1. ST it Tty 4

| PTI ON MULTI LAYER- COATED POADER _TECHNI CAL FI ELD _ The present
Pﬁsgstion relates to a nultilayer- coated powder and a pi gnent, material
for a cosnetic, and powder for use in an eIectrorheong[qg{ fluid each
conprising the multilayer-coated powder. More part|cularly,*thls-ravenLLQn
relates to a pignent powder for use in a color ink and | er "“for
pl astics/ papers; a material for color cosnetics which conp wwmmwmwmb
| i ght wei ght powder; and a powder for use in an el ectrorheo o
havi ng excel |l ent voltage responS|veness whi ch can raprd#yﬁand_ﬂﬁmai§%?‘y
change its apparent viscosity by { g£o§taapplled vol tage (on/o

vol tage change), can change into even a te showing no. flowability,
and is thought to be used in appllcatlons such as cl utches, valves,

danpers, brakes, shock absorbers, and ctuators. The pres m mm
furt her UL T ELAYER -lCOZTEO WHEWDHEOS € electrorheologlcaJm mm mmﬂmmm?re
utilized and which is usable as marker particles for exam nixg@othe OW ng

state of a fluid based on the properties of the powder, e.g., as a tracer

for determning a flowing state by the | aser Doppl er nethod. BACKGROUND ART
TECHNICAL FIELD

The present invention relates to a multilayer-
coated powder and a pigment, material for a cosmetic,
and powder for use in an electrorheological fluid each
comprising the multilayer-coated powder. More
particularly, this invention relates to a pigment powder
for wuse in a color ink and as a filler for
pPlastics/papers; a material for color cosmetics which
comprises.a lightweight powder; and a powder for use in
an electrorheological fluid having excellernt voltage
responsiveness which can rapidly and reversibly change
its apparent viscosity by the action of applied voltage
(on/off, voltage change), can change into eveh a gel
state showing no flowability, and is thought to be used
in applications, such as clutches, valves, dampers,
brakes, shock absorbers, and ctuators. The present
invention furthermore relates to a powder whose
electrorheological properties are utilized and which is
usable as marker particles for examining the flowing

state of a fluid based on the properties of the powder,



The present inventors previously invented a powder conprising a base
particle of a netal or netal conpound and having thereon a netal oxide

fil mwhich has an even thickness from0.01 to 20 pmand in which the netal
contained therein is different fromthe nmetal constituting the base
particle in order to provide a powder which conbi nes properties inherent
only in the netal particle or netal conpound particle with other properties
so as to have a conbination of functions (Unexam ned Published Japanese

Pat ent Application No. 6- 228604). The present inventors further inproved

t he abovg ppwdeg and J.nv. e powder conprising.a base particle having '
not a si %g%ce) [ aégrgofé%%%a?c’%xi&\,\g%ﬁ?‘l&%lal g}@?"&“& stateabyotihee film

and a ne;adséli'llﬂa;ﬁ%g_grrnqgé'yﬁg&.(Unexam' ned Published Japanese Patent
Application No. 7-90310). For producing these powders, it is

necessary to formplural netal oxide filns each having an even thickness
over a base particle. Since it is difficult to deposit a netal oxide or a
nmet al cOBPOREBRGUNR ARGcur sor therefrom an aqueous netal salt solution, the
present inventors devel oped a nethod whi ch conprises dispersing the base

particle into a Whbeal miésende sbhubnerand Pyrdralowdny thgevEialgal koxide
to thereby forma netal oxide filmon the base particle. Due to this

met hod, PPYWR&F beeswriguingblae baesfeor paatiikie netfal a Oxicteaf i lp Wabgh1i S
even in thickness and, in particular, the formation of a nmultilayered netal
oxi de fiFAPRRINLRNE Payding cthereon a metedptexive efidee wini elehhlese
mul til ayer-coat ed _pawders as powders conbi ning properties inherent only in
given a %%see‘f)%’?titg’l"é: RS otfePmp ol t tes %8 &én t andavien awbdmdh naheon of

functio inly_ i.n applications, such as pignments, nmaterials for
cosmet | gg?tgﬁd f)%’\?ﬂ}earls&%%r E‘ésﬁe&flﬂ e’ﬁrcﬁhESPS@T’éhl fimom dsthe metal |n

connect i OHn Wi ;! o] sor _use ip.electrorheological fluids (ERF), it
i s noted that t(;%Fl‘t1'reslehe£tror eé{%glecé?a¥gﬁf:é,e whPchoFdegal ted BFeyide a

el ectrohshaes fWHiEhor c8hES e ive.fluid,.is a.functional fluid
‘whi ch u\fﬁm ly isin a |?qﬁ‘?’d&t“;%t ?ys%%ﬁﬁgﬁ oVABEEERF bBELhi &R, tBen

appl i catmevadf pabtgleieol B3ge mder %ﬁuﬁansbgg%bélee V!VTSiC'@'?i tglt}ilggr ease
ity.

and can finally change into a gel state show ng no owabi
Proposed®msepéatias ssoh blsui o ahavie Cf t ddinki R tbPObERE S L 4,00 - and

suspensi ons of various particles.

' (Unexamined Published Japanese Patent Application No. 6-
228604) . The present inventors further improved the
above powder and invented a powder comprising a base
particle having not a single layer of a metal oxide but
plural layers of a metal oxide film and a metal film
alternatively (Unexamined Published Japanese Patent
Application No. 7-90310).

For. producing these powders, it is necessary to
form plural metal oxide films each having an even
thickness over a base particle. Since it is difficult

to deposit a metal oxide or a metal compound as a

precursor therefrom an aqueous metal salt solution, the



However, the former fluid does not sufficiently performfunctions of an

el ectrorheol ogi cal fluid because the viscosity increase thereof wth

i ncreasing applied voltage is snmall. Investigations have hence been nade
mainly on the latter fluids of the particle dispersion type. This is
because ERFs of the particle dispersion type show a relatively satisfactory
viscosity increase wth iincreasing applied voltage (Wnslow effect) as
conpared with the polymer solution type. I ncidentally, the
particul ate materials which have been known as particles to be dispersed
into oil La.to. re_electrocheol pgi cal fluids include inorganic and
organi c u%%tggﬁges}pé%gﬁ:oaﬁs si#‘i”%ﬁ?‘%’&fe)@ch&}ﬂ@’?@siﬂé}cbar CompTisaat e,
hydr ous [ i cr Il {ne.,zeolites, .cellulose, starch, and
soybean ggf;élﬁ%k(gé&%fn %de Ja%%%%se éi%%‘?i?’ubf'f%&ti Gh feetas_ 1pdkpxide
Unexam nesb Rubl bahegh aPARESST : i Wely! . 48-17806, Exam ned
Japanese Patent Publ i%ati on Nofé%gl%z?gg "f??\%é(gn‘ia P SHedtherskge
Pat ent Afdimatl alstARS.o28dd 7 F2 r 18081 d_4- 89893, etc.

Furt hernore, since inorganic subg?fgng’zls ﬁgée%aﬁlggr? 8?Fect éﬂ% p%?yner
parti cl esHias emethiosf,acioryadi beeichdi pbk¥idlle NBS PESH % 099§ﬁdmteq._adfp05i't
fine particles of an inorganic substance on the surface o pol yner

parti cl e®*¥s¢ of ilan widarlyahs ceveganic thipkalelse tawd| ayar pHfUebyig L 0

t hereby give a powder for use in an el ectrorheol ogi cal fluid (Gekkan™’

Tri bol ogg:,h%uﬁ."m‘?%s&f @ 2multilayered Howewdr, obdidaISEiilm i MWess t he
powders conprising a.petal or nmetal conpound as a base have a probl emthat
t he pomgﬁ%?@ 881kl apt to precipitate in the liquid before use
because of thei rAI arge s ecific gravity and are difficult to disperse
evenly. For use &% 59'}?0 et <¥6r ”i%,t‘a ¥ER| dhase pritdilayemndoatted i ke,
t he powd d%_t]péll b Qred, wever, since use of a mechanochem cal

net hod rggﬁvl ts 1 ngﬁug\?g'(ralezra% i %ﬁ'l;'%f"ntlﬂ’éd RHABRE bl nhrgentererlyi Am

reduced ghoalnt gpagiigl | ak r gogd,a lighter color, jt is necessary to
use a dyg or the Iikggt ?%ic‘)?g‘ré&t eag%\lﬁde?égefheﬁ"é°m’r%saSpf?o@lsemttohat

when t hehpowdel scanBiHa®d A5 & f Eln@e fH s P! 1 and subj.ected.to
kneadi ng so as to be dispersed into alr es?h,ﬁ?h'gﬁ' owdefP &r"t‘?%?%gn%par ate

from thessbkal |ssf gritpseys o mRctaposheni €8k wIdpdrapd this my result in a
col or change. Wth respect to materials %o?egdsrréé de ,°Y§ers

parti cul fipr msteriral eléctremtess bogiean GsiEdéscs, there is a problemthat
the powders are difficult to use. In the case of a powder obtained by
depositing parti¥resconnectidnom oxittte othiehe pok@erB t heopar tisd e sHrf aces
of, electrorheological fluids (ERF), it is noted that an
electrorheological fluid, which is called élso an
electroviscous fluid or electroresponsive fluid, is a
functional f£fluid which usually is in a liquid state
showing flowability but which, upon application of a
high voltage, undergoes a considerable viscosity
increase and can finally change into a gel state showing
no flowability.

Proposed so far as such fluids are a certain kind

of polymer solution and suspensions of various particles.



for exanple, a resin powder, there is.a problemthat powder particles
separate fromthe surface coating shells during use to cause a col or
change. Furt hernore, the inorganic/organic conposite type powder
for ERFs, anong the prior art techni ques described above, has the foll ow ng
probl em because of its characteristic structure, which conprises pol yner
particles (cores) having satisfactory dispersibility and fine particles of
an inorgani c substance deposited on the surface of each pol yner particle.
Nanmely, in a powder obtained by depositing fine particles of titani um oxide
or the Ii he f e I £S] owder partd.cle ere are cases
wher e pomﬂ/(;cg“r'ggg%t'i cles go%\%g%%gﬁﬁﬁécfeélgﬁgpém ergﬁgI '%ﬁ%’ééggpﬂ%ﬁ@mom
the resi Fpactishes i ORArAL4 r tp i.cl esforusein

el ect r or heol ogi caI% HGLg ds%g)be%?ség%tggrgle%g\ﬁ%gé%gr g%f‘%‘r% p?’lerﬁa&s? nkK&?®col or
di spl ays.vidcéBethi keintheapa ti chayedyoul ¢ike co : éﬂlf %VGV one, of

t he conventi onal gll ectrorheol ogi cal flui dsq?{lg% no%ﬂgggr? co reé‘.PH lead

col ored etcectageheicd ogmadll f | uiTdhviess Ebataeshs | hat@) RenksedHdlnPLIUET S
such as Hertz type printers (see C.H Hertz et al., Agui Takeshi et al.,
"Real Com@indy do®opghe SemyherTdshwidsK.of pthle shedtael@tdi8petdGn

p. 56). Consequently, an object of the present invention is to
el i m nat &¥Rfese Pt eks dricprsel BRFa mifjnthe poacdedcdle adsspbire i or
tone whi¢h contgi_:?ses a lightwei ght base particle and is capabl e of being
col ored WHRHUERTH ng £ %téﬁ’egiignﬁﬁﬁ:lﬁrﬁﬁ%?ﬁymhhcnéﬁ-tanl ynegreiagreent

for nonoghr.omati c col or. inks, | ue, green,_or yellow inks, can.be

obt ai ned "By tii SPATEFAG IR p‘?%?er%géapgva?é’rtﬂfo APARS PV bLefEess)a fas | er
o PLackpcalags o ik (et gned: g Tuboptalo ot col or cosmet] oo v cf
cyebron pencl | <. roan dhen esigned o vBhehitcheg® L Aepbi N
ol ect orheorogr aal oo i pRRr s IEE aTer o s S 480 eo8h%i vi ng
a materimediar ateol gedphle d.e DbSEERYRL 1 FgIEEL NVENIEGY  include
inorganic and organic substances, such as silica, ion-
exchange resins, barium titanate, hydrous phenolic
resins, crystalline zeolites, cellulose, starch, and
soybean casein (Examined Japanese Patent Publication No.
45-10048, Unexamined Published Japanese Patent
Application No. 48-17806, Examined Japanese Patent
Publication No. 58-32197, Unexamined Published Japanese
Patent Applications Nos. 58-179259, 63-185812, and 4-
89893, etc.)
Furthermore, since inorganic substances have a
high ERF effect and polymer particles have satisfactory
dispersibility, it has_ been proposed to deposit fine

particles of an inorganic substance on the surface of



The present inventors nmade intensive studies. As a result, they have found
that a powder colored in a stable tone, such as blue, green, or yellow can
be obtained without a dye or a pignent by formng a thin filmconprising
plural layers differing in refractive index on the surface of a powder to
regulate the nultilayered filmwth respect to reflected-Iight

i nterference waveform The present invention has thus been conpl eted.
Specifically, the present invention can achieved by the follow ng neans:

(1) Anmultilayer-coated powder conprising a base particle having a specific

ravit (o] : hgvi hereon plural .cgating | ayers which are
&ffergd??%%ésgagg%ﬁﬁé$gFn%&%ﬁéé?i35!ﬁdﬁﬁ?an%§?°ﬁﬂéh¢ﬁtEP&R%i?%EIed
owder aaasdi 8gekO dhe,apave (4. tnhe: %es ong_of the coati
Ioayers is an ingfgani%@urret al coérr%ou)rﬂl% Iea)}}e]r(?'{v 3% T%%w_ It |é%’5‘/e}‘-580a3t’ég
powder aeaoréliegtie dHesPHgYeal2)s1 " §GR K 'fgigéﬂ'o tgﬁgcmog%

| ayer is a netal oxide filmlayer; (4) The nultilayer- aﬁe. 0 r .
accor di ngstsué¢ hepaldye (1), wherein at |east one of the coating layers is a

metal |ayer or an alloy |ayer;

However, for use in inks, the powders comprising
a metal or metal compound as a base have a problem that
the powder particles are apt to .precipitate in the
liquid before use because of their large specific
gravity and are difficult to disperse evenly. For use
as a powder for inks, a filler for plastics, and the
like, the powders should be colored. However, since use
of a mechanochemical method results in pulverization of
the pigmeht itself and, hence, in a redﬁced. pPigment
particle diaméter and a lighter color, it is necessary
to use a dye or the like to color the powders. There
also is a problem that when the powders are used as a
filler for plastics and subjected to kneading so as to
be dispersed into a resin, then powder particles
separate from the shells formed by a mechanochemical
method and this may result in a color change.

With respect to materials for cosmetics, in
particular, materials for emulsion-form cosmetics, there
is a problem that the powders are difficult to use. In
the case of a powder obtained by depositing particles of

titanium oxide or the like on the particle surfaces of,



(5) The mnmultilayer-coated powder according to the above (1), wherein at

| east one of the coating |layers is an organic |ayer; (6) A pignent
powder, conprising the nultilayer- coated powder according to any one of
t he above (1) to (5) ; (7) A material for a cosnmetic, conprising the

mul tilayer-coated powder according to any one of the above (1) to (5); and
(8) A powder for an electrorheol ogical fluid, conprising the -

mul tilayer-coated powder according to any one of the above (1) to (5).

In the present invention, the base particle having a specific gravity from

h f ltilayer- ted povvder S
gotl tpgrtl?ggl a%élly P’ll%)?z Itggggg gmle'adsggoof ré?ef%gl‘ls;naorﬁgﬁ < &hat

| nor gani gowdlast ariggrt}zl&qesgecgggggg;l@étﬂot ’2“-”%;“ t mﬁe bag tanaeLgT%{’g l. from

0.1 to 5.5, nore preferably fro fromtha 3

f | owabi | shgldnd GuspRESud | £y. chiiddia haseoRasaapeci fic gravity beI ow
0.1, the bﬁoyancy of tghe base is so |large that thera) [ mshould be nmade to

conprise a | argeFunthieaimaiel aytleS Mot§aht coPexapsh 8l ¥d gg&tg\htgg o S
unecononi cal . On the other hand, if the base has a specific gravit

exceedi ngo?lde?; afohi ckERFbm foamsns_;pen'dheg tpeibase aBtnecrssHn Yquili ch
al so is uneconomcal. In addition, irn the case of cosnetics and the i ke,

such a pdRasFibad ngb[qxgj artges a t}hﬂt ifollel e tngt gproblensubéakliedesguse it
gives a fgndycﬂggggterlstlc structure, which comprises polymer
particles (cores) having satisfactory dispersibility and
fine particles of an inorganic substance deposited on
the surface of each polymer particle. Namely, in a
powder obtained by depositing fine particles of titanium
oxide or the like on the surface of each resin powder
particle, there are cases where powder particles
covering the resin powder particles separate from the
resin particles during operation.

In order that particles for use in
electrorheological fluids be used as a powder for color
printer inks, color displays, or the like, the particles
should be colored. However, none of the conventional
electrorheological fluids has not been colored. If a
colored electrorheological fluid is obtained, it can be
used in printers, such as Hertz type printers (see C.H.
Hertz et al., Agﬁi Takeshi et al., "Real Color BHard
Copy", Sangyo Tosho K.K., published on Oct. 8, 1993,
p.56) .



For use in a pignent powder or a powder as a material for cosnetics, the
base is preferably an inorganic substance because it is not influenced by
the heat of burning in the step of coating filmformation which will be
described later. On the other hand, for use in a powder for

el ectrorheol ogical fluids, the base is preferably an organi c substance,
e.g., resin particles, fromthe standpoint of dispersibility into |iquids.
Exanpl es of the resin particles include cellul ose powders, cellul ose
acetate powders, and spherical or pulverized particles obtained from

pol yam des, epox esier nmel am e r.esi ns ur et hanes, vinyl
acetate resins, hgﬁéﬁﬁggﬁgwes%ﬁs%op <o aP edt}b?/ Pﬁ?%d?%n%?"?é’t 838 or
copol ynmersi g.attbonegf,_ Acitld C @l fL S J:Esg ylJ £ ekl s g St yrene et hyl ene,
propyl enel and derll\?atl ves thersg%f &re%%llly pr %erre re§ n B&F‘ﬁ’{

are sphergsadeacr Wi C &esistalud i cbed bt apggd bhﬂb@hpo'%&??ﬂf@&' on Of
acrylic acid or a nethacrylic ester. e as the |norgan|c

subst ancd iggletwanghani Gdwe | opapdiild e eSangUCh fis ShpLBAL babfoong ;P! | ow
silicic acid particles), fine hollow carbon particles (Kureca Sphere)’,
fused al @lrredbbiidgshoatr ossingwh t dyeardon pifgmenBoldmiv siiltdi awhRker es,
fine holl ow cal ci um carbonate spheres, cal cium carbonate, pearlite, talc,
bent oni t @0t €BdY sucRigmenht fom omehoshramh thanawicn, indal j ne.gnd t he
i ke. In the nmultilayer-coated powder of the present |nvent|on

t he plurg %ﬁmilﬂﬁeﬁﬂmﬁs°Form&i¥ﬂWeaéWH§we gant i dhe h@htg}nedpehjlc
gravity fron10 5 ould be different fromeach other in refractive
i ndex. TRé l?a%resl’:l"é?s tgiﬁlsﬂlﬁi‘}'ﬁ Pﬁé@@rcoh{‘?:ﬁg 3 affdiddar ebussiabpdy a

sel ect ed g9yitabl rom Lner.ganj_c_ net al onp und netal s, alloys, and
organi c substancégfr giasg it /papers can’be §e51gned a material

for color cosmetics which is a powder with which
monochromatic colored powders, such as mascaras or
eyebrow pencils, can be designed and which is capable of
absorbing ﬁltraviolet and infrared rays harmful to the
skin; and a lightweight powder which, when dispersed
into a fluid, can give a material for an
electrorheological f£luid, in particular, a colored

powder capable of giving a material for a colored fluid.

DISCLOSURE OF THE INVENTION

The present inventors made intensive studies. As
a result, they have found that a powder colored in a
stable tone, such as blue, green, or yellow, can be
obtained without a dye or a pigment by forming a thin
film comprising plural layers differing in refractive

index on the surface of a powder to regulate the



These coating |layers each is fornmed as.a dense and continuous film whereby
t hey can have excell ent properties. - Typi cal exanpl es of the

i norgani ¢ nmetal conpounds which may constitute the coating |ayers include
nmet al oxi des. Specific exanples thereof include the oxides of iron, nickel,
chromum titanium alum num silicon, calcium nmagnesium and barium and
conposite oxides of these nmetals, such as bariumtjtanate and | ead
titanate. Exanples of the netal conpounds other than nmetal oxides include
metal fluorides, such as magnesi um fluoride and cal cium fl uoride; netal

nitrides, 3 j nigside; nmetal sulfides, suych as zinc sulfide and
cadmi um sﬂ???gégiﬁe{% c£ j(')rg]at e‘%%{:lgucf%%p%S%ci u?rf’carﬁﬁ%ér?&t%’tla}ght

phosphat esnt&¥eb rathi &&l Gayaphpgsphatey a carhbides. | articul ar,
silica or the Iike enables the%rrﬂl tiﬁ?eﬁ%%%gg powier t"(?"na{;@g thus

sati sf actkgen peoplidasd . Exanpl es of the elenental netals which
may constitute the coating |ayers include silver netal, cobalt netal,

ni ckel netal, andpeabfietdlly FxamHes pirdddh#et aln@bheYsnl nc&age be
iron-ni ckel alloys, iron-cobalt alloys, iron-nickel alloy nitrides, and-

i ron-ni cleettbbuetd byl dyhei fpildesting means:The organi ¢ subst ances which may
constitute the coating |ayers may be the same as or different fromthe

af or enent {Ioned oPgafiel Sibayverescatel e Howdeonstiompiringi hje Basdaswd are
not particularly limted. However, resins are preferred. Exanples of the
resins i ﬁﬁ‘ifﬂ’eciﬁl IRABRBI | IsHef beetanavipyl yafii desl &poxy0r Bsiarsd

pol yestegs nmel apl ne resins, pQlyurethanes, vinyl acetate resins, silicone
resins, and 17 yheFEssn cBgBﬁ?ﬁ'er%o%?lﬁEr HaYexst vhichmarrcdyfiferestter s,
styrene, I f | ene, _and derj vatives thereof. _ Al t hough
vari ous rrf%{%%{ig; ‘ghcgrtf'%gé/er WERATES A YR utBYe® coating | ayers as descri bed

above, a (yitabl @0 | _ 1als _shauld be selected according to
t he ki nd ((?19 a pi g#%n?mﬁ%gtgy%% %ag%gl PR §ses§c?ﬂﬁgéﬂﬁst§ﬁcew be

fggéfq, ﬁbbvevwd}? hﬁ@f&&ﬁCSQUTéégttQEer%@*%ELVSoQ¥¥§§(’a§2§2 %29ting

an inorganic metal compound layer;

(3) The multilayer-coated ' powder according to the
above (2), wherein the inorganic metal compcund layer is
a metal oxide film layer;

(4) Tﬁe multilayer-coated powder according to the
above (1), wherein at least one of the coating layers is
a metal layer or an alloy layer;

(5) The multilayer-coated powder according to the
above (1), wherein at least one of the coating layers is
an organic layer;
(6) A pigment powder, comprising the multilayer-
coated powder according to any one of the above (1) to

(5);



If the powder is for use as a material..for cosnetics, the coating |ayer as
t he outernost |ayer should, of course, be constituted of a material which
is inert to the living body or which at | east does not adversely influence
the living body. Typical exanples of such materials include titanium

di oxi de. Ti tani um di oxi de is thought to be effective al so because
It has the property of specifically absorbing ultraviolet waves. By using a
metal filmand a titaniumoxide filmand suitably regulating their film

t hi cknesses, a powder having a high reflectance throughout the whole

infrared pepion gan he 4l ped a_UV- _and | R-cutting cosnetic can be
prepared therefrom f‘éfl f the cdati ﬁésf“ﬁFé_r%' coWgWHFhﬁ%nSr nehe

or gani ¢ subptansgdyessrebinopolber | QLRI £ALD |0, Pralerably a getgl oxide

film In the present” invention, € orgahic P codted
may have ayvear(tlcle shepe. afld hough particles of irregul ar shapes, such
as pul verized particles, can be coated and col ored, spherical particles are
especi al | {Bpref ey edpowder £dhe panti CéBehdBUHUoDPEGERE1  fluidg

mul til ayer-coated powder of the present invention is no? particuﬁafly'
linted, GHRPEAALIDBG hlie abhy)tidqytert edoatear Gowdéep RWdsEEng HeWwe Wiy the
particle dianmeter_ thereof is generally in the range fromO0.01l pmto
several M9 |7kt Ehe. abovee (hdwter (%) to be used for coloring as a col oring
mat eri al based on visible light interference, the particle dianmeter thereof
is preferably re&ﬁaﬂ?ﬂFtOPGQﬁ?Q%)l%BUGW&ﬁon, the base particle

having a specific gravity from 0.1 to 10.5, which

constitutes the base of the multilayer-coated powder, is
not particularly limited and may be made of either an
organic or an inorganic substance. The specific gravity
of +this base is preferably from 0.1 to 5.5, more
preferably. from 0.1 to 2.8, from the standpoints of
flowability and suspensibility. If the base has a
specific gravity below 0.1, the buoyancy of the base is
so large that the film should be made to comprise a
larger number of layers or to be exceedingly thick,
which is uneconomical. On the other hand, if the base
has a specific gravity exceeding 10.5, a thick film for
suspending the base is necessary, which also is
uneconomical. In addition, in the case of cosmetics and
the 1like, such a powder having too large a particle
diameter is unsuitable because it gives a sandy feelihg..

For use in a pigment powder or a powder as a

material for cosmetics, the base is preferably an



If the nultilayer-coated powder is used-in an el ectrorheological fluid, the
liquid nmediumis not particularly limted as long as it is an insulating
medium and is a high-boiling substance which is liquid under use conditions
and has electrical insulating properties. Exanples of commonly used liquid
medi a i ncl ude petrol eum |l ubricants, transforner oils, silicone oils,

di butyl sebacate, chlorinated paraffins, brom nated al kyls, alkyl esters of
aromati c pol ycarboxylic acids, hal ophenyl alkyl ethers, and fluorochem cal
oi | s. The amount of the powder added to the insulating mediumis

[om 10 e S03aRY o/ UWKIEablod NEoaddAd of 2UuntLhereaf, 15 st er { han

10% by vol une; the resultant m xture shows

with changdag ! badn age, apgh LQs i . e| egt.rorheol ogical fluid
properties. Anounts th\e&?{_eéof g%xcgfelgi ﬁ%t%g%l%é vo%tr}‘trrlex? r?‘uﬁﬁe%%ﬂ%%"?ﬂ t hat
the resultainéh MwstIll ebBasdd 88 rhin@ly a1 ¥ikeg0S! tyni fli]ﬁé‘eot%‘ii "ALYgSt &L & Wher e
no voltage is applied, and shows a thixotropic behavior. © ThRT uni t
coating heseer $ncengpowderngfséhe ellldtftatonRabiliigyl YL #1:iQPr et gLakly . ones
whose thi cknesses have been deternined so that” these [ayers’ have
interferémce pafdfrrabiypeaks or orgrerier ernebstansa,ssi @ ot t O fint he
sane specific wavel ength. Mre preferably, the thickness of each unit of
the coat PRF 165+®si s HECBr nthed Byanidgonnt fafdaiikesparshibimity clnass

t her eof ich satisfies the follow ng equation (1) : Nxd=mx% 4(1) (wherein
N represet®*%onpl ex refractive index, d represents the fundamental film

;t/vgi/grgﬁss, in reﬁ%& angi qzté’(ra%er ;natural nunber) , zind A. represents the

gth at whiC ¥ nPar {1 k@S +Bf Pt ml peak nelude eeedludose

transni sgbgudieak aPREALI AN M1, 08M ned fuy Lhe following equation (2):
pulverized particles obtained from polyamides, epoxy
resins, @polyesters, melamine resins, polyurethanes,
vinyl acetate resins, and silicone resins or obtained by
the polymerization or copolymerization of acrylic esters,
methacrylic esters, styrene, ethylene, prcpylene, and
derivatives thereof. Especially preferred resin
particles are spherical acrylic resin parﬁicles obtained
by the polymerization of acrylic acid or a methacrylic
ester.

Usable as the inorganic substance are inorganic
hollow particles, such as Shirasu balloons (hollow
silicic acid particles), fine hollow carbon particles
(Rureca Sphere), fused alumina bubbles, aerosil, white
carbon, fine hollow silica spheres, fine hollow calcium

carbonate spheres, calcium carbonate, pearlite, talc,

- 10 -



N=n + iK(2) (wherein n represents the refractive index of each unit
coating layer, i represents conplex nunber, and K represents extinction
coefficient)), and correcting the actual thickness of the each unit of the
coating layers based on the function of the phase shift caused by the
extinction coefficient K of refractive index, the phase shift occurring at
filminterfaces, and the peak shift attributable to refractive index

di spersion and particle shape so that the each unit of the coating layers
has an interference reflection peak or an interference transm ssion bottom

t the sapen ikt C en s, shg Ve, _ . or formng these
?i I msfa tshe fgﬁﬁ%\lﬁ'@r{g ﬂn%ﬁ%dsg%ﬁb%éug%tg%%olr%iIﬂbcﬁ? ﬁﬂe‘fs%‘g?amam be

deposi t edeadD¥BYCandtdies MBKROdS can be used. (1) Formation of Organic
Sugst ance ?:i | m E/Resi n Film: a. Polynerization in Liquid Phase Use

can be made, for Isxamples, m@fl ti Y@yELdciod tedd ChRaidiclps q:?;evi ¢ A5, base
are di spersed and enul sion polynerization is conducted to formaresin film
on each partémtion, the plural coating layers formed on each base
particle having a specific gravity from 0.1 to 10.5
should be different from each other in refractive index.
The materials constituting these coating layers are
desirably selected suitably from inorganic metal
compounds, metals, alloys, and organic substances.

These coating layers each is formed as a dense
and continuous £film, whereby they can have excellent
properties.

Typical examples of the inorganic metal compounds
which may constitute the coating layers include metal
oxides. Specific examples thereof include the oxides of
iron, nickel, chromium, titanium, aluminum, silicon,
calcium, magnesium, and barium and composite oxides of
these metals, such as barium titanate and lead titanate.
Examples of the metal compounds other than metal oxides

“include metal fluorides, such as magnesium fluoride and
calcium fluoride; metal nitrides, such as iron nitride;
metal sulfides, such as zinc sulfide and cadmium
sulfide; metal carbonates, such as calcium carbonate;

metal phosphates, such as calcium phosphate; and metal

- 11 -



b. Film Formation in Vapor Phase (CVD).(PVD) (2) Formation of Inorganic
Metal Compound Film a. Solid Deposition in Liquid Phase . A
preferred method is to disperse particles serving as a bas_e into a netal

al koxi de sol ution and hydrolyze the netal al koxide to thereby forma netal
oxide filmon each particle. This nethod can forma dense netal oxide film
It is also possible to react an aqueous solution of a netal salt to thereby
forma filmof a netal oxide or the like on particles. b. FilmFormation
in Vapor Phase (CVD) (PVD) (3) Formation of Metal Filmor Alloy Film a.

Reduct i orepinMeéal. Sahl dd-ti8UhdN8S€1ica or the like enables the

multilayer~coated powder to have satisfactory properties.

Examples of the elemental metals which may
‘constitute the coating léyers include silver metal?
cobalt metal, nickel metal, and iron metal. Examples of
the metal alloys include iron-nickel alloys, iron-cobalt
'alloyé, iron-nickel alloy nitrides, and iron-nickel-
cobalt alloy nitrides.

The organic substances which may constitute the
coating layers may be the same as or different from the
aforementioned organic substances usable for
constituting the base, and are not particularly limited.
However, resins are preferred. Examples of the resins
include cellulose, cellulose acetate, polyamides, epoxy
resins, polyesters, melamine resins, polyurethanes,
vinyl acetate resins, silicone resins, and polymers or
copolymers of acrylic esters, methacrylic estérs,
styrene, ethylene, propylene, and derivatives thereof.

Although various materials can be used to
constitute the coating layers as described above, a
suitable combination of materials should be selected
according to the kind of a pigment or coating material,
purposes, the substance to be coated, etc., while taking

account of the refractive index of each coating layer.



Use i.s made of the so-called chem cal .plating nethod in which the netal
salt contained in an aqueous netal salt-solution is reduced to deposit the
netal to thereby forma netal film b. FilmFormation in Vapor Phase (CVD)
(PVD) - A netal filmcan be forned on the surfaces of particles, for
exanpl e, by the vapor deposition of a netal. A nmethod for formng
a nultilayered fil mconposed of |ayers of a netal .oxide having a high
refractive index and, alternately arranged therewith, |ayers of a netal

oxi de having a low refractive index is explained belowin detail as an
exanple. First, as ari| r i spersed_into _an_al cohol so]ution of
an al koxi de of tﬁgni%ﬁ]g Z#Fgg%zﬁm%%t ?.OOIA m xad &8I ufti oﬂ‘ag:(?n'p‘r? i nePHat er

an al cohatospadiaLat Anst &sagdd I ise do di spersi on under
stirring t%shydrlol yze the al k%xi dgdtoaro"%\gr e%/éfottfrprgoné?ﬁgngﬁ ce-Bf®Lach

base partikbdela,f idfm&butbaniven exhdes id copl Ymyaxi de; - :

hi ghrefractive-index film Thereafter?l'?'lrillit?sﬁlcg)o%e!rEl Is ta Jéﬁioﬁplt%}‘ 1s
solid/|i qurersepes attlon, ldivedg avedyhedr swieshedit 0 et ddeat ’H%‘% The
dryi ng may be conducted by any neans selected fromvacuumdrying with
heating, adweunsedyyi huflaetomt thal Uiying bbdys al 3gppessi bbgakpse an
apparatus,_such as a spray dryer, in an inert atnosphere while regulating
the at nohetechTRabaxialseinrdndemayibanacoorbiosihdd . by heating the
powder at 150 to_1100C (when the base particle is an inorganic particle) or
at 150 to 500C (ViR HempsEepikde| dise thowghtarta neegefifephiveclad)sd or 1
mnute tQ 3 hours either in.air when the coating conposition does not

in
under go g’)ﬁca%ltlf%n W Af%n hfer ProRRRbheof WABR e @adiLvngabsapdding on i s
suscept i hdat i ubsgquent.l the particles having the
hi gh- r ef y&&%%@?é%gg fﬁ]"n??mrrg Tt naaV'gQ:&ilspé}g’@daF’ﬂcFaﬁlﬁﬁé’dm
sol uti on o3f; met | koxj whj i an. oxi havi ng ow refractive
i ndex, suc#cges a g#lliﬁcon)ga oxi%‘gggrgbg' umi r%uen%'gfgg%fl e. &%&Ed sél on

I Si Rghi) ss | cghol 5o : [ d | to_th
oy ek 8.0 et VR, 5 SIRGILORUER iR,

resul tant dispersion under stirring to hydrolyze the

f or m ovethirfeeaghishicehef washeband Rardd Ckeqa ol |dBQf bal o ‘z?éii\‘?\%h%r
al um num oxi de as a | owrefractive-i ndex filgm Thereafter, the powder is

t aken oud BV-scnd/ IRegaiuttsopar abisoietivaceant Bei gthepuideihendieatrdheat ed
in the sane manner as the above. As a result of the above procedure, a
powder is obtainéd ithesnteating Bagemsrtontaimmnenorhmcxs faegahher eof
two layers conprising a high-refractive-index netal oxide filmand a

| ow r ef rﬁb‘iﬁs\}'@-’??ﬁle%ah’ﬁ%ﬁr okhge Fther Ramenrs neaeh tie pbefemulotedare for
form ng rre%_al oxi de fil is repeated to thereby obtain a powder in which
each par?f P 251981 fipfe metal oxide films on its surface. Since the

powder thus obt a'ilqe héas hi ghrefractive-index netal oxide filnms alternately
arranged with | ower erracPF eSS HdeX PYERH1 i dENS | REIZS G aPeW A& ekRabove,

It has apdi gledAldgCt AAGS AULD 90 18035 1e  shape. Although
particles of irregular shapes, such as pulverized
particles, can be coated and coloréd, spherical
particles are especially preferred.

The particle diameter of the multilayer-coated
powder of the p;‘esent invention is not particularly
limited, and can be suitably regulated according to

purposes. However, the particle diameter thereof is

- 13 -



For forming a netal filmon a base particle or on a netal oxide film
contact electroplating or sputtering nay be used, besides the electroless
pl ati ng descri bed above. However, the contact el ectroplating has a drawback
t hat powder particles not in contact wwth an el ectrode are not pl ated,
while the sputtering has a drawback that a nmetal vapor is not evenly
applied to the powder particles. Nanely, the thickness of the coating
formed by either nethod varies fromparticle to particle. In contrast, the
met hod of filmformation by electroless plating is preferred in that a
dense an \. y|.m C be,forned _and the filmthickness i.s easy to

regul at egg%]egghnié%gl £ m?’sheprngflgrﬁy abfect dB{lo dReatt r eSP¥ER2af t er
filmforgatiotigd e s Bne for.th | .oxide filns. .

If the pg%e:g}?)%e?;ﬁg'pr g:'fs%nt |nvéﬁté"lﬁ(()erlfof"'(SrE ﬁeséemli’% an ee‘?eé"rrorﬁ%%f’@'i"c?al
fluid isagroducedchy d i Ng :ioljaye gl m a -descr.i hed

met hod in such a nannelfiﬁat rtﬁl%?%!rgrf&lal ?Diea?srr%;aare ornnvegpg#?gr na éLIg?&for
exanpl e, iatexrfmsenpar,ti clehdavi PR SEBE! SREHAS €l avig%r%gﬁ cogtged
particles obtained are thought to have enhanced pol arization |1 ke

mul ti| aypredazaddblpr segiilustegatsbi O .66 hewi ngoadcsah] specific gravity and
| arge pol ari zation are obtai ned. Furt hernore, since a

ferroel ectric cahfbetheednud talayserteadect powddor il aidat]), ih pawder
having a smal | specific gravity and a high relative permttivity can be
obt ai nedepfFtFIFrYCAomdiaad ayEludds,i | nfthenpliisivigd a heddesl ectsi cnoltn
particul ar, ,whe figns f bariumtitanate (refractive index, 1.8-2.3) or
PZT (refPac‘?ﬁ’\Fé‘rhr?fa ¥, g.lfﬁ-lf.@é% &% fonRd 38 Hifhried r &1 i irswliekihig ms to

a color Qg eugnarti | e base%on visihle light multiple interference with

| owr ef ractivel naeX ¥ nf, ’n%h"%’ﬁé‘ e “%«fr"c?’&‘l’%s iR yigabl 2amad use
as a po or ct ogical _col or, fluids. . Af the particles
of the \;I)\gﬁggfrr ot}t?%eflgneggg’?gc%%%%%i ci Ci t B&2Bar teﬁ‘(ﬁcé%rb??%nt ﬁwgﬂ’fgﬁgousl y

e i s L,

ani sotropy, the nmmjor axes orient para Irec Rectric

field. ineclude péﬂrbméuﬁﬂmﬁbﬂﬁésﬂd¥¥jE@&HEE&?ﬁéP?gE?%SmEi%I%SHEiOm

the nultilayered coating has been united as a I'm w ¢ surface of each
particl eoilen thditesiyng | ss@Pashee li calcHnpdugheed it bR SUSEERLI bl e to
pol ari zation to have positive and negative poles according to the direction
of an elkromivaftiesl d. |d1kpdscore fadkyhis coaterg i S oF | NSrdMEtikthe
coated particle is symetrically polarized exactly |like a capacitor.

The powR?l¥raghoxybient dgidaii omdlopheeyiln amlkydct rethepkogi cahdf | ui d
(ERF) is%ﬂighl y.useful . Wien this powder is used to form an

el ect r orrre®d BBF@zﬁm"fq’%?-d?ltlﬁe fluid can rapidly and reversibly change its

apparent viscosi by the action of applied voltage (on/off, voltage
change) and can ﬁ%né‘@oi%tb %ter"ihé RPVEeE addedi f9 rdhe| dnamlating

Nanel y, ctyorheol ogi,cal fluld hgvin cel l ent_yol tage responsi veness
can be forrr:g vmil%hri?rsm?h(}f?ghfmt oégé %@dq’l‘ﬁiﬁbﬁrica&%or@%uéﬁw&s’:’fﬁ%tches,
val ves, HOPEES. thakeSs shack rbers d uat,ors. Furthernmpre, the
powder of this invention iggusgg‘lgégglerratr:kgrg pgf.t@tqf cI%%_ fB?EB?fm' ni'ﬂ'get he
flowing :dahtahtd mlitthre Thows adbaC&haler Qet\‘?im:g'sqq?f‘ fclhoavxv'lxé]g state
by the | aser Doppl er nethod. :
with changing applied voltage and has insufficient
electrorheological f£fluid properties. Amounts thereof

exceeding 50% by volume are undesirable in that the

resultant mixture has too high a viscosity in the
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The present invention will be explained belowin nore detail by reference
to the drawings. Fig. 1 is a sectional view diagrammatically illustrating
the structure of a particle of a nmultilayer-coated powder according to the
present invention. The particle conprises a base particle 1 having a
specific gravity fromO0.1 to 10.5 as a nucleus and, alternately fornmed on
the surface thereof, two coating layers 2 and two coating | ayers 3
differing in refractive index fromthe |ayers 2. A speci al
function can be inparted by regulating the thicknesses of the coating filns
differing in refractive index alternately formed on the surface of each _
base partiér8inhef e3©EEPbCwhed ifW i i fiferl iQare tj,ve index are
alternately formed on each base parti!(::itgsgg alsset&oﬂ%}a%lg%fyfa%%g thoﬁe'r%vmang
equati on (thixmgroipic fbemsvibhiech each is nade of a substance having a
refractive index n and has a thickness d corresponding to m (integer) tines
the val ue which i SFRelRdilr t Goatindellayrhs oconssiithutinghthar eXweaged in
an appropriate thickness and nunber. As a result, the light having a

specific mﬁ%rg-éﬁgth RYBEIFe PBE§ht PFEHNTAY Frongrk| whasa erthieknesses

reflection)ais r te orhed. nd = 4(1) This function.s '
utilized 2%,1(%' I gévésgAnd%%%%Q?P?% hat ng thah ga‘l‘%’ﬁﬁ?kne AYERE r SHEYRLi ve

index as tontsaFeslniauati i&ét#ﬁéh regggﬁt to at argelt&t\éve}__vgl en:?th of

visible light is formed on the surface offeach bas&Tparti Ffs film
is coated wkahsmls@iicie bokmoRayi Re ackef fAlAdt JpRfddEld Ve dviian % I's
procedure is conducted once or repeated one or nore tinmes to t ere y form
films whi Meheveprethambdyer i sthe nficaidos o5 abksdpt i o: ¥aveF engid width
inthe visible light region. In the above procedure, the sequence of
material dEPBSLIPFoR VAT fis Metemmined by dEieimg nedfundmhental Eing
manner . en )téhe base has a high refractive index, a filmhaving a | ow
refractive ThaeXf§ }I%%%IW%SPHEG%?@W f¥het Lo hfewingn adua fiorer se
case, a fi&m having a high refractive index is preferably fornmed as the
first layer. °

N xd=mx A/4 (1)
(wherein N represents a complex refractive index, d
rapresents the fundamental film thickness, m represents
an integer (natural numbex), and A\ represaents the
wavelength at which the interference reflection peak or
interference transmission peak appears, and N is defined
by the following equation (2):

N = n + ik (2)
(wherein n represents the refractive index of each unit
coating layer, i represents complex number, and K
represents extinction coefficient)), and correcting the
actual thickness of the each unit of the coating layers
based on the function of the rhase shift caused by the

extinction coefficient x of refractive index, the pﬂase

- 15 -



Fil mthickness is controlled based on_a neasurenent in which the change of
optical filmthickness, which is the product of the refractive index of the
filmand the filmthickness, is determned as flection waveformw th a
spectrophotoneter or the |ike. The thickness of each |layer is designed so
that the reflection waveformconforns to the finally required waveform For
exanple, if the unit coating filns constituting a.nultilayered film have
reflection wavef orm peaks at different positions as shown in Fig. 2, the
powder is white. On the other hand, when the unit coating filns are

| at h flegtian f ks th [ tly th
Came post o aleehagi R By 231 ToRGEAR | o SEH oFBE FRE: SRR o
bl ue, ' [ . Wit hout ' d
oi grent., > xSt EbIRN RRRE . EIAE RANE T hbhR Loy, Bathils

shoul d benmste ¥bi kaaltaking ageduninof Liee t@@'%&é%i&igtam”%&ﬁé?é‘”ﬂaéha e of

the powder, the phase shift occurring at interfaces Tl momatetial s
and the haterfsiénbe mMtRifBéctibe pegdeshi ftoat tridut ableedp EQ%n e
wavel engt h dependence of refractive index, etc. For exanple, |¥ t he base
particl ethassmid shenpadsattem phait elhapame hepbaFiat wakeliaiprse scaused
by parallel filnms formed on a plane surface of the particle is designed
under th&he¥®diabPeyie.i ncl udi ng the above equation (1) in which n has been
replaced with N defined by the follow ng equation (2). In particular, if a
metal filmis coRP& ntarmdng néhese cééf%mr%i erth« ifiplhevidgd mathbes
refractive_index N 8f e nmetal defined by equation (2) even though the

th
particl e 8KafE %S RO RE| & pihg esukgi@ngest ke bssdepositadpar ent
oxi des (gggggggriqg%P Kis exc edin%I smal | .and negligible. N=n + iK(2)
FeOREPEE MEETGS can be Sseg

(i represents a conp _ en the extinction coefficient
Film mat O] af Cam e bSte R TEre SRl Bl SRR
i nfluencgs pggyyggfyghggﬁﬂjﬁw§§&gihmpﬂg§§ses of all layers of the
mul tilayered film
Use can be made, for example, of a method in
which particles serving as a base are dispersed and
emulsion polymerization is conducted to form a resin
film on each particle.
b. Film Formation in Vapor Phase (CVD) (PVD)
(2) Formation of Inorganic Metal Compound Film:
a. Solid Deposition in Liquid Phase
A preferred method is to disperse particles-
serving as a base into a metal alkoxide solution and
hydrolyze the metal alkoxide to thereby form a metal
oxide film on each particlé. This method can form a
dense metal oxide film. It is also possible to react an

aqueous solution of a metal salt to thereby form a film

of a metal oxide or the like on particles.
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Because of the above, the nere regul ation of geonetrical filmthicknesses
results in different peak positions and, hence, in a lighter color
especially in nonochromatic coloring. In order to avoid this, a design is
made beforehand through a conmputer sinmulation 90 as 6.0 result in an
optimal conbination of filmthicknesses while taking account of influences
of the phase shift on all filns. There al.so are the phase shift
caused by an oxide | ayer present on a netal surface and the peak shift
attributable to the wavel ength dependence of refractive index. In order to
correct eSe; 141 wl essa ct,r ot r or the like to
find opt%ﬁa?ﬁ%%%dFF?gﬁgghn eéxwkggﬁﬁféikéggiéﬁgﬁghkgggﬁ?absorption bott ons

appear at(3)argeimuey e o rﬁe%glaffiil lof‘af\%gtoip%@fﬁ'()f films. In

a filmformed on a curved surface such as that “of @ spherical particle,
interferencradedtsonl B Mé¥alioshhal 00 Rigped!Migseand is basically in
accordance with Fresnel's interference principle. Consequently, a

coloring nethod Uae besdemageedof0 8Ret Ospredldred WHd®ieAMeEL1aRd iy
nmonochromati c powder as shown in Figs. 2 and 3. However, in the case of
curved smeftdgad, inhevhight thiw cheltad stalitk asnthtnpavden anfl Sgaebeen

refl ected causes conplicated interference. The resultant interference

wavef or nBedad afaBdt IPbusiaen abs omesiuged pitat edephen tt htheumestadbf ta | s
is small. However, as the total nunber of filnms increases, the interference
within t kBSRARY | £9EFe@ metRbefddBs nore conplicated. In the case of a

mul til ayered,.filmal so, .a spectral reflection curve can be designed
bef or ehahd %d's]éﬁn%‘ﬁrf—‘?&‘r?é'i Tt ¥pPeFedfdE 3% 8GYR)a CO¥RUt er sinul ation so

as to result in an imal -conbination of filmthicknesses. |n particul ar,
if coating fil msﬁarngg %?Brrefdl on t5E sY at 8B alR bﬁS«? pEPTERcEes t RE

i nfluenc f as if e e ti ur and on ald filns
are takeﬁgirﬁ:lé%c%%htef en éa"%'gbéligh i s~ made be‘?%&é an‘gg}gﬁrs&[}dho% Sompdt er
sinmul atigatgaq as to result in an optinmal conbination of filmthicknesses.
Furthernore, the peak shift caused by an oxide | ayer present on the base
-particle surfacenamdtherl fPek Sbichiindf td ihul ablayordbesvayel egbbsed
dependence of refractive index are also taken in account. In the actual
productiofi olagesanpbé, desnghed sprditieal hawives & ehEigfier EAHcBNge I N
order to correct these in actual filns, it is necessary to use a

spect r ophndexetandor akeernhéelphi derehgegl ngheidawi th ckrilesgess tof f &and
optimal conditions under which reflection peaks or absorption bottons
appear aretadgetxideltaging i hovi refrac§dvenuihdexofi$i lemplainedif a
powder ggv%n% irre%plan particle shapes is colored, interference occurs due
to the MFtPFaytR? edShaIt AShAT cSFAMRIRSsI gFikShende basie Wartielerence

to Condlatli‘gn%.:i_.fs%ref”‘sneclinti%rtfoeraexpcglcohol solution of an alkoxide of

titanium, zirconium, etc. A mixed solution comprising
water, an alcohol, and a catalyst is added dropwise to
the dispersion under stirring to hydrolyze the alkoxide
to thereby form on the surface of each base. particle a
film of titanium oxide or =zirconium oxide as a high-
refractive-index film. Thereafter, this powder is taken
out by solid/liquid separation, dried, and then

subjected to a heat treatment. The drying may be
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nmul tilayered filmfor spherical particles.The peakposition for nmultilayered
t hi ckness of regul ated by each of unit coating films constituting the
filmcan be regul ated by changing the the |ayer, and the filmthickness can
be changing the solution conposition, reaction time, and the nunber of
starting-material addition tines. Thus, the powder can be colored in a
desired tint. As described above, white and nonochromatic powders can be
obt ai ned by finding optimal conditions under which reflection peaks or |
absorption bottons appear at target mavelengths in a final target nunber of

Format i o Eur harradt BB R ED ARG o i S £

fornatlon Furt her con rolllng a co

form N9 haBkihbay fdiin! BAhd ho bl GRE3REY Urdbeolni beosting L1 .

the col or' devel opnent by i nt ence in nul t ed a

regU|ate@6H35blélﬁ&m@éecﬁﬁtgbﬁgkg%%$)rk@ch as a spray dryer, in
an inert atmosphere while regulating the atmosphere.
The heat treatment may be accomplished by heating the
powder at 150 to 1100°C (when the base particle is an
inorganic particle) or at 150 to 500°C (when the base
particle is not an_inorganic particle) for 1 minute to 3
hours either in air when the coating composition does
not undérgo oxidation or in an inert atmosphere when the
coating composition is susceptible to oxidation.
Subéequently, the particles having the high-refractive-
index film formed thereon are dispersed into an alcohol
solution of a metal alkoxide which gives an oxide having
a low refractive index, such as a silicon alkoxide or
aluminum alkoxide. A mixed solution comprising water,
an alcohol, and a catalyst is added dropwise to the
resultant dispersion under stirring to hydrolyze the
alkoxide to thereby form over the surface of each base
particle a film of silicon oxide or aluminum oxide as a
low-refractive-index f£ilm. Thereaftef, the powder is
taken out by solid/liquid separation, vacuum-dried, and
then heat-treated in the same manner as the above. As a
result of the above procedure, a powder is obtained in

which the base particle has, on the surface thereof, two
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desired bright tint w thout using a dye or pignment. BRI EF DESCRI PTI ON OF
THE DRAW NGS . Fig. 1 is a secti-onal view diagrammatically
illustrating the structure of a particle of a nultilayer-coated powder
according to the present invention; nuneral 1 denotes a base particle, 2 a
coating layer, and 3 a coating |ayer. Fig. 2 is a graphic _
presentation showing reflection intensity spectral waveforms for the unit
coating films constituting the nmultilayered filmof a powder colored in
whi t e. Fig 3 is a graphic presentation shomnng reflectlon

r uni 1405 cons tutlng t he
Irrlrjllt'?lnlsia;g'r ?%ezfcél V\gé?cfgloopé %rmno%: t| cat rf‘é/ ngF I .
ai ne
CARRY! NGeQYf, TFEnaNVliNTI PDy-refracti 8—3 Hg'weverl O?F‘{e | nveﬁ ﬁ'Bﬁ

below in nore detail by reference to

shoul d neuheensteuednes H8bH8 bﬂaéé‘&hfé EB'iS@fc?i‘ﬁﬁHl;e%eOé‘Ai’ ‘oxide

films is repeated to thereby obtain a powder in which
each particle has multiple metal oxide films on its
surface. Since the powder thus obtained has high-
refractive-index metal oxide films alternately arranged
with low-refractive-index metal oxide films as stated
hereinabove, it has a high reflectance and high
whiteness.

For forming a metal film on a base particle or on
a metal oxide film, contact electroplating or sputtering
may be uséd, besides the electrolesé plating described
above. However, the contact electroplating has a
drawback that powder particles not in contact with an
electrode are not plated, while the sputtering has a
drawback that a metal vapor is not evenly applied to the
powder particles. Namely, the thickness of the coating
formed by either method varies from particle to particle.
In contrast, the method of film formation by electroless
plating is preferred in that a dense and even film can
be formed and the film thickness is easy to regulate.
The metal film is preferably subjected to a heat
treatment after film formation in the same manner as for

the metal oxide films.
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EXAMPLE 1 Intended use: pignment powder. First layer: titania coating

To 10 g of an acrylic powder (average particle dianeter, 1.5 [1m specific
gravity, 1.4) was added 250 ml of ethanol to disperse the particles. The
contai ner was heated with an oil bath to keep the tenperature of the |iquid
at 55C. Thereto was added 3.5 g of titaniumisopropoxide. This m xture was
stirred. A solution prepared by mxing 30 ml of ethanol with 3.5 g of water
was added dropwi se to the above m xture over 60 minutes, and the resultant
m xture was allowed to react for 2 hours. This reaction mxture was diluted

and washed th t, of ethanol and th d with a vacuum
dryer at 18\(,)MCfo?é %%r%gakF?g?ouf tR TR A ’?Ft?iﬂv&n?ﬂzﬁ I 35W\Aﬂél’e A‘I’ywagu

bt danlh f
obt ai nedg alféé@fbf‘hegq e%? gépen%alr‘#lggalt}%% ai)lys %%s povﬁier Al

di spersibility and was conpos
had a speeiitallspéleet |ﬂ3.ﬂl.xﬁubyea|?ﬁvé.15‘<9v a@%%&&eﬁg@ao@ 4:55 ggpand had

a reflectance at the peak wavel ength of 32% It was pal e-Dbl econ
| ayer: smangsexothangthin metaIOﬁHlﬁsOEﬂé“fétﬁéaléT%E%ﬂHk@P%Ue%dg Was

added 100 ml of ethanol to disperse the particles. The

example, on a base particle having a small specific
gravity, the coated particles obtained are thought to
have enhanced polarization like multilayer capacitors.
Thus, particles having a small specific gravity and
large polarization are obtained.

Furthermore, since a ferroelectric can be used as
an interference film for coloring, a powder having a
small specific gravity apd a high relative permittivity
can be obtained by forming a multilayered £ilm
comprising a ferroelectric. In particular, when films
of bariunl titanate (refractive index, 1.8-2.3) or PZT
(refractive index, 1.7-2.0) are formed as high-
refractive~index films to a color base particle based on
visible light multiple'interference with low-refractive-
index films, then the coated particles are suitable for.
use as a powder for electrorheological color fluids.

If the particles of the powder obtained are
spherical, the particles orient instantaneously in an
electric field without rotating. If the powder

pParticles have shape anisotropy, the major axes orient

parallel to the direction of the electric field.
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contai ner was heated with an oil bath.to keep the tenperature of the liquid
at 55C. Thereto were added 6 g of silicon ethoxide, anmmonia water (29%,
and 8 g of water. This m xture was allowed to react for 3 hours under
stirring. -After the reaction, the reaction m xture was diluted and washed
with a sufficient anbunt of ethanol and then filtered. The solid matter
obt ai ned was dried with a vacuum dryer at 180C for 8 hours. After the
drying, silica-titani a-coated powder A2 was obtained. The

silica-titani a-coated powder A2 obtained had excellent dispersibility.

Third layer: titap agpati - ; 10 he siljga-titani a-coated

powder A2 was added 250 mélg vgt ﬁigﬁcﬁrlt%-ggi sﬁgfgée’{ heoéarﬁi%l eg.reﬁﬁf’t_ .

cont ai nerinApén Be8hed tHd Mmantoh h Ratdy t Qckeamd k}‘i—‘aéeﬁg‘%&?t%&%. e liquid
e.

at 55C. Thereto was added 3.4 g Of titanium i sopropoxi 'S mXxture was

stirred. fAlanl with pthpar ehdPadeXi 88 3Ralh Ofp £t ARk W t hyReh J 19 Wat er
was added dropwi se to the above m xture over 66>n1 nutes, and the resultant

mxture weatihtowed Bnm rebettitral hasiducthis, reecikoByEcdptebes i | ut ed
and washed with a sufficient anount of ethanol and then dried with a vacuum
dryer at PRBGEipat8onourte Afhavet heasytage tiaad a-segatdveoat pebleaswder A
was obtained. The titania-silica-coated powder A obtained had satisfactory
di sper si BA55A4RE #Rs tmwmpdsegctiamdefepsemleatricl dieldi s pbwddre A had
a spectral reflgectiop curve having a_ _peak wavel ength of 448 nm and had a

refl ect af®&F St TP pERSWaGQEHRS ofS456&R | tingelptes, the comged
refract%gégﬁ?an%sfi I%Qégggtsa of eac? (:):fiztehcf fie,r{gtcttl%thi{]gel a{/aer_s
are showh inTablre I” Tabl'e LdyRr&

capacitor.

The powder of the present invention for use in an
electrorheological fluid (ERF) is highly useful. When
this powder is used to form an electrorheological fluid,
the fluidjqan rapidly and reversibly change its apparent
viscosity by the action of applied voltage (on/off,
voltage change) and can change into even a gel staté
showing no flowability. Namely, an electrorheological
fluid having excellent voltage responsiveness can be
formed which is thought to be used in applications such
as clutches, valves, dampers, brakes, shock absorbers,
and actuators. Furthermore, the powder of this
invention is usable as marker particles for examining
the flowing state of a fluid, e.g., as a tracer for
determining a flowing state by the laser Doppler method.

The present invention will be explained below in

more detail by reference to the drawings. Fig. 1 is a



Refractive Index Film Thickness (nm FJI’St | ayer: titania film2.3 50
Second | ayer: silica film

sectional view diagramﬁatically' illustrating the
structure of a particle of a multilay_er—coated powder
according to the present invention. The particle
comprises a base particle 1 having a specific gravity
from 0.1 to ;0.5 as a nucleus and, alternately formed on
the surface thereof, two coating layers 2 and two
coating layers 3 differing in refractive index from the
layers 2. |

A special function can be imparted by regulating
the thicknesses of the coating films differing in
refractive index alternately formed on the surface of
each base particle. For example, coating films
differing in refractive index are alternately formed on
each base particle so as to satisfy the following
equation (1). Namely, films which each is made of a
substance having a refractive index n and has a
thickness d corresponding to m (integer) timés the value
which is one-fourth a wavelength of wvisible light are
formed in an appropriate thickness and number. As a
result, the light having a specific wavelength A (the
light utilizing Fresnel's interference reflection) is
reflected or absorbed;

= mA/4 (1)

This function is utilized as follows. An oxide film

having such a thickness and refractive index as to



1.45 99 Third layer: titania film2.3 49

satiéfy equation (1) with fespect to a target wavelength
of visible light is formed on the surface of each base
particle, and this film is coated with an oxide film
having a different refractive index. This Procedure is
conducted once or repeated one or more times to thereby
form films which have a characteristic reflection or
'absorption wavelength width in the visible light region.
In the above procedure, thev sequence of material

deposition for film formation is determined in the

following manner. When the base has a high refractive
index, a film having a low refractive index is
preferably formed as the first layer. In the reverse
case, a film having a high refractive index is

preferably formed as the first layer.

Film thickness is controlled based on a
measurement in which the change of optical film
thickness, which is the product of the refractive index
of the film and the film thickness, is determined as
flection waveform with a spectrophotometer or the 1like.
The thickness of each layer is designed so that the
reflection waveform conforms to the finally required
waveform. For example, if the wunit coating films
constituting a multilayered £ilm have reflection
waveform peaks at different positions as shown in Fig. 2,

the powder is white. On the other hand, when the unit
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EXAMPLE 2 I ntended use: pigment powder First layer: titania coating

A hundred granms of an acrylic powder (average particle dianmeter, 55 pm

specific gravity, 1.5) was placed in a lowy vacuumrotary m Xxi ng- vessel

whi ch a tungsten cruci ble containing a sufficient amount of a titania

powder

was heated to thereby

powder .

had been di sposed beforehand in an upper part thereof. _
vapori ze the titania while stirring the acrylic

Thus, the powder with titania to titania-coated dispersibility

Thi s powder Bl

coating films are regulated so that the reflection
waveform peaks thereof are in exactly the same position
as shown in Fig. 3, a monochromatic colored powder, e!g.,
a blue, green, or yellow powder, can be obtained without
using a dye or ?igment.

However, in the case of an actual powdai, a
design should be made while taking account of the
particle diameter and_ shape of the powder, the phase
shift occurring at interfaces between film materials and
the base particle material, the peak shift attributable
to the wavelength dependence of refractive index, etc.
For example, if tha basa particle has a plane paralleal
plate shape, the Fresnel interference caused by parallel
films formed on a plane surface of tha particle is
designed under the conditions including the above
aequation (1) in which n has been replaced with N defined
by the following equation (2). In particular, if a
metal film is contained, extinction coefficient x isg

included in the refractive index N of the metal defined

by equation (2) even though the particle shape is a

plane parallel plate shape. In the case of transparent
oxides (dielectrics), K is exceedingly small and
negligible. |

N =n 4+ ix (2)

(i represents a complex number)

—24_
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The crucible



rotary m xing vessel was coated titania-coated powder Bl. The Bl obtai ned
had sati sfactory conposed of independent particles. peak wavel ength of 545
nm and had a reflectance at the peak wavel ength of 78% It was pal e-green.
Second | ayer: magnesium fl uori de coating

When the extinction coefficient Kk is large, an
enhanced phase shift occurs at the interface between the
film material and the base particle material, and this
phase shift influences the optimum interference
thicknasses of all layers of the multilayered film.

Because of the above, the mere regulation of
geometrical film thicknesses results in different peak
positions'and, hence, in a lighter color especially in
monochromatic coloring. In order ¢to avoid this, a
design is made beforehand through a computer simulation
S0 as to result in an optimal combination of film
thicknesses whila taking account of influences of the
pPhase shift on all films.

There also are the phase shift caused by an oxide
layer present on a metal surface and tha peak shift
attributable to the wavelength dependance of refractive
index. In order to correct these, it is necessary to
use a spectrophotometer or the like to find optimal
conditions under which reflection peaks or absorption
bottoms appear at target wavelengths in a final target
nunber of films.

In a film formed on a curved surface such as that
of a spherical particle, interference occurs similarly
to that on plane plates and is basically in accordance

with Fresnel's interference principle. Consequently, a
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Ei ghty grans of the titani a-coated powder Bl was |ikew se placed in a lowWy
vacuumrotary m xi ng vessel in which a tungsten crucible containing a
sufficient anount of a nagnesium fluoride powder had been di sposed

bef orehand in an upper part thereof. The crucible was heated to thereby
vapori ze the magnesium fluoride while stirring the powder B/. Thus, the
powder in the rotary m xi ng vessel was coated with magnesium fluoride to
obt ai n magnesi um fl uori de-titani a-coated powder B2. The nagnesi um
fluoride-titani a-coated powder B2 obtai ned had satisfactory dispersibility

and was cesPesesPime fikeqerdent o i I . Litani_a coating
A hundred grans (??I?he magnesi l})nﬁp?‘%grgl e%-c%iggmgg- c%ﬁ{ézdoapg\%\%era ég"‘%,é%

pl aced i rpewlew YaNaciNnbalcnedhatie sssaby whisq{b@n“i@g%&gsqr%i bl'e
containing a sufficient anount of a titania powder had been di sposed

bef or eharandn 3n uppewepart, tiereatie Biser W bR MRS harlath t@st hepgdy
vapori ze the titania while stirring the powler B2. Thus, the powder in the
rotary niddagtvewbdlchrahamatstruckh bint atibe t pobiern hnkdanha/sTaghesh um
fluoride-coated powder B. The titani a/ magnesi um fl uori de-coated powder B
obt ai ned TRfLeStESf acttrYseFspecsnilicytedd wids toenfesetcef. i ndepertdent
particles. Thig 8ovvd,er C had a spectral reflection curve having a peak
vavel engtitf L 580 matarhgrergef Yavedfomanst arke dBRShatdiengameofa88%
It was bl ue- rgaen e refractive index and _filmthickness of each

. T
of the fiT5t RRi (RIPEGS: WA s itRMRere of fFabms 2igoasmed Layers

However, as the total number of films increases, the
interference within the multilayered film becomes more
complicated. In the case of a multilayered film also, a
spectral reflection curve can be designed beforehand
based on Fresnel interference through a computer
simulation so as to result in an optimal combination of
film thicknesses. 1In particular, if éoating films are
formed on the surface of each base particle, the
influences of a phase shift on the base particle surface
and on all films are taken in account when a design is
made beforehand through a computer simulation so és to
result in an optimal combination of film thicknesses.
Furthermore, the peak shift caused by an oxide layer
present on the base particle surface and the peak shift
attributable to the wavelength dependence of refractive
index are also taken in account. In the actual
production of a sample, designed spectral curves are

referred to and, in order to correct these in actual
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Refractive Index Film Thickness (nm Eirst layer: titania film2.6 52
Second | ayer: :

films, it is necessary to ﬁse a spectrophotometer or the
like, while changing film thicknesses, to find optimal
conditiéns under which reflection peaks ox absorption
bottoms appear at target wavelengths in a final target
number of films. Also if a powder having irregular
particle shapes is colored, interference occurs due to
the multilayered film. A basic film design is hence
made with reference to conditions for an interference
multilayered film for spherical particles. The peak
position for each of unit coating films constituting the
multilayered film can be regulated by changing the
thickness of the layer, and the film thickness can be
regulated-by changing the solution composition, reaction
time, and the numbér of starting-material addition times.
Thus, the powder can be co;ored in a desired tint. As
described above, white and monochromatic powders can be
obtained by finding optimal conditions under which
reflection peaks or absorption bottoms appear at target
wavelengths in a final target number of films, while
changing film-forming conditions, suéh as solutions for
film formation. Furthermore, by controlling a
combination of materials for forming a multilayered film
and the thicknesses of the unit coating films, the color

development by interference in the multilayered film can
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magnesi um fluoride film 1.38 101 Third-layer: titania film2.6 48

be regulated. Thus, a powder can be colored in a

desired bright tint without using a dye or pigment.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is 'a sectional view diagrammatically
illustrating the ~structure of a particle of a
multilayer-coated powder according to the present
invention; numeral 1 denotes a base particle, 2 a
coating layer, and 3 a coating layer.

Fig. 2 is a graphic presentation showing
reflection intensity spectral waveforms for the unit
coating films constituting the multilayered film of a
powder colored in white.

Fig. 3 is a graphic presentation showing
reflection intensity spectral waveforms for the unit
coating films constituting the multilayered film of a

powder colored monochromatically.

BEST MODES FOR CARRYING OUT THE INVENTION

The present invention will be explained below in
more detail by reference to Examples. | However, the
invention should not be construed as being limited to

these Examples only.



EXAMPLE 3 | ntended use: powder for cosmetic material First layer: titania

coati ng

To 10 g of an acrylic powder (average particle dianeter,

1.5 Km specific gravity, 1.4) was added 250 ml of ethanol to disperse the
particles. The container was heated with an oil bath to keep the
tenperature of the liquid at 55C. Thereto was added 3.5 g of titanium

| sopr opoxi de.

This m xture was stirred. A solution prepared by m xing 30 ni

of ethanol with 3.5 g of water was added dropwi se to the above m xture over
60 mnutes, and the resultant mxture was allowed to react for 2 hours.

Thi s reagymvpntxgure was diluted and washed with a sufficient anmount of

et hanol and then dried with a vacuum dryer at 18ﬁC for 8 hours. After the
drying, tIrd&dhdedoalske: en¢l peaept ai ned. The titani a-
cogtegpomderC1obtainedhgggg?isfactory di spersibility and was conposed of

I ndependdfitrplar lagkes. tihtanpawderatiatga spectral reflection curve having a
peak wavel ength of 455 nm and had a refl ectance at the peak wavel ength of
32% It was palellsl ud0 g of an acrylic powder (average particle

diameter, 1.5 um; specific gravity, 1.4) was added 250
ml of ethanol to disperse the particles. The container
was heated with an o0il bath to keep the temperature of
the liquid at 55°C. Thereto was added 3.5 g of titanium
isopropoxide. This mixture was stirred. A solution
prepared by mixing 30 ml of ethanol with 3.5 g of water
was added dropwise to the above mixture over 60 minutes,
and the resultant mixture was allowed to react for 2
hours. This reaction mixture was diluteci and washed
with a sufficient amount of ethanocl and then dried with
a vacuum dryer at 180°C for 8 hours. After the drying,
titania-coated powder A, was obtained. The titania-
coated powder A obtained had satisfacfory
dispersibility and was composed of independent particles.
This powder A, had a spectral reflection curve having a
peak wavelength of 455 nm and had a reflectance at the

peak wavelength of 32%. It was pale-blue.
Second layer: silica coating

To 10 g of the titania-~coated powder A, was added

100 ml of ethanol to disperse the particles. The
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Second | ayer: pol ystyrene coating -= To 600 g of distilled water was
added 100 g of styrene nononer. Wile this m xture was heated to 70C under
stirring, sodiumlauryl sulfate was added thereto to enul sify the nononer.
Wth this emul sion was m xed 25 g of the titani a-coated powder C . The
resultant m xture was agitated at a high speed to sufficiently mx the

i ngredi ents. An aqueous anmoni um persul fate sol uti-on was added thereto in
an amount of 10%to initiate a polynerization reaction. The m xture was
allowed to react for 4 hours under stirring. After conpletion of the

reacti on,cédheaigest i qudn S dighut W 2 {Lters,of distilled

wat er, and t he supernat ant %geg?sggr%gd% eigjént%%}tgn ttg) cgﬁeieé?:t ﬁh%
preci pi t empdbatupfeecoPi thlee Moguslai ad ossa fil r oty

pol ystyrene-titani a-coated powder C2. The pol yst?ﬁ%ﬁ%ﬁiﬁet%&ngg- %E)i?téebd |630wder
C2 obt ai gedofiac shi cohadtthyxddeperahbhihy wie was 20ppposadofgi gdependent
particles. Third layer: titania coating To 10 g of the

pol yst yr 8&tert aniBhtoamick ponderwa® \ads awledd 250 radacf ebRan®! Hduirs

di sperse the particles. The container was heated with an oil bath to keep
the tenpdd]F e StitHeElngqui d AESHC. Yher etmeambsiadded thd grehdtiiani um
i sopropoxi.de. This m xture was stirred. A solution prepared by mxing 30 m

of et hanBPXFihe3¥asyy dtlnked and washedrwphihse t sufifdcievt mmdurte over
60 mnutes and ;‘hg res I%gnt ixture was allowed to react for 2 hours.
This reaction i Rear &As Ff’u?e‘)(;l%\‘ﬁﬁe%shga'%?‘I’ilhdsmaf*%*cﬁ’én?b&ﬁéqu of

et hanol t i ith a um dyyver at_18 or 8 hours. After the
drying, ﬁ%anp?}%ygiy%n%- C(‘)’aacé%j'mboc{ ¢t v%é g&éiée&°rTht§ hours.
titani a-n@ﬁgyr@{@-(&ﬁaj}fg po . CC_QRht.al had _sat i sfact or

di spersibility and was con%és\é\%fgf'gianagelg%n ent %ﬁeaa‘?ft‘?%l é?s?wgﬁf\'{s Bowl&S C had

a spectrabtaidest i oru'}célr‘é&lflaaéﬂﬂi%aﬂ‘i%‘ﬁd/@é@éan%%g&ﬁ% n&%%ﬁ%\{ﬁ:}e&%ﬁ a

refl ectance at the peak wavel ength of 45% It was

refracti had rdexebbdnfd ldndpéeknpsg idfy each of the first to third layers

are showmn in Table 3. Table 3 :
Third layer: titania coating

To 10 g of the silica—t'itania—coated powder A,

was added 250 ml of ethanol to disperse the particles.
The container was heated with an o0il bath to keep the
temperature of the liquid at 55°C. Thereto was added
3.4 g of titanium isopropoxide. This mixture was
stirred. A solution prepared by mixing 30 ml of ethanol
with 3.4 g of water was added dropwise to the above
mixture over 60 minutes, and the resultant mixture was
allowed to react for 2 hours. This reaction mixture was
diluted and washed with a sufficient amount of ethanol
and then dried with a vacuum dryer at 180°C for 8 hours.

After the drying, titania-silica-coated powder A was

- 30 -



Coating Layers Refractive |Index Film Thickness (nm) First layer: titania
film2.3 50 -

obtained. The titania—siiica—coated powder A obtained
had satisfactory dispersibility and wa$ composed of
independent particles. This powder A had a spectral
reflection curve having a péak wavelength of 448 nm and
had a reflectance at the peak wavelength of 45%. Iﬁ was
blue.

The refractive index and film thickness of each

of the first to third layers are shown in Table 1.

Table 1
Coating Layers Refractive Index Film Tﬁifkness
titania Fiim 2.3 50
“eilica tiim 1.45 99
titania riim 2.3 | 49

EXAMPLE 2
Intended use: pigment powder
First layer: titania coating

A hundred grams of an acrylic powder (average
particle diameter, 55 um; specific gravity, 1.5) was
placed in a lowly vacuum rotary mixing vessel in which a
tungsten crucible containing a sufficient amount of a
titania powder had been disposed beforehand in an upper

part thereof. The crucible was heated to thereby
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Second |l ayer: polystyrene film1.5 75..Third layer: titania film2.3 49

vaporize the titania while.stirring the acrylic powder.
Thus, the powder in the rotary mixing vessel was coated
with titania to obtain titania-coated powder B,. The
titania-coated powder B, obtained had satisfactory
dispersibility and was composed of independent particles.
This powder B; had a spectral reflection curve having a
peak wavelength of 545 nm and had a reflectancé at the

peak wavelength of 78%. It was pale-green.

Second layer: magnesium fluoride coating

- Eighty grams of the titania-coated powder B, was
likewise placed in a lowly vacuum rotary ﬁixing vessel
in which a tungsten crucible containing a sufficient
amount of a magnesium fluoride powder had been disposed
beforehand in an upper part thereof. The crucible was
heated to thereby vaporize the magnesium fluoride while
stirring the powder B,. Thus, the powder in the rotary
mixing vessel was coated with magnesium fluoride to
obtain magnesium fluoride-titania-coated powder B,. The
magnesium fluoride-titania-coated powder B, obtained had
satisfactory dispersibility and was composed of

independent particles.
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EXAMPLE 4 Intended use: powder for cospetic material First layer: titania
coati ng To 10 g of an acrylic- powder (average particle diameter,
1.5 tim specific gravity,  1.4) was added 250 nl of ethanol to disperse the
particles. The container was heated with an oil bath to keep the
tenperature of the liquid at 55C. Thereto was added 4.5 g of titanium

i sopropoxide. This mxture was stirred. A solution prepared by mxing 30 m
of ethanol with 4.5 g of water was added dropwi se to the above m xture over
60 m nutes, and the resultant m xture was allowed to react for 2 hours.

: : : o . i ;
Thi s reacth DML a6 Vestahlidl edAlfhyashed with a sufficient amunt o
et hanol and then dried with a vacuum dfyer at 180C for 8 hours. After the

drying, titania-@oatednaeeder ?Eaiﬂ@s dfai ped  THEGhELAUR" Fluoride-

coat edpowder Dlobt ai nedhadsat i st actory dlsper3|b|I|?y and was conposed of

i ndependdrittpmiarcbeted powder B, was placed in a lowly vacuum
rotary mixing vessel in which a tungsten crucible
containing a sufficient amount of a titania powder had
been disposed beforehand in an upper part thereof. The
crucible was heated to thereby vaporize the titania
while stirring the powder 52. Thus, the powder in the
rotary mixing vessel was coated with titania to obtain
titania/magnesium fluoride-coated powder B. The
titania/magnesium fluoride-coated powder B obtained had
satisfactory dispersibility and was composed of
independent particles. This powder C had a spectral
reflection curve having a peak wavelength of 500 nm and
had a reflectance at the peak wavelength of 88%. It was
blue-green.

The refractive index and film thickness of each

of the first to third layers are shown in Table 2.
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This powder D1 had a spectral reflection curve having a peak wavel ength of
545 nm and had a reflectance at the peak wavel ength of 31% It was green.
Second | ayer: pol ystyrene coating To 600 g of distilled water was
added 127 g of styrene nononer. VWile this m xture was heated to 70C under
stirring, sodiumlauryl sulfate was added thereto to enulsify the nononer.
Wth this enulsion was m xed 25 g of the titania-coated powder DI. The
resultant m xture was agitated at a high speed to sufficiently mx the

i ngredients. An aqueous ammoni um persul fate solution was added thereto in
an anmount of 10%to ini t| ate a poI yrqearggétgon reaction. The mi xture was

al | oned toTEact—for—4hotursuhrder—stt+r++ng—AH-er—econpletionof the
reaction{ tboeatdansi Day&is urle p@srabkdbd Mddx2|! | Falm Ghitkuessed
water, apd the supernatant was di scarded by decan{ation tofm®) | ect the
preci pitate. Filst preegépi:t at § was dI’ISd on a filter paper to obtain -
pol ystyrgne- tittamisa cHalmd povvder TRe pol ysty ene-titanP8&- coat ed powder

D2 obt ai ned gt R CIL ory [drspersi bttty and—was conposed—of—irdependent
particles. @g titgnia coating8 To 10 g ﬂ% t he

pol ystyr enefth; iaecggq pgwder D2 WAS "added 250 ml of e dnol to

di sper serthe “art:c.\, nnta:p.erp_mas_hea,t_ed Mth an oil bath to keep

t he tenperat'ﬁ érek Jtihiée#-’l qU| d at 55C. ,Thereto was| added 4. 54 of titanium

i sopr opoii deti¥APd ikidMe wds stirred’ A sol utioph prepared By mxing|30 ni

of ethanol with 4.5 g of water was added dropw se To Tthé above m xture over

60 m nutes, and the resultant m xture was allowed to react for 2 hours.

Thi, s reagmx%ure was diluted and washed with a sufficient anount of

et hanol ried with a vacuum dryer at 180C for 8 hours. After the

dryi ng, (o] styrenes;coa ed powd D3 was obtaj ned. The

titania- %%Itt%rs}{%tgnegcoatpecr%%ﬁd% rD§°0§J‘P%Fﬁ8d“}‘?é'tFrs’a?}sf actory

di sper si pi bty Iag#l yas tc_'.og’g)r%gdc% pendent particles. This powder D3
retT avi n

had a spectral ection curve a peak wavel ength of 544 nm and had

a reflectance atrphe pe g@veggng; F rth.layer:
pol ystyrene coati ng %J( To 600 dl%?t‘%? Q{%?Qggs %ﬁeﬁ‘% g of

styrene dnasestter Will.& t fiin$ mﬁé@iﬁl‘éasgPS@E%ﬁr t017Q?hW§r a¥ddd V\?go i s

sodi um | auryl sul fate was added thereto to emil 'sify e nonomer.
emul si ormba®fi &tdanol to disperse the particles. The container

was heated with an oil bath to keep thé temperature of
the liquid at 55°C. Thereto was added 3.5 g of titanium
isopropoxide. This mixture was stirred. A solution
pPrepared by mixing 30 ml of ethanol with 3.5 g of water
was added dropwise to the above mixture over 60 minutes,
and the resultant mixture was allowed to react for 2.
hours. This reaction mixture was diluted and washed
with a sufficient amount of ethanol and then dried with
a vacuum dryer at 180°C for 8 hours. After the drying,
titania-coated powder C, was obtained. The titania-

coated powder C, obtained had satisfactory
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25 g of the titani a-pol ystyrene-coated- powder D3. The resultant m xture was
agitated at a high speed to sufficiently mx the ingredients. An agueous
anmoni um persul fate sol ution was added thereto in an anount of 10%to
initiate a polynerization reaction. The m xture was allowed to react for 4
hours under stirring. After conpletion of the reaction, the reaction
mxture was diluted with 2 liters of distilled water, and the supernatant
was di scarded by decantation to collect the precipitate. This precipitate
was dried on a filter paper to obtain polystyrene-titani a-coated powder D4.
The pol ydiWmaes i bhanitdy CoRd edak0\Wiag bt isfact or
dispersiMIi?@gand maggéonpOSeggofirﬁéﬁ%ﬁdg%;%¥§%?% é%% iq?ﬁgf§§8ﬁ'

titani a dueits nppowder hado al0spedft+dE RAAFSEXRERSE: t haRid- poywer
D4 was added 250 ml of ethanol to disperse the particles. %hg&g‘{)ﬁ%i ngewrj was

heat ed wpelkanwavie lleaidith oolfeepSs heint epar Hdd €a0frd il bidticd a4 +5%Ge

Thereto was added 4.5 g of titaniumisopropoxide. This m xture was stirred.

A sol uti eak epryedepgtl x0Hig328 .11 Itf weishasmlewbiled. 5 g of water was

added dropwi se to the above m xture over 60 m nutes, and the resultant

m xture was allowed to react for 2 hours. This reaction m xture was

diluted gnd Was wth a sufficient anount of ethanol and then dried with
a

a vacuuntaryat gX@SC'ﬁﬂleF$E?§9 Raxkirge drying,

Li L ani & pol yet yr SR S0a: 4 Bowith D DEed MAERd "t | ssiachr §00 5 of

2 Spoctr el reNEcr AR Ve REGEE, YIS B R Engr oheasEhnFand Ouky a

ol ecturacn 4 pepeal noycheny n BLoRolicdes Qe ol Vpgherd oM

hdex and 1T m s cness of each ol LRe Ty is TRRAT IO ere i R 0°

Tabl e 4.2%abye of the titania-coated powder C,. The resultant
mixture was agitated at a high speed to sufficiently mix
the ingredients. An aquecus ammonium persulfate
solution was added thereto in an amount of 10% to
initiate a polymerization reaction. The mixture was
allowed to react for 4 hours under stirring. After
completion of the reaction, the reaction mixture was
diluted with 2 1liters of distilled water, and  the
supernatant was discarded by decantation to collect the
precipitate. This precipitate was dried on a filter
paper to obtain polystyrene—titania—coated powder C,.
The polystyrene-titania-coated powder C, obtained had

satisfactory dispersibility and was composed of

independent particles.
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Coati ng Layers Refractive |Index Fi I m Thickness (nn) First layer: titania
film2.3 59 :

Third layer: titania coatiﬂg

To 10 g of the polystyrene—titapia-coated powder
C, was added 250 ml of ethanol to disperse tha particles.
The container was heated with an o0il bath to keep the
temperature of the 1liquid at 55°C. Thereto was added
3.4 g of titanium isopropoxide. This mixture waé
stirred. A solution prepared by mixing 30 ml of ethanol
with 3.4 g of water was added dropwise to the above
mixture over 60 minutes, and the resultant mixture was
allowed to react for 2 hours. This reaction mixture was
diluted and washed with a sufficient amount of ethanol
and then dried with a vacuum dryer at 180°C for 8 hours.
After the drying, titania-polystyrene-coated powder C
was obtained. The titania-polystyrene-coated powder C
obtained had satisfactory dispersibility and was
composed of independent particles. This powder C had a
spectral reflection curve having a peak wavelength of
448 nm and had a reflectance at the peak wavelength of
45%. It was blue.

The refractive index and film thickness of each

of the first to third layers are shown in Table 3.



Second fayer: pol ystyrene film1.5 92 ..Third layer: titania film2.3 59

Table 3

Coating Layers Refractive Index Film Tgifkness
titania Fiim 2.3 50
Posle;sotx;cielnaeyefrizlm 1.5 | 75
titania foim 2.3 49

EXAMPLE 4
Intended use: powder for cosmetic material
First layer: titania coating

To 10 g of an acrylic powder_(average particle
diameter, 1.5 um; specific gravity, 1.4) was added 250
ml of ethanol to disperse the particles. The container
was heated with an o0il bath to keep the temperaturé of
the liquid at 55°C. Thereto was added 4.5 g of titanium
isopropoxide. This mixture was stirred. A solution
prepared by mixing 30 ml of ethanol with 4.5 g of water
was added dropwise to the above mixture over 60 minutes,
and the resultant mixture was allowed to react for 2
hours. This reaction mixture was diluted and washed
with a sufficient amount of ethanol and then dried with
a vacuum dryer at 180°C for 8 hours. After the drying,
titania-coated powder D, was obtained. The titania-
coated powder D, obtained had satisfactory

dispersibility and was composed of independent particles.



Fourth layer: polystyrene film1.5 93 -:Fifth layer: titania film2.3

This powder D, had a spectral reflection curve having a
peak wavelength of 545 nm and had a reflectance at the

peak wavelength of 31%. It was green.

Second layer: polystyrene coating
To 600 g of distilled water was added 127 g of
styrene monomer. While this mixture was heated to 70°C
under stirring, sodium lauryl sulfate was added thereto
to emulsify the monomer. With this emulsion was mixed
25 g of the titania-coated powder D,. The resultant
mixture was agitated at a high speed to sufficiently mix
the ingredients. An aqueous ammonium persulfate
solution was added thereto in an amount of 10% to
initiate a polymerization reaction. The mixture was
allowed to react for 4 hours under stirfing. After
completion of the reaction, the reaction mixture was
diluted with 2 1liters of distilled water, and the
' supernatant was discarded by decantation to collect the
precipitate. This precipitate was dried on a filter
paper to obtain polystyrene-titania-coated powder D,.
The polystyrene-titania-coated powder D, obtained had
satisfactory dispersibility and was composed of

independent particles.



60 EXAMPLE 5 | ntended use: powder for cosnetic naterial First | ayer
titania coating To 10 g of an acrylic powler (average particle
diameter, 1.5 [1:m specific gravity, 1.4) was added 250 m of ethanol to
di sperse the particles. The container was heated with an oil bath to keep
the tenperature of the liquid at 55C. Thereto was added 5.5 g of titanium
| sopropoxi de. This m xture was stirred. A solution prepared by m xing 30 ni

of et hanol
60 m nutes,

with 5.5 g of water was added dropwi se to the above m xture over

and the resultant m xture was allowed to react for 2 hours.

Thi s r eadrid Nl x{yere Wastghhhi Ht ed Andhyashed with a sufficient anmount of
et hanol and then gried with a vacuum dryer at 180C for 8 hours. After the

drying, titania-@eateol gowderthe W1 phighrae’d -dheahihalidited powde
cogtegpomderElobtainedhadsatisfactory di spersibility and was co osed of
i ndepend&it wpa taddled. 250 ml of ethanol to disperse tha particles.

The container was heated with an oil bath to'keep the

temperature of the 1ligquid at 55°C. Thereto was added

4.5 g of titanium isopropoxide. This mixture was

stirred. A solution prepared by mixing 30 ml of ethanol

with 4.5 g of water was added dropwise to the above

mixture over 60 minutes, and the resultant mixture was

allowed to react for 2 hours. This reaction mixture was

diluted and washed with a sufficient amount of ethanol

and then dried with a vacuum dryer at 180°C for 8 hours.

After the drying, titania-polystyrene-coated powder D,

was obtained. The titania—polystyrene-coated powder D,

obtained had satisfactory dispersibility and was

composed of independent particles. This powder D; had a

spectral reflection curve having a peak wavelength of

544 nm and had a reflectance at the peak wavelength of

43%. It was green.

Fourth layer: polystyrene coating

To 600 g of distilled water was added 127 g of

styrene monomer. While this mixture was heated to 70°C

under stirring, sodium lauryl sulfate was added thereto

to emulsify the monomer. With this emulsion was mixed
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Second | ayer: silver netal coating . Into a silver solution prepared
bef orehand was di spersed 20 g of the titania-coated powder El under
stirring. Wile the particles were kept dispersed by stirring, 600 nl of a
reduci ng solution was added thereto. This m xture was stirred for 30

m nutes. As a result, silver nmetal-titani a-coated powder E2 was obtai ned,
whi ch had satisfactory dispersibility. The above silver solution and
reduci ng solution were prepared in the follow ng manners. In preparing the
silver solution, 8.75 g of silver nitrate was dissolved in 300 m of

distill eknalerofSitKe aPELLLALL Llyer | enerated, a ia
wat er (29% \%:soadded until the %?ggﬁjféa%g&cﬁg%%gi too“?%eoﬁp?’éx Tgﬁg?

Subsequentéyul 8and) UnDetaEepakad befof ehaad bya @i sgol i sQqi HE@ hydr oxi de
in 300 M of distilled water was adde%. Since a preci p?%g?‘e 8"’%1 SI ve{rz’lgoxi de

gener at ecswijfii ajieatinni mivat ehe( 20 rwds eatted Ui | a%&i@“al?&nl&ﬁfﬁm
changed into conplex ions. Thus, the silver solution was prepared. The
reduci ng ptrsplfpteasspleyaireat byagli asded nghératof igl usaseahBuht! iser of
water, adding 4 g of tartaric acid and dissolving the same, boiling the
resul t antt &bl &Pi grir¥ biateni muped ymasl zagithe mehgtiom. arfhéhenassiag 100
m of ethanol. ghi rd, layer: titania coating Into 250 m of ethanol
was di sperdaiboyest tRe z8ackr IRE A - hPuaS drdered powdengE?. Affter

cont ai ner S ated with_an oil bath to keep the tenperature of the liquid

at 55C. Fno\(g@r%:'f%gﬁﬁg' aagedtg‘.eS §SGC M (FRE sFPBEEACTe. MEM IR xtHAS Was
oLinred. chselunlon. o eoar of Dy, xio 90, rLh efhanol i (1 5.5 o of
vas di LoEah et e R g e by el R R0 b PRer R | ed
Wth a vagddnsliygeeal 180G 0 S0P 2at tGad NQHYANY L 2 filter
paper to obtain polystyrene-titania-coated powder D,.
The polystyrene-titania-coated powder D, obtained had

satisfactory dispersibility and was composed of

independent particles.

Fifth layer: titania coating

To 10 g of the polystyrene-titania-coated powder
D, was added 250 ml of ethanol to disperse the particles.
The container was heated with an oil bath to keep the
temperature of the liquid at 55°C. Thereto was added
4.5 g of titanium isopropoxide. This mixture was
stirred. A solution prepared by mixing 30 ml of ethanol
with 4.5 g of water was added dropwise to the above
mixture over 60 minutes, and the resultant mixture was

allowed to react for 2 hours. This reaction mixture was
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titania-silver netal-coated powder E was obtained. The titania-silver
net al - coat ed powder :

diluted and washed with a‘sufficient amount of ethanol
and then dried with a vacuum dryer at 180°C for 8 hours.
After the drying, titania-polystyrene-coated powder D
was obtained. The titania-polystyrene-coated powder D
obtained had satisfactory dispersibility and was
composed of independent particles. This powder D had a
spectral reflection curve having a peak wavelength of
552 nm and had a reflectance at the peak wavelength of
58%. It was green. Ultraviolet 1light having
wavelengths of 300 nm and smaller was absorbed by the
titania films, and the reflectancé in this region was 1%
or lower.

The refractive index and film thickness of each

of the first to fifth layers are shown in Table 4.

Table 4
Cbating Layers Refractive Index Film Tgifkness
ﬁizﬁi?}f{?ﬁ 2.3 59
p;T;E:;iéjgﬁ?ylm 1.5 92
titania roim 2.3 59
poic;rusrt?lrelnag Film 1.5 | 93
titania Liim 2.3 60
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E obtai ned had satisfactory dispersibidity and was conposed

EXAMPLE 5
Intended use: powder for cosmetic material
First layer: titania coating

To 10 g of an acrylic powder (average particle
diameter, 1.5 um; specific gravity, 1.4) was added 250
ml of ethanol to disperse the particles.. The container
was heated with an oil bath to keep the temperature of
the liquid at 55°C. Thereto was added 5.5 g of titanium
isopropoxide. This mixture was stirred. A solution
prepared by mixing 30 ml of ethanol with 5.5 g of water
was added dropwise to the above mixture over 60 minutes,
and the resultant mixture was allowed to react for 2
hours. This reaction mixture was diluted and washed
with a sufficient amount of ethanol and then dried with
a vacuum dryer at 180°C for 8 hours. After the drying,
titania-coated powder E, was obtained. The titania-
coated powder E, obtained had satisfactory

dispersibility and was composed of independent particles.

Second layer: silver metal coating

Into a silver solution prepared beforehand was
dispersed 20 g of the titania-coated powder E; under
stirring. While the particles were kept ‘dispersed by
stirring, 600 ml of a reducing solution was added

thereto. This mixture was stirred for 30 minutes. As a



of independent particles. This powder -had a spectral reflection curve
havi ng a bottom wavel ength of 585 rim fromwhich the refl ectance increased
toward both sides. The powder E had a maxi mumreflectance of 45% and was
purplish-red. In the infrared region, the reflectance increased throughout
the range from 780 to 910 nmdue to reflection by the silver film and the

maxi mum refl ectance was 60% In the ultraviolet region, however,
ultraviolet |ight having wavel engths of 300 nm and sral |l er was absorbed by

the silver filmand the titania filnms, and the reflectance in this region

was not htgsel tthanss%o talbe; kahhactdyerbadex,an gqughlckness of
each of tﬁg first tg thf?a |§§Ef§ aré shSMn % E Xg gﬁibl 3 Co ?an

Layers obtained, which had satisfactory dispersibility. The
above silver solution and reducing solution were
prepared in the following manners. In preparing the
silver solution, 8.75 g of silver nitrate was dissolved
in 300 ml of distilled water. Since a precipitate of
silver oxide generated, ammonia water (29%) was added
until the precipitate changed into complex. ions.
Subsequently, a solution prepared beforehand by
dissolving sodium hydroxide in 300 ml of distilled water
ﬁas added. Since a precipitate of silver oxide
generated again, ammonia water (29%) was added until the
precipitaté changed into complex ions. Thus, the silver
solution was prepared. The reducing solution was
prepared by dissolving 45 g of glucose in 1 liter of
watér, adding 4 g of tartaric acid and dissolving the
same, boiling the resultant solution for 5 minutes,

cooling the solution, and then adding 100 ml of ethanol.

Third layer: titania coating

Into 250 ml of ethanol was dispersed 10 g of the
silver metal-titania-coated powder E,. The container was
heated with an o0il bath to keep the temperature of the
liquid at 55°C. Thereto was added 4.5 g of titanium

isopropoxide. This mixture was stirred. A solution
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Refractive Index Film Thickness (nm First layer: titania film2.3 64
Second | ayer: '

prepared by mixing 30 ml of ethanol with 5.5 g of water
was added dropwise to the above mixture over 60 minutes,
and the resultant mixture was allowed to react for 2
hours. This reaction mixture was diluted and waéhed
with a sufficient amount of ethanol and then dried with
a vacuum dryer at 180°C for 8 hours. After the drying,
titania-silver metal-coated powder E was obtained. The
titania-silver _metal—coated powder E obtained had
satisfactory dispersibility and was composed of
independent particles. This powder had a spectral
reflection curve having a bottom wavelength of 585 nm,
from which the reflectance increased toward both sides.
The powder E had a maximum reflectance of 45% and was
purplish-red. In the infrared region, the reflectance
increased throughout the range from 780 to 910 nm due to
reflection by the silver film, and the maximum
reflectance was 60%. In the ultraviolet region, however,
ultraviolet 1light having wavelengths of 300 nm and
smaller was absorbed by the silver film and the titania
films, and the reflectance in this region was not higher
than 5%.

. The refractive index and film thickness of each

of the first to third layers are shown in Table 5.



Table 5

silver metal filmO0.1 + 3.5i 20 Third:-layer: titania film2.3 64

Coating Layers Refractive Index Film Tgifkness
titania riim 2.3 64
sifsggniet:¥e§ilm 0.1 + 3.54 20
titania film 2.3 64

EXAMPLE 6
Intended use: powder for electrorheological fluid
First layer: silver metal coating film

Into a silver solution prepared beforehand was
dispefsed, under stirring, 50 g of polyolefin particles
(specific gravity, 2.2) having an

average particle

diameter of 5.6 um. While the particles were kept

dispersed by stirring, 600 ml of a reducing solution was
added thereto. This mixture was stirred for 30 minutes.
As a result, a silver metal-coated olefin particles F,
were obtained, which had satisfactory dispersibility.
The above silver solution and reducing solution were
pPrepared in the following manners. In preparing the
silver solution, 8.75 g of silver nitrate was dissolved

in 300 ml of distilled water. Since a precipitate of

silver oxide generated, ammonia water (concentration,
29%) was added until the precipitate changed into
complex ions. Subsequently, a solution prepared




EXAMPLE 6 | ntended use: powder for electrorheological fluid First |ayer:
silver netal coating film Into a silver -solution prepared

bef orehand was di spersed, under stirring, 50 g of polyolefin particles
‘(specific gravity, 2.2) having an average particle dianeter of 5.6 pm
VWhile the particles were kept dispersed by stirring, 600 mM of a reducing
solution was added thereto. This mxture was stirred for 30 mnutes. As a
result, a silver nmetal-coated olefin particles F1 were obtained, which had
satisfactory dispersibility. The above silver solution and reducing

sol ut i onb&FerPheadr I Aild¥o @1 hgW J8H 18R N &Y : QL i silyer
solution, 8.75 g of g?tlrver nitrat egwas di ssol \%réﬁlg(%op?ﬂﬂ (?%ofjr&g%l Ic{yed
water. Sdicetilpedci patt’ix ofasi | y¥@edxi de geneeat &d, RORNHELWRLE! of
(concentration, 29% was added until the precipitate changed into conpl ex
i ons. Subsdgtemt lopide sgenevatprepagadn beanmeband batdsSq2g9g s um
hydroxide in 300 m of distilled water was added. Since a precipitate of

si |l ver oRAdedenatdtledthgaiPregipitiataatband®8d) ind addeghlent | ionfze
precipitate changed into conplex ions. Thus, the silver solution was

pr epar ed TPH%e i fid1l¥Sut Sed Wekonr (T epuspPakedol vi Bhedsregdutigiguicose
in 1 liter. of water addi%? 4 gq gf tartarjc_acid and di ssol ving the saneg,
boi | i ng tR&EYESt 4R PATHIDA BY SIF5elBing. &R i figofhalastase omn dnd

t hen addjg 0 of._et hanol . .Second } ayer: | ystyrene coating film

To 600 gh'g%eé:lostl I e‘c'fa\%aGtre’r V\%§§&E§ed %Oogg S’%Ost‘iﬁéﬁﬁrﬁrﬁnor?é?l.gvmﬁpél this
m xture t er i {f1.109,.450d] l,auryl sulfate was added
t hereto ?%§§%ﬁ;s_i %ﬁ%o%o%g%ér.§%¥%h§hit§%n%%gu&ﬁtav%% RK & lﬂ)ng§81r t he

silver ngt aliraoed8d RYIOI £E1 RHROVEIST 1 EL ohoSen SULhAGE Q&gigge;ig??a{néld At a

| i pophilized with nethacrylic acid. The resultant m Xture wa

hi gh speesi eamdddiciently m x the ingredients. An agueous amoni um

persul fate solution was added thereto in an amount of 10%to initiate a

pol yneri zation reaction. The m xture was allowed to react for 4 hours under
stirring. After conpletion of the reaction, the reaction m xture was

di | ut ed $feRnd |fayes: opodivsitytede coating film

To 600 g of distilled water was added 300 g of
styrene monomer. While this mixture was heated to 70°C
under stirring, sodium lauryl sulfate was added thereto
to emulsify the monomer. With this emulsion was mixed
45 g of the silver metal-coated polyolefin powder F,

'whose surface had been lipophilized with methacrylic
acid. The resultant mixture was agitated at a high
speed to sufficiently mix the ingredients. Aan agqueous
ammonium persulfate solution was added thereto in an
amount of 10% to initiate a polymerization reaction.
The mi#tﬁre was allowed to react for 4 hours under
stirring. - After completion of the reaction, the

reaction mixture was diluted with 2 liters of distilled
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wat er, and the supernatant was di scarded by decantation to collect the
precipitate. This precipitate was dried on a filter paper to obtain

pol ystyrene-silver-coated pol yethyl ene powder F2. Third layer: titania
coating film - A solution prepared by m xing 250 ml of ethanol wth

6 g of titaniumisopropoxide was added to 10 g of the _

pol ystyrene-silver-coated pol yol efin powder F2 obtained again through heat
treatment. This mixture was sufficiently stirred to disperse the particles.
The resultant solution was heated to and maintained at 55C with an oil

bath. A seltéd onapuepared sRipdih fen30 Jis afi s (ﬁ}fﬁ@& ' d%%c%ngattri%rr?to

over 60 mnutes, allowed to'react for 3 vacuumdrylng a a

pol ystyr ene-solveetcomiedppelaspytate-si el s Cealldi p PEa MRt §f5 Yoy, 3dded
dropwi se and the resultant m xture was hours and then subjected to

t r eat nenent oaobf al hetri t papeal eftion pbwiam Fpoliies tyanieaq efvér Pedled

obt ai ned had
polyethylene powder F,.

Third layer: titania coating film

A solution prepared by mixing 250 ml of ethanol
with 6 g of titanium isopropoxide was added to 10 g of
the polystyrene-silver-coated .polyolefin powder F,
obtained again through heat treatment. This mixture was
sufficiently stirred to disperse the particles. The
resultant solution was heated to and maintained at 55°C
with an oii bath. A solution prepared by mixing 30 ml
of ethanol with 8.0 g of water was added dropwise
thereto over 60 minutes, and the resultant mixture was
allowed to react for 3 hours and then subjected to
vacuum drying and heat treatment to obtain titania-
polystyrene-silver-coated olefin powder F. The titania-
polystyrene-silver-cocated olefin powder F obtained had
satisfactory dispersibility and was composed of
independent particles. It was a powder of a bright
color and was responsive to an electric field. This
powder had a spectral reflection curve having a peak
wavelength of 534 nm and had a reflectance at the peak

wavelength of 47%. It was bright-green.
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satisfactory dispersibility and was conposed of independent particles. It
was a powder of a bright color and was responsive to an electric field.
This powder had a spectral reflection curve having a peak wavel ength of 534
nm and had a reflectance at the peak wavel ength of 47% It was
bright-green. EXAVMPLE 7 Intended use: powder for el ectrorheological fluid
(Powder enploying BaTi B filmas high-refractive-i-ndex film (refractive

i ndex, about 2)) First layer: bariumtitanate film Fifty grans of
pol ystyrene particles (specific gravity, 1.06) having an average particle
dianeter of 5.6 pmwere dispersed into 1,000 mMl of ethanol together with
27.5 g of barium ethoxide and 26.0 g of tltanlunlethOX|de Wil e the

resul tanEXANRLEOR was kept at 55C together with the container under
stirring, a solution prepared beforehand by m xing 26.8 g of ammoni a wat er
havi ng aIpt¥erided wseh P@vdeof fetrhaibechas raddebdgbeadt F1diiapwi se over 1
hour. This m xture was then allowed to react for 6 hours. After
conpletidﬁQﬁd%¥k3¢mE&@Yéng’tﬁeTﬁéactfbhnmiasurhighsnﬁfﬁumhmbéhladex
sufficient. anmount of ethanol w th decantation, and the solid matter was
taken ouf iy fiTeFRRrdd e peen ARt d2) &d at 180C for 8 hours.

First layer: barium titanate film

Fifty grams of polystyrene ;particles. (specific
gravity, 1.06) having an average particle diameter of
5.6 um were dispersed into 1,000 ml of ethanol together
with 27.5 g of barium ethoxide and 26.0 g of titanium
ethoxide. While the resultant solution.was kept at 55°C
together with the container under stirring, a solution
Prepared beforehand by mixing 26.8 g of ammonia water
having a pH of 10 with 118 g of ethanol was added
thereto dropwise over 1 hour. This mixture was then
allowed to react for 6 hours.

After completion of the reaction, the reaction
mixture was washed with a sufficient amount of ethanol
with decantation, and the solid matter was taken out by
filtration and then vacuum-dried at 180°C for 8 hours.

In the barium titanate-coated polystyrene powder
G, obtained, the barium titanate coating film had a

thickness of 75 nm and a refractive index of about 2.
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In the bariumtitanate-coated pol ystyrene powder Gl obtai ned, the barium
titanate coating filmhad a thickness of 75 nut and a refractive index of
about 2. Second layer: silica film To 50 g of the barium
titanate-coated pol ystyrene powder Gl was added 1,000 nml of ethanol to

di sperse the particles. Thereto were added 30 g of silicon ethoxide, 40 g
of ammonia water (29%, and 40 g of water. This m-xture was allowed to
react for 6 hours under stirring. After conpletion of the reaction, the
reaction m xture was washed with a sufficient anmobunt of ethanol wth

decant at igdeorad1hle 50l 4 01 fakt &5 mas taken out by filtration and then
vacuumdried at 180C for 8 hours. The silica filmof the

si lica-barium ti mand®cgabed tnal 54 ¥ ARC tAAMISS + &2 Rl dego 19d 13 Al g kness
of 98 nmand a refractive index of about 1.5. Third layer: bariumtitanate
film powde¥| 5 y warsansddédt e, GO0 | ma- heff | ethiadelhate- Qidpdreel walyr ene
powder G2 was dispersed into 1,000 mi of ethanol together with 27.5 g of
bari um eFRpteland 28henptsd wereniaddedhdRi de.ofhkhia itdun reshbkdde,
solution was kept at 55C together with the container under stirring, a

sol uti on 4% eBardd BEMGNGIRNNakeTY X2AY) 26. 8nd O agnef awadtesr . hatihiigs a pH
of 10 with %%8 % of et hanol s added thereto dropwi se over 1 hour. This

mi xture THETHER ¥PSoRed ekt BRACH FBGr § hours under stirring.

After completion of the reaction, the reaction mixture
was _washed with a sufficient amount of ethanol with
decantation, and the solid matter was taken out by
filtration and then vacuum-dried at 180°C for. 8 hours.
The silica film of the silica-barium f_itanate—
coated polystyrene powder G, obtained had a thickness of

98 nm and a refractive index of about 1.5.

Third layer: barium titanate film

Fifty grams of the silica-barium titanate-coated
polystyrene powder G, was dispersed into 1,000 ml of
ethanol together with 27.5 g of barium ethoxide and 26.0
g of titanium ethoxide. While the resultant solution
was kept at 55°C together with the container under
stirring, a solution prepared beforehand by mixing 26.8
g of ammonia water having a pH of 10 with 118 g of
ethanol was added thereto dropwise over 1 hoﬁr. This

mixture was then allowed to react for 6 hours.
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After conpletion of the reaction, the-reaction m xture was washed with a
sufficient anount of ethanol wi th decantation, and the solid matter was
taken out by filtration and then vacuumdried at 180C for 8 hours.

The bariumtitanate coating filmas the third [ ayer -of the barium
titanate-coated pol ystyrene powder G obtained had a thickness of 77 nm and
a refractive index of about 2. The powder G obtained had a
reflection peak of 41%wi th respect to |ight having a wavel ength of 550 nm
and had a green color. This three-|ayer-coated powder had a rel ative
permttivity of AZferEXAbRiAStiohensiPd tise: meoveleiohor thectreabealngi cal
fluid (Powder enploying BaTiG3 filmas high-refractive-index film

(ref ractingxtumexvashovashed Frith layenffliariemtt iamanate bifl nethanol
Fifty grams_of Shirasu balloons (average particle dianeter, 10.2 |am

speci fi cWatividgcantatign e épgpéifl”s%dspﬂftl@l matben wHsethkes owgebyer
wth 2. 75,3 of barium ethoxide and 2.6 of titani ym et hoxide. Wile the

resul ftanfl &r&qwmﬁgdké:&eratvsse%gﬁw #tt H&HE Ean a$ nePudisder
SUTTing. a sol upon RLeRared el grehand by Ik gl 9.7 (RITORLI P e
layer of the barium titanate-coated polystyrene powder G
obtained had a thickness of 77 nm and a refractive index
of about 2. |
The powder G obtained had a reflection peak of
41% with respect to light having a wavelength of 550 nm

and had a green color. This three-layer-coated powder

had a relative permittivity of 420.

EXAMPLE 8
Intended use: powder for electrorheological fluid
(Powder employing BaTiO; film as high-refractive-index
film (refractive index, about 2))
First layef: barium titanate film

Fifty grams of Shirasu balloons (average particle
diameter, 10.2 um; specific gravity, 1.2) were dispersed.
into 1,000 ml of ethanol together with 2.75 g of barium
ethoxide and 2.6 g of titanium ethoxide. While the
resultant solution was kept at 55°C together with the
container under stirring, a solution prepared beforehand

by mixing 2.7 g of ammonia water having a pHE of 10 with
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118 g of ethanol was added th Wi

ereto_dropwi se over 1 h ' '
ﬁgggtﬁllomed to react for 6 hours. .- Af ter congréiigglzfnlﬁgure e
ethano?nﬁﬁEﬂedéggﬁzggPoglxgﬁaetﬁas m?shed with a sufficient anmount of

, e solid matter was taken out [ [
gﬂ?rggﬁnbgfﬁggg agwgSOC for 8 hours. In the bariun1ti?gngigfgggigg
St rasu bal L oon p er Hl obtained, the barium-titanate coating filmhad a

nmand a refractive index of about 2. Second layer: silica

fi : :

Hll \T/as ~dded '{o 50 g of the bariumtitanate-coated Shirasu ball oon powd

i e ed 1,000 m of ethanol to disperse the partigles. irhe Plere
8080 gofoBi éthenodt a¢ daddedy t(}?egﬁ#Snf%o%‘Fer (%90/() landégkg \o,'\?re

water. This m xture was allowed_ to reac
: i t f o
conpl eThas ofixterecyes dhe? h%l&é’é’c?tcfo%o R %rt 2%\/\@1: slwangﬁ{elcf%\t/\}: tha Arter

sufficient anount of | i
et haﬁOIt('W' th od@;:g:g.;@t QI c80ént hetkel ixeaattien was

taken out by fREte®i6R Heh nea at 350C for 8 hours. The

e limel e SR Pl 4 gosimnond pmiganyr ot sonaselo
THI £ Layer DAL WRddAnaked 1416 solid masrer was caken Cob BY
filtration and then heated at 350°C for 8 hours.
In the barium titanate-coated Shirasu balloon

powder H, obtained, the barium titanate coating £ilm had

a thickness of 75 nm and a refractive index of about 2.

Second layer: silica £film

To 50 g of the barium titanate-coated Shirasu
balloon powder H; was added 1,000 ml of ethanol to
disperse the particles. Thereto were ‘added 30 g of
silicon ethoxide, 4 g of ammonia water (29%), and 4 g of
water. This mixture was allowed to react for 6 hours
under stirring. After completion of the reaction, the
reaction mixture was washed with a sufficient amount of
ethanol with decantation, and the solid matter.was taken
out by filtration and then heated at 350°C for 8 hours.

The silica film of the silica-barium titanate-
coatéd polystyrene poﬁder H, obtained had a thickness of

98 nm and a refractive index of about 1.5.
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Fifty grans of the silica-bariumtitanate-coated Shirasu ball oon powder H2
was dispersed into 1,000 m of ethanol together with 2.75 g of barium

et hoxi de and 2.6 g of titanium ethoxide. Wile the resultant solution was
kept at 55C together with the container under stirring, a solution prepared
bef orehand by m xing 26.8 g of ammonia water having a pH of 10 with 118 g
of ethanol was added thereto dropwi se over 1 hour: This m xture was then
allowed to react for 6 hours. After conpletion of the reaction,
the reaction m xture was washed with a sufficient anmount of ethanol - with

decant at TRArdANthy&e: SBhird iRl £t SEaWRtd aKEmout by filtration and then

heat ed at 350C for 8 hours. Thus, powder H3 was obtai ned
conprising the Shifagu PedheorMOYHE dﬁ@as Balkahin Mt ihaate- fbhppw th
whi ch the bal |l oons were coat ed. This powder H3 was subjected tw ce

to the sSherpisocdshltobar pwedépg By Washadi sipekisieanal etas 1t 0@ ehayeo£As a
result, a silica-bariumtitanate-coated Shirasu ball oon powler H was

obt ai nedethanilcitegetbari witht ndt® §i ofi dsathent ethokiager ammd 2osposed
of three |ayers. The bariumtitanate filmas the third | ayer of
the sili%aHar tdhaniwhatetkenide shi Fadd altheonrgsmdetant sitkhednhad a
t hi ckness_of §27 rim Tg§$ bowder H obtained had a reflection peak of 40%
with respREt 6PN gt fy EVOEPEFGt Width 755ham grBtRdder gr‘é'é‘ﬁeF,ol or.

Thi hr eg: | ayer r h rel r
I N::)fJSEI'RI %ﬁl %Ellgcg\oaf_lesd?} O@Egn péll':deﬁaa.'1:'¢§dai:I \g‘.eoxpehg.nntdt Ib\olllrt%lxlng 26.8

g of ammonia water having a pH of 10 with 118 g of
ethanol was added théreto dropwise over 1 hour. This
mixture was then allowed to react for 6 hours.

After completion of the reaction, the reaction
mixture was washed with a sufficient amount of ethanol
with decahtation, and the solid matter was taken out by
filtration and then heated at 350°C for 8 hours.

Thus, powder H; was obtained comprising the
Shirasu balloon powder H, and a barium titanate film
with which the balloons were coated.

This powder H,; was subjected twice to the same
procedure for coating with barium titanate as the above.
As a result, a silica-barium titanate-coated Shirasu
balloon powder H was obtained in which the barium
titanate film as the third layer was composed of three
layers.

The barium fitanate film as the third layer of

the silica-barium titanate-coated Shirasu balloon powder
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As descri bed above, according to the present invention, a pignent powder
retaining a stable color tone even in long-term storage can be provi ded

whi ch conprises a |ightweight base particle and is capabl e of being col ored
wi t hout using a dye or pignent and with which not only a pignment for
nmonochromatic color inks, e.g., blue, green, or yellowinks, can be
obt ai ned by dispersing the pignment powder into a fluid, but also a filler
for plastics/papers can be desi gned. A nmonochronatic col ored
powder, e.g., a blue, green, or yellow powder, can be designed for use as a

mat eri al H obbEnaEaAs dW ey eRhQwKedss | e Siee this p%\?&r éicfwdé'ée gs a
material for cosnetics contains no dye or pignent, 1t is fre romthe

fading canlstati hgdt teadefd creftycyidienplealat ben #bsa wenOorrddgaept @od is
capable of retaining a bright color over long. It is also possible to

desi gn a lpoyhter hefvingula i aneslehgtht UsE WhETh mat DRdy IedVes < or
but functions to absorb electromagnetic radiation havi ng harnful

wavel engtdestosuch BBisl t thyeetdayentcodtaededppayiar athd has pedwdiiivd he
radiation to reach the shin, and which is for use as a material for, e.g.,

UV-cut t | RETREREEVEEN) o 8BR- or foundations. Furthernore, the powder of
this invention for use in electrorheological fluids is |ightweight and has
satisfactory dispersibility. This powder can be nade to have conbi nati on of

he. mat P et Eat AR R EL R ol g 111 m According (o the
ol oct ror heol ogi T {Fn e pronay croe R oltreediay’, &T Ry prgsent
P2 e oLa Tl gRent) BLURE et RLOLE" EVIELLAS TR
highly stioh@bl eviedi H%e 18nghidrth GHHFaddK PLANUSES p LN PhA SRHLALE etc.
comprises a lightweight base particle and is capable of
being.colored without using a dye or pigment and with
which not-only a pigment for nionochromatic color inks,
e.g., blue, green, or yellow inks, can be obtained by
dispersing the pigment powder into a fluid, but also a
filler for.plastics/papers can be designed.
A monochromatic colored powder, e.g., a blue,
green, or yellow powder, can be designed for use as a
material for mascaras and eyebrow pencils. Since this
powder.for use as a material for cosmetics contains no
dye or pigment, it is free from the fading caused by the
deficiency or denaturation of a dye or pigment and is
capable of retaining a bright color over long. It is
also possible to design a powder of a multilayer

structure which not only serves to color but functions
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. Moreover, since the coating filmof the powder of this invention for use in
el ectrorheological fluids is a dense and continuous film the powder has a
hi gh degree of properties and is free fromthe drawback that the coating
filmpeels off during use. CLAIM 1. Anultilayer-coated powder
conprising a base particle having a specific gravity of 0.1 to 10.5 and
havi ng thereon plural coating |ayers which are different fromeach other in
refractive index. 2. The nultil ayer-coated powder according to
claim1l1, wherein at l'east one of the coating |ayers is an inorganic netal
conpoundtbayeibsorb eledtr i kayefs 0 1 3GFOr{]] claim
2, wherein the inorganic netgﬁﬁg%ﬁ%%t%d ﬁ%?gganggpngggﬁlggfdeﬁ???ﬁ$ﬁ%yer
4. The nwhvidlaymytreat echgloweder wLepadiRA L shal MAfrybebeirhys, | g3y one
of the coating layers is a netal layer or an alloy |ayer. 5. The
nul ti | ayshusogpeeveotderhaceaddiatgién ebairedchWitiei $hah,| easd @Ry the
coating layers is an organic |ayer.

is for  use as a material for, e.qg., UV-cutting
(sunscreen) creams or foundations. Furthermore, the

powder of this invention for use in electrorheoclogical

fluids is lightweight and has satisfactory
dispersibility. This powder' can be made to have a
combination of various functions by forming a

multilayered coating film while sélecting the material
of each layer of the coating film. According to the
combination of coating film layers, a powder having
excellent electrorheological fluid properties is
obtained. By regulating the refractive indexes of
coating film layers, a colored powder is obtained.
Since these powders each is composed of lightweight
particles, they are highly suitable for use in ink-jet
color ink printers, color displays, etc.

Moreover, since the coating film of the powder of
this invention for use in electrorheological fluids is a
dense and continuous film, the powder has a high degree
of properties and is free from the drawback that the

coating film peels off during use.
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6. A pignent powder, conprising the rmultilayercoated powder according to
any one of clainms 1 to 5. 7. A mterial for a cosnetic,
conprising the nultilayer-coated powder according to any one of clainms 1 to
5. 8. A powder for an electrorheological fluid, conprising the
mul til ayer-coated powder accord| ng to any one of cI ains 1 to 5.

CLAIMS

1. A multilayer-coated powder comprising a base
particle having a specific gravity of 0.1 to 10.5 and
having thereén pPlural coating layers which are different

from each other in refractive index.

2. The multilayer-coated powder according to
claim 1, wherein at least one of the coating layers is

an inorganic metal compound layer.

3. The 'multilayer-coated powder according to
claim 2, wherein the inorganic metal compound layer is a

metal oxide film layer.

4. The multilayer-coated powder according to
claim 1, wherein at least one of the coating layers is a

metal layer or an alloy layer.
5. The multilayer-coated powder according to
claim 1, wherein at least one of the coating layers is

an organic layer.

6. A pigment powder, comprising the multilayer-

coated powder according to any one of claims 1 to 5.
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7. A material for a cosmetic, comprising the
multilayer-coated powder according to any one of claims

1 to 5.
8. A powder for an electrorheological fluid,

- comprising the multilayer-coated powder according to any

one of claims 1 to 5.
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