a

DESCRI PTI ON PHOTOCHROM C COMPOUND OXI DE AND COSMETI C CONPRISIEERfaEeE
TECHNI CAL FI ELD The present invention relates to a highly sen
phot ochrom ¢ conmpound oxi de and a cosnetic conprising the photocﬁrmq;c
conpound oxi de. 10 1 BACKGROUND ART Attenpts ﬁ%ye
been made at bl ending a photochronic titanium oxide or a g to§gé\
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titani um oxi de contai ning a netal S”ChnﬁisgﬁﬂgﬁﬁﬂpA' Vh, or y I n

a casnetic such as foundation. 15 le, a p tochF@mld !Z

conposition capabl e of rE?H&T%EhH@M 8'65 6ﬁﬁﬁﬂdi¥5ap BeEb' ich contalns
o oc

a menber selected from anon ove hron1c I't dnT UK Oxi des i s~
described in International Publlcakkg@ fg&ﬁg/ig@&ﬁuﬂgo <" Japanese
Pat ent Laid-open Publication No. 3(1991)- 173810 descri bes pﬁ%ﬁa@hron1c
fl esh col ored pignents each conprising a nenber selected from anong the
above photochrom c titani um oxi des. Japanese Patent Lai d-open Publication
No. 4(1992)-364117 descri bes phot ochIEGHYICAL FIELD.
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The present invention relates to a highly sensitive
photochromic compound oxide and a cosmetic comprising the

photochromic compound oxide.

10 BACKGROUND ART
Attempts have been made at blending a photochromic
"titanium oxide or a photochromic titanium oxide containing
a metal such as Fe, Cr, Al, Mn, Cu, Ni, W or V in a
cosmetic such as foundation.

15 For example, a photochromic-bomposition capable Bf
regulating color rendering properties which contains a
member selected from among the above photochromic titanium
oxides is described in International Publication WO
89/12084. |

20 Japanese Patent Laid-open Publication No. 3(1991)-

' 173810 describes photochromic flesh colored pigments each
comprising a member selected from among the above
photochromic titanium oxides. Japanese Papent Laid-open
Publication No. 4(1992)-364117 describes photochrOmié

25 ultraviolet ray shield powders each comprising a member
selected from among the above photochromic titanium oiides.

For use in a cbsmetic.of flesh color as a basic tone,

such as foundation, it is desired that:



25 wultraviolet ray shield powders each conprising a nenber selected from
anong the above photochronic titani um oxides. For use in a cosnetic of

fl esh color as a basic tone, such as foundation, it is desired that: (1)
t he photochrom c titanium oxide exhibits a color darkening by irradiation
of Iight; (2) the photochromic titanium oki de has hi gh phot ochrom sm
sensitivity and undergo a tone change in 5 accordance with a difference in
light intensity betwedn itndophstatHromidonitSaniure.oxidid eghtiblifteastbYor

di fference between the sunlight and the indoor light,. so that the flesh
col or or col or rdankening danibsaddaticonst alrﬁtghtand (3) the photochronic
titaniumoxide is safe for the 10 human body. Fromthese vi ewoints, a
phot ochroni ¢ tit ani uxitde @@HF&FHFH@lFet+ %ﬁ%ﬁeﬁ*%ﬂf 233, bdgBecial ly, a
phot ochrom c ti tffi}‘m um OXI de cont ai, to chrgm c flesh

i
col ored pi gment LS uSﬁPSlE% Ha %?c%ﬂ U ° %onFnE g8Atatty, this
phOtOChron]C5t't§gEé¥HéH8e %u%%ngahgfggrence in light intensity between

indoors and outdoors, i.e., a light intensity difference
between the sunlight and the indoor light, so that the
flesh color or color rendering can be held constant; and

(3) the photochromic titanium oxide is safe for the

10 human body.

From these viewpoints, a photochromic titanium oxide
containing Fe is preferred and, especially, a photochromic
titanium oxide containing only Fe as a photochromic flesh
colored pigment has been brought into practical use.

15 Incidentally, this photochromic titanium oxide containing
only Fe is employed in all the Examples'of the above-
mentioned publications.

However, a co;metic having, blended therein, this
photochromic titanium oxide containing only Fe has a

20 drawback in that, when a light quantity change
instantaneously occurs as in taking a photographic picture
with the use of flashlight, it cannot exhibit satisfactory
changes in lightness and color diffgrence @n accordance
with the above instantaneous light quantity'change.‘

25 Thus, when photographed indoors with the use of
flashlight, a woman's face made up with the cosmetic
having, blended therein, the photochromic titanium oxide

containing only Fe appears particularly white in the



only Fe is enployed in all" the Exanpl es of the above- nentioned
publications. However, a cosnetic having, blended therein, this

phot ochromi ¢ titani um oxide containing only Fe has a 20 drawback in that,
when a light quantity change instantaneogily occurs as in taking a
phot dgr aphic picture with the use of flashlight, it cannot exhibit
satisfactpry changes in lightness and col or difference in accordance with
t he gbove i nst amttettegusphi ghtagsantf tyhecREigy 25 the coldhushanderof the
phot ographed i ndoors with the use of flashlight, a woman's face nmade up
with the COSHEtﬁEIﬁ@@PWgopréﬂded therein, the photochronic titani um oxide

containing only Fe a ar, articu ite in the ot ogr aph
because o? theydelay%§F eoHPE? ﬁ%ﬁmﬂgg% ?Wﬁ?QﬁﬁﬁinF&H16§F8§sg 0
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conmpound oxi de con a|n|ng
overcomng the aPQ¥Sn component with a view toward overcoming the above

drawback of the prior art.' As a result, it has been found
that a highly sensitive photochromic compound oxide which
is unexpected from the conventional photochromic compound
oxide containing only Fe can be obtained by forming a

10 compound oxide by adding not only Ti and Fe but also Si
optionally £ogether with Al, and that, when a woman's face
made up with a cosmetic having this compound oxide blended
therein is photographed in colors indoors with the use of
flashlight, a color picture can be obtained in which the

15 woman's face holds its natural flésh colof. The present

invention has been completed on the basis of the above

findings.
OBJECT OF THE INVENTION
20 TASs apparent from the foregoing, the object of the

present invention is to provide a photochromic compound
oxide which, even when a light quantity change
instantaneously occurs as in taking a photographic piéture
with the use of flashlight, exhibits satisféctory changes
25 in lightness and color difference in accordance with the
above instantaneous light quantity change, and also toi

provide a cosmetic comprising this photochromic compound

oxide.



drawback of the prior art. As a result, it has been found that a highly
sensitive photochrom ¢ conpound oxide which is unexpected fromthe
conventional photochrom c conpound oxi de-containing only Fe can be obtai ned
by formng a 10 conmpound oxide by adding not only Ti and Fe but also Si
optiodnally together with Al, and that, whn a woman's face nmade up with a
cosnetic having this conpound oxi de bl ended therein is photographed in
color;s indoors with the use of hrashbswi .o 60 alveetoke can be obtai ned
in which the 15 woman's face holds its natural flesh color. The present

i nvention has been corpd gimd chrbhechbasisowid tdhei b @fe thiengdirsgent OBJECT OF
THE | NVENTI ON 20 As apparent fromthe foregoing, the object of the
present -i nventi dmventi®nmprieyiadecmpphnd oekidariaf ddnpdendndxbiewnhil mayxven
when a light quantity change instantaneously occurs as _in taking a

phot ogr aphi ¢ pi @AM -t h&ruBarbicElash|3 GOt AShFOBLEs COBPPERA 2 BYde
changes 25 in Jightness and color difference i,n accordance with th ove
i nst ant aneou? | i PhiP RS HPhghéﬁ? gﬁdl%J%ﬁ?ﬁﬁfﬁééoﬁpdénaa88§ﬂ%t? 5.d¥

conprising this phofachionis £QMRAURL RXI Jf Fep03, Si is contained in an

amount of 1 to 80% by weight in terms of SiOj;, and Al is

contained in an amount of 0 to 30% by weight in termé of
Al203. Further, it is preferred.that the total content of

10 Fe, Si and Al be not greater than 84% by weight in terms of
the above oxides thereof.

Moreover, the cosmetic of the present invention
comprises the above photochromic compound oxide of the
present invention.

15
BRIEE DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the relationship between the
duration of irradiation of ultraviolet to each ppo;ochromic
conmpound oxide and the change of the lightness of the

20 phot&chromic compound oxide and also showing the
‘restoration of the lightness of the photochromic compound
oxide which has occurred after the discontinuation of the
irradiation of ultraviolet to the photochromic compound
oxide; 'Fig. 2 is a graph showing the relationship -between

25 the duration of irradiation of ultraviolet to a
photochromic compound oxide and the change of the lightness
of the photochromic compound ox;de which has been measured

at varied intensities of ultraviolet irradiated to the



4 DI SCLCSURE .-OF THE | NVENTI ON The phot ochrom ¢ conmpound oxi de of the
present invention is a conpound oxide of Ti, Fe and Si which may contain
Al. In particular, a photochronm c conmpound oxide 5 is preferred in whi.ch Fe
is contained in an anmount of 0.05 to 10% by weight in ternms of [ERR], Si is
contained in an anmount of 1 to 80% by weight in terns of [err], and Al is
contained in an anount of 0 to 30% by weight in terns of A1203. Further, it

is preferred that, the. tatal. ?%ﬁﬁﬁdo&é@e; Fe\ oSl 3and ?I spge,g@gicgrqq%t?%gm

than 84% by weight in terms o e above oxides thereo Mor eover

cosmetic of the o aganlcdnitanbt@8nCOAPAA SQHdReuabeue BBk oeds aiEL Gonpound
oxi de of the present invention. 15 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1

is a graph show measheineltiiel adghipebetawbrcdliver dfr at senpdé haviady ajusan of
ultraviolet to each photochrom c .
irradiated with ultraviolet instantaneously; Fig. 4 is a
5 graph showing an exemplary relationship of the difference
between the lightness of a sample having just irradiated
with ultraviolet instantaneously and that of the sample
before the irradiation; Fig. 5 is a graph showing an
exemplarylrelationship between the duration of radiation of
10 ultravioclet to a cosmetic comprising a photochromic
compound oxide according to the present invention and the
color difference of the cosmetic and also showing a
relationship between the elapsed time after the
discontinuation of the irradiation of ultraviolet to the
15 <cosmetic and the color differenceiof the éosmetic; and
Fig. 6 is a graph showing an exemplary relationship of the
color difference between a sample having just irradiated
with ultraviolet instantaneously and that of the sample
before the irradiation.
20 —~X: Sample A, B: Sample B, C: Sample C and

D: Sample D.
BEST MODE FOR CARRYING OUT THE INVENTION
The photochromic compound oxide and the cosmetic

25 according to the present invention will now be described in

greater detail.



conpound oxi de and the change of the lightness of the 20 photochrom c
conpound oxi de and al so showing the restoration of the |ightness of the
phot ochrom ¢ conpound oxi de which has occurred after the discontinuation of
the irradiation of ultraviolet to the photochrom c conmpound oxide; Fig. 2
is a'graph showi ng the rel ati onship betweén 25 the duration of
irradiation of ultraviolet to a photochrom c conpound oxi de and the change
of the lightness of the photocRr ophsr sQRMRd Prindehbsbgbas been neasured
et irradiated to th phot ochrom ¢

at varied intensities of ultraviol
conpound oxi de; Fig. $nhéSpRotsdiamuiicc cdr@oual) 6kiddeof ohled rgidderit of an
apparatus suitable for use in neasuring the |lightness and col or of a sanple
havi ng just irradihe¢sdiontis W tawionndt okhdeanf ahtpURe ygnd-is). whiich aay
graph showi ng an exenplary relationship of the difference between the

|i ght ness of a s&aptaimaid n@rdisthiohr genhedaswrivanive prigieas a main

I nstant aneousg) y and that -of the sanple before the irradiation; Fig. 5is a

graph showi ng an“8%RAPFAry rel ati onship between the duration of radiation

of Although the titanium oxide may be selected from among

anatase, rutile and amorphous titanium oxides and mixtures
thereof, anatase titanium oxide and a titanium oxide
mixture composed mainly of anatase titanium oxide are

10 preferred. That is, the titanium oxide preferably
contained as a main component in the photochromic compound
oxide of the present invention possesses the properties of
the anatase titanium oxide and may contain rutile titanium
oxide and/or amorphous titanium oxide as long as the

15 addition thereof is not detrimental to the above
properties.

The photochromic compound oxide of the present
invention has high sensitivity in photochromism.and, even
wheﬁ a light quantity change instantaneously occurs as in

20 taking a photographic picture with the use of flashlight,
undergoes‘a rapid color darkening in accordance with the
above instantaneous light quantity change, followed by the
restoration of the dark célér to the original color.

Also, the photochromic compound oxide of the present

25 invention has the property of effectively absorbing
ultraviolet.

In the photochromic compound oxide of the present

invention, it is preferred that Fe be contained in an



10 wultraviolet to a cosnetic conprising a photochrom c conpound oxi de
according to the present invention and the color difference of the cosnetic
and al so showing a rel ationship between the el apsed tine after the

di scontinuation of the irradiation of ultraviolet to the 15 cosnetic and
the Color difference of the cosnetic; and/Fig. 6 is a graph show ng an
exenpl ary rel ationship of the color difference between a sanple having just

irradiated with Wddwad QJeeto. bBSEQnﬁ.@@eB}JSJJé/lg?mQ fe'%«’ﬁec@ﬁll?eosﬁfm g ore
the irradiation. 20 A:. Sanple A B: Sanpl e B, C. Sample C and D

Sanpl e D. BEST MOBE JEOR 1BARRYMNGOOUT e 7045 KNHEN$&CNeThen$¢KnQnﬂwmommcamount
conpound oxi de and the cosnetic 25 according to the. present invention
wi || now be descréfbhdd i Pebyewedahhi | especiIAy pigst GERREATY ctkamptiindy

oxi de The photochronlc coqpound oxi de of the present
weight still especially not greater than 20% by weight

5 in terms of Si0O3, and that Al be contained in an amount of
0 to 30% by weight, preferably 2 to 15% by weight in terms
of Aly03. '

In the present invention, it is preferred that the
total content of Fe, Si and Al be not greater than 84% by
10 weight, especially not ggeater than 60% by weight ih terms
of the above oxides thefeof.
The photochromic compound oxide of the present
invention may be obtained by the process such as:
process {a) in which predetermined amounts of Fe, Si-
15 and Al compounds are uniformly mixed in pérticulate
titanium oxide by mixing, etc. and subsequently the
resultant particulate titanium oxide having, mixed therein,
Fe, Si and Al compounds is caléined, or
prqQcess (b) in which a titaniumroxide—base-compound
20 oxide-sol containing Fe, Si and Al is prepared in
accordance with the "process for producing a titanium oxide
sol" described in Japanese Patent Laid-open Publication No.
63(1988)-229139, dried and calcined.
In both of the processes, the calciniﬁg temperature is
25 generally 800°C or higher, preferably in the range of 1000
to 1300°cC. |
Even when the photochromic compound oxide of the

present invention is produced wvia the above calcining step



invention is a conpound oxide of Ti, Fe and Si which may contain A, and

whi ch contains titaniumoxide as a main 5 conponent. Al though the
titani um oxi de may be sel ected from anobng anatase, rutile and anorphous
titani um oxides and m xtures thereof, anatase titaniumoxide and a titani um
oxi de m xture conposed mainly of anatase 8itaniumoxide are 10 preferred.
That is, the titanium oxide preferably contained as a main conponent in the

phot achrom ¢ conpgHadce&h der ofudh @ RheteRbe EAVERL $ ONLHROSSIBSTE St BRide
properties of the anatase titanium oxide and may contain rutile titani um

oxi de and/ or anprphbasnédtasiamaitd dempenkangiastiidephdt odddintiicoRopennaf
Is not detrinental to the above properties. The phot ochrom ¢ conpound oxi de
of the present in¥éfde|oaneérally Jivlgisnditsi ehefase photisohrdimusruged withent
when a |ight quantitg change instanLaneousI%,occurs as in 20 taking a
phot ogr aphi ¢ pi cHaF&OGREHOR he® (B W 1 SSARPYHR, oXHdRr goes a rapid col or

dar keni ng i n @accordan i th the ahove j.nstantaneous. light,quantity change,

fol |l oned by t%e resto?‘gf:wgﬁg%f&f%ep aoatr%Ch(?o grg ?SSPﬁ%n%r%}%%loafg&hg. Al so,

the phOtOChron]CpQQgBHEnﬂnQéﬁé@bé”oﬂéE%n@%@5§n5ny of the above processes is
generally used in a powdery form, its form is not

particularly limited.

The average particle size of the photochromic compound

10 oxide is generally 20 um or less, preferably in the range

of 0.05 to 0.5 um.,

'The preparation of the titanium-~oxide-base compound
oxide sol containing Fe, Si and Al according to the above
process (b} will further be described below in greater

15 detail.

First, a mixed gel or sol of hydrated titanium oxide,

hydrated iron oxide and hydrated aluminum oxide or a
coprecipitated gel or sol therefrom are prepared. The
above mixed gel may be ‘obtained by mixing together.hydrated

20 titamium oxide, hydrated iron oxide andlhydrated aluminum
oxide gels respecti&ely obtained by hydrolyses of an
aqueoﬁs solution of a titanium salt such as titanium
chloride or titanyl sulfate, an agqueous so}uticn of an iron
salt such as iron chloride and an aqueous sélutidn.of an

25 aiuminum salt such as aluminum chloride. BAlternatively,
the above mixed gel may be obtained by first prepariné'a-

hydrated titanium oxide gel, then adding an aqueous



25 I nvention has the property of effectively absorbing ultraviolet. In

t he photochronic conpound oxi de of the present invention, it is preferred:
that Fe be contained in an 7 anmount of 0.05 to 10% by wei ght, especially
0.1 to 8%by weight in terms of [err], that Si be contained in an anobunt of
1 to 80% by weight, especially not greateﬁ)than 75% by wei ght and stil
especi al Iy not greater than 20% by weight 5 in terns of [err], and that Al

be, cantai ned | n"ap, Iuat o' o 1 Ro30KY oG] G pclESLE" B5Lk 20d 0,8 bY

weight in terns of e present Inventli I's preferre % hat

the total cont eNta 1¢fmiF@im Slalendhélcetb@_a&w: @Jna@be&ntghaga%%bys IherRjght
especially not greater than 60% by weight in terns of the above oxides

t hereof. The phot ochr aiec coprpetpdtakediegal dthaydirasedt tingehimosxi, be
obtai ned by the process such as: process (a) in which predeterm ned anounts
of Fe, Si : hydrated iron oxide and hydrated aluminum oxide may be
S obtained by conducting hydrolysis of an aqueous solution of
a mixture of titanium, iron and aluminum salts.
Peptization of these mixed gel and coprecipitated gel with
an acid gives sols. These mixed gel or sol and
coprecipitated‘gel or sol may be prepared by the
10 conventional processes such as one in which titanium, iron
and aluminum alkoxides are hydrolyzed in place of the above
described processes. The "hydrated titanium oxide”,
"hydrated iron oxide" and "hydrated aluminum oxide™ used
herein are generic terminologies respectively meaning
15 titanium oxide hydrate together with titanium hydroxide,
iron oxide hydrate together with iron hydroxide and
aluminum oxide hydrate together with aluminum hydroxide.
Subsequently, hydrogen peroxlde is added to the above
mixed gel or sol or coprecxpltated gel or sol, thereby
20 dissdlving the hydrated titanium, hydrated iron and
hydrated aluminum.oxides so that a.homogeneous aqueous
solution thereof is obtained. The amounﬁ of added hydrogen
peroxide is preferably not less than 1.5 ip terms of
H202/ (Ti0O2 + Fe303 + Al203) (weight ratio). When hydrogen
25 peroxide is added in the ébove amount, the hydrated
titanium, hydrated iron and hydrated aluminum oxides éan be
completely dissolved. wWhen the total concentration of the

hydrated titanium, hydrated iron and hydrated aluminum



15 and Al compounds are uniformy mxed in particulate titanium oxide by

m xi ng, etc. and subsequently the resultant particulate titani um oxide

havi ng, m xed therein, Fe, Si and Al conpounds is calcined, or process (b)
in which a titani um oxi de-base conpound 20 oxi de-sol containing Fe, Si

and Al is prepared in accordance with thd Oprocess for producing a titanium
oxi de sol" described in Japanese Patent Lai d-open Publication No.

63(1988) - 229139, ogtibed a8pdréalKiqedin lthebRlfiedhist BBLRE 6L SESE SN does
calcining tenperature is 25 generally [err] or higher, preferably in the
range of 1000 tother disséieniomerakda ploigochimenbotcabhpoummdixssliereaf t he
present invention is produced via the ahove cal cining step conduct ed at
such hi gh t enper Za%esdalt maytbe apremirbiatedc oat Ahgedaasons e ttimpaeant i n
t he phot ochrom c_conpound oxi de generall hol ds its anatase crystal

structure wit houPS§PEPoLaPi BASERM r Y anittif bRFaL. cqreentratiqn pdugh
the phOtOCth§]Ct%%nggaggtgélgftégi&£$ahydrated iron and hydrated aluminum

oxides in the aqueous solution is preferred to be about 6%
by weight or less, especially about 4% by weight or less in
terms of (TiOz + Fez03 + Alz03).

A silicon compound, e.g., an alkali silicate, silica

10 ~gel or silicic acid solution is mixed 'into the thus
obtained hydrogen-peroxide-dissolving aqueous solution and
heated at 80°C or higher. Thus, a sol having a particulate
compound oxide of Ti, Fe, Al and Si dispersed therein is
obtained.

15 The method for the above miiing of the silicon
compound into the hydrogen-peroxide-dissolving aqueous
solution is not particularly limited. For example, the
entire predetermined amounts of the above agueous solution
and the silicon éompound may be mixéd together at once.

20 Alternatively, the above aqueous solution may be mixed with
part of the silicon compound and heated, followed by
addition of the balance of the silicon compound in
accordance with the advance of the reactiop.

Also, the desired sol having a particﬁlate compound

25 oxide of Ti, Fe, Al and Si dispérsed therein can be
obtained by adding the above silicon compound to the ébove
mixed gel or sol or coprecipitated gel or sol, then adding

'hydrogen peroxide to the mixture to thereby dissolve the



present invention obtained by any of the above processes is generally used
in a powdery form its formis not particularly limted. The average
particle size of the photochrom c conpound 10 oxide is generally 20 [err]
or less, preferably in the range of 0.05 to 0.5 [err]. The preparation of
the titani um oxi de-base conpound oxi de séll containing Fe, Si and A
according to the above process (b) will further be described below in

greater 15 detapl ¢ 5bESina ahddesefh @& 806cSOL Wigmdr ak@d chlantym oxi de,
hydrated iron oxide and hydrated al um num oxi de or a coprecipitated gel or

sol therefrom ar gepiepar 86l HAEiMPQV@aktiedlgee daypditdkbdiaeed by i xéNng
t oget her hydrated 20 titani um oxi de, hydrated iron oxide and hydrated
al um num oxi de galsandspecdismpinsabtthierednbpahybe odbhtsainest ban addisgushe
solution of a titaniumsalt such as titaniumchloride or titanyl sulfate,
an aqueous sol ut FéAiepnagorpennd durisagefhasabevn RIFRAGIE Cin@ fafhaquised
sol uti on. of 2 al um pum salt such as al um num ch] ori de.

5
Al ternativel ,_tﬁ@laﬁﬁvéoﬁi?EmF?RﬁeQﬁﬁ¢t8§e8b?§%ﬁ%ﬂ f i5P80 BAE4RRI ng a
hydrat ed t'ta”'“H&8§bQSnQSLro£IE¥‘é%“@h%gréguiggﬁ%“ﬁkxed gel or sol or

coprecipitated gel or sol to thereby dissolve the gel or
sol and heating at 80°C or higher. .
The particulate compound oxide of the present
10 invention is required to contain Ti, Fe and Si in the
compound oxide, but is not always needed to contain Al.

The particulate compound oxide not containing Al may
be produced, for example, by the same processes as
described above except that the above mixed gel or sol or

15 coprecipitated gel or sol is prepéred without the addition
of an aqueous solution of an aluminum éalt.
B. Cosmetic

The cosmetic of the present inveﬁtion comp;isgs the

above photochromic compound oxide of the present invention.

20 ' “The content of the photochromic compound oxide in the
cosmetic is preferred to range from 1 to 30% by weight
based on the total weight of the cosmetic. When the
content is less than 1% by weight, depending on the
cosmetic, there is the possibility that satiéfacﬁory

25 1lightness and color difference changes cannot be obtained
in the exhibition of photochromism of the photochromic’
compound oxide contained in the cosmetic. On the other

- hand, when the content exceeds 30% by weight, it is likely



9 solution of- an iron salt and an aqueous solution of an al um num salt

t hereto and conducting hydrol ysis thereof. The coprecipitated gel of
hydrated titani um oxi de, hydrated iron oxi de and hydrated al um num oxi de
may be 5 obtained by conducting hydrolysis of an aqueous solution of a
m xtire of titanium iron and alum num sdlZs. Peptization of these nixed
gel and coprecipitated gel with an acid gives sols. These m xed gel or sol
and copreci pi t at edrggl cOros0ki MRk RePBRAGEIHYbd > MRirgeOR¥eRbi gRak a
processes such as one in which titanium iron and al um num al koxi des are
hydrol yzed i n pl aeesefof hinldroven idesaeisised processes. The "hydrat ed
titani um oxi de", "hydrated iron oxide" and "hydrated al um num oxi de" used
herein are generic teFhEn8PaRelesc rakgde iPresghhrehRYeRtIon genensildm oxi de

hydr at e t oget her mﬁth,titaniunnggdroxide i ron OXiqinh drate together with
i ron hydroxi de aR@PERERF ndim H53 e IRFdMErEer o§BLAGT S HHP AR TuMPRy dr oxi de.

Subsequently,s nydLo980 s PELOXLAE ) TAILT ! nbPESRONSE, for example, oils

such as higher aliphatic alcohols, higher fatty acids,
ester oils, paraffin oils and waxes, alcohols such as ethyl
alcochol, propylene glycol, sorbitol and glycols, humectants
such as mucopolysaccharides, collagens, PCA salts and

10 1lactates, surfactants such as nonionic, cationic, anionic
and amphoteric surfactants, thickeners such as gum arabic,
xanthan gum, polyvinylpyrrolidone, ethylcellulose,
carboxymethylcellulose, carboxyvinylpolymer and
metamorphosed or unmetamorphosed clay minerals, solvents

15 such as ethyl acetate, acetone‘ana toluené, inorganic and
organic pigments or dyes, antioxidants such as BHT and
tocopherol, water, drugs, ultraviolet absorbents, pH
buffers each composed of a salt of organic or inorganic
acid, cheléting agents, antiseptics and perfumes.

20 —Further, if desired, the cosmetic of the present
invention may contain at least one member selected from
among inorganic fillers such as silica, talc, kaolin and
mica and various organic resins.

In the production of the cosmetic of the present

25 invention, generally, appropriaﬁe ingredients selected from

among the above are directly blended. However, partiéles

of the photochromic compound oxide of the present invention



m xed gel or sol or coprecipitated gel or sol, thereby 20 dissolving the
hydrated titanium hydrated iTon and hydrated al um num oxi des so that a
honbgeneous aqueous sol ution thereof is obtained. The anount of added
hydrogen peroxide is preferably not Iessighan 1.5 in terns of [err] (weight
rati o). Wien hydrogen 25 peroxide is added in the above anount, the

hydrated titani dr at | rQn,an ydr al_ um I des.can be
completely di SS(L;]F%}@(I}%'(e \ﬁﬁoean%ﬁgqttg{agogo%’é%% FHt iagxn OOthn(r% %?8%&%‘&9 then
titani um hydratggedd an@dhedr ahgdeat st UM 10 oxides is too high in
t he aqueous solution, not only does the dissolution take a |long tine but

al so undi ssol ved nat erhél codedies pireehpi pateehOridFn A dys vsehuihon may
beconme too viscous. Therefore, the total concentration of 5 the hydrated
titanium hydratedriown fowhshysdicht ed pbwdernyum apdiede penciflhe sadokoudiquid,
solution is preferred to be about 6% by weight or |ess, especially about 4%
by wei ght or 3 es®iikytketiomandecrpamy” forms. .

EXAMPLES
The present invention will be illustrated below with

reference to the following Examples, which should not be

10 construed as limiting the scope of the invention.

Example 1
38.5 kg of an aqueous solution containing 2% by weight
of titanium chloride in terms of TiO2, 0.5 kg of an aqueous
15 solution containing 2% by weight &6f iron éhloride in terms
of Fez03 and 4.0 kg of an agueous solution containing 2% by
weight of aluminum chloride in terms of Al;03 were
hqmogeneously mixed together, and agqueous ammonia was added
until the pH value of the mixture became 8.5. Thué, a
20 slurry was obtained, which was filtered and washed. 12 kg
of a 35% aqueous hydrogen peroxide solution was added to
thereby dissolve the slurry.
The thus obtained solution was diluted with pure water
so as for the concentration of obtained coﬁpound ogide to
25 Dbecome 1.0% by weight.
Subsequently, 3.5 kg of a silicic acid solution
containing 4% by we;ght of silicic acid in terms of SiOj;

which was obtained by dealkalizing an aqueous solution of



A silicon conpound, e.g., an alkali silicate, silica 10 gel or silicic
acid solution is mxed into the thus obtai ned hydrogen- peroxi de-di ssol vi ng
aqueous solution and heated at [err] or higher. Thus, a sol having a
particul ate conpound oxide of Ti, Fe, Al and Si dispersed therein is
obt ai ned. 15 The nethod for the aBdve m xi ng of the silicon conpound
into the hydrogen-peroxi de-di ssol ving agueous solution is not particularly
limted. For exaspHéumt hlbcdte ewitttedetcationedxahange sradid hensalaodr sagyeous
solution and the silicon conpound nay be m xed together at once. 20
Al ternatively, tkbeapboeeag@bautondng ineatetdyabeZfPS%@dian 129 Pparst iof anhe
silicon conpound and heated, followed by additiqon of the bal ance of the
silicon conpoundaPHOS&EB?dan%%Pﬁwt?l99ﬂ§%%99aﬁééd8fS?hew?ixﬁﬁqqﬁﬂqulso, t he
desired sol having a rticulate co u 2 X f.Ti. Fe,, and S
di spersed therein canB§8 %EF%iégﬁgﬁgg%d%gﬁﬁg¥ﬁ%gg ggegg%IV%%ﬁg%ﬁﬁ%ound to
the above m xed geh Qhe§Oht Of 0564 S Pst 880,08 pRIveL]zed Naheaddyng
hydr ogen peroxide to the mxture to thereby dissolve the

obtaining a compound oxide having an average particle size

of 0.5 pm (sample A).
The composition and average particle size of the
obtained compound oxide (sample A} are shown in Table 1.
10 Compound oxides (samples B, C and D) shown in Table 1
were obtained in the same manner as in the preparation of
the sample A,

except that the aqueous aluminum chloride

~ solution was not employed and that the mixing ratio of the
aqueous titanium chloride and iron chloride solutions and
15

also the amount of added silicic acid solution were varied.

Table 1

Average

Composition (wt. %)

e, ot o e e it o e, . G e e T e .

Sample

———

S1i02

s o et S, et s, e s e

particle

size (um)

0.8 12.4

o 0 w ¥

0.4 56.2

0.5
ditto
ditto

ditto

The above samples A, B, C and D of powdery compound

20

oxides were molded .by compression molding, thereby




m xture and heating at [err] or higher. Furtherq the desired sol having a
particul ate conpound oxide of Ti, Fe, Al and Si dispersed therein may be
obt ai ned by adding the silicon conmpound during the above preparation of the
m xed 5 gel or sol or coprecipitated gel or sol, then addi ng hydrogen
peroxide to the resultant m xed gel or sbP or coprecipitated gel or sol to
t hereby di ssolve the gel or sol and heating at [err] or higher. The
parti.cul at e conpontdininganefsidiagpsanphes 1€ach inarenig @andiameegdi 6203 Gum
contain Ti, Fe and Si in the conmpound oxide, but is not always needed to
contain Al. The paftacthigknessmefuddmexi de not containing Al may be
produced, for exanple, by the same processes as described above except that
t he above nixed gel oF‘aE%IOBrU&% MESGHTERPpPREP £BS g8 S orr=dsiigtedpéphr ed

it hout th ddi t f Luti f_an alum I B.
Cosmoti ¢ The cosHRETEvHR TR pradomt fvERTT oI Eohpr i bed tnd LAB50ES>
phot ochrom ¢ _f]orrgﬂgg cOxL des v}a%enggggggﬁ_i nvention. 20 The content

c

of the photochromc conpound oxide in the cosnetic is preferred to range
from1l to 30% by wei ghhe measuring conditions were as follows.

An ultraviolet source capable of radiating ultraviolet
of 365 nm in wavelength and each measuring sample were
disposed at a spacing such that the intensity of

10 ultraviolet on the surface of the measuring sample measured
by the use of ultraviolet intensity meter (UM-1
manufactured by Minolta Co., Ltd.) was 3 mW/cm?.

The measuring sample was allowed to stand still in a
dark room at room teméerature for 3 hrs prior to the

15 irradiation of ultraviolet, and the surfaée of the
measuring sample was irradiated with ultraviolet light from
the ultraviole£ source. The lightness (V} of the measuring
sample was measured at ultraviolet irradiation periods of 1
min, 2 mins, 5 mins and 10 mins with the use of

20 spectrophotometer (CM-2002 manufactured by Minolta Co.,
Ltd.).

The results are shown in Fig. 1.

Fig. 1 demonstrated that, with respect to all the
measuring samples obtained from the samples A, B, C and D

25 of powdery compound oxides, the lightness became constant
when the surface thereof was irradiated with ultravioiet
of 3 mW/cm? for 10 mins. In the figure, the lightness

value at an elapsed time of 0 means a measurement obtained



based on the total weight of the cosnmetic. Wen the content is |ess than 1%
by wei ght, depending on the cosnetic, there is the possibility that
satisfactory 25 | ight ness and col or difference changes cannot be obtai ned
in the exhibition of photochrom sm of theéﬁhotochronic conmpound oxi de
contained in the cosmetic. On the other d, when the content exceeds 30%
by weight, it is likely 12 for a color difference change to be so | arge
as tQ give a sengethbdut ntias nDNtalizd®s. ofhalepavbblet afmmdid freasellfter

i nvention generally contains at | east one nenber selected fromanong the 5
various customar $heoseeving il rtdd asesurfiog exmpde ein dilles dandh reorhifgive B

al i phatic al cohols, higher fatty acids, ester oils, paraffin oils and
waxes, al cohol s 85eh as ethyl aIcohoI propylene gl ycol, sorbitol and
glycols hunectants s gs_mic g sacch | | ag %Jts and

10" lactates, surfact Hf gﬁchrﬁ. FiBhi< gﬁt?Bﬁ?ﬁceaﬁlcﬁ??951
anphoteric sy fagLanhssnkhb GKENES Qﬂﬁ:‘l’ldi'xl%%a%!ghéf aREC3 mw/cm? was

conducted for 10 mins, i.e., the ultraviolet irradiation

was conducted for a total of 20 mins. Then, the

ultraviolet irradiation was discontinued, and the change of

the lightness of each of the measuring samples with time
10 was measured.

The results are jointly shown in Fig. 1.

As shown in Fig. 1, with respect to all the measuring
samples obtained from the samples A, B, C and D of powdery
compound oxides, the lightness was restored to 80 to 100%

15 of that prior to the ultraviolet irradiaion in 20 mins

after the discontinuation of the ultraviolet irradiation.

Example 2
With respect to the measuring sample.obtained by
°© 20 molding the sample A of powdery compound oxide, Fig. 2
shows the relationship between the duration of ultraviolet
irradiation and the iightness of‘the measuring sample
exhibited at varied ultraviolet irradiation intensities.
The ultraviolet irradiation intensity of 0.01. mW/cm?
25 corresponds to.the brightness in a room fluorescent lamp,
the ultravioiet irradiation intensity of 1.0 mW/cm?
corresponds to the brightness in the shade of a tree under

the blue sky, and the ultraviolet irradiation intensity of



xant han gum pol yvinyl pyrrolidone, ethylcellulose, carboxynethylcellulose,
car boxyvi nyl pol ynmer and net anor phosed or unnet anor phosed clay m neral s,
solvents 15 such as ethyl acetate, acetone and tol uene, inorganic and
organic pignments or dyes, antioxidants sycp as BHT and tocopherol, water,
drugs, ultraviolet absorbents, pH buffers each conposed of a salt of
organi c or inorganic acid2 chel ating agents, antiseptics, and perfunmes. 20
--Further, if desi-PedW/CRE EBEFRIRANBY toh&DFr BEEARLRATRNT cH-URGE contldphtat
| east one nenber se ecgﬁq %;Oﬁl nong inorganic fillers such as silica,
talc, kaolin and W€ aN§ Varfoti€¥organic resins. In the production of the
cosnetic of the present 25 I nvention, generally, appropriate ingredients
sel ected from anong the above are directly bl ended. However, particles of
t he phot ochrom c meiaend oxi de of the present invention 13 may be
coated with, for exanple, an organic resin and then m xed with other
ingredients. 5 The lightness change of the sample A in accordance

with an instantaneous light quahtity change was measured by
the use of the apparatus illustrated in Fig. 3.
The lightness change exhibited in accordance with the
instantaneous light quanti£§ change was also measured in
10 the same manner as above with respect to a measuring sample
{(comparative sample) prepared from photochromic pigment
(PHOTLIGHT~-PKS produced by Shiseido Co., Ltd.) 'in the same
manner as in Example 1.
The apparatus illustrated in Fig. 3 is a partial
15 reconstruction of commercially avéilable épectrophotometer
{CM—~2002 manufactured by Minolta Co., Ltd.j. An optical
fiber for introducing condensed ultraviolet rays .emitted
from an ultraviclet lamp is disposed in a cavity inside a
housing in which é light source of the spectrophotometer is
20 accommodated so that ultraviolet can be irradiated through
a window of the light source toward the measuring sample.
Thus, ultraviolet can be instantaneously irradiated from
the front edge of the optical fiber toward the measuring
sample, and the lightness change of the measuring sample
25 immediately after the irradiation can be measured.
This measurement of the lightness'change of the

measuring sample was conducted in the following manner.



The cosnetic of the present invention is used in various fornms such as
powdery, cake, pencil, stick, liquid, 5 milky lotion and creamy forns.
EXAMPLES The present invention will be illustrated below with reference to
the foll ow ng Exanpl es, which should not be 10 construed as limting the
scopé of the invention. Exanple 1 38.5 kp8of an aqueous sol ution containing
2% by weight of titaniumchloride in terns of [err], 0.5 kg of an aqueous

15 .solution contai ning 2%k welalt:gh Liame ayiaciqdw%dtgt;"?tgﬂdigah
Oor alum num

and 4.0 kg of an aqueous sol ution, containing 2% by wei ght

chloride in ternm of & Jrodal €oROBDELHEOM VB @thel Q9GhRRE s s aPKe AEWEOUS
ammoni a was added until the pH value of the m xture becane 8.5. Thus, a 20

slurry was obt aiwved, meddudedrvas filtered and washed. 12 kg of a 35% aqueous
hydr ogen. peroxi de sol ution was added to thereby dissolve. the slurry. The

t hus obt ai ned sol uti ofulgequfintiived witrAvpotet vaf e¥6s g nf pevehength was
concentrati og of , obt aj ned, conpound oxide to 25 becone 1.0% by wei ght.

Subsequent | y? 3.5 5@fited fometheafrankofd¥§ SHf the above optical fiber

for 4 msec (1/250 sec), and immediately thereafter the
lightness of the measuring sample was measured.

Further, the same ultraviolet was irradiated toward
the measuring sample from the front edge of the optical

10. fiber for 3 sec, and immediately thereafter the lightness
of the measuring sample was measured.

This.0peration was repeated. Fig. 4 is a graph
showing the thus obtained relationship between the
cumulative ultraviolet irradiation time and the lightness

15 change of the measuring sample (Aﬁ: diffefence bYetween the
lightness at the initial stage and the lightness
immediately after the ultraviolet irradiation).

As shown in Fig. 4, the compound oxide of ;he'present
invention had a lightness change only by the irradiafion of

20 ultraviolet of 365 nm in wavelength for 4 msec, while.the
comparative sample did not show a lightness change by such
irradiation and had a slight ligﬁtness change by
irradiation of the same ultraviolet for a period as long as
6 sec.

25



contai ning 4% by wei ght of silicic acid in terms of [err] which was

obt ai ned by deal kal i zi ng an aqueous sol ution of

14 sodiumsilicate with

a cation exchange resin was added to the above solution and heated at [err]

for

20 hrs in an autocl ave.
t hus obt ai ned conmpound oxi de sol was drikl, 5
and pul veri zed,

parti.cle size ofeRampie€ers] (sanple A).

Thus,

a conpound oxi de so

was obt ai ned. The
calcined at [err] for 5 hrs

t hereby obtaining a conpound oxi de havi ng an average

The conposition and average particle

si ze of the obtained conpound oxide (sanple A) are shown in Table 1. 10
Conpound oxi des (sanpheso@ddd iaand ddkeshbwnhhé ncdmgbd i tlionesbosit behed wast he
sanme manner as in the preparation of the sanple A except that the aqueous
al umi num chl or i JRTRRERY I IREL LIRSt tONpROYRYS ERRR T RFAAeEUFEXi ng rati o of

t he aqueous titaniumchloride and iron chloride solutions and 15 also the
anount of added silicic acid solution were varied. Table 1

5

10

15

20

25

30

photochromic compound oxide (sample A) 15 wt.%
metallic soap 5
white pigment 8
particulate TiO, (particle size: 30 Hum) 7
sericite 40
silica (SPHERON P;ISOO produced by 5
Catalysts & Chemicals Industries Co., Ltd.)
red pigment 0.3
vellow pigment 0.4
black pigment 0.2
talc 8
ester oil 2
ester wax 1
squalane 2
silicone oil 6"
paraggg 0.2
perfume appropriate
amount

The color difference (AE)

of the above foundation cake

by ultraviolet irradiation was measured by the use-of

spectrophotometer (CM-2002 manufactured by Minolta Co.,

Ltd.).

This measurement was carried out in the following

manner,



Aver age Cbnﬁdsition (Wwt. Yparticle Sanpl e

si ze [err] TIO2 [err] A 77.0 1.0 14.0

8.0 0.5 B 93.0 0.3 6.5 . - ditto C
86. 8 0.8 12. 4 - ditto D 43. 4 0.4
56.2° - ditto The above sanﬁﬁks A, B, C and D of powdery
conpound 20 oxi des were nol ded. by conpression nol ding, thereby 15

obt ai;ni ng nmeasuri ng sBihpses Yecmdpprinigga sdmpiet vas odl Bovedntandtandistinaess
of 5 mm Each of the nmeasuring sanples was irradiated with ultraviolet of
365 nmin wavel ehyth, darl XM |Gghtifedsss apfahbent Hi® flarayategsgssgdedThe
nmeasuri ng conditions ggre as fo]lows. An uItraviong sour ce capabl e of

radi ating ul traviol et SBPS &Rt AVaREh 8hd>8ACH" A STRAYHEEh R Wa s

were irradiated so as for the ultraviolet intensity on the
5 surface of the measuring sample to be 3 mW/cm? in the same
manner as in Example 1. At irradiation periods of 1, 2, 5,
10 and 20 min, the colors of the measuring sample were
measured, thereby determining the respective color
differences (AE).

10 When the surface of the measuring sample was
irradiated with the ultraviolet for a total of 20 mins, the
irradiation of the ultraviolet was discontinued. fhe
change with time of the color difference (AE) after the
discontinuation of the ultraviolet irradiation was

15 measured.

The results are shown in Fig. 5.

Example 5
The change with time of the color difference (AE)

20 immediately after the ultraviole£ irradiation was measured
under the same instantaneous light quantity change as in
Example 3 with respect to the foundation cake obtained in
Example 4. The results are shown in Fig. 6.

Moreover, the left half of a woman's face was made up

25 with the foundation cake of Example 4 while the right half
was made up with a .commercially available foundation cake

having no photochromism,.



di sposed at a spacing such that the intensity of 10 wultraviolet on the
surface of the neasuring sanple neasured by the use of ultraviol et
intensity meter (UM 1 nanufactured by Mnolta Co., Ltd.) was 3 [err]. The
measuring sanple was allowed to stand sti]| in a dark roomat room
tenpérature for 3 hrs prior to the 15 i ¥ hdi ation of ultraviol et, and the
surface of the neasuring sanple was irradiated with ultraviol et Ilght from
the yltraviol et sourcaheThemhhgbt Bess 38 motidyeaphesuwing SREPhe: HS
nmeasured at ultraviolet irradiation periods of 1 mn, 2 mns, 5 mns and 10
mns with the us€leish2@ghspént 2 opaok oreerer (Tb 2002nnHAAT askexd e nendimol t a
Co., Ltd.). The results are shown in Fig. 1. Fig. 1 denonstrated that, with
respect to all tIf® ﬁé&§épwngn55%|€§r}bb¥%ﬁ“he§91’f oftt he TR&Rp| &lae AOomRN'G and

D 25 of powdery conpound oxides t ness becape constant when the
surface thereof |P’F§d?§‘f"é8gwl“?‘ﬁe%| eoI”(é“’t‘“‘&f:‘(i E‘reﬁW'énQ for 10 mins. In

E)Bfa{ inggre, tge li ght R83S VA Y& cth-an %@QS@&“&&J& oLnd FEANSs A MR UNSEN
the left half of the woman's face made up with the
foundation cake of Example 4, i.e., with a cosmetic of the
present invention had substantially the same flesh co;pr in
the picture obtained by photographing in the dark room with

10 the use of flashlight as in the picture obtained by
photographing in the natural light, while the right half of
the woman's face made up with the commercially available
foundation céke having no photohromism appeared particularly
white in the picture obtained by photographing in

15 the dark room with the use of flashlight.

FE I VEN'?? N

The photochromic compound oxide of the present

invention exhibits photochromism and is white or paleyellow
20 in fo irradiation while darkens its color by light
irradiation.

The photochromic compound oxide of the present
invention contains Ti, Fe, Si and optionally an appropriate
amount of Al, has higher photochromism sensitivity, and

25 exhibits much greater color change by ultraviolet
irradiation and greater lightness difference and color ’
difference than those of the photochromic titanium oxide

containing only Fe which has been used as a photochromic .



16 without the irradiation of ultraviolet imediately after the |eaving of
the measuring sanple in the dark roomfor 3 hrs. Further irradiation of the
surface of each of the 5 neasuring sanples with ultraviolet of 3 nWcnR
was conducted for 10 mins, i.e., the ultraviolet irradiation was conducted
for & total of 20 nins. Then, the ultravéd et irradiation was discontinued,
and the change of the |ightness of each of the neasuring sanples with tine

10 was neasur ed. pThReh€SHbE Scadn i@ .Nt ihashown Exe Ribtobhrdmishewhpbin&i 0.
1, with respect to all the neasuring sanpl es obtained fromthe sanples A

B, C and D of powdédy obnplenskemandednveheibngbdnessporats rtestbeed to 80 to
100% 15 of that prior to the ultraviolet irradiaion in 20 mns after the
di sconti nuati on &PnvABtuPRahGiglanivn oxddat FeRtadnmInly Wet or wbpebtSio

t he measuring sanple obtai ned by 20 nol ding the sanple A of powdery
conpound oxi de, EBS OBt IABALLY l"’éﬁpé:ﬁp&’r?ﬂfspa’ﬂ‘é‘t‘%e‘hf tphle%&ﬁr REFBnagfed,

ul'traviol et 5 so that a marked improvement is attained in photochromic
sensitivity as compared with that of the conventional
photochromic titanium oxide containing only Fe.
Therefore, ;hen a make-up is conducted with the
cosmetic of the present invention comprising the above
10 photochromic compound oxide, a picture in which the part
-made up has natural flesh color can be obtained by -
photographing indoors in colors with the use of flashlight.
Moreover, the photochromic compound oxide of the
resent invention has high ultra&iolet absorbance.
15 Therefore, when a make-up is conductéd with the
cosmetic of the present invention comprising the above
photochromic compound oxide, the skin made up is

effectively protected from ultraviolet.



irradiation and the.Lightness of the nmeasuring sanple exhibited at varied
ul traviolet irradiation |ntenS|t| es— The ultraviolet irradiation intensity
of 0.01. [err] 25 u'mmﬂﬁmﬂ he brightness in a room fl ugrescent

| anp, the ultraviol Ji:tensmy O b lenferFy TTEsAbnds to the
bri ghtness in the shade® oft a®tree der % ; ravi ol et
irradiation intensity of 17 5.0 [err] corréd : ight ness in
di regt sunlight agorxdeMs t he bl ue sky. Exanple 3 s e |lightness change
of the sanple A in accordance with an instantaneous |ight quantity change
was neasured by the use ofa tphetappacaioscohpausid ateidie wompgsed. ofhe

| i ght ness change exhibited in accordance with the instantaneous |ight
quantity change sREPInsh oxdseupEdTin He (andheSis athd abamagr castabav&l wi t h
respect to a measuring s onparative s ared from _ |

phot ochromi ¢ pi grent PHO%}WGQ;WPR?, ﬁ?ﬁﬂﬁc%ﬂ“‘%)"ﬁ% ‘gbﬁd%oaéo.c}aﬂ‘ﬁ‘?)“i’n t he

sane 5

claim 1, wherein Fe is contained in an amount of 0.05 to
10% by weight in terms of Fe03, Si is contained in an
amount of 1 to 80% by weight in terms of SiQOz, and Al is
contained in an amount of 0 to 30% by weight in terms of
Al203.
10 3. The photochromic compound oxide as claiméd in
claim 1, wherein Si is contained in an amount of 1 to 75%
by weight in terms of SiOs.

4, A cosmetic comprising the photochromic compound

oxide as claimed in any one of claims 1 to 3.

i o

i



manner as in Exanple 1. The apparatus
reconstruction of commercially availaf

p
manuf actured by Mnolta Co., Ltd.). -E
condensed ultraviol et rays enitted fr-u-:- PLHARE np i s disposed in

a cavity inside a housing in which a light soug£e™© e spectrophot onet er
is 20 accommodated so that ultraviolet can be i1rradiated through a wi ndow
of the light source toward the neasuring sanple. Thus, ultraviolet can be

i nst ant aneousl y irradigﬁgﬁoFFBHMFﬁec@¥ WN%KQKiQﬁ ANe agsMETak fi ber toward
the nmeasuring sanple, and the IigRbRges % ggphﬁe measuring sanple 25
imediately after the irradiation can measur e ™EThi s measurenent of the
| i ght ness change of the neasuring sanple was conducted in the follow ng

'Ilustrated in Fig. 3 i1s a partial 15
Sprotereter (CMV 2002
i nt roduci ng

manner . 18 First, the neasuring sanple was allowed to stand still in a
dark roomfor 3 hrs, and then the |ightness thereof was neasured.
ABSTRACT

The present invention provides a photochromic compound
oxide of Ti, Fe and Si which may contain Al and.a cosmetic
comprising the above photochromic compound oxide which,

5 even when a light gquantity change instantaneously occurs as
in taking a photographic picture with the use of
flashlight, exhibits satisfactory changes in lightness and
color difference in accordance with the above instantaneous
light gquantity change.

10

Figure 4

This Sheet
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Subsequently, ultraviolet of 365 nmin wavelength was 5 irradi ated fromthe
front edge of the above optical fiber for 4 nsec (1/250 sec), and

i mredi ately thereafter the |ightness of the neasuring sanple was neasured.
Further, the same ultraviolet was irradi ated toward the neasuring sanple
fromthe front edge of the optical 10. fiber for 3 sec, and i medi ately
thereafter the |ightness of the nmeasuring genpl e was nmeasured. This -T1
opergtion was repeated. Fig. 4 is a graph showi ng the thus obtained '
rel ati onship between the cunulative ultraviolet irradiation time and thdI]
li ghtness 15 change of the neasuring ISERPITINESS (V1)f er ence between the*
lightness at the initial stage and the |ightness immediately after the &
ultraviolet irradiatigan). AR showy in khg. 4.t he eqnmpourg oxi g¢ of the
present invention hada Iléﬁtnes§3chang€ onIbey t K8 |rréa|at|éﬂ of B
ul traviol et of 365 T 2 i S
sanpl e did not show a
| i ght ness change by i}
|l ong as 6 sec. 25
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1 9 Exanple 4 A foundation cake of the conposition shown bel ow was produced
according to the customary procedure. 5 photochrom c conpound oxi de
(sanple A 15 wt.%netallic soap

5 white pignent 8 particulate [err]
(pafticle size: 30 [err]) 7 sericite

40 10 silica (SPHERON P-1500 produced by 5 Catal ysts &
Chenical s Industries Co., Ltd.) red pignent

0. 3 yel | ow pi gnent 2/6 0.4 bl ack pignment

0.2 15 talc - 8 ester oi

2 ester wax . 1 squal ane
2 silicone oil 6

Fig. 2

85*5&‘;“1—-————-F— -‘
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20 paraben 0.2 perfune
appropriate anount 25 The color difference [err] of the above
foundati on cake by ultraviolet irradiati on was neasured by the use- of
spectrophot oneter (CM 2002 nanufactured by Mnolta Co., Ltd.). This
measurenent was carried out in the followi ng 30 nmanner. 20 First, the
nmeasuring sanple was allowed to stand stilk ,kn a dark roomfor 18 hrs, and
then the col or was neasured. Subsequently, ultraviolet of 365 nm-in
waveél ength was irradiated so as for the ultraviolet intensity on the 5
surface of the nmeasuring sa e to be 3 MWcn2 in the same manner as in
Exanple 1. At irradiation &gnqods of 1, 2, 5, 10 and 20 mn, the col ors of

t he neasuring sanple were {gured thereby determ ning the respective
color differences [err].
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10 When the surface of the neasuring sanple was irradiated with the
ultraviolet for a total of 20 mns, the irradiation of the ultraviolet was
di sconti nued. The change with tine of the color difference [err] after the
di sgontinuation of the ultraviolet irradiation was 15 neasured. The
results are showmn in Fig. 5. Exanple 5 The change wth tinme of the col or
difference [err] 20 i medi ately after tEe ultraviolet irradiation was
nmeasur ed under the sane instantaneous L#d t quantity change as in Exa 3
with respect to the foundation cake obtained in Exanple 4. The results g}
shown in Fig. 6. Mreover, the left half of woman's face was nmade up{C»
with the foundation cake of Exanple 4 while t right half was nade up=wth

a.comercially avail abl e foundati on cake haviNag no phot ochron sm 2 N
The wonman's face was pho%ggraphed&yﬁth tthuse of N '
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flashlight in a dark room The woman was asked to remain on standby in the
‘dark roomfor 1 hr. Then, the woman's face was photographed in the natural
light. 5 The two pictures were conpared, and it was found that the
|l eft half of the woman's face made up with the foundati on cake of Exanple
4, 1.e., with a cosnetic of the present invention had substantially the
sane flesh color in the picture obtained b% phot ographing in the dark room
with 10 the use of flashlight as in the rficture obt ai ned by phot ographi ng

in the natural light, while the right half of the woman's face nade up with
the commercially avail able foundati on cake havi nﬁ no phot ohrom sm appear ed
particularly white in th€OLOR OBFERENGR (dEYraphing in 15

the dark roomwi th the use of flashlight. EFFECT OF THE | NVENTI ON The

phot ochroni ¢ conpound oxi de of> the present iaventi Ph exhi BPts ph&ochroni sm
and is white or pal eye ow 20tn in ne®irradPation #ile d& kens ®s col or

by light irradiationoT eclhromT—Ctonmponnd_oxi Ue o1 t he presént
invention contains Ti, |[Fe, Si and optionally an apprgpri ate anmount of Al,
has hi gher photochrom gm sensitivity, and
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25 exhi bits much greater color change by ultraviolet irradiation and
greater lightness difference and color difference than those of the

phot ochromic titani um oxi de containing only Fe which has been used as a
photochrom c 22 pignment for cosnetic. That is, the photochrom c conpound
oxi de of the present invention corresponds to the conventional titanium
oxi de containing only Fe to which Si and optionally an appropriate anount
of Al has been added, 5 so that a marked inprovenent is attained in
photochromi ¢ sensitivity as conpared with thas of the conventional

phot ochrom ¢ titanium oxide containing only Fe. Therefore, when a nmake-up
is conducted with the cosnetic of the preser> invention conprising the
above 10 photochrom ¢ conpound oxide, a pidfure in which the part nmade up

has natural flesh color can be obt ai ned phot ogrtaphi ng ¥hdoors in col ors
with the use of flashlig ( ] oxi de_of
the resent invention has htgh ul t'ravi ol et* absor bahce. LY
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15 Therefore, when a nmake-up is conducted with the cosnetic of the

present invention conprising the above photochromc c¢ e
skin made up i snmnﬁ lﬂ:ulMlImJ iact ed fromultraviol et WR@W»&H* :)

5.

phot ochromic co ising: 0.05 to 10% by ight, in ter of
[err], of iron oxi de® 1-88% b y MEIght |%§ferns of [e r], o6 Jl Hewgn px] de;
and balance of titanium oxide. 2. The mpound oxi d¢ s clainmed in kclpi m
1, conprising 1 to. 75% by meight in ternms of [err], ol Said srtTT

oxi de. 3. The conpound oxide as claimed in claim1l 2._conprising gt
| east 16% byChaiwst, in terns of Ti 2, of said titanium oxide. 4. The
conpound oxide as clained in claim 3, conprising 16-93% by weight, in terns

of Ti 2, of said titanium oxide. 5. The caonpound oxide as clained in
cl ai m 4, 1. A photochromic compound oxide comprising: 0.05 to

10% by weight, in terms of Fe,0;, of iron oxide; 1-80% by
weight, in terms of SiQ;, of silicon oxide; and balance
of titanium oxide.

2. The compound oxide ag claimed in claim 1,
comprising 1 to. 75% by weight, in terms of Si0,, of said
silicon oxide.

3. The compound oxide as claimed in claim 1 or 2,
comprising at least 16% by weight, in terms of TiO,, of
said titanium oxide.

4. The compound oxide as c¢laimed in claim 3,
comprising 16-93% by weight, in terms of TiO,, of said
titanium oxide.

5. The compound oxide as claimed in claim 4,
comprising 16-77% by weight, in terms of TiO,, of said
titanium oxide.

6. The compound oxide as claimed in any one of claims
1 to 5, further comprising up to 30% by weight, in terms
of Al,0;, of aluminum oxide.

7. A copmetic preparation comprising the photochromic
compound oxide as claimed in any one of claims 1 to 6.

8. The cosmetic preparation as claimed in claim 7,

comprising 1 to 30% by weight of said photochromic
compound oxide.

9. A method of maintaining the natural flesh color of
illuminated skin comprising the steps of:



_conprising 16-77% by wei ght,”in terms -of Ti 2, of sai CREPLAQEMEN;{)I(SH\EET

The conpound oxide a one of clainms 1 t{o{5, further
conprising up to 30% lwlﬁmmmum’ﬂﬂ! rms of [err], of jalju g 7
A cosneti.c preparati ot cbnp¥i $1 ng € phot ochrom c conpcun OXI e as
clainmed in any one of clains 1 to 6. 8. Jhe cosnetig paratton_as

claimed in claim7, corrprl sing 1 to 30% by wei ght of sjaid photachrom ¢

conpound oxide. 9. § Laag 0l MRIHAIbriee chalay @onfdﬁh:ﬁﬁi or of
e

illum nated skin corrprl Si steps of in
phot ochr omi ¢ oRPUPTEHPSs it %dtanéscéﬁﬁﬂf%i %s gcl’frred in

any one of clapfRpihsta €o B); i I lum nating the skin with light; and c)
Dot 10"t o SRV UBBIA R s et 1
allowing the color of said photochromic
compound oxide to darken during exposure to the light;
whereby the color of said photochromic dompound
oxide lightens upon extinguishment of the light.
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wher eby the col or of said photochrom ¢ conpound oxi de |ightens upon
extingui shnent of the |ight.
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PHOTOCHROMIC COMPOUND OXIDE AND COSMETIC

COMPRISING THE SAME

ABSTRACT
The present invention provides a photochromic compound
oxide of Ti, Fe and Si which may contain Al and.a cosmetic

comprising the above photochromic compound oxide which,

5 even when a light quantity change instantaneously occurs as
in taking a photographic picture with the use of
flashlight, exhibits satisfactory changes in lightness and
color difference in accordance with the above instantaneous
light quantity change.

10

Figure 4



