; GHl JKLe3eDodDl ~~| | 6TdB<Q 7 J AN 2003 Descri pti on WH TE POADER AND P SS
FOR PRODUCI NG THE SAME Technical Field The present invention relattN 8 a
white powder and a process for producing the sanme. Mre particularly, the

i nvention relates to a white powder which has higher 'lightness (whiteness)
t han conventional ones and is usable fox a variety of purposes such as
color inks, color fillers for plasties/paper, color toners, color inks for
ink-jet printers, inks and toners for forgery prevention, general. coating
conposi tions, powder pigmwnts/coatiag conpositions for notor vehicles,
coating conpositions for electrostatic coating, pignments for cosnetics,

pi gnents for art objects such as craftworks and ceram c art objects,
pignents for (to be deposited on) fibers, pignments (especially for magnetic
shielding) and fillers for decorﬂgggf%ﬁﬁfgﬁs/decorative sheets, catalytic
coating conpositions, and heat-resrs coating conpositions, and to a

* process for producing the sane. 1 ~~? JAN 2~ Backerouad Art A techni que
i s known which conprises coating a powder with another substance to inpart

a new functio e .00 t powdex in various appliestions.
For exanpl, a%ﬂ@én%&%ﬁ?‘,aﬂﬁeiﬁgﬁggﬁeﬁ Ry V\QPU eﬁ% %r toner or
magnetic color irk is produced by formng a colored | ayer oa base particles
havi ng magnetism e.g., an iron powder. For abtaiaiag a clear color inmge

with this ope,co ne type nmagnetic color toner or nmagnetic col or ink,
Tecﬂnicagpgiegé yp 9 9

The present invention relates to a white powder and a
process for producing the same., More particularly, the
invention relates to a white powder which has higher

(:) 'lightness (whiteness) than conventional ones and is usable
for a variety of purposes such as color inks, color fillers
for plastics/paper, color toners, color inks for ink-jet
printers, inks and toners for forgery p:évention, general
coating compositions, powder pigments/coating compositions
for motor vehicles, coating compositions for electrostatic
coating, pigments for cosmetics, pigments for art objects
such as craftworks and ceramic art objects, pigments for
(to be deposited on) fibers, pigments (especially for
magnetic shielding) and fillers for decorative
papers/decorative sheets, catalytic coating compositions,
and heat-resistant coating compositions, and to a process

for producing the same.
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it is necessary to color the magnetic toner or ink itself is a b%ﬁiht tint.
| 3owever, even whoa a colored layer is forned directly on the sur AN
the magnetic particles serving as a base, the coated particles as a whole
assunme a dark col or because the nagnetic particles are generally black. =n
order to overcone the drawback, the followi ng have " ~~ been proposed:, a
technique 3.n which a netal filmis formed ,, on base particles to nmake the
powder white based on the reflective function of the film (Unexam ned
Publ i shed Japanese Patent Applications Nos. 3-271376 cad 3-274278); a

t echni que which conprises dispersing base particles into a netal al koxide
solution and hydrolyzing the netal al koxide to thereby forma netal oxide
filmhaving arr even thickness 2 ,0 7 JAN ZE1~3 of from0.01 to 20 Etmon

the surfaggeal e particles (Unexam ned Published Japanese Pat ent
Agplicat?on ﬁb?aégzgggg); a functional povrder having on the surface

thereof thin §i t igde. aLr . e W_t in filns
of a netal (Lﬁﬁe%ﬁ%ﬁﬁgéuguggi%%%Jg%%%se%gﬁﬁéA%%@ i%f%&%- 90310) i
and a technjque r _produgci ng a, powder _havi ng a.denser d stabler
Tl ¢ | ay BAEh ‘HBp LR g FRESFARRE AP CHARORD, ¥ Bt neteEien Fiera dier coat ed
with a nultilayered al ox&de fiInl‘lnternat%ﬁgg*.gublication WO
96/ 28269PFIPR Far PFEUFRP, PPYIERIR¥_*HPUE HEPR ¥°Rfdscri bed above havi ng
two ox nore Ig ers of S met al oxidg filﬂlor nmet al fi'ﬂl a special function
can be i npart EQ%t REPBPLepy 2, EGAVEPFLEPhe PRPTRTRRR ST eﬂ@ﬁ£1ayer. For
exanpl e, when coatipg filns differing . in re rac%%ve_index are_fornmed on the
surface BPIBSE °p&PE"gEI Egnﬁﬁcﬂriﬂaﬂ“gﬁ?’?:kﬁg er 1Pk LD FERIFED B¥ie-fourt h
t he wavel ength of an_i nci dent Iight a white powder can be produced s~hich
refl ect s T8FMiPHe 2 RELAERE LRAYRE. PtngesE§§E§$%ﬁ5t»@ﬁ*?$k9%ﬁﬂ?¥9iﬂwMer t hus
obt ai ned can be used to obtain a Wiite magnetic toner or ink, and that a
col or na§n8tirc 3PoAEPROPONART ol ored in a bright tint can be produced by
é}gther formng a eol.ored |layer on the surface of the white povrder. 3

~ JAN 2t 3 Foreebtainhng: acRhPaTecaLSEr iBage| Withekhi® rePPubl i shed
Japanese Patent Applications Nos. 3-271376 and 3274278, in which a netal
filmis tompenenitatYPReRRGRREMNGOAPEVWSARRE. oFRagretiet aPkeT okl powder
can be heightened to the reflectance inherent in the ntal by increasing the
number oifti B¥s necesispayt fockprdes the magnpshectoner ov imksitwelfned.
However, a hi gher degree of whiteness cannot be expected after the nunber
of fil msisy at bEighitmtingi.ckieweverns ever hien @ roloned llaxgr &8 | n
addition, the whiteness obtained is insufficient. furthernore, in the
t echni quomedt diyedtily ofxtheasum€d<rubfi thedmaapahisecp8utirtieppl i cations
Nos. 6-228604 and 790310 and International publication WO 96/28269, the
| ar ger t seowimgerrsofa baises &hef coated prrsicleshashagkhelehassuhe cat ance
and, hence, the higher the o~rhiteness. Thus, the properties of the film
are enhadesk dddwevbecause ithegwagnedsicupbsticlesi hre genérabhlyhi ckness,
the nore the properties of the base particles are dimnished. For exanple,
in the ckdackhere a nagnetic powder is used as base particles, magnetism
becones | ower as the nunber of filnms or the filmthickness increases. In
ot her words, tlme dmsidmwiongpvexcope thied drawbaied , Whheecfpdhdeisgobavened by
¥ t echni ques descri bed above, it as necessary to reduce the nunber of
fi1 ns or dHeem tpdegmsed:, a technique in which a metal film is formed

on base particles to make the powder white based on the
reflective function of the film (Unexamined Published
Japanese Patent Applications Nos. 3-271356 and 3-274278); a
technique which comprises dispersing base particles into a
metal alkoxide solution and hydrolyzing the metal alkoxide

to thereby form a metal oxide film having an even thickness



9 Q 7 JAN 20D9 thickness for taking advantage of properties posggéggﬁzgi
the base partielesl. However, these has been a fear that the desired
whi t ness may not be obtai ned when the nunber of films or the filmthickness
is reduced. Disclosure of the Invention Accordingly, an object of the
invention is to overcone the drawbacks of the conventional techniques
described abov and to provide a white poHder which has high whiteness
while retaining propertis of the base particles, nore specifically oam
whi ch has high whiteness even irhea it has a relativly small nunber of
filme with a relativly small thickness so as to take advantage of
properties of the base particles. Another object of the inventionis to
provi de a process for producing the white powder. The present inventors
made intensige j nvest i,gati.ons. As r I t hey, have, found
fil~a- coéf’fq?ad‘:yﬁc?c')'1 e'ﬁmt?’ctr?%ggl B’é’eﬁﬂﬁhsggﬁéﬁebggeaﬁgnggagt?‘éf%?g%egef | ection
can be obtai . ] (. e N [ i Si a
(}@(ﬁ%#@eéa‘ri{q‘ﬂé&%%d .:%g;a@e% paedble ﬁﬁggggg{;ggg}f’ﬁc. g

crystalli € aggre e conprisir~ zed Tine

particle avi ng, voi ds anong the cr allized finegparticles, .Thus, the
i nvent or ?ﬁ%eﬂs’u&éﬂﬁf"i%aggggﬁﬁﬁrs %"la&g';'?hgnog’jﬂgcfgraggﬁr #ﬁ%ﬁegﬁove. 5

O ? JAN 21D3 Nanely, the inventi relates to the follow n 1), to (20) .
(1) A whi SR At A ebAL SFIgp a5tarast3Lsazaasaty BEER FabRng oh ©he
surface thereof at |east. one coating, film.c ri_sing a

cryst al | SFedRHA%T id ety GRaremin Pi“?lé'&g‘% gan‘gFHQpSFFPﬁEJ a Wite

col or based on the scattering reflection of _light acrd which, cos~prises
cryst al | iARRLIRARSM d@ T Qgi d@daforgchpd ey £pE PregdchBt Bcl es. (2)
A white powder characterized in that it _conprises bas particles having on

the surf&®Hdeehairing 3 dansefmanshatebler puhtidayrredagelal oxide

crystallized-particle aggregate which conprises crystalla.zed particles and
has voi dstidmrithich emrriney haptrhnaadisag 2 ReVORE: coakRP: with 8r is
FRnparted thereto based oa the scattering reflection of |ight occurring

@t ween tMelEiksvaredmatpl @xide filme d Infernatdeonad  Puklispgion (99 Th
white powder as described in (1) or (2) above, characterized in that the
crystal | i%®fR828M cl es are ones irregular in particle diameter. (9) The
white powder as described in (1) or (2) above, characterized in that the
coating film it Paxticukarer dh the case of the powders described

above having two or more layers of a metal oxide £ilm or
metal film, a special function can be imparted thereto by
regulating the thickness of each layer. For example, when
coating £ilms differing in refractive index are formed on
the surface of base particles each in a thickness
corresponding to ome-fourth the wavelength of an incident
(;) light, a white powder can be produced which reflects all
the incident light. It is suggested that the white powdex
thus obtained can be used to obtain a white magmetic toner
oxr ink, and that a color magnetic toner or ink colored in a
bright tint can be produced by further forming a colored

layer on the surface of the white powder.



film s ~7JAN20I 3 (5) The white ponder as described is (1) or (2) above,
characterized by having, on th surface of the coating film a coén?qufmaa
conprising particles capable of ~Ill1lng up the voids present in that
surface. (6) The white powder ss described in (1) or (2) above,
characterized is that th coating filmis a high refractive-index film (7)
The white powder as described in (5) above, characterized is that the
coating filmconprising particles capable of filling up the voids present
is that surface is a silica filmor a titania film (8) The white powder as
described in (1) or (2) above, characterized in that the coating filmis
one fornmed by form ng solid-phase particles in an agueous solution to coat
the base particles with the solid-phase particles aced then burning the

coat ed base PABEFLES: thb Sedilis s e HISkd 36 A5REINSI] N (B) above.

characterized in that before the'burning I's conducted, the coating layer is

coat ed Vbl Pahdd Chsafidbs b ool AISLL L4 i drdd ! Esf(%vaggesf s 3UP L he

voi ds present 1nt oat1ng gayer. hi'te powder as
descr Dodahdnh af kil WHex LIS B St YIRY e AITLMIRS 0TS
-7 ANiggagacks. The reflectance of a powder can be heightened
to the reflectance inherent in the metal by increasing the
number of films or film thickness and the powder can be
thus vwhitened. However, a higher degree of whiteness
cannot be expected after the number of films or the f£ilm
(:) thickness has reached to a certain degree. In addition,
the whitenass obtained is insufficient.
Furthermore, in the technigues described in Unexamined
Published Japanese Patent Applications Nos. 6-228604 and 7~
90310 and International Publication WO 96/28269, the larger
the number of films or film thickness, the higher the
reflectance and, hence, the higher the whiteness. Thus,
the properties of the film are enhanced. However, the
larger the number of films or f£ilm thickness, the more the
H\) propexties of the base particles are diminished. For
example, in the case where a magnetic powder is used as
base particles, magnetism becomes lower as the n#mbe? of
films or the film thickness increases.
In other words, the following can be said. In the

white powders obtained by the techniques described above,

it is necessary to reduce the number of £films or the £film



powder in a liquid containing the ervstaltized particles and thedEiZEVJZW3
powder dispersd therein. (11) A process for producing a "vhite p )
charaetsi zed by coating the surface of bass particles with at | east one
coating filmconprising a crystallized particle aggregate which is capable
of inparting a whyte col or based on the scattering reflection of |ight and
whi ch conprises crystallized particles and has voids anong the crystallized
particles. (12) A process for producing a white powder) characterized by
coating the surface of base particles with at |east one coating filia
conprising a crystailizedparticle aggregate which coa~rises crystallized
particles and has voids anong the crystallized particles to thereby iiapart
a white color thereto based on the scattering reflection of |ight occurring

bet ween f.ac f 4 i and the voi,ds. (13) The
process %gggggéfgbgagiﬁg?%i? %§¥?§g%bgb§ge?§%%3?%§§%r g%ﬂeT?Fé%? t he

b boces SESIEBEP BRACAALPE) BTUTISS  SOOVE TARERTLA ARFE PHAR the
coating film.is . a l{il ayered film 8 15) . The process as described is
(11) or Fk?)d&E&FQQPUhéFﬁgféﬁiTé& BVtcbﬁtéhﬁg%ﬂ%ds hen Ehgnymbe% o4t i ng

| ayer with a coating filmconprising particles capable of filling up the
voi ds pr efefilms oxatheyfiiBethicknesneiprseduseds dscribed in (11) or (12)
above, characterized in that the coating filmis a high refractive-index
film (17) The process as described in (15) above, eharacterizd in that the

coati ng filn1conprisin% particles capable of filling up th voids present is
t hat sur Pdsslosure of the Invention

Accordingly, an object of the invention iz to overcome
the drawbacks of the conventional techniques described
(i) above and to provide a white powder which has high
whiteness while retaining properties of the base particles,
more specifically one which has high whiteness even when it
has a relatively small number of films with a zelatively
small thickness so as to take advantage of properties of
the base particles. »Another object of the invention is to
provide a process for producing the white powder.
The present inventors made intensive investigations.
. As a result, they have found that a film-coated powder
Q“) which has been whitened based on scattering reflection can
be obtained by forming at least one ccating layer
comprising a crystallized-fine-particle aggregate
comprising crystallized fine particles and having veids

among the crystallized fine particles. Thus, the inventors

have succeeded in accomplishing the objects described above.



a silicafilmor atitanic film (18) The process as dsserabed in &11) or
(12) abvve, characterized by fos-~n3.ng solid-phase particls in 8adnJAN 2013
aqueous solution to coat the base particles with the solidphase particles
and then burning the coated base particles to thereby formthe coating
fi7.an. (19) The process as described in (18) above, characterized in that
before the burning is conducted, the coating ilmis coated with particles
capabl e of coasta.tuting a filmwhich fills up the voids present in tho
surface of the coating film (20) The process as described is (11) or (12)
above, characterized in that the coating |layer is one fornmed by adhering
czystallized particles to the surface of a base 9 "a ~ JAI~ ?P powder in,
a liquid containing the crystallized particles and the base powder

di spersed t heg@imd1+Br | PO e .S i 1.4 sectiona
vi ew of one e%&lﬁzgnlttﬁfgf I%tﬁ%eg'h H‘egﬁg\%&%rg gg?ﬁ% ?%:f}]ég{'?% .(Hsga)z is an
enlarged(§ tional view of the film2 constituted of crystallized fine
particles ~rHich is possessed by the white powder shown in Fig. 1. Best

de f Carryj Qut .th [ . _[he . whi ~d f the i [
compri Ses basc IRt MOEEE REVORY SHeFRECSaIFARCo hBPBBTL SR B RB0  coat | ng

films, at |egst one of Wich s afilmc ri sing, an aggregate of
crystall5@533 i Wé?g(ﬁ@ré%ﬁaFPE aFEfggEEB°Fogﬁléﬁagg S stallized fine
partic~.es) which conprises c¢rystallized fine particles and has voi ds anong
t he crysfﬁhﬁ?ﬁﬁ;héﬂﬂaﬁﬂ%ﬂﬁ*ﬁﬁ&g FhEFEPﬁé#EéF?dFﬁErFFFﬁ?i%9%f§%ﬁ?%ferred to
sinply as a'g |.m oanst it ut ed  of crystalliéid fine particles). Due to this
consti t uMBIFB dife BPADYRy of AmPRXEiRg ar yhiber ralenchased e2iFBR¢i ve i ndex
bet ween the suzface of the crystallized fine particles_and the voids to
t her eby EEREFaR%LCaftectigr, of ddohdn2pf Phight comBEis®Rnce a reflective
effect. It has thus becone possible 10 0? J pip 2003 to provicie a
f unct i on&*YFdRddl zed, PaFtdcdes and baghveids pRAngcEhessrystallized 5
ctional view of one enbodi mrent of the white powder of the invention,
i ch comgmtdedasase particles 1 having on the surface thereof a film2
constituted of crystallized finesgﬁrticles. Fig. 2 is an enlarged sectional

vi ew of the fil&)aZ® whirtet powdes chagegiezizpdednf thatpittcomprisesch is
possessed by the white powder shorn in Fig. 1. As shown in Fig. 1 and Fig.
2, the fibane pagibidles davdhgc opsithiel sxafarenshpgeofcatsleast vomels anong
the crystallized fine particles 3. Because of this, the film2 has a large
- di f f er ens@atingefidem cpmprigdngbet weystaddizgdfpargiclacaggyegatei zed fine
particles 3 and the voids to thereby cause the scattering reflection of
| i ght. Thhsich leonpaiides cnysitald iziegh paxfhiciessapdhhasnueeidds &hondnt enser
the scattering reflection, the higher the

the crystallized particles, and that a white color is

imparted thereto based on the scattering reflection of

light occurring between the surface of the crystallized

particles and the voids.
£
\w) (3) The white powder as described in (1) oxr (2) above,

characterized in that the crystallized particles are ones

irregular in particle diameter.

(4) The white powder as described in (1) or (2) above,

characterized in that the coating film is a multilayered

£ilm.



J lightness (whiteness) of the powder. The crystallized fine particles 3
contained in the film2 preferably have a high refractive index _and
preferably are irregular in particle dianeter. Lightness can b97réﬁﬁﬂg?ed
by regul ating the amount and particle dianmeter of the crystallized fine
particles in the film. 11 Q7 J AN 2003 However, care should be taken
I s designing the particles because there are cass where scattering and

i nterference nmay occur sinmnmultaneously depending on the particle dianeter
thereof to cause the coated powder to assune a hue other than white due to
the interference. Especially in the oase where the filmcoated powder
obt ai ned has an iatersse nonochromatic spectral color like opal, it is

t hought that the crystalla.zed particles in the film have an every dienter

about fromo f t J to e l\enet h t hereof),
ﬁesurti ng i s ?‘fﬁ e?#éer‘gtr‘\%gg t#eﬁ?{w%%# ze fjinnehgar"'iv‘%a\éﬁgsggl"r‘{et’hi S ca)s,
the partigcle dianeters of, the crystal,lized fine rticles . in t film are
Tr ot pparfﬁ%ﬁ?ﬁ ?ﬁ"f?%’s?%dh%‘éf?%héo’égt%%es ﬁQ%Idgé *@tﬁ:fé’ﬁﬁ‘é‘% déring,
and are preferably fromi1 tv, 500 rim_  hore preferably froqm.50 to 500 nm
Thd avenBnEPREaRE] £ 0| SORPEATLRS (RPN T CARAR TR G AL Kot or o
thereof are smaller than 1 run, the particles, evenin a filmform

transni t ERRgKPIRPTEERRE 1B HERRE FUEARRS where the coated powder has the
ool or o the un erlﬁi base particles, Conyer particle dianmeters

n ely,
t her eof | ar gef®! hiRe sElt figh B Ed%ﬁ]o%%i‘?%’tﬁ’éu??f’ft‘rétuéolﬁ BlodbRyerhe

i nterference described_ above occurs due to light reflected by particles and
that t he“PAFAFEeEigedt ircthal Fhe fRatipgitln ks a high-

refractive-index £ilm.

(7) The white powder as described in (5) above,

(:) characterized in that the coating film comprising paxticles
capable of filling up the voids present in that surface is
a silica film or a titania £ilm.

(8) The white powder as descxibed in (1) or (2) above,
characterized in that the coating film is one formed by
forming solid-phase particles in an agqueous solution to
coat the base particles with the solid-phase particles and
then burning the coatad base particles.

"(9) The white powder as described in (8) above,

~ characterized in that before the burning is conducted, the
coating layer is coated with particles capable of
constituting a film which fills up the voids present in the
surface of the coating layerx.

(10) The white powder as described in (1) or (2) above,

characterized in that the coating layer is one formed by

adhering crystallized particles to the surface of a base



,O7 J AN 2~ 7?3 Furthernore, the crystallised fine particles prefdrably
have irregul ar particle dianeters extensively distributing in the nang@4§ﬁ3
from10 to 500 nm Even when the crystallized fine particles in the film
are in contact with other fine particls or with another film they can be
d~. stingui shad by shape such as grain boundary. On th other hand, the
preferred range of the thickness of each filmconstituted of crystallized
fine particles described above varies depending on the size of the
part3.cles to be used as a base. The range thereof is preferably from 0. 05
Nmto 0.5 Eun for base particles of fromO0.1 armto 1 W4, fromO0.05 ~tmto
2 EEmfor base particles of from1l ~.~mto 10 ~.un, and from0.05 ~,un to 3
Etna for base particles of 10 wh or larger. The preferred range of the

total thj s.of _t ve- . bed ril icles to b

pref rabl FOPReR (9 2 33aRat) SoEaThiRET SRR, brpbein R ice TS 0% ) ans
constitute ceystallized fi.ne vari.es,dependi ng on the size of the used
as a bas?‘.n%T%'er %63 PR réggf dilrépﬁ."'feg. meF§§§'~mfor base particles of fxom
fromO0.1 ~. u se_particles_ of V\F? and, fromO0.1 dun to 10 ~m

m 5 ~..mfor

for base —. o hid) Paparess; 152 pR0uyingoacWhiPe BHIPE.  he wihi te powder
of the inyention preferably has, the surface pof the fj 2 constituted
of cryst 2EF &4, by f%ﬁggng gg& ﬁ&ﬁ?ﬁﬁevﬁ dease BRE égc%%\t‘f’n film
constituted_o particles 4,capa3le of filling up the vpojds present in that
surface @fel@Rsd one OREIRG EhdPeSORPELPARE, PO Y3 A Lt7e Ul trafi ae
particles) (hereinafter this_coating filmis also referred to sinply as
dense fi PRFtigdaspggragrte yhish is capahlecof| JmpaEtingca Wik a white
powder haviing as the outernost |layer a filmconstituted of crystallized
fine parGodiods bages o tthet sfasterdng Fpdlectionsef hight pmrgdorhighwder for
a toner, coating conposition, etc., the resin of the toner or the vehicle
of the cooPFR}sesmsayistiaddiized parkicdesnpndybrasvesds camony ¥hereby reduce
qjyacﬁfference in refractive index between the surface of the crystallized

Yne par ciryiesdald ized PRatisdes.and dinninish the scattering reflection of
light, resulting also i.n a decrease is |sghtness (whiteness). The dense
fil mdescri bed1@ove procegist fivire Produchogprevbiteonowderhe | i ght ness
decrease descri bed above. Incidentally, a cohoxed powder having a coating

| ayer of dhagragbeznizead)mncoating the snxifpcesoff haset hartbéles wikkri bed in
Unexam ~a, ed Publishd Japanese Patent Application No. 4-269609. Howeve=,
tha. s colady deasdware @pating film FAamRrisipg sacristahlikedoi ds anong the
pignent particles are filled up by a mxture of a surface--treating agent
and a regartinie igguagate iwhidh cenprisesr crygtrdlised parbbeles as is the
whi te powder of the invention. This powder has been colored is a desired
tint by tansl d@sorvaiids angrigyrbivet qrysitiadldzedhpazsivées for therebye, is this
col orsd powder described is Unexam ned Published Japanese Patent

Appl i cat iimpadt: 21-wWRAISEbldarhdheraie based whnetbet keapkgring particles are
not sufficiently fixed to the surface of the base particles. la such cases,
t he col orecElzovidiem refy lhiarhthapplumdinee Hedweeat ithg somfaset obfnther the |i ke
because the pignent particles adherent to the base can separate therefrom
in aliqeystadlizedipatsidientarahdh®e vedids.. The white poorder of the
nyvention and processes for producing the sane gill be expl ained bel ow a.n

tail. Wiite (I8)0rthe prdduss rnisedenaribace idef(liedoky (1LRe kbote, b’

standard col or system In the white powder of the invention, th |ightness
L' is 55 ¢Hadd@iberizgd eieretidy #He @ryi@ldhized particelesabky Repr hi gher,
and even nore preferably 75 or higher and 105 or | oKer; the absol ute val ue

of a is ﬂfg?jﬂ}é Vinl et iR | ame@ue preferably or snmaller, and even
nore preferably O or larger and 3 or smaller; and the absol ute value of b=

is preferably i{lyyorrdiisdesd U LA Y¥n’ @1)S%R I(@k) abdveven nore 15
characterized in that the coating film is a multilayered

£ilm.



Ol JAN 200 preferably O or larger and 3 or smaller. Even in the case where
the white powder of the invention is used to obtain a final pr@UdANsTieh as
a color toner or color ink through coloring with a colorant such as a

pi gment or dye, a desired color can be reproduced o~hile inhibiting the
color frombecomng dull. The L',a ,b' standard color systemis the color
space whi ch was approved and adopted, together with the L ,u ,V'
standard. col or system in the 18th general neeting of the International
Commi ssion oa |l lumnation ClE (COVWNLI SSZf N | NTERNATI ONAL DE L' ECl ~A=RAGE)
held in Septenber, 1975 irr London and was reconmmded in 1996, and which
has visually al nost equal rates . It is called CIE 1976 (L a'b") color
space and is abbreviated as CIELAB. T~Pith respect to detail ed nmethods of

measurenent a od f_color cifioation, asux t _.and col or
specificationqugE#§ egfﬁcgggofaaﬁg °ﬁﬁ#ﬁgﬂf§-ﬁ}ggzﬂr(iggg)abﬂﬁﬁhod f or
Measuri ng,.r.! l.qr. of ,bj ect”. and.JI S-Z-8729 (1980) "Met hod_ for Col or
Speci fica ﬁﬁ?é%%ﬁ%§%a P?i&@égﬁgﬁ: §d’8Ff8F§s?gl?ﬁ?eﬂ°$$ﬁ%gp§?¥?fles ~r hi ch
i s possessed by the . white. powder qf .the inyention nmay, be nmade of, any
mt bl LR CERIR Ea P SRPPFAALDg, PRREIFLAR (CREYELS G FLLLAG)
However, it is preferably nmade of a substance having a high refractive
i ndex. 18 theveids present da fbat §UrERFIcti ve i ndex herein neans a
refractiv index .of 1.8 or higher, pxefqrablx 2.0 or hi?her, nore preferably
2.2 or hi ghex.(38)t fhsyRreresHH A desrribededBo(lll At (hA} takoyYey |y
limted, it is preferably 2.7. The substance_having a high refractive iadx
i s not p&Aharagtemized @n dhatytheysogting faampigsadhighch as titanium
oxide (titanic), zirconiumoxide, bisnmuth oxide, cerium oxide, sat-~.nony
oxi de, orrefFAhRvediddex\fddmyreferred is titaai vmoxide (titanic), which
has a high refractive index and is for general purposes.
(17) The process as described in (15) above,
(:) charactaerized in that the coating film comprising particles
capable of filling up the voids presemnt in that surface is
a silica film or a titania £ilm.
(18) The process as described in (11) or (12) above, .
characterized by forming solid-rhase particles in ‘an
agqueous solution toc coat the base particles with the solid-
phase particles and then burning the coated base particles

to thereby form the coating £ilm.

(19) The process as described in (18) above,
{:) characterized in that before the burning is conducted, the
coating film is coated with particles capable of
constituting a film which £ills up the voids present in the
surface of the coating film.
(20) The process as described in (11) or (12) above,

characterized in that the coating layer is one forxrmed by

adhering crystallized particles to the surface of a base



For form ng fhe above-described filmconstituted of crystallized fine
particles, use is made of, for exaavple, a nethod is which a fil ngirsyAneafRd
by solid-phase deposition is a |liquid phase for filan-form ng reaction.
Exanpl es thereof include the nmethod of solid-phase deposition by the
hydrolysis of a netal al koxide is an organic solvent (netal al koxide

met hod) as described in Unexam ned Published Japanese Patent Applications
Nos. 6 228609 snd 7-90310 and International Publication WO 96/28269, the
met hod of solid-phase deposition by the reaction of a netal salt in an
aqueous sol ution (aqueous nethod) as described in vnexam aed Publi shed
Japanese Patent Application No. 11-131102, etc. i~ 0 7 JAN 2~~7 In this
case, the concentration of the reaction m xture, the anount of a catal yst

to b add ds;th .pariicl . d3.spetsed are regul atd
so t hat ?ggd?gt%hog gggggﬁt?%ﬁggigéﬁgd§% a§%y#€%e %é#?i T Y he
filmforrripgt ea%tion HL§%ur§.is higge tha$ the rate of growh of a
deposi t @it ta BFO i é?gfrﬁ t FR®*E8rPace of the base particles in
the reaction m xture. The solid-phase fine particles deposited in a film

foam ng reaction m xture are adhered to th surfac of the base particles is
t he nanngr,g%s§ribegpagove to thereby, forma coating filmconstituted of
sol i d- phRE&efi ResFErPE P@s?fAFhFhPE‘éﬁPﬁf of time, the solid-phase fine
particles iracgrporated is the filmare anorphous and voi ds_have not been
formed among ERE-sél A§- phaSStirRalpYiey cPEsongembodiment RFf ches . no

scattering reflection of |ight cad _has exceedingly | ow nmechanical strength,
Because ¥hitm povdes Rf) theafirNgotiPAn constituted of solid-phase fine

particles is burned, Through _this burning, the anorphous solid-phase
Fig. 2 is an enlarged sectional view of the film 2

constituted of crystallized fine particles which is

(j) possessed by the white powder shown in Fig. 1.

Best Mode for Carrying Out the Invention
The white powder of the invention comprises base
particles having on the surface thereof one or more coating
films, at least one of which is a film comprising an
aggregate of crystallized particles (hereinafter referred
4to also as crystallized fine particles) which comprises
N erystallized fine particles and has voids among the
(v) crystallized fine particlés (hereinafter, the film is also
referred to simply as a film constituted of crystallized
fine particles). Due to this constitution, the ;oating
film has a large difference in refractive index between the
surface of the crystallized fine particles and the voids to

thereby cause the scattering reflection of light and

enhance a reflective effect. It has thus become possible

10



fine particles crystallise and voids are fornmed anong the crystallizeﬂ ﬁﬁﬁe
particles, Thus, the above-described filmwhich is constituted ol07 JA
crystallized fine particles and scatteringly reflects light is formed. The
voi ds may 18 0 7 JAN 2003' have any size smaller than th particles.
Preferably, the size thereof is f=omO0.1 to 100 nm For formng the film
constituted of crystallized fine particles, the aqueous nethod is preferred
to the netal al koxide nethod descri bed ~l oove because a satisfactory

rlati onship can be easily established between linear growh rata and

sol i d- phase deposition rate with the former nethod. Furthernore, the netal
al koxi de net hod necessitates use of an expensive netal al koxide as a
starting material cad a zel atively expensive cad dangerous organi c sol vent

as a reagtion sqlvent.. Because,of this, the product|on apparatus or
equi prrenft°c§d“tvﬁ‘é‘el iakgué’ﬁ%&PBaB'aPBf" ﬁehéffogsFﬁﬁ°§J:l‘EBF IPRENRZ I ting in

i npai red cqQst. perfqQrmance. Fromthis standpoint al so, the aqueous nethod is
preferred ¥ReSHi-al al koxi de method. The burni ng may be conducted after
the formation_of "~~~ .the above-described coating filmconstituted of
sol i d- phase fiEdg pdr diScPeSectdpBads vieworft roesenhagbnantopEtthefi| m
strength of the white powder to be obtained, burning is desirably conducted
after thabhidsamandem of ithec daveationh ¥highr comprisessbases50 nmor smal |l er
or “an anor phous gel rovh.ich each is capable of formng a dense filmfor
filling meatdelrs ds havdognen fhehsurdecec heteplicaf ELlmc@nstituted 19 ~
7 JAN 20g of crystallized fine particles which is to be fornmed fromthat
coati ng fadngtitvted of eFyistalidizedalflipec padtdeddsat FiapmBQ0Gs tam 1, 200C for
from1l mnute to 8 hours, prefrably from5 mnutes to 3 hours. In addition
to the neriardead weiationalr afiear ofarthiec fddmsarpeetathyedebfecti ng | i ght
are formed in a liquid by regulating the rate of solid-phase deposition,
exi sti ng grystallldzeqd fingapartigliels mbdchSpecpbissabbad bmstheawbitées and
(giystallized ultrafiae particles of silica, titanic, or the |like sre

ffici erpdwdes ealiopyndiisp@igad li.nt o a buffer solution. Thereafter,, a liquid
cor~taining dissolved therein a material for depositing a filmof silica,
titaaia, or tids shown in Fig. 1 and Fig. 2, the film 2 constituted

of crystallized fine particles has voids among the
crystallized fine par;icles 3. Because of this, the film 2
has a large difference in refractive index between the
surface of the crystallized fine particles 3 and the voids
to thereby cause the scattering reflection of light. Thus,
the powder can have high lightness (whiteness). The

intenser the scattezring reflection, the higher the

o

lightness (whiteness) of the powder.

The crystallized fine particles 3 contained in the
film 2 preferably have a high refractive index and
preferably are irregular in particle diameter.

Lightness can be regulated by regulating the amount
and particle diameter of the crystallized fine particles in

the film.



like on the surface is dropped into the dispersion while optim zing the
rate of solid-phase deposition, so as to just forma filmalone. As a
result, solid-phase films ~i ) deposited respectively on the base
particles cad the crystallized ultrafin particles during stirrirfg? AN 2003
bonded to each other to thereby Beat the base particles with the
crystallized ultrafine particles. Th ultrafine particles used here are
preferably ones which hardly cause Rayl ei gh scattering. The material of the
ultrafine particles is selected fromthe sane materials 20 0 7 JA N 200g
for the crystallized fine particles aescribed above. The ultrsfin particles
and the crystallized fine particles may be the sane or different. The
particle dianmeter of the ultrafine particles is preferably from0.1 to 50

nm nore preferably from0.1,t0.30.run.  The. oggen oa_which a filmhas been
thus forned i ?‘h‘é%%é’él’ 595§ S 8 %,af(?ﬁ‘cl?’o &BBAH I %ﬁﬁ particles in
whi ch spaces, anpng the crystallized ultrafipe particles are filled with a
fiim (pRETEIEles RGPS (FIRED ARG AR MAPTeTARE EEPRABILAPE cl es whi ch
scatter visible light are obtained. The ultrafiae particles scattering
vi si bl e 13RFREIRERNGY MY RN HigH tamecysly, depradingngnstbf a particle
di aneter that the spatterig%lpomer I's maxi mum The range of the particle
di amet er B¥EtiREe jdignptay fhexeqh fio srusSRe they seatrAzBavipRetparticl es
descri bed above. In particular, is the case of titania, silica, and
zi rconi a, 2339 2 thue othemkhan whife-due, o) theoAnterfezeangenm nore
preferably from50 to 250 nm In the case whre the base particles have a
dower refract iBepeeirldy Him the cases whexe; dhey fidnf-copsedappdbus, t he
fine-particle fil mdescribed above may be forned after a filmhaving a high
refracti vebtxired kasliarcinternss mohoghnoratiss speatiriadl eolor dfiker film
formation is conducted so that a highrefractive-index filmis the outernbpst
| ayer. 2lepal, it is thought that the crystallized particles in the
(:) £film have an even diameter (about from one-fourth the
wavelength of light to the wavelength thereof), resulting
in interference by the crystallized fine parxticles.
In this case, the particle diameters of the
crystallized fine particles in the £film are not
particularly limited as long as the particles cause Mie
scattering, and are preferably from 1 to 500 nm, more
preferably from 50 to 500 nm, and even more preferably from
50 to 300 nm. If the particle diameters thereof are
(;) smallexr than 1 nm, the particles, even in a film form,
transmit light and, hence, therxe are cases where the coated
powder has the color of the underlying base particles.
Conversely, particle diameters thereof larger than 500 nm
are undesirable in that coloration by the interference

described above occurs due to light reflected by particles

and that the film is brittle and is apt to peel off.

12



: : 07 IAN 2003
0 7 JAn~" ':~; Conversely, in the case whre the base particles haVe a
hi gher refractive index than the crystallized ultrafirre particles, the
fine-particle filmis formed as a filmhaving a low refractive indx. la
this case also, it is preferred to forma |lowrefractive-index,filmas the
outernost |ayer on the base particles fromthe standpoint of utilizing
scattera.r~g to the highest degree. The white powder of the invention may
consi st of base particles and, forned thatoa, only one |layer of the above
desvribed filmconstituted of crystallized fine particles. Alternatively,
it my be a nultilayer-coated powder, i.e., it may further has a fi 7~ of
anot her constitution capable of transznittiag |ight. The white powder may
have tree ox nore | ayers of the above-described filmconstituted of

crystal lizedq.fine particles. In i.s case, a_light-transpitti coati ng
film haviiﬁ'gqg‘ﬁzg\ﬁ’{)eéf & Y s,tg&ég-aeg %f‘é‘?e?&ﬁl“%"éj?és%ﬁ?%ﬁﬁggn r. two
| ayers of the filmgonstituyt.eq of .crystallized fine_particles., The
|1 ght -t R 45 PAr i oxs| sREPREINSIY P RELREFART o
particularly_ limted, and exanples thereof include ones made of a netal
conpound 1% Fhs Fange r?%t &&oF 1030 SBQ PRernore, in the case of forming a
crystallized particle film a fi7.mhaving a |lower refractive index than 22
~ 2 J AN 2L03 Bvan ¢hen fhe seystaddizeds fgsief pAFEdcagst de Fhesfilmyer on
the base particle side in order to inprove the scattering effect of the
cryst al | i3xed im @l Widh) otfier fine paatdcdnsyoravwithcanethes ckness t hat
a scattering volune in which the crystallized particles can scatter |ight
can be ut§iilmyedherhpan beadistingudshede byr pbepe| suel pargraies can be
utilized in the highest degree. Exanples of the nmetal conpound nentioned
above i ndaypdamtal oxi des, nmetal sulfides, netal selenidea, netal
tellurides, and netal fluorides. Specific nmetal conpounds which can be
advant ageous| Pruddee otheri hangki dhe prefermedoxatdge ofictheum oxi de,
\tani um oxi de, zirconium oxide, tantalum oxide, silicon oxide, antinony

i de, ndddhgknen=ndfl@adhaifiillaneenetituted ofuchystalidizedr£imeoxi de, tin
oxi de, nmagnesi um oxi de, lithium oxide, |ead oxide, cadm um

particles described above varies depending on the size of

the particles to be used as a base. The range thereof is

preferably from 0.05 pm to 0.5 ym for base particles of

from 0.1 pm to 1 pm, from 0.05 pm to 2 pm for base

particles of from 1 um to 10 pum, and from 0.05 pm to 3 um

for base particles of 10 pm or largerxr.

The preferred range of the total thickness of the

above-~described films constituted of crystallized fine

{;) particles also varies depending on the size of the

particles to be used as a basa. The range théreof is
preferably from 0.1 pm to 3 pym for base particles of from
0.1 pm to 1 pym, from 0.1 pm to 5 pm for base paxticles of
from 1 pm to 10 pm, and frem 0.1 pm to 10 pm for base

particles of 10 pym or largex.

i3



sul fide, zinc sulfide, antinony sulfide, cadm um sel enide, cadniuHH N 2003
telluride, calciumfluoride, sodiumfluoride, trisodiumalum num Itﬂﬁlge,
l'ithiumfluorid, magnesiumfluoride, and the like. Methods for form ng the
metal compound filmv~rill be explained below, For formng the film a
vapor - phase deposition nmethod such as the PVD net hod, CVD nethod, or
spray-dryi ng nethod 23 p 7 J AN 2003 can be used to directly formthe
filmon base particles by vapor deposition. Howevr, the nmetal al koxide
nmet hod described in Unexaa~.i.ned Published Japanese Patent Ap~plicatioa No
6228604 or 7-90310 or International publication WD 96/28269, each cited
above, and the aqueous nethod described in Unexam ned Published Japanese
Pat ent Application No. 11131102 are preferred. la this case, reaction

condi tions arPut€igetmdrd, Sthewhitk griwddie gftithed finvied®dlongr owt h hi gher
thaw the rat of solidrphase deposition and thereby form as anorphous even

filer, eEErAbBy Coidl] 1d0NEhd Cdutfifed WeMHO T 2hecHapiesdeea ged film

constituted of. crystallized fine particles, Al though the organic materi al

Ment i OnedegRONE1i SedOfi k@B @ dy 3 IdHd Hhvidg voiRiL! o dahked resin.

Exanples o the resin include cellulose, cellulcose acetate, polyam des,

ePOXY I e5h08:ngOLYER! £ S e EL AL NS AR {1 014/ Bl e Wil ettt e

resins, siliconh resins, pol yners or “copol yaters o acxyllc esters,

met hacryﬁaﬁtéﬁét%f s Xég&g? ﬁ%ﬂ‘%uﬂé@'%@eﬂﬁ%? it‘lﬁ%tives of these,

and the I n the case ormng an organic nmateri firim(resin film,

use Y be. JPdFegf a£8) - e gRLNRC] T P Gll RN Pushatig g spersed in a
liquid as6 and a resin riisa 24
(hereinafter this coatiné film is also referred to simply
as dense film), as shown in Fig. 2. For example, in the
(:) case where a white powder having as the outermeost layer a
film constituted of crystallized fine particles such as
.that described above is used as a pigment powder for a
toner, coating composition, etc., the resin of the toner or
the vehicle of the coating composition infiltrates into
voids thereof to thereby reducé the difference in
rafractive index between the surface of the crystallized
fine particles 3 and the voids and diminish the scattering
reflection of light, resulting also in a decrease in
(:) lightness (whiteness).
The dense film described above is suitable for the
prevention of the lightness decrease described agove.
Incidentally, a colored powder having a coating layer
of inorganic pigment particles on the surface thereof is

described in Unexamined Published Japanese Patent

Application No. 4-269804. However, this colored powder is

14



p7J ANZ2003is fornmed on the particles by emul sion polynerizqhypn )
(lI'i qui d- phase pol yneri zation nethod), (b) a nmethod in which the iLﬁAmg
formed in a vapor phase (CAD) (PVD), ete. In the ease where the white
powder of the invention is one canprisiag base particles having a

mul tilayered filmformed thereon, an exaigple of the production thereof is
shown bel ow. For exanple, when the base particles, which will be described
|l ater in detaa,|l, are ones made of a substance having a high refractive
index, then a light-transmtting filmhaving a lots refractive index is
formed thereon cad a filmconstituted of particles and having a high
refractive index sad a light-transmtting filmhaving a |l ow refractive

3. ndex are successively fornd thereon. Wen the base particles are ones

havi ng a |ow yefr.active Jndex th a_filmconstituted of pakticl.es and
havi ng a %‘?egh{nr e‘?}?’;%l} i‘goeiclps?\ ex?n%eﬁg‘leglﬁi-gﬁe %‘s ﬁsa.tt cﬁﬁlﬁsf A %&@P‘ﬁa a | ow
refractive index, and a filmconstituted qf, particles gnd having a high
refracti Vi iB¥ick ’%&’gt"é’iﬁ:c & vit ?‘iﬁ"r?ﬁfat%*éﬁqeéﬁenfhéngagerﬁéﬂli'cl es used
in the white powder. are not particularly liia,ited. They may be nade of an
i nor gani cARRAtE? inQt R Shivhich Raaktering, xafdestiomoecngR, agr ifay be a
magnetic material, dielectric, electrically conductive material, insulating
materi al ,the ¥inkte ipewder of (the jinveptimm | Fhifependerwhes Pes’ base is a
metal, ~t may be any nmetal such as iron, nickel, chromum titanium

al uni num ceteredpi e rdesdesd tHenh sk the Galathefe thegpdamenrti s to be

utilized, then the base is preferably one ~rhich becones nmagnetic, e.g.,

i ron. Thepertiales jkhemgalyesy s Furkhgasmorre Rasshigvradonagnrevdesi s used,
it is preferably a ferromagnetic alloy. . In the case v~here the base of

t he powdedescribegdtin Unemmnined (Euhlighad afananesenhdadent ncl ude t he

af orermti oned netal oxides. For exanple, oxides of calcium magnesium
barium akpplicatidm Nay 426R80M hetharss are dassis iwhere rthek pi.gmenton um
G‘;)t anium, alumnum silicon, and the like. Alternatively, conposite oxides
t hese paytbecles cdre Mpt heufifi el eretdanfioeed fta Mhersuxifacenpduttieot her

than netal oxides include netal nitrides, netal carbides, nmetal sulfides,
nmet al f| Ubasdecpaxrbhbees carlrosatcks capetsal thleosphared, pawderhmayi ke.
Furt heznore, a compound of a netalloid or nonnetal, besides netal
conpoundsinzppl beable dtaschbatbng acompostidns par ttihaulldke becaxisée, car bi d,
or nitride of a netalloid or nonnetal, e.qg., silica or glass beads, can be
used. O htheupifphent nPagticlestadhexdst | toncthal dadswrqpanisepagiatew particl es
such as shirasu balloons (hollow silicic acid particles), hollow carbon
m cxosphetheréfnomecisphcliguidtmixture of a sclvent and a resin.

The white powder of the inventiocn and processes for
producing the same will be explained below in detail.

White colors in the invention are defined by the
1',a’,b’ standard coler system. In the white powder of the
invention, the lightness L" is 55 or highexr, preferably 60
or higher, more preferably 70 or higher, and even more
preferably 75 or higher and 105 or lower; the absolute
value of a' is preferably 10 oxr smaller, more preferably 7
or smaller, and even more preferably 0 or larger and 3 or

smaller; and the absolute value of b’ is preferably 10 or

smallex, more preferably 7 or smaller, and even more
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0 7 J AN 200 fnsd al umi na bubbl es, Aerosil, white carbon, hol |8 ¢AN d008a
m cr ospheres, holl ow cal cium carbonate m crospheres, cal ci um carbonat e,
perla.te, talc, bentonite, mcas such as synthetic mca and conmonnica,
kaolin, and the like. Preferred organic materials are resin particles.
Exanpl es of the resin particles include cehul ose powlers, cellul ose acetate
powders, polyam des, epoxy resins, polyesters, nelam ne resins,

pol yur et hanes, vinyl acetate resins, silicon resins, spherical or

pul veri zed particles obtained by the polynerization or copol ynerizat~.on of
acrylic estexs, nmethacrylic esters, styxeae, ethylene, propylene, sad
derivatives of these, and the like. Especsall.y preferzed resin particles
are spherical acrylic resin particles obtained by the polynerization of

Poe e o Bt eat Y DA IUCLRCS0E 3 Lk SHAYMDy MBRUPTn WG] [N 11

t he case usi ng-resin rticles as a base, ng tenperature is

S0V 19 SR B S B! BETELARDIEE. 0 FLak e S5k O o
"ot anguSAEan BHAE, HeRs 2o B Eb3Pts SoPRBNDE A R sLA) %% es, and
aci cul ar bqdies (cylinders_and prisng). Al so,usable is_27 0 7 JA N 2003 a
powder hﬁﬂ%?&wﬁ%&’el‘y*&?E@ﬂl aP“EEr PEcRPLAERRE 9% ¥ ®as®one forned by
pulveri 2af] Ak ed dol2e9 0 B2 ot eduded DRLIBYLAEEIRnY A0 E5T0s"

from becoming dull.

The L',a’,b" standard color system is the color space

which was apfroved and adopted, together with the L', u’,v'

(i) standard color system, in the l8th general meeting of the
Internaticnal Commission on Illumination CIE (COMMISSION
INTERNATIONAL DE L'ECLATRAGE) held in September, 1975 in
London and was recommended in 1996, and ﬁhich has visually
almost equal rates. It is called CIE 1976 (L’a'®’) colox
space and is abbreviated as CIELAB. With respect to
detailed methods of measurement and methods of color
specification, measurement and color specification are made
in accordance with JIS—Z—8722 (1982) "Method for Measuring
Color of Object" and JIS-Z~8728 (1980) "Method for Colox
Specification".

The £ilm constituted of crystallized fine p;rticles
wvhich is possessed by the white powder of the invention may
be made of any material which can scatteringly reflect

light and have a white color. However, it is preferably

made of a substance having a high refractive index.

le



particle dianeter, preferred bases have a particle dianeter in tqﬁ ;@Rggmg
fromOd Ermto several mllinmeters. Furthernore, the base parti ?

used have a specific gravity in the range of fromO0.1 to 10.5. | 3owever,
the case where the powder obtained is to be used as a ' dispersion~in a
liquid, etc., the specific gravity thereof is preferably from0.1 to 5.5,
nore preferably from0.1 to 2.8~, even nore preferably from0.5 to 1.8,
fromthe standpoints of flo~aability and suspensibility. If the specific
gravity of the base is smaller than 0.1, the base has too hi gh buoyancy in
i quids. Consequently, when the powder to be obtained fromthis base i.s

I ntended to be used as a dispersionin aliquid, etc., afilmarhich is
conposed of a |arge nunmber of layers or is exceeclingly thick should be
formed. This js _upecongm cal. _On e ot her nd,.if the specific gravity

t her eof exceegéelgggF - ﬁiﬁﬁfFFF%$Y§ ﬁ@§%§2§?9éT%F"§H§bé£ding t he
particles and this also is_urzeconomcal . The_invention will be explained
bel ow i nFREFASE&YE] E“gﬁ"r gfctefcert Bighafp REOLexAPIN 2 & AR Mighete
invention 28 a_~ SAN zo~= shoul d not, of course, b construed as being
limted BY*EhRESLeERRVELE ¢ oFi héahag- oAlshanah tthepypper apitc| es:
Two- | ayer Coating from Agqueous_System Formation of Silica Fi7.mas First
Zayer: (¥heppefaist pef BRTBirELAXEY| Limdked) nit is wrefaxedlwe % Tdi ssol ved
0.4 M potassium chloride reagent and 0.4 Mboric acid to prepare buffer
solution 1. | Bhe pubstancer hayingi 3shighdrefzagtiveliindew dromate to prepare
buffer solution 2. 250 nL of the buffer solution 1 was m xed with 115 nL of
t he buf f presdculpsdy2limdtedhcandxanr exide Gamdeenised, tagh @sare buffer

solution 3.
titanium oxide (titania), zirconium oxide, bismuth oxide,

f
e
n

cerium oxide, antimony oxide, or indium oxide. Most
(:) preferred is titanium oxide (titania), which has a high
refractive index and is for general purposes.

For forming the above-dascribed f£ilm constituted of
crystallized fine particles, use is made of, for example, a
method in which a £film is formed by soclid-phase deposition
in a liquid phase for film~forming reaction.

Examples thereof include the method of sclid-phase
depesition by the hydrelysis of a metal alkoxide in an
organic solvent (metal alkoxide method) as described in
Unexamined Published Japanese Patent Applications Nos. 6-
228604 and 7-%0310 and International Publication WO
96/28269, the method of solid-phase deposition by the
reaction of a metal salt in an aqueous solution (aqueous
ﬁethod) as described in Unexamined Published Japanese

Patent Application No. 11~131102, etc.
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(2) Aqueous Sodium Silicate Solution (Water d ass Sol ution) Sodi wpflr\!iz@?t e
reagent was diluted with pure water to regulate the concentratio sdA o]
result in an Si02 content of 10 W% (3) Silica FilmFormation To 365 ail
of buffer solution 3 (phi: about 9.0) prepared beforehand was added 15 g of
a magnetite powder (average particle diameter, 2.3 wn) as base particles to
29 0 7 JAN Z003 obtain a dispersion. The vessel COnt2lill7.ilg this
di spersion was placed in the water-filled tank of as ultrasonic washer
(Type US-6, manufactured by |1 UCSI SEIEI DO CO ,LTD.). The nmagnetite powder
was farther dispersed with stirr~.ng is the buffer solution 3 while
applying ultrasonic thereto in the ultrasonic bath of 28 kHx and 200 W
Thereto was added 20 nmla of the aqueous sodiumsilicate solution also
prepared beforghand At ag, of 01 0 0% al l t and deconpose
the silicate. ]%Eus, sg"?salaﬁelr’ca |Icr?14‘\%ae;§d epos?}ntg ?):ggt 3‘3&?’?&% . After
conpl etiQn, of the gddition  of e odium sidi.,cate solution, the
m xture v(%isx?uezéec’t e%l? oa?ﬂ'T Lrtt ﬁeéllzc%%ugég}iﬁ:oif’eg’%t-aa dt’h@“&nsrgggat ed starting
material. After c | etion. af .the filmfarmng reacta.on, .the slurry
Cont ai ni PYIRE =S, PREILST S & 6, ePatoedt drecnooytadaeas
r epeat edl| ecant ed usi uf fi.ci.ent ater. to . wash _the powder, After the
wash~, ng,l‘f'ﬂ‘é t%r’i’%?ﬁ?s&%ﬁﬁ“i c?%r Ficﬁ'ﬁ\%ﬁ’&aﬁgeﬁ"f‘&r gﬁﬁf‘gﬁ%eﬁl aced in a
vat, and the po was all owed tq sedi,nent cad sep r%t %h The_super nat ant

a

e
was di scarethe TRETERE 2 ymEEFure I AP f®even at 150C

for 8 hours to obtain _a silica-coated rﬁgnet,ite powder Al. 30
rate of growth of a deposit fi (linear growth rate) on

the surface of the base particles in the reaction mixture.
The sclid-phase fine particles deposited in a film-
(:) forming reaction mixture are adhered to the surface of the
base particles in the manner described above to thereby
form a coating £ilm constituted of solid-phase fine
particles.

At this point of time, the solid-phase fine particles
incorporated in the £ilm are amozrphous and voids have not
been formed among the solid-phase fine particles. The f£ilm
hence causes no scattering reflection of light and has

exceaedingly low mechanical strength. Because of this, the

S
I’ ‘|
N’

coating film constituted of solid-phase fine particles is
burned. Through this burning, the amorphous solid-phase
fine particles crystallize and voids are formed ;mong the
crystallized fine parficles. Thus, the above-described
film which is constituted of crystallized fine particles

and scatteringly reflects light is formed. The voids may
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0 7 JAN20@® Formation of Titania Fi7.u~ as Second Layer: (1) preBg}éANdMB'
of Buffer Solution In 1 Z of deionized water were dissolved 0.3 M acetic
acid and 0.9 M sodium acetate to obtain buffer solution 4. (2) Agueous
Titanium Sul fate Sol ution Titaniumsulfate Nas added to water and the
solution was diluted so as to regulate the concentration to 0.6 ML. Thus,
an aqueous titaniumsulfate solution Was obtained. (3) Titanic Fi 7~
Formation 250 mL of buffer solution 4 (pH about 4.1) was prepared for 5 ,
5 g of the powdr A .. The po~rder A~, “ras sufficiently dispersed into the
buffer solution 4 whale applying ultrasonic thereto in an ultrasonic bath
in the sane manner as in the silica filmformation descri bed above.
Thereaftér, while the tenmperature of the liquid was kept at 50 to 55C, the

' ' | f at | utj d b hand dd d |
Cheroto RpvE"RAP, SLsbgaton LRR PEBR Y SR L O SRR R Y, ERBAr T €1 s
in the liguid,and theteb nakg ihg I%@gid slightly nilk-mhite. Ther eafter,
the rate® Fengﬁﬁfg éﬁd¥f?ﬂn b=as° | oWer¥- to 1.5 nl/nia to gradual ly

precipitate tje upreacted,jngredient in order to fix the soljd-phase fine
particles to Fﬂﬁ gﬁf?éﬁ% 8$°tﬁ%ﬂ%oﬁﬂ%?t¥$?t?§ %ﬁ%ﬁ%ﬁﬂﬁﬁl%ﬂﬁ94nﬁﬁﬂﬁ 31 07
J A N 2DD3 ghase fine particles which had precipitated is the liquid were
fixed t oPRREISHPPackhef agnecPsRebhrd| 13 RrehrRET9S tridihe detalhe surface

t hereof was coated with ultrafine particles having a snaller particle
di anet er 2tkay¥idacmethod described above because a satisfactory

relationship can be easily established between lineaxr
growth rate and solid-phase deposition rate with the former

method.

(:) Furthermore, the metal alkoxide method necessitates

use of an expensive metal alkoxide as a starting material
and a relatively expensive and dangerous organic solvent as
a reaction solvent. Because of this, the production
apparatus or equipment and the like should be of the
explosion proof type, resulting in impailred cost
performance. From this standpeint also, the agquecus method
is preferred to the metal alkoxide method.

The burning may be conducted after the formation of

rs
*) the above-described coating film constituted of solid-phase

fine particles. However, from the standpoint of the f£ilm
strength of the white powder to be ébtained, burning is
desirably conducted after that coating film is coated with
either particles of 50 nm or smaller or an amorphous gal
which each 1is capable of forming a dense film for filling

up the voids present in the surface of the f£film constituted
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eol zd-rphase fine particles fixed to the base particle surface . PZ?) JAN 2003
Washi ng and Drying After conpletion of the filmformng reaction,
decaat ati oa was repeated using pure water to renove the unreacted reactant,
excess sulfuric acid, and sulfuric acid forned by the reaction.
Solid/liquid separation was eorrducted, and the solid was dried wth a
vacuum dryer to obtain a dry powder. The dry powder obtai ned was
heat-treated (burned) is a rotary tubular oven at 500C for 30 mnutes to
obtain a silical/titani a-coated nmagnetite powder A2 having a snmooth surf ac
This two-1ayer-coated powder A2 was yellow sh white and had a
magneti zation of 90 emu/g at 10 kCe. This twol ayer-coated powal er Az had a
maxi nrum ref |ection peak at 630 nm Val ues of this two-1|ayer-coated povvder

AIZA:\ISZE)gEéfL:cE%"sr %i%gnﬁ?%%qg %ﬁégg%em‘gmger P ?t‘é?:l%abl : see?‘%ayer
Coat i ng frbta&_]eA &%;_ ?é‘ en Formation of Silica Filmas First Layer: To

365 n~ of* ution 3 (p8: about 9.0) prepar ed bef orehand Was
added 15 g of r| cal gnetlte wder (av ge, partic di aneter, 2.3
E.~n) as base “EF‘é‘?gt OBFEF "'ﬁ'gg?'sﬁg’f‘é\"ﬁﬁeg e#g%o*fﬁ aining this
di spersi on vva placed in the water-filled tank of as ul trasoni.c washer

(Type Usdg2 %ﬁufastﬁren bymdaeke tei®ikrrre K prefmratiayfaam & powder was
further dispersed v~ith stirring in the buffer solution 3 while applying
ul t r asoni®:AF&Sett® PnbEMESyl t rasonic bath of 26 kFlz and 600 W Thereto was

added 23 nmh of the aqueous sodiumsil~. eate
In addition to the method in whlch ultrafine particles

scatteringly reflecting light are formed in a liquid by
regulating the rate of solid-phase deposition, existing
(:) particles also can be utilized.

Specifically, bage particles and crystallized
ultrafine particles of silici, titania, or the like are
sufficiently evenly dispersed intec a buffer solution.
Thereafter, a ligquid containing dissolved therein a
material for depositing a film of silica, titania, or the
like on the surface is dropped into the dispersion while
optimizing the rate of solid-phase deposition so as to just
form a film alone. As a result, solid-phase films
deposited respectively on the base particles and the
crystallized ultrafine particles during stirring are bonded
to each other to thereby cocat the base particles'with the
crystallized ultrafine particles.

The ultrafine particles uged here are preferably ones
which hardly cause Rayleigh scattering. The material of

the ultrafine particles is selected from the same materials
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solution al so prepared beforehand at a rate of 40 nL/mn to gradﬁ%ﬁUﬁNnﬂ@ct
and deconpose the silicate. Thus, a silica filmwas dposited on the
surface. After conpletion of the addition of the aqueous sodiumsilicate
solution, the m xture was reacted for further 2 hours to react all the
unreacted starting material. After conpletion of the filmformng reaction,
the slurxy containing the powder on Wiich a silica filmhad been forned
yeas repeatedly decanted using sufficient-water to wash the po~rder. After
t he Washing, the powder on which a 33 o r ~aN 20p3 silica filmhad been
formed was placed in a vat, and the powder was all owed to sedi mat and
separate. The supernatant was discarded, acrd the residue was dried in air
with a drying oven at 150C for 8 hours and than heat treated (burned) is a

ﬁZ%LZ?.et” ef%:)ogg Gytagiiaed Yink' ol ;f%gégﬁ. p8s8Hhaed Bnspe; Ol C‘%ﬁ? f Srh

same mn R REHe B é“taf?o%su BhaLidFP, 2ipt %55 5% T e
sane man u bout
gui}% i \(I:V?Z % Qﬁlﬁred e Sdrﬁ%ﬁ%r?éitb 'f%@g()\é\%g {'?%?n %The I‘iﬂen\évaﬁl trasonic

thereto is an ultrasonic bath in the sage manner as in the sylica

filmfor YRR iNRS B3fdFlahie PReSeaPLY: fomi Peli ke BRNPRr AMRUER of the
liquid was kept _at 50 to 55C, the aqueous titaniumsulfate solution )

pr epar ed %%%M%&a‘dﬁ 3P Ided dropwise thereto at a constant rate

of 1.8 mh/mn. la as initial stage of _the dropw se_addition, solid
The powder on which a film has been thus formed is

heated at from 300 to 1,200°C to thereby form particles in

which spaces among the crystallized ultrafine particles are
(:) filled with a film (particles having a fine-particle

film). Thus, fine particles which scatter visible light

are ocbtained. The ultrafine particles scattering visible

light preferably have a high refractive in@sx and such a

particle diameter that the scattering power is maximum,

The range of the particle diameter thereof is the same as

that of the crystallized fine particles dascribed above.

In particular, in the case of titania, silica, and zirconia,

the particle diameter is preferably f£rem 10 to 500 nm, more

‘f
.- prefarably from 50 to 250 nm. In the case where the base

particles have a lower refractive index than the
crystallized ultrafine particles, the fine-particle filﬁ
described above may be formed after a film having a high
refractive index is directly formed on the base particles
or after f£ilm formation is conducted so that a high-

refractive~index film is the outermost layer.
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phase fine particles precipitated in the |iquid, However, the sol397%2$5£?m
fine particles were fixed to the surface of the base particles and, i w
addition, the surface thereof was coated with ultrafine particles having a
smaller 34 0 7 JAN ~~03 particle dianeter than the solid-phase fine
particles fixed to the base particle surface. Thus, a silical/titania ooated
magnetite powder Sz was obtained. This toao-I|ayer-coated powder BZ eras
yel | owi sh white and had a maxi numrefl ection peak at 630 nm |ike the
powder Az obtained in Exanple 1. The surface of this powder Ba had slight
roughness and partly had protrusions attributable to titanic particles.
Formation of S~.lica Filmas Third Layer; Case Were the Titanic Fil.~a
Surface Haas Covered with Thin Silica Film Buffer solutions 1 and 2 a.nd

an aqueous sodiumsilicate solution (water ass solution) were prepared is
the sane nanngP“X?’&?hYExgﬁp?gelga?ﬁe" ﬁﬁﬁegkﬁégiﬁ?ﬁﬁﬁFE&%ﬁﬂf have the
silica/titania coated nmagnetite powder B2, swas subjected to silica film
formati oft Phghes refrackive; triry, khsRokhe pEY sttt bized WA mUNt was
the sane as in_ the first |ayer coating described above but the aqueous

sodi um sPRrtdcdeso| fhrofiingsrarspciesEidngta fermed aane fk® in an anount
changed to 8 nL. The reaction m xture was reacted for 2 hours until the

m xture BaNdngoacdavarsfmactiveadndax: cath dfhis maseAlsw| d& Were washed in

t he sane manner as descri bed above. After the washing, the powder oras
heat -t r epreferred to form a low-refractive-index £ilm as the

outermost layer on.the base particles from the standpoint
of utilizing scattering to the highest degree.

The white powder of the invention may consist of base

(Z)- particles and, formed thereon, only one layer of the above-

described f£ilm constituted of crystallized fine
particlaes. Alternatively, it may be a multilayer-coated
powder, i.e., it may further has a f£film of another
constitution capable of transmitting light.

The white powder may have two or more layers of the
above~described f£ilm constituted of crystallized fine
particles. In this case, a light-transmitting coating f£ilm

having a low refractive index is prefarably present batween

0)

-

two layers of the film constituted of crystallized fine
particles. The light-transmitting coating film having a
low refractive index is not particularly limitei, and
examples therecf include ones made of a metal compound, an
organic material, ete.

Furthermore, in the case of forming a crystallized-

particle film, a film having a lower refractive index than
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35 ~ 7 J ANZ200 (buried) in a rotary tubular oven in a nitrog 1 JANQNB
at nosphere at 600C for 30 mnutes to obtain a silical/titania-coated
magntite powder 83. The powder Ba obtained had two silica filnms with a
snooth surface and crystallized fine titanic particles interposed between
th two layers, and was a white powder showi ng enhanced |ight scattering.
The surface of B, had no recesses or protrusions, was al nost snooth, cad
was free from holes, cracks, recesses, etc. Values in the L',a' ,b" standard
col or systemare shown is Table 1. In an exam nation with a transm ssion
el ectron mcroscope, cr~rstallizat3.on of the fine titanic particles
i nter posed between the two silica | ayers was observed cad voids were found
to be present anobng~the particles. Zt was hence thought that scattering
reflecti was enhanced. at the [nteyface between the_ particles cad the
voi ds. -Fhe. eprsgaliizedrrrticles ois £omied |28 herir stueaF @8 surf ace:
Four-layer Coating from Aqueous System Formation of Silica Filmas First
Layer: T&hegbageoPagphirdie $idetinnoxndenito symmrove (theyragaktaring or ehand
was added 20 of a magnetite powder (average particle dianeter, 0.7 E ~m
as base pﬁfﬁpgleg theopryshalliged fire par e spahdisofilmn t he sane
manner as in Exanple |, the magnetite powder was further dispersed with
stirri ngpeaferabbyf has surht aothickhhese that\a scattexingivelyme diro i n an
ultrasonic bath of 28 kHz and 600 W Thereto was gradual |y added 160 m . of
t he aquewbdcbothenesystadlbzed| parbhcles ccpn epertenckighthgan e a rate of
2.67 m./mx~ to deposit a silica filmon the surface. After conpletion of
t he addi utddisged: heThutpeotratirring Sy ithe crysitalildized paoticlese ~t as
reacted for further 2 hours to react all the unreacted starting nmaterial.
After corphebrontalliziad inl| théohighegtrdegrteen, the slurry containing the
powdr on which a silica filmhad ' ben fornmed was repeatedly decanted using
sufficient waEzamplesasf the metdkrcompoderndihentibatadgabdve jaovidete on whi ch
silica film
~ metal oxides, metal sulfides, metal selenides, metal

tellurides, and metal fluorides. Specific metal compounds
which ;an be advantageously used are zinc oxide, aluminum
.oxide, cadmium oxide, titanium oxide, zirconium oxide,
tantalum oxide, silicon oxide, antimony oxide, neodymium
oxide, lanthanum oxide, bismuth oxide, cerium oxide, tin
oxide, magnesium oxide, lithium oxide, lead oxide, cadmium
sulfide, zinc sulfide, antimony sulfide, cadmium selenide,
cadmium telluride, calcium fluoride, sodium fluoride,
trisodium aluwninum fluoride, lithium fluoride, magnesium
. fluoride, and the like.

Methods for forming the metal compound £ilm will be
explained below.

For forming the film, a vapor-phase deposition method

such as the PVD method, CVD method, or spray-drying method
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had been fornmed was placed in a vat, and the powder was al |l owed t<97s‘ééwrr2\gonat

and separate. The supernatant was ~J di scarded, and the residue vvas dried
in air with a drying oven at |50C for 8 hours to obtain a silica-coated
magnetite powder Cl. formation of Titanic Filmas Second Layer: 400 m~, of
pure water was prepared for 15 g of the powder Cl. The powder C was
sufficiently dispersed into 37 p ? J AN 200 the pure water while applying
ultrasonic thereto is as ultrasonic bath in the sanme manner as in the
silica filmfoxiaation descri bed above. Thereafter, while the tenperature
of the liquid was kept at 50 to 55C, 405 mi. o an aqueous titanyl sulfate
solution (TiQOz, 15 wt% prepared beforehand was gradual |y added dropw se
thereto at a constant rate of 1.25 nZ/mn. At the tine when the dropw se

addition ended, the l|iquid sli htg% 'Liémhite. After conpletion of the
dr opwi se S2BdPE; Bﬁ?st e H’?‘fﬁ\g;zyvﬁggﬂ‘e Fg%" O PR PATHIRIES (RY gr adual | y
precipitate the unreacted iagrdient and incorporate the particles into the
film Af V@POZoMBPESAEAOBF the fil morm ag react3.on, decantation was
repeated using sufficient pure water to renpve the unreacted reactant,
excess sul fur Beweves, &he Bgtrlr aikgxiderperbed esaribed cin on.
Solid/liquid separation yeas conducted, and the solid was dried with a
vacuum dipexamingdt Euhlistied gapsneseTRateny ApplitcabinmiNaecdkwas
heat-treated (burned) in a rotary tubular oven at 500C for 30 mnutes to
obt ai n a22860daeri {aAP3100arcdntagnationapofuelicatidmiWo t 96/28862 - coat ed
powder Cz was yell owi sh green white and had a naxi mumreflection peak at
580 nm wielalkehgcited above, and the aqueocus method described in

Unexamined Published Japanese Patent Application No. 1l1l-

131102 are preferxed.
(:) In this case, reaction conditions are regulated so as

to keep the rate of linear growth higher than the rate of

solid-phase deposition and thereby form an amorphous even

film, unlike the conditions for the formation of the above-

described film constituted of crystallized fine particles.

Although the organic material mentioned above is not

particularly limited, it is preferably a resin. Examples

of the resin include cellulose, callulose acetate,
() polyamides, epoxy resins, polyvesters, melamine resins,

- polyurethanes, vinyl acetate resins, silicon resins,

polymers or copolymers of acrylic esters, methacrylic

esters, styrene, ethylene, propylene, and derivatives of

thegse, and the like.

In the case of forming an organic material film (resin

film) , use may be made of (a) a method in which base

particles are dispersed in a liquid phase and a resin film
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refl ectance of 32% Values of this two-layer-Coated powder 38 107 UAN-2408v
213 C2 in the L~,a',b" standard color systemare shown in Table I.
Formation of Silica Filmas Third Layer: To 580 g of buffer solution 3
(pFi: about 9) prepared beforehand was added 15 g of the

silical/titani a-coated magnetite powder C3. In the sane manner as for the
first lays=, the nagnetite powder was further dispersed with stirring in
the buffer solution 3 while applying ultrasonic '"thereto in an ultrasonic
bath of 28 kRz and 600 w. Thereto was gradually added 220 nmL of the aqueous
sodiumsilicate solution also prepared beforehand at a rate of 2.67 nmh/mn
to deposit a silica filmoa the surface. After conpletion of the addition
of the aqueous sodiun1si|icate solution the m xture was reacted for

further t all acte starti nat er Af ter
conpletlon OP:%F %@ fSFﬁfﬁﬁ % |8'ﬂ'u PHED P °E%ﬁﬁéi?ﬂng t he powder
on which g .sil.ica f|In1h been or ned epat edly decapted usjng

suf fi ci en@' éf%%ﬁa?ﬁ Erﬁﬁﬂ;&é?“ ﬂ?tx‘\g?d{ sﬂl'ﬁ%eh? e“bo%e‘fq" on whi ch
a silica film.had been fornmed was placed in a vat, and the powder was

al | oved fBSs&ditfed® 20FmSEpiPate 2PRE Ehasenif¥Rl (B ki %?ded, and the
residue was dried_ in air with a dry 7 JA Z~~3 oven at 150C

for 8 hours tJoitrs FagssMbpzs/ F?‘FaHPgtEoBPBé°ﬁa‘@*ﬁe’E§? el nRRelonats

Formation of Titania Filmas Foutth hs :
one comprising base particles aving a multilayered f£ilm

forme§ thexreon, an example of the production thereof is
shown below.
For example, when the base particles, which will be
(:) described later in detail, are ones made of a substance
having a high refractive index, then a light-transmitting
£film having a low refractive index is formed thereon and a
film constituted of particles and having a high refractive
index and a light-transmitting £film having a low xraefractive
index are successively formed thereon. When the base
particles are ones having a low refractive index, then a
film constituted of particles and having a high refractive
~ index, a light-transmitting £ilm having a low refractive
(;) index, and a film constituted of particles and having a
high refractive index are successively formed thereon.
The base particles used in the white powder are not
particularly linited. They may be made of an inorganic
material containing a metal or an organic material, ox may

be a magnetic material, dielectric, electrically conductive

material, insulating material, ox the like.
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900 nL of pure eater was prepared for 12 g of the powder C3. The thﬂﬁngg
was sufficiently dispersed into the pure water while applying ultrasonic
thereto in an ultrasonic bath in the same manner as is the silica film
formati on descri bed above. Thereafter, while the tenmperature of the liquid
was kept at 50 to 55C, 405 n¥Z of an aqueous titaayl sulfate solution (TiQz,
15 wt 9% prepared beforehand was gradual |y added dropwi se thereto at a
constant rate of 1.25 nL/mn to precipitat solid-phase fine particles. ~1t
the time vrherr the dropw se addition ended, the |iquid~was slightly
m ~. k-white. After conpletion of the dropswi se addition ( the m-.xture was
reacted for further 3 hours to gradually precipitate the unreacted
i ngredi ent as solid-phase fine particles and incorporate the fine particles
intv the film After conpletion of the film-forning reaction, decantation
was repeated GBi FiesGRFRcYBRFe ERe RAaser 1802 1mekRd: e BN LR tANY r eact ant |
excess sulfuric acid, and sulfuric acid formed by the reaction.
Sol i d/ | i agtalssuch-psoizan, rnigkedparhrrehupastibariiiem ealumihumhe sol i d was
dried with a vacuumdryer to obtain a dry powder. The dry poirder obtained
was heat etceat Bowéver hedhen nthe rhase yis ineé ashase magneddi®@ fisr €80 ni nut es
to obtain a silical/tita.nia-coated nagnetite po~rder C, . This
four - | ayee- atifllddedowdbenCthaabagel Lewpsafahably acnle helill<h rlacanes
reflection peak at 620 nmwith a reflectance of 53% . Values of this
four-| ayergnetdegde. gponizenC~ Thesdonétala ' mayf d aldays .coNBensystem are
shorn in Table 1. ERAMel ~E 4 Wh3,ts~nsag of Iron Metal Powder: Three-|ayer
Coat a. r ~thebpadadhalisgsmefnbktism Akkarede: 1EofiampreferdbIy ld ca Fi ha, as
First Layer: Twenty grans of a carbonyl iron powder (average

ferromagnetic alloy.

In the case where the base of the powder is a metal
(:) compound, typical examples thereof include the
aforementioned metal oxides. For example, oxides of
calcium, magnesium, barium, and the like may be used
besides oxides of iron, nickel, chromium, titanium,
aluminum, silicon, and the like. Alternatively, composite
oxidas of these may be used. Furthermore, examples of the
metal compound other than metal oxides include metal
nitrides, metal carbides, metal sulfides, metal fluorides,
() metal carbonates, meatal phosphates, and the like.

Furthermore, a compound of a metalloid or nonmetal,
besides metal compounds, can be used as base particles. In
particular, an oxide, carbide, or nitride of a métalloid or
nonmetal, e.g., silica or glass beads, can be used.

Other usable inorganic materials include inorganic
hollow particles such as shirasu balloons (hollow silicic

acid particles), hollow carbon microspheres (Kurecasphere),
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_ particle dianmeter, 1.8 Eun~ magnetization at 10 kCe, 203 enuJg)g7 JAN 2003
manuf act ured by BASF wan di spersed into a solution prepared beforehand by
di ssolving 3.5 g of silicon ethoxid is 158.6 g of ethanol. Thereto gas then
added, Wth stirring, a solution prepared beforehand by m xing 8,0 g of
ammoni a water (29% faith 8.0 g of deionixed water. After the additson, the
reaction mxture was reacted for 5 hours at ordinary tenperature. Rfter the
reaction, the reaction 41 O7 JAN- 2~J0~ m xture was diluted and washed
with sufficient ethanol and filtered. The particles recovered were dried in
a vacuumdryer at 7.10C for 3 hours . After the drying, the particles were
heat-treated (burned) with a rotary tubular oven in a nitrogen a~osphere at
8D0C for 30 mnutes and then cooled to obtain a silica-coated iron powder

Dz. Formgtion of Titanjc FiL7.m as _Second Layer: In a separable, f|ask, 20 g
of the si'€4- & EF@Hapbﬂﬁgheﬁﬁ aﬁ§°ﬂ?gpeY§égeiﬁ?ﬁgﬁpriﬁgf%°$r%iiﬁ%ﬂ
bef or ehan gy agg%n% 9..& of titaniun1ieagropoxide to 198.3 g of ethanol.
Ther eaf t BACTRSPERFESoN PP égHrEﬂlﬁéPBrEﬁﬁhﬂn Yo PAPRGSBRBXSS of pure water
with 47.9 g of ethanol was added dropwise fo the dispersion with stirring
aver 1 h P#RPtEP’PHE‘&F@pRF§51§GdiEPGE; bpateaike; RLFRRt IWEh @S react ed
for 5 hours at ordinary tenperature. After the reaction, the reaction
m xt ur e RO thetdcemisad ands seamepmpcauf kpeiléne avdabbe hikefiltered. The
particles recovered were dried is a vacuiun dryer at 110C for 3 hours to
obtain a sili Exeferzedacrganis prsarpsldcprereshn Particles! ayer dried was
examned with a transm ssion electron mcroscope four the state of
particl eExomplies lofydhe mesinr pagticles| Lucpndecceliuvlosepevdensi de
particles of from1l to 10 nm were observed. Flowever, there 42 CO ~ , ~A~
~~ . ". celdmioseo areitdSeapoideriie palyrwmidesi nephyyf résinand t he particles
were evenly packed. This titanium oxide film had as average thickness of
155 nm @peolyesters;t mellandhlecsesdas;upedynzethgnaspevknyphvatebtytéd of 600
c;r was yell owi sh green-white, and had a refl ectance of 45% at the peak

vel engtdesiper, netiildeonf rSislinsa Bpherdsalhpzdpludyerizddepaytiebas of the
silical/titaai a-coated iron powder D2 was di spersed into a solution prepared
bef or eharth taindid 3y wheg polymgrdizatibncor ebpolynerimati8nbof of et hanol .
Thereto was then added, with stirring, a svlutioa prepared beforehand by
m Xi Sr, g akrylgcofestEra) mevhhaetry(lid) stk ,3stytent, dethglerd, water. After
the addition, the reaction m xture was reacted for 1 hour at ordinary
t enper at prropyiene, tandl deadivativeishefr thelsiegn anidx thaclike.di | ut ed and
washed with sufficient ethanol and filtered. The particles recovered were
dri ed i nEspsaacialiliyd preferiret] Gesfiv paritdeles Rrecsphbeida)i agrylie
particles were further heat-treated (burned) in a nitrogen atnosphere at
650C f ar xH3in paHrs cded obdained by ttheobblyhezizhltion/ bft asrglieated iron
powder D3. The titania |layer after the heat treatnent was examned with a
transm sscid e mythiorydieoedtedr. the 93 0 7 SAN zao~

It should, however, be noted that in the case of using

resin particles as a base, the heating temperature in

{“) drying should be not higher than the melting point of the
resin,

Examples of the shape of the base include isotropic
bodies such as sphere, nearly spherical shapes, and regular
polyvyhedrons and polyhedrons such as rectangular
parallelopipeds, spheroids, rhombohedrons, platy bodies,

and acicular bodies (cylinders and prisms). Also usable is
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state of particles in the layer. As a result, crystallized fine tiB@nJANT03
oxide particles of from 10 to 150 nm were observed and voi ds of about from
10 to 50 nm were observed anong the particles. However, the silica |ayers
wer e dense, contained ao part~.cles, and ware snooth. Furthernore, voids
were present at the interfaces with the titar~ia. This powler D3 had a
maxi mum refl ecti on peak wavel ength of 550 nm and was a greeni sh Wite
powder having a reflectance of 55% This Exanple 4 shows that the heat
tratneat (burning) caused the conversion of t3.tania particles into
crystallized particles and the resultant formation of voids anong the
particles and at the interfaces with the silica filnms, It is thought that
whi t eni ng was acconplished due to the scattering reflection effect
attributable t artlcle formative. Fyrther of the features of
The trhi b RRS Baving Y, {rEsgnder, BaFRAFLe ABABESt| PHFA S for med
as. the final coating | ayer Cnllke conventional final |ayers, the final
coating 1238 &me famed %rﬁﬂlé'?"s“rﬁiiq“i ‘mited to a high-refractive-index
fi7~a, A dense filmwhich exerts ao influences oa_interference or
scattera.ng a’A¥hwiEy thesokasapiare nateRpaztisvdasivobinited 9 a
conventional technique 44 ~ 7 JAN 2003'" is used as a pignent for toners,
coati ng ®AMETYe shamatrr t Rrefeared haseshhavehacpaskielefdiameteresin or
vehicle infiltrates into voids to reduce the diffezence in refractive index
bet ween tin ithe arangd f drom £ .0 ivry teaseivelred apdlimetewsds, resulting in
a reduoed Fresnel reflectance. However, by formng a dense filmexerting ao
i nfl uences on Furthd:manee the hase @antjcdesa th bal usegdebhave aover the
voids of a filmconstituted of particles, that D decrease in scattering
refl cti orepesific grardiiedin BYR\V/Rivade \WH tfaomn @ .Af tr 30 . Bt Howemeier |
Fi ve-l ayer Coata.ng by

in the case vhere the powder obtained is to be used as a

(:) dispersion in a liquid, etc., the specific gravity thereof
is preferably from 0.1 to 5.5, more preferably from 0.1 to
2.8; even more preferably from 0.5 to 1.8, from the
standpoints of flowability and suspensibility. If the
specific gravity of the base is smaller than 0.1, the base
has tooc high buoyancf in liquids. Consequently, when the
powder to be obtained f£rom this base is intended to be used
as a dispersion in a liquid, etc., a film which is composed

B of a large number of layers or is exceedingly thick should

Q;) be formed. This is uneconomical. On the other hand, if
the specific gravity thereof exceeds 10.5, a thick film is
necessary for suspending the particles and this ;lso is
uneconomical.

The invention will be explained below in more detail

by reference to Examples, but the scope of the invention
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hydrol ysis of Metal Al koxida: Formation of Silica Fi7.mas First Zayer:
Twenty granms of a carbonyl iron powder (average paxticle di amet%? J;&NSZDD'Q
f,tm nmagnetization at 10 kCe, 203 enu/g) manufactured by BASF Wa's ‘

di spersed into a solution prepared bforehand by dis9olving 9.d g of silicon
ethoxide is 158.6 g of ethanol. Thereto Haas then added, Wth stirring, a
sol ution prepared beforehand by m xing 8.0 g of ammonia water (29% wth
8.0 g of deionized water. After the addition, the reaction m xtu~ce was
reacted for 5 hours at ordinary tenperature. After the reaction, the
reaction m xture Was diluted and washed with sufficient ethanol and 95 ~~
7 JAN 2009 filtered. The particles recovered were dried in a vacuum dryer
at 110C for 3 hours. After the drying, the particls were heat-treated
(burned) _w a_rotar bylLar Qven_ is.a. niLtrogen. at npsphere.at 600C for 30
m nut es gir{\\‘nahfh‘ eﬁ°gboféd£§%‘% falg?l %1°'§$Fﬁ%‘-hc%%g%%"f? WP’EL For mat i on
of Titaaia Filmas Second Layer: |x~ a separable flask, 20 g of the
silica-coafgg'powder El was dispersed into a |iquid prepared beforehand by
adding 8.1 g of ta.tanivmisopropoxide to 198.3 g of ethanol. Thereafter, a
sol ution prepared beforhaad by mxing 6.3 g of pure ~rater' Wth 97.9 g of
et hanol was_added dropw se to the dispersion with stirring over 1 hour.

Af ter th@xaﬁgﬁﬁi e addition, the reaction m xture gas reacted for 3 hours
at ordinary tenperature. After the _reaction, the reacta.oa m xture was

di | ut ed WhatgainRgaofi Maonetike; Beedex (Fagbictes: Tyerkater BratddS i cl es
recovered were dried in a vaouumdryer at 100C for 8 hours to obtain a

si | i aa/ t EESB AIBERPBJISYPEM™powder EZ. '!,' his titaniumoxide filmhad an

average thickness of 170 nm gave a spectral reflection curve having a peak
Formation of Silica Film as First Layer:

(1) Preparation of Buffer Solutions
() In 1 L of water were dissolved 0.4 M potassium
chloride reagent and 0.4 M boric acid to prepare buffer
solution 1.
In 1 L of water was dissolved 0.4 M sodium hydroxide
to prepare buffer solution 2.
250 mL of the buffer solution 1 was mixed with 115 mL
of the buffei solution 2, and the mixture was homogenized
to prepare buffer solution 3.
_ (2) Aqueous Sodium Silicate Solution (Water Glass Solution)
() Sodjum silicate reagent was diluted with pure water to
regulate the concentration so as to result in an Sio,
content of 10 wt%.
(3) Silica Film Formation
To 365 mlL of buffer solution 3 (pH: about 9.0)

prepared beforehand was added 15 g of a magnetite powdar

(average particle diameter, 2.3 pm) as base particles to
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wavel ength of 667 nm had a Wiite color with a yellow sh green ti nQ,?Jéﬁld?UUS
had a refl ectance of 48~ at the peak wavel ength. 46 .0 Formation of
Silica Film as Third Layer: Twenty grams oi~ the silical/titania-Coated
i ron powdex EZ Was di spersed into a sol ution prepared beforehand by
di ssolving 3.7 g of silicon ethoxide in x58.6 g of eths~a.ol. Thereto was
then added, with stirring, a solution prepared beforehand by mxing 8.0 g
of ammonia water (29% with 8.0 g of deioaized water. After the addition,
the reaction mxture was reacted for 5 hours at ordinary tenperature. After
the reaction, the reaction mxture was diluted and washed with sufficient
ethanol and filtered. The particles reeovextd were dried in a vacuumdryer
at 110C for 3 hours. After the drying, the particles were further
heat-treated (burned) with a rotary tubular oven is a nitrogen atnosphere
at 600C ARt i rfﬁ‘t%?%"c'heﬂhﬁoﬁFEﬂe% oS ptatning Sthig dysmariiercoat ed
i ron powder E3. Foru-~atioa of Titanic Fil as Fourth Layer: In a separable
flask, 20°3F ®lagrd din ithe wehedgiidies: tegkwag gRspatsaacnie ovashexui d
prepared beorehaad by addin%}8.8 of titani.wa isogro oxide to 19%.3 g of
et hanol . (TRe &, mandfagtusied, Byp FUECHI, SESEERANEChYyLEP X} ng Thed g of pure
water with 47.9 g of ethanol was added dropwi se to the dispersion with
stirring mreetite powder wap furfherddyparsed whthdstperingatili then, the
reacti on ~ai xture was

buffer solution 3 while applying ultrasonic thereto in the

ultrasonic bath of 28 kHz and 200 W. Thereto was added 20
vaof the agqueous sodium sllicate solution also prepared
beforehand at a rate of 40 mL/min to gradually react and

(:) decompose the silicate. Thus, a silica film was deposited
on the surface.

After completion of the addition of the aqueous sodium
silicate solution, the mixture was reacted for further 2
hours to react all the unreacted starting material. After
completion of the film-forming :éaction, the slurry
containing the powder on which a silica £ilm had been
formed was repeatedly decanted using sufficient water to

wash the powder.

O

Q-

After the washing, the powder on which a silica £ilm
had been formed was placed in a vat, and the powder was
allowed to sediment aund separate. The supernata;t was
discarded, and the residue was dried in air with a drying
oven at 150°C for 8 hours to obtain a silica-coated |

magnetite powder A,.
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_ _ 07 JAN 2003
reacted for 4 hours at ordinary tenperature. After the reaction, the

reactyon m xture was diluted and washed with sufficient ethanol and
filtered. The particles recovered were dried in a vacuumdryer at 100C for
B hours to obtain a silical/titaai a-coated iron powd8r E,. Formation of
Silica Filmas Fifth Layer: O Twenty grans of the ailieal/titania-coated
iron powder E, was d3.spersed into a solution prepared beforehand by
dissolving 2.5 g of silicon ethoxide in 158.6 g of ethanol. Thereto was
then added, with stirring, a solution prepared beforehand by ns.xiag 3.0 g
of aa~noriia water (29% with 3.0 g of deionizd water. After the addition,
the reaction mxture was reacted for 5 hours at ordinary tenperature. After
the reaction, the reaction mxture was diluted and washed with sufficient

et hanol %%éﬁtg?‘r ?} ﬂ.]:a;g%f ?.gr%{ %éegeegﬁgviéﬁgr\évere dried in a vacuum

dryer at 1 hours. ryrng, € particles were further
heat - -t regt,e burned) w aL.ota tubular ovn in a nitrogen atnosphere
at 600C ﬁg? %BQ &% ?Péﬁ%h?ﬁgﬁefo§¥%3%?8nobtain a silica/titania-coated
A s T R R S R R
reflection curve havi ng a peak wavel ength of 580 n was vel |l ow sh

gr een- uhidES ARE Kad gpﬁﬁfPﬁﬁhFFéFﬁéﬁtgﬁcBbGP188b@§ erhgobrbkeonatel engt h.
The results given above shos~ that wth_respect to the voi d- possessing
titani c d&dt %f‘@“%%ermiftﬂt“é&@d Spi£akgn SeRBtEBRver sion of titanic particles
into crystallized particles, the coated powder having two such | ayers

(seooad | ayer TAF@oisn Enifarer pag: pddnddta nagrEr andgtbe selukliemness than

t he coated powder having one such | ayer (seond |ayer).
was diluted so as to regulate the concentration to 0.6

M/L. Thus, an aqueous titanium sulfate solution was

() obtained.
(3) Titania Film Formation

250 ml of buffer solution 4 (pH: about 4.1) was
prepared for 5.5 g of the powder A,. The powder A, was
sufficiently dispersed into the buffer solution 4 while
applying ultrasonic thereto in an ultrasonic bath in the
same manner as in the silica film formation described
above. Thereafter, while the temperature of the liquid was
kept at 50 to 55°C, the aqueous titanium sulfate solution
prepared beforehand was added dropwise thereto at a rate of
1.9 mL/min to precipitate solid-phase fine particles in the
liquid and thereby make the liquid slightly milk-white.
Thereafter, the rate of dropwise addition was lowered to
1.5 mL/min to gradually precipitate the unreacted
ingredient in oxder to fix the solid-phase fine particles

to the surface of the powder A,. As a result, the solid-
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E~zE s 'fPhitening of Magnetite Powder 8articles~ Two-layr Coating PﬂbﬂéN 2003
Agueous System Use of Existing Titanic Particles: Formation of Silica Film
as First Layer: Ten grans of a magnetite powder (average particle dianeter,
0.7 Vin) as base particles was added tv 540 nL of the buffer svlutivn 3
prepared beforehand, and sufficiently dispersed therein. The vessel
containing this suspension was planed in the water tank of an ultrasonic
washer (Type LTS-6, a~anufaatured by luchi Seieido K K ) of 600 Wand 28
kHz, and the suspension was stirred at 550 rpm Sinultaneously with
initiata,on, of the stirring, ultrasonic irradiation was initiated. 49 Q
7 JAN 2003 Subsequently, a given anount, 90 g, of a 10 wt % aqueous sol ution
of sodiumsilicate Was added dropwi se at a rate of 1.34 niL/mn to that
suspensi on whi ch was kept beingéstarred. After conpletion of the dropw se

adda. t i oRbass fineyPRESiCIRS Mhdahr hads presapitakedr inother kiauid|ica fi7. m
on the surface of the taw magnetite . After the | apse of the given tine
period, mexesfixed &enthenisnyfase pSutbe basanpanticiesiandfiim had been
formed was repeatedly decanted using sufficint ion exchanged water to Nash
t he powladdiffosy, tthe wysiface Sbersofowast heatedrwitbonltrafimet he powdr on
which a silica filmhad been fornmed was dried at 1i0C for 8 hours to obtasn
a silicapasicdesapaving pownedler. phvtigileodiahetetr abhan Fthen as Second
Layer: (1) Preparation of Aqueous Titanium Sulfate Solution A titanyl
sul f at e scddd-phlagel &ineapardialéisOfizedctnt thei basef parilcdewas dil ut ed
with ion-exchanged water so as to result in a Ti02 concentration of 0.14 M
to prepasarfmcaqueous titaniumsulfate solution. (2) Titanic Film Formation
In 400 nL of ion-exchanged water was suspended 4 g of a raw powder obtai ned
by suffi didnWashiing mgd Deydagder FI with titanic particles (CR- 50,
manuf actured by Tshi hara
After completion of the f£ilm-forming reactien,

(:) decantation was repeated using pure water to remove the

unreacted reactant, excess sulfuric acid, and sulfuric acid

formed by the reaction. Solid/liquid separation was

conducted, and the solid was dried with a vacuum dryer to

ebtain a dry powder.

The dry powder obtained was heat-treated (burned) in a

rotary tubular oven at S00°C for 30 minuntes to obtain a
silica/titania~coated magnetite powder A, having a smooth
surface.

This two-layer-coated powder A, was yvellowish white
and had a magnetization of 40 emu/g at 10 kOe. This two-
1ayer-coa£ed.powder A, had a maximum reflection peak at €30
nm. Values of this two-layer-coated powder A, in the

L’,a",b" standard color system are shown in Table 1.
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SO ~~ 7 JAM7! Sangyo lia.isha, Ltd.; average particle diente7 258 )
in a wight ratio of 1:1. Th vasel containing this suspGasion was i~ersed
in a thernostatic water bath kept at 50C, and the suspension was stirred at
600 rpm At the tine when th tenperature of'the suspension had reached 50C,
a given ~anourrt, 149 g (144 n¥Z) , of the aqueous titaniumsulfate solution
was added dsopwi se thento at a rate o 0,5 taL/mn. After conpletion of the
dropwi se addition, stirring was continued for further 90 mnutes to forma
titania filmon the powder FI. .After the | apse of the given finme period,
the slurry containing the powder on which a ta.tania filmhad been forned
was repeatedly decanted using sufficient ionexchanged water to gash the
powdr. After conpletion of the washing operation, the slurry containing the
powder Vi j A titaaia filmhad been formed was dried at 110C for 8
hours to Obtain a silical/titania-coated magnetite powder F. s The powder Fz
obt ai ned ,cansi st ed he wder, FL which haqd a titanic_filLa fornmed thereon
and si mul A %aa},agﬁ%g‘éﬁ/%&a%@?:ehﬁrtt& f&’ sﬁﬁ"F&ﬁélFﬁ%’Feof , the
titanic particles contained in the raw powder. Since light scattering hence
occur r ed OFHNG FRIY AFIRRUSORISES was white-gray. It had a maxi miu-~
reflectance of 33~ at 420 51 0 7 JAN 2Q03 nm In the Z~,s',b standard
col or syfmation ofgSilica Film as Figsy Layex:s as shoHn is Table 1.
Furthernore, the surface of the titanic-coated_magnetite powder F2 obtai ned
was exani ned W% F87 Snof e budfes, selatdopofe (PHs abPuELPt0) it was found
that ~titania particles were densely adherent to the surface of the base
parti cl ePraRprech baforahand M%aﬂa%d dbeg pEcai ppharigalrsagretit®ucous
titaniumsul fate solution Were adherent is voids anong those titanic
part ~, cl epwdee\~-@verNde gantj cdfe Khigmetbero Rowdem) Past bakes; Tno-| ayer
Coati ng from Agueous System Silica Coating Fi 7~ Containing Existing
Ti t ani ¢ REnticles torohtainra disparxsdenti | Bhasvassel ¢enyeainisid t een grans
gg a particul ate nagnetite powder (average particle dianeter, 1.0 ~.ua) as
Base par tthdise disperrdidad was gdRced dn tthe watiesr-£fddledi tanB pfeaar ed
bef orehand, and sufficiently dispersed therein. The vessel contaa.na.ng
thi s suspeifianeniis yashex] (Tyreh &S cmapmflectiorad byt Aacbhi Seiwmsder (Type
US-6, manufactured by luchi Seieido K I1C ) of 200 Wand 29 kHz, and the
suspensi dKds. sTher sdgn8ititet prwdes| wasr Funthert dhspensed wifh stirring,
ultrasonic irradiation was initiated, Subsequently, 50 nL 52

stirring in the buffer solution 3 while applying ultrasonic

thereto in the ultrasonic bath of 26 kHz and 600 W.

Thereto was added 23 mlL of the agueous sodium silicate
solution also prepared beforehand at a rate of 40 mL/min to
gradually react and decompose the silicate. Thus, a silica
film was deposited on the surface.

(1) After completion of the addition of the agqueous sodium
silicate solution, the mixture was reacted for further 2
hours to react all the unreacted starting material. Aftex
completion of the film-forming reaction, the slurry
containing the powder on which a silica f£ilm had been

formed was repeatedly decanted using sufficient water to

wash the powder. After the washing, the powder on which a
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O 7 JAN 2D03 of 10 wt % aqueous sodium silicate solution was added dropw se
thatto at a xate of 40 nL/ma to gradually react and deconpose tHb?JANsz
silicate. Thus, a silica filmwas dposited oa the surface. After conpletion
of the d=opwi se addition of the acpteous sodiumsi7.ieate solution, the

m xture was reacted for further 2 hours tv raet all the uareacted starti.ag
material. After conpletion of the filmformng reaction, the slurry
cont ai ning the powder on which a silica filmhad been formed was repeatedly
deaaat ed using sufficient ioa exchanged water to wash the powder. After the
washi ng operation, the powder oa which a silica filmhad been fornmed was

pl aced ima vat, and the powder Was al |l owed to sedi nent and separate. The
supernat ant wag di scarded, and the residue was dried with a drying oven at

| 30C f ox oLy d.t heate- LI eat i irgat..500C for_3 l nutes to
obtain asgillq'l%a-s%oa éz(?flﬁ%&r?& %P%'“%g\,\ggf g‘}.gcﬁgr nﬁtlg_o‘ﬁ‘ f 'ﬁi‘gm nstituted
of Crystalligzed Fine_ Rart | es cattering Fil as cond Layer: Fourteen
grams of R'Wéf%ﬁ H%?a-aé&e&"é% r%ﬁgﬁ' Fgn oﬁﬂgr sf?ag%ﬁeli% %f ultrafine
titanium oxide crystal particles (CR-50, manufactured by |shihara, Sangyo
Kai sha, EN?%’R&%@??i?‘J?Q}sFﬂiﬂﬁd?Dﬂggaﬁhﬁ Fﬁ’géﬁenf‘ﬁfXFﬁ%dbﬁ$f%+=solution
3, and sufficiently dispersed therein. The vessel containing this ‘

suspensi ofitha® aHag oven Rrt,\A50/Ct §k Sfhepryandsthar hatrer (Type US-6,
u~anuf actured by |uehi Seiaido K K. ) of 200 Wand 28 kHz, and the
suspensi dirankedt (hyxned)Siin) & ajdsesep atrerpharei ati 8R00 o X arring,

ultrasonic irradiation was i nitiated.
minutes to obtain a silica-coated magnetite powder B,.

Formation of Titania Film as Second Layer:
(:) Buffer solution 4 and an aqueous titanium sulfate
solution were prepared in the same manneg‘as in Example 1.

250 mI. of the buffer seclution 4 (pH: about 4.1) was
prepared for 5.5 g of the powder B,. The powder B, was
sufficiently dispersed into the buffer solution 4 while
applying ultrasonic thereto in an ultrasonic bath in the
same manner as in the silica film formation described
above. Thereaftexr, while the temperaturae of the liquid was
kept at 50 to 55°C, the aquecus titanium sulfate solution
prepared beforehand was gradually added dropwise thereto at
a constant rate of 1.8 mL/min.

In an initial stage of the dropwise additioA, solid-
phase fine particles precipitated in the liquid. However,
the solid-phase fine particles were fixed to the surface of
the base particles and, in addition, the surface thereof

was coated with ultrafine particles having a smaller
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Subsequently, 60 nL of 10 w~ aqueous sodiumsilicate solution was Qtﬁd’é@‘ 2003
dropwi se thereto at a rate of 40 nL/mn to gradually react and deconpose
the silicate. Thus, a silica filmwas dposited on the surface. After

conpl etion of the dropw se addition of the agqueous sodiumsilicate
solution, the m xture was reacted for further 2 hours to react all the
un,reacted staxting material. After conpletion of the filmformng
reaction, the slurry containing the powder on which a silica filmhad been
formed was repeatedly decanted using~sufficient ioaexchanged water to wash
the powder. After the washing operation, the powder on which a silica film
had been forned was placed in a vat, and the powder was all owed to sedi nent
and separate. The supernatant Nas di scarded, cad the residue was dried

- 3aN 20007 afecERnBked Hhah tnd SBLISL AL P H AR R oy

magnetite_p el . &Z. _The.powder abtraingd had a neti.zation of 20 ea~u/g
at 1 k@&aﬁggéafﬁ Fﬁ‘égtg,gﬁ‘ ,’Brggfghdarﬁﬂ“c’olaors%rﬁiéﬁé‘iéﬁ EXA' L~hE 8
Tr ~hi tenigg of I\/aggerg_i.%e Powder Parti cl es; _Thrdﬁe-l ayer Coating from Aqueous
System 9FRALPS,BRIRPELES PRYEREBrivWas &%y Exista,ag Titania
Particles: Foryation of Silica Filmas First Layer: Fifteen grans of a
particul ate nagn&t EYPElp¥RHcroptod, BRYRIRE B Mag Feldomdsh Y!‘gtet m as base
particles was added to 800 n¥_of the buffer solution 3 prepared beforehand,
and suf f BRRehefyagmasieey rRELEFRiCOTIRePESIE| 63O mi ntke tHhe suspensi on
was placed in the watez tank of an ultrasonic washer (Type US-6,
manuf act BPUdesyA; \Rbkainedin Bxamplerl 200 Wand 28 kAz, and the suspension
was stirred. S3.nmulta~aeously with initiation of the stirring, ultrasonic
i rradi ati on wabej ﬁPFﬁéFEd?fsgbééqBEHﬂﬁy,Bﬁdlafﬂ_ sdfight wevghagssoasdsodi um
silicate solution ores added dropwi se thereto at a rate of 40 nL/ma to
gr adual | parédyt haddrgetsHsasnst aEtsibntable thutitant: |paxticlen was
posited ors the surface. After conpletion of the dropw se addition of the
ueous sodiumsilicate solution, the 55 0 7 JA N 2QD3 m xture was

reacted fa further 2 hours to react all the
Formation of Silica Film as Third Layer; Case Where the

bl

Titania Film Surface was Covered with Thin Silica Film:

Buffer solutions 1 and 2 and an aqueous sodium
silicate solution (water glass solution) were prepared in
the same manner as in Example 1.

The powder described above, i.e., the silica/titania-
coated magnetite powdexr B,, was subjected to silica film
formation thereon. In the f£ilm formation, the buffer
solution amount was the same as in the first layer coating
described above but the agqueous sodium silicate solution
was dropwise added at the same rate in an amount changed to
8 mL. The reaction mixture was reacted for 2 hours until
the mixture came to contain no unreacted reactant. The
particles were washed in the same manner as described

above. After the washing, the powder was heat-treated
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unreacted starting material. After conpletion of the filmformng reaction,
the slurry containing the powder on which a silica filmhad been Foil %8s
repat edl y decanted using sufficient ion exchanged water to wash the powder.
After the washing operation, the powdr on which a silica filmhad been
formed was placed in a vat, cad the powder vas all owed to sedi nent and
separate. The supernatant was di scarded, and the residue was dried with a
drying oven at |130C for B hours cad they heat-treated in air at 500C for 30
mnutes to obtain a silica-coated magnetite powder 13i . Formation of Film
Constituted of Crystallized Fine Particles (Scattering Filn) as Second
Layer: Fourteen grans o the silica-coated nagnetite powder tip, .and 7 g of
ultrafine titanium oxide crystal particles (CR-50, nanufactured by Tshi hara

S i.Sh ~tqd. 800 niL .of .the buff | utj 3, d

surt] o efPnd s WA SR 0V e 53 a1 REARRG R AEBCHERBRE, on was

pl aced in the t%r tank Qf an ultrasonic washer ()'épe 0S- 6, nanufactured
K

by 1 uchi aé?eﬁ%\lé% fRT) 30; mapytez ke 9BtREpR, acsilire/titpriarerate’] stirred.

Si mul t aneously with 56 7 J AN2d3 initiation of the stirring,

ul t r asonMRIHEEEL BV Lsi ni ti ated. Subsequently) 30 nL of 10 w % aqueous
sodiumsilicate solution was _added dropw se thereto at a rate of 40 nL/mn
to gradual |y rg@sdderdoonpbeinedehad) teqr 2dlipasfilngivithy 2i| m was
deposited oa the surface. After aonpletioa of the dropwis addition of the
aqueous SRAUR sTirfage ansl aRystRLlimed fipeytd tagpdar pastiglesr further 2
hours to react all_ tlae unreacted starting material. After conpletion of
the fil mimfiernasathatvaen tthe dMer dpyessuaiandhyasha ybétacpowderhi ch. a
silica fil mhad been, foxzaed was repeatedly decanted using sufficient ion
exehar r gethawsing enhanesd dighfossattering. The surface of B, had

no recesses or protrusions, was almost smooth, and was free
O from holes, cracks, recesses, etc. Values in the L',a’,b"
standard color system are shown in Table 1.

In an examination with a transmission electron
microscope, crystallization of the fine titania particles
interposed between the twe silica layers was observed and
voids were found to be present among the particles. It was
hence thought that scattering reflection was enhanced at

the interface between the particles and the wvoids.

O EXAMPLE 3
Case Where Scattering Particles were Adhered to Surface;
Four-layexr Coating from Aqueous System: |
Formation of Silica Film as First Layer:
To 580 g of buffer solution 3 (pH: about 9.0) prepared
beforehand was added 20 g of a magnetite powder (average

particle diameter, 0.7 pm) as base particles to cbtain a

36



After the washing operation, the powdr on which a silica film hall7k¢h2003
formed was placed in a vat, and the powder Was all owed to sedi nent and
separate. The supernatant was di scarded, and the residue was dried with a
drying oven at 130C for 8 bouts and tha heat-treated in air at 500C for 30
mnutes to obtain a sa.lica/ta.tania coated nagnetite powder Hx. The powder
obt ai ned had a magneti zation of 30 enu/g at 1 kCe, and L' inthe L',a,b'
standard col or system was 56. 57 p 7 JAN 2003 Formation of Film
Constituted of Crystalla.zed Fine Particles (Scattering Film as Third
Layer: The powder HZ and 7 g of ultrafine titanium oxide crystal particles
(CR-50) were added to 800 nmiL of the buffs= solution 3, and sufficiently

di spersed therein. The vessel contai~aing this suspension was placed in the

Wat er tang tr asopy e, US 6, ur by 1uch
Sei ei do %hﬁ%%zgpo 00 an SzgﬂﬁegﬁaéﬁﬁPt%%Egﬁg%en d%q%hs stirred.

S iSRG Gl Sl o g wHADY BEGM i LACHER | O, v
189 SO AR I iad ke OB LY gt 2 ¢
A0k er oMbl ol pile OB 5.2l B . e SRl oot
vpreset el U AgaTnel gl Ahier comlell ool e i erning eact on,
repeatedk%FggggﬁtigﬁéﬁLﬁ% suffic!en% iog exchgn d materdtocxfghathe
powder . h3Gh &t St RE SofderlominnFendap
silica f£film on the surface.
After completion of the addition of the aqueocus sodium
(:) silicate solution, the mixture was reacted for further 2
hours to react all the unreacted starting matexial.
After completion of the film-forming reaction, the
slurry containing the powder on which a silica £ilm had
been formed was repeatedly decanted using sufficient water
to wash the powder.
After the washing, the powder on which a silica £ilm
had been formed was placed in a vat, and the powder was
. allowed to sediment and separate. The supernatant was
(‘) discarded, and the residue was dried in air with a drying
oven at 150°C for 8 hours to cobtain a silica-coated

magnetite powder C,.

Formation of Titania Film as Second lLayer:
400 ml. of pure water was prepared for 15 g of the

powder C,. The powder C, was sufficiently dispersed into

37



L : : 7 JAN 2003
silica filmhad been fornmed was placed in a vat, and the potadé» ﬂés
all owed to sedi nent and separate. The 58 ~ 7 ,9~~l 2DD~ supernatant was
di scarded, and the residue was dried with a drying oven at 130C for 8 hours
and then heat-treated in air at 500C for 30 mnutes to obtain a
silica/titania coated magnetite powder 8~. The powder obtained had a
magneti zation of 20 enmu/g at 1 kCe, and L. in the L~,a ,b sta~daxd col or
system was 77. CON~ARATI VE EXAMPLE 1 Two-| ayer Coating of Magnetite Powder
Particles from Aquous System w thout Form ng Film Constituted of
Crystallized Fine particles: Formation of Silica Filmas First Layer: Tern
grans of a nmagnetite powder (average particle dianeter, 0.7 Vin) as base
particles was added to 540 nlL of the buffer solution 3 prepared beforehand,

2 SHTLE e Y S S g 5
Cuspensi T VERPRRT HRFRs o Sher AmesPIAREE 88,S Ry ShPt ACAPRT BHBn of the
R e Bt oo ot o S Y 2% e
dropwise at a rate of 1.39 nL/mn to that suspension which was kept being
59 temperature of the liquid was kept at 50 to 55°C, 405 mL of
an aqueous titanyl sulfate solution (TiO,, 15 wt%) prepared
beforehand was gradually added dropwise therete at a
constant rate of 1.25 mL/min. At the time when the
dropwise addition ended, the liquid was slightly milk-white.
(:) After completion of the dropwise addition, the mixture
was reacted for further 3 hours to gradually precipitate
the unreacted ingredient and incorxporate the particles into
the film.

After completion of the film~forming reaction,
decantation was repe;ted using sufficient pure water to
remove the unreacted reactant, excess sulfuric acid, and
sulfuric acid formed by the reaction. Solid/liquid
] separation was conducted, and the solid was dried with a
(:) vacuum dryer to obtain a dry powder.

The dry powder cbtained was heat-treated (burned) in a
rotary tubular oven at 500°C for 30 minutes to cbtain a
silica/titania-coated magnetite powder C,.

This two-layer—coated powder C, was yellowish green-

white and had a maximum reflection peak at 580 nm with a

refléctance of 32%. Values of this two-layer-coated powder
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'~ T ,9 f~ 2 stirred. After conpletion of the dropw se addition,’s7t?”ﬁ’|\7i28i§
was cor~.tinued for further 1 hour to forma silica fi7aa on the surface of
the raw nagnetite . After the |apse of the given tinme period, the slurry
contai ning the powder on which a silica fi~sn had been fornmed was
repeat edly decanted using sufficient ion exchanged water to wash the
powder. After the washing operation, the slurry containing the powder oa
which a silica filmhad been formed was dried at 110C for 8 hours to obtain
a silica-coated magnetite powder |I1. Formation of Ta.tania Filmas Second
Layer: xn 900 mh of ion-exchanged water was suspended 4 g of the powder h.
The vessel containing this suspension was imersed in a thernostatic crater
bath kept at 50C, and the suspension was stirred at 600 rpm Sinultaneously
with initdatioguaf vt i LK I NLG.d atd,o il L ated. At

Cnin TS ELpE M EhaRlard OTSE LR Y WA TS dhte

the time When t

] he susp ad rea a given
anount , 9 g (199 nL), of the aqueous titaniumsulfate solution used in
Exanpl e 6 Wwas added dropwi se thereto at a rate of 0.5 nL/min. After
conpl etion of the drop~rise addition, stirring was aoati nued 60 "0 7
Ja~~a 2~~~ for further 90 mnutes to forma tiyaaia filmon the powder zl.

After the_l apse, of the gjven ti eriod, the slurry containing the powder
on ~t hi CFF%\"F?'E’a?ﬂ c°$i$’ngiﬁﬁ;ﬂi Effeg ?pﬁ)r%‘b\/&?YPé’rieat edly decanted using
sufficient ioaexchanged water to wash the poiader. After conpletion of the
r~rashi ng oper=®iof0 9 REf Juffsx aﬁ%wméﬂ@@w@e&t & RAPEATRYt i t anic

filmhad been fornmed was dried at Z10C for .
beforehand was added 15 g of the silica/titania-coated

magnetite powder C,. In the same manner as for the first
layer, the magnetite powder was further dispersed with
() stirxring in the buffer solution 3 while applying ultrasonic
thereto in an ultrasonic bath of 28 kHz and 600 W. Thereto
was gradually added 220 mlL of the agqueous sodium silicate
solution also prepared beforehand atla rate of 2.67 mL/min
to deposit a silica film on the surface.
After completion of the addition of the agqueous sodium
silicate solution, the mixture was reacted for further 2
hours to react all the unreacted starting material.
i After completion of the film-forming reaction, the
{;) slurry containing the powder on which a silica film had
been formed was repeatedly decanted using sufficient water
to wash the powder.
After the washing, the powder on which a silica £ilm
had been formed was placed in a vat, and the powder was

allowed to sediment and separate. The supernatant was

discarded, and the residue was dried in air with a drying
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8 hours to obtain a silical/titan3. a-coated magnetite po-~rder |z. Tﬁ£7ﬂé' {3
| Z obt ai ned was dark-bl ue because titanic particles We not adherent to the
surface thereof. It had a maxi numreflectance of 15% at 400 am In the
L~, a~, b' standard color system Z - 40.8, a~ - -1,2, and b* - -6.1 as
shown in Table 1. 61 0 7 JAN 2D~~ Table 1 Found values for each sanple is
L',a ,b" standard col or system Exanple . Sam
| eL*a*$* 1Az721. 11. 22$3731. 51. 23CZ721.5-0.73C,8 60 . 70 .
94D770. 6- 0. 65E740. 60. 35ES890. 2- 0. 26F88. 2- 0. 4- 4. 57G660. 4- 0. 2BH770. 4- 1. 0Conpa
rative Exanple 11=40,8--1.2-6.1 The powders obtained is Exanples 1 to 8
gi ven above each had a high value of L° in the standard color system and
had a high whiteness. In particular, the poxder of Exanple 6 showed
enhanced scattering reflection because existing fine particles having a
rel ati vel§¥Verdfe kg‘hci €& 8i hevrsr tRagbheén assilasalkdtanba-poated| es for
formng a filmconstituted of crystallized fine particles, Consequently,
the z2 vABAERWLEKPPERFECi0f Exanple 6 is the standard col or systemwas as
| arge as 8B. 2 although the coating thereof was a two-layer film ERAI~LE 9
Whi t e Poo~der Enpl oyi ng Fl aky Magnetic Material: 62 p 7 JAN 2003
Formation of Silica Filmas First Layer: Thirty grans of a flaky barium
ferrite goaweatirwio) Bitanisr Fjdmas Rourth Imyear: of 2.8 ~. i mwas added to
800 nmL of the buffer solution 3 prepared beforehand, and sufficiently
| i sprsed ther et dheof qared wWaleriwasn preparedyfioar 1@olgueifotheas pl aced in
the water tank of an

powder C;. The powder C, was sufficiently dispersed into

the pure water while applying ultrasonic therete in an
ultrasonic bath in the same manner as in the silica film
(:) formation described above. Thereafter, while the
temperature of the liquid was kept at 50 to 55°C, 405 nmL of
an aqueous titanyl sulfate solution (TiO,, 15 wt%) prepared
beforehand was gradually added dropwise thereto at a
constant rate of 1.25 mL/min to precipitate solid-phase
fine particles. At the time when the dropwise addition
ended, the liquid was slightly milk-white. After
completion of the dropwise addition, the mixture was
reacted for further 3 hours to gradually precipitate the
(:) unreacted ingredient as solid-phase fine particles and
incorporate the fine particles into the film,.
After completion of the film—-forming reaction,
decantation was repeated using sufficient pure water to

remove the unreacted reactant, excess sulfuric acid, and

sulfuric acid formed by the reaction. Solid/liquid
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ul trasoni ¢ washer (Type US-6, manufactured by luchi Seieido K'KD»HS&W%QQ w
and 28 kHz, and the suspension was stirred. Sinultaneously w th¥t b
stirring, ultzasoa~.c irradiation was conducted. Subsequently, 430 nL of 5
wt % aqueous sodium silicate solution was added dropwi se thereto at a rate
of 80 mL/mn to gradually react and deconpose the silicate, Thus, a silica
fil mwas deposited on the surface. After conpletion of the dropw se
addi tion of the aqueous sodiumsilicate solution, the mixture was reacted
for further 2 hours tv react all the uareacted starting material. After
aonpletivn of the filmformng reaction, the slurry containing the powder
on which a silica filmhad been forned was repeatedly decanted using
sufficient ion exchanged water to wash the powder. After the washing
operation, the powder on ich silica filmhad been fornmed _vas placed is
a vat, afGPEFESIORI¥RSWSORGPF #39: 5henantd nﬂa§e€5}3?é? e super nat ant
was di scarded, and 63 Q7 J AN 2003 the residue was dried with a drying
oven at V8GEUR, dAryex, s obkain, @, dr¥Pe¥A€Ered in nitrogen gas for 30
mnutes to obtain a silioa-coated flaky baryumferryte powder Jl.
For mat 3. on of TBe FFEbE§FFFEt€HtGF“E§y§FaIH?EEthPHE°¢aK§FEP€é)(Ekaitering
Fine-particle Film as Second payer: Tmentg grans of the silica-coated
fl aky bamiofmeetubudagonyen at 509°¢ofer 030 iminutes e wwhtadnd@ particl es
(CR-50) were added to 600 nmh of the buffer solution 3, and sufficiently
di sper se@idiisndititapia-goaded magnetidtagpenrderhlifer sol ution was placed in
the water tank of an ultrasonic washer (Type US-6, manufactured by Iuch
Sei ai do K. K.) T&fis2@punr-dayezscoptedapovwdiry Sy Mam yealslowiah sthirteed.
5i mul t aaeously with the stirxiag, ultrasonic irradiation o~as conducted.
Subsequertndy hagb@ maxijmuh weflegrdonspeelti atn 6RPi nmt witbl ati on was added
dropwi se thereto at a rate of 80 nL/ma to gradually xeact and deconpose
t he sili catfd.ectinee ofa 58%.i cMaluem ofr thislchost+buyeanrddectezlir f ace. After
fsnpletion of the drop~rise addition of the

.powder C, in the L ,a",b’ standard color system are shown in

Table 1.

EXAMPLE 4
Whitening of Iron Metal Powder; Three~layer Coating by
Hydrolysis of Metal Alkoxide:
Formation of Silica Film as First Layer:
Twenty grams of a carbonyl iron powder (average

N particle diameter, 1.8 pym; magnetization at 10 kOe, 203

() emu/g) manufactured by BASF was dispersed intoc a solution
prepared beforehand by dissolving 3.5 g of silicon ethoxide
in 158.6 g of ethanol. Thereto was then added, with
stirring, a solution prepared beforehand by mixing 8.0 g of
ammonia water (29%) with 8.0 g of deionized water. After

the addition, the reaction mixture was reacted for 5 hours

at ordinary temperature. After the reaction, the reaction
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aqueous sodiumsilicate solution, the ma.xture was reacted for further 2
hours to react all the unreacted starting material. After conpl 8t/ dhN @80Ft he
filmformng reaction, the slurry containing the powder oa Wieh a silica
filmhad 64 07 ,~~n~ 2~~~ been forned was repeatedl| decanted using
sufficient ionexchanged water to wash the powder. After the washing
operation, the powder oa Wiich a silica filmhad ben forned was placed in a
vat, and the powder was allowed to sedi nent and separate. The supet~nat ant
wag di scarded, and the residue was dried with a drying oven at |30C for 9
hours and then heat-treated in nitrogen gas for 30 mnutes to obtain a
silical/titaaia-coated flaky bariumferrite powder Jz . The powder J2
obt ai ned had a magneti zation of 20 enu/g at 1 kQOe, cad Z~ in the L', a~,b

standard caol.or__system.eras 67 sh in Jabl e_ 2. . EXAl ~ 10, Wi t e Powder
Eipl oy ndREHER RS Biie e APFaMRsRER MR SHFESPIoRE aRRarh R 5,

Layer: Thirt ranms_of a flaky bariumferrite power having an average
particleqﬁﬂé%ﬂgﬁﬁ O?ﬁg_ggrgﬁ?%gg TR T SiRF eqd FR 1 Wl ution 3
prepared beforehand, and sufficiently dispersed therein. The vessel

cont ai ni rfFYes HIUEE Eorudi hAukAs Jiikexn the dryipguethbeank of an

ul trasoni c washer (Type US-6, manufactured by luehi Seieido R R ) of 200 W
and 28 kmAartislas)yergshensi-treptedsiibrragd) Sitht antetary vheiart he
stirring, ultrasonic 65 a ~ s AN i.003 irradiation was conduct ed.
Subsequervean iR & mhtrogesu atoospherea ati 88028C sfvx it 30 mimttesidand dr opwi se
thereto at a rate of 80 nL/mn to gradually react and deconpose the

si | i cat e.thEnusoalesd [t pbftalim wasiddcar-cdatadt hzosupbwder Riter conpl etion
of the dzopw se addition of the agueous sodiumsilicate solution, the

m xture was reacted for further 2 hours to react all the unreacted starting

material. After conpletion of the filmformng reaction, the
Formation of Titania Film as Second Layer:

(:) In a separable flask, 20 g of the silica-coated powder
D, was dispersed into a liquid prepared beforehand by
adding 4.6 g of titanium isopropoxide to 198.3 g of
ethanol. Thereafter, a solution prepared beforehand by
mixing 6.0 g of pure water with 47.9 g of ethanol was added
dropwise to the dispersion with stirring over 1 hour.

After the dropwise addition, the reaction mixture was
reacted for 5 hours at ordinary temperature. After the
reaction, the reaction mixture was diluted and washed with
sufficient ethanol and filtered. The particles recovered
wera dried in a vacuum dryer at 110°C for 3 hours to cbtain
a silica/titania-coated iron powder D,.

The titania layer dried was examined with a
transmission electron microscope for the state of particles
in the layer. As a result, solid-phase fine titanium oxide

particles of from 1 to 10 nm were observed. Howaver, there
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slurry oontainiag the powder oa which a silica ilmhad been forped wa
repeat edl y decanted using sufficient ioaexchanged water to vasﬂn }bgm%er.
After the mashing ope=atioa, the powder on which a sa.lica filmhad been
formed was placed in a vat, and the powder Was all owed to sedi nent and
separate. The supernatant was discarded, and the residue was dried with a
drying oven at |130C for 8 hours and then heat-treated in nitrogen gas for
30 mnutes to obtain a silica-coated flaky bariumferrite ponder KI1.
Formation of Film Constituted of Crystallized Fine Particles (Scattering
Fine-particle Film as Second Layer: Twenty granms of the silica-coated
flaky bariumferrite powder K1 and i9 g of fine titaniumoxide particles
(CR-50) were added to a solution prepared by mxing 1,444 nL of the 66

~01 JAN 2~ [ .S t~.on wi th,1 900 nL pu.e water,, ,cad

suf fici eﬁf%gﬁgsg‘éor%%d fat itﬁ".e 'ﬂ'nae"'t\}gg's?e l@o%ﬁ’ﬁ %f"‘riﬂ't Apgd Eﬁf‘f er solution
was placed in the rwater tank of as ultrasonic washer (Type US-6,

manvf act LRaCFtbjyc elfcme'?eieé‘fed@'ﬁ é’.‘ﬁf%e%f 200 Wand 28 kHz, and the suspension
was stirred. $§i.nultaneously with t stirring, ultrasopic. irradiation was
conduct ed. Su e‘?ﬁ%iﬂ“&%@ﬁ%g%ia&&eGU?‘t‘ﬂﬁa%chﬁPFat €fs0l ution
eras added dropwi se thereto at a rate of, 4 nL/mn_to gradually react and
deconposetith 1”9%H?La'ﬁﬁﬁftﬁf%iﬁ%%ﬁ%?q¥Qquﬁ§§edEﬂS&PﬂéG Bf2€he surface.
After conpletion of the dropw se addition of the aqueous titanyl sulfate
sol uti on, YATRISAGER L i GO My WasH Ml oridishn gireennyhisey oapdabadaal t he
unreactod starting material. After conpletion of the filmform ng reaction,
the sl ur rsefipri@atari BSHakidhoPeak wavelengshi.c fil m had been formed
was repeatedly decanted using sufficient ionexchanged water tv wash the
powder. After the Washing operation, the powder on which a titanic film had
been fornmed was placed in a vat, and the powder was allowed to sedinment and
separ at e. Fommatign rofat Hinki s Fidims @ Fhdrd 3@yeme residue was dried with a

ying oven at 130C for 8 hours and then heat-treated is nitrogen gas for
m nut es 67 Twenty grams of the silica/titania-coated iron powder

D, was dispersed into a solution prepared beforehand by
dissolving 0.5 g of silicon ethoxide in 158.6 g of
ethanol. Thereto was then added, with stirring, a solution
prepared beforehand by mixing 3.0 g of ammoni; water (29%)
with 3.0 g of deionized water. After the addition, the
reaction mixture was reacted for 1 hour at ordinary
temperature. After the reaction, the reaction mixture was
diluted and washed with sufficient ethanol and filtered.
The particles recovered were dried in a vacuum dryer at
110°C for 3 hours. After the drying, the particles were
further heat~-treated (burned) in a nitrogen atmosphexe at
650°C for 30 minutes and then cooled to obtain a
silica/titania~coated iron powder D,.

The titania layer after the heat treatment was

examined with a transmission electron microscope for the
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~ 7 J AN 2009 to obtain a silical/titania-coated flaky bari umferrﬂt@"ﬁ@v@gr
icz . The powder Rz obtained had a magneti zata.on of 18 ~au/g 'at 1 kCe ,
and h” is the Zz" , a" , b' s tandard color sys temwas 77 as shown in Table
2. EXAMPLE 11 Three-layer Coating from Aqueous System Using Dry-coated
Magnetic Material: One kilogramof as iron powder having an average
particle diameter of 1. B E,imand 1. 5 kg of titanium oxide particles

havi ng as average particle diameter of 0.2 Eun were subjected three tunes
to 5-nB, nute ds~s m xi ag/ pul veri xati on usi ng a nmeehanof usi on appar at us
manuf act ured by Aosokao~a M cron Corp . The formation of a filmwas
ascertained. Thus, a titanium oxi de-coated iron powder 11 having i nproved

| i ght ness was obtained. with 212 m 1l of buffer solution 3 prepared

bef or eha ure_water Iso repgr ed bef Qr. han Thereto
was adde%q:f%%g g}p%%t%ﬁ?? Fg m'?')a(‘?ﬁfé L%ﬂ‘%q:e'nﬁ @ 34 i of
a wat er ass , sol ution havin ent 0 radual |y
added dr%I 5"%8“?‘?’?? i emil ga\ﬁttiﬁ &2 P %ﬁ‘”ﬂvg& é h%)%és“m eeafter
reaction was continued faor 1 _hour. After the reaction, 07 JA N 2003
sol sd/ | | GBEe*YeFe AV, i"BPrd\ﬂ/agfc&éfBH&t £gopy L8etan Qt%n"e%&’??ﬁr‘tﬁﬂ\dr was
dra.ed with a vacuumdryer for 8 hours and then heat-treated with a rotary
tubul ar @PORY fhg R#F&&éﬁsat nmosphere at 500C for 30 minutes to obtain a

silical/titaaia-coated iron powder L2. Furtherrsore, 4 g of the
sa.licaltitaaBeweysredtheogilica layers were dense, contained no

particles, and were smooth. Furthermore, voids were
present at the interfaces with the titania.

This powder D, had a maximum reflection peak

(:) wavelength of 550 nm and was a greenish white powder having
a reflectance of 55%.

This Example 4 shows that the heat treatment (burning)
caused the conversion of titania particles into
crystallized particles and the resultant feormation of voids
among the particles and at the interfaces with the silica
films. It is thought that whitening was accomplished due
to the scattering reflection effect attributable to the
particle formation.

(~) Furxthermore, one of the features of the white powdex
of this Example 4 resides in that a dense film is formed as.
the final coating layer. Unlike conventional fi;al layerxs,
the final coating layer in this Example is not limited to a
high~refractive~index film. A dense f£film which exerts no

influences on interference or scattering is formed to covar

voids. When a powder obtained by a conventional technique
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powder L2 was sufficiently dispersed into 446 nZ of buffer solution 4.
Thereafter, 35 nL of aqueous titanyl sulfate solution having a Ti Ox co&hﬁnt
of 15 wt % was added dropwi se thereto over 4 hours. After conpl et dANY e
dropwi se add3.tion, the ractioa m xture was reacted fvr further 1 hour to
elimnate the unreactad reactant. After the reactions, solid/liquid
separation was conducted by deeantation, and the powder v~ras dried with a
vacuum dryer for 8 hours and then heat-treated with a rotary tubular oven
in a nitrogen atnosphere at 500C fos 30 mnutes to obtain a
szlical/titania-coated iron poo~rder L3. The L° of this powder L3 a.n the L'
, a , b~ standard color system Was 81 as shown in Table 2. Forthrnore,
this powder had magnetizations of 32.1 enu/g and 95 enmu/g in nagnetic
fields of, 1 kCe,and 10 kQOe, ,respectively. 69 0 7 JA N, 2Q03 ". , EXAMPhE
12 Vi t o $H AR BHD |y ARReR . P T HRARES  SNMEIDE SOTPARIEEORy cARGoat i ng by
Hydrol ysis of_ Metal Al koxide: Coloring by First Layer Coating: Fifteen
grans of thedstkkr fthaxe have ReaRhFARSS MREe) Saresidr 5 vebicle e di anet er
of 12 Nm (Z =80) was sufficiently dispersed in 160 g of ethanol.
Ther eaf t eéknfilerates intqHakds %%@ﬂ@hﬁaﬁ%ﬂqﬁem o and this
m xture was sufficiently mxed. |~ solution prepared beforehand by m xing
| 2.0 g ofréfmagtive Hnidix deafivaarhhhs interfeningd ded sshaddeirdagt heret o and
the resultant m xture was reacted for 5 hours. After the reaction,
sol i d/|i eaxtiehes andthe svaisttiueslhinge dantaa triesincesh Fresaedot wder wss
dried with a vacuumdryer for 8 hours and then heat-treated with a rotary
t ubul ar osefilectanerm i r dgsevernobyhfrening580dshse £01wi ayesting Bdtain a
titani c-coated flaky

influences on interference or scattering as a final layer

to covar the voids of a film constituted of particles, that

(:) decrease in scattering reflection can be prevented.

EXPMPLE 5

Whitening of Iron Metal Powder; Five-layer Coating by
Hydrolysis of Metal Alkoxidae:

Formation of Silica Film as First lLayer:

Twenty grams of a carbonyl iron powder (average
particle diameter, 1.8 pum; magnetization at 10 kOe, 203
emu/g) manufactured by BASF was dispersed into a solution
prepared beforehand by dissolving 4.4 g of silicon aethoxide
in 158.6 g of ethanol. Theretc was then added, with
stirring, a solution prepared beforehand by mixing 8.0 g of
ammonia water (29%) with B.0 g of deionized water. After
the addition, the reaction mixture was reacted for 5 hours
at ordinary temperature. After the reaction, the reaction

mixture was diluted and washed with sufficient ethanol and
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al um num powder M. The L° of this powder in the L',a',b" standard col or
system Was 90 as shown in Table 2. Second Zayer Coating: Fi fteenOJl’dMi 2003
the titanic-coated flaky al um num powder M was sufficiently dispersed into
160 g of ethanol. Thereafter, 11.7 g of silicon ethoxide was m xed 70 07
J AN 200 therewith. Thereto were further added 11.7 g of water and 15.5 g
of ammonia water. This m xture eras reacted for 3 hours with stirring at
ordinary tenperature. After the reaction, solid/liquid separation was
conducted by decantation, and the powder was dried with a vacuum dryer for
8 hours and then heat-treated with a rotary tubular oven in a nitrogen

at nosphere at 500C for 30 mnutes to obtain a silical/titania-coated flaky
al um num powder M. Coating wth Colored Filmas Third Layer: Fi'fteen grans
of the silical/titani a-coated flaky al um num powder Ms was sufficiently

di sper sefilhereds0) Thefparhindes Taceveredrweoe Xried in taniacuumsopr opoxi de
was added thereto and this mxture was sufficiently m xed. ~rthernore, a
sol ut i on duoyexaradd 111O°0r £62n8 hypurs Xi (Kfddr Gt @irydaigsr thet h 60 g of et hanol
was added dropwi se thereto and the resultant m xture was reacted for 5
hours. Afgesartiidles sere heatsdred/tled)(bdraed)r aithnavestanydtabeTaby
decantation, and the powder was dxid with a vacuumdryer for 8 hours and

t hen heatovdrraie Wiilthogeno atin sphlatedat0\600°C NEex N30 MORIteE Mapher e at
500C or 30 mnutes to obtain a silical/titani a-coated flaky al um num powder

MB. The I|thed ddvladdslcbthin a isidilca-ceathd ikandpeddés! Br. system was 10l
as shoaan in Table 2. 71 0 7 JAN 2003 Table 2 Fcund val ues for each
sanple in Z',a',b, standard col or system

Exanpl eSanpl eL*a*b' ~9J2670. 91. 5101 Cz770. 81. 2111L.3810. 71. 8~12M 90- 0. 21. 312M31

0l - 0. 21. ol il ¥rs TAkbaliRedilh BsaRReRdI9Lhget? i vers above each had a
hi gh value of Z" in the standard col or system and had a hi gh o~hiteness .

Industrial Apply GARIdHaaHAS 253G, D2d PR thaCeeidibllebtblcpiyibs e ponder
é the invention and”the processes for "producing the sane, one or nore

L5 SO S8 st inds stisili o et o
adding 8.1 g of titanium isopropoxide to 198.3 g of
ethanol. Thereafter, a solution prepared beforehand by
mixing 6.3 g of pure water with 47.9 g of ethanol was added
dropwise to the dispersion with stirring over 1 hour,

After the dropwise addition, the reaction mixture was
reacted for 3 hours at ordinary temperature. After the
reaction, the reaction mixture was diluted and washed with
sufficient ethanol and filtered. The particles recovered
were dried in a vacuum dryer at 100°C for 8 hours to obtain
a silica/titania-coated iron powder E,.

This titanium oxide £ilm had an average thi;kness of
170 nm, gave a spectral reflection curve having a peak
wavelength of 667 nm, had a white color with a yellowish

green tint, and had a reflectance of 48% at the peak

wavelength.
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conprising crystallized fine particles and an aggregate of crystallizg§¥?5
fine particles which has voids anong the crystallized fine parti Qsﬁ“ e
to this constitution, the coating filmhas a large difference in Fefractive
i ndex betoJeen the surface of the crystallized particles and the voids to

t hereby cause the scattering reflection of |ight and enhance a reflective
effect. It has thus becone 72 O 7 JAN ,fig possib?e to provide a

functi onal powder having excellent |ightness (r~hiteness) . Furthernore, in
formng a filmconstituted of crystallized ultrafine particles, use can be
made of a nmethod in which existing particles are incorporated into the
film besides the nmethod is which ultrafine particles scatteringly
reflecting visible light are formed in a liquid by regulating the rate of
sol i d- phase deposition. Thus, a white powder having higher |ightness can be
yi el ded because the crystallized ultrafine particles contained in the film
formed by the fornmer nmethod tend to have a relatively large particle

di anet er Fosmhatlomcof SiddeaaFhilghes TbgrdcLayexzcattering refl ection.

Resi des having these excellent functions, the white powder can take

advant age of Swendyegramsaodr ithe, sitdidaftitaniatrecatéd Dronlipdeddric as the
base to thereby respond to an external factor such as an electric field or
a _.) ,_E,mascflispérséd. iTbe ahsdluipbon grarardet ot draband byddi t i onal
function of nmobility, rotation, novenent, heat generation, etc. For

exanpl e, dilssolainggBet’ g et eiliconsetthetide fihelbase, gtée white powder is
applicable as a pignent for color magnetic toners or col or nmagnetic inks.
73 ethanol. Thereto was then added, with stirring, a solution

prepared beforehand by mixing 8.0 g of ammonia water (29%)
with 8.0 g of deionized water. After the addition, the
(:) reaction mixture was reacted for 5 hours at oxdinary
temperature. After the reaction, the reaction mixture was
diluted and washed with sufficient ethanol and filtered.
The particles recovered were dried in a vacuum dryer at

110°C for 3 hours. After the drying, the particles were

further heat-treated (burned) with a rotary tubular oven in

a nitrogen atmosphere at 600°C for 30 minutes and then

cooled to obtain a silica/titania-coated ixron powder E,.

0)

Formation of Titania Film as Fourth Layer:

In a separaﬁle flask, 20 g of the silica-coated powder
E, was disparsed into a liquid prepared beforehand by
adding 8.8 g of titanium isopropoxide to 198.3 g of
ethanol. Thereafter, a solution prepared beforehand by
mixing 6.0 g of pure water with 47.9 g of ethanol was added

dropwise to the dispexsion with stirring over 1 hour.
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O?JAf~ cla.:.ms 1. A white powder characterized by conprising base
particles haV| ng on the surface thereof at |east one coating fil @7 JAN 2003
conprising a crystallized-particle aggregate ovhieh is capable of inparting
a white color based on the scattering reflection of |ight and which
conprises crystallized particles and has voids anong the crystallized
particles. 2. A white powder characterized a.n that it conprises base
particles having on the surface the=eof at |east one coating film
conprising a crystallized-particle aggregate which conprises crystallized
particles and has voids anong the crystallized particles, and that a white
color is inparted thereto based on the scattering reflection of |ight
occurring between the surface of the crystallized particles and the voids.
3. The white p6£Qer of é , characterized is that the crystallized
particl e8F4PE dFPP&QEFan ﬁtﬁSPv|EFE gPafEieR mimture)was) AN 2003 4.

The white poswder of claiml1l or 2, characterized x.~ that the coating film
i s a nul ERPREFePedor; ArhonrsTRE ﬂﬁﬁ#&‘ﬁmeEPPGFaﬁFa¢n1fuﬁpIZth@haracterlzed
by having, on the surface of the coating film a coating film conprising
particl e¥eesbasne Shef repckgonpminsuysi waspdbiuhedi and washad fwicth 6. The
white powder of claim1 or 2, characterized in that the coating filmis a
hi gh- r ef safiicdentdethanbh and Fhdtemede Bvelmaxficles mesovelradact eri zed
in that the coating filmconprising particles capable of filling up the

voi ds pr eaeet driedaild auvbheaam drgesi AtCc2007¢ Nfaxr & Hodrite bbtaind. The
white powder of claim1 or 2, characterized in that the coating filmis one
forned by sdildicad tickhndapkastedadronl pewdaral,.aqueous sol ution to coat the
base particles with the solid-phase particles and then burning the coated
base particles. 9. The white powder of claim8, characterized in that

Formation of Silica Film as Fifth Layer:

(:) Twenty grams of the silica/titania-coated irom powder
E, was dispersed into a solution prepared beforehand by
dissolving 2.5 g of silicon ethoxide in 158.6 g of
ethanol. Thereto was then added, with stirring, a solution

' prepared beforehand by mixing 3.0 g of ammonia water (29%)
with 3.0 g of deionized water. After the addition, the
reaction mixture was reacted for 5 hours at oxdinary
tenmperature. After the reaction, the reaction mixture was

- diluted and washed with sufficient ethanol and filtered.

{“) The particles recovered were dried in a vacuum dryer at
110°C for 3 hours. After the drying, the particles were
further heat-treated (burned) with a rotary tubuiar oven in
a nitrogen atmosphere at 600°C for 30 minutes and then
cooled to obtain a silica/titania-coated iron powder E,.

This titanium oxide film had an average thickness of

152 nm. Furthermore, this iron powder E, gave a spectral
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before the burning is conducted, the coating layer is 75 QT PANUAN 2003
coated with particles capable of constituting a filth which fills up tﬁe
vo~.ds present in the surface of the coating layer. 10. The white powder of
claiml1 or 2, characterized in that the costing layer i.s one forned by
adhering cxystailized particles to the surface of a base powder is a

|1 C~Ilid containing the crystallized particles and the base powder

di spersed therein. 11. A process for producing a white powder,
characterized by coating the surface of base particles with at |east one
coating filmconprising a crystallized-particle aggregate which is capable
of inparting a white color based on the scattering reflection o |ight and

" which conprises crystallised particles and has voids anong the crystallized

particle ocess f.or nproduci ng a whi.te powder, . characterised by

coati ng tsﬁeeéjgeu?@aog’é %‘F eashe‘?""plgqu i%lpeeﬁmﬂﬁveﬁeﬁg%g‘st&gﬁg%cﬂﬁvi M85t il m

conprisin crystallized-particle egat e which conprises crystallized

particl esﬁ‘aﬁa"‘%ﬂ} Vedih e P %'t H%“tﬁ%g‘{ & MR raEdestanse rEr 88% i npart

a white col or ther%%o based on the scattering reflection of light 76 0 7
é’l’p‘@%ﬁ‘l

JAN D03. FecThei surface of the crystallized particles and
the voids. 13. The process of claim 1l or 12, characterized in that the

crystal lized P XLy SirRss ahave)ahav ithaty wiith cegpeett &p, the
void-possessing titania coating layer foxmed thzough the

conversion of titania particles into crystallized particles,
the coated powder having two such layers (second layer and
fourth layer) attained a higher degree of whiteness than

(:) the coated powder having one such layer (second layer) .

EXAMPLE 6
Whitening of Magnetite Powder Particles; Two-layer Coating
from Aqueous System; Use of Existing Titania Particles:
Formation of Silica Film as First Layer:

Ten grams of a magnetite powder (average particle
diameter, 0.7 pm) as base particles was added to 540\mL of

the buffer solution 3 prepared beforehand, and sufficiently

N
—’

dispersed therein. The vessel containing this suspension
was placed in the water tank of an ultrasonic washer (Type
US-6, manufactured by Iuchi Seieido K.K.) of 600 W and 28
kHz, and the suspension was stirred at 550 rpm.
Simultaneocusly with initiation of the stirring, ultrasonic

irradiation was initiated.
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19. The process of claim 1l or 12, characterized in that the C?ng[\é&}l%ﬂ

is amltilayered film 15. The process of claim 11l or cha
cvata.ng the surface of the coating layr with a coating fllmconpr|5| ng
particles capable of filling up the voids present in said surface. 16. The

process of claim1l or 12, characterized in that the coating filmis a

hi gh-refractive-index film 17. The process of cla~. m 15, characterized in
that the coating filan conprising particles capable of filling up the voids
present in said surface is a silica filmor atitania film 77 Q7 JAN
2u03 18. The process of Maim 11 or 12, characterized by form ng solid-phase
particles in an aqueous solution to coat the base particles wth the

sol i d- phase particles and then bussing the coated base particles to t hereby

formthe coati fllm The .process of c %|m18 %grlzed in that
before the bu rt%lﬁ’du&&i‘ Ve, &TOT RS fFI’m°iEs c with partscles

capabl e of constityting a | m which fill the ~r0|ds present in the
surface 4T} EEPLCJ‘I g"f’t I°r# ‘&‘6’6‘3@5 3¢ afder groprigs at a
characterlzed in that t /e coati n Iayer is one fornmed by adherl ng

crystal | iZA® #f th - A% a/Pith s éﬂ&PG&SBaeewbéﬁhewaﬁnkaph being

cont ai ni ng the crystallized gartl cles arid the base powder dispersed

t her ei n. StEZReR AREtare carplatiopecofiethy. drarwine raddiabiar, A

?. A3(Y. Aul R Aby. A

?. Ay. AFURREZdRa) was  qendinyedygom SrzAbRiAl heux APREARR AcsAdieay. Ae. AR A
A . A5?. A?. AN?. AR A . A Aa. Aa. A3?. AH?. A. Al 7. A A(. A. AN. AnYR AR. A Aa?. AH3e. Al . A
3,.A . Al Film g thensuzfage afathe ARWARIRTAERANG ANY7 @ Z82{

"6p| vpj d*XRU] cal] caU] cal] cal] cal] cal] caU] cal] cal] cal] caU] cal] cal] cal] cal] ca
Ul cal] caU] caUA&kgx e digrse )| fhen givey ddpeaperitdips the slorry

40~ysnhb\ VPU] cal] caU] cal] cal] ca] caU] ca] cal] cal] caU] cal] cal] caUl] cal] cal] cal]

cal] cal] ceftaining )| thepruder |ou Yhishc aUlsddicaa fiidmabad been

(:) formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. After the washing
operation, the slurry containing the powder on which a

silica f£ilm had been formed was dried at 110°C for 8 hours

to cobtain a silica-coated magnetite powder F,.

Formation of Titania Film as Secoﬂd Layer:

(1) Preparation of Aqueous Titanium Sulfate Solution
- A titanyl sulfate stock solution having a TiO,
() concentration of 2.04 M was diluted with ion-exchanged
water so as to result in a TiO, concentration of 0.14 M to
prepare an aquecus titanium sulfate solution.
(2) Titania Film Formation

In 400 mL of ion-exchanged watar was suspended 4 g of

a xraw powder cbtained by sufficiently mixing the powder F,;

with titania particles (CR-50, manufactured by Ishihara
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10m 10m 10nmPs10%m& () -y JAN 2003
810%m& ()- " 3: 10%r&' ()-410%r& ()-s210%& () - TaBYNC 10%m 109&' () - 591%)/@ (?) -7 10
% ()-!"yS 10%&' ()-L 10%&' ()-& 109%&' ()- , Bs!aBYNC 10%s" 109%& ()-s

109&' ()-s- 10%& ()-!0 "10%CC& ()-Ys10%& ()-s 10%&k ()-!ZL

aBYNC 10%0- #109&' ()-!, %0%& ()-s*MLO%& ()-(109%& ()-& 109%& ()-9$ 109%& () -
4odE:/ 10 10>109%&' ()-; 10%&' ()-8g 10%& ()-6g 109%& ()-4 10%&' ()-2109%& ()-
arPl/ ,>t10%& ()-!-%0%+& ()-! -

109%ZZ& () -!03%0%s& ()-9s! 10%Z& ()-0&@LO0%Z& ()-1 10t A{Y7 !-#10%&' ()-!'L
1098 ()-10 #10%[& ()-& 9L 10%& ()-&10%& ()-3 10Z 10Z 10ZA~ @!s

109&' ()-s 109& ()- @109 ()- 10 10 10>t 109& ()-!s610% ()-\z[PE ! 10 10
10>10%&' ()-!, &L0%CpCp&' ()-3 "*10%& ()-!0 %40%s& ()-1 's 10%& ()-) CAEPE:

nm. In the L',a’,b’ standard coler system, L' = 88.2, a’' = -
0.4, and b' = -4.5 as shown in Table 1.

Furthermore, the surface of the titania-coated
magnetite powder F, obtained was examined with a scanning
electron microscope. As a result, it was found that
‘titania particles were densely adherent to the surface of
the base particles and that finer titania particles
precipitated from the aquecus titanium sulfate solution

(:) were adherent in voids among those titania particles.

EXAMPLE 7
Whitening of Magnetite Powder Particles; Two-layer Coating
from Aqueous System; Silica Coating Film Containing
Existing Titania Particles:
Formation of Silica Film as First Layer:
Fifteen grams of a particulate magnetite powder
) (average particle diameter, 1.0 um) as base particles was
(:) added to 800 mL of the buffer solution 3 prepared
beforehand, and sufficiently dispersed therein. The vessel
containing this suspension was placed in the water tank of
an ultrasonic washer (Type US-6, manufactured by Tuchi
Seieido K.K.) of 200 W and 28 kHz, and the suspension was

stirred. Simultaneously with initiation of the stirring,

ultrasonic irradiation was initiated. Subsequently, 50 mlL
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07 JAN 2003
I 10 10%0&' ()-s10%0& ()-F
10908 ()-ff10%0& ()-9s10%0& ()-f&L0%O& ()-CNFA=PE: | 1 ,9%0%& ()-'$S
10908 ()-!"Z9%40%008 ()-s 10%0& ()- @O0%O& ()-! m 10%00&' () - mreaBPE: ! 1
810%08& () - 6GLOYOL () - 410%08' () - 2- 10%0&' () - 010%0& ()-! , %40%00& ()- A~bC ! 1
L10%& ()-Ly' ! 10%& ()-L 10%&' ()-$10%& ()- 100 100 100>s10%& ()- E \  dBbC
I 1 10%0%Id& ()- 109 ()- 109%& ()- 109%& ()- L10%&' ()- 109%& ()-
I$I[!/"b""a?bC | 1 !, 6 $10%44& ()-!,,$10%\ & ()-s$S 10%& ()-s"10%& ()-"
109& ()-" @ 109& ()-""#) #att##dEDC | 1 !:310%& ()-8310%& ()-6: 10%& () -4
109& ()-2 109%&' ()- OMLOYR () - ###### $GSv$bC | 1 ,
| S&10%1&' () - sf10%m&' ()- " 310%r& ()-&10%r& ()-G 10 10 10>t 109%&' () - v$$$
%980@BbC | 1 ! 10%r& ()-! 109%n& ()- 10%r& ()-s310%r& ()-yl0%m& ()-s
10%m& ()-%"'V.'''(aBbC ! 1 !410%v& ()-2-10%r& ()-010%r& ()-!
,$10% i & ?%-1,%1‘0‘6 Tyecus P yn -s’(f@("ﬂ‘ﬁ \q{iEras added

dropwise thereto at a rate of 40 mL/min to gradually react
and decompose the silicate. Thus, a silica film was
deposited on the suxface. After completion of the dropwise
addition of the aqueous sodium silicate solution, the
mixture was reacted for further 2 hours to react all the
unreacted starting material.

After completion of the film-forming reaction, the

(i) slurry containing the powder on which a silica f£film had
been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder.

After the washing operation, the powder on which a
silica film had been formed was placed in a vat, and the
powder was allowed to sediment and separate. The
supernatant was discarded, and the residue was dried with a
drying oven at 130°C for 8 hours and then heat-treated in
air at 500°C for 30 minutes to obtain a silica-coated

magnetite powder G,.

Formation of Film Constituted of Crystallized Fine
Particles (Scattering Film) as Second Layer:

Fourteen grams of the silica-coated magnetite powder
G, and 13 g of ultrafine titanium oxide crystal particles

(CR-50, manufactured by Ishihara Sangyo Kaisha, Ltd.) were
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1 1yl09%& ()- 10%& ()- 10m 10m .
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10>s10%& ()--e...E0111wX9. @ 10>10%' ()-0 10%&k ()-@ 9%d0%& ()-!'"
%40% " & ()-! Y1I0%& ()-! s310%& ()-11111A3Y359gE@ 10! nPd0%& ()-!'D Y 10%& ()-!
1096C& ()- 10% & () -%d0% ()- 10 1055855H6K6L6MBNG{\ QF; 10 10 10 10>
10%&' ()-! 0 109& ()- !0 10988& ()- nPAOY& ()-nPd0%t& () - N6] 66i 7778dEQF; 10
10@ 10%&' () - 109%& (3 -Z10%& () -109& ()-ss10%& ()-%d0%& ()- 8KB88889(0aBQF;
added to 800 mL of the buffer solution 3, and sufficiently
dispersed therein. The vessel containing this suspension
was placed in the water tank of an ultrasonic washexr (Type
US-6, manufactured by Iuchi Seiaido K.K.) of 200 W and 28
kHz, and the suspension was stirraed. Simultaneously with
initiation of the stirring, ultrasonic irradiation was
initiated.
Subgsequently, 60 mL of 10 wt% aqueous sodium silicate
solution was added dropwise thereto at a rate of 40 mL/min
to gradually react and decompose the silicate. Thus, a
silica film was deposited on the surface. After completion
of the dropwise addition of the aqueous sodium silicate
solution, the mixture was reacted for further 2 hours to
react all the unreacted starting material.
After completion of the film-forming reaction, the
slurry containing the powder on which a silica film had
(:) been formed was repeatedly decanted using'sufficient ion-
exchanged water to wash the powder.
After the washing oparation, the powder on which a
silica film had been formed was placed in a vat, and the
powder was allowed to sediment and separate. The

supernatant was discarded, and the residue was dried with a

drying oven at 130°C for 8 hours and then heat-treated in
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air at 500°C for 30 minutes to cbtain a silica/titania-
coated magnetite powder G,.
The powder obtained had a magnetization of 20 emu/g at

1 kOe, and L' in the L',a‘, b’ standard color system was 66.

EXAMPLE 8
Whitening of Magnetite Powder Particles; Three-layer
Coating from Aqueocus System; Two-layer Silica Coating Film
(i) Containing Existing Titania Particles:
Formation of Silica ¥ilm as First Layer:
Fifteen grams of a particulate magnetite powder

(average particle diameter, 1.0 um) as base particles was

added to 800 mlL of the buffer solution 3 prepared
beforehand, and sufficiently dispersed therein. The vessel
containing this suspension was placed in the water tank of
an ultrasonic washer (Type US-6, manufactured by Iuchi
Saieidoc K.K.) of 200 W and 28 kHz, and the suspension was
stirred. Simultaneocusly with initiation of the stirring,
ultrasonic irradiation was initiated. Subsequently, 50 mL
of 10 wth aqueous sodium silicate solution was added
dropwise thereto at a rate of 40 mL/min to gradually react
and decompose the silicate. Thus, a silica f£ilm was
deposited on the surface. After completion of the dropwise

addition of the agqueous sodium silicate solution, the
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%0%x& mixture was reacted for further 2 hours to react all the

unreacted starting material.

After completion of the film-forming reaction, the

slurry containing the powder on which a silica film had

been formed was repeatedly decanted using sufficient ion-

exchanged water to wash the powder.

After the washing operation, the powder on which a

silica film had been formed was placed in a vat, and the
(:) powder was allowed to sediment and separate. The

supernatant was discarded, and the residue was dried with a

drying oven at 130°C for B hours and then heat-treated in

air at 500°C for 30 minutes to obtaln a silica~coated

magnetite powder H,.

Formation of Film Constituted of Crystallized Fine
Particles (Scattering Film) as Second Layer:

_ Fourteen grams of the silica-coated magnetite powder

(;) H, and 7 g of ultrafine titanium oxide crystal particles
(CR-50, manufactured by Ishihara Sangyo Kaisha, Ltd.) were
added to 800 mL of the buffer solution 3, and sufficiently
dispersed therein. The vessel containing this suspension
was placed in the water tank of an ultrasonic washer (Type

US-6, manufactured by Iuchl Seieido K.K.) of 200 W and 28

kHz, and the suspension was stirred. Simultaneously with
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initiation of the stirring, ultrasonic irradiation was
initiated.

Subsequently, 30 mL of 10 wt% aqueous sodium silicate
solution was added dropwise theretoc at a rate of 40 mL/min
to gradually react and decompocse the silicate. Thus, a
silica film was deposited on the surface. After completion
of the dropwise addition of the aqueocus sodium silicate
solution, the mixture was reacted for further 2 hours to

(:) react all the unreacted starting material.

After completion of the film~forming reaction, the
slurry containing the powder on which.a silica film had
been formed was repeatedly decanted.using sufficient ion-~-
exchanged water to wash the powdex.

After the washing operation, the powder on which a
silica film had been formed was placed in a vat, and the
powder was allowed to sediment and separate. The

supernatant was discarded, and the residue was dried with a

drxying oven at 130°C for 8 hours and then heat-treated in
air at 500°C for 30 minutes teo obtain a silica/titania-~

coated magnetite powder H,.
The powder obtained had a magnetization of 30 emu/g at

1 kOe, and L' in the L’,a’,b’ standard color system was 56.

57



10" ! 10%m&' ()-"!10%rH& ()-!" "109%&' ()- 10%& ()- 0 7 JAN 2003
10%&' () -s10%m& () - 6ggghhhhhhaVK@ m 10 10m 10m

10m>10%& () - 410%&' () - 2310% &' () - 010%m& () -!, %409%B5& () - hi 6i j j kkaBVK@ m 10
L&Z10%& () -°

10%m& () -! YA0YCNCNE' () - 10%r&' () - 9g10%& () - &10%&' () - k$I _I I | mEn} A?VK@ m
10210%&' ()-s0 10%r& ()-!, %0%CC& ()-!, %d0%m& ()-s*

10%r& () -(z10%r& () - Emmmmm nnn ndYNC m 10 10m 10m 10> 10%r& () -, ; @
10%r&' () - &9F10%m& ()-7:10%r& ()-5@ 10%r& () - nnt oop{ ppaBYNC m
10s"10%& ()- , 10%m& ()-!9%40999& ()-s10%r& ()- "L

10%m&' () - %0%r& ()-pp%g qq r"raBYNC m 10010%& ()-!, $109%65& () -*-

10%m& ()-(S 10%r& ()-s&310%r& ()-$310%& ()-"rXrirrrrrrrdYNC m 10 10m

Formation of Film Constituted of Crystallized Fine
Particles (Scattering Film) as Third Layer:

The powder H, and 7 g of ultrafine titanium oxide
crystal particles (CR-50) were added to 800 mL of the
buffer solution 3, and sufficiently dispersed therein. The
vessel containing this suspension was placed in the water
tank of an ultrasonic washer (Type US-6, manufactured by
Juchi Seieido K.K.) of 200 W and 28 kHz, and the suspension

(:) was stirred. Simultaneously with initiation of the
stirring, ultrasonic irradiation was initiated.

Subsequently, 30 mL of 10 wt% aqueous sodium silicate
solution was added dropwise thereto at a rate of 40 mL/min
to gradually react and decompose the silicate. Thus, a
silica film was deposited on the surface. After completion
of the dropwise addition of the agueous sodium silicate
solution, the mixture was reacted for further 2 hours to

) react all the unreacted starting material.

() After completion of the film-forming reaction, the
slurry containing the powder on which a silica £ilm had
been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder.

After the washing operation, the powder on which a

silica f£ilm had been formed was placed in a vat, and the

powder was allowed to sediment and separate. The
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supernatant was discarded, and the residue was dried with a
drying oven at 130°C for 8 hours and then heat-treated in
air at 500°C for 30 minutes to obtain a silica/titania-
coated magnetite powder H,.
The powder obtained had a magnetization of 20 emu/g at

1 kOe, and 1" in the 1L’,a’,b’ standard color system was 77.

COMEARATIVE EXANMPLE 1
(:) Two-layer Coating of Magnetite Powder Particles from
Aqueous System; without Forming Film Constituted of
Crystallized Fine Particles:
Formation of Silica Film as First Layer:

Ten grams of a magnetite powder (average particle
diameter, 0.7 pm) as base particles was added to 540 mL of
the buffer soclution 3 prepared beforehand, and sufficiently
dispersed therein. The vessel containing this suspension
was placed in the water tank of an ultrasonic washer (Type
US-6, manufactured by Iuchi Seieido K.K.) of 600 W and 28 .
kHz, and the suspension was stirred at 550 rpm.
Simultaneously with initiation of the stirring, ultrasonic
irradiation was initiated.

Subsequently, a given amount, 50 g, of a 10 wt%
aqueous solution of sodium silicate was added dropwise at a

rate of 1.34 mL/min te that suspension which was kept being
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stirred. After completion of the dropwise addition,
stirring was continued for further 1 hour to form a silica
film on the surface of the xaw magnetite.

After the lapse of the given time period, the slurxy
containing fhe powder on which a silica £ilm had been
formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. After the washing
operation, the slurry containing the powder on which a

(:) silica £ilm had been formed was dried at 110°C for 8 hours

to obtain a silica-~coated magnetite powder I,.

Formation of Titania Fillm as Second Layer:

In 400 mL of lon-exchanged water was suspended 4 g of
the poewder I,. The vessel containing this suspension was
immersed in a thermostatic water bath kept at 50°C, and the
suspension was stirred at 600 rpm. Simultaneocusly with
initiation of the stirring, ultrasonic irradiation was
initiated,

At the time when the temperature of the suspension had
reached 50°C, a given amount, 149 g (144 mL), of the
aqueous titanium sulfate solution used in Example 6 was
added dropwise thereto at a rate of 0.5 mL/min. After

completion of the dropwise addition, stirring was continued
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for further 90 minutes to form a titania f£film on the powder
I,.

After the lapse of the given time period, the slurry
containing the powder on which a titania £ilm had been
formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. After completion of
the washing cperation, the slurry containing the powder on
which a titania film had been foxrmed was dried at 110°C for
O 8 hours to obtain a silica/titania-coated magnetite powder
I,.

The powder I, obtained was dark-blue because titania
particles were not adherent to the surface thereof. It had
a maximum reflectance of 15% at 400 nm. In the L',a‘',b’

.

standard color system, L' = 40.8, a° = -1.2, and b" = ~-6.1

as shown in Table 1,

0
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Table 1 Found values for each sample in L',a’,b’

standard color system

Example . Sample L* a* b*
1 A, 72 1.1 1.2
2 B, 73 1.5 1.2
3 C, 72 1.5 -0.7
3 C, 86 0.7 0.9
4 D, 77 0.6 -0.6
5 E, 74 0.6 0.3
5 E, 89 0.2 -0.2
6 ¥, 88.2 -0.4 -4.5
7 G, 66 0.4 -0.2
8 H, 77 0.4 -1.0
Comparative Examplea I, 40.8 -1.2 -6.1
1

The powders ébtained in Examples 1 to 8 given above
each had a high value of L' in the standard color system
and had a high whiteness. In particular, the powder of
Example 6 showed enhanced scattering reflection because
existing fine particles having a relatively large particle
diameter had been used as the fine particles for forming a

{L) film constituted of crystallized fine particles.
Consequently, the L' value of the powder of Example 6 in

the standard coleor system was as large as 88.2 although the

coating therecof was a two-layer £ilm.

EXAMPLE 9

White Powder Employing Flaky Magnetic Material:
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Formation of Silica Film as First lLayex:

Thirty grams of a flaky barium ferrite powder having
an average particle diameter of 2.8 um was added to 800 mL
of the buffer sclution 3 prepared beforehand, and
sufficiently dispersed therein. The vessel containing this
buffer solution was placed in the water tank of an
ultrxasonic washer (Type US-6, manufactured by Iuchi Seieido
K.K.) of 200 W and 28 kHz, and the suspension was

(:) stirred. Simultaneously with the stirring, ultrascnic
irradiation was conducted. Subsequently, 430 mL of 5 wt%
agueous sodium silicate solution was added dropwise thereto
at a rate of 80 mL/min to gradually react and decompose the
silicate. Thus, a silica film was deposited on the
surface. After completion of the dropwise addition of the
aqueous sodium silicate solution, the mixture was reacted
for further 2 hours to react all the unreacted starting
material.

After completion of the film~forming reaction, the
slurry containing the powder on which a silica £ilm had
been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. aAfter the washing
operation, the powder on which a silica film had been
formed was placed in a vat, and the powder was allowed to

sediment and separate. The supernatant was discarded, and
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the residue was dried with a drying oven at 130°C for 8
hours and then heat-treated in nitrogen gas for 30 minutes

to obtain a silica-coated flaky bariﬁm ferrite powder J,.

Formation of Film Constituted of Crystallized Fine
Particles (Scattering Fine-particle Film) as Second Layer:

Twenty grams of the silica-coated flaky barium ferrite
powder J, and 14 g of fine titanium oxide particles (CR-50)
(:) ware added to 800 mL of the buffer solution 3, and
sufficiently dispersed therein. The vessel containing this
buffer solution was placed in the water tank of an
ultrasonic washer (Type US-6, manufactured by Tuchi Seieido
K.K.) of 200 W and 28 kHz, and the suspension was
stirred. Simultaneously with the stirring, ultrasonic
irradlation was conducted. Subsequently, 490 mlL of 5 wt$%
aqueousg sodium silicate solution was added dropwise thereto
at a rate of 80 mL/min to gradually rxeact and decompose the
silicate. Thus, a silica film was deposited on the
surfaca. After completion of the dropwise addition of the
aqueous sodium silicate solution, the mixture wa; reacted
for further 2 hours to react all the unreacted starting
material.

After completion of the film-forming reaction, the

slurry containing the powder on which a silica film had
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been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powaez. After the washing
operation, the powder on which a silica £ilm had been
formed was placed in a vat, and the powder was allowed to
sediment and separate. The supernatant was discarded, and
the residue was dried with a drying oven at 130°C for 8
hours and then heat-treated in nitrogen gas for 30 minutes
to cbtain a silica/titania-coated flaky barium ferrite
() powder J,.

The powder J, obtained had a magnetization of 20 emu/g
at 1 kOe, and L' in the L',a’,b’ standard color system was

67 as shown in Table 2.

EXAMPLE 10
White Powder Employing Flaky Magnetic Material:
Formation of Silica Film as First Layer:
Thirty grams of a flaky barium ferrite powder having

O

an average particle diameter of 2.8 pm was added to 800 mlL

of the buffer solution 3 prepared beforehand, and
sufficiently dispersed therein. The vessel containing this
buffer solution was placed in the water tank of an
ultrasonic washer (Type US-6, manufactured by Iuchi Seieido
K.K.) of 200 W and 28 kHz, and the =suspension was

stirred. Simultaneously with the stirring, ultrasonic
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irradiation was conducted. Subsequently, 5 wt% agueocus
sodium silicate solution was added dropwise thereto at a
rate of 80 mL/min to gradually react and decompose the
gilicate. Thus, a silica film was deposited on the
surface. After completion of the dropwise addition of the
aqueous sodium silicate solution, the mixture was reacted
for further 2 hours to react all the unreacted starting
material.

(i) After completion of the film-forming reaction, the
slurry containing the powder on which a silica £ilm had
been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. After the washing
operation, the powder on which a silica £ilm had been
formed was placed in a vat, and the powder was allowed to
sediment and separate. The supernatant was discarded, and
the residue was dried with a drying oven at 130°C for 8
hours and then heat-treated in nitrogen ga=z for 30 minutes

O

to obtain a silica-coated flaky barium ferrite powder K,.

Formation of Film Constituted of Crystallized Fine

Particles (Scattering Fine-particle Film) as Second Layer:
Twenty grams of the silica-coated‘flaky barium ferrite

powder K; and 14 g of fine titanium oxide particles (CR-50)

were added to a solution prepared by mixing 1,444 mL of the
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buffer solution 4 with 1,900 ml. of pure water, and
sufficiently dispersed therein. The vessel containing this
buffer solution was placed in the water tank of an
ultrasonic washer (Type US-6, manufactured by Iuchi Seieido
K.K.) of 200 W and 28 kHz, and the suspension was

stirred. Simultaneously with the stirring, ultrasonic
irradiation was conducted. Subsequently, 460 mL of 5 wt%
aquecus titanyl sulfate solution was added dropwise thereto
(:) at a rate of 4 mL/min to gradually react and deccmpose the
sulfate. Thus, a titania £ilm was deposited on the
surface. After completion of the dropwise addition of the
aqueous titanyl sulfate =zolution, the mixture was reacted
for further 2 hours to react all the unreacted starting
material.

After completion of the film-forming reaction, the
slurry containing the powder on which a titania film had
been formed was repeatedly decanted using sufficient ion-
exchanged water to wash the powder. After the washing
operation, the powder on which a titania film had been
formed was placed in a vat, and the powder was allowed to
sediment and separate. The supernatant was discarded, and
the residue was dried with a drying oven at 130°C for 8

hours and then heat-treated in nitrogen gas for 30 minutes
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to obtain a silica/titania-coated flaky barium ferrite
powder X,.

The powder K, cbtained had a magnetization of 18 emu/g
at 1 kOe, and L’ in the 1',a",b" standard color system was

77 as shown in Table 2.

EXAMPLE 11
Three-layer Coating from Aqueous System Using Dry-coated
() Magnetic Material:
One kilogram of an ixen powder having an average
particle diameter of 1.8 pm and 1.5 kg of titanium oxide

particles having an average particle diameter of 0.2 um
were subjected three times to 5-minute dxry
mixing/pulverization using a mechanofusion apparatus
manufactured by Hosckawa Micron Coxp. The formation of a
£film was ascertained. Thus, a titanium oxide-coated iron
powder L, having improved lightness was obtained.
() With 212 mlL of buffer scolution 3 prepared beforehand
was mixed 212 ml, of pure water also prepared beforehand.
Thereto was added 15 g of L,. After this mixture was
sufficiently mixed, 134 mL of a water glass solution having
an SiO, content of 10 wt% was gradually added dropwise to

the mixture with stirring over 3 hours. Thereafter,

reaction was continued for 1 hour. After the reaction,
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solid/liquid separation was conducted by decantation, and
the powder was dried with a vacuum dryer for 8 hours and
then heat-treated with a rotary tubular oven in a nitrogen
atmosphere at 500°C for 30 minutes to cbtain a
silica/titania-coated iron powder L,.

Furthermore, 4 g of the silica/titania~coated iron
powder L, was sufficiently dispersed into 446 mL of buffer
solution 4. Thereafter, 35 mL of aquecus titanyl sulfate
solution having a TiO, content of 15 wt% was added dropwise
thereto over 4 hours. After completion of the dropwise

addition, the reaction mixture was reacted for further 1

" hour to eliminate the unreacted reactant. After the

reaction, solid/liquid separation was conducted by
decantation, and the powder was dried with a vacuum dryer
for 8 hours and then heat-~treated with a rotary tubular
oven in a nitrogen atmosphere at 500°C for 30 minutes to
obtain a silica/titania-coated iron powder IL,.

The L' of this powder L, im the L’,a’,b’ standard color
system was 81 as shown in Table 2. Furthermore, this
powder had magnetizations of 32.1 emu/g and 95 emu/g in

magnetic fields of 1 kOe and 10 kOe, respectively.
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EXAMPLE 12

White Powder Employing Flaky Conductive Material; Three-

layer Coating by Hydrolysis of Metal Alkoxide:

Coloring by First Layer Coating:

Fifteen grams of a coated flaky aluminum powder having

an average particle diameter of 12 pm (L'=80) was

sufficiently dispersed in 160 g of ethancl. Thereafter,

7.0 g of titanium isopropoxide was added thereto and this
C) mixture was sufficiently mixed. A solution prepared
beforehand bf mixing 12.0 g of water with 160 g of ethanol
was then added dropwise thereto and the resultant mixture
was reacted for 5 hours. After the reaction, solid/liquid
separation was conducted by decantation, and the powder was
dried with a vacuum dryer for 8 hours and then heat-treated
with a rotary tubular oven in a nitrogen atmosphere at
500°C for 30 minutes to obtain a titania-coated flaky
aluminum powder ;.

The L° of this powder in the L',a’,b’ standard color

system was 90 as shown in Table 2.

Second Layer Coating:
Fifteen grams of the titania-coated flaky aluminum
powder M, was sufficiently dispersed into 160 g of

ethanol. Thereafter, 11.7 g of silicon ethoxide was mixed
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hours with stirring at ordinary temperature. After the
reaction, seclid/liquid separation was coaducted by
decantation, and the powder was dried with a vacuum dryer
for 8 hours and then heat-treated with a rotary tubular
oven in a nitrogen atmosphere at 500°C for 30 minutes to

obtain a silica/titania-coated flaky aluminum powder M.

Coating with Colered Film as Third Layer:

Fifteen grams of the silica/titania-coated flaky
aluminum powder M, was sufficiently dispersed into 160 g of
ethanol. Thereafter, 9.2 g of titanium isopropoxide was
added thereto and this mixture was sufficiently mixed.
Furthermore, a solution prepared beforehand by mixing 15.6
g of water with 60 g of ethanol was added dropwise thereto
and the resultant mixture was reacted for 5 hours. After
the reaction, solid/liquid separation was conducted by
decantation, and the powder was dried with a vacuum dryer
for 8 hours and then heat-treated with a rotary tubular
oven in a nitrogen atmosphere at 500°C for 30 minutes to
obtain a silica/titania-coated flaky aluminum powder M,.

The L' of this powder M; in the L",a’,b’' standard colox

system was 101 as shown in Table 2.
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Table 2 Found values for each sample in L',a‘,b’

standard color system

Example Sample L a* b*
9 J, 67 0.9 1.5
10 K, 77 0.8 1.2
11 L, 81 0.7 1.8
12 M, 90 -0.2 1.3
12 M, 101 -0.2 1.4

O

N
N—

The powders obtained in Examples 9 to 12 given above
each had a high value of L' in the standard color system

and had a high whiteness.

Industrial Applicability

As described above, according to the white powder of
the invention and the processes for producing the same, one
or more coating films are formed on the surface of base
particles and at least one of the coating films is a layer
comprising crystallized fine particles and an aggregate of
crystallized fine particles which has voids among the
crystallized fine particles. Due to this constitution, the
coating film has a large difference in refractive index
between the surface of the crystallized particles and the
voids to thereby cause the scattering reflection of light

and enhance a reflective effect. It has thus becone
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Furthermore, in forming a f£ilm constituted of
crystallized ultrafine particles, use can be made of a
method in which existing particles are incorporated into
the film, besides the method in which ultrafine particles
scatteringly reflecting visible light are formed in a
liquid by requlating the rate of solid-phase deposition.
(j) Thus, a white powder having higher lightness can be yielded
because the crystallized ultrafine particles contained in
the film formed by the former method tend te have a
relatively large particle diameter and, hence, cause a
higher degree of scattering reflectiomn.
Besides having these excellent functions, the white
powder can take advantage of a magnetic material,

conductive material, or dielectric as the base tc thereby

respond to an external factor such as an electrie field or

o
l\ /

magnetic field. The white powder can hence have an
additional function of mobility, rotation, movement, heat
' generation, etc. For example, when a magnetic material is
used as the base, the white powder is applicable as a

pigment for color magnetic toners oxr color magnetic inks.
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coating £film comprising a crystallized-particle aggregate
which is capable of imparting a white color based on the
scattering reflection of light and which comprises
czys?allized particles and has voids among the crystallized

O

particles.

2. A white powder characterized in that it comprises base
particles having on the surface thereof at least one
coating film comprising a crystallized-particle aggregate
which comprises crystallized particles and has voids among
the crystallized particles, and that a white color is
imparted thereto based on the scattering reflection of
light occurring between the surface of the crystallized

particles and the voids.
3. The white powder of claim 1 or 2, characterized in that

the crystallized particles are ones irregular in particle

diameter.
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7. The white powder of claim 5, characterized in that the
coating film comprising particles capable of filling up the
voids present in said surface is a silica f£ilm or a titania

film.

8. The white powder of claim 1 or 2, characterized in that
the coating film is one formed by forming solid-phase

particles in an aquecus solution to coat the base particles
with the solid-phase particles and then burning the coated

base particles.

9. The white powder of claim 8, characterized in that

before the burning is conducted, the coating layer is
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occurring between the surface of the crystallized particles

and the voids.

13. The process of claim 11 or 12, characterized in that
the crystallized particles are ones irregular in particle

diameter.

14. The process of claim 11 or 12, characterized in that

O

the coating film is a multilayered film.

15. The process of claim 1l or 12, characterized by
coating the surface of the coating layer with a coating
film comprising particles capable of filling up the voids

present in said surfacae.

16. The process of claim 1l or 12, characterized in that

) the coating film is a high-refractive-index f£ilm.

17. The process of claim 15, characterized in that the
coating film comprising particles capable of filling up the
voids present in said surface is a silica film or a titania

film.
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18. The process of zlaim 11 or 12, characterized by
forming solid-phase particles in an aqueous solution to
coat the base particles with the solid-phase particles and
then burning the coated base particles to thereby form the

coating £ilm.

19. The pxrocess of claim 18, characterized in that before
the burning is conducted, the coating film is coated with
particles capable of constituting a £ilm which fills up the

voids present in the surface of the coating film,

20. The process of claim 11 or 12, characterized in that
the coating laver is one formed by adhering crystallized
particles to the surface of a base powder in a liquid

containing the crystallized parxrticles and the base powder

dispersed therein.
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