11445 DI SPERSI ON OF RUTI LE TI TANI UM OXI DE PARTI CLES, METHOD FOR
PRODUCI NG SAME AND USE OF SAME 5 Technical Field The
"present invention relates to a dispersion of particles of rutile
titani um oxi de, a process for producing the sane, and use of the

_sanme, l1Oparticularly use for a resin conposition. Background Art Many
processes for producing a dispersion of rutile titanium oxide 11445
15particles are already conventionally known. The nost general

process is the one in which a titaniumsalt is hydrolyzed to prepare

slurry of hydrous titaniumoxide, and the slurry is pepij it
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titani um AVRIESERFSME]i spersion of rutile titani umoxide obtained in
this conyentionally 20 known process have a D90 of 40 nmor nore, and
therefore they cannot be used in such an application of a resin
mol di ng or deebatiadg’igbbnt for hard coating where the particles are
required to have a high transparency. Recently, sone processes for
produci ng a dispersion of fine particles of rutile titani um oxide are
proposed. For exdhipd eresenirigoessidsrodfpeoposedisparsioncdt pattardesmf rutile
tetrachl ori hydr.ochl or i i i xed | ter -havi a
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of 65C t©® arphaticuhgrlpaiset fogfa rhsinr esubesingpmi xture to hydrol yze the
titaniumtetrachl oride, thereby a dispersion of particles of rutile
titani um oxi de i s obtained (JP 2006-335619A). According to this
30process, Baikgpensddntof fine particles of rutile titani um oxide
having a BET specific surface area within a range of 50 to 300 nR/g
can be obtained, but the process has a defect in which the particles
of titani um oxi deMhay e ractowscioysimlduicinig y.dikpe gaaerdlrutilaetibi ghet oxide

the crystallinity of th rticles,. th re effective the exhibition,
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i ndex, and hence the higher crystallinity is preferable. The increase
of the crystdIPRF t{F22d i AP By RO 8598 Pl feehsr ap

of a powder aXksB\toditithiaatdiope MibROUH Wl G, 6 PAPERIRD At Ndkink 6kBle in
gr owt h. 5Furéhennnreh it is helieved that the particles of rutile
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titani um compound is _intermxed therein, and_ that there is a volatile
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crystallinity of the rutile titanium oxide can be increase
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while the particles renain fine. To be highly crystalline is trade
of f agai nst at terheefatnee iof 654¢ttioct dosling point of the resulting mixture to

hydrolyze the titanium tetrachloride, thereby a dispersion of particles of
rutile titanium oxide is obtained (JP 2006-335619A). According to this

30 process, a dispersion of fine particles of rutile titanium oxide having a
BET specific surface area within a range of 50 to 300 m2/g can be
obtained, but the process has a defect in which the particles of titanium
oxide have a low crystallinity. In general, the higher the crystallinity of
the particles, the more effective the exhibition of various physical

35  properties of the rutile titanium oxide such as UV shielding property,



As anot her process for producing a dispersion of fine particles of
rutile titanium oxide, for exanple, a process is proposed in which
“fine 20particles of rutile titani um oxi#&e which have been previously
produced are dispersed in water (JP 07-232925A). According to this
_process, however, the particles of titanium oxide dispersed in water

have a m ninum average particle, size of .70 nm 25 Symmary ,of. . i
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di spersions of par i‘ii cles of 30rutjle titani gm OXi ge._ Thergf re, .it is
an obj ect GMiHRed RYSALT RS o PPOVIIBERPIL abPeP Y Sperston duf 4 qtien

particl es WfthioWkide@nk ial-apinpanexd ¢ gndide Hre6a%s for producing the
sanme. It is a further object of the invention to provide use of such
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fromthe slurry; 20a third step in which the slurry obtained in the
Second step | o shbPoctBt PES R, aF GURBRRME ek Fistof AT prtlsledeot
of an orgapiGlacitdnium oxide, f@ &éodmphe, St epodassvibiyalpbbed $h Wiigh fine
obtained in the third step is filtered and washed with water to
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sixth stepyiRiwhheRvexcRSsaAGLE aRd Jxateefmsol ubl e salts are renoved
fromthe dispersion obtained in the fifth step. 30 Advantageous

Effects of Invention
25 Summary of Invention

Technical Problem

The present invention has been made in order to solve the
above-mentioned problems in conventional dispersions of particles of
30 rutile titanium oxide. Therefore, it is an object of the invention to
provide a stable dispersion of fine particles of rutile titanium oxide and a
process for producing the same. It is a further object of the invention to
provide use of such a dispersion of particles of rutile titanium oxide, in
particular, use in resin compositions such as resin moldings and coatings.

35



The di spersion of particles of rutile titanium oxi de obtained
according to the process of the invention has a higher crystallinity
“and a 35higher stability while the partBcle size is 15 nmor |ess as
calculated from 4 a BET specific surface area, as conpared to the
_conventi onal | y known di spersions obtained by thermal hydrol ysis of
titaniumt ?chl tP Accordingly, for exanple, when the dispersion
obt ai ned ach 3°PH& i nvention is mixed with and di spersed in a
resin to give a resin 5conposition, easy and uniform di spersion of
titani um oxi de "f‘ﬁ? be realized. g eC{ed to a case in which a} titani um
oxi de powder i s REXBYCRFIOR BT IAFS BetSBATFANLIRA e e pfgutilgditanium
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oxi de as a conparative exanple. Description of Enbodinents
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The di sper sl O0TRAIN b0 1oL SLALATOL  RATLLEALRE Qb UL Boiting

titani um oxi de rgani ¢ sol ven nong -t
di sperisi ongoiof tpalrstdlmllgse olhe rtlrtamhemtuettamhmm déeraly aqtmmmﬁg a slurry

di spersion is obtained b 0cessS. bs f.ol | ow ng st eps
accor di ng §0 SEF nmgnl\gl}uen |gClpltlo e&partm?er? fupg? gaélbufnno °th after a
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sal ts dissol ved

a fourth step in which the slurry obtained in the third step is
¢ filtered and washed with water to remove water-soluble salts dissolved
b therein from the slurry;

25 a fifth step in which an acid is added to the slurry obtained in the
fourth step, and the resulting mixture is subjected to a wet dispersion
treatment, thereby obtaining a dispersion; and

a sixth step in which excess acid and water-soluble salts are
removed from the dispersion obtained in the fifth step.

30

Advantageous Effects of Invention

The dispersion of particles of rutile titanium oxide obtained
according to the process of the invention has a higher crystallinity and a

35  higher stability while the particle size is 15 nm or less as calculated from



therein fromthe slurry; athird step in which the slurry
obtained in the second step is subjected to a hydrothermal reaction
“in the presence of an organic acid; a féurth step in which the slurry
obtained in the third step is 10filtered and washed with water to
_renove water-soluble salts dissolved therein fromthe slurry;

afifth stepgdn whi.ch an acid is added to e slurry obtained,in the
Fourth st dbBTanareHE SRET AgeR &1 o BerSed f; B Lo AR khBw

di sper si onlikpeadipRAtopthhrardeby thbtahhihyd ralydis pénsiaoii matetrabal osidkd.h
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titani um oxi de whose di spersion nediumis the organic_ solvent can be
obt ai ned. With and drpReisegdesyd TES - pr YR e Peddmffedlth bt Rper_E R g
particles fik Whld®stiib AN 8% 46 BCEHiBiNent @ rbherdisyenthoRuwiL! be
expl ai ned below. The first step is a_step in which titanium )

t et r achl ortitkenivgn 25idwe patticieshydropy 2B shaclgdnarrepertyat bigh refragtise
rutilegtitani.um. 4l e @kgtPveR Rialgd, thereby a slurry containing
such particles of rutile tifaniumoxide is obtained. In nore detail,

in the first step, water is added to the aqueous titanium

tetrachl ory 1.QF t 4 t. has a content of titanium oxide

(Ti 02, her%?%gﬁ[?ée#ntpﬁgoigrﬁe adhllntag range of 75 to 30250 g/L,
preferably 80 to 200 g/L, and a chloride ion concentration of 4.4

nol e/L or nore, pref.e 7 | el - - e o

aqueous sol uti onlpllgs' 1hge}gét)dé% 2 pvzvaﬁ?leﬁptaryg? hf?%[cg% Orgg%%%gﬂa%%%tll&nlggﬁgi nt
for oré torttile hidansmsoxtihatobthmed fram andisetrdohlaarcpdéinigstaidar ol yzed
and particles of rutile titani um oxid ] ipitate n.such a
35hydrol yorSear he s riaht b Wi SRTEa LR PP LG prRCE
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| ess than 4.4 nole/L, the particles of rutile titani um oxide forned
gets m xed undesirably with anatase titani um oxide. The hydrolysis
rate of thBekédighionndft Biwbadhihenitde depends on the hydrol ysis
temperature, and the higher the 5tenperature, the higher the
hydrol?ysis rate. The higher tenperature, therefore, is industrially
advant ageous. Thecsraong t5ttdp disparsséepfiparedtledof hetisd tithyi bt aiinedf
inthe first step.is filtered and washed with water to renpve,

vat er - sol ubteBHNE0 i ok i IEREf SRALE P HE %}f@ﬁrlya.vel h Hifelsacsnae
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with water are not o _ .
determined by a dynamic light scattering method: a specific surface area

25 in a range of 120 to 180 m2/g as determined by a BET method; and a rate
of weight loss of 5% or less as obtained by heating the particles of rutile
titanium oxide from 105°C to 900°C.

The dispersion medium in the dispersion of particles of rutile
titanium oxide may be water or an organic solvent.

30 Among the dispersions of particles of rutile titanium oxide, an
aqueous dispersion is obtained by a process comprising the following
steps according to the invention:

a first step in which after a chloride 1on concentration of an
aqueous titanium tetrachloride solution is adjusted to 4.4 mole/L or more,

35 preferably 7.0 mole/L or more, the solution is heated at a temperature in



particularly limted, when a suitable alkali is added to the slurry
before the filtration to adjust the pH of the slurry to an
“isoelectric point of titaniumoxide, the slurry can be efficiently
filtered and washed with water. 15The third step is a step in which
~the slurry obtained in the second step is subj ected to hydrot her mal
reaction in_the noral artic

growt h i nfi %?‘i‘%%g% §§ﬁ?° O%Oﬁ n(ﬁ%‘glsg they clroﬁ%e H“f ﬁllt mu %5%?611 ogide,
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As the organic acid,, carboxylic acids and 20hydroxycarboxylic acids
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25lactic acid, malic acid, tartaric acid, citric amgl and I uconi c
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the invention, nthestep gany bicdc tle phuirgerh tepn ath indhartbird setp 75

parts by mole,0 JHRr §aPEEd HAPh @@J&% RV dRb e Qfatli fsammms%sdelssmeed
crystallinity of particles of rutile titanium oxide obtained by the
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85 parts by nole or nore 100 "part nol e of titanium oxide. On
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relative to f 0 eék}o%@'tg%xlsaes b9 oOARAY Ll Gk AN oLl Led, bul even

if a too nuch  anmpbunt o € organi ¢ aci use e effect for
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not inproved an fare nt,..of .200 rts
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t enperatu of the 10h 0 r reaction.is
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be i ncreased. he ot her. hand,, when is hi er than 1 0C, e
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the crystaldiind titadbiidade mec@laﬁhlgcﬂoet}gar vaefntﬁ@ it hd tepllaihBd below.
{partl cul ar, acco dlg to the invent.ion i s advant agcgﬁus to perform
the hydr ot her mal | FRATEE SHeRes & %téﬁpl&‘aba%}ét%tﬁﬂama%aa °5if§ ¥ 160C
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oxide is increased while the growh of particles %f rutile ti tar&i um
C

oxide is inFg Br?l’éaltaﬁa@ gh%lﬁbﬂ?esgqlgcﬁogwammg such particles of rutile

titanium oxide is obtained. In more detail, in the first step, water is
added to the agueous titanium tetrachloride solution so that it has a
content of titanium oxide (TiOz, hereinafter the same) in a range of 75 to
30 250 g/L, preferably 80 to 200 g/L, and a chloride ion concentration of 4.4
mole/L or more, preferably 7.0 mole/Ls or more. Subsequently, the
aqueous solution is heated at a temperature of 86°C to a boiling point for
one to two hours so that the titanium tetrachloride is hydrolyzed and
particles of rutile titanium oxide are precipitate. Upon such a

35  hydrolysis of the titanium tetrachloride, if the chloride ion concentration



20descri bed above can be obtained in a short tinme. The fourth step is
a step in which the slurry obtained by the hydrothermal reaction is
“filtered and washed with water to renove water-soluble salts

di ssolved therein fromthe slurry. In the fourth step, the neans and
~procedures for filtering and washi ng vvith wat er are not 25b5al so

particularly |limted, but thefllt washi n i th te an
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in the di speidsisgn medeigorcipapnilcliedy Fylis5hy AT vearkpry i aniiesueh as
di al ysigs of, M5 afal I £13¢ | e, %Mﬁclacm PRYibE i RS UG cOhic J&a gnd

di spersion obtained in th fth step contains the acid describ
above, or thgepeailiser, A%hme @hlj@ af il eedagbprylac éé?ﬁd%ﬂ?@lthﬁth_sb’dtlﬁé)’@@fbo?%hc

usual I'y hi gpl P2 %1?5!112{911 Hbttalp%aﬁsxgﬁhsﬁ§godhﬂﬂ’es\é?fs aL@%ota?mgml

el ectric con uct|V|ty 0 dispersion is adjusted to a range o
to 5 nB/ cnpaBeprefmrcébiaply wsed3 nB/cm thereby a dispersion having a

high stability of pailhgksnelintRG el idifed LARBLYM XA A8 16ALeRSin an

obt ai ned.
30 amount of 75 parts by mole or more per 100 parts by mole of titanium

oxide, the crystallinity of particles of rutile titanium oxide obtained by
the hydrothermal reaction can be effectively increased. When the
amount of the organic acid is less than 75 parts by mole per 100 parts by
mole of titanium oxide, the effect for inhibiting the growth of particles of

35 rutile titanium oxide cannot be obtained in the hydrothermal reaction.



As descri bed above, according to the invention, titanium
tetrachloride is thermally hydrolyzed in an aqueous sol ution so that
“fine particles of rutile titanium oxide7are precipitated; the fine
particles are 35subjected to a hydrothernmal treatnent in the presence
~of an organic acid 9 so that the crystallinity of the particles is

i ncreased while inhibiting paf particle growmh; supsequently an agiﬁ10
i s added tPEHETEHLETHBYEE Hedestimmyje éflﬂg]asr P BPELS BY MYUEIATSOTE BAT ¢
oxi de so thaksitly h$1PePLitaedumAsg dehe 0e3ub tdtRgr SlaWidr Yt hieSu i &f BRADlY
subj ected to wet dispersion treatnent. to 5obtain a dispersion of
particl es the 2meprpe of ithgfirganek rae raladitente B bdanigmgoxidg is not

wat er - sol ubl,g; Sahts Ahosod Vs ek headic3RRNLEH A QKL HLIRY 8dgah R QRS
a dispersion in which fine particles of rutile titanium oxide are

st abl y 5di speds dtiei affegatlor et drupedhgsingtalygrbyaf ipgatiches perutile

obt ai ned. LS« 0PE A BEE iHipIRGES19T AbrpPar £hel &R 0f ahUlhb&nt of 200
titaniunlgkﬁggh%%aécor%%ng to'the iﬁvgntLén has a D50 in a range of 1
to 15 nm armtrta DOGodd onGepsrpbithe @sgapic peidtpey E0Qipastebstmploues e as
det er mi ned..by. . ] [ S ing nethod, and the particles of
rutile ti Stégfl}/%%ngé?%{eg E%\llllggghgpece%l#g?{i surface area in a range of 120
to 180 n2/ g as détshrrredobding BETharerhwodiobuthdéranseaivre afitdyser si on
has a .high ¢ al Lini .a .hi i S 0 bi it y, e

e S A T L o L A L g
or | ess whempheypuae ef heatlediathermhehpezrction és lowar 185 129°G00:
Consequent | vy, en the di. rsign. of rti.cles..of rutile titaniu

ox! de acooP et Y RE HangBaET oh Ble PSR gy e datlderd AT

di spersed Q@Qitheaothesimid ghee ia ik ddghe copodisOrOntheanytiabas goiw or m

di spersion of titaniumoxi.de.can be r i zed conpared to a case.i.n
Which &¢I SRR ER a8 Bddvider PEe iR sba P hanbr e 18 RBET iy o,
and t hes nmokdilRgshop afthel et ftisy tbiainiaditedsi M ncpafrosiairpaceading to the
effectively exhibit. the properti estof arti %I e?l gf_ util 8 titani u
oxi de such“’a"se“l‘ﬂ%i“bﬁité?&idﬁ&“g?%%‘ﬁ {0 PRI Gh B P AR TS O Pahi
phot ocat al ydrh ge @luk¥iihYa range of 140f toNBEEESBHE Yo usshesy bhey theparshbiinity
medium that is, water, of the thus obtained di s&ersj on, of parH{gJ es
of rutile ¢ ParithisBiddiies g RPIB S by ACIEAGENIEN 4B NERTOULI Y a
convent i ongh}fcBAMN-uI OlleVIE DA n [ s RxACE NE N h LN thu taa o SR &fif@dtswhose
di spersion nediumis the organic solvent can 30be obtai ned. The
or gani® softentbesabors CﬁBtbep%ﬁ"taiIEBﬁéfllayshP’fﬁ Y&F- and preferabl e ones
are water-mn sci big, 95 QAN 6te30lVENRLSp id Weh WAL @fe- STuS el RIb@a ARy Ghe
solvents are not particularly limted, and exanples thereof include
al i phatic by eutdlesmedaragsopestialiored epatipshedidt 2 yrtspdaoemove
al i phatic gatboxyljyGe 3G EREETW aSHEhefS &N Yhe 30131 € 1aNG MBLIYVA step,
formate; 35aliphatic ketones such as acetone, methyl ethyl ketone,
and net hyl the mdagsmnd prresdines f9s|iyligamigcand sotsdli e SUEh wataat Hp ool
gl ycolyand [ 08 dexgu FI0R: Q5 n MRewREh 1 {1ER6h Malibanal,
met hyl?'%t h%goigfl&hﬂ?aﬁg’?ﬁﬁ%bgﬁ%ﬁg ke}tégan‘e?n and tvhé rrllrhit u? et kilzer eof
are partichbaffigiqutésf peafsrmredsinaddarer asteble dilgdetsitbn sheuiyubeiofe
the disper ol 0% 0f, AL bh GlafesPlnd i beekd LANLYMOKL 86 BMLDE plll BpbACed
by an organi ¢ sol vent by addi ng the organic solvent to the gqueous
di sper si ontishnhemtdredei sparidieciouirsh diet i itliedrebemdiovbat ke whrery &s
the di spersi ol el {0k Qs It kidd B:LDG, RAHERHE HLARSREL AN diRcLfEve
the water as the cﬂsper5| on nediumfrom

30 conductivity is 100 nS/cm or less when the slurry is repulped so as to have

a concentration of the rutile titanium oxide particles of 100 g/L.

The fifth step is a step in which after an acid is added to the slurry
obtained in the fourth step, the resulting mixture is subjected to a wet
dispersion treatment to obtain a dispersion. That is, in the fifth step,

35  the acid is added to the slurry obtained in the fourth step to peptize the



10t he di spersion, and then addi ng an organic solvent to the

di spersion to dilute it, and repeating such concentration and

“dilution; or by subjecting the aqueous 8&ispersion to ultrafiltration

to renove the water as the dispersion nmedium and then addi ng an

~organic solvent to the dispersion to dilute it, and repeating such
concentration_and dilution. In this way t he wat.er whi IS the
origi nal diapEres 6h* Hredmﬁaeaﬂnbex%esarl&cﬁefdt S%ﬁeoﬁlaﬁmpéeﬁedlaf?ima pgt

obtain a dijjspersibanPhtRant h@b@ﬁfc@fnerduﬁd bmglht@ahmx@mxdef%@&em of
di spersion nediumis the organic solve i.s al so pOSSIb|e

that the wattelre taganiven gxdper sl b %@.%ﬁfiofplttﬁé Ibﬁ@b%%fe%ﬁnpff e an
particles jof  pattic £ifl &135.'!1%5%1@&1'{15 %§Pﬂ1@9§6‘rg@)&n@ a%@él\’ai‘oerre:{ﬂxﬁﬁlem e
or gani c solvent to obtain a di spersion whose dispersion nediumis the
wat er - @i sciibtis am@@mdchsétQﬁéﬂ@ucmdtaherpneﬁeram@er Agi e presge glarﬁ,cfox
sol vent 1 s, (2P AGeeh D%y ARLREL <RENANI 6,50k W, 400D AId] A

di spersion i spersion mediumis the other organic sol vént

25Al t houghpppemdi agdomokdwisis agukdsutthes dixsper aiidn moflopar apidl, @ycomic
rutile tltanlu i f t , { spensi

whose dlspersigpgée %ﬁﬁhgs%b%%%?gﬁgﬁ@eaﬁﬁghgﬁ%g é%#?%wg% %@ﬁ?sgehtﬂ%
sol vent dliaphacﬁauréntmam hotl, gantdrac susuri abksiceed, andvdprcowus sadiare
conpo |t|onsf qﬁt is, preferably the dispersion of particles of

rutilelti WSt %i de 30whose di spersion mediumis the organic
solvent is m xedi‘l\m thidig eséd vandllyhie dne«pmrsmbnf iis tontd @amt%/by mole

ﬁlspersed |n a r.esin osition c nt
particl es et qﬂpgﬁiﬂighPﬁﬁlox deaﬁebgg éf%% Ye gﬂpun PXFﬁ
rutile titani um'D]x& d;ettcﬁspénfsmesmzm ﬁep&mﬂ:&-mmi ihe gzsearamdndﬁneezdaaldried

roperties of the resulti resi.n osi.ti | s usual
N ohin o refger b aeeg 540 aarr iy TRt gorGon-par & el Hardfees
of | t hQSEieZhigheé than tztgﬂﬁi ab@peef&abl@rmﬂi fcﬁ'ge}t‘azﬁﬁye bﬁ'caﬁ&]tc.’ ppﬁﬁaheéy
sel ect ed dependi on t use a esj.red properties  of t
Fesul t ng FUSPTH GG 1| Ghe PARE BN R B BRI Ut He P BB g a beads
i nclude pohy@ingfa Aisgsikes 05iIBQﬂoLtﬂ]mgnh@Hﬂm|ey§mﬁé valEmeOopot ysmes 5 t 1o
an ol efin, such as ponetherne gLypro ne, ethyl ene- propylene
copol yner sslusthyremdapsdpyiteheadim 1%%”1‘“]56‘1 § hggadment is

et hyl ene- byt ,g9emeQPBL WIRESal BE i, Q'Bﬁ'eﬁﬁfn)ﬂlb C4 3G sEShEF e blySpEdViatng a
et hyl acryl ate) copol yners, eth | ene- V|n¥ acetate copol yners, and
%11

et hyl &¥e- nisyprsipg %E‘F\’éé?lyﬁe?tfé €opBinEF &R 1B AEESt yner s of an

aromatic vinyl @HQ@?}EHISB‘% ASa %Eé’ﬁ eﬁlev}ﬁraﬁ KRG yoTRhSe %Hﬁrse«gés@ue@ ias
ABS resins; poly(neth)acrylic resin yesters such as po yet hyl ene

t er epht hal thedigpsirgiom 9@@1@8@1@@%&%&1@@ i@ poYafat g gfeom in order to

pol yam des sych i Sdépeyémestaéié Py} ONe a nl?a AY 1f30Ee d s bl ARG 03 RY the
aromatic pnﬁ ethers such as pol yphenyl ene et her,

yam
nmodi fi ed pwlaypmemwbéﬁeag’wérssom ot o AyaRerRidrenre nesippetichdmEye:
el ast QIEET Sy %@Qd asFﬁI‘ %&%%IEOQJMQFJS%Q o‘?'ﬁ@%ﬁﬂ?ﬁ&%%ﬁthe ike may be

ponbutadlene pol yi soprene, acrylonitri ut adi ene copo ynmers, and
pol ychl or oplraelmeusqo@f vahyIdlelbﬁI@WIdebt%m@dtimethq kigth Bfeme@e@sawhe acid

ther noset t ' }?éd ?§o§gcg'1 gsppe%*%%‘%' ﬁgrt%%lsanc? r?l%gf&yic c%ﬁ'dﬂ%tlmty thereof

unsaturate% ol yesters I'yur et hane, I'I cone resins may
al so be useduausalﬂhéugbsr bhaiTHéseStesi nin rhy Sbethjsteda dicorryear tlaselkectric

mxture of C(gl\{\é)ucc%lquDrO% tlfll n(gl% qr gqfs adgngterduH L%a’ﬁ'gteacﬁl 3T to 5 mS/em,
ccording

oxi de- cont ai'ni ng r'esin
30 preferably 1 to 3 mS/cm theieby a dispersion having a high stability of

particles of the rutile titanium oxide can be obtained.

As described above, according to the invention, titanium
tetrachloride is thermally hydrolyzed in an agueous solution so that fine
particles of rutile titanium oxide are precipitated; the fine particles are

35 subjected to a hydrothermal treatment in the presence of an organic acid



to the invention nay be appropriately blended with other additives

25depending on the resin, if necessary, in addition to the rutile
“titani um oxi de described above. Such adfitives may include, for

exanple, a plasticizer, a lubricant, a filler, an antioxidant, a heat
_stabilizer, a nucleating agent, a cr oss-linking agent, a

Cross-|i nkéong]’[l atu%(l | | ar%a ﬁ%ntly ota Lli:%gﬁétsl 1% %g%géseﬁw%om)aﬁhlgltlng tli]l%

agent, alig prooflsﬁgaen oanm ng agent

anti-f ungalbaﬂgdmtgrowt&n@upbsﬂguagémtap zand 1ts kel deidkie, th‘léhfdlusesbtrmlned slurry

conposi tion, can.be rS|on of partl es of
rutile ti t%??l#l esoﬁgl étnlgeriflg%lamé%ove ﬁgﬁ?ﬁ FROR IS R g the
m Xt ur e makdswgtinwgeslakrans @ppfmrohatsebjeemdutqu&tsﬂlmpeaslom ﬂ‘é&ﬁ:mremlt g
and m xi ng machin aSIngI screwe atwn grew
ot o e RST Ehabaaior ol RREUAES O AL H RaPISh Pa R ieess,
a bead mi |izeldehxﬁi Wli:tér@@ﬁ@-bl’éeﬁhilt§ﬂh§bo¢@éﬂ)@ﬁIﬂthﬂsﬁ@Q@bﬁld’l@ teln 1,

i nvention can be preferabl y. usqjd Eér vari ou 9

appr opr i at B HEPRGH I EIREASHET &h P BORAFOF L r%m eeﬂtﬁayflanmde are

nol di ng, asflhey RePddieAtin @ aPELeSt Rl tdiNAGing a\gagquglmmrmmge oBtained.
cal endar nol di ngT a transfer nolding, a |lamnate noldi nlg a nol di ng
d e

using a die, an ]athPﬁlOfbéﬁfﬁ%df?é’teﬁéﬂ’“ugf RYrHCks| Ut ighle HEpRIER P16

the usg or, pLyRBSEto EXATRLE8tidA has a D50THL HRY@RLIFAN M 5 lhD&nd a DO of
explained with reference to Exanples bel ow, but the invention is not

Limted tot®meserieasphaaraiclasize ditehatien peviatgrminadbasa dpgamic

{Conpar at i v ExapRkESin PR HEA! aﬁaocm%rgamd@fs @lr%@ﬁ@selemu% OQ?Jet hebes
of rutile t| t ani um oxi de obt al ned were eval uated 15as

(Particle spowfidissriitnaraning rapgpetdizrip 180 m*/g awd@tp%mmﬂﬁ by g BET
di stributi &%tl@’ﬁ& Al gEpiREd D d?sgfe%ﬂﬁrﬂﬁﬁs‘@ hm@cgyﬂgm(ﬁltkrl a high

scattering nethod using UPA-UT manuf act ured by N kki so Co.
D50 i sl paidpiech@nsitzdibty.athsap2itatles af witilehtibooiiy o2dohare sofate of

par ti cl es [,5; ACHINIALEA &/ QULLIR STRLY 638 HRARLA GLe, Sife o uob™e

based partlc I'ze distribution, and is a part e size of
particle atOﬁHI@m990@Gby vol une of particles i's accunulated fronlthe

smal  est particlg si (ﬁ'l ﬁ)%g%{f_ (ﬁ?% gﬁt £l 5 P12 E of e ?Elltl:tt) amum

(Chloride ion concent e i oM concéntration
det er m nedobid eusicngd iy ﬁ»ﬁﬂa serengsorCcid, (for again@ie enéxdd odeh and dispersed
manuf azcot ur ed by HORI BA, Ltd. S abi | i t of di sper umc%nkm dis

Aft er di Ep&r'si*oh LV e T Ompotsétﬁ Taf oMt Shper At UFBeFY PP e
nont h, i t was nitiguaditly c@lnsber vedlindiettuap apad ttb ol esse0in wiliahiautitoxide
30have pr eg:!d%ietpactnsgér is mixed with and dispersed in a resin, and the moldings of
e the thus obtained resin composition can effectively exhibit the properties
{ of particles of rutile titanium oxide such as UV shielding property, a high
25 refractive index, and photocatalytic activity.

If necessary, when the dispersion medium, that is, water, of the
thus obtained dispersion of particles of rutile titanium oxide is displaced
by an organic solvent using a conventionally known scolvent displacement
method, a dispersion whose dispersion medium is the organic solvent can

30 be obtained. The organic solvent used is not particularly limited, and
preferable ones are water-miscible organic solvents. The water-miscible
organic solvents are not particularly limited, and examples thereof
include aliphatic alcohols such as methanol, ethanol, and 2-propanol;
aliphatic carboxylic acid esters such as ethyl acetate and methyl formate;

35 aliphatic ketones such as acetone, methyl ethyl ketone, and methyl



Furthernore, the obtained dispersion of particles of rutile titanium
oxi de was heated at 105C for 12 hours to renove water, and physical
“properties of the obtained particles of 10rutile titani um oxi de were
eval uated as follows: 35(Crystal structure of particles) 13

The crystal structure of particles was determ ned by using a powder

- X- di ff. '
Coi Sgr a![I OL?E%@%BBEB?E@&@'}% eci |Sg§§£$giﬁéllggee§¥%@1%gﬁji cl es)
5The specidlycesuef avd midares oparpi ol woread theser miirdd annl, an e trdagstde
wth a BEL et hg?n E{g %Plﬁﬁ R/ltke@éﬁ{/e%?&‘tﬁg R4, 10 éggdl)e é’%tmgumly

GEM NI 23 nan Cro rltlcs AStT Ument
wherei n dagafsnahjetreat ment was perfornmed at 230C for 40 mnutes as

pretreatnment. ht heat : A vei ght. wa :
et e monog ot 108 uAtts et 30 o s R B ke g i g R S8 s nautidge
by Sei ko Idgfstuttileetitsnina. 0,x1€id§ldaa Ji3:] ﬁfs@flem@rbbpmrwei'gtmcmﬁv@aﬂ Bylladidedg

T tt d h I f thin f I 15A . and
haze val uc a1 ST AT Wre BBY R AP TSI Ry "3 s A ABH 2000

manuf act urddtDYe d\t @ po ofe s b okut ekl Sl & idesp &GBign biecﬂmﬁxampﬂmmmg the
20Fi rst step An aqueous solution of tjitanjumtetrachlori

was di | ut @A%GAY WSPEFSISS hEimeYe ARG AtRAASUH S StPAERIOG RGE 1Y ﬁm

anmounty gof fZ@Od brél@n emIBtL dn ﬁaaa{g W dpgladec aslﬂzecﬁmlt@rﬂhdedﬂsgesmbﬁ ficy
concentration nmole/L. One liter of t he ag us sol ut1 on of

ti tanium tfbflvaechq &rqddéemea?sﬁw guel crpeqnmiign ARg| B lvgak orqyi pEacting

with a reflex, RPA Al eratd id ulRE filBaltech 86 vanlek! thadwReiNLs €44 0C)
for 2 hours so that the titaniumtetrachloride is hydrol yzed, thereby

a slurry cHNPaFsicRgplEERprndtidErpadding o8 oggapin $elgept tadhamiseirdon

was obt ai nt%dd11§@@@pdar§1 8Pp SATHE sSkHdodh WaSrAthdd @AM ARERUIN 18 fHik by
paper made of glass fiber having a collection diameter of 300 nm and

unr eaded the watehFihéeh dehherranahdigiegsmny e devmpeniehe digelaged by an

removed. THe LS. ARWAI & (RA bi BkEerQbn ditd 1@id1kL BRI O AR VB! Fride
repul ped in water, and an aqueous sol ution of sodi um hydroxide was

added to thbosbtlatnradios mradyugbimte ofgamiadadvpr-of 7.0. The
resul ting slurryvas IEE'%%sEib'lE %‘59 tLQeré'&f}ffsBB#A'diéﬂeﬁ onpﬂx%ﬁ'iuﬁ‘ﬁgietﬁé

gl ass fiber having a collection dianete ereupon t
sl urry wasdifspetsiprade fapak tivds hod rwitilh tweeremn oxrdaenm/élaméafeerd swvlaubl e

salt's i ssgly &dxﬁﬂs‘?g‘i’é 3 %M’frpst 'i@eﬂ HS thi% %*&%Epé’ﬂ%‘n% SB%EJ'%&%S% of

rutlletltanlumo 0} C? epul ped I1n water 1 nh an I’T'DUI’]{1

of 50 g/L mediemns tdfe \tviataﬂnummﬂ(e degamhesqlesmt tamytbéwrthy had an
water-miscible organic solvent is displaced by yet another organie solvent
to obtain a dispersion whose dispersion medium is the other organie
solvent.

25 Although depending on resins used, the dispersion of particles of
rutile titanium oxide of the invention, preferably the dispersion whose
dispersion medium has been changed to an organic solvent by the solvent
displacement method can be suitably used in various resin compositions.
That is, preferably the dispersion of particles of rutile titanium oxide

30 whose dispersion medium is the organic solvent is mixed with a resin and
the dispersion is uniformly dispersed in the resin, thereby a resin
composition containing the particles of rutile titanium oxide can be
obtained. The amount of the rutile titanium oxide to the resin depends

on the use and the desired properties of the resulting resin composition,

35 and it is usually within a range of 5 to 350 parts by weight per 100 parts



el ectric conductivity of 100 pS/cmor less. Third step The
particles of rutile titani um oxide obtajned in the second step was
"repul ped in water so that the resulti ngllsl urry had a content of 50
g/L 100of rutile titaniumoxide in ternms of titanium oxide. Acetic
~acid was added to the slurry in an anmnount of 150 parts by nol e per
100 parts Py Jmbet 6f thbhetid ani um oxide. The m xture was subjected to
a hydrothernmal reaction at 150C for 3 hours to increase the
crystallinity of Tharbpeeesenfioned ireain magnbempoxperatayrrlectedst ep

An aqueous A I el LY. s
bt aimed oy e DR e R R ad e e e st b B Hpfesian
sl urry hadceampeivfons agid qgrerstapkymudes thereof it aeied udhrolgbledin i $igm

paper de. i Vi i i ter._of 300 nm
Pher eugon 1ieb 85 Re o BELARY pla b8l RELL BE 2Bl ATRLCEE 4107, enove
wat er - sol ubdlgesiaytesedpsbalrvedldtmreahgldropropeesk unpylgoetdat when
the particlesiof. Lutile Llsanlumoxide obtalned. were repulped in
water in an anount of o0 Grtt i nCterms of PPN Tum o%idE, PEhe e
resul ti ng slpwlyymehadetdiylehettcrylic aendlestdwi{stughofs 40y 1pSheate) | ess.
25Fifth ste h articles of rutile titani oxi de obt ai ned
Co the f ourBsPEpevely T Bp i hEL ST s e B o b i A B PRSI ey

sl urr yiohadmatkaatyedte odp dl§thegblhofopdlyherd bf aRi AMOnOXti 6@ 1h Nl b@mEsn Of

titaniumoxide. Ntric acid t hen added to, t he urry in an anmount
05 30 par s St gl bt ast bSO PANTRO Ty HSTG 5 Gk AL B AN tim oxi do to
pepti ze t heollyi(havhutrPXi d@sirdi fa19BbR rbeads NaybRetBy HdRirep hoha ke,

pm were added to the thus obtained slurry in the sane _volune as that
of the sl RtyPUdhEARete 6P RbFIS 2T @&ﬂﬁ%&ﬂlawasp%?%#%a%ram hour s

using a pl@ngiany, & hyIsnll, .12t heloalky 48°n ARWRO WS AL 2R SE YR Pimides;
particles of rutile titani um oxide was obtai ned, 35Si xth step 15
The ad®eouRCldrtpeissiHit 8f PRAYR FtEensethat padifiehmr i hpavdenggsher,

subj ected {04 @o@%d@&gtﬁlﬂrl@ﬁ& olly@a FIEIMR ; @X£RStetbtdulch Aci d and
wat er - sol ubl e salts_di ssol ved therein until the aqueous dispersion

had an el ettrEBe CoRtugERtedi digngfeop oy meromolyharabygna. dpbpasriens. of

particles of, ¢ aiid16 P thaM A 034196 MRS 2QRt A 10EE o roprene; polPidy1US
obt ai ned di slggr si on was heat ed(%a((% S11050 faor Iidzphoﬁrrgp%%ne rpeorrgvle }jvlvat er,

t her eby patitlogides agid vhe like. t ilf aaresneoyi e nerse tbixgatasdes asch@rddrenol
An X-rogy diddipact i age am, of ¢ A8 § sy QLA nadh REYHS! uthhe
titanium ox%sée [ sIs shown ign’ Fig. 1. Tt qu syunger’st ooggt hatetit? %E, bhd
10cryst al | $ibicopegfesitfempar 2iselesuefd agttibleerasip aniThasexetiasi may be used
i ncreased e I.C of .. ile titani oxi de of

Conparat i v%l%@ggr%pgséggm eéltt:L.PinfS%' Ié’[ I(;)T\%Iv&.le lélr#psl %{Lfgg%l nthe fifth step
of Exanple 1, hybhochlideitciaacioh wasleused aiminy seenofomy dsifionacicdrdisi g

beptL e O PLACEIAAE il bIS SRR TR 0L TR e
Exanpl2é 3 depending on the resin, if necessary, in addition to the rutile titanium
oxide described above. Such additives may include, for example, a
plasticizer, a lubricant, a filler, an antioxidant, a heat stabilizer, a
nucleating agent, a cross-linking agent, a cross-linking auxiliary agent,
an antistatic agent, a compatibilizing agent, a light proofing agent, a
30 pigment, a foaming agent, an anti-fungal agent, a coupling agent, and the
like.
The resin composition can be obtained by mixing the dispersion of
particles of rutile titanium oxide described above with the resin and

kneading the mixture making use of an appropriate technique such as a

35 stirring and mixing machine, a single screw extruder, a twin screw



20In the third step of Exanple 1, acetic acid was added in an anount
of 90 p arts by nole per 100 parts by nole of titanium oxide, and
"otherwi se in the sane manner as in Exarﬂp?l e 1, a dispersion of
particles of rutile titani um oxide was obtained. 25 Exanple 4
Inthe third step of Exanple 1, 150 parts by nole of sodiumcitrate
per 100 par tif.ani e I 0 cetic
acid, and |}£r¥%f1?e i #@hqi apdtegf %Eigae%eq i\@% By nhQ P g%ﬁll Inflﬁ %%I’I C
acid was usedl imllpl dte olﬁus(obpaimtesl mslmbmnﬁsmpnra@oaélrcg tcahlge
otherwi se .in the sarre 30rra ner, {as_| a spersion of
particles '8 ° PG Hica T de e\%agxor%qé?%‘céaloalgx %%ﬁg W pRPE g iate
first st emeihﬁ(aﬂplh aslan anjeagiveonldolgytanoaxiofusien ameldime, a blow

35t etrachl orL&ie was dil uted,.wi th water $O that it gad tltaﬁlm

t et r acRl or PAE 286 2 RFe5R BABURE: 87 B0 ofrﬁlli‘%r%a F143% B UEod de
and chl or i@ nis@Smiohd id g¢ aNanin Btel @bl dih g4 aSmebli@klusiands dhe agdaofibm
sol ution tltanlu tetrachl oride was heated at boilin oi nt
(1100 °t o HyEHBRy BT FUaA T DG T AERF BF et 4A HhEF BREEOTH ¢ he
same manner as in Exanple 51, a dispersion of particles of rutile
titani um oxi de was obtai ned. Exanple 6 (Preparation of resin

conposi t i oHXR¥RLES ni ng particles of rutile titanium oxide and

eval uatgi on thereof) 10A dispersion of particles of rutile titanium
oxi de obtained in Exanple 1 was subjected to solvent displacenment by
ultrafiltrati onThs 1BBeRFWRaVHil d5ephlam ot Wik t”FEﬁr@§1°6ft°r]§’E4méles below,

€i tani um oy den WhPsen b s RE Tt ARmiRA W NS TRLhanel .andi whpsepgcont ent
of rutile titanium oxide was 20% by weight. 154.4 parts by wei ght of

0. 01N hydr%qucha@mlmgnéd%@apﬁbatﬂeﬁwwswww‘gﬂtpr@meltws of
3-glyci doxa{gliagpymhg'orf%m;%g L ang {1 KBM40Q3 " BR 208 14 8 Qveéhém%@éa

Chem cal ) .) and the resulting mxture was stirred fo
hour s.1562. &é@lﬁ@‘gs’oy wei ght of the above-nentioned dispersi on of

particles fi{lcorﬁlb's?zé HE B%I'Bls’?f'oq‘%sﬂérs@@ﬁ)ts by wei ght of 20

propyl eneg nononet et er, 56 parts by weight of nethanol, and
a smal | anount oThhaad@nlmglzaqbﬁtllbumomvamﬁf:bwémmealcmmé;nmwetha

added to 0%, It e J08SIAE olbniNeLAB PACEAL 181 ack@lad'By d
coating was’ 0 a e coati ng agent S spin-coated on a s

gl ass pl at Hikkisa (Etat éJtdf A5500s ppyaftonle 3lﬂs€ecbadmrtd¢1beﬁ: \ahIQB@O%ohry 30
m nut at 80C f nut es n en, 2t 120 ]
theregzil)'to ?%lrmn? 8 cie 17 mupatt% ﬁom‘I%hJé ﬁﬁas{ Fansm t hd??cle“ and
t he haze vad»luuen@baeexhpedtlfcﬂé mma&zsfcmbmdldm doet B@%anai p@riicle size of a

r esp.ec“ vel ]Ité?ﬁf a ang ahg\l/i‘b vo me o]f par%laleétig a%%gglu\,i@?etp?lton?%{lgi ed

out in Exa
= smallest particle side in a volume based particle size distribution.

(Chloride ion concentration)

25 The chloride ion concentration was determined by using an F-50
gseries chlorine ion electrode manufactured by HORIBA, Ltd.
(Stability of dispersion)

After a dispersion was allowed to stand at room temperature for
one month, it was visually observed whether particles of titanium oxide

30  have precipitated.

Furthermore, the cbtained dispersion of particles of rutile
titanium oxide was heated at 105°C for 12 hours to remove water, and
physical properties of the obtained particles of rutile titanium oxide were
evaluated as follows:

35 (Crystal structure of particles)



the sane manner as in Exanple 1, a dispersion of particles of rutile
titani um oxi de was obtai ned. 17 The third step and the fourth
"step were not carried out in Exanple 1,13and otherwi se in the same

manner as in Exanple 1, a dispersion of particles of rutile titanium
oxi de was obt ai ned. 5 Conpar ati ve Exanple 3 50 parts by nole

of acetic acid g, a QlB%uc%QQe (3 a%t{%}' JT%‘E &%eﬁhﬁﬁ@h ;?Q%Sln%e and

otherwi se in the sa manner I Spersio
particl es ofwd et Kheyt dﬁ:f&racmmma(pdera/Das (BﬂNdi HER Sm)axﬁofapaumd be Rigaku

Exanpl e %O%Jfor%’(?al? u)égalﬁﬁagral reaction was carried out at a

t enper at ur nd otherw se in the sane manner as
i n Exanpl e(SipecEﬁdsﬁpﬁsrcmmaodf particlekes of rutile titani um oxide was
obtai ned. 15 Conparati v. a cjall i.l abl e

Pone phrticles ofb BPPHEAT TRFEATER CARF SHETBOR HSCPAREOBA by

Sakai Cherd&akdinedistitly aBET hlethdd \(\@I’Lﬂtzr £piultpeidré e Natiesry tho@Mae thod)

anount of 100 of t t ani u ide. Nitric acid was added
to the res‘ﬁﬁlfllgnéjbyl[]{hﬁgggﬁ r‘é"f‘ln‘é At 163 Merihes B8 5t 100
parts by n@!)ﬁuﬁfatfdntﬁ'ﬁlebléﬁrpllégizﬁsshﬁg&@@ﬁﬂrﬂ@nﬁ he spadittb £hed af 2 30°Cani-wo
oxi de. Zirconia beads having a dianeter of 100 pm were added to the

obt ai ned sPiRRiEs #° PReLr€3HBCP6 une as that of the slurry, and wet

di spengi on(wigakNEss oWase NghEOr med for 4 hours using a planetary ball
mll, thereby an aqueous di spersion of artl cles of rutile titanium

oxi de 25was obt ab nedght was determdngfentt 163 Coand it 994 CyusingeSSC5200

(stability pf/bha ﬁ(ﬁﬁﬁ{rﬁiﬁ@tu&'&dbjp%@ﬂ@@gnmgn@n@alrﬂd c&ﬁ& 208 it ek in
titaniumoxide in the |sperS| on of partl cles of rutile titani um

oxi de obt avatEhti aggekcwWht®&anpl es and Conparative Exanpl es descri bed
above are gHoWAi;P:ataR! £ d nahd vaqu%f%hzﬁqa%her wi th 30t he

production conditions. Further, the weight loss on heating and the
speci flilc sur f acer dreasoittahee padt & dlage wflue i shimi fidwi ‘dﬁﬁ)fé?é@‘mmEd

obtained fyom C%m@ Sﬁ%‘éé D82 AT 1 G188 Ol relaUt hﬁggbg%w

obtained in e arrp es and Conparative Exa escrl above

are shown Imidgbles Qo., 1t@. Producti on of Dispersion 00 , 2p 0----

: ,Cc.-l-.-,,,0 Qo_.-,:>00 oiocd---- 0
Example 1

20  First step

An aqueous solution of titanium tetrachloride was diluted with

water so that it had titanium tetrachloride in an amount of 200 g/I. in
terms of titanium oxide and chloride ions in a concentration of 8.3 mole/L.
One liter of the agueous solution of titanium tetrachloride was placedin a

25  separable flask equipped with a reflux apparatus, and it was heated at a
boiling point (110°C) for 2 hours so that the titanium tetrachloride is
hydrolyzed, thereby a slurry containing precipitated particles of rutile
titanium oxide was obtained.
Second step

30 The slurry was filtered through a filter paper made of glass fiber
having a collection diameter of 300 nm, and unreacted titanium
tetrachloride and dissolved components were removed. The thus
obtained particles of rutile titanium oxide were repulped in water, and an
agueous solution of sodium hydroxide was added to the obtained slurry

35 untilit had a pH of 7.0. The resulting slurry was then filtered through a
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filter paper made of glass fiber having a collection diameter of 300 nm,
whereupon the slurry was filtered and washed with water to remove
water-soluble salts dissolved therein from the slurry so that when the
particles of rutile titanium oxide obtained were repulped in water in an
5 amount of 50 g/L in terms of titanium oxide, the resulting slurry had an
electric conductivity of 100 pS/cm or less.
Third step
The particles of rutile titanium oxide obtained in the second step
was repulped in water so that the resulting slurry had a content of 50 g/L
10 of rutile titanium oxide in terms of titanium oxide. Acetic acid was
added to the slurry in an amount of 150 parts by mole per 100 parts by
mole of the titanium oxide. The mixture was subjected to a
hydrothermal reaction at 150°C for 3 hours to increase the crystallinity of
particles of rutile titanium oxide.
15  Fourth step
An aqueous solution of sodium hydroxide was added to the slurry
obtained by the hydrothermal reaction described above until the slurry
had a pH of 5.0. The slurry was then filtered through a filter paper made
of glass fiber having a collection diameter of 300 nm, whereupon the
20  slurry was filtered and washed with water to remove water-soluble salts
dissolved therein from the slurry so that when the particles of rutile
titanium oxide obtained were repulped in water in an amount of 100 g/L
in terms of titanium oxide, the resulting slurry had an electric
conductivity of 100 pS/cm or less.
25 Fifth step
The particles of rutile titanium oxide obtained in the fourth step
were repulped in water so that the resulting slurry had a content of 100
g/L of rutile titanium oxide in terms of titanium oxide. Nitric acid was
then added to the slurry in an amount of 30 parts by mole per 100 parts by
30 mole of the titanium oxide to peptize the titanium oxide. Zirconia beads
having a diameter of 100 pm were added to the thus obtained slurry in the
same volume as that of the slurry, and wet dispersion treatment was
performed for 4 hours using a planetary ball mill, thereby an agueous
dispersion of particles of rutile titanium oxide was obtained.

35 Sixth step



Citric acid Nitric acid Nitric acid Nitric acid Nitric acid Nitric
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The agueous dispersion of particles of rutile titanium oxide was
subjected to dialysis in order to remove excess nitric acid and
water-soluble salts dissolved therein until the aqueous dispersion had an
electric conductivity of 3.2 mS/em, thereby a dispersion of particles of

5 rutile titanium oxide was obtained.

The thus obtained dispersion was heated at 105°C for 12 hours to .
remove water, thereby particles of rutile titanium oxide were obtained as
powder. An X-ray diffraction diagram of the thus obtained powder of
rutile titanium oxide is shown in Fig. 1. It is understood that the

10  crystallinity of the particles of rutile titanium oxide is increased

compared to particles of rutile titanium oxide of Comparative Example 2

L described below.
Example 2
15 In the fifth step of Example 1, hydrochloric acid was used in place

of nitric acid as a peptizer, and otherwise in the same manner as in

Example 1, a dispersion of particles of rutile titanium oxide was obtained.

Example 3

20 In the third step of Example 1, acetic acid was added in an amount
of 90 parts by mole per 100 parts by mole of titanium oxide, and otherwise
in the same manner as in Example 1, a dispersion of particles of rutile

titanium oxide was obtained.

25 Example 4
In the third step of Example 1, 150 parts by mole of sodium citrate
per 100 parts by mole of titanium oxide was used in place of acetie acid,
and in the fifth step of Example 1, 30 parts by mole of citric acid was used
in place of 80 parts by mole of nitric acid, and otherwise in the same
30 manner as in Example 1, a dispersion of particles of rutile titanium oxide

was obtained.

Example 5
In the first step of Example 1, an aqueous solution of titanium

35 tetrachloride was diluted with water so that it had titanium tetrachloride
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I an agxPoluentSOf f}g g/L in terms of titanium oxide and chloride ions in a
concentration of 4.5 mole/L, and the agueous solution of titanium
tetrachloride was heated at a boiling point (110°C) to hydrolyze the
titanium tetrachloride, and otherwise in the same manner as in Example

1, a dispersion of particles of rutile titanium oxide was obtained.

Example 6
(Preparation of resin composition containing particles of rutile titanium
oxide and evaluation thereof)

A dispersion of particles of rutile titanium oxide obtained in
Example 1 was subjected to solvent displacement by ultrafiltration to
obtain a dispersion of particles of rutile titanium oxide whose dispersion
medium was methanol and whose content of rutile titanium oxide was
20% by weight.

4.4 parts by weight of 0.01N hydrochloric acid was added to 12.5
parts by weight of 3-glycidoxypropyltrimethoxysilane (KBM-403
manufactured by Shin-Etsu Chemical Co., Ltd.) and the resulting mixture
was stirred for 24 hours. 62.5 parts by weight of the above-mentioned
dispersion of particles of rutile titanium oxide, 15 parts by weight of
propyvleneglycol monomethylether, 56 parts by weight of methanol, and a
small amount of hardening agent (aluminum acetylacetonate) were added
to the mixture, and stirred, thereby a coating agent for hard coating was
obtained.

The coating agent was spin-coated on a slide glass plate at a rate of
500 rpm for 3 seconds, dried at 25°C for 30 minutes, at 80°C for 15
minutes, and then at 150°C for 60 minutes, thereby to form a coated film 2
pm thick. The light transmittance and the haze value of coated film was

found to be 89% and 0.1, respectively.

Comparative Example 1
The sixth step was not carried out in Example 1, and otherwise in
the same manner as in Example 1, a dispersion of particles of rutile

titanium oxide was obtained.

Comparative Example 2
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The third step and the fourth step were not carried out in Example
1, and otherwise in the same manner as in Example 1, a dispersion of

particles of rutile titanium oxide was obtained.

Comparative Example 3
50 parts by mole of acetic acid was added per 100 parts by mole of
titanium oxide, and otherwise in the same manner as in Example 1, a

dispersion of particles of rutile titanium oxide was obtained.

Comparative Example 4
The hydrothermal reaction was carried out at a temperature of
200°C in Example 1, and otherwise in the same manner as in Example 1, a

dispersion of particles of rutile titanium oxide was obtained.

Comparative Example 5

Commercially available fine particles of rutile titanium oxide
{(STR-100N manufactured by Sakai Chemical Industry Co., Ltd.) were
repulped in water in an amount of 100 g/L in terms of titanium oxide.
Nitric acid was added to the resulting slurry in an amount of 30 parts by
mole per 100 parts by mole of titanium oxide to peptize the particles of
titanium oxide. Zirconia beads having a diameter of 100 pm were added
to the obtained slurry in the same volume as that of the slurry, and wet
dispersion treatment was performed for 4 hours using a planetary ball
mill, thereby an aqueous dispersion of particles of rutile titanium oxide
was obtained.

The electric conduetivity, the stability of the dispersion, and D50
and D90 of particles of rutile titanium oxide in the dispersion of particles
of rutile titanium oxide obtained in each of Examples and Comparative
Examples described above are shown in Table 1 and Table 2, together with
the production conditions. Further, the weight loss on heating and the
specific surface area of the particles of rutile titanium oxide obtained
from the dispersion of particles of rutile titanium oxide obtained in each
of Examples and Comparative Examples described above are shown in

Table 2.



poop PO0OO
ci 0.5 ¢c-1

C, i

(FOLL) 8pIXo WnIue)n

Jo arowr £q spred gQT Tad afow £q syaed £q pajesrpul yore ate poe uizipdad pue prog oTue3I0 Jo JUNOUrE AYT, (T (s2I0N)

0.6 a -4 c-)
18

— og PIoB DTIJIN — AUON - g apdwexy] eaneieduro))
003 o€ pIoE OLIIN 061 PLoE a8y £'8 ¥ e[duwrexy sarjeredwo))
0S1 0¢ PO OLIJIN 0g p1oB o380y 2R ¢ ardwexy] saneIBdUIO))

— 0g PIoB DLIJIN —_ QUON 2'g 7 arduwrexs aanBasduio)
0¢1 0¢g PIOB OLIJIN 0c1 pIog 01390y o'g [ spdwexy sanereduwo))
0T 0g PIOE OLRIN 0¢l1 ploB o180y ¢y G ardurexy
061 0g PoE OLOIL) 061 SIBIID UWNIpoy g8 P orduwrexy
0GT o€ P1oB OLOIN 06 PO 01180y €8 g ardurexy
04T 0g PIO® OWIOTY20IPAH 0%t PIOE 0183y £'8 g o[dwexg
061 0g PTOB O1TIN 061 PO o180y €8 I e(duexy

(aTour {(aT0m -
Qo) £q syred) Aq syred) (T/e10m)
uoijoead pwoe Surziyds g poe otuEsaA() doels 3sa1y B UT
poppe pwe | ab T peppe aree

[BuIay30apAYy Surznded proe oruesio SISATOXPAY JO oW}

Jo N J ' 913 1B UOT}BIJUSDUCD

JO junowry Jo qunowry
snjeraduwa], Uuol aprLIo[y)

uotsaedsi(] J0 UOTIONPOL]

Properties of Dispersion Dispersion stability?2)

7EI ectric conductivity (nS/cm cl

T U IV




|7|

r-4 C |

‘paatesqo sem seorpaed Jo uorpejrdmaad

usym ,peg, pue ‘posTasqo sem sefonaed Jo uoneiwald ou uaym ,Poor), 9 03 pojewn}sa sem A[Iqe)s uotsiadstp oy ], (¢ (S9I0N)

- "1t 0)

c r-l1
19

Cl

CO --01 C

(mu) 06G ri

asS) ci

EE

c6
t O di

001 —_ peq 00I< 000Z< 001 < ¢ ardwsxs] eanjereduio)
0zt & pooyny 1€ G¥ g1 ¥ o[durexs] saneieduro))
0€T 4 ooy £e ¥ T ¢ eydwexy sarreIedwo))
ari 01 PooY) z'e 61 L 7 ardurexsy saneredwo))
071 ¥ PeEY 00T< Ly Té 1 spdurexy aangeredwo))
9¢l ¥ poon G'E g1 9 g eyduwexsy
0¥1 14 Poop G'e 35 98 f apdwexy
44! ¥ POoH 62 A4 9 o ardwrexy
OF1 ¥ pPooH 0¥ g1 9 7 arduexgy
0¥l i pooD) rARS TT g 1 apdurexy
(3/,10) (%) (WIo/Gr) (uruy ()
Boxy Suryeey IS £31ATONPUOD
aoBJINg oyoadg o mmow S uots1odsia ,owsomﬁm 06Q 05
uotsIadst(] Jo sepnaed jo seryradord uotsaedsi(] Jo senjredord
¢ H'IdV.L

Sy [




A (UM @Ginco COin- COCO ci r-i to,--200,--1A
| Exanpl e 3 Conparative Exanple 1 ' Conparative Exanple 2
" Conparative Exanple 3 20

10

P

7
P

As apparent from the results shown in Table 1 and Table 2, the
dispersions of particles of rutile titanium oxide obtained in accordance
with the invention have a D50 within a range of 1 to 15 nm, preferably 5
to 10 nm, and a D90 of 40 nm or less, preferably 25 nm or less in particle
size distribution; a specific surface area of particles of rutile titanium
oxide within a range of 120 to 180 m?2/g; and a rate of weight loss of 5% or
less when the particles of rutile titanium oxide are heated from 105°C to
900°C.

The dispersions of particles of rutile titanium oxide obtained in
accordance with the invention have particles of high crystallinity and

excellent stability.



Conpar ati ve Exanple 4 Conparative Exanple 5 20 As appar ent
fromthe results shown in Table 1 and Table 2, the dispersions of
particles of rutile titanium oxide obt&lned in accordance with the
invention have a D50 within a range of 1 to 15 nm preferably 5 to 10
~nm and a D90 of 40 nmor less, preferably 25 nmor less in particle
5size distribution; a specific Surfaﬁ@Aﬁ‘% of particles of rutile
titani um oxide within a range of 1207t0 n2/g; and a rate of
wei ght |1 oss of 5% or | ess when the particles of rutile titani um oxide
are heated fro 05C to 900C. . .The. di spersi.qns of particles
of 11 6 i v arh QHSREEGRT BbEAFHElPS Hf TBHLL CHABNDE SO T hEr TR T on
have partigd@s1ef obirghilenysialiin skide ko eXesld ient rHiabbt Ltty.15 i and
CLAIMS 1. A di sfpersi on of particl _e? of r@ti le titani g’n oxi de (¥\/%erei n
the pafticl 8900¢t +ommp OTHIEERAT BATEIG §E Hab e e BEEP T ASHL9taRge ot °T 4 o
15 nm and g 00 BEhAQc e Pind BSShbd; PALLEG Es$ifaee Airsh ihbUt4 O 858120
determ ned by a dqynan‘i c light scattering nmethod; a specific surface
area in a maifﬁyenm’g pelatgrmapedPrg? &8 Hateheidnad Aoy ratBef adehbdessand
a rate of yeight L ass,hipdd 8% He&a$ndthebiakneds by yheat tnAihG oxide
particles of rutile titani umoxide from 105C to 900C. 10 2. A
process foropr bORE Ay 9800¢ spersi on of particles of rutile titanium
oxi de;@ccording to claim1l, which conprises: a first step in which
after a chloride ion concentration of an aqueous titanium
tetrachl ord.de sdlpaviens fog rdjdusing at bispedsigpl d/nargiclppoé rutgeetanium
isolution is. ted a t r at i e of 86C to a boiling
xboi nt to h%d?g%fgglﬁgaﬁ tglgrr?ﬁ%u% %&%??%g%?xg:%l g, t hereby obtaining a
slurry cont ai ni adiptetepiinavbithpafter ¢l elslogide inn tengantaatiom dxdne;
a second step in which the sl ' Ny i.rs 1S oy
filtered an %/\(?aussht\gga%utr% tﬁ%?é#ﬁ{rgdggm%&g\é% ggiltslsgleggloei'gg%l?%m%l e,
di ssollved 220t ddmgion fv beatdleashuremyperature in agratger df 86D to ra viloty
the slurry abtained in the second st I j e th
reaction i%OIPhgog}yedslé)T e ore gﬁagrl%%lnfe(%r%%%%e’%ggegjgoﬁgit})rﬁ?{%gs?t %%’}-P*
whi ch t he &intkiyin@bp sichedtaked phetichis df stepe tigahivmeradeand washed
with water to renove %{vatter-.sol bl e .,salts di S ol v%d. Z%hefr.ei ntfromthe
slurry; AFCFPREFLER &P W RIRRT B I TR OPET N Caldh & Y° (B SE RE*R M ry
obt ai ned ifltehed faqudr WhsBé@pyitAnda tetetor eanbid ngtat-xblridei salsubjssotwd
to a wet dispersi.on tlilgat ment, thereby obtaining a dispersion; and

a si xtH st &FPH WHBHLEIEEY aci d and water-sol ubl e salts are

a third step in which the slurry obtained in the second step is
subjected to a hydrothermal reaction in the presence of an organic acid;

a fourth step in which the slurry obtained in the third step is

s,

filtered and washed with water to remove water-soluble salts dissolved
25 therein from the slurry;

a fifth step in which an acid is added to the slurry obtained in the
fourth step, and the resulting mixture is subjected to a wet dispersion
treatment, thereby obtaining a dispersion: and

a sixth step in which excess acid and water-soluble salts are

30 removed from the dispersion obtained in the fifth step.

3. The process for producing a dispersion of particles of rutile
titanium oxide according to claim 2 wherein the slurry is subjected to a
hydrothermal reaction in the presence of an organic acid in an amount of

35 75 parts by mole or more per 100 parts by mole of titanium oxide in the



30renoved fromthe dispersion obtained in the fifth step. 3. The
process for producing a dispersion of particles of rutile titanium
* oxide according to claim2 wherein the?dlurry is subjected to a
hydr ot hermal reaction in the presence of an organic acid in an anount
. of 3575 parts by nole or nore per 100 parts by nole of titanium oxide
in the 2% thc{ gtje step. 4. The process for producing a dispersion of
particles Bf'r r0tiHe titani um oxi de accor di ng to claim2 wherein
excess acid is renoved from 5the dispersion so that the di spersion
has an el ectricg,conductivity in a ran of 1 to.5 nS/leminp._ si xth
st ep. 5 Thﬁ}ber Bﬁ%csesssf%? pﬁf)gaﬁlcrﬁgn% és%l?lssﬁcélrlsalf&)nalo?cq%sépgf% lges of
rutile tittanindinoxkite acoaddhngo tebaich & wh2ratreseiasstdved di sperwiednfrom
medi um_of the 10di spersign ophtained in the sixth step is dj.splaced by
o of GAni dTSHBRTSIDE SorHR bR AES B PBa G0 e ia opareraRma &
particl es \@fagbWfi1 €ot5l @It Mmontideiabcarding to claim2 wherein the
hydrot hernmal reaction is carried out at a tenperature in a range of
120-180C in the third step. 15 7. The process for producing a
di spersi on; of pagd beh@sssOforpilodh@idd hankyprO¥h g Ree1ds 0@ rieilel ai m 2
wherein the chloride ion concentration of an aquepus sal ution. of
titani um tidtaHem oKt drearerAdpRse sl iy 277 RraR e b RBTEN I hed WA pf Fbe
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obtai ned by a process according to any one of clainms 2 to 7. 9. A
resin conposition conprising the dispersion of particles of rutile

2/5“ tani ung oxi dgy, AGe QL N 1P 8h@iAB &-dispersion of particles of rutile
titanium oxide according to claim 2 wherein the hydrothermal reaction 1s

carried out at a temperature in a range of 120-180C° in the third step.

15
7. The process for producing a dispersion of particles of rutile
titanium oxide according to claim 2 wherein the chloride ion
concentration of an aqueous solution of titanium tetrachloride is adjusted
to 7.0 mole/L or more in the first step.

20

3. The dispersion of particles of rutile titanium oxide obtained by a

process according to any one of claims 2 to 7.

£

9. A resin composition comprising the dispersion of particles of rutile

25  titanium oxide according to claim 1.



