11392 DI SPERSI ON OF ZI RCONI UM OXI DE, PROCESS FOR PRODUCI NG THE SAME, AND RESI N
COVPOSI TI ON CONTAI NI NG THE SAME 5 Technical Field The present invention
relates to a dispersion of zirconiumoxite, a process for producing the sane,
and a resin conposition containing the sane, and particularly to a dispersion
of zirconium oxi de which has a high 10concentration but a | ow viggesity, and
has a high transparency, a process for producing the sane, and a resin
conposition containing the same. As the dispersion of zirconium oxide of the
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in the uses degcri bed above, in the case a primary particle size of
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fine For example, it is known that when zirconium oxide having a high
refractive index is added to an LED sealing resin, the refractive index of
the sealing resin can be heightened, and hence it is possible to further
25  efficiently take out emission of light from illuminant, thus resulting in
improved brightness of an LED.

Similarly, zirconium oxide is also used in an antireflection film on a
display surface of a flat panel display (FPD) such as a liquid crystal
display (LCD), a plasma display (PDP), or an electroluminescence display

30 (EL). The antireflection film is a laminated film in which a layer having a
low refractive index and a layer having a high refractive index are
laminated, and a composite resin in which zirconium oxide is dispersed is
used in the layer having a high refractive index.

In the uses described above, in the case a primary particle size of

35  zirconium oxide and a secondary particle size of aggregated particles of



10particl es have been recently proposed. A typical process for obtaining a

di spersion of zirconiumoxide is such that it nakes use of zirconium hydroxide
produced by neutralizing a zirconiumsaltzwith an al kali. For exanple, a
process is known in which hydrochloric acid having a predeterm ned
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25  mixture is stirred; an acid is added to the mixture; and the resulting
mixture is stirred while it is heated at a temperature of 80 to 100°C to
obtain a dispersion of zirconia (Patent Literature 2). According to this
process, however, a long heating time is necessary, and therefore it is
difficult to adopt the process for industrial production of dispersion of

30  zirconia.

A further process is known in which an aqueous solution of alkali is
added to an aqueous solution of a zirconium salt in the presence of a
carboxylic acid such as malic acid, citric acid, or tartaric acid to obtain a
gel of zirconium hydroxide; the gel is washed, and sufficiently dispersed by

35 ultrasonic wave irradiation, or the like; and the resulting dispersion 1s



made studies diligently. As a result, they have found that when a zirconi um
salt is reacted with an alkali in water to obtain a slurry containing
particles of zirconiumoxide: the slurryds filtered, washed and repul ped; an
organic acid is added to the resulting slurry in an amount of 25 one nole
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transmttance of 95% or nore at a wave |ength of 800 urn, and a viscosity of
20 nPa.s or | essi@tura okenperaduts of 25C. Herein the invention, a dispersion
medi um of the_dispersion of 90zirconiumoxide is water, an organic sol vent, or
a mxture thefggfical Problems pobSai%g to the invention, a zirconiumsalt is
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can be obtained.
The inventors have further found that when the dispersion obtained
30 is washed and concentrated, an aqueous dispersion of zirconium oxide
having a high transparency and a low viscosity can be obtained while the
dispersion has a high content of 20% by weight or more.
Furthermore, the inventors have found that when the medium of the
thus obtained aqueous dispersion of zirconium oxide, that is, water is

35 replaced by an organic solvent, a dispersion of zirconium oxide the medium



35titanium and rare earth elements are reacted with an alkali in water to 5
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The di spersion of zirconium oxide of the invention has a | ow 25vi scosity while

it has a high,concen tign, a further it has a high transparency.
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Carrying Qut the inv&Rii ORe inventionl A&1ith SPRNSHOR Of oZkKEONRHUMiOX e of the
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the slurry is filtered, washed, and repulped; an organic acid is added to the
resulting slurry in an amount of one mole part or more per mole part of the

25  zirconium in the slurry; the slurry is hydrothermally treated at a
temperature of 170°C or higher to obtain an aqueous dispersion of particles
of zirconium oxide; and the dispersion is washed and concentrated, thereby
obtaining an aqueous dispersion of zirconium oxide having a content of
particles of zirconium oxide of 20% by weight or more, which has the

30 properties mentioned above, that is, a transmittance of 35% or more at a
wave length of 400 nm, a transmittance of 95% or more at a wave length of
800 nm, and a viscosity of 20 mPa-s or less at a temperature of 25°C.

Further according to the invention, a zirconium salt and a salt of at

least one stabilizing element selected from aluminum, magnesium,

35 titanium, and rare earth elements are reacted with an alkali in water to



oxi de may be solid solution of zirconium oxide containing at |east one
stabilizing elenent selected fromalum num nmagnesium titanium and rare
earth elements, that is, the zirconium oxi de nay be a so-called 10stabilized
zirconiumoxide in order to keep crystal stability to heat. Exanples of the
rare earth el ggent, n;a}xlﬂyn&éaaq%myetstaf' umplempltatﬂf'a&eonwﬁ Argcess ¢fonproduci ng
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slurry of partjcl es of a coprecipitate of zirconiumoxide and the at |east one
stabi | i zi ng ePé “the slurry is filtered, washed, and repul ped; an organic
acid is added to tria thesiuk&htign sdmrcromédﬂplamteaofrmmhmﬁ e abd ehpatt 30 or
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and a chl ori dét%bsh%}@éd?lem@t VHéseEn 9319{1*51n Y@FQ}OI’]I um oxychl oride is preferably

used as the zirconitm&alibn, Asotdie %%ﬁblmv&mﬂdrwg My gEQxd deedp@hassi um
hydr oxi de, and armmoni a are pref erag used, but the alkali |s not limted

thereto. The 8&fh2BRIEAY AEIspeiden %élr%‘t“aibf“i PAnGs QPEHBAL 2P8Vhidt 2paTt i cul arly
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used. For the at. | east. one tabili.zing ele num
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stabilizing el ement is usually used in an amount of 1 to 20% by 10nol e based
on the zirconium el enent. A tenperature at which the zirconiumsalt, or
t he zirconi unPéart ofalid nvensaht of the at |east one stabilizing element are

reacted with the alkaldish W&t 6F ziSo 10k &lig0 oPaId 1r9)lé|n@1rolnyhzls| J"lclv@d and the
tenperature is usuall thin a range of 10 to 50C, gretera ¥ wi thin a range
A it h

of 15 to ?L%40‘(33C9§1%‘E"}|4b18 if §ps rae}&éfllcﬁﬁcet’}’féafz‘i”?cﬁfﬁ {rt K& zi rconi um
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dispersion can be added to a resin as it is of a high concentration, that is, a
large amount of zirconium oxide can be added to a resin, thereby readily
30 providing a composite resin having a high refractive index and an excellent
transparency.
Furthermore, according to the process of the invention, as
described above, a dispersion of zirconium oxide having a high content and
vet a low viscosity, as well as a high transparency can be easily obtained.

35



added to an aqueous solution of zirconiumsalt or to a m xed aqueous sol ution
of the zirconiumsalt and the salt of the at |east one stabilizing 20el enent;
a nethod in which the zirconiumsalt or & m xed aqueous solution of the
zirconiumsalt and the salt of the at |east one stabilizing elenent is added
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el enent is/are*FRACTS RYE ARt SR KA A RS H’éfléﬂﬁ}l a slurry of the
particles of 5zir cd.?usxmmpmteps@fmapxslducmg tof dqneopadispetesnof a eoprecipitate
of the zircon d S n io liement is obtained,
and then the g g&rnﬁﬁln gXI?Q Cémgd]ag ﬁ%ﬁl,vg 88““ P“% Q(fqlglﬁl%mt er to prepare a
second slurry. The Adqgghobttalth@dl@(@@@nﬂﬂsq mweytﬂqastppeﬁde)fcalm gnanuepectric
conductivigy ofspeRQ,Po G i yhLSSide 10 lzﬁcgm% aly swhenLhe izl heoamamsal t, for
exanpl e, zirconiumoxychloride is neutralized with, for exanple, sodium

hydr oxi de in Waferto Wbtaml ¢ sbirEedPansiekF 6f Faeoms MpfedeacEt ad e BypEoduct |

Wien the saltfiltosd, exa/mRliean & 06 M8k QLI £6ibYciarigduced tbyht hesleagt i on of the
zi rconi um sal t1 with the alkali, in ter is not suffi |entlg removed fromthe
second sl urryS " BeVeA" P YRS o5 PGaRT S LG HOT FAaREH 0¢ $4Eh R urry, and the
slurry is hydeiothenmain shetdleatyedhe isturrg idhfficbbimiloy obtaathagasati sfactory

di sper si o, ef feeo., 800 {us.a dispersion oL ZLoconi um.oxi de.having.a hi gh
transparency canr be ©Obt'ai ne ur't Rer accor 5?00 the ‘i Avention, in order

to obtain j[hemsl:(urllayl by dQof s erd ﬁgdazndcanasdrﬂedg t he previously obt ai ned sl ur ry
and repul ping the respldihng, ¢ B Masw@% Ble i FRGLOAKE, PRYY e PAHTE b O wat er

and the m xture may be stirre a stirrer to obtain the slurry.
Al ternati vel y@lspﬁ@le%SMSﬁét%@émﬁlZﬁ’@@“l‘ﬁn\%tdérc%yala“v\%t’it nEdit i sper si on
means such aSst@thﬁﬂ§ element selected from aluminum, magnesium, titanium, and

25 rare earth elements, a zirconium salt and a salt of the at least one
stabilizing element mentioned above are reacted with an alkali to obtain a
slurry of particles of a coprecipitate of zirconium oxide and the at least one
stabilizing element; the slurry is filtered, washed, and repulped; an
organic acid is added to the resulting slurry in an amount of one mole part

30  or more per mole part of a total amount of the zirconium and the at least
one stabilizing element in the slurry; the slurry is hydrothermally treated
at a temperature of 170°C or higher, and the resulting agqueous dispersion
is washed and concentrated.

The zirconium salt used in the invention is not particularly limited,

35 and a water soluble salt such as a nitrate, an acetate and a chloride is used.



mll, ultrasonic wave irradiation, or a device such as a high pressure
25honogeni zer, as occasion demands. As descri bed above, the zirconiumsalt, or
the zirconiumsalt and the salt of the at7|east one stabilizing elenent is/are
reacted with the alkali in water thereby providing the slurry of particles of

zi rconi um oxi dg,theke pﬁw Izc;llceﬁl &9&19%@@%9&%@4& lee& he t&é GO WM OXi de and
the at | east one 3 st bfaﬁ el eent, which usuaf has a cont ent of 1 to
be

20% by wei ght St 1 §d”\ﬂh@ﬁd’c0r¥éd"slﬂﬁ’tt?sf 'ﬁ%i‘shyéh%’dﬁf’ ettd 3P R parti cl es
of zirconi um axé ﬁeefeﬂi‘blfd u@@ﬂttﬁntth@falkﬁlle 1pabt ligliesl m‘elétne Copr ecipitate of the
zi rconi um oxi de an the 1§t gast, one sta |ZJ ng, el enF c% nor eltrllan 20% by
wei ght, the viscosi h&s urra\f bﬁ g FITREP P E R U i ¥ ficult to
stir the 35%sl| lmriygd, tarmtdsa Weseul stoatrigelsaltl mhfa‘a cildntidaaskiangtr :w:eﬁ usuelhya slurry
s used, 9 the,desised di sperelon, of glreon um.axife Nayind. a10hahm
transparency and a | ow viscosity cannot tai ned e I nvention, the
content of thelpaitirelbpriste izinretmi bim wxiddendotharhdectneesitost the particles

of the coprecikpitint®flehbs: # Freanhumoxide.randat rﬂ@p?etfala%@yghs@c{]e srabi | i zing
Selenent in the slurry is particularly preferably t hi range of 1 to 10%

by weight.  2f eas}t\e%%ﬁbﬁgzwg ef 1Re R P et iRoH, ussé 1%@1“ 3f“b?‘t‘ﬁ 0566\9&0/@P¥her the

zi rconi umsal 'tnollébﬁ@e&n&edhevvmhbbrhh& @lkkahit. i n water thereby obtaining the
slurry containing ;{'ﬁflﬁart' cl es, o b‘i%‘: r.coni um.oxi d or.the zirconiymsalt and

the 10salt of the RE B sV BN 11 HEC oo SRt s &F éPF GHEPRIWEEH the al kal i
in water thereby tbbtsa]t_mfmgemlnéeaSsltmnewt@mmzmg’lelmglehﬂnaxpaeaatedlesat}othet he

coprect pi { at e, fut hew 21 oMM ax| 5 A0t ey @b | Sat 0nG, AL aR1LIZT ng el ement

t hen t he sIurryls %t I'n Wat e an organic acidis
added to the resuls Wm@uslautrwewﬁ 1Qrt0a5r90€inplerf¢13chhiewnﬁllé ?pmrtgelcédrf’ ffore per nole

part of the ZiHeoni AMe:REq RS ORI @ﬁéelﬁénlmesalqt@il t}?enay&tm% ddgagiy rconi um
and the at |east one stabilizing efenent in the slurry; and the slurry is

hydr ot her mal | ¥ ‘f@éé@%bhea%tlgaffe?ﬂfe%tabm@n@ﬁleﬁm Vb}rthﬁhgﬁél?ah ThE29'GPRY to be

subj ected to theulydsotherprl atxﬁ@taltoaaﬂtwmg =l sQuaau2@enntenit afapakticl es of
Zi rconi um oxi dgd%d%) a cont ent i | cles. of the copreci g]l(tat e of the

zi rconi um oxi 8 thédgee1%e® ‘t‘tl §’[r§B’|“Iu|"kF?1lé 081" RAEAt G A USIEF Iy 1 to 20%
by wei ght, predleriablof the tz&cdﬁ)%tbyaMEHrglhlthe Adhenf t}’meatckantsteasrte s)n‘abﬁllmngartl cl es of
zi rconi un%)xi e %ﬁ“ (font e th tﬁehe artl cI q§or f thed% [ eci t@te of the

zi rconi um oxi de an east one @% "abi iz ng éf'emen ?Chus Purry IS

nmore t han ZO%ﬁos}laAEi'rfgﬁhmumts’@ét shdithy sanlaspfahhlagheaﬂtm©§|t%1ylhzarﬁjellemeln$ igi fficult

to performt hgd&e/&i{ooalh%n@dustsro@@mm alNETeh 0k LNEL&AN e0Eufust he particles
of zirconium oxide, or the content of the particles of the coprecipitate of

the zirconi unPQXFAB CARECE HATREAIE ASIT B1FE SSLEPTT FAMAGN S Ehe Rt cPH uiheals| urry is

particularly Qﬁ@ftﬁé amltwf;éﬁ)a\fstdvlnz@grea@ﬁ@nefanld waag%lmysom@ﬂlgﬂbf allh@i or gani c
acid is u23ed in di s erse{ artlc:hes of Z|rcon|umOX|de or the

particles of {“H?e té)Cq reed wahsr prdes et ambess geeviously putin a

precipitation reactor) at the same time, that is, a simultaneous
neutralization method; and the like. Any of these methods described
above may be employed. Of these, the simultaneous neutralization
method in which the aqueous solution of zirconium salt or the mixed

30 aqueous solution of the zirconium salt and the salt of the at least one
stabilizing element, and the aqueous solution of alkali are added to
charged water at the same time is preferable.

The aqueous solution of zirconium salt, for example, the aqueous

solution of zirconium oxychloride has preferably a concentration of 2.4

35 moles/L or less. The aqueous solution of alkali has preferably a



and the at |east one stabilizing elenent in the slurry by making the particles
to electrically repel each other, in other words, in order to 35perform acid
defl occul ation. In particular, according §o the invention, the 10 slurry is
hydrothernal 'y treated under severe conditions, and therefore the particles of

zi rconi um oxi dencQftrthgn Py hthes ol 1the coprecipitate of the zirconi um oxide
and the at | east one stabilizing elenment are nore effectively defl occul at ed.

As the organic aci d; "B NGV a P it R ChPar Ry tarBeeyIcPeiide Faltar e
preferably used,tharzdcbﬂﬁmsaélttSarﬁfthtefbem@frtDQxa/d ueﬁsta@ﬂdistebﬂmeg I@yedﬁmycar boxylic

acid may al so.be used f the or i C.aci car boxylic
aci ds such as '¥8Fm ¢ ac&eﬁlﬂp HdPd A g%ﬁ?l B?’c?mag“a?y? dtheaﬁ?d%tcﬂo 2al ts
t her eof ; pél ybasboiwacidglesuch saslxgxﬁlthe paciidles bOmedoord cipidetiedhf tdacci ni ¢ aci d,

fumaric acid g pr@ HP&?%%%%#& h%”ﬂ 1%“% &fé &%bi %g%ﬁe ?ﬁdls*%%l%)é}icéﬁﬁ’oxy' I C

aci ds such as lactic aci d? tric acid and gluconic

aci d, and the thal te shereof flltAse(i heasbaflt armql lemdpeémbmw © asirdror t he

hydr oxycar boxykid% @@y, f qrheecmmalbeam@h Ig@édndnmally sal hrsuoly 35 sodium sal ts

and potassiumsalts are fre er ab 15used nment i oned her ei nbef ore,

the organic aéPtidiisia ?W)H§@61Phk§ﬁ amount of one nol e part or nore per

Imol e part 10of Lhe ZIlH GOREIA) wﬁénTtn@zh@&ﬁlurramlﬂniorcéfxahﬁb@e Zzhfc@ﬁ[’lhﬂm and the at
east one stabili

element in th lurry to be. h her reated. The
arount s or oPEFHOPY U FORPITbER! & biet BT S SOLCTOPSPURA i VPEh § co 3
nol e parts. Waen arhedamuhiordde tsherodngani€ adgi grodsict.es&hthahe eaﬂe frol e part per
T e Part Of EREnbld COBATL O NS, § O, FUPYRL Ol 2Rl GRNbUT-RO.! De af
| east one sta 1"emen h Yy, e ul ting aqueous di spersion
of zirconium Mtldéhmekka@nilny\mm lamot ﬂlsfiffCﬁftrcﬁihemmo‘r@n%pewtéanm shirsp may have
a high 25,yi sgQsj Wtheq}g?aﬂfn a%&"% ad@ndy, When, the anpunth.afjyfhesorganic acid is
nmore than 5 nole parts part of the zirconium or the total amount of
the zirconi umhéiﬁb"tflﬁ@nafy Ite%?st?dolﬁés dtfalsilt t2i Fgael enehitiack v HasRItsi¥y, an
effect which egblecha thheal@Ege RN USRAN CRINALaDE; PAREN Eltlnap hye Bt ai ned,
and it is not econaom cal 30Accord| ng to the invention, the slurry of
zi r coni um oxi 4&"%Yn ea‘i’l?ﬁaHbe ‘the organic acid, or the sl urry of the particles
of zirconium OXI de Elﬁhdhéhecq@adidgcﬂoetfheaﬁvéﬂﬂlﬁonﬁ:&pr(ﬁﬂbpitd albteimfthé bmlzj/ beoni um
oxi de and f) 3. Least . one, sta |e rzkllno%he ement Cﬁ nt. al Ql ng tt rganic acid is
subsequen? ff1y(§’r other mal IS tr eat'e ?1 dr'o tréat mgn?g I's” performed
at a 35t errper atwrlenefcals ummayell“ﬂ@@aire Magl’merpoupefcefre:pamtyr 470Ch¢ 01280€. \When
11 the hydrot hermal (&1.eatnents;i,s. ey E%Hec? c@ludyt ennelalir &y ofhel €88 than
17000, the resul'ting aqueous di spersion of zirconi um oxi de does not have a
sati sfactory traanEspeErehiess irandtarpyaddiet ronia disrepripaineneGars és ssletidfent ary

and aggr egat echipanti-&d8Se wald imayiNave & NiGhcy k808t bhigh pressurdhe
hydrot hermal treatnent tinme is usuall y one hour or nore, preferably 3 hours or

nore. \Wien® t heRY8F BERe AT Y RALABRT i me is shorter than one hour, the
resul ting aqueous dispeycsiten dfovi rHeonidmioxi det,doase notcohawe saltSaufch ci ent

t ransparency, ,,and . nf%je A ie[aﬁagggﬁgesbibasedélgent Q’/a?engedac gy egat end particles

t alt.o
are generated 1%ener ein, and aqueous” di‘Sper sion ‘of fine

particles of zllyagoni wrteoxthees by Itzhvahng ghe thans pap @ricyecaimotonbemabtiéd, ned.
Longer hydrOth%QP&thé }{(;@ba&; t@BPt 05510l Gmugff{l e @Ra&hi %‘Etl lgh reflects

the tinme ent cannot and t us It us y IS enoug to perform
the treat#ent sffa@rlhal@gwéwgnbrW}SInszeiallyi@lsna erdert plol Wagh%thevweitls bt ai ned

aqueous di spefisd PvtfieZi NEABHLYAL slurry has a content of the particles of zirconium
oxide, or a content of the particles of the coprecipitate of the zirconium
oxide and the at least one stabilizing element of more than 20% by weight,
the viscosity of the slurry is high, and therefore it is difficult to stir the

35  slurry, thus resulting in insufficient washing. When such a slurry is used,



oxi de, a method such as an ion exchange using an ion exchange resin, a

di ffusion dialysis using a sem perneabl e nenbrane, an el ectrodi alysis, or an
ultrafiltration using an ultrafilter may e enployed. In the invention, the
method is not particularly limted; however, of these, it is preferable to

20wash the di spersdiony by Ehﬁo&beﬁ@&h&ﬁﬁ&a@@hH§l%Qa%@h%k&ﬁﬁﬂ$£ﬁf?and& order to
concentrate the thus V\B.Sﬁ aqueous di spersion of zirconi um oxi a net hod

such as evaport i"%ﬁé‘roé‘éﬁééﬁ{l?tal?q ot atiddng 18 LAY §n SR EP &P BN ESE TRoncent rat i on
by ultrafiltratieecustdgcamual bxiati bit afe melhﬁotemlweldlesldfthbe i nvention, the
concentration net hod IS ?gf] al so 25par: tdl cularly |1I mted, agg is prefer abl e
to concent rat & VHEPIEPEF ¢PDATEY e CTIE PAr t'Ihteraa{;t COH S HGPHH U trafil ter.
Accordi ng 50 thendmvienthieonyuiytisipgrpatiai uparfeyabpy efieniakbl entze ofidsh tdve aqueous
di spersi on of b§| rq?h j um oxi de obtained by the hydrothermal treatment at the
sanme time when it I's concentrated using the ultrafilter. 30That is, the
aqueous di spersi on A@O@@m@etnttbatlederb‘yort e sgt feghidbpratdiorer thheirceswmi ng
concentrated Liquidedgedidivt ege Malmsfemqrmsmgmlﬂgqhé hghgsul ting slurry
is subjected to the ultrafiltration again. his way, the procedure of the
concent r at i on Oyt HE suhe rgrfictes i izero ahde Gi‘ldt?t Pbﬁh%)fmﬁ?féluﬁq%lé&é‘dd#@per sionis
L egea: ﬁd 1@\11eteﬂte>6tftth@ a@Qé&Quﬁle@t§M@rzﬁ{dg0éleﬁlfevnﬁ5|Zb ﬁ@mwmlamv@amulaﬂnngd b)é t he
ydrot hermal trea IS, concentrate i.l e remainin s produced as
t he by-pr oduct'é? ‘f’:l‘r{—ilq3 apeabedriper RVt GGELRETE (g RV S Ofs%‘? t he aqueous
di spersion of C(Zp1feC@)mtajmotﬁxhdeub@n/liulﬂgoﬂdé@l‘mtdeﬂ‘hte a):flezwmtumlm(ngle of 20% by
O oo el 0L LANSRALANCN AN\ AL O VI COShAYa £80.08; gt al ned. n
t he inventi on, eous ion Of "Zirconium oxi de has “an upper limt of
t he anmount of OIMIQacldommsﬂni\ecbedbe ofsB0%s byumeilghtn, alpoelﬁtewmewnzlb%ab\y wei ght .
A aqueous, di 5pefasl 0n: ik B, @opmtz%mon%mt Bﬁpqm@@bgf@mhgewpﬁ more than 50%
by wei ght has a high viscosity, oses dity to cause
gel ation. 10ABBGMEF ﬁé“@%ztrﬁ@“um/éﬁ‘i tb‘hat ier?étaqeéwghamgp@ﬁgueahnmt i rconi um
oxi de of whi chidigparsinnsimedi KM yidsonat-8lalGafe DR 4ot Ak iabu thifsi Avay . When
the di spersion gec{1 um of the aqueous dispersion thus obtained is replaced by
an organi ¢ soPVeért’®*a di spersion of zirconium oxi de of which dispersion nedi um
is the organic sol \/Hmsluaﬂ;dtd/\ﬂi‘d ka)klﬁﬁd&bl@h@h@@ﬁﬁhéﬁﬁallﬁeﬂteﬁmti}bﬁdiladi)é)ve, t hat

is, atrapsnittanc 5% nore.at a

t ransni ttgglce eggg/PBal {?Seogflrcon\ﬁﬁ% Egrg?lh 8?’9@66 L%altécr%ﬁsg}%escoa ty of 20
tuRa-s or | essomcmlitaeerpérch& arecrofi2&5Cde am dogeolit lansteche Aebdrdnngl y, t he

di spersi on megic.0lortNGaly SPET #1080, Ofcizhe GARIATLOX] de PV, P Aker, the

organi ¢ sol vent, or m xture thef eof i‘nvent The organic
sol vent is not"hsarthecinnas ol heireasicleard zivspaiumiosedepboe tb? garhﬁe@t%rlvent s are

preferable. Tia§1 twatepr mesgda@b@lp%géaf theSah BN &laghnﬂahgla@%@tlomel imted,
and may incl ud for exanple, aliphatic alcohols such as methanol, ethanol,

and 2-pr oﬁ%\nofta’bélll?lﬁﬁé’tl?IBeE%\‘rrbb‘BFy? ME YRS OBt @r”szg{‘i@f weghteiryiubdet at e and
met hyl format Bjs alhl@haﬁsc@sketm& is Wietticast ac@é@mn thethylotathyhl ket one, and

Uy | sobutyl KeLnel, pOLNCELS, 8l eohol 8 SUch 8 SN e dLycoand
ket one, net hythd sobutybf ket onejcland tiextour@spither ¢ofhean eopauwhicud anhy
preferable. the at least one stabilizing element in the slurry is particularly preferably
30 within a range of 1 to 10% by weight.
The organic acid is used in order to disperse the particles of
zirconium oxide, or the particles of the coprecipitate of the zirconium oxide
and the at least one stabilizing element in the slurry by making the

particles to electrically repel each other, in other words, in order to

35 perform acid deflocculation. In particular, according to the invention, the



30l n order to displace the dispersion nediumof the aqueous dispersion of
zirconi um oxi de obtained, that is water, by the organic solvent, the aqueous
di spersion is treated using a rotary evapérator to renove water, and the
organic solvent is newy added thereto, for exanple. As an another nethod, the

aqueous di spetgj on;d ﬁy(ﬁ%@h&%ﬁ@yEl@&@éijhﬁﬂﬁfée'vre[@-EérgmtlBQsrﬁm)m?elmtlgr or the
di spersion medium to obtain a 1,3 slurry, the slurry is diluted with an

organi ¢ sol vehte PafeIEhel aresaum ‘P"clii%ztcilowel%alblé}efsd’rfﬁﬁﬁ capcH It tR of fipe way, the
procedure of tirkédiabi exidancddileudtilonst sner @pBAlRHg cWherRhyewRS:Rr, Which is the

original dispe i s replaced by the organic solvent, and thus the
di spersi on of éfs?té er]i?ﬁﬁhfig%ud 4fhose di spersion nediumis the organic sol vent

can be obt ai ned. As the Agaaid wlﬂhercartmxhhd acfd)antéxdmdhexymbmylmkﬂcm is a
di spersion ”egleug}e%laao@y%l‘aé’c?oué ?Essé)f%eo“ar%&,! Gonj ymoxjde is replaced by a
wat er m scible organic so “obt ai di'spersion of zirconi um oxi de of
whi ch di sper shzzsdulqmdmhwyhc the way @&sqrbesefﬁem e loragamiee o thvermapianddt hen t he

10vat er m sci bl.6 QtaaRi 6o Sa¥BiMy1iSadi &Pl ages Ry nAnathen o5ganhc sol vent,
wher eby a di spersion of zi rconi um oxi de of which di spersion rredl umis the

anot her or ganPEReMGertd i B whtsaihseert pdybasm'ﬁ’iéist“rﬂfé Totdiliet di sper si on

of zirconigm ep@l&ﬂcrmyd fsuctiher ade, ﬁiﬂi);lue@taeﬂ 410 @08t alRMiaaddihsparsi on such as
a beads mll, wultr |c wave 15irradi ati or adls%rmlo?g%reatnent using a

hi gh pressur e 1By é‘ﬁ‘l zl@’rdloé%ca(’j Eadioa? %%%S lactic ac i conposition
of the inventionatis aolt, anme:da(by alnldl flocariy adids perishagatthehdiesper 85 ohe of

Zi rconi um oxi gflt% t%@?alb% (c)Ql ol t%cr L?,?de bog hrE a?(ﬁst%%oxaél;g Zi rconi um

oxide is added to t O Usual ‘parts by

wei ght rel ati ¢kaliomeo0 q@é@t@%@md@m softstaral p@@sﬂunalsalh@agdqptdf@la@rhx)unt
depends onsthg.yse or required properties of the obtained resin conposition.
In the invention, the resin described above is not particul arl y limted, and
it may be appropridtePynsieret e aepenti thg %ﬁa’ﬁ]ﬁé"cﬂfgég oYU B5r efifi Vet properti es

of the obtai ngdoli8sbNoLOMROShh O mEXaPP! 814 B@lrtQﬂ’fthEﬂ%chbHﬁJnUd& el yol efin

resi ns, which ar honopo é mers or. COE CLgm&*rs of an ol ‘ Lich as.

pol yet hyI ene, t‘ﬁﬁ BPBBEP ¢ ZIZROP RV RhER DR bIRACEABS 863336 1§W§r egRnt in

et hyl ene- pr opyllcesierdi enee hedpohyneslly etdhyéeneflbut @nencopoleya@bly from 1

et hyl ene- Q&I’YL ! gmoﬁt ! rt(sSUCh alsefe1 n% laOCI‘IIL‘ It%%e% 1%0 aoxltél her:f’(gg X‘LI en? vi nyl
SRA" 'St AT ERE RELhY

acetate copol yner, hacry ate cop ormpol ymers of
an aromatic veitple mmW1¢whsasth@mle jend p(eoprmlymertsofttﬂlerzel@bnsumh as an

ABS resin; poblyéﬂgesofe;ﬁgﬁxhksof sl {}%%orﬁflhly&‘éé% ﬂg%@t aﬁe ROlELyl ene

t er epht hal at e pol ybut ene terepht ate varyl ate; pol yam des such as
6-nyl on, 6, 6- APGRT 1&2 Ayl ony: 546l oeecandl s SRR ¢ BHloypaND desde

pol yet hers sugh &gynmsyﬁbﬁfmlfﬁa@nt &Jan%w@erncyrﬂa@laﬁé@ﬁhapqlawamemghene et her, and
pol yoxymet hyI ene; pol ycar bonat es; el astonmers such ?s styrene- cgn%ugat ed di ene

copol ymer 2 pol ybtitadi étethpoilyt S8pFeRacn 48t ¢MEHPE Of Fot ?J‘L?taé.‘b‘i e 'e8psfyner, and
pol ychl or opr efiein paloyv b ayils pehinodle dert € dsSHilcdonkead, @olhyenets ohiwaitngdhby

zirconium and the at least one stabilizing element in the slurry, an effect
which reflects the large amount used cannot be particularly obtained, and
it 1s not economical.

30 According to the invention, the slurry of zirconium oxide containing
the organic acid, or the slurry of the particles of zirconium oxide and the
particles of the coprecipitate of the zirconium oxide and the at least one
stabilizing element containing the organic acid is subsequently
hydrothermally treated. The hydrothermal treatment is performed at a

35 temperature of usually 170°C or higher, preferably 170°C to 230°C. When



5pol yneri zing and cross-1linking a pol yfunctional (neth)acrylate or a
cross-1linkabl e conposition containing the same; and the like. If necessary, a
t hernosetting resin such as a phenol resilm, an epoxy resin, an unsaturated

pol yester, or a polyurethane, or a silicone resin nmay be used. These resins
my be used alpngyBoufSidaXhihen Ol Jifo, AledI £1J0TNG L RSINCOMPASI L On
contai ning the zirfconi um oxi he i nventi on may appropriately adm xed
with ot her addi’fi%ésedepdhidiergisaus He%pree%lpﬁolﬁééaonuuﬂl ﬁfe\éési%? yot haveaddi tion to

the zirconi umsgqufi@t&ig&%mﬁdeﬁao\éad ifh@aadsl tit ven mays Enckydedanph@syi ci zer, a
| ubricant, fill an anti oxi dan t her mal ﬁ{@bl lizer, a nucleating agent, a

r,
cross |inking aaaé}ﬁg}‘e%?t& 88§ F\k‘i‘ gy dravy & IYlﬁEfsétdent an antistatic
agent, a cenpati bi |T]Z€€‘hyd1&)thélgﬁl§1 ﬂ’lesﬁrﬁéﬂmlgmageﬁhtsuaﬂyphgﬂ‘iblﬂ'l or andream ng agent,

an a.ntl f ungal a elal%lﬁasnlg l}ls or 1{101ee When t eﬂ dlo?ﬁ &On‘gaotsnlne;nlt ?mcan be
obt ai ned by Miox| ng spers on-of" Zi't ¢ont Uim oxi escri above with the

resin, and knehditagthdreonsd kowur, éhQG)Bwlaergapplreom datersret hodirsuchmasxigti rri ng
and mi xi ng or 4By, Usi NG AR SBRPS Mélghé‘pﬂ%ﬁg& n& Mcahi(ﬁ&oﬂ §lngl e screw extruder,

a twin screw extruder, aro nea nea er a Banbury nixer, a ball
M1, or a be&B&ITFANCRTY The agBiee 2ot Artiedet ex pereanpusiterom. 6ht thAe thavent i on

can be pr eher abliye uagdedRraiRp OAUSI BOriNaDh NS Bl deeh Akt 6tias Wayn u%gg an
25appropriate nethod such as |njection npldi ng%d ﬁ%‘r usi on nol di ngHm | ow
r

mol di ng, pres$"HOPATSIYY PacauRt nolarey, curess HARG PP RART B G0l di ng,
| am nati on nolagé ﬁ@ssﬂﬁll@l ohi tngn e Ogy Riclirefloftssab wltm@gpefntlcﬁhﬁ@trm fig an@idiod,
dependi ng on tggt or oti ect l%n&l on WI I'l be

described witR"Fefér étnléseu %{Wﬁlggl_?éboeel %)%m B ERET ??f\/%ﬂtl o’ 18 hot linited
thereto. Her elshan‘teJer in Exanples, "Mcroza" (ACP-0013, a fractional

mol ecul ar e ght _of 13000), %@Hftggwaggbg{\ Apall 238, K0R @3l8, ARGRr por ati on

was used ul trafi ratio ersion size of | spersion of
zi rconi um oxi d&idgas medsdredhian acoordaheessv sihea dipraatcBanggmsiscat t eri ng

met hod (using dWﬁlMdﬂﬁ?bﬁfs%tlyé gc&e Nikki 80 nfRnbrakbda) elel'cl@f(ﬂualtygl% di spersion
size refers to a size (a dianeter ? particles dispersed in dispersion. A

transmtt anceanU1§fd‘|f‘§BéF’§Pdi'§16$ a?l@@@ﬁ’ll%%% ge eﬂ)é’é()}f?@asdfléae BYY U ng t he
di spersion intie ﬁﬁltlhodmvridlg»a&ulcughly pailkbd @0gthe0bs 1AMt iandedsi g ta

i sible- ravi o ectro 70 manuf act by JASCO
\CI::)?:oor at |u%3¢1 \”/V:&Sb%?:glg 9[83‘1318 @I& g mi]l ??‘3‘8%%%&%@«5 “was measured using
a turning- for k vi briatdrdar SVCM&(Smomhehe(tBWs FAsheahafaetwr @dpbyich & 10Conpany,
limted). choxﬁugnog)?ildel Hbath%&%%ﬁ"ars @9501 a%Qrg c%nc%rﬁ?a%/m%g% a filmformed

of a resin conposition were neasur ed usin aze e 0 manuf act ur ed
by Ni ppon Denstiekuevmeiuste es cQocentiatenn) by aﬁdaélfsehan chitmprednegsiitiser eof was

measured in aﬁn%(%%aélﬁﬁlo%&h iin ehd %&Jﬁtﬁﬁr dness, LBl edy € Rencis! » Jveh hnd)
defined in JIS K 5600-5-4 (19 3 r’r? 1 (Dispersion of zirconium oxide A
25  particularly 11m1ted and it is preferable to concentrate the dispersion by

the ultrafiltration using an ultrafilter.

According to the invention, it is particularly preferable to wash the
aqueous dispersion of zirconium oxide obtained by the hydrothermal
treatment at the same time when it is concentrated using the ultrafilter.

30 That is, the aqueous dispersion is concentrated by the ultrafiltration, the
resulting concentrated liquid is diluted with water and washed, and the
resulting slurry is subjected to the ultrafiltration again. In this way, the
procedure of the concentration by the ultrafiltration and dilution of the
aqueous dispersion is repeated, whereby the aqueous dispersion of

35  zirconium oxide obtained by the hydrothermal treatment is concentrated



0.76 L of a m xed aqueous sol ution of zirconium oxychioride in a
20concentration of 0.6 nole/L and yttriumchloride in a concentration of 0.03
nole/L, as well as 0.53 L of an aqueous sol ution of sodi um hydroxi de having a
concentration of L9 noles/L were prepared. The m xed aqueous sol ution of the
zi rconi um oxychl.gri.de . tori oride . i on of
the sodi um hyg‘{ﬂé% de all\/\/iéqr}% %agﬁsr%%dgf {hg?fé%%%ﬁ%?&gégﬁ%@%‘e%(gg?;e%@%g?I on
reactor into Whestheowith vaigh. plheswaterdvsads Beenriian adeanece upuexideher eby t he
zi rconi um oxyghl Qrd dey.aed: bhe, ydditiumighbebhde, Wet ghaeuts ali 2ed @t the same
time to be coprecipitated, and thus a slurry of particles of a coprecipitate
of the zirconitiARSBRIEY-attf £HE™ yEE5F U cRAaL cotttaineed. [TiBe SPFAP WARe fi | t er ed,
washed, and repubqpediispeRtyoWat &mnisa ox3@ hhatnangel i€k 0dfth@aslounk yf was

obt ai ned of whjch. sol.id cante S 5.6%Db ight ip . terns. of zirconium oxide
and v um oXl GBS THUTSTURF 5T R Rn ettt e amid i v Rt 238 psl om

86.3 g (3 nol egpardssdipeersiml eapapta amttot & thanounhioh d<hdé: i moonilum and t he
yttriumin theg,sl ) .0f acefi id. dd : 35t he

i xt ure vas hodrcineer R bt IoBa B BahP isE Rl RRG 59 8

transl ucent despérsi on. The transl ucent dispersion was washed and concentrat ed
using an whtrafiltef.bA:iAPLAIRe 20l RRET $HhOM oA HAVENGe R: GOPE BRLoRfim30% by

wei ght of solid solution of zirconium oxide containing yttrium (D spersion of
zi r coni um oxi geldg)ot which digpeygop rpgdigmpisxugiesgae dgs X dInedi 8rhét W2V coni um
oxychl ori de i WignCORCEB A @IIOMBfuR o8 t IDhGhdo @ sydtsidnifR G RkRIdE ikn a
concentration of 0.03 nole/L, as well as 0.53 L _of an aqueous .sql.ution of

Sodi um hydr ox G4/ Phan 8 EOHEARLFALT BA BP0 OfBIeaM L TMAr Ee Y SHHFRd. The

m xed aqueousdi@soiiut inonliofh ithée 2 gonisumeaxyohl ehidehanthe hepyttied um

chi ori de, ; andqLhe,20usays SOLULT O, affihe.sodt umKdLox e, vere popred at the
sane tinme into a precipitation’reactor 1nto |cﬁ S pure ter had
been put, thepebyl nheazipconittmexfidhlosi deranatate eyt g ibumh @ oni dedwer e
neutr a! i zed af, vtigb%sﬁﬁg?_Qb!lﬂpaI§01b§sggpﬁ%WeE%g1o_f@@% EQH%e%b%AiHEHy of
15particles of a coprecipitate of the zirconiumoxide and the yttrium was

obt ai ned. The sl ur r@cqxxﬁngm tley dppevasher i irtidsulipedsion gurieonat®r so t hat
one liter of axigkufdyb¥astohtakBetht sWREEH §O0hitn GANEEMHe MBSINSHEY by wei ght
in terms gf zirconium oxide and yttrium oxide. The slurry had an el ectric
conduct i vity Bt'¢28%"uS/cro. 2086.3 g (3 nole parts per nole part of total
anount of the zircdiiewngantt ddieentt srrotMaictictelyslitiiteyl) aall vacet nGsagied was
added to the §1|~ urey, ;an t he m'f<t‘ugle a3 h dEr ot her.gFI Ily tlgcea})tlveéjntai'gg 230C for 3
hours to obtair a transtucent di'spersion’ 'The tTansiucent dispersion was
washed and coneentulatledinusehg mhmalytinafudet &r ¢x@mabit.adlp e tdi spehsisoncB havi ng a
content 2501 20%bNa 8! o8, 4501 39:501400 A0l 2L GO QKA. C QLRI NI NG
yttrium (Dispersion of zirconiumoxide C) 0.76 L of an aqueous sol ution of
zi r coni untoxyehP Bril deetiane anéonelent famh on: alirba@e fplwyepisuahds@es® e, of an
aqueous sol ut j@phAfe s POk, 300y AL dEi sPBYi Y Koo O RE EMdREd ARo10fls Judh MOl es/ L
wer e prepared. TrL

as et eylene glycol and glycerin; and mixtures of the two or more thereof.
Methanol, methyl ethyl ketone, methyl isobutyl ketone, and mixtures
thereof are particularly preferable.

30 In order to displace the dispersion medium of the aqueous
dispersion of zirconium oxide obtained, that is water, by the organic
solvent, the aqueous dispersion is treated using a rotary evaporator to
remove water, and the organic solvent is newly added thereto, for example.
As an another method, the aqueous dispersion is subjected to

35  ultrafiltration to remove water or the dispersion medium, to obtain a



aqueous sol ution of the zirconium oxychloride and the aqueous solution of the
sodi um hydr oxi de were poured at the sane tinme into a precipitation reactor
into which 0.74 L of pure water had beenlput, thereby the zirconium
oxychloride was neutralized, and thus a slurry of particles of 35zirconium

oxi de was obt gjped. th'er@ﬁlé} L aﬁum&vftmlat,@&%qmeﬂﬁﬁbﬁg, Rl he &Ymagnlydlpﬁd in pure
water so that one liter of a slurry was obtained of which solid content of

Zi rconi um oxi #eP WA "5 BB BY- Wt GHE. W hehspraceduraef A diaterd &lebAdueti vity of
258 pS/cm 82:& dtéd, v a8y paitt s vaSEh M0k PAEIn0fdidi@sizhreodiuumikn the slurry)
of 5acetic acid nas, gﬁﬂlgd to the sl utrr\ald tE\nd ‘tlhg m xture.was h drotgermal ly
treated at 200C for USRS BBV H N ? qh&P éﬁflsd?%ﬁé?‘éf%%

transl ucent diwspes disphrsias nwashedisanhd cconcienbhanedaudengtamedl trafilter to
obtain a di spersi on G, QQ ing %tﬁ @tt%ptexgjn 30% bc¥1 el glh;s a?f . Zit.goni um oxi de. 10
(Di spersion of zirconium ox | de 6.76 L m X queous sol ution of
zi r coni um oxy et¥ldori dé ainrp uecondemerab i of zokoHlug ﬂmlde/ltleIridC%d bmientatechl ori de
in a concentr%g&me%ggn%o@érﬁ/d@,ob@§mw§hlsp@§519néﬁzﬁc&tluﬂnoﬁ%%@%@pl ution of
sodi um hydr oxi de 15having a concentration of 1.9 noles/L were prepared. The

m xed aqueous IEBPEHPBOMAGRURHE (2P FEGAT tHF BXiFchISsPide  stid- £RE tAPUM hum chl ori de,

and the agueous :sohucine o@gaﬁﬂa%om%um&md&mbﬂanwe@ oPOME@dodtenthe same tine
into a preci p| ation reactaor into which Q ure water had beﬁn put ,

thereby the z{"PEGHIATERGEHPBPT G8 cHHE™ ﬁ‘édalocﬂmmihﬁ@ﬁ%%l?w%w@ 56R&ut ral i zed

at the same thnetheo obgardoppbenpictabedbtainddt hus a slurry of particles of a

was il ferod. washed BN FUBUTReH T BUr & GACS Bo Haroona TITar of a slurry
was obt ai ned @Iﬁbiﬂkﬁedhosaowﬁdm@dm émpemsn 5u8¥mby wedghtill mltrepersicofavzi r coni um

oxi de and, um&mw g€ cﬁbﬁer@low{rxamgn@éﬁng%' ﬁghrﬂr@s&ﬂ@%%dg\émélof 173
pSi cin. Qi‘mg?mm) e parts per I e part of anount of the

zi rconi um and2t H%Ca&l M in the sl urry) of acetic aC| d vvas added to the

slurry, and the m xnw@smsoxhy%%heifrm& hyvdaieat 8dnakinkQ0f mrfoxsnﬂyours to
obtain a trangl ucent esger sion. The transl ucent per si on wgshed and

30concentrat e 1519§'fsﬁﬁgéh FPe TP CEAIIEBN BT Qiciites! d}quw%}t&w SF<as by wei ght
content of sohb&hesial uitéon. oﬂ“hmzn@eﬂhuxﬁmmaede a@iﬁeﬂabmh@geﬁhummmﬂhe

di sper si o, wassuéﬁtgfeg ¢S tt:))e%;:atltesdby?)g(‘)}1 " 1&&(1%% too? S%TSI or%gzﬁr, eatnept, to obtain a

di spersion D havi a’ ¢on of on of zirconium
oxi de cont ai niqawgn, aalulmmm]mhe 4180 (i ég&rxshscml Ofe wier @omiqumedxideeffigs of 0.76
L of a m xed uaaus, S0l Mt 1 on.9f rconi um oxychloride in a concentration of
0.6 nol e/L and magnesi um ¢ ? Pdmalon a concentration of 0.03 nole/L, as well
as 0.53 L of an aquedus 1§®Mﬁl@ronth©freswd‘ii€tﬁq1lﬁyélrﬂ@m’@:ies Bhavd e WadBncent rat i on

of 1.8 nol es/ LWeld€ -RHEP;M Bhe THE: ok X8 H yAQUERHS depending on the use or

25  required properties of the obtained resin composition. Examples thereof
may include polyolefin resins, which are homopolymers or copolymers of an
olefin, such as polyethylene, polypropylene, an ethylene-propylene
copolymer, an ethylene-propylene-diene terpolymer, ethylene-butene
copolymer, ethylene-acrylic ester (such as ethyl acrylate) copolymer,

30 ethylene-vinyl acetate copolymer, and ethylene-methyl methacrylate
copolymer; homopolymers of an aromatic vinyl monomer such as styrene,
and copolymers thereof such as an ABS resin; poly(meth)acrylic resins;
polyesters such as polyethylene terephthalate, polybutylene terephthalate,
and polyarylate; polyamides such as 6-nylon, 6,6-nylon, 12-nylon,

35  46-nylone, and aromatic polyamides; polyethers such as polyphenylene



solution of the zirconium oxychloride and the magnesi um chloride, and the
aqueous solution of the sodi um hydroxi de were poured at the sane tine into a
precipitation reactor into which 0.74 L of pure water had been put, thereby

t he zirconi um oxychl ori de and the magnesi um chl oride were 10neutralized at the
same time to opL [ arti.cles of a
coprecipitat ep%feg ﬁeggller%c%oﬁ%ﬁ% ﬁ%e&gl%g %hdsbérigg%‘l?e@%tu was obt ai ned. The
slurry was fiPelepetonpeshebhstamersraptl gsedy imepimmeusideedigr ¢watyotie liter of a

slurry was Obéﬁbﬂﬁgatﬁéné'\’fyo%hs&glehg £Q ioemumédfe%%ps\@mtam terms of
zi rconi um oxi de and magnesi um oxi d he slurry had 15an el ectrj ¢ conductivity

of 156 pSi cm Polychloropygne poly émﬁbe]éloﬁ’eiiret §1Ci§ér“’rﬁfldé’°6&1iﬂflso?btﬁb‘ieéil ‘anmount of the
zi rconi um sandp&lbelen&gﬂ@swmm 16.ke ngl Up sy Jurahioaeetihetlagtdlvassradded to the

slurry, andthe drothermallytreat_ed r 3 hours to
obtain a cl oudy® ﬁl’i‘é‘@i’g %’ﬁ“pof téorbF(BUGVHB%B%F%?’SWR’I\ggh%\]ég%edﬁ aid®cénhtent r at ed
20usi ng an ul ¢rthfirh¢etting robhaimhasdi sherdireninhaviapgxareont ent of 30% by

wei ght of sol i | 0 t e

di sper si on wa{é urt%tt d%lggsééf eg%woqggte)ﬂrlr%ge é)qi} %Iblg!?gelgoér@%g tﬁ‘(gquéqt]o obtain a
di spersion E ﬁb%%@sw%@ﬁvémussﬂ B0% by agvei ghtuof oiZiweconingns-oxi de.

25(Di spergj on of Z"M%Q%'sm&%béjs,@tJQcontammgobh%@dcogfuxﬁ M xegk @queous sol ution
of zirconium oxychloride in a concentration of 0.6 npien, and titanium
tetrachl ori deAPHOB SRR Rt RBR1OGH 26F YR OBRBIMEIL 0thes Afdl versi@esdine &F an
aqueous sol ut {renre@fn s06H, UMbydEOXi tie 2 hami gt HeoNE@RL kdtdxode 8sctiddnol es/ L
wer e prepared.. The ﬂ:'h xed agueous .30 utl n of the Urz1b| [ coni gm oxychl ori de and
the titani umt¥t"¥ac Sﬁddié V%Hﬁlytlﬁé t@bﬁeﬁrt?b T§P ¢ he §6diTum hydr oxi de
wer e poured atntilvedsane themeai Btabildazqar e(hlupletaainlgm'gehe&ch@)lSs limfzon gvhgeaty, 0. 74 L of
pure wat ef. ha ere the zir, u ,Ld tani um
tetrachl o¥| deg\?\g%sgangﬁ ﬁ(li]zedobuépthnt%agesnéfre tflges%qc E% cbpr eg}r}%lt]t d and t hus
a slurry of 3&5paht |r€$1elsn9fagant;@pplgmemtt atfearoing feenzi rconkidimoni denand t he
titaniumwas ,J9¢obtiained. The slurry was filtered, washed, and repul ped in
pure water so that one liter of a slurry was obtai ned of whi ch solid content
was 5.5% by wei ght Tih§ teeingorerosziipe GAR (i Bk de ddwdntipanhamiowrser othe slurry
had an el ect riigcGQREAUGE HY Ut ¥erfe d392 vk St BMhe $88n3a8d (BeAWIng Parhstpes nole
part of total amount of the z oni um and the tjtaniumin the slurry) of
acetic acid wis®aaBBEPrLH i Hee éf’grsl“fl ARG RS HAPIFESBL I APEt R er nal |y
treated at ZOaQﬁalbpnaSe howh & et ©uchbdah @naglelsémdyem spef sitenn sthev cl oudy

di sper si on vvasxt\%vlzla hed raﬁ cogcentkrna}ata1 d ushng an nlj]{ t rafEI }1 9,9 tegan a

di spersion of ‘a conten 30% b Ght' 088 LErEEd RO Gt oR” 8521 coni um
oxi de cont ai ninAg tTh@mhuﬁmbfﬁh@ewl@pensmonm\mg offuhte heversubj ect éd to wet nedi a
di spersi on treatieqt, 1,0, dpmeyrad@m%m@fo%'s%olﬁe@@wmsaqupsah nt, of 30% by

wei ght of zirconi umoxi Di spersion of zirconium oxi de 150.76 L of a

m xed aqu?éousawpaﬂawm@ﬁhczd Pedniummiexyenroidiae. prirasiesreelitratilon of 0.6

mol e/L and yt&BldﬂHT%Cﬂﬂle@é ind8din}, 8aCONEERALIHAL QBle(hfdaQ nocﬁdmg @ldnsras well as 0.53
L of an aqueous solution of so |um hy cgrom e havi once?]ira ion of 1.9

mol es/ L wer e BPEPRFd™IFAR Rk ed iy O 08 &S BT 0 2o e(ﬁl SLO &1 PUt’oxychl ori de
and the yttrimmichl depeelinand thheis20aqieeus sol ution of the sodi um hydroxi de
were poured at the same tine into a precipitation reactor into which 0.74 L of
pure water had been put, thereby the zirconium oxychloride and the yttrium

chl ori de 3Rer exymupieal i zed at the sane tine to be copr eci pi tated, and thus a

S urry Of Particlesalinge GOR Gl el Ae.i0La 16, FLLFANLYm canddhe yttrium
was 25 obtained. The slurry was filtered, was d repul ped in pure water
m that one | ilterthgfingewipp Fi/nﬁialsmekﬁda‘ih?édtoof whi ch solid content was 5. 6% by

wei ght in ternms of ffelléﬁlcame@r{hqzs&ad@plagdﬂmcmaum@g 6613 Theaslibksly had an

el ectric conductivjty of 23
molecufarywelght 0515)0003 manufactured by Asahi Kasei Chemicals

35 Corporation was used for ultrafiltration.



140.8 g (1 nole part per nole part of total amount of the zirconium 30and the
yttriumin the slurry) of sodiumcitrate di hydrate was added to the slurry,
and the m xture was hydrothermally treated at 200C for 3 hours to obtain a
transl ucent di spersion. The translucent dispersion was washed. and

concentrat ed using ultrafilter. t.o qbtai di rsion Vi . content of
30% by wei ght of so‘lgiraa%seg{%%isgztﬁ (ggjff&_lg? eﬁcl%%)oﬁ} %mﬁb%inglgﬁc%lﬁ%aivgf ﬁg aﬁg%{fﬂ um 20
(Di spersi on ofcxirdene wihoxildea By light scaTirein wptrosi oning UZAr€8ni um oxi de A

having a cont ent, . f .:30% By WeiGltcOf 1.2d § conk M RXide Wasy diduted swoth met hanol
to a content of 15% by web]gpt of zirconium oxide, and concentrated again using
©

an ul trafiltefZo2d1gBRtENCt BR1B309% BiFPRETGHE BFPListonittima8RMde2FRe i | uti on
a][]dwrc]onﬁegm aﬂimrﬁb%gdwc&nw exirdﬁpeaastl ﬁ—&da@dliu\v\éﬁ Hyihﬁﬁﬁidrigot}@bﬁ@ﬂ)él‘sﬁ)r?irsper Ei on H
0 i ch dispersion. nedium wa t hangl an i ch. had a.content . 30% by

wei ght of zi T CORPGM BT ™ £BU L EpBraiOR B 201 Fetiti UNCORPdRr i the

di spersi on of sgéatcartiotiomedeird&-H Ohawhnfpcaucontent S6D GQ¥wbytiawei ghit of zirconi um

oxide was di | yred W %Pdﬁ?m\{&n 34 %Lohﬁ&nogﬁdggwa%anggst@g& u%[exvgl?% by wei ght of

zi rconi um oxi de, and concCentrated again usin arotary aporator to a
content of 30%byngEPghriboftig Bdorisermesr d8V- Pheadifastivon and &edhcentrati on
procedur e yer eqrgRedt ediifdyye times, and the dispersion thus obtained was

subj ected to wet nedia dispersion treatnment, thereby to obtain a dispersion |
of which di spersi on® gl lifrhviis wetiFnceeRgl 2 kRetord vand avibint FPrRgd o cont ent  of

SO% by wei ght r&fin ZbhGQRit LM OXied@ e a A0 CanPaF atiave nExarmplerl2dd sper si on of

zi rconi um oxi de 1) ?[\{.76 L_of ]g n‘ifeéj a‘.uegjus]'? I)uti n of zirconium

oxychl ori de i H28EaHEEHT PACTBRODL G B RD T 15 8RGOyt ki u AP R SFPHE i n a

concentrat i onhefdiks@3h2buwdvekslpecasirnelit aasr0ab3 kithfa anaagueoumesol uti on of

sodi um hyggoxide, |0 (& conGentiali.an of, 118  BRheAL NEIE prepared. The m xed
f il 3% e y%

aqueous solution o e zirconiumoxychloride an triumchloride, and

t he agueous sol ution of the sodi um hydroxi de were poured at the sane tine into
a precipitatign.peactor into which 0.74 L of pure water had been put, thereby
30t he zirconi ym oxychl oride and the yttriumchloride were neutralized at the
sane tine to Sé%{ﬁ*%%@ﬁ%ﬁ‘ée{n afide fus a sl urry of particles of a

copreci pi tate of the7girgaoninxeoxidewandidiieh ¥t LikidMmwasyehtaided a The slurry
was filtered, washe

d, . and repul ped i ure er,so that one |iter of a slurry
ws obt ai Hod BT GHIGl 4L GoHb St haE T by Yt ghe 1 DGR G- S8 ne
zi rconi um oxi deldndat hellyid 0.i5am okhdaqudhes sdiutiby ohaddiam el @etxtdec 21

having a concentration of 1.9 moles/L were prepared. The mixed aqueous
solution of the zirconium oxychloride and the yttrium chloride, and the
aqueous solution of the sodium hydroxide were poured at the same time
25 into a precipitation reactor into which 0.74 L of pure water had been in
advance put, thereby the zirconium oxychloride and the yttrium chloride
were neutralized at the same time to be coprecipitated, and thus a slurry of
particles of a coprecipitate of the zirconium oxide and the yttrium was
obtained. The slurry was filtered, washed, and repulped in pure water so
30 that one liter of a slurry was obtained of which solid content was 5.6% by
weight in terms of zirconium oxide and yttrium oxide. The slurry had an
electric conductivity of 235 uS/cm.
86.3 g (3 mole parts per mole part of total amount of the zirconium
and the yttrium in the slurry) of acetic acid was added to the slurry, and

35 the mixture was hydrothermally treated at 200°C for 3 hours to obtain a
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25  of 30% by weight of solid solution of zirconium oxide containing yttrium.

(Dispersion of zirconium oxide C)

0.76 L of an aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and 0.53 L of an aqueous solution of sodium

30  hydroxide having a concentration of 1.7 moles/L were prepared. The

aqueous solution of the zirconium oxychloride and the aqueous solution of
the sodium hydroxide were poured at the same time into a precipitation
reactor into which 0.74 L of pure water had been put, thereby the
zirconium oxychloride was neutralized, and thus a slurry of particles of

35  zirconium oxide was obtained. The slurry was filtered, washed, and



coprecipitate of the zirconiumoxide and the yttriumwas obtained. The slurry
was filtered, washed, and repul ped in pure water so that one liter of a slurry
was obtai ned of which solid content was 576% by weight in terns of the
zirconium oxide and the yttrium oxide. The slurry had an electric
15conductivity of, 235 pS/icm_ . 140. .8 1.nmol e part, per | e. part of
total anmount %?plflﬁgg’i? rptl:lb?]iwﬁ%ela%%t}f%eonfﬂftref%rfn(di sr%uflﬁ/ewsi ﬂ?tra{i/) edoé’g)\g%ﬁgum citrate
di hydr at e was selddedn teot thelrshuumy oxidndv ashe 6Mi ikt weeelvias Thydtotrhidraged y tr eat ed
at 150C for 3.hours .t.04.00talN.fod pudy, and sedinentary slurry. The slurry was
washed and 20 concentrated using an ultrafilter so that it had a gont ent of
10% by wei ght of sob% @ ed6laeieoti 6F PY Pebni ainodkh e élcomta i Mg S e The
resul ting was atatid hgn wabhecdewd e Wwetryegl anLdi-SReNSi @ik Ly at@ataltyo obtain a
di spersion 111 hav(% ng ﬁ content of 10% by wei ght of éi. rconi um ;Bgl de.

25( Di sper si on ORS¢ AEGRY (niBxi GRSy obtain a tragsigeept Gisp P Red  dGueous

sol ution of zitraoohianm dxychbionivde wasledcont estdeationd akidd. &n nohbefilteand yttrium
chtoride in a,copcentratlon; of cQ; 03, Ml et a3 el b, 22:%:%3 b 0h; A0 agueous
sol ution of sodium hy roxi de 1 n & concentration of 41.'§ ol e/t wer'e pr epar ed.
The mi xed aquewus- sol uti on of 30the zirconi um oxychloride and the yttrium
chloride, ;and the aqueous sol ution of the sodi um hydroxide were poured at the
sane tinme intg a precipitation reactor into which 0.74 L of pure water had
been put, thefldispertien of peeniium exgerlori de and the yttrium chloride were

neutralized at the sage, 448 ikl REUCRRIBEIRI L 8t £dcoBOh SRUSIRIR Urgy of
particles of a 35coprecipitate of the zirconiu ogrqde and the yttrjum was
Y a e

obt ai ned The ¢9%°&f & OrPpleds 2l 2uHR R © ePut petrerrr it e’ wat er so
that one |itep.0ofmalesl uis yellas @bs ai steth of uashiscldl b df ot eniydvasids. 6% by
weight in_ter of the zirconium oxid d the yttrium.gxide, .The slurry had
an el ectri“%: cg?ﬁvﬁl&a} ?/ﬂcfnglfaq?%(@p]sﬁénrﬁqesazﬂ welepl?@?he% (05 RSP S ES per nol e
part of total sdmbwntofche tZheoriure orydrivand andehytalpmgmunrehideds|amdr yie of sodi um

citrate dihyd I : t 1 r ot her nal |
' Iny %%S@bu\@as%l‘ﬁtggr?gf 38 g uth W(fr%rlod%ggelghﬁodpeétalﬂ tﬁe_l_ %eyxgg y

treated at 260C for 3 hours to obtain a i spersion. dy
di spersi on wastaeishiediamticoneeher attedr ash Ag/ 4ah ofiptrafiateehaggethant.it had a

content of 1030%: by tMekGtn@fm $94dHdo:$@d Whi Qe A u Al X GRRLWR AXIvdL cont ai ni ng
yttrium The resul hl nC? gh spersion was further subjected to t nmedia
t°t 6

, f
di sper si of” t r Batra obt a7 e 4F $HBF SPRIFCINVIHAYT AR AN eDACEHEY 8 30% by
wei ght of zirpgenide oKi deprekpitanomitht ancesiwandxMesaabite gsnahudi spersi ons of
zirconiumoxide At of the inv ion are sho in Table 1, an
Eranam £t anceltame € BT bTEBY ShpR, Sl S APeBRAIR BerdE e £0 1 v of
Conpar ati ve Exenplre laree cshovinriynwdabbeied bhwhabl eolld andeTabhe 5% &yparticl e
size distribution ER0.sHows .20001 Ligkesi 28.9huh PANLT Chfc Btuingl S0% by
vol une of particles were accurmulated Tromthe smallest particle side in a
vol ume ba%®ed particétie cgpgectyist pf bUt koffm.and a particle size distribution Dmax

shows a naxi num pardg £L.e35h21€ LPhtahfed i, &+\eluie based Rant i;elensize
distribution. 24 eFluzuxj ) _
and the aluminum in the slurry) of acetic acid was added to the slurry, and

the mixture was hydrothermally treated at 200°C for 3 hours to obtain a
translucent dispersion. The translucent dispersion was washed and

30 concentrated using an ultrafilter to obtain a dispersion of 30% by weight
content of solid solution of zirconium oxide containing aluminum. The
dispersion was further subjected to wet media dispersion treatment to
obtain a dispersion D having a content of 30% by weight of solid solution of
zirconium oxide containing aluminum.

35
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(Dispersion of zirconium oxide E)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and magnesium chloride in a concentration of
0.03 mole/L,, as well as 0.53 L of an aqueous solution of sodium hydroxide
having a concentration of 1.8 moles/L were prepared. The mixed aqueous
solution of the zirconium oxychloride and the magnesium chloride, and the
aqueous solution of the sodium hydroxide were poured at the same time
into a precipitation reactor into which 0.74 L of pure water had been put,
thereby the zirconium oxychloride and the magnesium chloride were
neutralized at the same time to be coprecipitated, and thus a slurry of
particles of a coprecipitate of the zirconium oxide and the magnesium was
obtained. The slurry was filtered, washed, and repulped in pure water so
that one liter of a slurry was obtained of which solid content was 5.5% by
weight in terms of zirconium oxide and magnesium oxide. The slurry had
an electric conductivity of 156 pS/cm.

86.3 g (3 mole parts per mole part of total amount of the zirconium
and the magnesium in the slurry) of acetic acid was added to the slurry,
and the mixture was hydrothermally treated at 200°C for 3 hours to obtain
a cloudy dispersion. The cloudy dispersion was washed and concentrated
using an ultrafilter to obtain a dispersion having a content of 30% by
weight of solid solution of zirconium oxide containing magnesium. The
dispersion was further subjected to wet media dispersion treatment to

obtain a dispersion K having a content of 30% by weight of zirconium oxide.

(Dispersion of zirconium oxide F)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and titanium tetrachloride in a concentration
of 0.03 mole/L, as well as 0.53 L of an aqueous solution of sodium hydroxide
having a concentration of 1.9 moles/L were prepared. The mixed aqueous
solution of the zirconium oxychloride and the titanium tetrachloride, and
the aqueous solution of the sodium hydroxide were poured at the same time
into a precipitation reactor into which 0.74 L of pure water had been put,
thereby the zirconium oxychloride and the titanium tetrachloride were
neutralized at the same time to be coprecipitated, and thus a slurry of

particles of a coprecipitate of the zirconium oxide and the titanium was
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obtained. The slurry was filtered, washed, and repulped in pure water so
that one liter of a slurry was obtained of which solid content was 5.5% by

weight in terms of zirconium oxide and titanium oxide. The slurry had an
electric conductivity of 392 pS/cm.

86.3 g (3 mole parts per mole part of total amount of the zirconium
and the titanium in the slurry) of acetic acid was added to the slurry, and
the mixture was hydrothermally treated at 200°C for 3 hours to obtain a
cloudy dispersion. The cloudy dispersion was washed and concentrated
using an ultrafilter to obtain a dispersion of a content of 30% by weight of
solid solution of zirconium oxide containing titanium. The dispersion was
further subjected to wet media dispersion treatment to obtain a dispersion

F having a content of 30% by weight of zirconium oxide.

(Dispersion of zirconium oxide G)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and yttrium chloride in a concentration of 0.03
mole/L, as well as 0.53 L of an aqueous solution of sodium hydroxide
having a concentration of 1.9 moles/L were prepared. The mixed aqueous
solution of the zirconium oxychloride and the yttrium chloride, and the
aqueous solution of the sodium hydroxide were poured at the same time
into a precipitation reactor into which 0.74 L of pure water had been put,
thereby the zirconium oxychloride and the yttrium chloride were
neutralized at the same time to be coprecipitated, and thus a slurry of
particles of a coprecipitate of the zirconium oxide and the yttrium was
obtained. The slurry was filtered, washed, and repulped in pure water so
that one liter of a slurry was obtained of which solid content was 5.6% by
weight in terms of zirconium oxide and yttrium oxide. The slurry had an
electric conductivity of 235 pS/cm.

140.8 g (1 mole part per mole part of total amount of the zirconium
and the yttrium in the slurry) of sodium citrate dihydrate was added to the
slurry, and the mixture was hydrothermally treated at 200°C for 3 hours to
obtain a translucent dispersion. The translucent dispersion was washed
and concentrated using an ultrafilter to obtain a dispersion G having a
content of 30% by weight of solid solution of zirconium oxide containing

yttrium.
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(Dispersion of zirconium oxide H)

The dispersion of zirconium oxide A having a content of 30% by
weight of zirconium oxide was diluted with methanol to a content of 15% by
weight of zirconium oxide, and concentrated again using an ultrafilter to a
content of 30% by weight of zirconium oxide. The dilution and
concentration procedure were repeated five times to obtain a dispersion H
of which dispersion medium was methanol and which had a content of 30%

by weight of zirconium oxide.

(Dispersion of zirconium oxide I)

The dispersion of zirconium oxide H having a content of 30% by
weight of zirconium oxide was diluted with methyl ethyl ketone to a
content of 156% by weight of zirconium oxide, and concentrated again using
a rotary evaporator to a content of 30% by weight of zirconium oxide. The
dilution and concentration procedure were repeated five times, and the
dispersion thus obtained was subjected to wet media dispersion treatment,
thereby to obtain a dispersion I of which dispersion medium was methyl

ethyl ketone and which had a content of 30% by weight of zirconium oxide.

Comparative Example 1
(Dispersion of zirconium oxide I)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and yttrium chloride in a concentration of 0.03
mole/l,, as well as 0.53 L of an aqueous solution of sodium hydroxide in a
concentration of 1.9 mole/L were prepared. The mixed aqueous solution of
the zirconium oxychloride and the yttrium chloride, and the aqueous
solution of the sodium hydroxide were poured at the same time into a
precipitation reactor into which 0.74 L of pure water had been put, thereby
the zirconium oxychloride and the yttrium chloride were neutralized at the
same time to be coprecipitated, and thus a slurry of particles of a
coprecipitate of the zirconium oxide and the yttrium was obtained. The
slurry was filtered, washed, and repulped in pure water so that one liter of
a slurry was obtained of which solid content was 5.6% by weight in terms of

the zirconium oxide and the yttrium oxide. The slurry had an electric
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conductivity of 235 uS/cm.

86.3 g (3 mole parts per mole part of total amount of the zirconium
and the yttrium in the slurry) of acetic acid was added to the slurry, and
the mixture was hydrothermally treated at 150°C for 3 hours to obtain a
translucent dispersion.

It was tried to wash and concentrate the translucent dispersion
using an ultrafilter to a content of 30% by weight, but the dispersion gelled
when it came to have a content of 20% by weight of solid solution of

zirconium oxide containing yttrium.

(Dispersion of zirconium oxide II)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and yttrium chloride in a concentration of 0.03
mole/L, as well as 0.53 L of an aqueous solution of sodium hydroxide in a
concentration of 1.9 mole/L. were prepared. The mixed aqueous solution of
the zirconium oxychloride and the yttrium chloride, and the aqueous
solution of the sodium hydroxide were poured at the same time into a
precipitation reactor into which 0.74 L of pure water had been put, thereby
the zirconium oxychloride and the yttrium chloride were neutralized at the
same time to be coprecipitated, and thus a slurry of particles of a
coprecipitate of the zirconium oxide and the yttrium was obtained. The
slurry was filtered, washed, and repulped in pure water so that one liter of
a slurry was obtained of which solid content was 5.6% by weight in terms of
the zirconium oxide and the yttrium oxide. The slurry had an electric
conductivity of 235 pS/cm.

14.4 g (0.5 mole parts per mole part of total amount of the
zirconium and the yttrium in the slurry) of acetic acid was added to the
slurry, and the mixture was hydrothermally treated at 200°C for 3 hours to
obtain a cloudy dispersion. The cloudy dispersion was washed and
concentrated using an ultrafilter to obtain a dispersion having a content of
13% by weight of solid solution of zirconium oxide containing yttrium.
The dispersion was further subjected to wet media dispersion treatment to
obtain a dispersion II having a content of 13% by weight of zirconium

oxide.
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(Dispersion of zirconium oxide 11I)

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and yttrium chloride in a concentration of 0.03
mole/L, as well as 0.563 L of an aqueous solution of sodium hydroxide in a
concentration of 1.9 mole/L were prepared. The mixed aqueous solution of
the zirconium oxychloride and the yttrium chloride, and the aqueous
solution of the sodium hydroxide were poured at the same time into a
precipitation reactor into which 0.74 L of pure water had been put, thereby
the zirconium oxychloride and the yttrium chloride were neutralized at the
same time to be coprecipitated, and thus a slurry of particles of a
coprecipitate of the zirconium oxide and the yttrium was obtained. The
slurry was filtered, washed, and repulped in pure water so that one liter of
a slurry was obtained of which solid content was 5.6% by weight in terms of
the zirconium oxide and the yttrium oxide. The slurry had an electric
conductivity of 235 pS/cm.

140.8 g (1 mole part per mole part of total amount of the zirconium
and the yttrium in the slurry) of sodium citrate dihydrate was added to the
slurry, and the mixture was hydrothermally treated at 150°C for 3 hours to
obtain a cloudy and sedimentary slurry. The slurry was washed and
concentrated using an ultrafilter so that it had a content of 10% by weight
of solid solution of zirconium oxide containing yttrium. The resulting was
further subjected to wet media dispersion treatment to obtain a dispersion

III having a content of 10% by weight of zirconium oxide.

(Dispersion of zirconium oxide IV}

0.76 L of a mixed aqueous solution of zirconium oxychloride in a
concentration of 0.6 mole/L and yttrium chloride in a concentration of 0.03
mole/L,, as well as 0.53 L of an aqueous solution of sodium hydroxide in a
concentration of 1.9 mole/L were prepared. The mixed aqueous solution of
the zirconium oxychloride and the yttrium chloride, and the aqueous
solution of the sodium hydroxide were poured at the same time into a
precipitation reactor into which 0.74 L of pure water had been put, thereby
the zirconium oxychloride and the yttrium chloride were neutralized at the
same time to be coprecipitated, and thus a slurry of particles of a

coprecipitate of the zirconium oxide and the yttrium was obtained. The
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slurry was filtered, washed, and repulped in pure water so that one liter of
a slurry was obtained of which solid content was 5.6% by weight in terms of
the zirconium oxide and the yttrium oxide. The slurry had an electric
conductivity of 235 pS/cm.

70.4 g (0.5 mole parts per mole part of total amount of the
zirconium and the yttrium in the slurry) of sodium citrate dihydrate was
added to the slurry, and the mixture was hydrothermally treated at 200°C
for 3 hours to obtain a cloudy dispersion. The cloudy dispersion was
washed and concentrated using an ultrafilter so that it had a content of
30% by weight of solid solution of zirconium oxide containing yttrium.

The resulting dispersion was further subjected to wet media dispersion
treatment to obtain a dispersion IV having a content of 30% by weight of

zirconium oxide.

Transmittances and viscosities of dispersions of zirconium oxide A to
I of the invention are shown in Table 1, and transmittances and viscosities
of dispersions of zirconium oxide I to IV of Comparative Example are
shown in Table 2.

In Table 1 and Table 2, a particle size distribution D50 shows a
particle size of a particle at which 50% by volume of particles were
accumulated from the smallest particle side in a volume based particle size
distribution, and a particle size distribution Dmax shows a maximum

particle size obtained in a volume based particle size distribution.



(Fuswa[d JUTZIIqe)s puk) wntuodatz jo jred sjow 1ad sjxed oJOTAl (T (SIION])

Pr oducti on of

LO)

OA 74 00 "
24

VDO O

0 CO

LGT 8'¥ 6'¢ g6 2’6 0’8 €'¢ ¥'6 0'8 (S-BJW) D87 18 £I1S00STA
6% L'cy gEv L1y oer 9'¢eY 8'Ch 9ty vy (%) WU 00¥ JO Y13US] SABM JB SOUETWSUEL],
£'G6 896 1'96 G'66 €96 696 8'G6 1°L6 2’86 | (%) WU 08 JO YI3us[ 3ABM JB S0UBTWISURL],
198 992 G'1% ¥'0€ ¥'0€ 9'6% G'1g 9'6% §'1% (Wu) Xeuwl(J UornquIjsIp az1s s[onied
9'8 e v'g '€ vy 6'C 2§ i 7’8 (Wu) 0g(] UOTINGLISTP 9218 8[ITIEJ
08 0€ 0€ 0g 08 08 0€ 0ge 08 (4S1eMm £q %) SPIXO WNTUOOIIZ JO JUYUOY
uotsaadsi(] Jo sorredord

002 00% 00g 0032 0032 003 003 0€3 00% (Do) @anjeI2dUWa]) BUT)RI] [BUIISYJOIPAY]

g g 1 g g g g g g ((3xed ejour) proe oruesIo Jo Junoury
proe proe 97811 | PpIoE proe proe pro® poe poe

proe dtuedi()
o180y d)8dy | WMIPOS | d1190Y | 01390y | 01190V | O1190Y | D1190Y | 01380y

auo0lay
[A43e [TOUBYISIAL | TOYBAY | I3JBA\ | I83BAL | I99BAL | TOIBAA | T03Bp4 | T03EpM wnipsw uorsradsi(y
IESEEI
A A A L 3N v SUON A A Juswa[e SurZIIqesg
uotsradsi(] Jo uooNpoLg
I H O d Cl a 9] ! v

"' 0LO. ,

Di spersion Stabilizing el enent Dispersion nmedi um Organic acid

Co C. D1

1 spdurexyy

T HT1dV.L




)
O O
S A
Co.
—2E
m_lp = 2 %,w ‘a3ae]
5 © @© 1
-0 = e A 003 sem uors.IadsTp Jo 9z1s uolsxadsip B 9sneoaq a[qIssod J0U Sem JUSWA)INSBIW JB) SUBIW
@®© c
570 o L~ oJ, PUE (poY[e3 sem uolstadsTp € osnedaq o[qIssod jou Sesm JUdUISINSBIW JEY) SUBIW &, (Z
anuum m_.V \).4 (Yudursyo 3UrZI[Iqe)s pue) WnTuodlz Jo jred sjouwr 1od 3aed S10TA] (T (S9ION])
O .— <
— m — m 08 (R s X¢ LENELR) (S-eqW) D57 18 AITS0ISTA
S V,W 00 10 00 00 (3 (%) WU Q0¥ JO Y33ue[ 8ABM JB DUBJTWSULL],
— Q0 +— ~
=9 W@.H 9°89 00 9'g ]'%¢ (%) WU QR JO YISUS| 8ABM T8 20UBIJTWSUBL],
O— S o o o 209 q S6LT 1 (W) Xew (] UoTNGLISTP 8Z1S 8[d13AR ]
) e - — 1 1,
_Sx W ' mw vel q eeFT B (W) G uoyNqLIYSIp 9ZIS J[OTJAEJ
ES223N s o1 g1 03 (14B1em £q 95) GPIXO WINTUODITZ JO JUBIUOY
m m o @ D uotsaadsyJ jo sergredoag
S E@eo| 002 081 003 0¢1 (Do) @Ijerodwe) Buyeel) [BWIOYIOIPAY
— 3 ©
.m. m aZd M @m S0 1 S0 e :Gumg aJour) pIoe dIUBSIO0 JO JUNOWY
N oo 91Byn 9781910 poe pwe
. 08 otueda
%5 ) WO O  wnIipog wWnIpog o180y 01390y e HERI0
.25 © QO PIEM 1918 M 1938 M T938 M wntpaw uotsaadsi(]
© C - —
oo = F © A A x A JuswWale 3UIZI[IqeIQ
e W o SR uotsaadsi(] Jo uoryonporJ
ECET 4w I 11 I
ke .m — = ? = 1 sjdwexy sanpereduwon)
—_— N0 O @
SsRIET cipt:aAr
© B0
[7p] Y—
- O 00
cO- s
G o~
O D= ©
= 00 Duw
o .- n_ﬁb ®© < o o o
[SRRN7 R
cC o m oo
SQ0=sO0Y
m O N 0 ~
E58S0

Example 2

(Preparation of resin composition containing zirconium oxide and

evaluation of properties thereof)

A coating composition was prepared by mixing 4 g of the dispersion

35
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r-. Al CC Exanple 2 (Preparation of resiza conmposition containing zirconium
oxi de and eval uation of properties thereof)
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of zirconium oxide H containing zirconium oxide in a content of 30% by
weight, 2.5 g of dipentaerythritol hexaacrylate (DPHA manufactured by
Daicel-Cytec Company Ltd.), 0.175 g of 1-hydroxycyclohexyl phenyl ketone
(“Irgacure® 184” manufactured by Ciba Specialty Chemicals Inc.), and
0.12 g of methyl isobutyl ketone.

The coating composition was coated on a glass substrate using a bar
coater #5, and the coating composition was irradiated with ultraviolet rays
at 300 mJ/cm? to cure the coating composition to form film having a
thickness of 5 nm on the glass substrate. The film was found to have a
total light transmittance of 90.52%, a haze value of 0.27, and a scratch

hardness of 9H.

Comparative Example 2
(Preparation of resin composition containing no zirconium oxide and
evaluation of properties thereof)

A coating composition was prepared by mixing 2.5 g of
dipentaerythritol hexaacrylate (DPHA manufactured by Daicel-Cytec
Company Ltd.), 0.175 g of 1-hydroxycyclohexyl phenyl ketone ("Irgacure®
184" manufactured by Ciba Specialty Chemicals Inc.), and 2.5 g of methyl
isobutyl ketone.

The coating composition was coated on a glass substrate using a bar
coater #5, and the coating composition was irradiated with ultraviolet rays
at 300 mdJ/cm? to cure the coating composition to form film having a
thickness of 5 pym on the glass substrate. The film was found to have a
total light transmittance of 91.17%, a haze value of 0.06, and a scratch

hardness of 5H.



35A coating conposition was prepared by mxing 4 g of the dispersion 20 of
zirconi um oxide H containing zirconiumoxide in a content of 30% by wei ght,
2.5 g of dipentaerythritol bexaacrylate €DPHA manufactured by Dai ceheytec
Conmpany Ltd.), 0.175 g of 1-hydroxycycl obexyl phenyl ketone (llrgacure(r) 184"
manuf actured by G ba Specialty Chem cals,Bp:, and 50.12 g of nethyl isobutyl
ket one. The coating conposition was coated on a gl ass substrate using a
bar coater 45, and the coating conposition was irradiated with ultraviolet
rays at 300 iqthcn, {0 ,eidig, toh911‘991?&1'17{19)(1‘39%B%lrfsuofp&lqlél@é Bt Li-kdnihaving a

t hi ckness of 5 pmon the glass substrate. The filmwas found to have a 10t ot al
light transm f)f%ﬂﬁdé 2oforg e i5Po0% Phayde Yapue os aod PPV IENY LR SEHARER RAr dness  of
9H. Conparat i ge%limﬂpJeeat% wave 1&@&;&@@@@0 In@M aOﬁ‘lahﬁﬁwﬂa@@W% bpglo@@at ai ni ng no
zi rconi um oxi de an on o ertie coatl ng
conposi tion was' pr ngﬂqkﬁﬁhP?rﬁB @Séﬁ%w’ﬂ§ W? e?ﬁ%ﬁ?ﬁfﬁ hexaacryl at e
(DPHA manuf actanedabyreDai T8C- Cyt ec Conpany Ltd.), 0.175 g of

1- hydr oxycycl ohexyl phenyl ketone ("lrgacure(r) 184" nanufactured by G ba
Specialty Chemcals Inc.), and 2.5 g of nethyl 20isobutyl ketone. The
coating conpo8iti ol wasispoatedoionrenghassisubserére tasing & barrecoater #5, and
the coating compasibl QNaWasisbliadoAlieth Wi bibhiel AVEOLEl,d Y8:@ing00 M/ ch to
cure the coating conposition to formf aving a thickness of pm on the

gl ass subst r atemepieckictan Kag ﬁ‘l(‘a‘tﬁﬁéut’fb ThER/E SEURE BT EI T RhE 2t s tt ance of
91.17% a hazegewrlnwe of 0.06, and a scratch hardness of 511. CLAIMS A
di spersion of zirconium oxide conprising particles of zirconiumoxide in a
content of 20% by wei ght or nore and having a transmttance of 35% or nore at
a wave | engt h3of 4(101ertmspastdrmfsmdohmmemnfe Ohb%dngnorkiatl e Wawvkeileengt h of

8.00 nm. aﬂg a \éllssp%?ssllokymg 1u ofm%aé C?l ersu%ensgf Tncoafnlg_r%ngjegleatlsu{vgf%f 25C. 2. The
di Spersi on Of Zl rcontum OXI accor erein e 10zirconium

oxide is a solid solution conpr|3|ng at | east one stabilizing el enent selected

from al uni num,_magnasi Hob. LidAN DA (B1& SACLNNELEURALS: o SThendissper sion of

zi rconi um oxi de according to' claim1 2, wherein 15a di spersion nedi um of
t he di spersi oh dafreziipeaniditiroxt de dispewgiey of zirconium oxide is an aliphatic

alcohol, an aliphatic carboxylic acid ester, an aliphatic ketone, a

20 polyhydric alcohol, or a mixture of two or more of these.

5. A process for producing an aqueous dispersion of zirconium oxide
comprising particles of zirconium oxide in a content of 20% by weight or
more and having a transmittance of 35% or more at a wave length of 400

25 nm, a transmittance of 95% or more at a wave length of 800 nm, and a
viscosity of 20 mPa-s or less at a temperature of 25°C, the process
comprising: reacting a zirconium salt with an alkali in water to obtain a
slurry of particles of zirconium oxide; filtering, washing, and repulping the
slurry; adding an organic acid to the resulting slurry in an amount of one

30 mole part or more per mole part of the zirconium in the slurry;
hydrothermally treating the slurry at a temperature of 170°C or higher;
and washing and concentrating the resulting agueous dispersion of

particles of zirconium oxide.

35 6. A process for producing an aqueous dispersion of zirconium oxide



4. The dispersion of zirconium oxide according to claim1 or 2, wherein a

di spersion nedium of the dispersion of zirconiumoxide is an aliphatic

al cohol, an aliphatic carboxylic acid estgr, an aliphatic ketone, a

20pol yhydric al cohol, or a mxture of two or nore of these. 5. A process for

produci ng an aqueous di spersion of zirconi,um oxi de conprisin rticles of
Di rconi um oxi GATPACIEBAUEHE® of “SUUBY GEr gt 6P RaTe B0 Ravihg s
transm tt ance rofre35% loxvinpraetrat siaitwave dfedigt hr ofor4@0 a25nm leagtlr ahghd t t ance of
95% or more at,d yaveLendh. of o820, M AN, B.YL $6ATHIK $8h. A0 MRR,s or less at
a tenperature of 2 é, the process conprising: reacting a zirconiumsalt with
an al kali in watepity of Btmal s saorsleas py adkmparativep e§ 28%C. Zhe eoptasm oxi de;
filtering, 5\Na%mnr;s_gisi@glqe5&w% Ri Dot NEn Sh U 4Yd 2 840 910 ¢80. Qr@RaNGHAGH G t 0 the
resulting slurry in an ampunt of one 30nole part or nore per nole part of the
zi rconi um i n teHEN LT SEte hyiprd e HER I y e B RS g PHERRISH ATt 3te 2 tenper at ur e
of 170C or hi ghah¢n@ratmashilngi and sconeeidttat 4 Bgirtheodtesthl ipagtialgueods
di spersion of parti (:Les f zirconi um oxi d(g:. 98 conpri s%g)g .g.arti cl es, of
21 r Goni um oxi 480 EBAE Arft GF D0GC L BT GRE 2bl ROPR® ARPHAVE] e
transm tt ance fofer35ovors himpg, earat regp uhgiveg thengtihyohd4i@ ddMreania angnbtthance of
7% of 0B Ao AL ILENILN OF 800, B Boe AD. B SORSIL ¥ OhoROMII AL, S o
| ess at a tenperature o 5¢" the process bconprising: reacting a zirconium
salt and a saltetapfargtunit@dshe eneosiiabphil zhagt édasrent ssehibeiredelt memt ab uni num
magnesi um tl tt_ﬁ@Ewﬂ‘y;m_rsﬁ{e@mea@lrytt}ﬂeﬂiﬁm SluMt B Q—@erﬁl)é(l%lthré_ B waker, o obt ai n
a slurry containing particles of "a coprecipitate of a zirconium oxide and the
at | east one St&EMIT P2{ NG sBIEneMt coFGePtertiHgthotes hithy 2 Bfd Ue PR PERG Hhe
slurry; addi ngaaficles ganhied a€liudiohQ i ondn @8l EdGirshEERY at NeaM oagount of one
nol e part lgr m)re,?.er gDI e part of a total amount of the zirconiumand the at
| east one 2t abiiT P NG €F8fBht in the slurry: hydrothermally treating the
slurry at a tenperature of 170C or higher; and washi ng and concentrating the
resul ting agueous dh?eoelrosciegsn of B LﬁtiinCIa%sa OfeoﬁsOIdisd e§0|orlilt hgﬂcgrfuu%ﬁ b%i Qi um oxi de
containing the at | east one Téspt abi 1'1'zi ng Bl 8mentP e 7  Thé process for
produci ng an agquedusz di dper Si ermeofinziheconieans dxirdesiagedrdicagiumo ogldai m 5,
wherein the agyeonsy di SREmSLPLREmA] FEQRLUM O, 46, OPLa| P& RY: &hg Dydr ot her mal
treatnent is washed and concentrated, and 20the resulti n% aqueous di spersion
of zirconftim &%t sesulene garhets subpedtedl toceridinspersivftheat weAtted t8. The
process for produe BgnaReagueous di spersion of zirconi um oxide according to
claim6, wherein the agueous di spersion of zirconium oxide 25 obtained by the
hydr ot hermal treatnent is washed and concentrated, and the resulting aqueous
di spersi on of 8zi r coridupoexsderipsofiurihben subpectegei Gon ofl5petisinobxideeat ment .
9. The pr ocesglcgoth(rii rodtfci ng an agueous di S Se(issi aQn .of o%i rrcorrgf'u%mo%diede
30accordi ng t o Craln s D787 whar ei'n A AGaed s PSoT ot PR 6 21 &5hiCum sal t or
a m xed agueoustaso¢diby ohe bf deotheroentwatsaht isandsteedsald cofceatrdtedstindne
stapll1zing elenent, g6k aahed,d 1og AT PUL, IMANSALUM ()R a0k Wi ARderar e
earth el enments, and an al'kaline aqueous solution are added to charged water at
the sane tineatdsieeaen twhetzéticoni um salt, or the 35zirconiumsalt and the
salt of at |east one stabilizing el enent selected from 29 al um num
magnesi um titani ur,r} and rare earth elements in wster the alkali.

9. he process for producing an aqueous dispersion of zirconium oxide

30 according to claim 5 or 6, wherein an aqueous solution of zirconium salt or

a mixed aqueous solution of a zirconium salt and a salt of at least one

stabilizing element selected from aluminum, magnesium, titanium, and

rare earth elements, and an alkaline aqueous solution are added to

charged water at the same time to react the zirconium salt, or the

35  zirconium salt and the salt of at least one stabilizing element selected from



10. The process for produci ng an aqueous di spersion of zirconiumoxide 5
according to any one of clains 5 to 8, wherein the aqueous di spersion of

zi rconi um oxi de obtai ned by the hydrotheppal treatnment is washed and
concentrated using an ultrafilter. 11. The process for produci ng an aqueous

di spersion of _zirconiumoxide 1 cording to claimy or 8. wherein,the
di sper i on tr athERE TRl orRs it e B b et n PRREM N 12 A
process for prtbdabiadg a di spersion of zirconium oxide of which dispersion
medi umis an organic solvent, the process conprising replace 15the dispersion
medi um of the aqueous di spersion of zirconium oxi de obtained by a process
according to dAy onEhOPrErRaE] i PSOLecing anst pIgplasEd by ot ReZBFYHHICO S8 vent .
13. A resip cappRsidd QN CopRs bSEIAGnA5Tt8H, Ryiandinac b SPeisk ek REsidRzifr coni um
oxi de according to any one of . cI%jn% 1to i ncorporated. the

zirconium Oxide obtained by the hydrothermal treatment is washed and

concentrated using an ultrafilter.

11. The process for producing an agqueous dispersion of zirconium oxide
10  according to claim 7 or 8, wherein the dispersion treatment is performed in

a wet media dispersion treatment.

12, A process for producing a dispersion of zirconium oxide of which

dispersion medium is an organic solvent, the process comprising replace
15  the dispersion medium of the aqueous dispersion of zirconium oxide

obtained by a process according to any one of claims 5 to 10 is replaced by

the organic solvent.

13. A resin composition comprising a resin and a dispersion of

20  zirconium oxide according to any one of claims 1 to 4 incorporated therein.



