1 SPECI FI CATION 5 METHOD FOR PRODUCI NG DI SPERSI ON OF M CROPARTI CLES
OF | NORGANI C OXIDE I N ORGANI C SOLVENT Technical Field 10The present
invention relates to a nethod for producing a di spersion of

m croparticles of an inorganic oxide in an organic solvent, and nore
particularly to a nethod for producing a dispersion of mcroparticles
of an inorganic oxide selected fromzirconia and titania in an
organi ¢ solvent which is superior in transparency. 15 Background Art
A di spersion of mcroparticles of an inorganic oxide such as silica,
al um na, zinc oxide, tin oxide, zirconia or titania has hitherto been
used in 20 various industrial fields, and in particular, for
controlling a refractive index in an optical field. O the inorganic
oxi des, zirconia and titania have a high refractive index, and hence
they are used for enhancing a refractive index of an optical

mat eri al . Aqueous di spersions whose dispersion nediumis water have
25 hitherto been used as such a gshspEnchoromf mcroparticles, but
recently organi c di spersions whose di spersion nediumis an organic
sol vent have been strongly required in an optical film because
aqueous i speMETEAY P& MR DEASY Ct BISETSRON OB MIGRETAREl6HIoneht .
Thus, it is proposed, INOREXRIPIOXIDETR ORGANGASHLVERTVEnt and a 30
zirconia stabilizer such as acetic acid are added to an agueous

di spersion of zirconia mcroparticles to replace the dispersion
medi um or wakeehniogd Fmldor gani ¢ sol vent, thereby obtaining a dispersion
of zirconia mcroparticles in the organic solvent (see Patent
Literature 1). ver, even when the dispeysjpon nediumor. water is
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di spersion of mcroparticles of an | nor gani.c oxide in an organic
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i nor gani ¢ oxvideh v $dpeaiosih ana@secoeapts ng agent is effective 5so that
the mcrgparticles are nodified to be lipophilic. In this regard, it
i s proposed that when mcroparticles of inorganic oxide are

surf ace-t r et %#8HPA Atsi | ane coupling agent, a dispersion of

m croparticles of inorganic oxide whose dispersion nediumis an
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such as 1-butanol Ts treated w a silane
alumina, zinc oxide, tin oxide, zirconia or titania has hitherto been used in
20  various industrial fields, and in particular, for controlling a refractive
index in an optical field. Of the inorganic oxides, zirconia and titania
have a high refractive index, and hence they are used for enhancing a
refractive index of an optical material.
Aqueous dispersions whose dispersion medium is water have
256  hitherto been used as such a dispersion of microparticles, but recently
organic dispersions whose dispersion medium is an organic solvent have
been strongly required in an optical film because aqueous dispersions are
not easy to knead with a resin component.
Thus, it is proposed, for example, that an organic solvent and a
30 zirconia stabilizer such as acetic acid are added to an agqueous dispersion of
zirconia miecroparticles to replace the dispersion medium or water by an
organic salvent, thereby obtaining a dispersion of zirconia microparticles
in the organic solvent (see Patent Literature 1). However, even when the
dispersion medium or water is simply replaced by the organic solvent as

35 described above, the microparticles of zirconia easily agglomerate, and the



10 coupling agent under reflux in order to enhance the effect of the
surface treatnent, thereby the silane coupling agent is hydrolyzed so
that it is reacted wth hydroxyl groups of the surface of the

m croparticles of inorganic oxide and chem cally bonded to the
surface of the mcroparticles of inorganic oxide (see Patent
Literature 2). 15However, it is also already known that when the
mcrop articles of inorganic oxide are surface-treated by hydrol yzi ng
the silane coupling agent at such a high tenperature, the silane
coupling agent is also condensed by dehydration, on the other hand,
and is forned into an oligonmer or, in some cases, a high nol ecul ar

wei ght conpound which is 20 insoluble in a solvent and precipitated.
When the sil ane coupli.ng age is formed into a high nol ecul ar wei ght
conpound |nsdﬁﬁﬁwée‘ﬁlf%8t%5W§8ht as described above, a harnfu

i nfl uence is givéhistadradds Mnoangpalr ehey adispehdombf migrerhrtickepef shon. I n
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descrlbed above, s harmful influence is given to the transparency of the
obtained dispersion.
In particular, as dispersions of zirconia or titania in an organic
25 solvent have a high refractive index and a high transparency, they have
recently been widely used in the optical filed making use of such
properties as above especially for optical films including antireflective
films. However, in the surface treatment of the dispersion of the
microparticles of zirconia or titania with a silane coupling agent, when the
30  silane coupling agent becomes insoluble and is precipitated in the solvent,

a dispersion having a high transparency cannot be obtained.

Patent Literature 1: JP-A-2007-238422
Patent Literature 2: JP-A-2005-314197
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The invention provides a dispersion of mcrop articles of an

i norgani c oxide selected fromzirconia and titania in an organic

sol vent having 25 excellent transparency. In particular, the

i nvention provides a dispersion of mcroparticles of an inorganic
oxide in an organic solvent having excellent transparency with very
little or reduced aggl oneration of the mcroparticles of inorganic
oxide in the starting dispersion used. In addition, although it has
hitherto been difficult to obtain a 30 dispersion of titania in an
organi ¢ solvent having excellent transparency, the invention provides
a dispersion of titania in an organic solvent having a higher
transparency than that of the starting dispersion in cases of optinum
producti on qﬁng%tio h ? nFodlnents of the Invention 4 The
met hod for pPoddetiig & 4reE8F 8 on of microparticles of i nor gani ¢

oxi de i n an BachahkbPwdlanemte moddveli ng to the invention conprises: a
first step of m xing an al cohol dispersion of nicroparticles of an 5
i norgani ¢ oxi de l ected. fromzirconia and. tit wi.t h .a silane
Coupl i ng. agent i HEREYGLISEEGeST SRR LRt o PGS e 1 eoulti ng
m xture tb sahefecentioged ptdbdems prvohadtin okekicgbn phe dispergempt oxi de at

a tenperat urlﬁlc%};ﬂh@leg of Qﬁ'%r&z{tﬁm)mag uli fn @%Qm%@vent Therefofe, Si?fsond
step of repIamng‘:t Ee al cohgl that |s ersi on nedi um 100f  the

m croparticl ¥5°% EPS ISP © RIRYidE "’t‘%@ é REEEUEPRALERTHIHO he
si | ane couplmivgomgeinles obyn dndrgpoiphikideselprgarfron sokysatand Fitengl inohol

di sper sion Ofy LRl GEARRRLYGE SRodlen? bistaflBaysed I the first step
is usually produced by hydrolyzing zirconium oxychl oride in water

with heat®or with an alkali, and then repl acing the water by an 15

al cohol . Hoveer to BdnereliecPadblagm=avai | abl e products can al so be used.
Simlarly, the alcohol dispersion of the mcrop articles of titania
is usually produced by hydrolyzing a titaniumsalt such as titanium
tetrachl oride, addetrEmtioagiratiday 2 meahothtos Producatg adisgpeyon of

Comrer ci al | ymiyaidreiblee ODEﬁ)dmtﬁ-ESnlﬁaﬂhdahﬁ&nb&gmedolvaﬂsﬂﬂ&mmcﬁﬂbﬂbes or

the di sper sl gnafpdi um 0. 2o b ol oneisl aaoleabhe foignard i cl es

of zirconia or anl a ove' I s not artl cul ar
As the al cohgpm™ zingepia and\itgaiagiih aeiene c‘f‘ﬁ’rlméﬁ@ﬁrbﬁ @ thﬁ@ﬂ’?ﬁ&ﬁéﬁf of an
et hanol , 1-picapand®ktirdif®PKoR36BIng rilmiauieaﬂa.cﬂuxfaze oraanpd mlctmbwu;eles

al cohol P bor 5L QB! 3100y UL ONEHANOL 1200 A0R oo BUOH,
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The concgntration of the mcrop articles of zirconia or titania in

t he al cohol Qﬁggeggloﬂllghngt al so particularly limted, and it is
usual ly withi n M1to 40% by wei ght, preferably 5to 30%
by weight, in order to

The invention provides a dispersion of microparticles of an inorganic
oxide gselected from zirconia and titania in an organic solvent having
25  excellent transparency. In particular, the invention provides a dispersion
of microparticles of an inorganic oxide in an organic solvent having
excellent transparency with very little or reduced agglomeration of the
microparticles of inorganic oxide in the starting dispersion used.
In addition, although it has hitherto been difficult to obtain a
30 dispersion of titania in an organic solvent having excellent transparency,
the invention provides a dispersion of titania in an organic solvent having
a higher transparency than that of the starting dispersion in cases of

optimum production conditions.

35 Embodiments of the Invention



30 effectively performthe surface treatnent with a silane coupling
agent . The average particle size of the mcroparticles of
zirconia or titania in the al cohol dispersion is preferably within a
range from1l to 50 nm in order to obtain a dispersion in an organic
sol vent havi ng excell ent transparency. 35According to the nethod of
the invention, in the first step, the 5 alcohol dispersion of

m croparticles of zirconia or titaniais mxed with a silane coupling
agent in the presence of an acid and the resulting mxture is stirred
to surface-treat the microparticles of, the inorganic oxide at a
tenperature within a range from-20 to 60C. 5Preferably after an acid
is added to the al cohol dispersion of zirconia or titania and the
resulting mxture is stirred at a tenperature within a range from-20
to 60C for a suitable tinme, for exanple, fromO0.5 to 5 hours, a

sil ane coupling dhemtethsd fatdeddtcond hdispprstamw & migreg atthdes eSubtganiy

mxture is sgligd ﬁﬂarasrgqnicegau%@fawogd WFttg”tl'ﬂa ﬁwgﬁﬁ&@c&ﬁmesm to 600
for a 10 suitable tine ours,. thereby t

surface-treat thé fﬁﬁS&P'&fﬁéﬁ?ﬁl&P@?ﬂﬁﬂ%f’ﬁ diwrer Gy chpieses S phen
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during which the resulting mxture 1S stlrred i's. not necessarily the
sane as the YBSEE A RS %?ﬁ"ﬁ@“i‘%%vﬂﬁtéﬁ“I%%al}légfﬂd{e|aﬁ@ HRIMRETALEYS S
surface-treavitinm tdnga feirh ane te 607l iang agent, but it is necessary to

perform both the ts%@cﬂ%cﬁ?c@ %f?&pléc%?ﬁ{eaatlwh%ll\é“atbnk @h@dﬁ?&@fb f&Qd’Eh 20 to

60C, Accor di e |1 nvention g‘er to
mai nt ai n!¢ heofdhe aéﬁ@i)mqlwof&het%gmneroasﬁértb% F'é%fa@rtl?ﬁtéd.mﬂ? &sem c
oxi de in thesiBtnarcbupighLEtns PBr & lipBphilic erganid@la@dazohol di spersion of

the m croparticl gg, co'hgféﬁ? oGm0 EH&miEJ&ﬁamcﬂs‘)&%ﬁ}cb da%eﬁﬁn th

|norgan|c oxide int 1 ng gersm are treate SI|
coupl i ng agefitst isiertinasprlds erndacest bsa ydrelyging zirconiuphaxyebilaridesiad i s
preferably owgrRRwttAkdaiDr wAkh QK&IHAH@&nG)ﬁ:h&UE@IQﬁ@fHeCW@KEE d$,ant here

Ry be MR Dt ULRIALI SaGRLRONY I Gadkil S5 SHEN S, 8P BESLLE acid
form c acid, I'c aci 5’ 11 icaci fi"Rot ei ¢

acid, and ol %Fr@laalzﬂ élhe @%MWWP%O%@G%NS@@HM%S phEtanda acherallyi tric
acid, tart ar}h@dﬁ&'eldd)y }[E&ﬂrbl(j*zﬁ@adtwaaﬂﬁimrslaﬁsl Jueh Qk Gitagiugh taafuihwrmmt ic

oxycar boxyl i S i uch sal | c he or | cC.a is used
usually in an’ dzﬁnlﬁn Aty afmf%%? ar S lt’)‘§/1 V\éf”gljﬁz’ter gsed’on 2 o]o) parts

by wei ght ofprzilngtenpmatse b@OlSPdtanl a in the al cohol d| spersion of the

m cropargg cl es, ﬂ‘h@fa%'oﬁgi Yor 109aRY e WRIndRbdiR HHDIHe a@@ﬁ%ﬁdﬁﬂeﬂsﬂﬁl yei ght
of Z|rcon|a r titania e al co

oei cht or 1 ode hist R Gae ohP aR ot SRS 2 fedn i bRt a i
t he al cohol Idmsipér shothe alcohol, there majibeeveartionad.cor dxamgrleomethanol,

invention, annhRQl 93RbLandtiith¥BYaridl, SOb P& nsP sziﬁanﬁst 80 @G b the

resence of mhlch the, starti ersjon is trea
P . heptanol, cyclopentanoP%yg I?gxan , octanol, tlauryI aleohol, ete., among

25 others. Usually methanol, ethanol or isopropanol is preferred, and
methanel is particularly preferred.
The concentration of the microparticles of zirconia or titania in the
alcohol dispersion is not also particularly limited, and it is usually within
a range from 1 to 40% by weight, preferably 5 to 30% by weight, in order to
30 effectively perform the surface treatment with a silane coupling agent.
The average particle size of the microparticles of zirconia or titania
in the aleohol dispersion is preferably within a range from 1 to 50 nm, in
order to obtain a dispersion in an organic solvent having excellent
transparency.

35 According to the method of the invention, in the first step, the



with a silane coupling agent. Exanples of the inorganic acid may

i nclude sulfuric acid, nitric acid, phosphoric acid, and the I|ike.
The inorganic acid is used usually in an anmount of 0.01 to 1% by

wei ght of zirconia or titania in the al cohol dispersion. 5The sil ane
coupling agent used in the invention is an organic silicon conmpound
represented by the general formula (E; Rn-Si-X4n wherein Ris a group
havi ng a non-reactive group or a reactive functional group; Xis a
hydr ol yzabl e group or hydroxyl group; and nis 1, 2 or 3. 10The
non-reactive groups may include, for exanple, an alkyl group, a

cycl oal kyl groups, a hal ogeni zed al kyl group, a phenyl group, an

al kyl phenyl group, etc., while the reactive functional group nmay

i ncl ude, for an no r oup n epox rou a._vi.nyl. group,
el ude, 1O SRR SR L0, ALUR, P cROKS EOUPY, Bt g
15Ther ef or e, sitanerceuphays wnrtremthe)nedeza& Oémarmide@doffhesa@swnee@xture

non-react | Vem%'tir?é@tocs%'ﬁlcéJ@ﬂea%ﬁé';nlé}@ﬁléﬂ’t‘ﬁle@%@tﬁé?ﬁﬁ%ééﬁc gLigeBe o
met hyl - trinet hox i net hox | ane,

¥R!
phenyltrlnetﬁﬁ¥V§%W5ﬁ8“ H?ﬁﬁ@ﬁ?i%?ﬁéf@d? Ji t-ane
nethyltr|@thoxysﬁhaheﬁddaﬁathybdﬂeth@&y@nhhﬂ@ko@ﬂdﬂgﬁtﬁbebhﬁmyshiane,

di phenyl di et fiopysid Qﬁ‘@thé I%QQHMQ ﬁfﬂtﬂ?eﬁ@@&ﬁéd‘ &rheuenﬁ)glature within 18 ane.,

butyl trimethoxysil ane trimet hoxysil ane, dec ri nmet hox
butyl tri et hoS@PSF e, W&&ﬁ?ﬁm P%%B%%}q fHexama }L'tOﬂ LPHBRYSMFane,
octyl tri et hoxysilhmneuptiag pkéni etalddxd 64 tt@neixture, and the resulting

3,3,3-triflu ofy, . e
vyl -5 5, SAPRREC e PO RAE within 2 range from -20 to 60°C for

perf | uor 6%(:»[ %1@(%1:1{[1@, teﬁwygei ff@ﬁ:b3 o 24 hours thereby to surface-treat the
per f 1 uor ooct micebputkicles @f biaxyish loAR@anid5n the dispersion.

peaf | uorooctyl et hﬁ'ﬁl ttgﬁg§ﬁg{1fe0ﬁ>&¥§mi1%g?md is ad]ded t(hthe lcohol d1s e sion

trifluoropropyltri xysilane é? roxy ane.
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exarrpl e, 1%\|— 25 1(cg c[.]loeestuﬁ%rbg m.lxt%fr:]% no ! letlte%rkergawﬂf%x)é Ieu:u.e couplmg agent,
V|nyltr|nethox silTane Fiet ox Si

vinyltris(s- mm@(wpwm]}%pq:ré@@ both the treatments at temperature within a
6- (3, 4- epoxyﬁm@ggn@gym@&hgwwylnethoxy5|lane

y- egC|doxynEthyItr|gptho uwen1on qm%%lg9é¥neth éﬂk§%h0é¥5|£ane
egC|doxyethyItr|ne%ﬂ%x S|Iane gl yCi oxye hyI rlethoxy5| ane,
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Y- (6- gl ygb doxysd: %Y 1.01, @Ry hlcbhdTRlidH%on 3Pl h@B&articles of inorganic
y

y
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g
(
: E x% xg; z: > 'ill%j}émat n lp%nfrtf. gesn%é‘qaghc oxide 17n the starting dispersion are
- (et h) acr ytresfed xxitht hyilané ntstphmewaehanethe presence of an acid.

y- (met Wacr yl oyl oxygtdeyd Egédqg rib?é(ﬂéﬁ'—mlﬁeﬁganm acids. As examples of such

y- (et h) acryl oyl ox tr| € 1ok boxvlic aeid h
y ( met h) acr y(?l'g P]S%B{S % ?[n}aéf' rg;e iil? ea lg atie car 0XyllCc aclas such as
y- mer cap2®pr opyictacidrédrinox peidl aneyricardl, vepteyd 4did.chborlosididimoleic

Accar di ng tOa&&‘eaz{d“a{&@tacﬁ“ox?&l@ﬁ‘&yh@%aﬁ's'sﬁ&?a&%&'c'a@& ageit.gigabove
menti oned, such a reactive slLlane cou l.ing_agent that has 5 itlve

functi onal oSt adt eaehacidrit Fene el“i/%"lglar'&‘naem%&ﬁl"i"ﬁ‘&r  t hat
has a hal ogemiigeshchlaeyhligrlugeid.i MTheartimoked,is asdd wwnbalikyh agrooup,

are of 10 to 200 parts by weight based on 100 parts by weight of zirconia or
30 titania in the alcohol dispersion of the microparticles, preferably 10% by
weight or more based on the weight of zirconia or titania in the alcohol
dispersion and 150 parts by weight or less based on 100 parts by weight of
zirconia or titania in the alcohol dispersion.
However, according to the invention, an inorganic acid may also be

35 used as an acid in the presence of which the starting dispersion is treated



10 preferably used.In particular, vinyltrial koxysilanes such as
vinyl tri met hoxysil ane, vinyltriethoxysilane, and

vinyl tris(6-nmet hoxyet hoxy)sil ane;

(met h) acryl oyl oxyal kyl tri al koxysi | anes such as y-(mneth)acryl oyl oxy-
rnet hyl tri met hoxysil ane, y-(nmetWacryl oyl oxynet hyl tri et hoxysil ane, 15
y- (met h) acryl oyl oxyet hyl tri met hoxysi | ane,

r (met h) acryl oyl oxyet hyl tri et hoxysi |l ane,

y- (et h) acryl oyl oxypropyl tri net hoxysi |l ane,
y-(net)acryl oyl oxypropyl tri et hoxysil ang; and sil ane couppi ng agents
havi ng fl uoroal kyl groups such as

3,3, 3- trifluoropropyltrinethoxysilane
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range from -2bhgoQndPépreldiRed! £ 11 gheVhiNihhhilaaikoxysi |l ane, a
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of inorganl 0 from
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m cropar ¢ clegyRfinshdganie, Mkﬂ&mﬁthdx@@ﬁdne@ﬂ&ﬂﬂriﬁétﬁoﬁﬂhlﬁhb ng 10
agent Se! ectithy i 8Ly (IELVAGL LM BIYRLYh gLk sL ang and @
si l ane coupl1ng agen uor oal’k erably used.
Accor di ng t et éﬂ?ﬁhowluaeﬁ, etcﬁlénaﬂwmﬂarmﬁ e?r*sm%horepronvmb

mcr Iopartu C|@ﬁn&ﬁloiﬁﬂﬁgaﬂh6th91€8®$3 biSf186k0b A9 dim@BHoRdsiiden a sil aneh
coupl i ng agent as tep, the
el - of Tt LB s ARG A P IR odcB BRI AR

di sper si ¥n dfeaﬂwqw@ﬂ@balﬁnmpwommla?m traferopsopyérime thayysidensd by a
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m croparticles of |norqgn|c oxj de | th ani.c s Iveﬂf i S obtained.
There may be mentT SH&d “AF°rRY ?B‘SB PR aso?’%é‘}ﬁ g ﬁ°v°é" g rggetive

silane coupling agents having reactive functional groups, for example, N-2-

(aminoethyl)-8-aminopropyltrimethoxysilane, vinyltrimethoxysilane,

30 vinmyltriethoxysilane, vinyltris(B-methoxyethoxy)silane, 8-(3,4-epoxy-
cyclohexyl)ethyltrimethoxysilane, y-glycidoxymethyltrimethoxysilane,
y-glycidoxymethyltriethoxysilane, y-giycidoxyethyltrimethoxysilane,
y-glycidoxyethyltriethoxysilane, y-glyecidoxypropyltrimethoxysilane,
y-glycidoxypropyltriethoxysilane, y-(B-glycidoxyethoxy)propylirimethoxy-

35 silane, y-(meth)acrvloyloxymethyltrimethoxysilane,



20 nentioned above, for exanple, ketones, esters, ethers,

hydr ocar bons, hal ogeni zed hydrocarbons, and carboxylic acid am des.
Specifically, there may be nenti oned ketones such as nethyl ethyl
ketone (MEM diethyl ketone, nethyl isobutyl ketone (MBIO nethyl
anyl ketone, and cycl ohexanone;. ethers such as ethyl acetate, butyl
acetate, propylene 25 glycol nmethyl ether acetate, diethylene glycol
nonoet hyl ether acetate, nethyl acrylate, and nethyl nethacryl ate;
et hers such as dibutyl ether and di oxane; hydrocarbons such as

n- hexane, cycl ohexane, toluene, xylene; and sol vent napht ha;

hal ogeni zed hydrocarbons such as carbon tetrachl ori de,

di chl or oet hane, and chl orobenzene; and carboxylic acid 30 am des such

as di methy! T IR ey IR A6RLAN R0 AV AREIAXEpl uflgne.  To

repl ace the di spersjon diu ( spersi‘on ‘o

m croparti cl %tWyFngﬁfn@t RV IREY S IS HRY ey gani ¢ sol vent

wel | - known netihetidasyubilaspapptiedhodysiiepd, acenent by distillation or

a 35 net hod gf, RITRA . il:+ration concentration can be

enpl oyed. 99 (mgﬁg!l%%e m%ﬁ%y%&ﬁ%{%ﬂl 4z}lfcﬂg?f’ent by distillation is a

met hod i n®whY @HFrEFREORICRBIHMethapeilaieo And mathdtiichlpissdang cl es of

i norgani ¢ oxi de A&oh#ag edltheOine iRt abibhy tRe NEnSaPlIAG a@énthBiagbey t han

t he boiling o _distill t al cohol ,
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di spersi on nged] um ggr thoan glo&olltrgr}ws ersi.on of the mcroparticles of
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m croparti cl BsyiRf AhBa88Ristoudsisdenh b 339k eaLed ot G ytidabblishight on
h a ultrafiltration

concentration so.that the al cohol is passed throug f
menbr ane andm?é’%@gidg £ EHPEORECEY 1B’ie§1b‘§‘|y§‘i??fﬁ"\R/ﬁ’i'f?‘lé’r&"c&’él%‘ihryétdror gani c
sol vent EG addewxyglankepeifbperstydethyRoietlenasipire, ptiibioadetfialhyl-
di spersi on ot oPl,GLARR, tind tBF1u8f o BVIARAL fhoRHifG e WhL GHesliag  Peen
surface-treateq with a silane coupling agent Is fed under pressure to
a ultrafiltréi®fon nodul e to pass the al cohol through the nembrane and
remove the al coh@ccdmdbng tohthedrepeion onpahiduarawtes tiedca»lor gani ¢
sol vent is agded.t.0 Jehfe i SBELILRR drtRbMalhGNLh% QTGO {AOHS! Y,
t hereby t he alglg%ﬁoﬁ (_:ane giel r_gpﬁie{:cedFJ by tﬁg or an?/ac1 stéﬁcavg&nt &lﬁ a_
Al t hough?®iepitidiefguoling peengie fhgeresands ¢f|ae asidat pfeppraatite "FopHRtE cl es
of inorgani craage deni R2a be2BCALHd g disyeyRiialkoxpabokdang to the
I .nventl on, t@%tﬂﬁ%g@éyﬁ%ﬁﬁﬂiﬁh{gﬁ%ﬂg g,' cﬁtpaegifa!n%ncogéli%%g ent having a .
m croparticl es of I nor gani ¢ oxl de Pla\_ll ng an average %artl € &i ze
of 1 to 50 riffexsalekeroupdel Prrierred hagease it pronider |3 disRessipr 4% ple a
di spersi on ofrghiiie sBivehDRaidhi dseshighet fHrahGRATeRcyOMiad@hhiofdhe QELBTC
sol vent ugii%;yer%% iggan average particle size of 1 to 120 nm
pref erably 0 nm and a concentration of the mcroparticles of 1
to 40% by wei ght Thgséeas apinling asgnBasssptigesggoveds uped in an amount

of 5 to 200 parts by weight per 100 parts by weight of zirconia or titania in

the alcohol dispersion, preferably 5% by weight or more, particularly 10%

by weight or more of zirconia or titania in the alcohol dispersion, and 150

35 parts by weight or less based on 100 parts by weight of zirconia or titania



35 very little or reduced aggl onmeration of the m croparticles of
inorganic 10 oxide. If necessary, such a dispersion of the

m croparticles of inorganic oxide that has an average particle size
of about 3 to 30 nmin an organi c solvent can also be obtained. In
addition, the organic solvent can be further renoved fromthe
obt ai ned di spersion of the mcroparticles of 5 inorganic oxide in the
organi c solvent by distillation, if necessary, to increase the
concentration of the mcroparticles of inorganic oxide in the

di spersion. Exanple 10The invention wid!| be described in nore detai
with reference to Exanples below, but the inventionis not limted to
t hose Exanples. Exanple 1 13 g of acetic acid (avail able from Wko

Pure Chem Ca{n éh@ (§th151 Eperlgnl-t Q{’h’en%ﬂggﬂﬂe u%?%igé%m 1g%.s% ﬁ?gn added

to 100 g of a nethano I spersion of zirconia e from
Sakai Cheni cHPOVHE &y thgn 209 payts b WaigbhPrspd Brfberlo9 Preis v ayeign, by
wei ght ; aver éfgercpaiatdrali@antd, zRe offraztive Oided; of 3hé Bbtatoddadispergibh of

transrﬁttan%r%ﬁﬁa & fitarDth LIS LR m%@g%@% ofhkiged at 50C

for one hour Vi n rlne oxyS| ane avai |l abl e
from Shi n? Et su Ci’f’éﬁ‘iléﬁ}g he ipgegtipnyiisradiqatsre Bhethaireoestiist yog as
di spersion, @iRdnichgakased bi iihgzg’ﬁln)ﬁd Mﬁ@e WA Se £k lohé €lladd ccaPGnovigeny ght .

st P?’Satmée&? e PR SO AR S B B R PRERS 1C° 1
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chemi cal) waﬁseafasa;elsladc@b@ﬂm&eoftlﬁoﬂgaﬁmchx&mras 1Rt 8he i eSRABLSPeed
as t he mf& haa?%lnt se Sctgh mm ?g%:ﬁf}liﬁééﬁfo%ﬁﬁé]{l(%:ﬁ% Oolx\égl r:;[nﬁe n%l aasci nent

t her eby a di'sper Si ZI . alned
Exanpl e 2 Swapgnmﬁgwétavenaeﬂdo(oawIgampetsmreffﬂaﬁﬂkm%re Chem cal

| ndustries, Ltd. ,Acsc&amgado &eaﬂ@n@ﬁaﬁnnﬁamomal dﬂ@@h &fQ;thO g of a
net hanol dlsger5|o P ﬁlrconla %ﬁZR— vai aq &é{{ ak ai Cpenlca

| ndustry Co. mE‘Epcf"’?“’ CERU INBPREUE HhE™M %?ttﬁ?%e é%?is PRUCAPIB8C for
one hour. 4 @eaf- agy deseribed mboteoryd ithemen (kB2 00 tepy did dbdlel.fargire

Shi n- Et sys Ch(ﬁgi) &@ion@edmﬁ%f st gl tl)us‘ﬂ@@at@@ Q%hgpdlgﬂﬁ*sfoﬁ%'ﬂ kid ng

di spersion, and th tin ure
P mﬂ:ropart%c es Hnm rg A 1c ox1 e {s reV\ﬁlced %y a lipophilic organie solvent,

thereby a desired dispersion of the microparticles of inorganic oxide in the
organic solvent is obtained.
There may be mentioned as the lipophilic organic solvents as
20 mentioned above, for example, ketones, esters, ethers, hydrocarbons,
halogenized hydrocarbons, and carboxylic acid amides. Specifically, there
may be mentioned ketones such as methyl ethyl ketone (MEK), diethyl
ketone, methyl isobutyl ketone (MIBK), methyl amyl ketone, and
cyclohexanone;. ethers such as ethyl acetate, butyl acetate, propylene
25  glycol methyl ether acetate, diethylene glycol monoethyl ether acetate,
methyl acrylate, and methyl methacrylate; ethers such as dibutyl ether
and dioxane; hydrocarbons such as n-hexane, cyclohexane, toluene, xylene,
and solvent naphtha; halogenized hydrocarbons such as carbon
tetrachloride, dichloroethane, and chlorobenzene; and carboxylic acid
30 amides such as dimethylformamide, dimethylacetamide, and
N-methylpyrrolidone.
To replace the dispersion medium of the aleohel dispersion of the
microparticles of inorganic oxide by a lipophilic organic solvent, well-
known methods such as a method of replacement by distillation or a

35 method of replacement by ultrafiltration concentration can be employed.



stirred at 23C over night. The thus treated di spersion was
subjected to ultrafiltration using a ceramc filter (available from
Noritake Co., Ltd.) under pressure so that the nethanol perneated
through the ultrafiltration nenbrane and was 5 renoved t herefrom
whil e nmet hyl ethyl ketone (avail able from Wako Pure Chem cal

I ndustries, Ltd., special grade chem cal) was added dropwi se to the
di spersion at the sane speed as the nethanol perneated the nenbrane
to perform sol vent replacenent, thereby a dispersion of zirconia in
met hyl ethyl ketone was obtained. 10 Ekxanple 3 13 g of acetic
acid (available from Wako Pure Chem cal |ndustries, Ltd., special
grade chem cal) was added to 100 g of a nethanol dispersion of

zirconia (SZRM %@'A&HL&J L QM oRkal b%gmlﬁahﬁéﬁg‘ﬂ%ﬂé/d hmhtt

and 15 the resulting mxture was stirre or one our
3- acryl oyl ox3/FHsh GiePrTsit Hoky shiprpnar igeeisrorgagirar i depiedn
Shi n- Et su Chefpeadtutothe datnth. 3s wvasighetthdn tthe bﬁengesmbéﬁamgreddfsber si on,

et og f Sk AL AR e HUBEE dndl G0N SN oS bR |

treated di spersion was
away the fretRdheripresiarr Jifr whnelentherpieohet ﬁvpenéétnoqfémewarwm ef f r om
Wako Pure Chefmirgaaniaokité vhesh hdstiben sGi¥Rcd-aleagdacieh aRelahe abyplitRs

added dropwi el & 105 5STS! 90,81 LIS, SATE SReed As.Ale . TLbGO)

was distill T"acenen

di spersi on ofv&i %@@A?O&OI r@nﬁ@mmnga@f- ﬁyﬂvekfetsm@ée@\é%t}@bdimqw@n aze;he
Exanple 4  same splz3d gs eme AeERd]1Gs astitled awal,| mbtdyfthe mMhKaRWee

Chem cal dndus tff spe |a;; grade chemical) was added to 100 g

of a net hano’iep spe#’sfc"omrgj'élfllc 7%t ¢8hi a (SZR-M avai | abl e from Sakai

Cheni cal | ndust r pc@adingly, &ben thadi®@rsaidremediym of fhy al¢obplidispewsion
stirred at 2@1‘@}1@ ermr@ﬁ@rth:@é-érof 1120rgaﬂf: ox1de is 1ep1aced by an organic solvent by

3- et hacryl oyl |matho |Iabefrom

S e B ou cotbstpo ERY el REAY Hsatiob 5= e wdnteTagt B spor si on,
and the res mrtefqngedmhxt tireeoreasicsolve nelthsat bRB O tarnerenp yire the same as or

The thus;gregbreh t%ﬁﬁﬁ&tsdf(me ﬂ%h&l%ﬁ%ﬂtﬂé‘%@ﬁ&nﬁme%é@ﬂcolﬂlﬂ%&idhﬁe&0 35

distill away the he efrom eth ket ane

Cavai 1 abie 151 FORARRG: LB GBI EE AR oo P B al
grade cheni catthodas waderethedtlopwl dizptwidohd ttk speroppoiclet oftinergsaive
speed as t he, & i;lasragjecmstodnalamérsﬂo@x@%emaﬁ@ﬁ é@h{mﬂ& \4&%01 is

repl acenent, the%%i aib i spersion of zirconia in ‘E:&'% ei\ﬁa ket one
was obt ai ned?2S5eERIRS aS‘ltraflltra BRRomEmBYane R R oXPE 5B thRas added to
100 g ofz2m nEshasioh wikpedsdiod afazic seloanais(aS46d M thealibpdrbions r Boa
Sakai Chem C@Ja éﬂ'uﬁLEﬁIe EYcogﬁ dlsﬁ'etrgloh’of @Wm‘ié}gﬁaﬁﬂﬁas 0@%(“1%51&9 omdét ure

was concent rat e SIL Nng an evapor at or
which has been surface-treated wﬂ:h a silane coupling agent is fed under

pressure to a ultrafiltration module to pass the alcohol through the
membrane and remove the alcohol from the dispersion while a desired

25  organic solvent is added to the dispersion intermittently or continuously,
thereby the alcohol can be replaced by the organic solvent.

Although depending on the average particle size of the
microparticles of inorganic oxide in the starting dispersion, according to
the invention, the use of such an aleohol dispersion of the microparticles of

30 inorganic oxide having an average particle size of 1 to 50 nm as described
above makes it possible to provide a dispersion of the microparticles of
inorganic oxide in an organic solvent usually having an average particle
size of 1 to 120 nm, preferably 5 to 100 nm and a concentration of the
microparticles of 1 to 40% by weight, preferably 5 to 30% by weight, with

35  very little or reduced agglomeration of the microparticles of inorganic



10 provide a 1-butyl al cohol dispersion of zirconia of which zirconia
concentration was 10% by wei ght. 13 g of acetic acid (available
fromWako Pure Chem cal Industries, Ltd., special grade chem cal) was
added to 100 g of the dispersion, and the resulting m xture was
stirred at 50C for one hour. 12 g of vinyl- 15 tri nmethoxysilane

(KBM 1003 avail abl e from Shin-Etsu Chemcal Co., Ltd.) was added to
the resulting dispersion, and the resulting m xture was stirred at
50C over ni ght. The thus treated di spersion was heated under a
normal pressure to distill away the 1iputyl al cohol therefromwhile
tol uene (available from 20 WAako Pure Chem cal Industries, Ltd.,
speci al grade chenical) was added dropw se to the dispersion at the

sanme speed ao%n& Ig'n&lé%]s}élry,asluGQ Q%mﬁ@?&og ID§£H8| &ﬁgopaa\f\ﬁ}ﬁeg Or ‘Hl%;‘%é}lrlén

sol vent replacene I Sper si on zirconia in uene was
obt ai ned. 25)%@%@8%“ averagzgeﬂgcle)ﬁlz& OBEI'F%Ht SeIT A8 CXBRMEE t o
100 g of a neihweanein disspensianedf IziaddnRing tShigaMcavhichabdebd rom

Sakai Chem Ctﬁlth pgé{'ﬁgwre\(l f%)m ’thé‘glq;azned%&errggﬁ' OI‘ h‘f\e Jl%%ﬂda&hgﬂs %1* xture

was concentr at ed usi ng an evaporator al cohol

di spersi dn GROERPEOH ’élfﬂ\ﬁﬁ’Fé#PliF?lc‘f‘tfﬁlba’ f!}@tlk%bﬁa@bﬁf fl%&e?ﬁﬁ%vsas 10% by
wei ght . mcrhasegtlﬁfcoﬂeeﬁitt‘eﬁmaﬁdfd:hé atadobabided sfamAdakiz RidecinGhem cal
| ndustries, Jis speC| al grade chem cal) was added to 100 g of the
di spersi on, rPcf %1ﬁe resulting mxture was stirred at 23C for one
hour. 12 g of vinyltrimethoxysilane (KBM 1003 avail able from

Shi n- Et su Chepivgak Co., Ltd.) 35 was added to t he resulting

di sper si and e.resultin KLULe, was rr d 23

overn ghtt " ipakien PR A SR gk Sk el el

nor mal pr essikamiles bilswi byt tamyvetnh@njgs boit l,mltaﬂé@h?eﬂsetﬁh@rr@ﬂ%m whi | e
tol uene (avail able from Wko Pure Chem cal Industries, Ltd., special
grade chem gﬁ’f)“b‘\éva added 5 dropwi se to the dispersion at the same
speed as th al al cohol was distilled away to perform sol vent
repl acement, theddlgyfaceicpad Similable zpmpWriicalvm Ghemiesid ndmstries,

gbt ai neds; Exgﬁpls e&aﬂgxasg%micamlsdama k4 e6o 2Ry nidiRMmA da?ﬁefaﬁgﬁl t
|sperS|on or, ZIrco - I1a om | C naustry
o PoLr Y (a6 ap S RAT A3 Pt SRR PR PRe HiSpor i on
to 30% by weiogkentration of 3@ogiaofl 0Adetw Geldt iaderpaw apttaddt eizk rOprWke Pure
Chem cal | NOYRL! @S hé;ﬁtdmﬁm&n@é &M PAL 15 eR pésmmﬂﬁlﬁqg@@as 0 100 g
of the dispersion, resul ting glxture ff’d’&?kiaiﬁ‘f at 10C
for one hourS“lGedga*o?O § %PH%E?% oﬂlgo‘kfy’ﬁ? peroretioey M AR
( KBM 503208V advailable ftomBhShiEnsECBemiceh i, @ad ) Gas add¢ddio)thearsswltided t o
the disper S'&}Qp(ﬂ'g‘ign,sgﬂ({ Ek?e%e@ﬁltﬂn%%&‘fﬁfe%@étirred at 50°C overnight.
The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone {available
from Wako Pure Chemical Industries, Ltd., special grade chemical) was
25 added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

zirconia in methyl ethyl ketone was obtained.

Example 2

30 13 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of zirconia (SZR-M available from Sakai Chemical Industry Co., Ltd.), and
the resulting mixture was stirred at 23°C for one hour. 4 gof
vinyltrimethoxysilane (KBM-1003 available from Shin-Etsu Chemical Co.,

35 Ltd.) was added to the resulting dispersion, and the resulting mixture was



The di spersion was then heated under a normal pressure to distill 20
away the nethanol therefromwhile nethyl ethyl ketone (available from
Wako Pure Chem cal Industries, Ltd., special grade chem cal) was
added dropwi se to the dispersion at the sanme speed as the nethanol
was distilled away to perform sol vent replacenent, thereby a

di spersion of zirconia in nethyl ethyl ketone was obtained. 25
Exanpl e 8 13 g of acetic acid (avail able from Wko Pure

Chem cal Industries, Ltd., special grade chemical) was added to 100 g
of a net hanol dispersion of zirconia (@(5ZR-M avail abl e from Sakai

Chem cal Industry Co., Ltd.), and 30 the resulting m xture was
stirred at -10C for one hour. 2 g of

3- nethacrqu*hg&ygggpgh;&g poxysi | ane (KBN1503 avai l abl e from
Shin-Etsu Chem c was added t ign and stirred

td. i
at -10C over ni ght', he PRad ereatseasdipraltt ire @a'teg d‘i'gbfé’niﬁ"rtb%‘ V88 Reat ed
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acid having a concentration _of 25% by wei g of a
met hanol di stﬁé%eéfoé’i‘f gkvest F%ﬁ‘ieéle(ﬂgzﬂembé'\Paii’P&‘BF@nqu@%ﬁc‘B‘a‘RéP THEH cal
| ndustry Co.egthil ketdne @agobtaénadesul ting m xture was stirred 10 at 50C
for _one hpur. 2 g of 3-acryl oyl oxypropyl trimethoxysilane (KBM 5103
avai l abl e from Shin-Etsu Chem cal Co., Ltd.) was added to the

di spersi on aftr2#ledred at 50C over ni ght. The thus treated

di spersi on was haatged adewdescia (Defillle RHRSHLEELP :@ Chesiicdll Indwayickhe

et hanol ¢ hor ! TGN 8 TR ShIWLads 80960 ( 3Y 8l ABL Sl fbgm ko

Pure Chem ca
dr opwi se to thﬁercail@p@?&Dér@vailaﬁlhél%faﬁékaslp@wlaﬁ Iﬂﬁéstﬁé@haﬁéﬂ )ienst
di still et away rtamﬁagfxmmrsma\é@airrécem seBbae hb\@T €RY @ di spersion
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o 57 of et PV S RhONR AR M I Y A R R e e
Ltd., speci dFhyriadleCohbid-Lury addes! taddederwiingdisgersfomn amdtthanol

di sper si on qfes@mﬁltga;ﬁgctﬁﬂetm @u(,_.ge{xgt Myqy@,}elraﬂghg from Sakal Chem cal

| ndust Co. Ltd t f tit 5% ;
n0uStry 0. L S ROPERL LA LA B SIADY NSO e
and the #®s Ldlﬁulhgw%helmtmlsthwef@m whils 0@t retoyl deehaner (avdilaplef
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Shi n- Et su Chedrgle

8% opc\:volse to the 31sper510n at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of
zirconia in methyl ethyl ketone was obtained.

25
Example 4

13 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of 2 methanol dispersion
of zirconia (SZR-M available from Sakai Chemical Industry Co., Ltd.), and

30 the resulting mixture was stirred at 23°C for one hour. 2 g of
3-methacryloyloxypropyltrimethoxysilane (KBM-503 available from
Shin-Etsu Chemical Co., Ltd.) was added to the resulting dispersion, and
the resulting mixture was stirred at 23°C overnight.

The thus treated dispersion was heated under a normal pressure to

35 distill away the methanol therefrom while methyl ethyl ketone (available



was added to the resulting dispersion, and the resulting m xture was
stirred at 50C overnight. 30The thus treated di spersion was heated
under a normal pressure to distill away the nethanol therefromwhile
nmet hyl ethyl ketone (available from Wako Pure Chem cal Industries,
Ltd., special grade chemical) was added dropwi se to the dispersion at
t he sanme speed as the nethanol was distilled away to perform sol vent
repl acenent, thereby a dispersion of 35 titania in nethyl ethyl

ket one was obtained. 15 Exanple 11 6.5 g of acetic acid
(avai l able from Wako Pure Chemical Indpstries, Ltd., special grade
chem cal) was added to 100 g of a nethanol dispersion 5 of anatase
titania (SAD-M avail able from Sakai Chem cal Industry Co., Ltd.) and

the resul ti nﬂoﬁlw;}w e, Mﬂﬁgu&hez%&df 0o ?% Qur, her&m%)%s
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Co., Ltd20 Wako Pure Chemical Industries, Ltd., special grade chemical) was added
dropwise to the dispersion at the same speed as the 1-butyl alcohol was
distilled away to perform solvent replacement, thereby a dispersion of

zirconia in toluene was obtained.

25 Example 6
200 g of 1-butyl aleochol was added to 100 g of a methanol dispersion
of zirconia {SZR-M available from Sakai Chemical Industry Co., Ltd.), and
then the resulting mixfure was concentrated using an evaporator to
provide a 1-butyl alcohol dispersion of zirconia of which zirconia
30 concentration was 10% by weight.
13 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of the dispersion, and the
resulting mixture was stirred at 23°C for one hour, 12 g of vinyl-
trimethoxysilane (KBM-1003 available from Shin-Etsu Chemical Co., Ltd.)

35 was added to the resulting dispersion, and the resulting mixture was



16 concentration of titania: 5% by weight; average particle size of
titania: 30 nm total light transmttance: 46.0% and the resulting
m xture was stirred at 10C for one hour. 1 g of
trifluoropropyltrimethoxysilane (KBM 7103 avail abl e from Shin-Etsu
Chem cal Co., Ltd.) was added to the 5 resulting dispersion, and the
resulting mxture was stirred at 10C overni ght. The t hus
treated di spersion was heated under a nornmal pressure to distill away
t he net hanol therefromwhile nmethyl ethyl ketone (avail able from Wko
Pure Chem cal Industries, Ltd., speciaB grade chem cal) was 10 added
dropwi se to the dispersion at the sane speed as the nethanol was
distilled away to perform sol vent replacenent, thereby a dispersion
of titania ifLyfpRlRybsal enitht One was obt ai ned. Exanpl e 14 156.5 g of
acetic acid (avai abée from V%ko Pure Chem cal | ndustri fs Ltd.

speci al grade ch 15 SRate LHeRA S8 Mo g bt Uadeé ARG Eﬁsé‘b@rté’l on
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Wako Pure Chemical Industries, Ltd., special grade chemical) was added
dropwise to the dispersion at the same speed as the methanol was distilled
away to perform solvent replacement, thereby a dispersion of zirconia in

methyl ethyl ketone was obtained.

Example 8

18 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of zirconia (SZR-M available from Sakai Chemical Industry Co., Ltd.), and

30 the resulting mixture was stirred at —-10°C for one hour. 2 g of

3-methacryloyloxypropyltrimethoxysilane (KBM-503 available from
Shin-Etsu Chemical Co., Litd.) was added to the dispersion and stirred at
—-10°C overnight.

The thus treated dispersion was heated under a normal pressure to

35 distill away the methanol therefrom while methyl ethyl ketone (available



Conpar ative Exanple 2 10200 g of 1-butyl al cohol was added to 100 g
of a nethanol dispersion of zirconia (SZR-M avail abl e from Saka

Chem cal Industry Co., Ltd.), and then the resulting m xture was
concentrated using an evaporator to provide 100 g of a 1-butyl

al cohol dispersion of zirconia of which zirconia concentration was
10% by wei ght. 1513 g of acetic acid (avail able from Wako Pure

Chem cal Industries, Ltd., special grade chem cal) was added to 100 g
of the dispersion, and the resulting mxture was stirred at 98C for
one hour. 12 g of vinyltrinmethoxysilane (KBMLOO3 avail able from
Shin-Etsu Chem cal Co., Ltd.) was added to the resulting dispersion
and the resulting m xture was 20 stirred at 98C overni ght. The

thus treat edpgdihSWRESPOR USSR RIE L é}%ﬁ?éra% %ﬁt.sxﬂfcgl)tvpa distill
away the 1-bu herefromwhi]e tolue abIefromV\ako
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di spersion of zirconia in toluene was obtail ned. Corrparatl ve Exanple 3

200 g of q- butyl al cohol was added to 100 g of a nethanol dispersion
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found that whido@id HEmsMlyY ety keRhaGRIRBEiNes carried out, the

di spersion of zirconia began to cloud, and when the sol vent

repl acenent was finished, precipitates were forned in the resulting
di spersi %h iBxampladfe; a honpgeneous and transparent di spersion was

not obtained. 15¢.5 g of acetic acid {available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of & methanol dispersion
of anatase titania (SAD-M available from Sakai Chemical Industry Co.
Ltd.; concentration of titania: 5% by weight; average particle size of

25  titania' 19nm; total light transmittance: 74.8%), and the resulting mixture
was stirred at 50°C for one hour. 1 g of 8-methacryloyloxypropyl-
trimethoxysilane (KBM-503 available from Shin-Etsu Chemical Co., Ltd.)
was added to the resulting dispersion, and the resulting mixture was
stirred at 50°C overnight.

30 The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone (available
from Wako Pure Chemical Industries, Ltd., special grade chemical) was
added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

35 titania in methyl ethyl ketone was obtained.



Conpar ati ve Exanple 4 6.5 g of acetic acid (avail able from Wako
Pure Chem cal Industries, Ltd., special grade chem cal) was added to
100 g of a nethanol dispersion of anatase titania (SAD-M avail abl e
from Sakai Chem cal Industry Co., 20 Ltd.) and the resulting m xture
was stirred at 65C under reflux for one hour. 1 g of

3- et hacryl oyl oxypr opyl tri nmet hoxysi | ane (KBM 503 avail able from
Shin-Etsu Chemical Co., Ltd.) was added to the dispersion and stirred
at 65C overni ght, whereupon the dispersion clouded. The thus treated
di spersi on was heated under a nornmal psessure to 25 distill away the
met hanol therefromwhile nethyl ethyl ketone (avail able from Wako
Pure Chem cal Industries, Ltd., special grade chem cal) was added
dropwi se to the dispersion at the sane speed as the nethanol was
distilled angy to perfor m sol vent replacenment. After having conpl eted
sol vent repl 5t in this way, the m xture 30 was found to separate
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9 25 The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone {available
from Wako Pure Chemical Industries, Litd., special grade chemical} was
added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

30 titania in methyl ethyl ketone was obtained.

Example 13
6.5 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
35  of rutile titania (SRD-M available from Sakai Chemical Industry Co., Ltd.;



transm ttance and average particle size of the dispersion in organic
solvents were neasured as follows: 30 Total Light Transmttance

The total light transmttance was neasured by using a

vi si bl e-ul travi ol et spectrophotoneter (V-750 manufactured by JAS CO
Corporation) with a cell having an optical path length of 10 mmin
which a dispersion was filled. 35 Average Particle Size 20 The
average particle size of particles of inorganic oxide in a dispersion
was neasured in accordance with a dynamic light scattering by using a
UPA- UT manuf actured by Ni kkiso Co., Lud. 21 Exanmples I(yr (51, 75
[40070 16 W61i0r".2..0 AZtr) N

concentration of titania® 5% by weight; average particle size of titania® 30
nm; total light transmittance: 46.0%) and the resulting mixture was
stirred at 10°C for one hour. 1 g of trifluoropropyltrimethoxysilane
(KBM-7103 available from Shin-Etsu Chemical Co., Ltd.} was added to the

5 resulting dispersion, and the resulting mixture was stirred at 10°C
overnight.

The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone (available
from Wako Pure Chemical Industries, Ltd., special grade chemical) was

10 added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

titania in methyl ethyl ketone was obtained.

Example 14

15 6.5 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of rutile titania (SRD-M available from Sakai Chemical Industry Co., Ltd,)
and the resulting mixture was stirred at —10°C for one hour. 1 gof
trifluoropropyltrimethoxysilane (KBM-7103 available from Shin-Etsu

20 Chemical Co., Ltd.) was added to the resulting dispersion, and the
resulting mixture was stirred at —10°C overnight.

The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone {(available
from Wako Pure Chemical Industries, Ltd., special grade chemical) was

25 added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

titania in methyl ethyl ketone was obtained.

Comparative Example 1

30 13 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of zirconia (SZR-M available from Sakai Chemical Industry Co., Ltd.), and
the resulting mixture was stirred at 23°C for one hour. 4 g of
vinyltrimethoxysilane (KBM-10038 available from Shin-Etsu Chemical Co.,

35 Ltd.) was added to the resulting dispersion, and the resulting mixture was
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stirred at 65°C overnight.

The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone (available
from Wako Pure Chemical Industries, Litd., special grade chemical) was
added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement, thereby a dispersion of

zirconia in methyl ethyl kefone was obtained.

Comparative Example 2

200 g of 1-butyl alcohol was added to 100 g of a methanol dispersion
of zirconia (S8ZR-M available from Sakai Chemical Industry Co., Ltd.), and
then the resulting mixture was concentrated using an evaporator to
provide 100 g of a 1-butyl alcohol dispersion of zirconia of which zirconia
concentration was 10% by weight.

13 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of the dispersion, and the
resulting mixture was stirred at 98°C for one hour. 12 gof
vinyltrimethoxysilane (KBM-1008 available from Shin-Etsu Chemical Co.,
Ltd.) was added to the resulting dispersion, and the resulting mixture was
stirred at 98°C overnight.

The thus treated dispersion was heated under a normal pressure to
distill away the 1-butyl alcohol therefrom while toluene (available from
Wako Pure Chemical Industries, Ltd., special grade chemical) was added
dropwise to the dispersion at the same speed as the 1-butyl alechol was
distilled away to perform solvent replacement, thereby a dispersion of

zirconia in toluene was obtained.

Comparative Example 3
200 g of 1-butyl alcohol was added to 100 g of a methanol dispersion
of zirconia (SZR-M available from Sakai Chemical Industry Co., Ltd.;
concentration of zirconia: 10% by weight), and then the resulting mixture
was concentrated using an evaporator to provide 100 g of a 1-butyl aleohol
dispersion of zirconia of which zirconia concentration was 10% by weight.
13 g of acetic acid (available from Wako Pure Chemical Industries,

Ltd., special grade chemical) was added to 100 g of the dispersion, and the
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resulting mixture was stirred at 117°C under reflux for one hour. 12 g of
vinyltrimethoxysilane (KBM-1003 available from Shin-Etsu Chemical Co.,
Ltd.) was added to the resulting dispersion, and the resulting mixture was
stirred at 117°C under reflux overnight.

The thus treated dispersion was heated under a normal pressure to
distill away the 1-butyl alcohol therefrom while toluene (available from
Wako Pure Chemical Industries, Ltd., special grade chemical) was added
dropwise to the dispersion at the same speed as the 1-butyl alcohol was
distilled away to perform solvent replacement.

However, it was found that while the solvent replacement was
carried out, the dispersion of zirconia began to cloud, and when the solvent
replacement was finished, precipitates were formed in the resulting
dispersion in toluene; a homogeneous and transparent dispersion was not

obtained.

Comparative Example 4

8.5 g of acetic acid (available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of anatase titania (SAD-M available from Sakai Chemical Industry Co.,
Ltd.) and the resulting mixture was stirred at 65°C under reflux for one
hour. 1 g of 3-methacryloyloxypropyltrimethoxysilane (KBM-508
available from Shin-Etsu Chemical Co., Ltd.} was added to the dispersion
and stirred at 65°C overnight, whereupon the dispersion clouded.

The thus treated dispersion was heated under a normal pressure to
distill away the methanol therefrom while methyl ethyl ketone {available
from Wako Pure Chemical Industries, Ltd., special grade chemical) was
added dropwise to the dispersion at the same speed as the methanol was
distilled away to perform solvent replacement.

After having completed solvent replacement in this way, the mixture
was found to separate into two phases: the particles of titania were
complefely sedimented while the upper portion was a transparent phase of
methyl ethyl ketone. The upper portion was irradiated by laser beam, but
the Tyndall phenomenon was not observed to show that particles of titania

were absent in the upper portion.
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Comparative Example 5

6.5 g of acetic acid {(available from Wako Pure Chemical Industries,
Ltd., special grade chemical) was added to 100 g of a methanol dispersion
of rutile titania (SRD-M available from Sakai Chemical Industry Co., Ltd.)
and the resulting mixture was stirred at 65°C under reflux for one hour. 1
g of trifluoropropyltrimethoxysilane (KBM-7103 available from Shin-Etsu
Chemical Co., Ltd.) was added to the resulting dispersion, and the
resulting mixture was stirred at 65°C overnight, whereupon the dispersion
clouded.

The thus treated dispersion was heated under a normal pressure to
distill away methanol therefrom while methyl ethyl ketone (available from
Wako Pure Chemical Industries, Ltd., special grade chemical) was added
dropwise to the dispersion at the same speed as the methanol was distilled
away to perform solvent replacement.

However, it was found that the resulting dispersion of titania in
methyl ethyl ketone obtained by the solvent replacement in this way
clouded, but also precipitates were found. Thus, a homogeneous and

transparent dispersion was not obtained.

The average particle size of the organic dispersions of zirconia and
the organic dispersions of titania used as starting materials in Examples
and Comparative Examples described above was measured as follows.

The total light transmittance and average particle size were measured for
the dispersions of zirconia in organic solvents and the dispersions of
titania in organic solvents obtained in Examples and Comparative
Examples. The results are shown in Table 1 and Table 2. The total light
transmittance and average particle size of the dispersion in organic

solvents were measured as follows:

Total Light Transmittance

The total light transmittance was measured by using a
visible-ultraviolet spectrophotometer (V-7560 manufactured by JASCO
Corporation) with a cell having an optical path length of 10 mm in which a
dispersion was filled.

Average Particle Size
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The average particle size of particles of inorganic oxide in a
dispersion was measured in accordance with a dynamic light scattering by
using & UPA-UT manufactured by Nikkiso Co., Ltd.
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In Comparative Example 1, a dispersion of zirconia in an organic
solvent was obtained by treating a methanol dispersion of zirconia with a
silane coupling agent in the presence of an acid at a temperature of 65°C,
and then replacing the dispersion medium by methyl ethyl ketone. The

5 dispersion had a total light transmittance of 62%.

On the other hand, dispersions of zirconia in an organic soclvent were
obtained in Examples 1 to 4 and Examples 7 to @ by treating a methanol
dispersicon of zirconia with a silane coupling agent in the presence of an
acid at the temperature within the range defined by the present invention,

10  and then replacing the dispersion medium by methyl ethyl ketone. All the
dispersions obtained had a total light transmittance of 74% or more, and in
preferable cases, the total light transmittance was found to be close to that
of the starting dispersion, such as more than 80%.

In particular, when a methanol dispersion of zircenia was treated

15  with (meth)acryloyloxyalkyltrialkoxysilane in the presence of an acid at a
temperature of 25°C or less, and then the dispersion medium was replaced
by methyl ethyl ketone, a dispersion in an organic solvent having excellent
transparency was obtained.

In preparation of a dispersion of zirconia in toluene starting from a

20 methanol dispersion of zirconia, the starting dispersion was treated with a
silane coupling agent at a temperature of 98°C and 117°C in Comparative
Examples 2 and 3, respectively. A dispersion in toluene having low
transparency was obtained in Comparative Example 2, and a
heterogeneous dispersion was obfained in Comparative Example 3.

25 However, according to the invention, as shown in Examples 5 and 6,
dispersions of zirconia in toluene were obtained which had transparency
much higher than that of the dispersion obtained in Comparative Example
2.

On the other hand, as shown in Comparative Examples 4 and 5,

30 when a methanol dispersion of titania was treated with a silane coupling
agent in the presence of an acid at a temperature of 65°C, either
precipitates were formed, resulting in failure to obtain a homogeneous and
transparent dispersion in organic solvents, or two phase separation
occurred, resulting in failure to obtain a dispersion.

35 In contrast, in Examples 10 to 14, a methanol dispersion of titania
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of zirconia in an organic solvent was obtained by treating a methanol
di spersion of zirconia with a silane coupling agent in the presence
of an acid at a tenperature of 65C, and then repl acing the dispersion
medi um by net hyl ethyl ketone. The 5 dispersion had a total |ight
transmttance of 62% On the other hand, dispersions of
zirconia in an organic solvent were oBtained in Exanples 1 to 4 and
Exanples 7 to 9 by treating a nethanol dispersion of zirconia with a
silane coupling agent in the presence of an acid at the tenperature

wi thin the r@%ﬁe%ﬁhﬂeﬁja@i&aﬁ@@ot@ﬂﬁx%ea%%nﬂ W@E@n‘tﬁy@atujfg p%@rﬂagﬂan

repl aci ng the di Si.on
ey ol o St R e atertisar oy # b et Rl B M ror e,
and in pref etiapireiopasesreplaged bom@ithiliegh! ketenss Hidrelane dismassidroefhd t o

be close to fihata 8f mkhf1 31131 ket NP KL MUindSTHER R BPLBuL B3R 80%
In particular, when a nethanol, dispersion of zirconia was treated 15

with (meth) aERYIPEYTURYAT R RPfal koxysil ane in the presence of an acid
at a tenperat ur e lopapb@lor, ab@sdingdndhd ronntitwe, vhapemsilomobedi um was

repl aced by ﬁ@ﬁé}xmn%tfmgmla%@r@eatad @a&p&{fﬁio%rbpymmgfmpélfan%%\aent

havi ng excel | ent transpar t al ned
9 temperature of 25° or ess in tge presence of an acid followed by solvent

replacement by methyl ethyl ketone, there was obtained a dispersion of

10 titania in an organic solvent which had a total light transmittances higher
than that of the starting dispersion.

Specifically, as shown in Example 14, a methanol dispersion of rutile

titania, the starting dispersion, had a total light transmittances of 46.0%.
However, when the starting dispersion was treated with trifluoropropyl-

16 trimethoxysilane at 10°C, and the resulting dispersion was subjected to
solvent replacement by methyl ethyl ketone, there was obtained a
dispersion of rutile titania in an organic solvent which had a total light
transmittance of 83%. Also as shown in Example 15, a starting dispersicn
was treated with trifluoropropyltrimethoxysilane at a temperature of

20 ~10°C, and the resulting dispersion was subjected to solvent replacement
by methyl ethyl ketone, there was obtained a dispersion in an organic
solvent which had a total light fransmittance of 87%.



In preparation of a dispersion of zirconia in toluene starting froma
20 net hanol dispersion of zirconia, the starting di spersion was
treated with a silane coupling agent at a tenperature of 98C and 117C
in Conparative Exanples 2 and 3, respectively. A dispersion in

tol uene having | ow transparency was obtained in Conparative Exanple
2, and a heterogeneous dispersion was obtained in Conparative Exanple
3. 25However, according to the invention, as shown in Exanples 5 and
6, dispersions of zirconia in toluene were obtained which had
transparency much hi gher than that of 26he di spersion obtained in
Conparative Exanple 2. On the other hand, as shown in Conparative
Exanples 4 and 5, 30 when a nethanol dispersion of titania was
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ket one, there was 0O I spersion of ruti fe titania in
organi ¢ sol vaftowsH gﬁ"a’tPa total light transmttance of 83% Also as
shown in Exanple 15, a startlng di spersion was treated with

tri 1 uor opr opyl tf bOBLIGKYSLLANG, Aty A.LPTRELALLY B1cOh: B A0 oANT, Lhe

resultlng di spersion was sub 0 solvent replac met hyl
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whi ch had a leaétadnel deldtted framHWihyRAGER AT sibi¥and2b CLAIMS 1. A net hod

for producin S si.on croparticles of an inorganic oxide in
an organic s%fe%h cr’aﬁloﬁa%’mrﬁ%gx Sﬁ%%m ng an al cohol dispersion 5 of

m croparticles of inorganic oxide selected fromzirconia and titania

W th a silang couphé h@tR@ENcotding RECIRIE I ARG tiR mASsFhrABds SE1 I 1i ng
the r esuktt) : ngmrgaruc oxide are those of titania, and the silane coupling agent is at
least one selected from a (meth)acryloyloxyalkyltrialkoxysilane and a

silane coupling agent having a fluoxroalkyl group.

6. The method according to claim 1 in which an alcohol dispersion of
30 microparticles of an inorganic oxide selected from zirconia and titania is
mixed with a silane coupling agent in the presence of an acid and the
resulting mixture is stirred to surface-treat the microparticles of the
inorganic oxide at a temperature within a range from -20 to 25°C; and then
replacing the alcohol by a lipophilic organic solvent.
35



m xture to surface-treat the mcroparticles of the inorganic oxide at
a tenperature within a range from-20 to 60C, and then replacing the
al cohol by a lipophilic organic solvent. 10 2. The method accordi ng
toclaiml1l in which the acid is an organic acid or an inorganic acid.
3. The method according to claim1 in which the silane coupling agent
15 is at |east one selected froma vinyltrial koxysil ane, a

(met h) acryl oyl oxyal kyl tri al koxysil ane and a silane coupling agent
having a fluoroal kyl group. 4. The nethod according to claim1l1 in
which the microparticles of 20 inorgarffc oxi de are those of zirconia,
and the silane coupling agent is at |east one selected froma

vinyl trial koxysilane and a (netWacryl oyl oxyal kyl tri al koxysil ane. 5.
The met hod aécor dithgmeshal axconding to cldiinchot hign whichshalibomlibs oxgfanb

i norgani ¢ oxidieerdli® efRae R HekdRraolu@Re the silane coupling agent
is at | east one selected froma (metWcryl oyl oxyal kyl tri al koxysi |l ane
and a sil ane coupling agent having a fluoroal kyl group. 6. The

met hod accor @i ng Tbe gleghat decolinghicoflaian 1 ak 6chothich gperlsitohinfhe30

m cropartjcl ﬂ%o@l d?di&ei-é?&{ ﬂ%bﬁc@&%ﬁ@hﬁ%}ﬁﬁf: G%afxﬁcosr&%h% 69012808 of
titania is nlx@gﬁ a_silane p i ng gent the presence oOf an
acid and the™¥ ’F‘PP?‘I fjr’rsilﬂ]&rt’én i°8 §t"“| ‘P?té‘d Pg)resp&?‘i‘eg’(’?ét Yeat the
nicroparticIebudﬂhmhenmnmmgammmnOX|de at a tenperature within a range
from-20 to 25C, and then replacing the alcohol by a Ilipophilic
organic solvent. 26 '7.The method according to claim1 or 6 in which
the lipophilic organic solvent is nethyl ethyl ketone or tol uene.

8. The nmet hod according to claiml1l or 6 in which the alcohol in the 5
al cohol dispersion is replaced by a |ipophilic organic solvent by a
met hod of replacement by distillation or by a nethod of replacenent
by ultrafiltration concentration.



