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- la-  Process For Producing Particles And Coating Filns O Titanium >
Oxi de * . BACKGROUND OF THE | NVENTI ON Fi &l & of."t.he:I nvénti-en .”*. " ! 9'I' e
present invention relates to a process for : produci ng particles and c&%klng
films of titaniumoxide and nore particularly to a process for produc3dwil
parti- cles and coating filnms of titanium oxide which nmay be used for

pi gnments, ultraviolet absorbers, fillers, optical mnmaterials, electronic
materials, optoelectric trans- ducers, decorative materials, catalysts,
phot ocat al ysts, catalyst carriers, adsorbents, bioreactors and the |ike.
Description of Related Art Ti tani um oxi de particles are useful
as pignents, ultraviolet absorbers, fillers and the |ike. Furthernore,
titani um oxide coating filns conprising titaniumoxide particles allowed
to firmy adhere to a support are useful as photocatal ysts, sensors and
materials for sem conductor el ectrodes such as solar batteries utilizing

t he phot osem conductor charac- teristics of titanium oxide and as sealing
materials utilizing its dielectric characteristics. Mreover, titanium
oxide coating filnms are used as heat ray
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M,
reflecting glasses and decorative materials because of—Hhig ht
refl ectance and beautiful silvery reflective color tone].hggﬁ=e A ﬁhgﬁ&%&% as

cat al ysts, photocatal ysts,
tatal yst carriers, absorbents and bioreactors utilizing H@WMH% mg' t he
titani um oxide coating filns. The titahium oxide coatin |

prqduced by, for exanple, a process which conprises imersing a support in
a solution containing titaniumisopropoxide or the like, taking it out and

t hen heating the suppor i P@gﬁﬁg K film a process
bRaCE%tSlwfgﬂ?n um e{:ﬁ&é P?.ﬁﬂ&%ﬁ\?(%lglr) agai nst the

whi ch conpri ses bl ow ng rachl ori /
surface of a support at adOATINGFENMSIOF TITANIUMOXIDEI Im  and a process
whi ch conprises spraying a solution containing an organotitani um conpound
such as titanium acetyl acetonato, titanium al koxide or the |like onto the

surface of a_%@ﬁ?&kbugﬁtoﬁ th?£§ggﬁgf@ﬁure to forma film Accor di ng

to the above Ioned conveén rocesses, a titaniumconpound is
reacted on a §§ggar5ftghgo&ﬂb?ngg§ﬁniun1oxide fil'm Therefore, the size of
titaniumoxide primary particles ich constitute the resulting titani um
oxide filmis several nghangr&yeht! ihvéhtioRXiélFa sy tic|eprimmes addyme
shrinkage-at the time of sintering which causes cracks in the resulting
film A fil mpadueingr paksictespand ocpgeingffiimorot hel tsarpipor toxdnte i s | ow
i n endurance and wear resistance and furthernore, i nferior in
optical clgraahdr metrecparthcadldiclyohe acpoocess faor tpredugivehtpantdl -
processes, it is difficult to nake porous titanium oxide coating filns
havi ng a | ar gelesi skdessashngafidmgeot pettanium o¥ide wHah are i
suitable for optoelectric transducing materials, catalysts, photaocatal ysts
and absor bent §or P?EﬂeaﬁﬁveﬁﬂFSﬂHFOb?Ec%%§%%b?Eﬁweélﬁig%ﬁ';ﬂ G that the
wor ki ng at nosphere beconei wor se,due to thﬁ ngors of organi c solvents and
Ref 1ams

titani um conpBak8Eiang. EtEPBLQMYERE RER SUIH R .
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Description of Related Art
Titanium oxide particles are useful as
pigments, ultraviolet absorbers, fillers and the like.
Furthermore, titanium oxide coating films comprising
15 titanium oxide particles allowed to firmly adhere to a
support aré useful as photocatalysts, sensors and
materials for éemiconductor electrodes such as solar
batteries utilizing the photosemiconductor charac-
teristics of titanium oxide and as sealing materials
20 utilizing its dielectric characteristics. Moreover,
titanium oxide coating films._ are used as heat ray
reflecting glasses ahd degoratiQe materials because of
high light reflectance ;ﬂa beautiful silvery reflective
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color tone and furthermore as ca%@lysté; photocatalysts;
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M
=3- tiTaniumoxide fime—particles, and firing the coated support to
all ow t he Mﬁée@kﬁ%e&n@@ﬂcuﬂ y adhere to the support. This process my

igncl ude the ] AHBBIE Ing out the crystal growth of titanium oxide
fine particlig [] H}HBIH
Ssubstrate. 2T

the titaniumoxide particles to be coatad on the

, the crystd -growth nmay be carried out
separately fromthe coating process. Al so according to this aspect of
the invention there is provided a titanium oxide-coated support when
produced by tdetakgstodaasiorrdehdsonbentismandi diorgacposseditidiganggr aph.
According to a second aspect of the present invention there is provided a
process for prialuprasity af wheoxiidenjam cxide wershngofprmses FhBj ecti ng
titaniumoxide fine particles to a hydrothermal treatnent at a tenperature
of 100[ err] C tiraninmginsride daatdngefiides aap beaprpdgedoufort ggam-
hydr ot hermmal treatnment using (1) a suspension of titaniumoxide fine
particles corR¥8nikify & RTIGESS pHiGh GOMPRiGESIdMmeFF1R9sasFEREPSH &f
titani um oxide fine particles, containin anatase-éﬁge titankgnlgxkde

F tH&ni um

obt ai ned Dy HyFWYANY GG HhAm1Hm ASOPLOpREidssOF

i de fi t.icl es, wh b dj d_t . 9
prgher | The GRS P ey AR d e T elBoRe 8T akOWPhigh, | V0 e
it Gl s . Neilieh /ar Ot an f
the hbove. meipiheiily (A £oRR o (Faib o rdcadel ATEH EBnBEibeRa” 1O

this aspect ofodiiy ﬁ@aﬁﬁrﬁmiWﬂ%ﬁﬁee@ﬁ%ptroaghﬁﬂgituﬁhexEgﬁfﬁéétiC| es

when, produced by the process described in the i medi ately preceding

paragraph. of a su%?ort at a high temperaturefto fBRWEER PEDRR ETI ON OF THE
DRAW NGS ig. 1 is a optical photom crograph (x 1000) which

shows t hgy surgasces® WHIQ Bomprt el Wpra§iingh@ solution containing an

organotitanium compound such as titanium acetylacetonato,
titanium alkoxide or the like to the surface of a support
at a high temperature to form a film.
According to the.above-mentioned conventional

15 processes, a titanium compound is reacted on a support to
form a titanium oxide film. Therefore, the size of
titanium oxide primary particles which constitute the
resulting titanium oxide film is several nm and such
titanium oxide par;icles show volume shrinkage at the

20 time of sintering to cause occurrence of cracks in the
resulting film. The film having cracks is apt to peel
off from the support and is low in endurance and wear
resistance and furthermore,.inferior in optical charac-
teristics; In addition, according to the conventional

25 processes, it is difficult to make porous titanium oxide
coating films having a large thickness and a large
specific surface area which are suitable for optoelectric

transducing materials, catalysts, photoggtélysts and



t'i tani um oxi de coating filmobtained in Exanple 3. Fig. 2 is an
el ectron photom crograph (x 8000) which shows the |layer structure of a
section of the titaniumoxide coating filmobtained in Exanple 7.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The inventors have
conducted intensive research in an atténpt to obtain a titanium oxide
coating film strong in adhesion to a support and excellent in optical
propertles and as a result, have found that si n i t ani um oxi de
parti cl eslobt &dseg S?téarr?hﬁgcﬁﬁYeEFyg?%i Pﬁ? N e%th€§a PERAR%i de fine

particles, volu shrinka me_of formation of the fi
P

b
reduced, occB®FPEnEBSofNE :ER? Eaﬁﬁbﬁgrﬁﬁﬂgﬁah%ﬁ% DRR¥ET BN ?5S?H€&g2€%pgrt
can be |nprov%gFe §°%?28 'E?ﬁé ic éﬁ %Rﬁétéﬁéeéltxﬁﬁﬁm'é% 5%*5%*?%&0

firmy adhere ave an average RTCTE® 128 of

10 to 100 nm .patef grab xng,grgo 0, 8831 RS PEGLR! 4 Breifgably 15 Lo 25 m

because these are excel I'n adhesi on e support,” (3) for carrying
out the crystal growth of titaniumoxide fine particles, there are the
foll owing nethods of (a) heating titaniumoxide fine particles at a

tenperat uge ogymHARYt or6@aEerEnTiON subjecting the titani um oxide fine
particles to a hydrothermal treatnment at a tenperature of 100[err]C or
hi gher, and (c) subjectAngobjeuspefisthe presémchinvention is to
provide titanium oxide particles excellent in crystal-
linity and extremely excellent in various properties.
Another object of the present invention is to provide
10 titanium oxide coating films less in cracks and high in
adhesion to a support.

The present invention is a process for produc-
ing titanium oxide particles which comprises subjecting
titanium oxide fine particles to a hydrothermal treatment

15 at a temperature of 100°C or higher, characterized by
carrying out the hydrothermal treatment using (1) a sus-
pension of titanium oxide fine particles containing
rutile-type titanium oxide, (2) a suspension of titanium
oxide fine particles containing anatase-type titanium

20 oxide obtained by hydrolyzing titanyl sulfate or (3) a
suspension in which various titanium oxide fine particles
such as hydrous titanium oxide fine pariicles of
metatitanic acid or orthotitanic acid in addition to the
above-mentioned titqnium oxide fine particles are highly

25 dispersed. Furthermore, the present invention is a
process for producing a titanium oxide coating film on a

support using the above titanium oxide particles.
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“5- the titaniumoxide fine particles are highly dispersed to a

hydrot hernmal treatnent at a tenperature of 100[err]C or higher, and these
met hods are preferred because the crystals of the titanium oxide fine
particleés can be wuniformly grown, and especially preferred is the nethod
(b) in which titaniumoxide fine par+iéles containing rutile-type titanium
oxide or titaniumoxide fine parti- cles obtained by hydrolyzing titanyl
sulfate are subjected to a hydrothermal treatnent, and (4) in the case of
form ng a ti BRAEFNDERICAEPEIANI OF THEnPRAWENEGBWI ng titani um oxi de particles
obtai ned by crystal growth of titaniumoxide fine particles to firmy
adhere to a support, FhE:-pickPng e@BhiFe) PROEPBIEFIFFARMM O%i HEO%bat-  ing
fil mcan be enhanced and adhesion to the support can be fugpther inproved
by using a sW8BERsEBAWENtHRI EHTEAFE MPTPARAL AU ©xF HEUPERESE PhstBfe highly

' Fhe. pr eseh ERFBR PELIS: B3 EERFaR bih BRFALAS nLA R 1 SUg 1 ¢ ani um

oxi des such as anataseztype, titani umoxide, ruiile- | t Api i de,
armrphougSC titaniun1oxF&éP ﬁefst?Paﬁ?%c E?ﬁ,p%§§+é)?%%§?%§%c€% %ﬂ%&rthe

| i ke and hyd t LU Xi €y odd ' lde fine
particl es"yrr%g%ght hggggv\gb%hhﬁgsg %@£§€%§£%v%€a%es%)%$%@ gel(r%% of 3 to 20
nm preferablycaniQm dRi88 8B4tihE £iihaobt&n A den Pekdrslesy desirably

means those having an average paiticle size of 10 to 100 nm prefer- ably
10 to 30 nm especially preferably 15 to 25 nm
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The inventors have conducted intensive research

10 in an attempt to obtain a titanium oxide coating film
strong in adhesion to a support and excellent in optical
properties and as a result, have found that (1) by using
titanium oxide particles obtained by carrying out crystal
growth of titanium oxide fine particles, volume shrinkage

15 at the time of formation of the film caﬁ be reduced,
occurrence of cracks can be reduced and adhesion to the
support can be improved, (2) the titanium.oxide particles
which are allowed to firmly adhere are desirably those
which have an average particle size of 10 to 100 nm,

20 preferably 10 to 30 nm, especially preferably 15 to 25 nm
because these are excellent in adhesion to the support,
(3) for carrying out the crystal Qrowth of titanium oxide
fine particles, there are the following methods of (a)
heating titanium oxide fine particles at a temperature of

25 200 to 600°C, (b) subjecting the titanium oxide fine
particles to a hydrotherﬁal treatment at a temperature of

100°C or higher, and (c) subjecting a suspension in which
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obtained by crystal growth of said titanium oxide fine
particles. ThiyEhestdiasBeen Replacedm oxi de fine particles nay be obtained by

known processgi e, by hydrolyzing or neutralizing titanium
tonpounds sucly |

sulfate, titaniumchloride, titanium acetate,
titanium al koxide and the like, if reSessary, in the presence of a seed.
Then, the thus obtained titaniumoxide fine parti- cles are preferabyl
filtrated and washed for renmoving inpurities such as sulfates, chlorine
and akal iB. the titaniuRhexXide #inempaxitdelesnerpahigblEsdéisneasfadnge
rutile-type titanium oxide" or equivalent term nol ogy used herein neans
titani um oxiaéychrptiesmad Greatmestyaby awsegherarefePbl§0iCt 8T 309 by
wei ght of fine particles of titani moxide which can be identjfied to be
rutile-type<ﬁ%&h€ﬂ:iathﬁbeﬁﬁwm@th@ﬂﬁrééﬁi@ﬁeﬁéFFéﬂnbﬁﬁG“Fﬁetbﬁlance bei ng
nostly anmor- phous. One exanpl e correspondi there Is the rutile

. t
transition acvarsdraks ff fdwy tidepivp Sﬁéﬂérgég nPBFtlFE?SnFEﬂ18Foxide
ignents._ The said titani ' fi ticl . al pj Lhe-t
P Sant um Bxi AP CERFHY PRl SRd EsPsiative p-BySErar s EhPhmkkhbuc. Yhe
err A titgn ; h toi I : 81 okl b t at
it ani um ¢ ot rOthi D) (IS AR Bl Bner e i 1 eb LBLHILIAGE 2 B, O
necessary, 'rEJJEiéUf§§E“¥i€§hium oxide or titanium oxide fine parti-

cles obtained by hydrolyzing titanyl sulfate are
subjected to a hydrothermal treatment, and (4) in the

10 case of forming a titanium oxide coating film by allowing
titanium oxide particles obtained by crystal growth of
titanium oxide fine particles to firmly adhere to a
support, the packing density qf_the titanium oxide coat-
ing film can be enhanced and adhesion to the support can

‘15 be further improved by using a suspension in which said
titanium oxide particles are highly dispersed. Thus, the
present invention has been-accomplished;

In the present invention, the "titanium oxide"”

means various titanium oxides such as anatase-type

20 titanium oxide, rutile-type titanium oxide, amorphous
titanium oxide, metatitanic acid, orthotitanic acid and
‘the like and hydrous titanium oxide. Moreover, the
"titanium oxide fine particles” means those which have a
fine average particle size of 3 to 20 nm, preferably 5 to

25 15 nm and the "titanium oxide particles" means those
having an average particle size of -10 to 100 nm, prefer-
ably 10 to 30 nm, especially preferably 15 to 25 nm

obtained by crystal growth of said titanium oxide fine



nucleus crystals to obtain a precipitate and the result- —ng—prectprtate—
is heated, if necessary, with addition of an alkali and thﬁxﬂshe%tﬁﬁgen%te plfed

tenperature of from50[err]C to the boiling point wth addi

Pnorganic acid such as hydrochloric acid or nitric acid or [“HIN
acid such as citric acid. [err] A Htami umchloride is

-7- neutralized with an alkali at a pHof 4 to 7. Ti tani um chl ori de
is hydrolyzed by heating under the condition of 11% or higher in

hydrochl orl ¢ guExtispiesen- The aaich.titaninm gxidem Ehner Péﬁtﬂ-glgabﬁe‘i@t ed to
an oxidative thermal deconposition in vapor phase

"titani um oxi bYaimedan knem Fnoseseeshy Lory gxampies BY hygﬁﬁ}yzéﬂgfate"
used herein or equivalent term nology neans titanium oxide fine particles
cont ai ni ng an&%ﬂ?‘{‘iﬁfehtﬁ%%l%a"é%éoméﬂﬁéd559“h98r 5EY3PKG titanyl

sulfate with heat- ing .at 60 to 110[.err] preferab 80 tp.,110C. This
contains a sl ighEahfouril Gnidh &dﬁvt§ﬁ GﬁﬁBylﬁﬁegﬁﬁ?' Ebﬁ?ﬁﬁﬁ@ most |y

X ray diff ;S?ala“@ e @ e Tlke. T%, RepRa Bl FR s FoRp P ERbEcok T e
time of hydrqlyss i O“ﬁﬁn Qﬂ%sﬁgb% bga RYDLRE YR SxPhe tfiﬁﬁygar plrate
I S not suff|C|en y pertdrnme I'me 1s required for ro ysi s.
The concentratd iy @frd ﬂf@ﬁgrably f;ltrated and washed for removing
impurities such as sulfates, chlorine and alkalis.
The "titanium oxide fine particles containing

10 rutile-type titanium oxide" used herein means titanium
oxide comprising 0.5 to 50% by weight, preferably 1 to
30% by weight of fine particles of titanium oxide which
can be identified to be rutile-tfpe crystal in the X-ray
diffraction pattern and the.balance being mostly amor-

15 phous. One example corresponding thereto is the rutile
transition accelerating seed used in preparation of
titanium dioxide pigments.‘ The said titanium oxide fine
particles containing rutile-type.titanium oxide can be
prepared, for example, by the following processes: (:) .

20 titanium compound such as titanyl sulfate, titanium
acetate or titanium tetrachloride is neutralized with an
alkali or hydrolyzed, if necessary, in the presence of
nucleus crystals to obtain a precipitate and the result-
ing precipitate is heated, if necessary, with addition of

25 an alkali and then is aged at a temperature of from 50°C
to the boiling point with addition of an inorganic acid
such as hydrochloric acid or nitric acid or an organic

acid such as citric acid. (:) A Titanium chloride is



sulfate in the solution and the heating tinme can be optionally set, but a
titanyl sulfate concentration of 50 to 250 g/l in tenns of TiJerr] is
suitable and a heating tinme of about 1 to 10 hours is suitable. The
pressure at the tinme of heating is preferably atnospheric pressure, but
the heating may be conducted under appliZcation of pressure. Furthernore
I f necessary, a seed nay be present in the solution of titanyl sulfate.
Preferably, the thus obtained titaniumoxide fine particles are
filtrated hnd nvewtealized enie am@alikaliieatsaclpHaofsdl tat @ . radi cal s.
The "suspensiop~in which titaniumoxide fine particles are highly
di spersed" use@héiigianium sthlamide isy hydredivegdabyabeatingbungessshe in a
suspension of titaniumoxide fine particles to adjust the pHto 4 or
| over, pref er fAMAELIGN |Afndrl Yoo highery isn hydgachlpgiBeacpiesencenn a
suspensi on of titaniumgx de fine particles to adjust the pHto 9 or
hi gher, pref erdifty-°f o@niwl“élﬁ&hdpﬁiéiﬁsilﬁgsf‘ J8REErHh &R 8B fine
particles or by . gri.ndi t he .powders of, titanium oxide fine particles and
t hen prepé?inéxgigﬂgﬁghéﬁﬁﬁ“l e%@@PWRSFlﬁﬁogu%Beﬁﬁpﬂﬁ PPREENi um oxi de fine
particles in a suspensi Wit ri.nd- __I. he fine particl b ri nder
or a classifier. or 4he élé%nld% ox1%% Elne part?cies oggaLXeg gy
hydrolysis of titanyl sulfate" used herein means titanium
oxide fine particles containing anatase-type titanium
oxide obtained by hydrolyzing titanyl sulfate with heat-
10 ing at 60 to 110°C, especially 80 to 110°C. This
contains a slight amount of amorphous titanium oxide, but
contains mostly titanium oxide which can be identified to
be anatase-type crystal in the X-ray diffraction pattern.
When the heating temperature at the time of
. 15 hydrolysis is lower than 60°C, hydrolysis of titanyl
sulfate is not sufficiently performed or a long time is
required for hydrolysis. The concentration of titanyl
sulfate in the solution and the heating time can be
optionally set, but a titanyl sulfate coﬁcentration of 50
20 to 250 g/l in terms of TiO, is suitable and a heating
time of about 1 to 10 hours is suitable. The pressure at
the time of heating is preferably atmospheric pressure,
but the heating may be conducted under application of
pressure. Furthermore, if necessary, 5 seed may be
25 present in the solution of titanyl sulfate. Preferably,
the thus obtained titanium oxide fine particles are

filtrated and washed to remove impurities such as sulfate

radicals.
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by al | owi ng—a—di-spersant to be present in the suspension. When
acid or al kaly 'sﬁecﬁkakemaelﬂmdoe present, if pH of the suspension is higher

than 4 and |l o tanlun1OX|de fine particles are dispersed wth
difficulty anéﬂ‘ﬁ“ﬂ“‘“ e into a colloidal solution. For adjusting
the pHto 4 or east one aci-dgoptio- nally selected from

I norgani ¢ aci ds such as hydrochloric acid, nitric acid, sulfuric acid,
phosphoric acid and carbonic acid and organic acids such as citric acid,
malic acig, acetic acidmd Isaipensdoind iins waddbd titanhem ouégensiing.
Hydrochloric acid or nitric acid is prefer- red. For adjusting the pHto
9 or higher, gadtaastesorere alikplly dispersiedy seedchedefnorsseliained

hydr oxi de, potas- sium hydroxide, sodium carbonate, anmmoni um carbonate,
ammoni a and arbynesl liowviald @redaic lt@ peementhen gr EHEBPESEOBJC4r e
preferably wet grinders such as sa

mll, ball mnl4itandnseenidg &dn m&rﬁdFﬂﬁssﬁﬁkéFJ“ﬁ§ the PHi §BeitsQAt mhen
this is used, nmention nay be nmade of i.norg

such as sbdi uhINSTMRTE eﬁﬂhi?b FE'&ﬁHe§b&' oVﬁggtgn ék%%g;nggggants
acel yl acet one PeRit 1 ehABHRE LRy e ?salé"*%l;é%?ékz e bHE et T8t on
of two or M %o adjust the pH to 9 or higher, preferably 10 or higher
and dispersing titanium oxide fine particles or by
grinding the powders of titanium oxide fine particles and
10 then preparing a suspension thereof, or by suspending
titanium oxide fine particles in a suspension with grind-
ing the fine particles by a grinder or a classifier, or
by allowing a dispersant to be present in the suspension.
When acid or alkali is allowed to be present,
15 if pH of the suspension is higher than 4 and lower than
9, titanium oxide fine particles are dispersed with
difficulty and cannot be made to a colloid solution. For
adjusting the pH to 4 or lower, at least one acid optio-
nally selected from inorganic acids such as hydrochloric
20 acid, nitric acid, sulfuric acid, phosphoric acid and
carbonic acid and organic acids such as citric acid,
malic acid, acetic acid and lactic acid is added to the
suspension. Hydrochloric acid or nitric acid is prefer-
red. For adjusting the pH to 9 or higher, at least one
25 alkali optionally selected from sodium hydroxide, potas-
sium hydroxide, sodium carbonate, ammonium carbonate,
ammonia and amines is allowed to be present. The

grinders used are preferably wet grinders such as sand



©rgani c dispersants are especially preferred and sodi um pol'ycarboxyl ates
such as OROTAN 850 (manufactured by Rohm & Haas Co.) andTmekyeattaybeemnReplaced

glycol are espe- cially preferred anong the organic di sper
di spersants can be added optionally to the suspension of fﬂnm”“ ﬂ
fine particles before coating of the - duspension on a supp

allow themto be present in the suspension. The anount of the di spersant
to be added is preferably about 0.1 to 40% by weight in terns of the

ef fecti vel i ngnitl enlpabhorill bn Henscle lgmixgr ange peiingnishakex-de Asi e
particles. . Preferred are the process of allowng an acid to he
present in t h&iSPERFEMRE dhen thimdiuMsed ddentdenpgay be ppde 0§ adPdst the

pHto 4 or lower, preferably 2 or allown n alkali t

. b
present in th@X3MWpen-1NAF %ﬁ(q%ﬁﬁéﬁgHﬁQ5dﬁﬂ§hfFﬁegﬁgﬁfﬂb §§aﬁ8%§dfu$t t he
pHto 9 or 2!:71%]%’%%& egr% asbcl) iulr‘pﬁ%;l.hligrée:%g?%%at%g%r 'ig%tetrlggnttsl tani um

oxide fine p 0 reat me carried out

D 25T A S TG il R DR RS Gk

oxi de fine pa

D BB T A oy Hagahuden b
or in combination of two or more. In the present inven-
tion, organic dispersants are especially preferred and
sodium polycarboxylates such as OROTAN 850 (manufactured

10 by Rohm & Haas Co.) and polyethylene glycol are espe-
cially preferred among the organic. dispersants. These
dispersants can be added optionally to the suspension of
titanium oxide fine particles before coating of the
suspension on a support, thereby to allow them to be

15 present in the suspension. The amount of the dispersant
to be added is preferably about 0.1 to 40% by weight in
terms of the effective ingredient based on the weight of
the titanium oxide fine particles. In the present inven-
tion, preferred are the process of allowing an acid to be

20 present in the suspension of-titaniﬁm oxide fine parti-
cles to adjust the pH to 4 or lower, preferably 2 or
lower or allowing an alkali-to ‘be present in the suspen-
sion of titanium oxide fine particles to adjust the pH to
9 or higher, preferably 10 or higher and dispersing the

25 titanium oxide fine particles.

The hydrothermal treatment is carried out by
heating the suspension or highly dispersed suspension of

titanium oxide fine particles to a temperature of 100°C



are grown to an average particle size of 10t6—186—nm—preferably 10 to 30
nm especially preferably 15 to 25 nm  Furt Rgf Gk Syas Bdén RéE=sedny dr ot her mal

treatment, the titaniumoxide fine particles ¢ [ | e-type
titani um oxi de becone rutile-type titani um oxi dH {%“ﬂﬂ"gl%nd X-ray
diffraction of this rutile-type titanil@m-oxide t eal s no

anat ase-type crystal and this rutile-type titanium oxide particles have
substantially rutile-type crystal structure. The titaniu xide fin
particl eq conmihiighprangrefenaply 100t &Ri BAP5%i deBBetBHE g]ﬁgFS%E?Wﬁg
titanium oxide particles by the hydrothernal treatgen . -ray.diffrac-
tion of this tueatmantyprysteds oh fhedéisapdpgy ext Fe%zéanP?ﬁg%C?ﬁ%

particles show substantially anatase- type crystal _stpugiu e thus
obt ai ned ani4¥§t%HR¥“tQQeﬁﬂtﬁ%ﬁiﬁﬁ&epﬁéFﬁF§Fe§¥5? aﬁa§2s§§t§§8 gﬁfaniun1

oxi de particles_can have the desired t.i Gl ' I tab t

t he tenpereuLRfifﬁﬁPQ¥¥n§QﬁtqI? ﬁbﬁr&?ﬁ%&ﬁéﬁlgt gé?ﬁ%ﬁ?iyéggshgjgg?i;én?he
suspension in [ titaniu ' f ' | [ d
the hydrbt hdvhml SreieRdy B s RIgReERenEs, SrRaray, PR o

be further e . . kot i
: '!“3{5 £ &Rt bentalini hgakaenl elgypeef erably
carried out umt e(r:ma rnouqtmsdaet urlzﬁee vapor epressurtja'f.l bgt' can al gg be carried

out under hi ghara dan dbitie Bdtickiee dutane-typeetstaaion vrdde about
at nospheric pressure and can

particles and X-ray diffraction of this rutile-type

titanium oxide particles reveals no anatase-type crystal
10 and this rutile-type titanium oxide particles have
substantially rutile-type crystal stfucture. The
titanium oxide fine particles containing anatase-type
titanium oxide become anatase-type titanium oxide
particles by the hydrothermal treatment. X-ray diffrac-
15 tion of this anatase-type titanium oxide particles
reveals that the particles show substantially anatase-
type crystal structure. The thus obtained rutile-type
titanium oxide particles or anatase-type titanium oxide
particles can have the desired particle size by suitably
20 setting the temperature and time of the hydrothermal
treatment. By subjecting the suspension in which
titanium oxide fine particles are highly dispersed to the
hydrothermal treatment, the effect of the-hydrothermal
treatment can be further enhanced.
25 The hydrothermal treatment is preferably
carried out under about saturated vapor pressure, but can
also be carried out under'higher than the saturated vapor

pressure or under about atmospheric pressure and can



normal |y be carrigd putyby.i Restd i al |y enployed heat- resisting and

pressure-resisting The time for the hydrothernmal treatnent can
m]'B“EE“BwI y about 1 to 48 hours. | f necessary,
ai ned bggthe hydr ot hermal treatnent are

be optionally set,

fhe titani um oxide B h

filtrated and washed to renove inpuriti such as sul fate radicals,
chlorine and alkalis, and dried to make dry powders. The drying can be
carried out a heopal. .t c AL U , wHU | i1+ S &y 5 qerr] C
Furthernn?e, %Pgﬁéigps%epggg?%?é éggeb i%ﬁég%£?ﬁ% Jéiné sfﬁes to use the

| tani um oxi dgogagkh fheany psURBAELLAGS 04r AT dbish HAUBLNL A FHDAOHe OF DY

grinding or nolding the a ry powders. s al so possi bl e dependi ng
on the catal ygbe £8a8ChiyaPstHESHal Ot SERPREAL tEAN D | Pt 1BH A By e, asugol d,
pl ati num rhodi um and pal | adi um on the surface of the titanium oxide
particles. is Ehetabe§eaboﬁavgntbonsfmﬁﬁﬂ@f relates to a process for
producing a titanium oxide coating filmby coating on a support the
titani um pxi de particl esfohteessdrpy theryitaniowt dhiglerpest@alclggsomt h of the
titaniumoxide fine particles and firing the coated particles. The titani um
oxi de coati ngobthinednbyi hBeshpdrathémhal twoeatswdnt drd il difftad@nd r om
t he general coating films conprising a titanium oxide pignent and a resin
nmedi um Furt hERRBPEE, tPt rABGVAabBPAri Biee spelids cwkidter adicw ., about 10
to 200 cnferr er.1c rr]. of .t he ) -12-
support and 1LPEPF}H?0$L§ ?i*ﬁ+fﬁic@ﬂ%§%¥qumF?iW%ﬁﬁlﬂﬁXnHQﬁ?eﬁﬁmﬂi3ﬂ§ film
can be optiongl| changed in_its.thickness, transparency .and porosity
expressed by gﬁ%%??isagus?aﬁarﬁ}%% BE < ?t%QﬁﬁPQé;Eﬁ%ﬂfeﬁaﬁ¥§ﬁﬁiﬁqﬁians such
as conceptrat| it ani [ oSuspensi.on _and parti.cl e.size of the
titaniun?%xidéggﬁgé%%cigsiggkﬁéigg%(ﬁérgﬁﬁiq%ﬁﬁgéi ?ﬁbﬁ@zé%%k titani um
possible depending on the using sites to use the titanium

oxide particles by supporting or coating them on a
support or by grinding or molding the above dry powders.
It is also possible depending on the catalytic reactions

515 used to support transition metals such as gold, platinum,
rhodium and palladium on the surface of the titanium
oxide particles.

The present invenfion further relates to a

process for producing a titanium oxide cbating film by

20 coating on a support the titanium oxide particles
obtained by carrying out tge crystal growth of the
titanium oxide fine particles and firing the coated
particles. The "titanium oxide coating film" in the
present invention means a coating film containing

25 substantially no resip, being different from the general
coating films compriéing a titanium oxide pigment and a
resin medium. Furthermore, it has a large specific

surface area of about 10 to 200 cm? per 1 cm? of the



oxi de coating filmof either anatasé-type or rut+te=type—carn—be fornmed by
suitably selecting the crystal systemof the tig;aqidmGeta6Rakt1 cl es used

or by suitably setting the firing conditions. | is al so
possible to forma coating filmconprising a m IE ﬂﬂﬂ%l“&e type
titaniumoxide particles and rutile-typg2t+taniu | | es at an

optional proportion. The thickness of the filmcan be, for exanple, about
0.5 to 20 [err]m The titaniumoxide particles having an average particle
size of 10 teupPérmmangdr af gmabfyalfilm BhickmesspecThe | yitanibtmrepide 15 to
25 nm are superior in adhesion to the support. The, met hod for
growi ng the crpsting dfilmhef theapreseoki éevenpiopagan dPeCPHEPRAELY for
exanple, (a) a method of heating themat a tenperature of 200 to

600[err] C, prGh@mabﬁyiBO@tﬁotBGGEEPPFC,t§§b§2?5?$9ypﬁ e?%&ﬁ@*%bo to 450C
and (b) the above-nentioned nethod of subjecting them t.0, hydrot her mal
treatnent at &*PEMFELS: b¥esSBrCifee SBFgﬁF héf?agP%f%¥%&ﬂ91ﬁ%%e?%l%%oc.

yhen the heatlng tRMRGEILALe sudn! 84°LohBBRer4PPLR" 81 1 dNpLA! o @uth Of

D S 2 WheAtkrpliich SRk PAdCYELUTE 30T bEKERE Elcdhidh dRLaY Co

particles whef “APFOwE . ere to a support is great and cracks
are apt 10 0Ceul-+309c3dNGANAInLE hBZeIHAPOEE . PROHESVEL] SheN it dMiRin t Ne

heati ng tenperature’is

oxide coating film of either anatase-type or rutile-type
can be formed by suitably selecting the crystal system of

10 the titanium oxide particles used or by suitably setting
the firing conditions. Furthermore, it is also possible
to form a coafing film comprising a mixture of anatase-
type titanium oxide particles and rutile-type titanium
oxide particles at an optional proportion. The thickness

15 of the film can be, for example, about 0.5 to 20 pm. The
titanium oxide particles having an average particle size
of 10 to 100 nm, preferably 10 to 30 hm, especially
preferably 15 to 25 nm are superior in adhesion to the
support.

20 The method for growing the crystals of the
titanium oxide fine particles includes, for example, (a)
a method of heating them at a temperature of 200 to
600°C, preferably 300 to 500°C, especialiy preferably 300
to 450°C and (b) the above-mentioned method of subjecting

25 them to hydrothermal treatment at a temperature of 100°C
or higher, preferably 100 to 250°C..

When the heating temperature is lower than

200°C, crystal growth of the titanium oxide fine



than 600[err]C, tThe crystatrs of the titanium oxide fine particles grow too
much and adhesi Dhis $heet HBesRPIM 1S deteriorated or the specific surface

area of the tita ing filmdecreases. The heating tinme is
suitably 0.5 to 2fi | mml!rBy carrying out the above heating
treatnent or hy atment ~ dldystals of the titanium oxide fine

particles grow and crystallinity is inproved and uniformtitani um oxi de
particles of suitable size can be obtained. Thus, the_ desi reg titani um
oxi de cohti partiidies den i etfilcdent and ypdupet RFERKEILJII parERTI es
obtai ned by carrying out the crystal growh of t\k/\\g,ti&ani ag oxi de fine
particl es mayninm susisien Rar tiie kess sihedn e 1dQurdasondt &P YaRrEBREF, “Pofuene or
the like. As the solvent, water_ is especi al

I referred for i nt al
reasons. ThSURRREN IS GXGR o ETECKENAER 8 itgéopgﬂ:%l 8§di %Ht{hé%ne
suspensi on can be optionally set, but concen i o] : 1200 g/l in
tgrgs o:‘ Ti g rt]%‘q gs‘lpﬂ%’fré:r &@d{ome\mg’ﬁfﬁeﬁéofdncghtg?l;??lgnf]?égllg%r thag 10I

/1, it b difficult., tq.i t tolhi iet @Rk id
Jociing 151 mEsnigatuad {1d hidhee Bhant BYcot, DERESrGechlS birt Boum oxi de

suspensi on i NGLeases, ac{)&&é]?ﬁxlés%%i@le%a 2% ¢e8dt fdcANaadSHERBE oW th
* erre

difficulty. I'S pre to i'ncrease the concentration by subjecting

the titani umgqxige RAIGAHES d Rdte iDHaReASoeN the tbecateresartaceed
di spersion treatnent, ‘that is by the aforenmentioned pH adj ust nent.

Furthernore, g SRS IOt oxiideaicaviog délmadecckesesht alhed by t he
hydrot hermal treatnent can be coated as it is or after adjusting the

concentrat i omedt i tiineanisimuixtiabd ypdr.5 ¢loe? houlrsut carrying out the
filtration of the titanium oxide particles on a support by vari'ous coating
met hods pentioned her ey eraxandnghesit dhel adovemheritdagdcsaepiyent| ffcan be
obt ai ned. The resulting suspension of titanium oxide particles may

- 14- be codtwirathermaipporaatmentsusirydelsdofs tbr sitaphuolkifg, spray
coating, spinner coating, blade coating, .  roller coating, wre bar
coating and rising @artlgles Ny an cLys é‘é&ﬂy}sdllf“86°¥%8 fPfed to
renove the solvent, and the titanj um oxi de part.icl e%faﬁre al.l oned tg firmy
adhere to t heaskiRae t‘?ltwa‘t‘é‘ii%l,deslﬂ‘é&éuéﬁ@- 8siofe SYA LBR&SS GBS £28n Pfhi ch
the titaniumoxide filmis formed can be, qptionally sele .dependi ng on
the obj ect arRPtainefte. %“‘ihé‘r%tdsﬁﬁ’aqeq %’é‘rtgnﬁ'é\?‘ %éuége%%ggégg, ?rlrg%"al s,
ceram cs_and ot hers, .and, as,the shape and size nentioned may be nade of a
card boatd, & ¢ 9%&%2- spheres such as beads. The firing is carried

oL 2 o 5o Cohobc A AR hcanisavesia
particles obtained by carrying out the crystal growth of
the titanium oxide particles are first suspended in a
solvent such as water, alcohol, toluene or the like. As
20 the solvent, water is especially preferred from the point
of working atmosphere. The concentration of the titanium
oxide particles in the suspension can be optiocnally set,
but a concentration.of 10 to 1200 g/l in terms of TiO, is
preferred. When the concentration is lower than 10 g/1,
25 it becomes difficultwto increase the thickness of the
titanium oxide coating film. When it is higher than 1200
g/l, viscosity of the suspension increases and the sus-

pension can be coated on a support with difficulty. In



l.ower than 100[err adhesion to the support deteriorates. The upper limt
of the f _t & depends on the use and cannot be generically
specifiedJﬁ{f | j ng - 15 -

t-enper at un ill® 800[err]C is not,preferred in so ne case because

crystal gromh of the titaniumoxide particles is too nuch or the specific
surface area of the titaniumoxide coating filmis small. In the case of

carrying out tﬂf‘eg#gr:ééﬂ\gcnfj{?ﬁree [na! 19 QW re’fl%‘%rfahr”\g\ﬁgini:ﬁgs]?é”:tﬁé out at

a tenperature t eati’ng tenperature. en t Iring

tenperature fordhaSiatidd byt BRI AlgeThis th @¥RE uhhaRiBephedl tNas.
tenperature for the crystal "growh, adhesion to the support is inferior.

In the presentir RRNtGu¥perstions tf @¢her aEdrbRentsbnblit aDsperoxbAe particles
obtai ned by subjecting the suspension in which the titanium oxide fine

particles are tddagilentdi srariteérimoriehe thgdsaspensabnt 6eathentitakiamher -
nore, for producing a titanium oxide coating film conprising rutile-type
titani um dxi deoxiare ipalred cliels icbtajnetiebyedheohydeothernal ahreatmente
particles conprising substantially rutile-type titanium oxide obtained by
subj ecti ng t hean tenicpated dés fitndspart pfites adduatihhagtheucoheenype
titaniumoxide to a hydrothernmal treatnent at a tenperature of 100[err]C
or higher. Fothiatd@iciofgthe titanium oxide paarifdes YhtbPubnaRBERIRgpe
titanium out the filtration of the titanium oxide particles on a
support by various coating methods mentioned hereafter

10 and thus, a titanium oxide coating film can be obtéined.

The resulting suspension of titanium oxide
particles is coated on a support by usual methods such as
dip coating, spray coating, spinner coating, blade
coating, roller coating, wire bar coating and reverse

15 roll coating and, if necessary, dried and fired to remove
the solvent, and the titanium oxide particles are-allowed
to firmly adhere to the support. Material, shape and
size of the support on which the titanium oxide film is
formed can be optionally selected depending on the object

20 and its use. As the material there may be used glass,
metals, ceramics and others, and as the shape and size
mention may be made of a card board, a small fragment,
spheres such as beads. The firing is carried out at
100°C or higher, preferably 200 to B800°C, especially

25 preferably 300 to 800°C. When the firing temperature is
lower than 100°C, adhésion to the support deteriorates.

The upper limit of the firing temperature depends on the

use and cannot be generically specified, but the firing



oxide, it is preferred to use the substantially anatase- type titanium

oxi de particles obtained by hydrolyzing titanyl sulfate and then
subjecting the resulting titaniumoxide fine particles to a hydrothermal
treatment at a tenperature of 100[err] C_or higher.

- 16 - The present inventi 8 's illustrated in a non-limting
manner by the follow ng exanples. Exanple 1 One liter of an

[ uti t.ai ni 00 /[ lL.taniumtetrachl ori de was added
e opai <o b o tamaeaAri T ohdt. slan. BpabEOAS HRk FEFRSPESS' £F) 487 “Coatum
carbonate with stirring to neutralize titani t [ ay rid room
tenperaturgf "§h§%€€tenﬁ§?§etgfyﬁghiaggbgggaﬁggﬁ§8§%?g$+gﬁhmggf%%ded citric
acid in an amunl ; ha%eby uehilth Basede0obBerIE! ohicle AELEI 6} phethe
neutralization precipitate. Then, the aqueous solution was heated to

70[err] C and 398Qnfidm &% ideNtoating( ALRA Es0bmalle resuUthéngasétapni um oxide
fine particles were taken, filtrafed and dried. X-ray diffraction thereof

showed that tdagyyaort dutedhbSHelYing g6t ekystaangdsweK) denéi perimgrticles
having rutile-type crystal structure, the bal ance being annrphous@?.

is carried out at a temperature higher than the heating
temperature. When the firing temperature for adhesion of
the particles is lower than the heating temperature for
the crystal growth, adhesion to the support is inferior.

10 In the present invgntion, it is preferred to
use titanium oxide particles obtained by subjecting the
suspension in which the ti?anium oxide fine particles are
highly dispersed to the hydrothermal treatment. Further-
more, for producing a titanium oxide coating film

15 comprising rutile-type titaﬁium oxide particles, it is
preferred to use the titanium oxide particles comprising
substantially rutile-type titanium oxide obtained by
subjecting the titanium oxide fine particles containing
rutile~type titanium oxide to a hydrothermal treatment at

20 a temperature of 100°C or higher. For producing a
titanium oxide coating film of anatase-type titanium
oxide, it is preferred to use the substantially anatase-
type titanium oxide particles obtained by hydrolyzing
titanyl sulfate and then subjecting the resulting

25 titanium oxide fine particles. to a hydrothermal treatment
at a temperature of i00°c oxr higher.

In this way, the titanium oxide film of the

present invention is obtained.
This Sheet Has Been Replaced

IR




JThe thus obtained titaniumoxide fine particles were filtrated, washed and
then dispersed in water to prepare a suspensi on ofhisXhet §dsBeinRepleeds of

TiJerr]. Then, aqueous nitric acid solution was suspensi on
to adjust to a pHof 1.3. Thereafter, the suspensio in an
err

aut ocl ave and subj ected to a hydrot her 38l - treatmen for 13
hours under a saturated vapor pressure. The resulting product was
filtrated, washed and dried to obtain titanium oxide particles of the
present ihvention (Sam@h@,QmeseniréyveﬂﬁﬂpacﬁﬁohléFsPHEEed by the

- 17 - Sanple A showed that it had substantially the rutile-type crystal
structure andddewinhmaxamprdesi-ze of 18 nm Furthernmore, it had a cubic
formwhich is euhedral for the rutile-type crystal according to
observation under an electron m croscope. Conpar ative Exanple 1
Aqueous ammoni a was ggded to 1 liter of a solution containing 80 g/l of
titani um t et rEXa® wth stirring to adjust the pH to 7.0 to obtain a

repare a suspensi on of9Wea T BF £ AdusPuf BPerrToRThoRtaRERE 200 e
charged i & an, AUIAC! AU Alth SUUBTHGlidedwas added dropwise to 2
liters of an aqueocus solution containing 222 g/l of
sodium carbonate with stirring to neutralize titanium
tetrachloride at room temperature. Subsequently, to the
above aqueous solution was added citric acid in an amount
10 of 5% by weight based on the weight of TiO, of the
neutralization precipitate. Then, the aqueous solution
was heated to 70°C and aged for 20 minutes. (A part of
the resulting titanium oxide fine particles were taken,
filtrated and dried. X-ray diffraction ﬁhereof showed
15 that they contained 15% by weight of titanium oxide fine
particles having rutile-type crystal structure, the
balance being amorphous.).
The thus cbtained titanium oxide fine particles
were filtrated, washed and then dispersed in water to
20 prepare a suspension of 250 g/l in terms of TiO,. Then,
aqueous nitric acid solution was added to this suspension
to adjust to a pH of 1.3. Thereafter, the suspension was
charged in an autoclave and subjected to a hydrothermal
treatment at 150°C for 13 hours under a saturated vapor
25 pressure. The resulting product was filtrated, washed
and dried to obtain the titanium oxide particles of the

pfesent invention (Sample A). X-ray diffraction of this



hydr ot her ratl—tTeatment at 150[err]C for 13 hours under a saturated vapor
pressure. The sh@mkBiaBegcaduct was filtrated, washed and dried to obtain

titani-umoxid (Sanple B). X-ray diffraction of this Sanple B
showed t hat m‘m‘q‘umma‘gse-type crystal structure and had a particle
size of 10.5 tive Exanptel? - The commercially
available titaniumoxide catalyst P-25 (a mxture of rutile-type and

anat ase-type, particle size: 22 nm manufactured Japan Aerosil Co.)

was enpl ojed gampaephesBowed that it Had %‘alv%ﬂ-@m‘@eagkxﬂmet VL kembrra” A- C
obtained in Exanple 1 and Conparative Exanples 1 and 2 was_ exam ned in
the fol | owi ngcrganed. SEauhtgrethedsbﬂ%l%spart101e Slz%wﬁfd*%dg?sed in water
to prepare a suspension of 4 in ter of qu%g ._To 25 of t he
resul ting susBunSheAmORgs aﬂdgﬂdle FRPig| ?ﬁmt¥k+ HHor B2 e £9%hd then,
the suspension was irradiated with a

ht . f 50 Wf
30 minutes toth&rFyptdle- 5Y8ﬁ095¥§Fﬁiy??%gr%b%ég§%§?$$%ﬁvreac i on %iéh o

tetrachl oroet hyl ene. The deconposition rate of tetrachl oroethylene with
the sanpl & wRSCELFPRI BLEHOFFBREt he concentration of tetrachl oro- et hyl ene
before the reaction and that of tetrachl oro-

Comparative Example 1

Aqueous ammonia was added to 1 liter of a
solution containing 80 g/l of titanium tetrachloride with
stirring to adjust the pH to 7.0 to obtain a gel. This

10 gel was filtrated, washed and then dispersed in water to
prepare a sﬁspension of 250 g/l in terms of TiO,. This
suspension was charged in an autoclave and subjected to a
hydrothermal treatment at 150°C for 13 hours under a
saturated vapor pressure. The resulting product was

15 filirated, washed and dried to obtain titanium oxide par-

_ ticles (Sample B). X-ray diffraction of this Sample B
showed that it had an anatase-type crystal structure and

had a particle size of 10.5 nm.

Comparative Example 2
20 The commercially available titanium oxide
catalyst P-25 (a mixture of rutile-type and anatase-type,
particle size: 22 nm, manufactured by Japan Aerosil Co.)
was employed as Sample C.
The catalytic activity of Samples A-C obtained
25 in Example 1 and Comparative Examples 1 and 2 was

examined in the following manner. Each of the samples



et hyl ene after—+hereaction—The results are shown in Table 1. As can be
seen fromthe reﬁ&g ) e rutilf- type titanium oxide particles of the
nt ' :

t
present invention eLH Rgee he catal ytic activity.
Table 1 I l I Sanmpl e Deconposition rate (%
Exampl e - 18 -72 Conpar ati ve Exanple 1

B 42 Conparative Exanple 2 C 48
Furthernore, crystallinity of Sanples A-C was exam ned by spectroscopic
nmeans usihg avgrhcticpeomest iin wtet tos pogPereeehsdspemiaen 8f &herhlo.5 g of
the sanple is charged in a closed container and irradiated with a |ight

of a given waelt@xpsh oft I Bam(Te AFselbeft kbe rgaultiBgeSUFRENEACRNe

wavel ength. In the case of emtting the energy of this absorbed Iight as a
heat by nonr B sHtddded 10 ul of tetrachloroethylene and_t%gn, ﬁrocess, t he

at nosphere around t he sanple vibrates an enerates _a sound _wave _due to
t he tﬁernal éﬁﬁﬁﬁﬂﬁﬁ?qﬁdg%th§§ﬁ5hﬁ9§ wﬁ%hi%c&égg% EFOth 6?8?5t§8ﬁpenergy

of crystal 18 tiGey % SRS 2Neh3r§%0LE LNpRoEBREtalytic

decomposition reaction of tetrachloroethylene. The
decomposition rate of tetrachloroethylene with the sample
was calculated from the concentration of tetrachloro-
ethylene before the reaction and that of tetrachloro-

10 ethylene after the reaction. The results are shown in
Table 1. As can be seen from the results, the rutile-
type titanium bxide particles of the present invention

are superior in the catalytic activity.

Table 1
Sample [Decomposition rate (%)
Example - A 72
Comparative Example 1 B 42
Comparative Example 2 C 48

Furthermore, crystallinity of Samples A-C was
15 examined by spectroscopic means using a photo-acoustic
spectroscopic method. That is, when 0.5 g of the sample
is charged in a closed container and irradiated with a
light of a given wavelength, the sample absorbs the light
depending on the wavelength. 1In the case of emitting the

20 energy of this absorbed light as a heat by nonradiative



is detected by a high-sensitivity m crophone—Ffhe—wavetength—of the |ight
with which the sanple is irradi- ated is changgg 0300 RePack®00 Nm and

the output of the high-sensitivity mcrophone | obtain a
phot o- acousti c spectrum of each sanpl e. I mn‘uﬂﬂ MIaI ly said
that rutile-type titanium oxide has-apgenergy g . W8 \When an

energy corresponding to this energy gap is converted into a |ight energy,
this is alight of 413 nmin wavelength. Therefore, theoretically, when a
light sliyght byosladit,erhel Atw@epheret Arohind ¢A8 sampleivibdatesdandhe |ight
is conpletely absorbed. by titanium oxide and when a light slightly |onger
than 413 nm igerieratdisataedounke waivghtiues touther thermal agxpanebonyofi t ani um
oxi de. However, titaniumoxide inferior in crystallinity has a defect

| evel capabl anef sapdebwighainerengy ofiather vihaat8on eRergyidofbsorbs even
the light slightly longer than 413 nm Fromthis fact, superiority or
inferiority afrysted- latalilceni t Fhef spnadswapregerarabed gibebhifeB2d
conparing the state of this.specific |ight absorgtion edge Hsing t he
above- merk i odgd detecsesc Bys @i BighcEeREAtIELbKh PAETOPARREr hat "Bhe

Dresent | nvenEYSHaREEh Stathe A18ng Hah wphchs e FREPLECKE LEERER o T
edge, it ated is changed from 300 to 1600 nm and the output of the
high-sensitivity microphone is measured to obtain a
photo-acoustic spectrum of each sample. |
10 It is generally said that rutile-type titanium
oxide has an energy gap of 3.0 eV. When an energy
corresponding to this energy gap is converted into a
light energy, this is a light of 413 nm in wavelength.
Therefore, theoretically, when a light slightly shorter
15 in wavelength than 413 nm is irradiated, the light is
completely absorbed by titanium oxide and when a light
- slightly longer than 413 nm is irradiated, the light is
utterly not absorbed by titanium oxide. However,
titanium oxide inferior in crystallinity has a defect
20 level capable of absorbing an energy smaller than 3.0 eV
and absorbs even the light slightly longer than 413 nm.
From this fact, superiority or inferiority of crys-
tallinity of the samples can be determined by comparing
the state of this specific light absorption edge using
25 ° the above-mentioned photo-acoustic spectrum. From the
fact that the photo-acoustic spectrum of the rutile-type
titanium oxide particles of the present invention was

sharp in rising of the specific light absorption edge, it



- 20 - was seen that the rutile-type titaniumoxide particles of the
present invention were superior in crystallinitTy. Exanple 2

One liter of a solution containing 80 g/l of t|wm eﬁ§@$3 heated to
85[err]C and kept for 3 hours to hydrolyze tltan part of
the resulting titaniumoxide fine pariiyg es were ed and
dried. X-ray diffraction of the product showed tha ad an anat ase-type
crystal structure and had a particle size of 5 nnl) The thus.
obt ai ned titanjaen Sxéslethddeciarii RS- tyRr @ ithhtiGat estideapaedisidst bén
dispersed in water to prepare a suspension of 250 g/l in ternms of
Tigerr]. Thenthe apiresest hivactl o iverecistpeelivli an waysaddednioythi s
suspension to adjust the pHto 1.0. Thereafter, the suspension was charged
in an autocl ave and subjected to a hydrothernal treatnment at 150[err]C for
13 hours under a saturated vapor pressure. The resulting product was
filtrated, waskeampdel 2ried to obtain titaniumoxide. particles of the
present invention (Sanple D). X-ray diffraction of thls Sanpl ¢ .D showed
§5p9?#e°§

that it had an anatase- Q%el’e‘if%/"st%ﬁ as 5ot Pe &ﬁ’&tﬁéﬁlégp i ze of
&grgngbtalﬁggpging;fié%%?g%e was heated to ESB%n qefgkn gL}gcles

to hydrolyze titanyl sulfate. (A part of the resulting
titanium oxide fine particles were taken, filtrated and
dried. X-ray diffraction of the product showed that it
~ had an anatase;type crystal structure and had a particle

0 size of 5 nm.)

The thus obtained titanium oxide fine particles
were filtrated, washed and then dispersed in water to
prepare a suspension of 250 g/l in terms of TiO,. Then,
aqueous hydrochloric acid solution was added to this

15 suspension to adjust the pH to 1.0. Thereafter, the
| suspension was charged in an autoclave and subjected to a
hydrothermal treatment at 150°C for 13 hours under a
saturated vapor pressure. The resulting product was
filtrated, washed and dried to obtain the titanium oxide
20 particles of the present invention (Sample D). X-ray
diffraction of this Sample D showed that it had an
anatase-type crystal structure and had a particle size of

13 nm.

Comparative Example 3
25 Titanium oxide fine particles were obtained in

the same manner as in Example 2 except that the hydro-



the sanme manner_as in Exannlp QAgxcept t hat the hydro-

21 - t her mal Lreatnént t conducted (Sanple E). X-ray diffraction
of this Sanple E a ad an anatase-type crystal structure and
a particle size of aratlve Exanpl e 4 The titanium
oxide fine particl t|ve Example 3 were fired at

450[ err] C for 30 m nutes to obtaln Sa e F. X-ray diffraction of this
Sanple F showed that it had an anatase-type crystal structure and a

particle ze f 12 G§Hd | of Samakes B-F
obt ai ned S%F% g]rgﬁﬁmﬁgﬁpg?%tg\% @&l eés(pl 4 v\p\@/e;lsEI >egx)am ned |yr31 t he

fol | owi ng mna;&fFFEeEBPoaft by SoaRhoRe SihaRerand i et ain Lo prepare a

suspensi on of erms o rr To 25 m of the resulting

suspensi on Wa%n@@ﬁ@@ %2 el @ES/]&Lans@rwﬂD@é‘Cﬁncﬁw pdiic e ises pens on was
irradiated wth a F froma xenon lanp of 150 Wfor 2 hours to carry

out a phptpcahﬁLytlc deconp05|t|on reaction of 2- _propanol. The
deconposition rate of 2-propanol with the sanple was calculated fromthe
concent rations of 2- propanol before and after the reaction. The results
are _

5 Comparative Example 4

The titanium oxide fine particles obtained in
Comparative Example 3 were fired at 450°C for 30 minutes
to obtain Sample F. X-ray diffraction of this Sample F
showed that it had an anatase-type crystal structure and
10‘ a particle size of 12 nm. |
The catalytic activity of Samples B-F obtained
in Example 2 and Comparative Examples 1-4 was examined in
the following manner. Each of the samples was dispersed
in water to prepare a suspension of 4 g/l in terms of
15 Ti0,. To 25 ml of the resulting suspension was added 25
ul of 2-propanol and then, the suspension was irradiated
with a light from a xenon lamp of 150 W for 2 hours to
carry out a photocatalytic decomposition reaction of 2-
propanol. The decomposition rate of 2-propanol with the
20 sample was calculated from the concentrations of 2-
propancl before and after the reaction. The results are
shown in Table 2. As can be seen from the results, the
anatase-type titanium oxide particles of the present

invention are superior in the. catalytic activity.



shown in Tab

le 2.

As can be seen fromthe results,
titani um oxi de particles of the present

t he

anat ase-t ype

I nvention are -S-LLp-elf—-l—Ol’—L—n-—t-hL

catal ytic activity.
Tabl e 2 Deconposi ti on Rat eTtl eetHasBeenReplaced
Sampl e One hour after 2 hours after22 - II IHHIHJ!‘MF
of starting of the reaction on
Exanpl e 2 D 33.5 54.7 Cowparat|ve Exanpl e
1 B 11.3 Thle 2 Conparative Exanpl e 2
C 24. 6 ' 40. 8 Conparative Exanple 3 E
12.2 266 Corpat-att+v Exanpt 2.5
35.5 Furtherhore, the caIeﬂRﬁqqygﬁﬁﬂhhoﬂyRﬁ5ﬁ t(Re
deconpositiop reaction of fetrachl ofoettiytene was A? ned I n L ne 4ane
manner as abpve. The resul | sSSafRle shQie ipuramider rl?easfﬁ firom t he
results, the| anatase-typeltitani um 08 iodl es ofsﬁﬁgﬁﬁqgi
i nvention arg superior in Fatal ytic| adti®&itgpction the reaction
Example 2 D 33.5 54.7
Comparative
Example 1 B 11.3 24 .4
Comparative
Example 2 c 24.6 40.8
Comparative :
Example 3 E 12.2 - 26.0
Comparative
Example 4 F 22.5 35.5

gl Furthermore, the catalytic activity for the

| decomposition reaction of tetrachloroethylene was
examined in the same manner as above. The results are
‘shown in Table 3. 2As can be seen from the results, the

5 anatase-type ﬁitanium oxide particles of the present

invention are superior in catalytic activity.

Table 3

Decomposition Rate (R)

Sample

15 minutes after
starting of
the reaction

30 minutes after
starting of
the reaction

Example 2 D 41.9 71.3
Comparative
Example 2 c 28.8 47.5




-Tabl e 3 ————————__ Deconposition Rate (R
Sanpl e 15 ni nut fter 30 mnutes after startin
i R CHESBWHRQ*WG the reaction t he reactiog

o NI ., SR

The crystallinity of the Sanples B-F was exam ned as nenti oned

her ei nbefore. Fromthe fact that the photo-acoustic spectrum of the

anat ase-flype titani um Thei deysanilihésyobft bire pfamsphesi BvEnwa®n was sharp
in rising of the specific light absorption edge, it was seen that the
anat ase- t ype examanednmasxingatpanedchesebfibefiere pr cBeom theefr¢onthete
superior in crystallinity. As nentioned above, the rutile-type
titanium oxithe phptpcresustdct Epeghavdseftihe 2naedFeMtYRE deltddienc| es of
the present inventi-on are higher in cata- |ytic activity than conventional
ones. The r &38R Parkacled g4r theupPreafnbelthART #RR i@ SsSRRTPOIR: The

tile-t titani i d i cl dth t Y ~Litani id
par il ed of SEAEAHr Blehiel APBRLFON LLEREPRIVEPCINT TIYR ot i WEEy S50 a fow
attice def eghs At RePhRatAbe-tBble: EOR: bh! SRL4D PXLOPCPALILF! BRe  SinCE

conventi onal

present invention were superior in crystallinity.
As mentioned above, the rutile-type titanium
oxide particles and the anatase-type titanium oxide
10 particles of the present invention are higher in cata-
lytic activity than conventional ones. ?he reason is not
clear, but can be considered as follows: The rutile-type
titanium oxide particles and the anatase-type titanium
oxide particles of the present invention are superior in
15 crystallinity and a few lattice defects are present
inside the titanium oxide particles. Since conventional
. rutile-type titanium oxide particles and anatase-type
titanium oxide particles have many lattice defects, many
electrons or holes generated by irradiation with ultra-
20 violet rays or the like retain in the lattice defects and
only a few electrons or holes can participate in the
catalytic reaction. On the other hand, since the rutile-
type titanium oxide particles and anatase-type titanium
oxide particles of the present invention have only a few
25 lattice defects, the electrons and holes generated hardly
retain in the lattice defects and in addition, the charge
separation between the electrons and holes generated

becomes easy and the amount of electrons or holes capable



Futile-type titanium oxide particles and anatase-type titanri-tm-oxide

particles have many lattice defects, many electrons or holg sflener ted by

irradiation with ultra- violet rays or the like retainint Replaced

defects and only a few electrons or holes can participate i ; '“'

catalytic reaction. On the other hand,2gifice the rutile- t

oxi de particles and anatase-type titanium oxide particles of the present

i nvention have only a few lattice defects, the electrons and hol es

gener at ed haofll gartétbpatingtbe thetcaealet s tesrtd am iadiigas®s . t he charge

separation between the el ectrons and hol es generated becones easy and the

amount of el Burtbesmorehosésceaphdl anatase-type titanium oxide - 24 -

of participating in the catalytic reaction increases. Furthernore, since

t he anat ase-pgpbiciean,finthyiBresent tinventisn are phisdmed Rrention are

obtained by subjecting the titanium oxide fine particles obtained by
[

hydr ol yzi ng SRP3RGFingl thectibaniwy pxidr he markifdfs obkdhned ity points

t th f f th [ ti t -1 titani id
part| cl o8 anlVeRELYZLag | L poRh WIS SRdB DR e YA ur ¢ he
e I irer of MaNERRI CROLBRT A FF i) | Sy ‘ddebace JUHE © °

resulting anatase-type titanium oxide particles and these

acid points act as adsorption active points for the

reactants to further enhance the catalytic activity.

10 Example 3

One liter of a solution containing 80 g/l of
titanyl sulfate was heated to 85°C to carry out hydro-
lysis. Then, the product was filtrated and washed to
obtain a wet cake. Successively, water in this wet cake

15 was replaced with acetone and then, the cake was sub-
-jected to vacuum drying at 60°C to obtain titanium oxide
fine particle powders. (X-ray diffraction of the
resulting titanium oxide fine particles showed that the
product had anatase-type crystal structure and had a

20 particle size of 5 nm.)

Then, the titanium oxide fine particle powders
were heated at 300°C for 1 hour to obtain titanium oxide
particles haging anatase-type crystal structure of 11 nm
in particle size. Then, the resulting titanium oxide

25 particles were ground by an attritor and introduced into
water. Thereafter, to this water was added polyethylene

glycol (average molecular weight: 15000-25000) in an



tlitanyl sulfate was heated to 85[err]C to carry out hydro- _lysis. Then,
was filtrated and washed to obtain a wet cake. SucceSS|ver

i is wet cake was replaced with acé@@ﬁ@m B° 1“? e cake was
sub- jected to vacuumdrying at 60[err]Cto oa OXIde fine

t he product
water in thi

particle powders. (X-ray diffraction ddsthe r

un1OX|de fine

particles showed that the product had anatase-type crystal structure and
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cle size of 5 nm) . Then, the titani um oxide fi
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15

s c e by a doctor bl ad
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e coatl ng |In1 ahatase-type crysta
a titanium oxide coating film (anatase-type crystal,

hazed) of the present invention.

This titanium oxide coating film firmly adhered
to the glass plate (support) and the film was observed
under a light microscope to find substantially no cracks
on the surface. This titanium oxide coating film had a
thickness of 10 um measured by a feeler type film thick-
ness gauge and had a specific surface area of 80 to 100

2

cm? per 1 cm“ of the support and 1 um of the film

thickness which was measured by nitrogen gas adsorption

..method.

20

25

Example 4

A titanium oxide coating film (anatase-type
crystal, hazed) of the present invention was obtained in
the same manner as in Example 3 except that the calci-
nation temperature was 400°C.

The resulting titanium oxide coating £ilm
firmly adhered to the glass plate (support) and the film
was observed under a light microscope.to find substan-
tially no cracks. This titanium oxide coating film had a

thickness of 10 um and had a specific surface area of B0

B8 8,188 BRatle pi 2 A4 Shor WAAG 1413 A0 gﬁsayeg();g;fm

a



hRazed) of -the—present—inventd on. This titani um oxi de coating
filmfirmy: r <to.the glass plate (support) and the filmwas observed
fﬁyﬁ%J¥LSB%nR'qmm?ind substantially no cracks on the surface.

under a lighty ,
Thi s titaniuniﬂﬂnaﬁﬂﬁmzﬂl filmhad a thickness of 10 [err]m neasured by
a feel er typelmsidi e Wkidainess gauge agd_had a specific surface area of 80

to 100 cnferr] per 1 cnferr] of the support and 1 [err]mof the film

t hi ckness whi ch was neasured by nitrogen gas adsorption nethod. Exanpl e
4 1 t& hbbaBh@npexi decmBabinghéi supperatfne-1 e of rytsé af ilmazed)

of the present invention was obtained in the sane manner as in Exanple 3
except that tReéckakeb. nation tenperature was 400[err]C. The
resulting titaniumoxide coating film firmy adhered to the glass plate
(support) and the film was observed under a light mcroscope to find
substan- tially no cracks. This titanium oxide coating filmhad a

t hi ckness of Ex@mpder Pm and had a specific surface area of 80

- 26 - to 100 cnferr] per 1 cnferr] of the support and 1 [err]mof the
film thickness. An acid titania sol (CS-N, titanium oxidé fine

5 particles of anatase-type crystal and 5 nm in particle
size, manufactured by Ishihara Sangyo Kaisha, Ltd.) was
dried at 110°C for 5 hours. The resulting titanium oxide
fine partiéle powders were heated at 300°C for 1 hour in
the air to obtain titanium oxide particle powders |

10 (anatase-type crystal, particle size 11 nm). Then, the
following components were shaken in a paint shaker for 5
hours to sufficiently mix and disperse them. This was
coated on a glass plate of 100 cm? by a doctor blade and
dried and then, was fired at 450°C for 30 minutes to

'15 obtain a titanium oxide coating film (anatase-type
-crystal, translucent) of the present invention.

The resulting titanium oxide coating film
firmly adhered to the glass plate (support) and the film
was observed under a light microscope to find substan-

20 tially no cracks. This titanium oxide coating film had a .

thickness of 2.0 um.

Titanium oxide particle powders 8.0 g
Polyethylene glycol

(molecular weight 20000) 3.2 g
Pure water 14.0 ml

Concentrated nitric acid 0.5 ml



Exanpl e 5 An acid titania sol (CS N—titanumoxi-define
particles of anatase-type crystal and 5 nmin part'éﬁ et Bis%Een HEBIRAE aCt Ur ed
by Ishi hara Sangyo Kaisha, Ltd.) was dried at 110 rs. The
resulting titaniumoxide fine particle powders vverg{m w\“ﬂm [err]C
for 1 hour in the air to obtain titaniZim-oxi de par

(anat ase-type crystal, particle size 11 nm. Then, the follow ng
conponents were shaken in a paint shaker for 5 hour$ to sufficiently mx
and di spefse them Thi Lakalytdicatstiyity gfasbeprgpulbingobitaPdbP by a
doctor blade and  dried-and then, was fLreg at 4 O[Qrﬁéc f.or 3% mputes to
obtain a titaP¥if® SQafeltbhilfy a8 R*EIHAE: séﬂt§g§ ehy8ralng PRAASF ucent)

f th D et ion. o rednatasetype trys & |
Cim firmy TRt SRR K ise foatiat Tl Bast Paknd™t ReSPEr M e coating

observed undef, ékééég%légcg éﬁgﬁ}t%ﬁﬁi%ggtﬁqg§>§géowﬁkehl%agoacracks. Thi s

titani um oxi d&° il'm ckness 0 errjm

Ti tani um @xi | ~ : Rehyebhybane
] ?ﬁ%fﬁ%%ﬁa\&ﬁmﬁ%{%t wis added theiretB 4t a coglg 5. Y

gl ycol 0000 _Pure
matgr of 50 ppm. Th%?@sﬁﬂe glass cbht@ifer was sGaneantraghed nitric
aci .

titanium oxide coating film was irradiated with a black
light for 2 hours so that ultraviolet intensity on the
surface of the film reached 1 mW/cm? and the

10 concentration of acetaldehyde after the irradiation was
measSured to obtain 15 ppm. From this result, it can be
seen that the titanium oxide coating film of the present

invention is superior in photocatalytic activity.

Comparative Example 5

15 Water was added to the wet cake which was
obtained in the same manner as in Example 3, but was not
subjected to the heating and furthermore, polyethylene
glycol (average molecular weight: 15000-25000) was added
thereto in an amount of 20% by weight based on the tita-

20 nium oxide, followed by stirring to obtain a suspension
containing 300 g/l of titanium oxide fine particles.

‘ Then, this suspension was coated on a glass
plate by a doctor blade and air—dried; Thereafter, the
coat was fired at 450°C for 2 hours. As a result, the

25 titanium oxide fine particles peeled off from the glass

plate in the form of fragments and a titanium oxide

coating film was not able to be formed on the support.



- 27 - - Catalytic activity of the resulting titanium oxide
coating fil m wasThexshettiiedBeenRdphcedf ol | o ng manner. The titani um oxi de

coating filmwas u’ I container of 8 liters and acet al dehyde
which was a mal oq¢m @tt was added thereto at a concentration of
50 ppm Then, the gl ass ¢ her was %8edl ed. The titanium oxide coating
filmwas irradiated with a black light for 2 hours so that ultraviol et
intensity_ on the surface of the filmreached 1 nWcnjerr] and the

Y, ; LT .
concent r at i orE¥MRY& (8 dehyde after the irradiation was neasured to obtain
15 ppm Fromthis result, it,.can he_ seen,that th ' [ hdeccoati ng
filmof the present i mihtithes & s&ngﬁgFlPH ShS?S%gﬁggy?plgzgt§5ity.
Conparative le 5 r S padded. 1;0 t ke which was
obtained in Eﬁggggﬁeﬁﬁéﬁﬂﬁf &?si# kgﬁpﬁg gs gugnaaggﬁgtgﬁsﬁg?ected to the

heating and f ﬂﬁ; l.en hveavesagaviokatehae wei ght:
15000-25000)%#5 zuﬂﬁgfatéﬁggng¥ﬁ%aﬁoag E%?lg% 20@6byymeight based on the

tita- ni ?'m GHfin faldaikth Rkisle Find0 phetebllasn a(aupRERSENtheont ai ni ng
300 g/1 of titanium oxide fine particles. Then, this suspension
was coated onraklitassy 4ilvdrd Uy oxidecifaneblpade ialdsawerdr taltenThadeaf t er,

the coat was fired at 450[err]C for 2 hours. As a result, the titani-um
oxi de fine pariltdaredicalasherf fankd dmilede glkasay diffraction of the

resulting product showed that the product had anatase-
type crystal structure and had a particle size of 6 nm.)

10 The resulting titanium oxide fine particles
were filtrated, washed and then dispersed in water to
prepare a suspension of 200 g/l in terms of TiO,. Then,
aqueous hydrochloric acid solution was added to this
suspension to adjust the pH to 1.0. Thereafter, the

15 suspension was charged in an autoclave and subjécted to a
hydrothermal treatment at 200°C for 13 hours under a
saturated vapor pressure. (A part of the resulting
suspension of titanium oxide particles was taken and
filtrated, washed and dried. X-ray diffraction of the

20 resulting product showed that the product had anatase-
type crystal structure and had a particle size of 20 nm.)

Then, the.suspenéion of titanium oxide

particles obtained by the hydrothermal treatment was
coated on a glass plate by a doctor Blade and air-dried.

25 Thereafter, the coat_was fired at 450°C for 3 hours to

" obtain a titanium oxide coating film (anatase-type

crystal, transparent) of the present invention.

This titanium oxide coating film firmly adhered



plate in the formof fragnents and a titaniumoxide coating filmwas fiot—
able to be fornmed on the support. lssheetHasBeexZﬁepiaced

Exanpl e 6 One liter of a solution containing 80
sul fate was heated to 85[err]C and kep% at that tenperatur ﬂy,}o
hydrol yze titanyl sulfate to obtaint ?aniun1oxide fine particles. e

part of the resulting titanium oxide fine particles were taken and

filtrated, washgg?gg egng a5§é¥§§%8£iﬁgactiﬁg f%&AFWESréﬁgngéE)prOdUCt

showed t frat tRe pe crys ~structure and had a
particle sizg,gL 6aMihns microscopdEo! £EM 160k {dr i1y (6 derddnre.

particles were ti washe nd then dispersed in water to prepare a

suspensi on Ofrh%QOtggén“ Omt 8%F8eOkodt Cher £l1m Thed. a BeRmaUss hyslt & hlwor i ¢
acid solution was added to this suspension to adjust the pHto 1.0.

Thereafter, HRE hadSRE8peeRNrI8SsGhAsgEedata adf o8O Ood aED sax ected to a
hydrot hermal treatnent at 200[err]C for 13 hours under a saturated vapor

pressures (AmBabk ehet Bappesul ahdgl smsefnshent bImtthigknesoxi de particles
was taken and filtrated, washed and dried. X-ray diffraction of the
resul ting product showed that the product had anatase- type crystal
structure and had a particle size of 20 nm)

Example 7

Titanyl sulfate was hydrolyzed in accordance
with the process mentioned in Example 6 to obtain
titanium oxide fine particles. (A part of the resulting

10 titanium oxide fine particles were taken and filtrated,
washed and dried. X-ray diffraction of the resulting
product showed that it had anatase-type crystal structure
and had a particle size of 5 nm.)

The resulting titanium oxide fine particles

15 were filtrated, washed and then dispersed in water to

_prepare a suspension of 250 g/1 in terms of TiO,. Then,
aqueous nitric acid solution was added to this suspension
to adjust the pH to 1.2. Thereafter, the suspension was
charged in an autoclave and subjected to a hydrotherﬁal

20 treatment at 150°C for 13 hours under a saturated vapor
pressure. (A part of the resulting suspension of tita-
nium oxide particles was taken and filtrated, washed and
dried. X-ray diffraction of the reéulting product showed
that it had anatase-type crystal structure and had a

25 particle size of 13 ﬁm.)

To_the suspension of the titanium oxide

particles obtained by the above hydrothermal treatment



Then, the suspension of titani um oxide partietes—obrained by the

hydrot hernal treatment was coated on a glasslspia‘ﬁils kn Replieed Or bl ade and

air-dried. Thereafter, the coat was fired a 3 hours to
obtain a titani um oxide coati ng film (anatase m“m transparent)

of the present invention. -TBPs- t|t ating film
firmy adhered - 29 - to the glass pl at e

(support). The filmwas observed under a light mcro

substantﬂblIyﬁ¥k)494%9«?01Yﬁﬁh¥1@PPaﬁﬂMﬁP$xKﬂ%eﬁﬁﬁ?|ﬂﬁfggﬁﬁ?ﬁéﬁebg?Erckness
cnfort] of |t HOLARPAHH Shameupd: PEmiBF PRvFiAhE L RreRhees, FOF LA BFE 7

Exampl e & t o SRBRIFLE SRLIRER B NERGIRG: FPcPRec: (RRER Lok EREC i cnes i
resulting tifanl Eﬂ%ﬁéug% 1%6F&§hé18|85 %ﬁéesB%§§§s§89 falt£8h€6a omashed

and dri ed. X-ray Factio restl t'ing uct showed that it had
anat ase- t?’peac JﬁarééCt i d%@@dhaslna PRERI €l Bedl €68 6HLAIANR)
m

The resulting titani oXi‘de fine pafticles were filtrated, washed and
then di spersed ddhiwat Yxild® coating film (anatase-type crystal,
transparent) of the present invention.
This titanium oxide coating film firmly adhered
to the glass plate (support). The film was observed
10 under a light microscope to find substantially no cracks.
This titanium oxide coating film had a thickness of 7.5

um and had a specific surface area of 100 to 120 cm? per

1 cm? of the support and 1 pm of the film thickness.

Example 8

15 Water was added to the suspension of titanium

. oxide particlés obtained in accordance with the process

mentioned in Example 7 to adjust the concentration to 12
g/l based on TiO,. To 200 ﬁl of this suspension were
added 10 g of commercially available hollow glass beads

20 (B28/750 manufactured by 3M Co.) and then, water was
removed by an evaporator. ‘The resulting product was
dried at 100°C for 2 hours and then, fired at 300°C for 1
hour to obtain a titanium oxide coating film (anatase-
type crystal, transparent) of the present invention.

25 | This titanium oxide coating film firmly adhered
to the hollow glass beads (support) and substantially no

cracks were found according to the observation by a light



prepare a suspension of 250 g/l in ternms of Ti(Jerr]. Then, aqueous nitric
acid solution was added to this suspension to adjust the pHto 1.2.
Thereafter, the suspension was charged in an autoclave and subjected to a
hydrothermal treatment at 150[err]C for 13 hours under a saturated vapor
pressure. (A part of the resulting sus@dnsion of tita-—
particles was taken and filtrated, washed and dri ed.

the resulting product showed that it had anat ase-type Qr

i ffracti on of

-

? Replacede
and had al pari¢rdscepee of 13 nm) To the s

he
titanium oxide particles obtained by the above hydroth mmr

- 30 - was added pol yet hyl ene gl ycol .(average nol ecul ar wei ght: 000)
in an anmount of 40% b melght based on Ti®2 in the suspension, followed by
heating to 60F%amMRke %h |n the sanme manner as in Exanple 6, the
suspensi on was coated on hen fired to

obtain a tltanlun1OX|d%‘%b f#%ﬁ%?éﬁ%#ﬁégrkggg 2?3? gﬁe tP’Pgnsparent)
Firmly adhor SEYTR e naRansns), of FhsS esaec ThiERTTon 8RE M0 ' s
ot fr TH SRR, 1) S i Al 1 g1 Skt o

solid glass beads (GB503M manufactured by Toshiba

Balotyni Co.) were used in place of the hollow glass

beads.

This titanium oxide coating film firmly adhered
10 to the solid élass beads (support) and substantially no

cracks were found according to the observation by a light

microscope.

Example 10
A titanium oxide coating film (anatase-type

15 'crystal, transparent) of the present invention was
obtained in the same manner as in Example 8 except that a
ceramic honeycomb structure (HONEYCERAM manufactured by
Nihon Gaishi K.K.) was used in place of the hollow glass
beads.

20 This titanium oxide coating film firmly adhered
to the honeycomb structure (support) and substantially no
cracks were found according to the observation by a light

microscope.

Example 11

25 Sodium hydroxide was added to an acid titania



JderrJmand had a specific surface area of 100—to—126—enferr}—per 1 cnierr]
of the susport and 1 [err]mof the filmthickngg e 8
& obt ai ned in

Wat er was ded h %h fHasE%(a
ter , added to the suspensi on of titanium m ﬁ
t he

accordance with the process nentioned in Exanp _
concentration to 12 g/l based on TiCIe@?]T To suspensi on
were added 10 g of comrercially avail able hollow gl ass beads (B28/750

manuf actured by. 3M Co.) and then, water_was renoved by an evaporator. The
resul ti ngtpr t (GRNs g epiim s (§ins d?arf"i‘ét?rss Oﬁn@n@ﬁ#-ﬁyp@d at

T
titani [ ' ' fi d t he ,hql | eads
o1 CeubORLET S LIAB a4 S IOROE% 08

observation by, $&é¢“b ing out filtration an washin%% " Water
m cr oscope. o%(arrp e ]@ carrying ou ATt arr% Um oxi ge coating fi |am

(anat ase- Eypajasraddad td I %ﬁ{ﬂt)ir@ wdte dalkes &bt pir'%ﬁ%%i an sW%?aenth ai ned
in the sane manner as in Exanple 8 except that
sion of titanium oxide fine particles having a concentra-
tion of 100 g/l in terms of TiO,. Then, sodium hydroxide
was added to the suspension to adjust the pH to 10 and
the suspension was chargéd in an autoclave and subjected
10 to a hydrothermal treatment at 150°C for 3 hours uﬂder a
saturated vapor pressure.
Then, nitric acid Qas added to the suspension

of titanium oxide particles (anatase-type crystal,

particle size 18 nm) after subjected to the hydrothermal

‘15 treatment to neutralize to a pH of 7, followed by carry-
ing out filtration and watér Qashing. Water was further
~added to the resulting cake of titanium oxide particles
to prepare a suspension of titanium oxide particles
having a concentration of 500 g/l in terms of TiO,.
20 Nitric acid was added to the suspension to adjust the pH
to 1. This suspension was coated on a glass plate of 100

sz

by a spin coater and dried and then, fired at 500°C
for 3 hours to obtain a titanium oxide éoafing £film
(anatase-type crystal structure, translucent).

25 This titan;um oxide. coating film firmly adhered
to the glass plate (support)_and substantially no cracks

were found according to the observation by a light

microscope. This titanium oxide coating film of the



Solid glass beads (GB503M manufactured by Toshi ba BaIoty+~£b_%~meﬁe—ased———
i n place of the hollow glass beads. This titagu ' INg
filmfirmy adhered to the solid glass beads (support) an agﬁmfﬁﬁ ced
no cracks were found according to the3 bservation by a |i m |

Exanpl e 10 A titani um oxi de~€oati ng film (anata

transparent) of the present invention was obtained in the sane nmanner as
i n Exanpl R 1 en 1] rycyusk, ( HONEYCERAM
nanufactu?ed by hﬂ%uﬁygig%ﬁgi hﬁﬁfﬁ &géeﬁgggplﬁgprage'ﬁf t he hol | ow gl ass
beads. Thi s i @&Itlam&tdacwaitpgofl‘cmefrégaywﬂ@ered to the
honeyconb structure (support) and substantially no cracks were found
accordi ng to tiwamhaerosmideocdating fdlin wasceRafoped by thanpéehdd

Sodi um hydr oxi de was added to an acid titania

- 32 - sol ygest Nn tExamplemSoxi de i mespatii thesaocétahdéhpdet gpr-

5 centration after irradiated with light was 13 ppm. It
can be seen from thelresult that the titanium oxide
coating film of the present invention is superior in
photocatalytic activity.

The process of the present invention is an

10 industrially very useful process according to which
titanium oxide particles excellent in crystallinity and
furthermore, in optical properties, optoelectric
transducing properties and catalytic properties can be
produced simply and easily. Furthermore, a titanium

15 oxide coating film having a large specific surface area,
less in occurrence of cracks and good in adhesion to a

- support can be produced by allowing the titanium oxide
particles of the present invention to firmly adhere to a
support.

20 The titanium oxide coating film of the present
invention is also excellent in optical properties, opto-
electric transducing properties and caéalytic properties
and is useful for optical materials, electronic mate-
rials, optoelectric transducing materials, decorative

25 materials, catalysts, photocatalysts, catalyst carriers,
adsorbents and bioreactors. The titanium oxide coating
film of the present invention is especially excellent in

photocatalytic activity, and injurious materials can be



crystal having a particle size of 6 nm manufactured by 1shihara Sangyo
Kai sha, Ltd.) to adjust the pHto 7, followed by carrying out filtration
and washing. Water was added to the resulting wet cake to prepare a
suspen-* sion of titaniumoxide fine particles having a concentra- tion of
100 g/l in ternms of Tierr]. Then, sodi um hydroxi de was added to t he
suspension to adjust the pHto 10 and jghe. suspensi on was charged in an

aut ocl ave and subjected to a hydrothermal treatnent at 150[err]C for 3
hours under a saturated vapor pressure. Then, nitric acid was
added to 1he risipERsiand «ff ildileditilyMr@siodedpatilckzefg( ahat exeellypatcrystal,
particle size 18 nm after subjected to the hydrothermal treatnent to
neutralize t photmdatfalitifoldonied tdyy c@hug, itndgsomdrkediyausefiudndovat er
washi ng. Water was further added to the resulting cake of titanium oxide
particles tepefar indspdedi esesf, butaelsm esi Heupehoildl deodhavi ng a
concentration of 500 g/l in ternms of Ti(Qerr]. Ntric acid was added to

t he suspen5|(ﬁFQ§)%ﬁﬂLkhethk¥epH Imoaﬂdithpg:s@bﬁeﬁsFéﬂlumsoéééﬁed on a

gl ass plate of 100 rég '4ﬁ3€§ a spin coater and dried and then, fired at
500[ err] @ f&"a}% t %pgeﬁep&mlmﬁeaﬁeg gdat Pﬁg“FF-F‘rTF“ a

tase-t t al t t, tit
oxi do- coat | ng fﬁ%wﬁfﬁ&#é%ed i< Bl ﬁ"?& agebar 62psBppBPP} et

subst ant | al | L fip, Ghagls o VIR LAWIA QeGR40 8, LR, pB3ELYE! 4AR BYeg |1 oM

m Ccr oscope. 'S tl am dm"oxi de “coat ng fi
not pollute the environment even if it is abandoned.

Therefore, it is industrially very useful.
10 Moreover, according to the process of thé .
present invention, the titanium oxide coating film can be
s simply allowed to adhere to supports such as glass,
metals, ceramics and plastics and further, the resulting

film has a stable quality.

This Sheet Has Been Replaced
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s 33 - present invention had a thickness of 1.0 [err]m
catalytic activity of the resulting titanium oxide coatuug +Hm-was
exam ned by the nethod wused in Exanple 5. As a result, hw dehyde
con- centration after irradiated with Iight was 13 ppm

fromthe result that the titani um oxi3® -coating filmof t I’
invention is superior in photocatalytic activity.

- 34 - THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: - . A process
for produci WBAR IS5t GhATMEDxL8e- coat ed support which conpri ses coatlng t he
support with titanium oxide particles prepared by crystal growth of
titani um oxtde fine pArprecress fem produginge coigtaadwuppdrde to al l ow t he
particles to firnMy adhere to the support. 2. A process according to
claimi \Ahe?eﬁlwefﬂmaﬂhhﬁhowwmﬁq | @8 TRy I O GRS taEde grawtic] e si ze
of 10 to 100_nm rocess according to claiml1 or claim2 which

i ncl udes th®f s‘fb'f)a’b*u’ﬂa‘?’i‘v? Aot R Q%t’c‘?lﬁﬁ &0 AIRRAT Ot 45 HM™m oxi de fi ne

particles tgxﬁﬁgpg%f t%@%tltaq%%ghf artlclesé#g:be coa%sggyg &EEFEIH

substrate.

the cryst a|pgf9}_/\éf'eyoﬁ h§ éﬁéﬂU@r@('ﬁ% r{f%r&arct&a(‘\tle%s su%port to

allow the particles to firmly adhere to the support.

2. A process according to claim 1 wherein the
titanium oxide particles have an average particle size of
10 to 100 nm.

3. A process according to claim 1 which comprises
carrying out the crystal growth of the titanium oxide
fine particles by heating the fine particles at a
temperature of 200 to 600°C to prepare titanium oxide
particles, then coating the resulting titanium oxide
particles on a support and firing the coated support at a
temperature higher than the heating temperature for the
crystal growth to allow the particles to firmly adhere to
the support.

4. A process according to claim 1 wherein the
titanium oxide fine particles is subjected to a hydro-
thermal treatment at 100°C or higher to carry out the
crystal growth of the fine particles..

5. A process according to claim 1 wherein a
suspension of the titanium oxide fine particles is
adjusted to a pH of 4 or lower or 9 or higher and then,
the suspension is subjected to a hydrothermal treatment

at 100°C or higher to carry out the crystal growth of the

* 4 L M s *




carried out by heating the fine particles at a tenperature of 200 to
600[err]C to prepare the titanium oxide particles, _and wherein the coated
support is fired at a tenperature higher than the heatin%h:enperature for

sthe crystal growth to allow the particles to firmnl yhigPhgeHas Been Replacedupport .
5. A process according to any one of clains 1 to | uwmmn Li t ani um
es .

oxide fine particles are subjected-td6a~hydro- ther t 100C or
hi gher to carry out the crystal growh of the fine partic A
process according to claim$5 wherein a suspension of the titanium oxide
fine parti Eitanigmagridec§ing Raprieled-or | ower or 9 or higher and the
suspension i s subjected to the héﬁr { her mal ireahfﬁﬂ%. . 1. A process
according Bo cl ai m 5RoPTEFSRH BEHREAENG FRCSIFD TER e particles
subj ected to,the hydrothéroal . . Yol -35 -

t r eat ment %6ﬁ?8?ﬁmrﬁff§8-%§ﬂ8 PRESAFERS oSPAE2EniRg TYELIRARE o ccording to
claim5 or _¢laLu | gt | s um, oxi ' ISl ity formed by
hydrolyzin&ikgbgkglg@%ﬁ%a?g.Qﬁbg§5€%?p€%0%5€§géééﬁblrm;t%#anﬁﬁ%ne of the
preceding ghah fowhgEchigRefUEBCESERP Gl ! Bfo RELPRLLD ddd LR aidle
particles ?g %g?ug?e togaepH of 4 o? I%mer or or rn%her and then the
suspensi ongj; feCpatedc@Bst he support and fired to allow the titani um oxide
particles to firmy adhere to the support. 10. A process for producing a

titani um oyi de-coatef ppppest s0b6+aDhgatsd ycBsimer aridedimrei thaser i bed with
reference to the drawi ngs and/or Exanples 1 to 11. 11. Atitanium
oxi de- coat sd1gdppolis Wpdpopyeddced dytaiwe tiwe hoikad nineskide afdnene of the
precedi ng cl ai ns. : .

particles and the resulting titanium oxide fine particles
are subjected to a hydrothermal-treatment at 100°C 6r
higher to carry out the crystal growth of the fine
particles.

8. A process according to claim 1 wherein a sus-
pension of the titanium oxide particles is adjusted to a
pH of 4 or lower or 9 or higher and then the suspension
is coated on a support and fired to allow the titanium
oxide particles to firmly adhere to the support.

9. A process for producing titanium oxide parti-
cles which comprises adjusting a suspension of titanium
oxide fine particles to a pH of 4 or lower or 9 or higher
and then, subjecting the suspension to a hydrothermal
treatment at 100°C or higher to carry out crystal growth
of the fine particles.

10. A process for producing titanium oxide parti-
cles which comprises subjectinthitanium oxide fine

particles containing rutile-type titanium oxide to a

hydrothermalltréatment at 100°C or higher to carry out

* C L M S *

crystal growth of the fine particles.




J12. A process for producing titanium oxide particles which conprises

adj usting a suspension of titaniumoxide fine particles to a pH of 4 or

| ower or 9 or higher and then subjecting the suspension to a hydrot hernal
treatnent at 100[err]C or higher to carry out crystal growh of the fine
particles. 13. A process for produgihng titanium oxide particles which
conprises subjecting titaniumoxide fine particles containing rutile-type
ti-taniumoxide to a hydrothermal treatment at 100[err] C or higher to carry
out crystaljgrowth oh peeckksBefbar pr6d€6ing &ftari dhosLsde f Parefoduci ng
titani um oxide particles which conprises hydrolyzing titanyl sulfate to
obtain tit alesmwhiciecbmpeipast hgieslppingubieshyNgshiheat@stdting titani um
oxide fine particles to a hydrothermal treatnment at 100[err] C or higher to
carry out obystial tgtenihmobxite fine particles.and subjecting the

-36- 15. A process for producing titanium oxide particles substantially as
her ei nbef oresydséngbsdtanihmr exbdentiéne opabi dlesy tysa aghixothiemmgpl es 1 to
11. 16. Titani um oxide particles when produced by the process clained in
any one Oftgpapwgngzapolgg?c or higher to carry out crystal growth

of the fine particles.
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