; e3e$j &6NTq} DESCRI PTI ON Tl TANTA FI LM COATED POADER AND PROCESS FOR
PRODUCI NG THE SAME .Techni cal Field The present invention relates to a

titanic fil mcoated powder and a process for producing tg e
particularly, the invention relates to a titanic filmco m‘mmmmmmsabl e
for various purposes such as photocatal yst powders, pignment pawdgrs col ored
in blue or purplish red for use in color inks or color toners, filler

powders for plastics or paper, and powders for cosnetics, cess
for producing the sane. Backgroquﬁgg.g@ﬁﬁ@rto, t he presamn mmwmm"mmg have
devel oped and discl osed a nmethod of Ccol'oring a bl ack magnetic, powder by
coating the black magnetic powder with an interference film conpri sing

silica/titania (hereinafter referred to al so astitani umoxide) (e. g.
JP- A- 10- gﬁl\ﬁ)ﬁe The inyentors have further devel oped and di sclosed nethods
for coat i iics F 4t COREED RSN vl PR 5 SR8 PRORDCRNE THE ariee {11 m
whi ch include : a nethod of coating with a titanic (hereinafter referred to
also as titaniumoxide) filmin a |iquid phase by the hydrolysis reaction
of a metal al koxide (e.g., JP-A-6-228604) ; and a nethod of coating with a
titani umTechrgGade Biql@in a 1iquid phase by the neutralizing hydrolysis
reaction of a netal salt using a titanyl sulfate solution (e.g.,
JP- A- 2000- 34507Zhe Beefert ireanticon maliedesotocaati mepiv thikntgaatigdim oxi de
filmin a liquid phase by the thermal hydrolysis reaction of a netal salt
usi ng a tpawddmand\d prdtess dorgotaduaing the same. More particularly,

the invention relates to a titania film-coated powder usable

for various purposes such as photocatalyst powders, pigment

powders colored in blue or purplish red for use in color inks

or color toners, filler powders for plastics or paper, and

powders for cosmetics, and to a process for producing the same.

Background Art

| Hitherto, the present inventors have developed and
disclosed amethod of coloring a blackmagnetic powder by coating
the black magnetic powder with an interference film comprising
silica/titania (hereinafter referred to also as titaniumoxide)
(e.g., JP-A-10-330644).

The inventors have further developed and disclosed
methods for coating base particles, e.g., an iron powder, with
a titania film, which include: a method of coatingwith a titania
(hereinafter referred to also as titanium oxide) film in a
liquid phase by the hydrolysis reaction of a metal alkoxide
(e.g., JP-BA-6-228604); and a method of coating with a titanium

1



(e. g., JP-A-5-286738) has been disclosed. - Incidentally, the nethods of
coating with a titaniumoxide filmor the Iike which have been devel oped by
the present inventors have various problens. In the case where a netal

al koxide is used as a feed material for a titaniumoxide coating film

t here have been problens, for exanple, that since the hydrolysis reaction
of the netal al koxi de proceeds exceedingly rapidly, the reaction system
shoul d be kept at a constant tenperature and a constant humdity, that the

metal al koxige £5ed 85 2 {e68hays é@lbgstk?é(g?&f‘ﬂflﬂj[?i t}&gclirc#;{ésfs

necessary to use as a reaction solvent n organi c solve a

cau pront oy THas P fedat SRR SRR B ST R 8RR et ng

wth a titantL { i in a.iqui hase b he, neutral.izing hydrolysis
reaction %ﬁr}gu&@;l g%%‘lf)?iﬂ]as%aeso\df%o $%at® E‘%&M& £3tking 1%‘énsi on
becomes aci dic i.n_an j itLﬁI stage or, final state of the _reaction.,

Fur t her no? g,ltf"‘ﬁéuﬁ‘e‘?%‘ge Bo'dt F%g‘%ltdnpﬁaﬁPé[n’F}EﬁntBQFH‘élleY%‘PW%llff i quid
phase by the thern%] hydrolysis 2 reaction of a nmetal salt has a drawback
that the DPERE1RP Ofch d&irdpeast ots Bt anekt aiun Wt chighidengreiwtiams. In
the method of coating with a titaniumoxide filmby the neutralizing

hydr ol ysi §8r@act TP 0P~ 28Fbi%l ke tbeen drbschrssddifficult to use an iron
powder, which is highly corrodible in acid environnents, or the like as the
base. Di scl osur &nsridemdaldventtiien Metdhads el icngting onitils a ot bvamiwme t he
drawbacks of the related-art techni ques described above, hence provides a
titani a foxideddtladopovitel ike ¢hicl fsafebaed deresemsd by ahd gogserii ch an
iron powder, which is highly corrodible in acid environnents, or the |ike
can be eabivegnitusesl have heabhses giwblewsntion further provides a process
for producing the coated powder. As a result of intensive investigations,
the present invdm dte hase swroecdedndtnleld Ikdxaidendi d hosel pEo efsedy
enploying the followi ng constitutions. Nanely, the invention is as foll ows.

(1) Atitreaterfal nfenad et teavden ol | Sbangi ey beisan parié £ endwy ibgemr ovi ded
thereon at |least one titania film
problems, for example, that since the hydrolysis reaction of
the metal alkoxide proceeds exceedingly rapidly, the reaction
system should be kept at a constant temperature and a constant
humidity, that the metal alkoxide used as a feed material is
expensive, and that it is necessary to use as a reaction solvent
an organic solvent which is a hazardous substanée, e.dg., an
alcohol, and the cost of explosion-proof equipment or the like
is high.

On the other hand, the method of coating with a titanium
oxide film in a liquid phase by the neutralizing hydrolysis
feaction of a metal salt has a drawback that the base particle
suspension becomes acidic in an initial stage or final state
of the reaction. Furthermore, the method of coating with a
titanium oxide film in a liquid phase by the thermal hydrolysis
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wherein the base particle is coated wwth the titania filmby suspending the
base particle in a buffer solution having a pH of from7.0 to 12.0 to
obtain a suspension, and adding 3 a hydrogen peroxi de-anmonia m xture

sol ution containing peroxotitanic acid to the suspension to thereby
regulate a titania deposition reaction induced by deconposition of the
peroxotitanic acid in the suspension. (2) The titania fil mcoated powder
according to the above (1), wherein the hydrogen peroxi de-ammonia m xture

Sop On renteloh M BOROYRL AN hedChcaiAm A PRl khATHIS et (3)

The titania fil mcoated powder according to the ove erern

titania fil@ponside HasenParilod & Nas ﬁ#@ig%gfez%%%ﬂ%g.om 10 to 1,000 nm

(4y A process for producing a titania er conprising a base

particl e having {or Quj ereop at_least one titania.film which conprises
suspendi ng a baé@‘ﬁ%? ﬁ@ %ﬁ§% %Pbﬁ??g}ngoVﬁFﬁoﬁ ﬁ£%%ﬁj?§ ﬁﬁiﬂgf$%H?7.o to
12.0 to [,n_a suspensipon, .an di nhg a hydyrogen_peroxi de- anmoni a m xture
sol uti onogc\%)%}é? rﬁ%ﬁtg%fjom?t%éjrcoagﬁbegt%eq Q%rgs%r%iwglo e byt
regulate a titania dﬁgosi&ion reaction induced by deconposition of the

per oxot i tHF cPEER dIt A TERELIEudBenSiSOrAn ahBOR oPEYSETY he'hisbe Isartid e with a
titania film 4 (5{ The, process for producing a titania filmcoated
powder actVrHPIo therakdverigonngndrsi X Heh kR ers ferohaRe amoni a

m xture sol ution containing peroxotitanic acid has a pH of from7.0 to
12.0. (6) The process for producing a titania fil mcoated powder accordi ng
to the above (4), wherein the titania filmon the base particle has a

t hi cknessPoIckeue 00 f othe ohoventiormhe titania fil mcoated powder and the
process for producing the sane of the invention have advantages that a
filmformng red®e dnveatisa,coidwbt b dto averatinemrghd etpavksetakse af from 5
to 50C whil e keeping a base particle suspension in a neutral or weakly

al kal i ne theiteeldteédaaptl béchnoqu@sOdesciibed ahdviehathezysn piwnidas i ron
powder, which is highly corrodible in acid environnents, or the like is
used as e bbbtanidi §ibmseoshadbpowdatedhiichh ia fsdfim virndoleapdresivg t he
base. Furthernore, in the titania fil mcoated powder and process for '

pr oduci ngandef sanghiodh tdre irorerddowder bagescihi €hiiisspl verey@b1sndat aci d
conditions with a pHof 5 or lower, such as, a . g . , calciumcarbonate,
can be ussdiderniviednentpgr bircties 1Nasd deh beosapOplarsead the hade, which
are highly corrodible in acid environnents. 5 Brief Description of the
Drawi ngs Aile ihvehtdrod | fussiHedt igrowiind g smseddl rdefdesdwingy ctyes for
the titania fil mcoated permal | oy powders obtained in anple 1. Fig. 2 is
an illustdcdted sdwdg spectral reflectance curves for the titania
filmcoated iron powders obtained in Exanple 2. Fig. 3 is an illustration
showi ng spect r alsr ef lREHANCS £ UMtah JitFe eyt TR WL POVERL SoLOadRd Wi th a
silica/titania two-layer filmobtained in Exanple 3. Best Mde for Carrying
Qut the liniedit T a k@l 0, o Ci idani a
fiIn}coatedpodgg?;agﬁﬁgi%&gﬁgﬁgﬁeaﬁg{n%?f%gf??tﬁgagﬁgggn%?gﬁﬁn$ﬁilggse
parti ¢l esenfBo P ¥Rl s LNk Al dhdnorgs,ge material or an organic
material, or ray be any of a nmagnetic rraterla?, dielectric material,
conductive ”ateﬁﬁﬁkif n%%EaHEQQn Bthélasa%%lH%%slike' In the case where
the base is a netal, "i't nay be any metal “Such as, €.g., iron, nickel,
chromium titanium or alum num However, in the case where the magnetic
properties of a base are to be utilized, it is preferred to use one which
can have magneti,¢c,propgtiie ., Lrpon.. These netals,may be alloys. In
the case where éi%asg ﬁé@?ﬂzangbﬂ%f?%ag?ngPvagg Fgmﬂgéﬁlég §t§F§8 above,
' preferpaabrlelicllse %Jve.{r{c_?np? onveJ':[cieCd a{'.lhleoJ:ye'ors3 at least one titania film,

wherein the base particle is coated with the titania
film by suspending the base particle in a buffer solution having

a pH of from 7.0 to 12.0 to obtain a suspension, and adding

3



In the case where the base of the powder is a netal conpound, typical
exanpl es thereof include oxides of the aforenentioned netals . For exanple,
use may be nmade of oxides of iron, nickel, chromum titanium alum num
silicon, and the |ike, oxides of calcium magnesium barium and the |ike,
or conposite oxides of these. Exanples of netal conpounds other than netal
oxi des include netal nitrides, nmetal carbides, netal sulfides, netal
fluorides, netal carbonates, netal phosphates, and the like. Furthernore, a

base partd At GdIRniARS diicH1d iRk d SAUMUN A ddLPalg | cul ar

oxi des, carbides, or nitrides, of ne or nonnetals, suclr as silica

and gl as Qﬁgﬂﬁf ’ abl.e ino e teri.al s...ncl i horgani_c hol | ow
parti cl ezp SUCh s |eé; aés{:lsjL a‘% oﬂglné;gs?{g(ﬁﬁnorgﬁ'soﬁ{ it?:oatsceﬂpée}‘sr:etblligﬁree O'L ol I%w car bon
m cr ospher.es(Kreca Sphere), fused al um na bubbl es, Aerosil,., whit ar bon,
hdlmNSﬁfi %ﬁ&%%%ﬁ%%@ %ﬁ$bﬁ%%Qﬁﬁﬁ%iﬁﬁﬁﬂ%“m%yaﬁhﬁiéﬁ%mcimn
car bonat e :Perlile, talc,, bentaonite, mcas, such as synthetic mca and
comonni GETRBIELEMAC R iHhE PIRHT @  organic materials are resin
particles. Exanples of the resin particles include cellul ose powders,

cel lul ose acetate powders, pol yam des, epoxy resins, pol yesters, nel am ne
resins, polyurethanes, vinyl acetate resins, silicon resins, and spheri cal
or crushed partN@PesT%ﬁtE%%éﬂl%yf%%@‘%@@?ﬁ%rPQ%@?6n3@¢0€@b@gyﬁ@rFégtion of
acrylic esters, 7 met hacrylic esters, styrene, ethylene, propylene, and
deri vat i \BP¥ehelrldof .WiRisdat dihe hirdifagrere d aros idgrannasiiss mirktwysher i cal
acrylic resin particles obtained by the polynerization of acrylic acid or a
met hacr yldal wisitay .caizmipliosy afentdro sl ofacdink Hmes e ipitlafle€sphetiCal

bodi es, near | yspheri cal bodi es, i sotropi ¢ bodi es, e. g., regul ar pol yhedrons,

rect angultar lFar®l | el opi peds, spheroids, and pol yhedrons such as
rhonbohedrons, platy bodies, and acicul ar bodies (cylinders and prisns).
Powders made up of particles of an utterly irregular shape, such as crushed
particles, are al so usable. Although these bases are not

particul arlylim(Béd Thepaitanie fiimetested hpywieef acabrygihgveoatharticle
dianeter in the range of fromO0.01 umto several mllinmeters. The buffer

sol uti on dspe U96d wheredus pereditigahagerpamt bal EhetbeE€i patti PrOtEE ng t he
titania fil mcoated powder of the invention is not particularly limted as
| ong as id titsickieds 't oFoverklveo al kedd rgnone having a pH of from7.0 to
12. 0. Exanples thereof include tris systens, boric acid systens, boric acid
salt systens, phosphoric acid systens, phosphoric acid salt systens,

gl yci ne systens, carbonic acid salt systens, and the |ike. The hydrogen

per oxi de- ammoni g 4§ XA Wr@ 2QlsUEd PBrealtahRid g1 Poh 0X Hilhakise tael ghd@ebe used
in producing the titania fil mcoated powder of the invention is not

particul afdnpAidideth ddsd HaltOMEMEa Wit S ddditidisorsduti Qkhave a
hi gher 8 pH than the buffer solution in which base particles are to be
suspendetne titania film, which comprises suspending a base particle
in a buffer solution having a pH of from 7.0 to 12.0 to obtain
a suspension, and adding a hydrogen peroxide-ammonia mixture
solution containing peroxotitanic acid to the suspension to
thereby regulate a titania deposition reaction induced by

decomposition of the peroxotitanic acid in the suspension,

and to coat the base particle with a titania film.



Met hods for preparing the m xture solution are not particularly |limted.
Exanpl es thereof include the follow ng nethods. (1) A nmethod in which a
feed material generating titanium hydroxi de upon m xing with amoni a water
only (hereinafter referred to also as titaniumsource) , such as a titanium
al koxi de, titaniumchloride solution, or titaniumsulfate solution, is

m xed with anmoni a water and an aqueous hydrogen peroxi de solution to
thereby directly prepare the mxture solution. The valence of the titanium

in the titani um(gg)urﬂe tﬁr@@e §e]elof;m_1§}eu ?Og'gfé%ﬁjrgegjrﬁ?_%{(ﬁ#gd not

limted to 4, and or ex ani um ori de can

be used Q oduct he fornrof a yell ow

transpargﬂa) é(% L%Jl% on 6{1 %ﬁé&m%om?ﬁg&a retléhrtgle tchl Osgt?éh as trade

nane " New TAS .Fi nanufactured uruuchr Chenlcal Laboratorres Ltd.

or trade RHEHEL Amgkﬂ Ta Jh= t%tﬁoﬁ& TRy R EPAALEY RETIRD %n
Japanese Patent No. 2, 938 376 is mxed mnth anmoni a water and an aqueous

~ hydr ogen %ﬂgg}a&e SHLQA I thdt &8y Lordbare the nixture solution. In

producing the titania fil mcoated powder of the invention, the hydrogen

per oxi de-ammoni a m xture solution 9 containing peroxotitanic acid is

added to the suspensron of base particles to conduct a titania deposition

reaction, which (g |%@%ce60%95$rébﬁée@wﬁeeimgom ‘oftamia pbi brxotdatedc acid.

The reaction tenperature in this operation is not particularly limted. On

t he cont maAWde mRaErshineh & ofthenaeboveentd)on whesiedes tihe tthdtantike £ilm -

filmformng reaction can be conducted at an ordinary tenperature of fromb5

t o 50C whinl dheebpiseg palre ilcdschpar fi theéokpesasi ofi from heuts al, @0 week| y

al kaline state with a pH of from7.0 to 12.0. In the invention, the

titaniumoxide filmformed by the deconposition reaction of a

peroxotitani um conpl ex can be deposited as a transparent filmin

conbi nati on wi t Mhene igraminr ef i Inrcpetedt pbiviee eind fBé aprBydeexifdy; et al

oxide, or the like to thereby forma coating filmconposed of two or nore

| ayers. Iprddicimpasthe hyameget athagihthenthbakhase eldveathgeayahaaf 4 he

mul tilayered coating film (filmlayers which cover the base particle and

ar e capatfiflneif qratitnigCt g¥ed t 1¢h Ean bie@dndudtdd £ 8AGRHinAr E;nﬁ@d;aérafﬂmt“él on can
be inparted. For exanple, base particles are coated with many |ayers

conpri si reF theo i 5 apd as 6 ? ¢ myande f ké@‘p?lﬂ% aN@a@le WA iRURersHisAest o
formalight-interference nultilayered thin film Thus, w thout using any

pi gnent G %V%edﬂi%lp@ﬁd‘%feaqap/ taa_r&qh@ree%ﬁa&ea Wias] PGz di Bt pased on

wavel engt h-sel ective |ight | ection. In this case, 1t Is necessary
to sel ectpafoighangd e dTakeid dhef a%aieoq@rﬁav&{eeé LSS i digdl
particle, partlcle di aneter of the base particle, of coatln Iayers
sequence fr JARAII !Lﬁrbc,ofd tel?ﬁrl%%}rfe @l aypr tk%rigluégd QQCQ el i ng

| ayer, and desired wavel ength of I'eét ed |ght In particular, to sel ect
the mat erﬂrﬁ'ssbafsebé‘éﬁ Iddlafleld i‘Eﬁ D 4 wlfr}%olufacyS@Ee ﬁpff 'fy t he
conpl ex i ndexes of raction oy ese. o speci e exes of

refractrpn of t?ﬁepﬁge ggthfloﬁﬁg Eg%a qgﬂ %@g@g%é% %%ed QP t he

cal cul ation of coer |cfe resne ref ion eaiayers and
the intensit [ anp reflection begween Ihe | ayers. There are cases
wher e se?%%f%%% g%rabggéggﬁgpr%gﬁesgﬂg %£“§he invent¥on,” bases wWhic
dissolve away under acid conditions with a pH of 5 or lower,
suchas, e.g., calciumcarbonate, canbeusedas thebaseparticles

besides iron powders and the like which are highly corrodible

in acid environments.



results in the necessity of the correction based on particle shape which
w.l'l be described later. By selecting a particle dianmeter of the base
particle, the curvatures of the base particle and of the nmultilayered film
are specified. In case where the curvatures thereof are not specified, it
is difficult to conduct the correction of spectrophotonetric properties for
filmthickness nonitoring which will be described |ater. To select the
nunber of coating layers is related to specifying the value of Rfiat which
will be ; 'Qﬁ% - e the base particle are a flat

pl aty na?gﬁﬁgﬁ, t éfﬁgﬁ%ﬁq gﬁi?ﬁﬁf iI#ﬁ?@FIection intensity Rfiat is

determ ned 11 F?%.' ?tirso%c&?@u%f&‘fa‘é%ﬂe%&d?iﬁ?esgﬁ?éteféf"recfflé%aéa%o%art' cles
(conpl ex index of “refraction) , nunber of coatin ayers, seguence of
deposition of t cpating | ayers,, material s of re I ve .coating

| ayers (ccour'ﬁ)‘fe& r%leorlfdgﬁl st]gq‘al?' 3 écltn} &?)a,te n@eﬁggii:fgﬁ %@%%’Eeéng(}%tcao%er&;f | ect ed
i ght which have been sel ect edbeforehand into the foll owi ng recurrence
formul a PdFR Y dy the formula. ( Fo rmu 1 a 1) ~ ~ rt+l"y 'f' ~~, ~1
exp(-2i8j ) ,~Ey 1 + r~+i,~R~, 3-~ exPC 28~ ) 28~ - 4~ n jd~ cos~~ (In the
formula, Rj+1, ~Fighpkitudd AdlPesrpéAonnthrdity TRRGERM iRl 19otandayer

fromthe | owest |ayer and the layer directly overlying the sane, j: integer
of 1 or |Gigess (ferdthg riditedtiss tiHaweaded iLram@awdass mitremathid® rj +1,
j : Fresnel reflection coefficient for the interface between the "j"th

| ayer frdinamele dwest |ayer and the layer directly overlying the sane, R

j_1: anplitude reflection intensitybetween the "j-1"th layer fromthe

| onest | ayer andighe3layem dildestinptdesr showgng spectral reflectance
curves for the permalloy powders coated with a silica/titania

two-layer film obtained in Example 3.

Best Mode for Carrying Out the Invention
The base particle to be used in producing the titania
film-coatedpowderof the inventionarenotparticularlylimited.
The base particles maybe ametal-containing inorganicmaterial
or an organic material, or may be any of a magnetic material,
dielectricmaterial, conductivematerial, insulatingmaterial,
and the like. In the case where the base is a metal, it may
be any metal such as, e.g., iron, nickel, chromium, titanium,
or aluminum. However, in the case where the magneticproperties
of a base are to be utilized, it is preferred to use one which
can have magnetic properties, e.g., iron. These metals may
~ be alloys. In the case where a base having magnetic properties

is used as stated above, it preferably is a ferromagnetic alloy.



the sane, 2Sj: phase difference in the "j"th layer fromthe | owest |ayer,

12 desired wavel ength of reflected light, nj : conplex index of
refraction of the "j "th layer fromthe | owest layer, dj : thickness of the
"] "th layer fromthe | owest layer, ~j: angle of |ight incidence on the

"J"th layer fromthe | owest |ayer.) Methods for correcting the
t hus- obt ai x~ed val ue of nmultilayered-filmreflection intensity Rfiat based
on the shape of the base particle are not particularly Iimted. However, in

the case where thetpar thekewhBaBethe BRBET beatheNBakb¥rSPEek fidkalor
irregular, a preferred nethod is to introduce the value of Rfiat into the

fol | ovi ngdi@idBAd EydicnMind ek Reletleb s inclific? oxiges Q¥ dhig ~) * d 4

(wherein 8 i'ndicates the angl e of 1nci ceto e outernost |ayer) and

det ' 4G h t] I t . ~,
det or M g M CHGA ik 1501, SORLABYC AP Yo HRBCYRE U ()
val ue of ifg i nt.o fornuI%}Z neans L% carrect .the solutigp of forqpla 1 by

appr oxi maotl?]c ng Fhe n&cs](terli’blﬁ rooﬁmbl‘fm’a@ e e iad'ﬁJtmliW’deerr e Gt 7
mul tilayered-f,iil mcoated powder o the distribution of angles af, |ight
incidencgjﬁhl&ﬁ@'08§ﬁgﬂsﬁgﬁi |, fRgnepiinye @FﬁPﬁat?B& ﬁheghﬁ¥%¢nckness
of each coating | ayer descri bed above can be_efficiently acconplished
throughafFﬁQﬁﬁ%ﬁq%ﬁ?\ﬂﬁqﬁgﬁ(RﬁnﬂHQ§§° skkeBRLERt Py, Meseh EBBPPHRFI Imis
deposited on the base particle so as to result in the filmthickness
det er mi n&FhRF Fharmataddogideriil udsoveta bavidirddesyhaetal Iiiigeshoul d be
noted. In an actual;filn}depositing.egfration for producing a
mul ti | ay &ede ) iJuhidstased qphaderf luar jiaes, npwdailblaa nheoneditducmetal
phosphates, and the like.
Furthermore, a base particle usable besides metallic
ones is compounds, inparticular, oxides, carbides, ornitrides,
of metalloids or nonmetals, such as silica and glass beads.
Other usable inorganic materials include inorganic hollow
particles such as Shirasuballoons (hollowsilicate particles),
hollowcarbonmicrospheres (Kreca Sphere), fusedaluminabubbles,
Aerosil, white carbon, hollow silica microspheres, hollow
calcium carbonate microspheres, calcium carbonate, perlite,
talc, bentonite, micas such as synthetic mica and commonmica,
kaolin, and the like.
Preferred organic materials are resin particles.
Examples of the resin particles include cellulose powders,
cellulose acetate powders, polyamides, epoxyresins, polyesters,
melamine resins, polyurethanes, vinyl acetate resins, silicon
resins, and spherical or crushed particles obtained by the

polymerization or copolymerization of acrylic esters,
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filmdeposition just to the thickness as designed while directly nonitoring
the actual filmthickness, as stated above. In view of this, use may be
made of a method in which in place of nonitoring filmthickness during

afi | mdepositing operation, the wavel ength at which the reflection
intensity for the object coated with each coating |layer is maxinmm or
mnimmis nmeasured with a spectrophotoneter, and at the tinme when the
wavel engt h for maxi mumor mninmumreflection reaches a val ue correspondi ng
to the t fi [ SS il Lti ion, 4 termnated' .
Fbmever,%%%%%ﬁgﬁgggégﬁﬁggg'tﬁgygggg’i§Eg9g§agér?9?ﬂgg%g%ét?5ﬁ§hip bet ween

t he found, val ue . t wavel ength f i 1 pJ Lon and

i m £ hi Setass AN db iR « necBaroat oY oY FLEke T B P bR EEL AN O
depends on the shape . of the particles and the rti,cl ianeter. This poses
a probl eMfth SPHGTHT i IaT?Eyillé: &SI P@Jtéﬁtl?ﬁag%ftﬁé"\ﬁa/gﬂye % for maxi num
or mnimm_reflection neasured with a spectrophotoneter becones 14 t he
target vaUemaHZAtRE of GoraydCedTd REcBaleFPaERe R S &34S9y obt ai ned
does not show the desired reflection intensity at the_desired wavel ength.

It is thereforeEﬁé@Eégéryft6hﬁnﬁhﬁHecﬁﬁr%%ﬁi%ﬁs%aééﬁlﬁﬁet@?hﬂﬁ%ﬁﬁhre of
each coating | ayer, which depends on the shape and di aneter of the base
parti cl e boddtefodeednty shhersort bodies drso tyop isdped tes arl- ¢ - I iBATERT
However, it is preferred to use a nmethod which conprises: coating sel ected
base par ticdlyeedaians cackhctingalect efatahiehopipgds s ipReweids, t Mncknesses
differing gradationally to thereby obtain filmcoated powders for particle
di anet er redrytextrncory somehsas i rippribEhadtarsd, phiacknesdiécdMand azictulsr t he
coating layers of the filmcoated powders for particle dianeter corrections
exan ni n®doehcds f(dybicwiired apanded swisi h aPepdet s apdndd anetef dax tdetlersn ne t he
optical thickness (nd) of each of the coating |ayers of each filmcoated
powder fQf par titekeldi prPéQhl £OrdIeNbe Oxucheher st ushgdtert iélos pfatdie
optical thickness (nd) of each of the coating |ayers of each filmcoated
powder fof1dfaakhble. diZIEiQIgIc eheeeibased arkintppaductuladly Dimited act ual

t hi ckness of the coating |ayer and the real nunber term (n) of conplex
index of iehaetiicaR, difne Pe NdHe BEbIEBLYLNG HAtRe haph ot { 8UEEmdtyest he
value of 2S5 in recurrence formula 1 for determning nultilayered-film
reflectiof idhensddge (o e . d1Nqus RS tIARIIAIOMELI iGndteper ties of the
powder having the coating |ayers; and depositing the coating | ayers so as

to result in theheohg¢keds3RGE1LAPRY! BEBLLEE BbEPRULLHRRdILY base
I ncidental ly, methods for neasuring the actual thickness (dM of each of

the coating | AyRLS t@le F'h' SQ3L £y AL 82595 BRI EbELLAIBIEEr

correction are not particularly imted. It is, howver, preferred to

of each 111 bR Nn RO e rera G IR e ot e eyt el e
i1 m coar i haTSr ATt G Rrfeey Pl W Adu i M et Pl 107 e
ect i ons B o 41 Sar elden SrEEFE, (o raRE SRt R e da e
D1 oper i AV HETEY i MO By HE Tt hot DEEAT U SGVEC FeE SHEATEreg & bri ght
Ul 11 ay GRSRIRRLE [AGH RS Ay EPISGaBLArE BYSFERaDI 52 EBRBRE BBy t he
met hod descri bed above. However, for the nmere cal cul ation of the thickness

of a sing&lt S¥FEeNFm %fécbo*'slil?.e'(‘jilé?m' base particles from spectrophotonetric

properties with a tol erance of about ) . )
The hydrogen peroxide-ammonia mixture solution

containingperoxotitanic acid tobeused inproducing the titania
film-coatedpowder of the invention is not particularlylimited.

It is, however, preferred that this solution have a higher

8



10~, the following fornula 3 may be used, which is derived fromformula 1
when the imagi nary nunber term of conplex index of refraction is 0 and when
j=1 and ~---0. 16 (Formula 3) nd = (k/4)~, ( In the fornula, nis the
real nunber termof the conplex index of refraction of the single-I|ayer
film k is the order of interference; and ~, is peak or valley wavel ength.)
17 Exanpl es The invention will be explained belowin nore detail by
reference to Exanples, but the scope of the invention should not, of

cour se, GORSE R HAs R8T G e d rf Qiikes®, ML (B aguctdon
of Ti t ani ngi | m Coat ed Per nmal | oy Povvdern) Sajfrrp ealS Prepar atll c?n of Buoffer
Solutionégp@hgﬁg guspended Base Particle In deionized water were

2

di ssol ve 9.8 g of potassiumchloride (manufactured by Kanto Chenical Co.,
Ltd.; shika, fi S 1 cal) a 4.7 ¢ oric_acid

(manuf act ur ed b&gkgﬁgg é@ﬁﬁﬁ%&ﬁggigngég;ggﬁ %ief?? %é%g%sgrﬁréﬁg

chem cal w.rhe liquid a nt S I ted to,1 ., Thus, 0.4 nol /L

pot assi u a(,rrﬁl&r“ﬁtfe{]‘g'ohilg‘lg‘éﬁd r#\’%lﬁ?aﬂéigﬁ i ﬁo%ﬂgﬁﬂpﬁaﬁ%rf 2 to as
squtiong%Q was obtai ned. Subsequently, 16.0 g of sodi um hydroxi de

(manuf ac &Pd5kant o Cheni cal Co., Ltd.; shika, first-class grade

chem cal) was dissolved in deionized water and the |iquid anbunt was
adjusted to 1 L. Thus, a 0.4 nol/L sodi um hydroxi de sol ution (hereinafter
referred to as solution B) was obtained. Two hundred granms of solution. A

was mi xed i #h Ehpdbiinsaihighor Baas madisdria la demerating dilitem ity
suspendi ng base particle therein. This buffer solution for suspendi ng base
hydroxide upon mixing with ammonia water only (hereinafter
referredtoalsoastitaniumsource), suchasatitaniumalkoxide,
titanium chloride solution, or titanium sulfate solution, is
mixed with ammonia water and an aqueous hydrogen peroxide
solution to thereby directly prepare the mixture solution.
The valence of the titanium in the titanium source to

be used in the method described above is not limited to 4,

and may be 3. For example, titanium(III) chloride can be used.

(2) A method in which a commercial product in the form of a
yellow transparent solution already containing peroxotitanic
acid, such as trade name “New TAS Fine”, manufactured by Furuuchi
Chemical Laboratories, Ltd., or trade name “PTA Solution”,
manufactured by Tanaka Tensha based on Japanese Patent No.
2,938,376, is mixed with ammonia water and an aqueous hydrogen
peroxide solution to thereby prepare the mixture solution.
In producing the titania film-coated powder of the

invention, the hydrogen peroxide-ammonia mixture solution

9



particle had a pH of 9.1. In this buffer solution was suspended 18 30 g
of 'a flaky permall oy powder (trade nane, 78 Permall oy Flake; manufactured
by Fukuda Foil & Powder Co., Ltd.) having an average particle dianmeter of
17. 4 um (nmeasured with particle size analyzer Mcrotrack HRA Type

9320- X100; manufactured by HONEYWELL Inc.). Thus, a buffer solution

contai ni ng base particle suspended therein was obtai ned. Preparation of
Dropping Liquid A yellow transparent solution containing peroxotitanic acid

1150 0 1 S A BB T

of a 20%$ titaniun chl oride solution ( em cal
Co., Ltd.pasidd+fdred 16! @55 e ' 27..3 g of 28% ammoni.a water
(manuf act ured “by Kant o Eﬁem c%ﬁgé%% Fgggﬂ%ﬁe}jossﬁi%ﬁngﬁﬁggﬂpas chikéde
chem cal ). %? 3 hydr ogen peroxi.de (manufactured by Kanto
Cheni cal JC%fH %gc;lsts)getgﬁg%l&%‘F%%%o%%%ﬁrgaﬁ)?(t%i%eﬁ’ﬁﬁfﬁ?g“wcﬁ}%/ had a pH
of 10.0. ting wWth Titania Film The dropping liquid was wholly added
dropwi se a garlefa%et&%FgmBFriggrﬁfl%l 115001?‘1%531533?1?@% B8F R3 BN SR B i ng
suspended, basge garti cle with stirring, and the resultant m xture was aged
for 2 houPsIf‘ltr‘F] §, titania was yielded fromthe peroxotitanic acid in the
| iquid and deposited on the surface of the base gar;icle,_mhereby t he base
particle were c&it &#e19onNtHAEN/, 27 jadwantady @f hheeinvert hon negsides
stirring was stopped to allow the particle in the suspension to sedinent,
and t he stipEbaittdi fhdn-ferpied refies ionmamae aendyad ecbi behessd iaray
transparent. The particle was further subjected to washing with deioni zed
“wat er by ERIEReEERLR ahdfrorenS drd €70 W WROE@ fhee@inpurts thastain a titania
filmcoated pernalloy powder. Sanples 2, 3, 4, 5, and 6 The sane conditions
as for savprelalersrensieoh igxeepeutral or weakly alkaline state with

a pH of from 7.0 to 12.0.

In the invention, the titanium oxide film formed by
the decomposition reaction of a peroxotitanium complex can
be deposited as a transparent film in combination with one
or more transparent films of a metal hydroxide, metal oxide,
or the like to thereby form a coating film composed of two
or more layers. 1In this case, by regulating the thickness
of each layer of the multilayered coating film (film layers
which cover the base particle and are capable of participating
in light interference), a special function can be imparted.

For example, base particles are coated with many layers
comprising the titania film and films of one or more other
substances to forma light-interference multilayered thin film.

Thus, without using any pigment or dye, the powder can be
colored in a desired bright tint based on wavelength-selective

light reflection.

10



for the anmount of the base particle suspended and the conposition of the
dropping liquid. The anobunts of the base particle suspended and the
dropping liquid conpositions for sanples 1 to 6 are shown in Table 1. Table
1 Anmount of base particle suspended and conposition of dropping |liauid
Amount of base particle (g)Anount of titanium chloride solution 9Anmount of
ammoni a wat er 9Anount of hydrogen peroxi de 9Sam | e 1408. 317.18.3Sam | e
24013. 327. 313. 3Sanpl e 34016. 734. 216. 7Sam | e 43016. 734. 216. 7Sam to 52016. 734

. 216. 7Sanpl e 6446, {his cagé-zit-fé:H%%%§%%$y E&aééfééﬁwbé¥§%§ﬁ§hd the

Spectral refl ect ance curvesobtai ned t exam nation w

S e e R b e R s i R S

Co.. LUd.d; as ShRMLdLEL Bpate1 I8, HibBel i £K0E0 355159004 A S qum peak

of deposition of the coating layers, material of each coating
layer, and desired wavelength of reflected light.

In particular, to select the materials of base particles
and of coating layers means to specify the complex indexes
of refraction of these.

To specify the complex indexes of refraction of the
baseparticleandthecoatinglayersisrelatedtothecalculation
of the coefficient of Fresnel reflection between the layers
and the intensity of amplitude reflection between the layers.

There are cases where selection of a base particle shape
results in the necessity of the correction based on particle
shape which will be described later.

By selecting a particle diameter of the base particle,
the curvatures of the base particle and of the multilayered
film are specified. 1In case where the curvatures thereof are
not specified, it is difficult to conduct the correction of
spectrophotometric properties for film thickness monitoring
which will be described later.

To select the number of coating layers islrelated to
specifying the value of Rgjat Which will be described later.
In the case where the base particle are a flat platy material,
the multilayered-film reflection intensity Rfiat is determined

11



wavel engths in the curves shown in Fig. 1 (assumng that the real nunber
termof the conplex index of refraction of a titania filmwhich had not
under gone heat treatnent was 2.0) and the nagnetizations as determned in
an applied magnetic field of 1 kOe are shown in Table 2. The nagneti zati ons
in an applied magnetic field of 1 kOe were neasured with a sanple-vibrating
magnet oneter (Type TM VSMLO14- MRO-N, manufactured by Tamagawa Sei sakusho
Co., Ltd.). The filmthicknesses were cal cul ated using the foll ow ng

equat i on.nd; = = 1S, t I r 1 .0f i ndex of
rgfracti o%po%n%]ﬁéék%ﬁrgﬁi%ﬁ?i?%ﬁféi%f]mgol?%%ﬂoflié\f??%%@n%léaﬁe ~, 1S
peak or v . bl e Filmthickness calcul ated from
peak and g%%ﬁ%&mggégg%%%f |ar]1Ctsl§e try n%?%nf?g]gpg%&gg Y Hntt RN i zat i on
in applied netic fie of 1 kOe Filmthickness .(n netizatjion in

appl i ed n%%ﬁggpélﬁ:ilg%o%ghf %tl(rlﬁrgf‘ﬁ?%ﬁsg‘ 'ad'l(seggg%%sﬁ‘?ﬁﬁ’%ctiﬂ‘é%& 4Sam
| e 26457. 7Sanpl e f7957. 3?a | e 410856. 6Sam | e 517955.3 -Sam | e 698835.5
EXAMPLE 2°9®% tRAIct3 ¥Rt Bf q‘??%%?’é ik R edprmerien) 1 ranf rRRiered sanpl e
1 Preparation of Buffer Solution Containing Suspended Base Particle Forty
grans of “W¥pherytlpfiredd esdnderi ghtrwkchhaie besn splaftad e kereaBASE AG
having an_average particle diameter of 3.3 pm (neasured by BASF AG was
suspendedinto the ek ievingrgcusience fuEpeifdl mgdbaesvpag tihel Eermbtai ned in

Exanple 1. Thus, a buffer solution containing base particle suspended
therein was obtained. Preparation of Dropping Liquid A yellow transparent

dropping liquid containing peroxotitani ac_i_ Vaseao al % by mxing 10.0 g
of a 20~ f{Femmalany) ! | | ) chl oR'JdS ,soilmﬂj Qgﬁmmﬁg&_ L.éd by Kanto

- + []
Chem cal 22 1+rj+lJR_|J-l cxp(_zlaj)

4n
26J - —i._njdj cos¢,

(In the formula, Ry+1,y: amplitude reflection intensity
between the “j”th layer from the lowest layer and the layer
directly overlying the same,

j: integer of 1 or larger (Jj-1=0 indicates the base),

i: imaginary number unit,

ry+1,4: Fresnel reflection coefficient for the interface
between the "j"th layer from the lowest layer and the layer
directly overlying the same,

Rhid:amplitudereflectionintensitybetweenthe"j-l"th
layer from the lowest layer and the layer directly overlying
the.same,

284: phase differenlce in the “j”th layer from the lowest
layer,
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Co., Ltd. shika, first-class grade chemcal), 20.5 g of 28~ anmoni a wat er

(manuf actured by Kanto Chemical Co . , Ltd. ; shika, first-class grade
chemcal) , and 10. 0 g of 31~ hydrogen peroxi de (rmanufactured by Kanto

Chem cal

of 10.0. Coating with Titania Film The dropping liquid was whol |y added
dropwise at a feed rate of 1.5 nLImn to the buffer solution containing
suspended base particle with stirring,
for 2 hours. Th§§,d EH%@
| iquid and deposited on

Co., Ltd.; special grade chemcal). This dropping liquid had a pH

aseé pa

particle were coat egoﬁggir%}f g]ri[edset)?%'f?}tléﬂ%tfgﬁ ok tt?&(;% agi"ﬂﬂ’ 1%9& SJ‘#C{HL

stopped to al |l ow

f he € suspensi on sedi mren an

ved.  The supernatant was col orl ess and transparent.

super nat [

particlega&%rgﬁq?ﬁﬁrl?y%ﬂmjected to washing with deioni.zed water by
decantation and then dried at C {9y hours to obtain a tjtania

fil mcoated i rorquoa?jje?].(n%'ﬁ‘f‘rﬁéigf aﬁdté ll%%gﬁé?mcghﬁi f?%ﬁ%L 2% sanpl e

1 were used, except for the conBosition of the dropping Iiquid. The

dr oppi ng |i qui d®conPpBElei Bhs1ig

Tabl e 3 Conposition of droaaina |iauid Amount of Anbunt of Anobunt
of ti t ani urRFmMEASHy dkd¢RAchl or i dewat er per oxi desol ut i on(g) (g) (g) Samp

110. 020. 510. 0Sanpl e 215. 030. 815. 0Sam | e 320.041. 020.0 Eval uation Results
5pectralreflectg§$@

os\sr vEgBbicnTRas timpulhe exthvismaiterined value of

multilayered-film reflection intensity Rfiat basé‘d on the shape
of the base particle are not particularly limited. However,
in the case where the particle shape is spherical, nearly
spherical, or irregular, a preferred method is to introduce

the value of Rgiat into the following formula 2:

(Formula 2)

R(A) = f sin 26 - R, (A,6)- d6

(wherein 6 indicates the angle of incidence to the outermost

- layer) and determine the thickness of each coating layer so

that the value of R(A) becomes maximum or minimum at the desired
wavelength. To introduce the value of Rt into formula 2 means
to correct the solution of formula 1 by approximating the
distribution of angles of light incidence on the
multilayered-film-coated powder to the distribution of angles

of light incidence on one coated hemisphere.
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with a spectrophotoneter for ultraviolet/visible/nearinfrared regions (Type
V-570 with integrating sphere Type ILN-472; manufactured by Japan
Spectroscopic Co., Ltd.) are shown in Fig. 2. The filmthicknesses
cal cul ated from peak and bottom wavel engths in the curves shown in Fig. 2
(assuming that the real nunber termof the conplex index of refraction of a
titania fil mwhich had not undergone heat treatnent was 2.0) and the
magneti zati ons as determned in an applied magnetic field of 1 kOe are
shown in Tabl e 4, TherBRGNELE i i LR E_[%q{l LC.Li 1 kOe
were nmeasured wt Y a sarrp?e- v%ﬁgg?\%éﬁa}%&etomﬁg? ( ypgg%’lq\&/ﬁbgﬁjﬁ%i%NRON;
manuf act u i sakus o), Ll mthi.cknesses were
cal cul at e%&%csf%%éf@@ggg’gl (‘)Sﬁ%hngg%qugg%%éntilg gﬁagﬂs&;ﬁb?d( H:I}rsoqqib % eal
nunber termof the conplex index of refraction of the titanja fi K is

| et JubReghepat Hlaie s

the order>BFUtRYEP? et s SoHEUteT-g REGPERLIY eye 3Bl eFRAGERY)
Fil mthickness calculated from peak anpd bottom wavel engt hs in spectral
refl ect ant® %R%%ﬁf%ﬂ% h&t P8R BRTFACRRNTS &F rRghesid tr Bl BP8f fHlmee Film
t hi ckness,_ (nm) Magneti zation in applied magnetic field of 1 kOe enul g) Base
particl e $ debernmete B are bpies gvider alyepLE 3
(Production of Permall oy Powder Coated with Silical/Titania Two-Layer Film
Sanpl e 1 Prepar dlawsyest: bihepdiodd omilge ¢howdl dCbet pagedict hIsi #ncactialn Fi ve
grams of sodiumsilicate (manufactured by Kanto Chemcal Co., Ltd.; shika,
first-clabslyrdeoshemgadyeprision for producing a

multilayered-film-coated powder, it is impossible to conduct

film deposition just to the thickness as designed while directly

monitoring the actual film thickness, as stated above. 1In

view of this, use may be made of a method in which in place

of monitoring filmthicknessduringa film-depositingoperation,

the wavelength at which the reflection intensity for the object

coated with each coating layer is maximum or minimum is measured

with a spectrophotometer, and at the time when the wavelength

for maximum or minimum reflection reaches a value Corresponding

to the target film thickness, the film-depositing operation

is terminated.

However, in the case where the base is a powder, the
relationship between the found value of the wavelength for
maximum or minimum reflection and film thickness changes with
the curvature of each coating layer, which depends on the shape
of theparticles andtheparticle diameter. Thisposesaproblem
that when films are deposited so that the wavelength for maximum

orminimumreflection measured with a spectrophotometer becones
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di ssolved in deionizedwater, and the |liquid anobunt was adjusted to 100 g.
Thus, a dropping liquid for coating with a silica filmwas obtained. 25
Preparation of Buffer Solution Containing Suspended Base Particle Forty
grans of the sanme flaky pernmall oy powder as that used in Exanple 1 was
suspended in the buffer solution for suspendi ng base particles obtained in
Exanple 1 . Thus, a buffer solution containing base particles suspended
therein was obtained. Coating with Silica Film The dropping liquid for

silica fitHa coatddty wesuaddadedrtHavnSel d N AR it ifcodrl HAldex f eed
rate of 1.0 nL/mn to the buffer solution containing suspended base

parti ¢l ese i1 $obksiAdd AUk hE NESHhaMed pddiEer YBSLROR RS fipur's

Thus, silica wds yielded fromthe sodiumsilicate In the |qU| an

depOSI tedat‘?'ﬂhylﬁessﬂré ng;L fﬁfhbasft rttkfe(ije%brg}? @@é’ fytga&ﬁlcﬂ% icle

were coated wth a 5| Af t'er he agin i'ng was Stopped

was T eVt e o He a%v&a@%’{%‘#%sé9 ﬁ{ PEALS aﬁeﬂﬁeﬁh?@i&?ﬂ?&
then dri GBS 1gfe 2 ] S“'ra”c% P P oy e SR P el | 83 e
oo oo o o ol S Rt R P s v
per oxot | taf-IrgwCevaeCrI,d 1%Slso%rae!fneerdrec¥ to use a method which comprises:
coating selected base particles with each of selected coating
layers inseveral thicknessesdifferinggradationally to thereby
obtain film-coated powders for particle diameter correction;
measuring the actual thickness (du) of each of the coating
layers of the film-coated powders for particle diameter
correction; examining each film-coated powder with a
spectrophotometer to determine the optical thickness (nd) of
eachof thecoating layersof each film-coatedpowder forparticle
diameter correction; determining the ratio of the opticél
thickness (nd) of each of the coating layers of each film-coated
powder_for particle diameter correction to the product (ndu)
of the actual thickness of the coating layer and the real number
term (n) of complex indexof refraction, i.e., nd/ndy; multiplying
the ratio (nd/ndy) by the value of 28§; in recurrence formula
1 for determining multilayered-film reflection intensity to
correct the spectrophotometric properties of the powder having
the coating layers; and depositing the coating layers so as
to result in the corrected spectrophotometric properties.
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mxing 5.0 g of a 20% titanium(I11) chloride solution (manufactured by
Kanto Chem cal K Co., Ltd.: shika, first-class grade chemcal), 10.3 g of 28~
anmoni a water (manufactured by Kanto Chemical Co . , Ltd. ; shika,
first-class grade chemcal ) , and 5. 0 g of 31~ hydrogen peroxide

(manuf actured byKanto Chem cal Co., Ltd. special grade chemcal). This
dropping liquid had a pH of 10.0. Preparation of Buffer Solution Containing
Suspended Silica FilmCoated Powder Thirty granms of the silica filmcoated

powder obt ai ned Iintidet@n 146 SRty 8ho R MRS itsReadeduhn tiemdder
solution for suspendi ng base particles obtained in Exanple 1. Thus, a

buf fer solghi 8% eqphabfifige iatSing 48yillsT 08k & de PSS 2 SIS RENARA- 4 her ein

was obtained. Coating with Titanic FiIm The dropping liquid for titanic

buffer solution contalning esuspen nrcoate

Wthstirri a resultant m.xture was far 2 hours . .Thus
titanic vvaf;tgg'/is’éI@lg)ev}(f%eﬁrdn??%%ef)lé?%%&lfl?%%'ilﬁe gg‘lggldrﬁcqfrheesﬁ Bguﬁ)ﬁﬁwr&posi ted
on the surface of the silica filmcoated powder, ere he silica
fil mcoat®tf %roﬂg?%%%t g)ﬂ GPERIBt Pﬁé%il\gq?rsl i f?cwélthjé?'cf%t%ﬁbi ng,
the stirring,was_stopped to allow the particles in the suspension to
sedi nent ,p%vg%elf h%o’étﬁg&?tﬁacfja%t et eGP yper nat ant was col orl ess
and transparent. The particles, were further subjected to washing with
dei oni zed wat er UP B EFUSENGn e PeeRe hEHR) BFOSEsE20€E FUF thergir&ing obtain
a pernallgﬁ powder. coated with a silica/titania two-layer film Sanples 2,
3, and 4 h@arhkc ke eift Fhast bkntepattefavderngeforugentieke eptamefer he
conposition of the dropping liquid for coating with a titanic film The
conpositiQﬁﬁﬁQﬁt¥¢ne%ﬁcﬁﬁﬁé&Fﬂ¢¢uﬁQ@ the measutendnl mddie metfuwal sanples 1
to 4 are shown in Table 5.

thickness (du) of each coating layer because the sections are

clear.

Subsequently, a multilaYered—film—coated'powder is
produced so that each coating film has the corrected
spectrophotometric properties determined by the method
described above.

For obtlaining a bright powder colored in a desired tint
by coating with a light-interference multilayered thin film,
multilayer coating is preferably conducted by the method
described above. However, for the mere calculation of the
thickness of a single-layer film deposited on base particles
from spectrophotometric properties with a tolerance of about
10%, the following formula 3 may be used, which is derived

from formula 1 when the imaginary number term of complex index

of refraction is 0 and when j=1 and ¢=0.
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Tabl e 5 Conposition of drooping liquid for titanic film coating Arount of
ti.tanium chl ori de sol uti onAnount of ammoni a water (g)Anmount of hydrogen
per oxi de (g) Sanpl e 15.010.35.0Sam |l e 26.713.76.7Sam | e 38.317.18. 3anpl e 4~
10.0 ~20.5r 10.0 Evaluation Results Spectral reflectance curves obtained

t hrough exam nation with a spectrophotoneter for

ul traviol et/visiblel/nearinfrared 28. regions (Type V-570 with integrating
sphere Type I LN-472; manufactured by Japan Spectroscopic Co., Ltd.) are
shown in Fig. 31F@Q%quig?nesses of the B'|gs(myafxcalculated by subj
ecting the curves in the figure to curve fitting to values of spectral

refl ectance curve cal cul ated based on the Fresnel theory on the assunption
that the conplex index of refraction of the permalloy was 2.1-4.0i, which

is equal to that(Iﬂftﬁ'ﬁé%@m%@\iﬂ{%’sﬁ&ﬂg?ﬁ;ﬁ n&ﬁ%’é‘roéehh%fcm?ﬂg'rea drglex of

refraction of the silica ergone heat nment was

1.5, and e er..ter the. | ex. ind f refraction of the
titania ffll{]c%}g/moféch %Cﬁ% ur?&ngSSnglﬁggE'?%S?nﬁ%Bm% > gt&lel'hoer ¢4l cul at ed
val ues of fi]lmthickness and the nagnetizations as determ ned in an applied
magneti ¢ 95 et rLarengeiarand fovid iRetame V&1 e WA & Jons in an
applied magnetic filed of 1 kGCe were neasured with a sanpl e-vibrating
magnet oneter (Type TM VSML014- MRO-N; nmanufactured by Tanagawa Sei sakusho
Co., Ltd.).
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29 Table 6 Filmthickness cal cul ated from peak and bottom wavel engths in
spectral reflectance curve and magnetization in annlied magnetic field of 1
kQe Filmvagnetization in appliedthicknessmagnetic field of 1 kOe(nm
-(enul g) Base particl eb59. 6After coating with6157.5silica filmas firstl
ayer (for each sanple)Sanple 124 -56.2Sam | e 232 _55. 8Sanpl e 34555. 2Sanpl e
45654. 7 EXAMPLE 4 (Production of Titania Fil m Coated Cal ci um Carbonate
Powder ) Sanple 1 Preparation of Buffer Solution Containing Suspended Base
Particl e Heamgneds of a heavy cal ci um carbonate powder (trade nanme, Tankaru
F#300; manufactured by Nittetsu Mning Co . , Ltd. ) having a |lightness L*
of 96.74 (nmeasurg@d Wrivkntee! WARNOLRMRER 2 1VRE ¥el 6% K8 more detail
ultraviol et/visible/near infrared regions, equipped with integrating sphere
Type | LN : factun op} - - ended
yp W%ef@%‘r'lc% ty Eﬁgnﬁle@pgﬂt tg"g%%% &F cﬁh@lgvéﬁgléni T P

in the buftTer solution for spendi ng base particle obtaine nple 1.

Thus, a er.so j t se ticl S d erein was
obt ai ned.bﬁ%% O%rééég‘g% ( gt%@o%5 %%b%‘?gai%%@;% %\E/)vectrbr gtﬁlks%)%'ent dr oppi ng
i quid containing peroxotitanic acid was obtained by mxing 15.0 g of a 20~

titanium ( | | ) chloride solution (manufactured by Kanto Chem cal Co.,
t

I
Ltd.; shi j -cl as rade m cal )., 30. of, 28~ i a ter
( manuf act %iKaﬁl%Bo%h%H%%P%g{g_aql%Fafngg%FRg,PeFF@gm In%%"%‘x\%? hde
chem cal %ﬁn fmd 15.0 g of 31~ hydrogen peroxide (nmanufactured by Kanto
Chem cal up €t ; special grade chemcal). This dropping liquid had a pH
of 10.0. Coating with Titania Film The dropping |iquid was whol | y added
dr opwi se Bferaraktrn atd JHuifer nSedigies tclg@tb%ﬁmbl?g s§P§Pﬁ6ﬁeéior%§ﬁ‘¥li ng
suspended_base particle with stirring, and the resultant m xture was aged
for 2 houﬁ’%’:’tmhﬁ%, titania was yielded fromthe peroxotitanic acid in the
i quid and deposited on the surface of the base particle, whereby the base
particle were cdat ¢iwnizes matgn werel disapileedt A8. Bginef RIeassivmi ng was
stopped to allow the particle in the suspension to sedinent, and the
super nat aghlowbde efapdfagheredpbyn¥eato Whendgladr (Gsss ditetl tir asisbleaent .

firsf—class grade chemical) and 24.7 g' of boric acid
(manufactured by Kanto Chemical Co., Ltd.; shika, first-class
grade chemical). The liquid amount was adjusted to 1 L. Thus,
a 0.4 mol/L potassium chloride-boric acid mixture solution
(hereinafter referred to as solution A) was obtained.

Subsequently, 16.0 g of sodium hydroxide (manufactured
by Kanto Chemical Co., Ltd.; shika, first-class grade chemical)
was dissolved in deionized water and the liquid amount was
adjusted to 1 L. Thus, a 0.4 mol/L sodium hydroxide solution
(hereinafter referred to as solution B) was obtained.

Two hundred grams of solution.A was mixed with 80 g
of solution B to prepare a buffer solution for suspending base
particle therein. This buffer solution for suspending base

particlehadapHof 9.1. In thisbuffer solution was suspended
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The particles were further subjected to washing with deionized water by
decantation and then dried at 120C for 2 hours to obtain a titania

fil mcoated cal cium carbonate powder. 31 Eval uati on Results The anmpunt of
the titania filmdeposited was 10 wt~. The |ightness L* obtained through
exam nation wth a spectrophotoneter for ultraviolet/visible/near infrared
regions (Type V-570-with integrating sphere Type |ILN472; manufactured by
Japan Spectroscopic Co., Ltd.) was 97.65. Industrial Applicability The
titania f36nycentedspowg eaﬁ'éilwf PERESS S dPOGHET B 1B RAMR, P! T he

i nvention have advantages that a |In}forn1ng reaction canbe conducted at

AN OO N Ya keI & Hled BYTFaKA, 2P0 1Y Ip%da%%pbﬁg LRRNE RAEI S

suspension In a neutr or weak ine state wit

12,0, anday hafor ahn%x?egcfggla% Quggryy Wl %1&“&%1 RILedl blged' n aci d

envi r onment use as a ase ase ca with a
filmw thout alterin her mor titanLa flln} oat ed
powder an% %)? Oacréaz‘.gy%%:r (ﬁar?d( ﬁﬁg‘ g g?zbﬂ}éipﬁvéﬂ?% acB‘éE%@ i ch
dlssolve er_acid conditions with a pHof 5 or | qQwer, such as, a .
., cal cﬁ%ﬁ%@?ﬂ%n&?% ) carf WS rude pudL ern §0 aﬂécéoﬁarctoin&aén&é‘gl &#&SS ron
pomders and the like which are highly corrodible in acid environnents. 32
O ai ns 1.P2rE1¢hei suspended e ebndias Qi ingthg a base particle having
provided thereon at least one titania film wherein the base particle is
coated with the titania filmby suspending the base particle in a buffer
solution having a pHof from7.0 to 12.0 to obtain a suspension, and adding
a hydr ogePr $R2 Bt Hen a@foPF @PPA T Uk eIt ut i on cont ai ni ng peroxotitanic acid
to the suspension to thereby regulate a titania deposition reaction induced
by deconpositi ol yelihy pranxerrenihiso ladiion aonheisisgarsiomt2iamie
titania fil mcoated powder according to claim1l, wherein the hydrogen
per oxi de- awednihe renafitersoefiervad dontai dropp ey ddetiitdnivesashithhmsd a pH of
from7.0 to 12.0. 3. The titania filmcoated powder according to claim 1,
wherein tihe hitimgaldi3d ng ot tdne2 basel tpaiiunt ( EL hasclal d i dk nesbutofod rom 10 to
1,000 nm 4 . A process for producing a titania filmcoated powder
conpri si ngmanbfsetpesd ikt Hah&vi Ogepi oxl did, t hedegnsAtiikheasirotieciasani a
film which conprises suspending a base particle in a buffer solution
havi ng a gthdé cheamidaD) f 27123 Og t®f abd R dnmkorsits pediSé © N(mandlf ekt ngd a
hydr ogen per oxi de-ammoni a m xture 33 sol ution containing peroxotitanic
acid to thekanspelsdniicd10cs heLedy ;ragiat eiast-eaaks gdeRRsthémica BRCt | on
i nduced by deconposition of the peroxotitanic acid in the suspension, and

to coat tiedbBsespgrdt ches Mydrsgdn tpdiok{dd n)ma'fnuﬂ@mpfé@aﬁ ke produci ng

atitania filmcoated powder according to claim4, wherein e hydrogen

]perOXI7 dg ?1&@@:[‘&@1 et Hree &0} Udhadi £PNGPAdd NEh &R OXOf | t aliG ichdiay @ pH of
rom (0] .

liquid had a pH of 10.0.

Coating with Titania Film

The dropping liquid was wholly added dropwise at a feed
rate of 1.5 mL/min to the buffer solution containing suspended
base particle with stirring, and the resultant mixture was
aged for 2 hours. Thus, titania was yielded from the
peroxotitanic acid in the liquid and deposited on the surface

of the base particle, whereby the base particle were coated
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6. The process for producing a titania filmcoated powder according to
claim4, wherein the titania filmon the base particle has a thickness of
from10 to 1,000 nm 34
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g10% & ()-z10%& ()-:!10& ()-31 of) - | 9109z water- VHi K-|' peiodde’ ()|- Y
9810% & () - #10%& () -1 10%& () - M 10%&gf) - : ! 10%& (gy ' ! 10% & (g) ! Ti K- S5! 10%
z& ()-L3 & T3t rlﬁa&()-Y - ¥

1100 & (SR8 e (V. 11 980e e (Vv M aBBe () pbikssibopely 183
109B& () | Qanpe () - 10z40z10z; 13.3 27.3 13.3

s10% & () -Smple® & () - 7: 400% & (|) - MLaHE:7K10%B4 () -34.99B&'|() - 16.7
- 1 - 7

"1098& () 0B rTOYBE (Jafig— 17 O TOY8& 10B
10B 10By; eyl 167 34.2 f&r-

Sample 20 16.7 34.2 16.7

Sample 6 4 16.7 34.2 16.7
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--1099& ()-*910%& ()-(9!'10%& ()-Y &L0%& ()-$10%0& ()-3" 10%& ()-9ndE:/
10T 10Ty; s10%& ()-s99! 10%& ()- Y791 10%& ()-1 @TL0%& ()-93!1090& () -
17109%0& ()-w. oPl/ ;s10%& ()-@M 10%& () -!

% !10%90& ()-!"110%9& ()-!!10%g& ()-f!10%& ()-3 10T !"#}xV7

& M 10% &&¢a bt 1OYRRES (e M 10%z& ()-!:110%z& ()-!f 10%z& ()- 10g 10g
10gp~\: !'fM 10%99& ()-m fM 10%g& ()-m fM 10%g& ()-nf M 10%g& ()-m 10z 10z

10z;s10% & () - 1 "spde@la 140 1% ance curves obtained through examination
wiUnaspectrophotometerforu}traviolet/visible/nearinfrared
regions (Type V-570 with integrating sphere Type ILN-472;
manufactured by Japan Spectroscopic Co., Ltd.) are shown in
Fig. 1.

The film thicknesses .calculated from peak and bottom
wavelengths in the curves shown in Fig. 1 (assuming that the
real number term of the complex index of refraction of a titania
film which had not undergoné heat treatment was 2.0) and the
magnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 2. The magnetizations in an applied
magnetic field of 1 kOe wére measured with a sample-vibrating
magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa
Seisakusho Co., Ltd.). The film thicknesses were calculated
using the following equation.

nd k/4A

(n is the real number term of the complex index of

refraction of the titania film; k is the order of interference;

and A is peak or valley wavelength.)
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96!10%&&'&)-!‘!10%m*nf&f()-‘!10%&&' )- ! & TOOWMME () -1 ***** 44, -~ =

11 M 10%zz&aPle-21 Fivethiqkness calculated &rom peak anddpiom)waldengtos in0z, ;

t10%& () spédttdl/iréfidflance turve antiagletiatieh i 4Ppiled 0ol 3 106
\sllgoo/%&(% !_I) 10%. 2. & ()-T)Fhrmi{%ﬁnégéruuﬁgﬁaf%wwo-
S 1100TE () -1 109& () - ! '|! 109BVEWER) - | 1006 &Magretisiivibefb kOen

@O%@ ()L 910%@& ()-y! 10%@& ()-s! 10%@& ()-3Y ! 10%a ((hmuflO%a@ () -

Base particles 59.6

Sample 1 46 58.4

Sample 2 64 57.7

Sample 3 79 57.3

Sample 4 108 56.6

Sample 5 179 55.3

Sample 6 988 35.5

EXAMPLE 2 (Production of Titania Film-Coated Spherical Iron
Powder)
Sample 1
Preparation of Buffer Solution Containing Suspended Base
Particle

Forty grams of a spherical iron powder (trade name,
ES; manufactured by BASF AG) having an average particle diameter
of 3.3 um (measured by BASF AG) was suspended in the buffer
solution for suspending base particles obtained in Example
1. Thus, a buffer solution containingﬂbase,particie suspended

therein was obtained.

Preparation of Dropping Liquid
A yellow transparent dropping liquid containing
peroxotitanic acid was obtained by mixing 10.0 g of a 20%

titanium(III) chloride solution (manufacturedbyKanto Chemical
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10907&' () - <Mkj <<<<=}*?YNC @ 0$s10%& ()-#:!109T& () -

| @O%T& ()-0" 10%& ()-!q 109%& ()-9! d0 109%&' ()- 9=F=" ====/ >dEYNC @LOl
F1z1090°& Cp-,/ LOETE &hika; ! 10PFR ¢)ass ﬁﬁméfc%h(e}maaﬂo‘@% gy of 28%
' 1090& () -/ >l >v>>>>>>>dYNC @O0 10T 10T 10T; 1094& () - 9&109a&”() -

| 7f 109078 Gmbh18%WR &) (h3ALEQTErEX Wﬁéﬁta’%?r?e%{'\&l@g.l@@c% () 5Nika,
first—classgradechemical),anle.Og;of31%hydrogenperoxide

(manufactured by Kanto Chemical Co., Ltd.; special grade

chemical). This dropping liquid had a PH of 10.0.

Coating with Titania Film

The dropping liquid was wholly added dropwise at a feed
rate of 1.5 mL/min to the buffer SOlution containing suspended
base particle with stirring, and the resultant mixture was
aged for 2 hours. Thus, titania was yielded from the
peroxotitanic acid in the liquid and deposited on the surface
of the base particle, whereby the base particle were éoated
with a titania film.

After the aging, the stirring was stopped to allow the
particles in the suspension to sediment, and the supernatant
was removed. The supernatant was colorlesé and transparent.

The particles were further subjected to washing with
deionized water by decantation and then dried at 120°C for

2 hours to obtain a titania film-coated iron powder.

Samples 2 and 3
The same conditions as for sample 1 were used, except
for the composition of the dropping liquid. The dropping liquid

compositions for samples 1 to 3 are shown in Table 3.
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Table 3 Composition of dropping liquid

Amount of Amount of Amount of
titanium ammonia hydrogen
chloride water peroxide
solution (9) (9)

(9)
| Sample 1 10.0 20.5 10.0
Sample 2 15.0 30.8 15.0
Sample 3 20.0 41.0 20.0

Evaluation Results

Spectral reflectancecurvesobtained throughexamination
with@aspectrophotometerforultraviolet/visible/nearinfrared
regions (Type V-570 with integrating sphere Type ILN-472;
manufactured by Japan Spectroscopic Co., Ltd.) are shown in
Fig. 2.

The film thicknesses calculated from peak and bottom
wavelengths in the curves shown in Fig. 2 (assuming that the
real number term of the complex index of refraction of a titania
film which had not undergone heat treatment was 2.0) and the
magnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 4. The magnetizations in an applied
magnetic field of 1 kOe were measured with a sample-vibrating
magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa
Seisakusho Co., Ltd.). The film thicknesses were calculated

using the following equation.
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910%& () - dXXX YﬁYX¥Y¥%E eal number term of the complex index of

refraction of the titania film; k is the order of interference;

and A is peak or valley wavelength.)

Table 4 Film thickness calculated from peak and bottom wavelengths in
_spectral reflectance curve and magnetization in applied magnetic field of 1 kOe

Film thickness (nm) Magnetization in applied
magnetic field of 1 kOe
. (emu/g)
Base particle 47.9
Sample 1 46 47.3
Sample 2 64 47.0
Sample 3 79 451

EXAMPLE 3 (Production of Permalloy Powder Coated with

Silica/Titania Two-Layer Film)

Sample 1

Preparation of Dropping Liquid for Coating with Silica Film
Five grams of sodium silicate (manufactured by Kanto

Chemical Co., Ltd.; shika, first-class grade chemical) was

dissolved in deionizedwater, and the liquid amount was adjusted

to 100 g. Thus, a dropping liquid for coating with a silica

film was obtained.
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The dropping liquid for silica film coating was added
dropwise in an amount of 75.0 g at a feed rate of 1.0 mL/min
to the buffer solution containing suspended base particles
with stirring, and the resultant mixture was aged for 2 hours.
Thus, silica was yielded from the sodium.silicate in the liquid
and deposited on the surface of the base particle, whereby
the base particle were coated with a silica film.
After the aging, the stirring was stopped'to allow the
particles in the suspension to sediment, and the supernatant
was removed. The supernatant was colorless and transparent.
The particles were further subjected to washing with
deiohized water by decantation and then dried at 120°C for
2 hours to obtain silica film-coated permalloy powder.
Preparation of Dropping Liquid for Coating with Titania Film
A yellow transparent dropping liquid for titania film

coating which contained peroxotitanic acid was obtained by
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mixing 5.0 g of a 20% titanium(III) chloride solution
(manufactured by Kanto Chemical Co., Ltd.; shika, first-class
grade chemical), 10.3 g of 28% ammonia water (manufactured
by Kanto Chemical Co., Ltd.; shika, first-class grade chemical),
and5.0gof 31% hydrogenperoxide (manufacturedbyKanto Chemical

Co., Ltd.; special grade chemical). This dropping liquid had

a pH of 10.0.

Preparation of Buffer Solution Containing Suspended Silica
Film-Coated Powder

Thirty gfams of the silica film-coated powder obtained
in a step described above was suspended in the buffer solution
for suspending base particles obtained in Example 1. Thus,
a buffer solution containing the silica film-coated powder

suspended therein was obtained.

Coating with Titania Film

The dropping liquid for titania film coating was wholly
added dropwise at a feed rate of 1.5mL/min to the buffer solution
containing the suspendedsilica film-coatedpowderwithstirring,
and the resultant mixture was aged for 2 hours. Thus, titania
was yielded from the peroxotitanic acid in the liquid and
deposited on the surface of the silica film-coated powder,
whereby the silica film-coated powder was coated with a titania

film.
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After the aging, the stirring was stopped to allow the
particles in the suspension to sediment, and the supernatant
was removed. The supernatant was colorless and transparent.
The particles were further subjected to washing with
deionized water by decantation and then dried at 120°C for
2 hours to obtain a permalloy powder coatedwith a silica/titania
two-layer film.
Samples 2, 3, and 4
The same conditions as for sample 1 were used, except
for the composition of the dropping liquid for coating with
a titania film. The compositions of the dropping liquids for

titania film coating for samples 1 to 4 are shown in Table

5‘

Table 5 Composition of dropping liquid for titania film coatin

Amount of Amount of Amount of
titanium ammonia hydrogen
chloride water peroxide

“solution (9) (9)

(9)
Sample 1 5.0 10.3 5.0
Sample 2 6.7 13.7 6.7
Sample 3 8.3 17.1 8.3
Sample 4 10.0 20.5 10.0

Evaluation Results

Spectral reflectance curvesobtained through examination

with a spectrophotometer for ultraviolet/visible/near infrared
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mo% & ()-h The thicknesses of the filmswere calculatedbysubjecting
the curves in the figure to curve fitting to values of spectral
reflectance curve calculated based on the Fresnel theory on
the assumption that the complex index of refraction of the
permalloy was 2.1-4.0i, which is equal to that of nickel, the
real number term of the complex index of refraction of the
silica film which had not undergone heat treatment was 1.5,
and the real number term of the complex index of refraction
of the titania film which had not undergone heat treatment
was 2.0.
The calculated values of film thickness and the
magnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 6. The magnetizations in an applied
magnetic filed of 1 kOe were measured with a sample-vibrating

magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa

Seisakusho Co., Ltd.).
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Base particle 59.6
After coating with 61 57.5
silica film as first
layer
(for each sample)
Sample 1 24 - 56.2
Sample 2 32 . 55.8
Sample 3 45 55.2
Sample 4 56 54.7

EXAMPLE 4 (Productionof Titania Film-Coated Calcium Carbonate

Powder)
Sample 1
Preparationlof Buffer Solution Containing Suspended Base
Particle

Ten grams of a heavy calcium carbonate powder (trade
name, Tankaru F#300; manufactured by NittetsuMining Co., Ltd.)
having a lightness L* of 96.74 (measured with spectrophotometer
Type V-570 for ultraviolet/visible/near infrared regions,
equipped with integrating sphere Type ILN-472; manufactured
by Japan Spectroscopic Co., Ltd.) was suspended in the buffer
solution for suspending base particle obtained in Example 1.
Thus, a buffer solution containing base particles suspended

therein was obtained.
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Coating with Titania Film

The dropping liquid was wholly added dropwise at a
feed rate of 1.5 mL/min to the buffer solution containing
suspendedbase particlewith stirring, and the resultant mixture
was aged for 2 hours. Thus, titania was yielded from the
peroxotitanic acid in the liquid and deposited on the surface
of the base particle, whereby the base particle were coated
with a titania film.

After the aging, the stirring was stopped to allow the
particle in the suspension to sediment, and the supernatant
was removed. The supernatant was colorless and transparent.

The particles were further subjected to washing with
deionized water by decantation and then dried at 120°C for

2hours toobtainatitania film-coatedcalciumcarbonate powder.
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The lightness L* obtained through examination with a
spectrophotometer for ultraviolet/visible/near infrared
regions (Type V-570 with intégrating sphere Type ILN-472;

manufactured by Japan Spectroscopic Co., Ltd.) was 97.65.

Industrial Applicability

The titania film-coated powder and the process for
producing the same of the invention have advantages that a
film-formingreactioncanbe conductedat anordinary temperature
of from 5 to 50°C while keeping a base particle suépension
in a neutral or weakly alkaline state with a pH of from 7.0
to 12.0, and that even when an iron powder, which is highly
corrodible in acid environments, or the like is used as a base,
this base can be coated with a film without altering the base.
Furthermore, in the titania film-coated powder and process
for pfoducing the same of the invention, bases which dissolve
away under acid conditions with a pH of 5 or lower, such as,
e.g., calciumcarbonate, canbe used as the base particlebesides
iron powders and the like which are highly corrodible in acid

environments.
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wherein the base particle is coated with the titania
film by suspending the base particle in a buffer solution having
-a pH of from 7.0 to 12.0 to obtain a suspension, and adding
“a hydrogen peroxide-ammonia mixture solution containing
peroxotitanic acid to the suspension to thereby regulate a
titania deposition reaction induced by decomposition of the

peroxotitanic acid in the suspension.

2. The titania film-coated powder according to claim
1, wherein the hydrogen peroxide-ammonia mixture solution

containing peroxotitanic acid has a pH of from 7.0 to 12.0.

3. The titania film-coated powder according to claim
1, wherein the titania film on the base particle has a thickness

of from 10 to 1,000 nm,

4. Aprocess for producing a titania film-coated powder
comprising a base particle having provided thereon at least
one titania film, which comprises suspending a base particle
in a buffer solution having a pH of from 7.0 to 12.0 to obtain

a suspension, and adding a hydrogen peroxide-ammonia mixture
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decomposition of the peroxotitanic acid in the suspension,

and to coat the base particle with a titania film.

5. The process for producing a titania film-coated
powder according to claim 4, wherein the hydrogen
peroxide—-ammonia mixture solution containing peroxotitanic

acid has a pH of from 7.0 to 12.0.
6. The process for producing a titania film-coated

powder according to claim 4, wherein the titania film on the

base particle has a thickness of from 10 to 1,000 nm.
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