fig. 2 that two
completely split exothermic peaks are present as main
peaks in the vicinity of 410°C and 545°C. Compared to
the powder of Example 1, the powder obtained here had a
wider particle size distribution and lower
crystallinity. The characteristics are shown in Table
1. The fluorescence intensity is the relative
intensity when the powder of Example 1 is used as a
base of 100.

Comparative Example 2

[0045] A phosphor powder was manufactured in the same
manner as in Example 1, except that no monoethylene
glycol was used and the molar ratio of the yttrium
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nitrate, europium nitrate, and citric acid in the raw
material solution was changed to 0.95:0.05:2.

[0046] Fig. 3 shows the DTA profile of the raw
material solution. It can be seen from Fig. 3 that two
exothermic peaks with overlapping skirts are present
between 400 and 500°C. The characteristics of this
powder are shown in Table 1.

Comparative Example 3

[0047] A phosphor powder was manufactured in the same
manner as in Example 1, using a raw material solution
obtained by dissolving yttrium nitrate and europium
nitrate in deionized water so that the molar ratio of
the raw materials would be 0.95:0.05, and containing no
citric acid or monoethylene glycol.

[0048] Fig. 4 shows the DTA profile of the solidified
sample of the raw material solution. It can be seen
from Fig. 4 that two exothermic peaks are present as
main peaks. The powder characteristics are shown in
Table 1.

Table 1
N of DTA c tal Half- | Particle size Fluorescen
o rys value (um) ce
main peaks phase (vg.:;h) Min. Max. intensity
Exanple 1
1 (exothermic) | Yo-ssEtle.cs0s 0.151 0.5 2.2 100
Comp. 2
Ex. 1 (exothermic) | YossEle.0s0s 0.178 1.0 6.0 80
Comp. 2
Ex. 2 (exothermic) | Yo-ssEUo.0:0s 0.154 0.8 4.0 85
Comp. 2
Ex. 3 (endothermic) Yo 5B, 050, | 0.192 1.0 6.0 68

Example 2 (Y,SiO,:Tb’* phosphor)

[0049] A raw material solution was prepared by
dissolving 48.5 g of yttrium nitrate, 3.02 g of terbium
nitrate, 14.6 g of ethyl orthosilicate, 75.1 g of
citric acid, and 22.1 g of monoethylene glycol in
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1000 mL of deionized water so that the molar ratio of
the raw materials would be 1.9:0.1:1.0:5.3:5.3. 10 mL
of this raw material solution was taken out and dried
at 100°c, and the solidified sample was subjected to
TG-DTA measurement. The DTA profile is shown in Fig. 5.
It can be seen from Fig. 5 that just one sharp
exothermic peak thought to be the result of
decomposition of a reaction intermediate of raw
material compounds is present in the vicinity of 380°C.
[0050] Fine droplets were produced from this raw
material solution using an ultrasonic atomizer, and
these were supplied, using air as a carrier gas, to a
ceramic tube heated to 1600°C by an electric furnace.
The droplets were pyrolyzed as they passed through the
heating zone, producing a white powder.

[0051] The powder thus obtained was a fine spherical
powder with a narrow particle size distribution. The
result of X-ray diffraction revealed this powder to be
composed of just a Y, ,Tb,,Si0O; phase (low temperature
phase), having high crystallinity. This powder was
annealed for 2 hours in a horizontal tubular furnace
set to 1300°C in an air atmosphere for the purpose of
increasing the fluorescence intensity, which yielded a
phosphor powder composed of just a Y, ,Tb, ,SiO; phase
(high temperature phase). Table 2 shows the
characteristics of the obtained powder after annealing.
The emitted color was green.

Comparative Example 4

[0052] A phosphor powder was manufactured in the same
manner as in Example 2, except that the molar ratio of
the yttrium nitrate, terbium nitrate, ethyl
orthosilicate, citric acid, and monoethylene glycol in
the raw material solution was changed to
1.9:0.1:1.0:1.0:1.0. As shown in Fig. 6, TG-DTA
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measurement of the solidified sample of the raw
material solution confirmed the presence of two
exothermic peaks with overlapping skirts.

[0053] The X-ray diffraction of the obtained powder
identified two phases, namely, a Y, ,Tb,,0, phase and a
Y, ,Tb, ,810, phase (low temperature phase). The

Y, ,Tb,.,0, phase remained even after annealing, and the
obtained powder was composed of two phases, including
the Y, ,Tb, 510, phase (high temperature phase). Table

2 shows the characteristics of the obtained powder
after annealing. Compared to the powder of Example 2,
the powder obtained here had a wider particle size
distribution and lower crystallinity. The fluorescence
intensity is the relative intensity when the powder of
Example 2 is used as a base of 100.

Comparative Example 5

[0054]) A double oxide powder was prepared in the same
manner as in Example 2, except that a water-soluble
silica sol was used in place of the ethyl orthosilicate
as the silicon raw material, and the yttrium nitrate,
terbium nitrate, and silica sol were used in a molar
ratio of 1.9:0.1:1.0. The DTA profile obtained by TG-
DTA measurement of the solidified sample of the raw
material solution is shown in Fig. 7. It can be seen
that there is no exothermic peak, and the main peaks
comprise three endothermic peaks.

[0055] The X-ray diffraction of the obtained powder
identified two phases, namely, a Y, ,Tb, ,0, phase and a
Y, ,Tb, ,8i0; phase. Table 2 shows the characteristics
of the obtained powder after annealing. The SEM
observation revealed the particle surface to be porous,
the particle size distribution to be wide, and the
crystallinity of the particles to be low.
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manufacture of phosphor materials, dielectric materials,

magnetic materials, conductor materials, semiconductor
materials, superconductor materials, piezo-electric
materials, magnetic recording materials, secondary
cell-use positive electrode materials, electromagnetic
wave absorption materials, catalyst materials, and
other such functional double oxides that require a
uniform composition as well as a uniform shape and
particle size, high crystallinity and few crystal
defects, a controlled crystal phase, and so forth. Of
these, with rare earth ion activated phosphor materials,
it used to be difficult to disperse activation ions to
a high degree of uniformity, but the dispersion state
of an activator will be extremely good in an oxide
phosphor material obtained by the present method, with
no segregation.
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[0058] Moreover, with the present invention, it is
easy to ascertain the ideal raw material solution
composition for manufacturing a highly-crystallized
double oxide powder with a uniform particle size, high
purity and high dispersibility and consisting of a
single crystal phase by spray pyrolysis. 1In addition,
it can be predicted whether it will be possible to
manufacture the desired double oxide powder from a
small amount of raw material solution, so a raw
material solution suited to spray pyrolysis can be
prepared more efficiently.
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Claims

1. A method for manufacturing a highly-
crystallized double oxide powder composed of a single
crystal phase by forming fine droplets of a raw
material solution containing a raw material compound
that includes at least one metal element and/or at
least one semi-metal element that constitutes a double
oxide, and heating these droplets at a high temperature,
wherein the raw material solution is a solution which
exhibits only one main peak attributable to the
decomposition reaction of the raw material compound or
a reaction intermediate thereof in a DTA profile when
the solution is dried and solidified and subjected to
TG-DTA measurement.

2. The method according to Claim 1, wherein the
main peak is present at a temperature range of 300 to
600°C.

3. The method according to Claim 1 or 2, wherein
a plurality of compounds, each including at least one
metal element and/or at least one semi-metal element .
therein, is used as the raw material compound.

4. The method according to any of Claims 1 to 3,
wherein the raw material solution further includes a
compound that reacts with the raw material compound to
form a double salt, a complex, or a complex polymer.

5. The method according to Claim 4, wherein the
raw material solution includes the raw material
compound, a hydroxycarboxylic acid and/or a polyamino
chelating agent, and a polyol.



