DESCRI PTI ON ©  ADDI TI VE Pl GVENT POWDERS TECHNI CAL FI ELD The

pr esent
pr esent

invention relates to a pignent powder. More particularly, the
invention relates to a pignment powder having thereon a

mul tilayered filmwhich is. usable as a retroreflective pignment, a weather
resistant pignent, or the like for use as a raw naterial for a nagnetic
color toner, a magnetic color inks, or the |ike. BACKGROUND ART

The conventional pigments for use in-printing -inks or copying colorants
and the conventional dyes for use in dyeing each is a subtractive col orant
and assunes a dark col or upon col DESCREPIONO additive pignent has been
proposed so far. An additive pignent is a pignent which functions as a

false |ight source upon irradiation

col or m xi ng. In the additive process, the three primary colors

R (red),

AORETEVE, PAEMENTPOWPERS used as bases, and colors are

produced by using various mxing ratios anong these."

TECHNICAL FIELD

The present invention relates to a pigment powder.
More particularly, the'present invention relates to a
pigment powder having thereon a multilayefed-film which
is usable as a retroreflective. pigment, a wegther
resistant pigment, or the like for use as a raw material
for a nﬁgnetic color toner, a magnetic color inks, or

the like.

BACKGROUND ART

The conventional pigments for use in printing
inks or copying colofants and the conventional dyes for
use in dyeing each is a subtractive colorant and assumes
a dark color upon color mixing. No additive pigment has
been proposed so far. An additive pigment is a pigmeht
which functions as a false light source upon irradiation
with light and gives white light upon color mixing.

In the additive process, the three primary colors
of R (red), G (green), and B (blue) are used as bases,
and colors are produced by using various mixing ratios

among these.

with light and gives white |ight upon

of



It is known tthat m xing these three primary colors gives white |ight.

The tel evision tube, which is a representative of additive-process

appar atuses, perforns col or displays based on the sanme col or m xi ng.
However, additive pignments capabl e of devel oping colors based on such
conbi nations -of the three primary colors have not been realized.

| deal white light has a spectral distribution in which the intensity has
t he sane hei ght throughout the -wavel ength range of 380 nmto 780 nm

nanely, it has a distribution of, so to speak, a box shape. Nat ur al
light is considerabty f£koskniown\hitlzati ghtixding ngtlebex- thyespe primary
di stribution. On the other hand, ideal red. light is a light

havi ng a beslshrapeyispest whiltei slixghvtiti on in the wavel ength range of 580 nm
to 680 nm ideal green light 1is a light having a box-shape spectral
distribution in tThewbedlesrigionatybenf wigbchmiiso Hepresentatisee of
violet light is a light having a box-shape spectral distribution in the
wavel engt hadditdorerfprecess t apFsFatisefone PEXERTrRsyafPyoto FifRIRY S

dye having any of the above-described _box-shape di stributions has

been obt PAEELET Fhe SRS GRIRF yMIXiRG artificial |ights which have

passed  through Hév!wlegrgrrs,' addikive ngigments capable of develofn%ﬁg

colors based on such combinations of the three primary
colors have not been realized.

Ideal white light has a spectral distribution in
which the intensity has the same height throughout the
wavelength range of 380 nm to 780 nm, namely, it has a
distribution of, so to speak, a box shape. Natural
light is considerably close to white light having a box-
shape distribution.

On the other hahd, ideal red. light is a 1light
having a box-shape spectral distribution in the
wavelength range of 580 nm to 680 nm; ideal green light
is a light Having a box-shape spectral distribution in
the wavelength range of 480 nm to 580 nm; and ideal
violet 1light is a ligh't having a box-shape spectral
distribution in the wavelength range of 380 nm to 480 nm.
However, virtually no pigment or dye having any of the
above-described box-shape distributions has been
obtained so far. Consequently, the artificial 1lights

which have passed through filters comprising



conventional ‘colorants have bel | -shape spectral distributions, in
whi ch bottom parts of the spectral curves for the three prinmary colors
overlap with each other and which have peaks. This applies to spectra of
the three primary colors in prints, photographic positives, and

phot ographi ¢ negatives (see Fig. 4). Superposing red |light on green
light gives vyellow superposing green |ight on violet |light gives cyan

| ight; and superposing violet light on red light gives magenta |ight.

The present inventors previously investigated a nethod for form ng a dense
cont i nuous gerivéntibaal i | Ncoldddittsur f aesref ahHElIleshhpedi SpgpeictEdhe
powder into a solution of a netal al koxide and hydrolyzing the netal

al koxi de | diserpbasders of irewhdwter bottsmngpakts bEchtheuespebtral
present inventors devel oped the following and other nethods: a nethod for
form ng a muixtvésydiox thet athereedeprimany foloms overslapascdtd =amhwder
made -of a netal or netal oxide; a nethod for obtaining a powder coated

wi th a nul athger andrsrhichxihawe i paakser Bxispeppliesote mpectrai of
filmhaving a thickness of A 0.01 to 0.2 [err]Jmon the surface of a powder
made of a al thrafet aPXIRARY an®IkP¥fer Ivr nibRinERr coPhotegraphigi| m
having a thickness of 0.01 to 0.2 [err]m (JP-A- 6-238604%; and a net hod
for Obtainﬁﬂf%pﬁgﬁaerqﬁgugkptographlc negatives (see Fig. 4).

wth a metal film %I&%earpng;ghgomrdeed-f ! !Lr:lr.]g?yt deg%SI tg'a:IJ eg light gives

yellow; superposing green 1ight on violet iight gives
"cyan light; and superposing violet light on red light
gives magental light.

The present inventors previously investigated a
method for forming a dense continuous metal oxide film
on the surface of a powder by dispersing the powder into
a solution of a metal alkoxide and hydrolyzing the metal
alkoxide in the presence of the powder. Using this
technique, the present inventors deveioped the following
and other methods: a method for forming a multilayered
metal oxide coating. £film on the surface of a powder made
of a metal or metal oxide; a method for obtaining a
powder coated with a multilayered metal oxide film, for
example, by forming a silica film having a thickness of
0.01 to 0.2 pm on the surface.of a powder made of a
metal or metal oxide and further forming théreon a
titania film having a thickness of 0.01 to 0.2 um (JP-A-

6-238604); and a method for obtaining a powder coated



netal filmalternately wwith a nmetal oxide filmon the surface of a powder,
specifically, for exanple, by formng a coating filmof silver netal
having a thickness of 0.01 to 0.02 [err]mon the surface of a powder and
formng thereon a titania filmhaving a thickness of 0.04 to 0.6 [err]m
(JP-A-7-90310). In formng either netal oxide filnms or at |east

one netal filmand at | east one netal oxide filmon a powder by any of the
techni ques described in the aforenentioned patent gazettes, a powder
having a peak at a specific wavelength, i.e., at the wavelength
determ ned withha Mokt £ollnd hd cirmetiale dxdlds €fhilm by depositing a

hi gh-refractive-index coating filmand the thickness thereof, could be

obt ai ned bymétali nfiilmi @bberngtillynswidhf far megtdl omosiabd fillen on the -
refractive index, for exanple, by superposing a high-refractive-index
film altersarEagen tdf a & ovpoewfleast i \apeatficallly, for exampie cashyof
t he nmet hod descri bed above, it is thought that when the difference in
refractive foumingetdeesortdng ghfidm acefvesidnsrfi matadd thaviag a
refractive-index filmis Vefrﬁ%l‘-pl arge, then a pignent having a_hi

ref | ect ancetR3CkBESiTRE b -§dpdsP t PnfZ HER PBWThS r SREERES rﬂi@gla‘?%‘m‘éﬁnrt he
T and egming heReR B | CLERpOe ALIB BEVIAS A ORGP
hei ght eni ngoitgs g___%f Iogcé %e'(JP\-[ r_t.p_aédé(lopgwever , the

In forming either metal_okide films or at least
one metal film and at least one metal oxide film on a
powder by any of the techniques described in the
aforementioned patent gazettes, a powder having a peak
at a specific wavelength, i.e., at .the wavelength
defermined.by the product of the refractive index of a
high—refractive-index coating filﬁ and the thickness
thereof, could be obtained by forming neighboring films
differing from each other in refractive index, for
example, by superposing a high-refractive-index £film
alternately with a low-refractive-index film.

In the case of the method described abové,_it is
thought that when the difference in refractive index
between the high-refractive-index film and the low-
refractive-index film is very large, then a pigment
having a high reflectance is obtained by depositing the

low-refractive-index film on <the high-refractive-index

film. .A pigment having properties close to those of



pi gment thus obtai ned had a spectral distribution which was not of a box
shape. Especially in the case of a black base powder, it is
difficult to obtain a reflected |ight having a box- shape spectral
distribution by the coating nethod in which a high-refractive-index
coating filmand a low refractive-index coating film are deposited
alternately, although a nonochromatic reflected |ight having a reflection
waveformwi th a narrow peak is obtainable. - For t ransparent.
bases, a technique of retroreflectively coloring a powder has been
used in viddhtivie ghigmendiseci$i expematiedigtbs bes paotietdd PgsFudttiergh
and a light having wavel engths outside that transm ssion wavel ength range
i s refl ecthRighbmding ithetmeflectances, a Wioxtuadjdy,sphoweater, the
distribution is  difficult to obtain because heightening the reflectance
of the poRfegmeRtJthugspbtained hachrali spegtral odisdiridiuthenpmisiarh
IFnvention is to praqvide an additive pignent having a box-shape spectral
di stri but i RREoCFer® PPEED@PYhe present invention is to provide

additive pignent whi ch. .respectively have a hjigh reflectance in regions
corresponding to %ﬁ??‘ﬁ?‘@%lﬁfr i’ﬁhr?h%of:\ér"‘? d?fl?ghga%lfdbae%ﬁ:ﬁ’ﬂ‘age&'r it

D oroe SPSER R 8 » cpeREP B Chablre A e
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which a high-refractive-index lcoating_ film and a low-
refractive-index coating film are deposited alternately,
although a monochromatic reflected 1light having a
reflection waveform with a narrow peak is obtainable.

. For transpareni; bases, a technique @ of
retroreflectively coloring a powder has been used in
which a iight of specific wavelengths is caused to paés
through and a 1light having wavelengths outside that
transmission wavelength range is reflected. However, in
this case also, a box-shape spectral distribution is
difficult to obtain because heightening the reflectance
of the powder is not easy.

Accordingly, an object of the present invention
is to provide an additive pigment having a box-shape
spectral distribution. Another object of the present
invention is to provide additive pigments which

respectively have a high reflectance in regions .



light (red, green, and blue), wherein when the pignment powders of the
three colors are m xed together, each pignment powder is subjected to
addi tive col or m xi ng. (2) The additive pignent powder according to
the above (1), wherein the pignent particles having the three primary
color of light reflect a visible light only in a wavel ength range
corresponding to the color selectively and intensively, and a desired
bright intermediate color can be devel oped by m xi ng these pignent
particles having the three primary colors in an appropriate proportion.
(3) An addi¢oreeppomriingowderthavithyrdd uprdimany aalwrsheft hilighpriarmdy
colors of light, which has a peak having a |ight reflectance of 80% or

hi gher i n aeashebasala leoxtshgpe speetval3distributidonnm and has a |
reflection range having a light reflectance of 80%or higher in 30 to 50
nm at the both si déheset hohjektswaes] enget. present invention are

- 6- 4) An addltive i gnent powder having green_ col or
anong t he t#¥Feempdi the| fmtlowingn pigmeat)carwAersgof Ithat
refl ectance of 80% qr her in a spectral wavel ength range of 500 nmto

575 nm an®P¥asenrt ﬁgﬁﬁﬂﬁ+ﬁﬁ range having a light reflectance of 80% or

hi gher in 30 to 50 tadﬁgf'g si des, of tP ;Bﬁﬁiar“@%F'%P é;%. three

(5) An additive pig % habYRg SR mp g
pigments respectively having the three primary colors of
light (red, green, and blue), wherein when the pigment
powders of the three colors are mixed together, each
pigment powder is subjected to additive color mixing.

(2) The additive pigment powder according to the
above (1), wherein the pigment particles having the
three primary color of 1light reflect a wvisible light
only in a wavelength ranée corresponding to the color
selectively and intensively, and a desired bright
intermediate color can be developed by mixing these
pigment particles having.the three primary colors in an
appropriate proportion.

(3) An.additive pigment powder having blue colox
among the three primary colors of 1light, which has a
peak having a light reflectance of 80% or higher in a
spectral wavelength range of 380 nm to 500 nm, and has a
reflection range havihg a light reflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak

wavelength.



anong the thr'ee primary colors of light, which has a peak having a |ight
refl ectance of 80% or higher in the spectral wavel ength range of 575 nmto
750 nm and has a reflection range having a light reflectance of 80% or
higher in 30 to 50 nmat the both sides of the peak wavel ength.

(6) The additive pignent powder according to any one of the above (1) to
(5), wherein the pignment powder conprises a base particle having thereon a
mul tilayered film and any adjacent filns of t-he nmultilayered film and
the base particle differ fromeach other in material and in refractive

I ndex to nake the ¢tgneAh padditivehapdgmert orpdwdeiro ihaeihgr egoreari
waves reflected or transmtted by between the filnms of the nultilayered
film coloFhamuingebhepbhies pfindvypcsslons i afediight , debiéchbdasibove
are produced by the follow'ng processes. . -7-
(7) A procespetdr havotmgi ag kightt refilectanced ohiffknerpdiaghenrhish a
constitute any of the pignent powders described above, conprising coating
t he surfactpestralpyavelbenglhe sange pPhr 200 i k9 Pdpemim, sand i%g a
metal compound to form at | east gne of the | ural.. coating | ayer

(8) A pr&%@%eFGF-%‘roHGE’i%‘g aFF&PﬁI%ye’ri%gt é'_iFpr?ﬁﬁéRF 0 ersoﬁhi%
Cont i ng 1 AERFFacn o 2 Y6acR0,dPE] A BhE, hPbRal SL08P: 1RE| B Bt

wavelength. ' ‘-

(5) An additive pigment powder having red color
among the three primary colors of light, which has a
peak having a light reflectance of 80% or higher in the
spectral wavelength range of 575 nm to 750 nm, and has a
reflection range having a light reflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak
wavelength. |

(6) The additive pigment powder according to any
one of the above (1) to (5), wherein the pigment powder
comprises a base particle having thereon a multilayered
film, and any adjacent films of the multilayered film
and the base particle.differ from each other in material
and in refractive index to make the pigment particle
have a color due to interference of waves reflected or
transmitted by between the films of the multilayered
film.

The pigment powders of the present invention

described above are produced by the following processes.



coating a metal to format |east one of the plural coating |ayers.

As the base particles of the additive pignent powders of the present

i nvention, use can be nade of a black base, a white base, or a transparent
.base. However, it is preferred to use a black base as base particles from
t he standpoi nt of obtaining an additive pignment having a bright color
attributable to reflected light. |In the case of using a white base as
base particles, it is preferred to enploy such a coating film

constitution that the spectral - conponents other than a coloring spectrum
are absorbed by t ) coat ipxpéebs tfort peochicingse tmhel thdayexd-eembedent s

other than the absorbed ones to be reflected by the cores.

- 8- pigment powdefor whdadi greomstitudeat iany fOfm tb@nstl?ltm¢@h
necessary for producing a pigment powder of the present invention

i nsuf f i ci pawderssdesnribed cabPysal |9omrammn@t feating tbﬁmw%aﬁ ng
l.ayers on a powder (base particles) e., the nethods described in
JP-A-6- 983684 base particbesiwith l\/BléFSP' fo‘F‘Pﬁ‘ﬁbnga ilﬂYgﬁFsr and
refractive-index filmalternatel th a lowrefractive-_ index
unnecessa??at&ﬁ’@lF |‘%e?|§£ X’t‘ﬁ‘d r EQuIZREM: 1AL ¢ A% s O%%hd° % &éﬁtlve
I ndex of e coat i gm and to design a coating filmconstitution

as to hav@fﬁrﬁax% ngp 8¥ S distribution in a

(8) A process for producing a multilayer-coated
pigment powder which constitute any of the pigment
'powders described above, comprising coating the surface
of a base particle with plural coating layers, and
coating a metal to form at least one of the plural
coating layers.

As the base particles of the additive pigment
powdérs of the present invention, use can be ﬁade of a
.black baée, a white base, or a transparent base.
However, it is preferred to use a black base as base
particles from the standpoint of obtaining an additive
pigﬁent having a brigﬁt color attributable to reflected
light. In the case of using a white base as base
partiéles, it is preferred to employ such a coating film
constitution that the spectral- components other than a
coloring spectrum are absorbed by the coating film to
thereby cause the spectral components- other than the

absorbed ones to be reflected by the cores.



speci fic wavel ength range by conmbining coating filnms each regulated in

t hi ckness and refractive i ndex. The range of coating film
refractive indexes required for the above design is wide, and the range
of the refractive indexes of prior art netal filns and netal oxide filns
Is insufficient for the design. This is because there are differences of
at least 0.2 between the refractive indexes of the prior art netal filns
and netal oxide filnms and the refractive indexes of coating filns-
necessary for produci ng- "additive pignents which realize col ors
respectively havolg ddmigniage 4distcobattingns @idma spaestiatution
wavel ength range of 380 nm to 780 nm and this difference cannot be
conpensat eshdessaby fidre predulciriggpna piigmanti powder nofi Hihskrpresent

-9- Formation of coating filnms for the above purpose w_l | be
expl ai ned ilmatentiaongdetidi | is insufficjent stowuse sthei eenventicppldie
exanple of an additive pigment according to the present invention.

Nuner al 1 kiwwn esmethedgerf@ur tferwingr vFagtans @rs n@fer & PoWdRHt es a
coating filmhaving a refractive index of n[err]. (firs d. thipd_| gyers);
and numer dbase qeastdeleoat £rg - PRGOS é??%‘c???‘%’?a]ri’déx f'Aﬁ%-

(econ o oy Shipcri-anaadly PR BoeRh ol &r ShEdh-

powders: ngfggLQQEEE&%2§“¥iE%YQ%%é%ggtgi§m§f%@“2 low-refractive-
index film is unnecessary, and it is -neqessary to
regulate the thickness and ﬁefractive index of each
coating film and to design a coating film constitution
so as to have a box-shape spectral distribution in a
specific wavelength range by combining coating films
each regulated in thickness and refractive index.

The range- of coating film refractive indexes
required for the above design is wide, and the range of
the refractive indexgs of prior art metal films and
metal oxide films is insufficient for the design. This
is because there are differences of at least 0.2 between
the refractive indexes of the prior art metal films and
metal oxide films and the refractive indexes of coating
films necessary for producing- additive pigments which
realize colors respectively having box-shape
distributions over a spectral wavelength range of 380 nm
to 780 nm, and this difference cannot be gompensated for

by the regulation of coating film thicknesses.



the three primary colors of light, which has a peak having a |ight

refl ectance of 80% or higher in the spectral wavel ength range of 380 nmto
500 nm and has a reflection range having a |ight reflectance of 80% or

hi gher in 30 to 50 nmat the both sides of the peak wavelength; (ii) a

pi gment powder having green color anong the three primary colors of |ight,
whi ch has a peak having a |ight reflectance of 80% or higher in the
spectral wavel ength range of 500 nmto 575 nm and has a reflection range
having a light reflectance of 80%or higher in 30 to 50 nmat the both

sides of tiropRakionaed argibingn®€iims ) forpithie ibooadpurdpyssowiad & or
anong the three primary colors of light, which has a
- 10 - explainegedlattewiim deltiagllt. ref | ect ance of 80% or higher in the
spectral wavel ength range of 575 nmto 750 nm and has a reflection range
havi ng a |ight ref [Fdg.ante sifowg9%aorsedtipprli wiewt @H0one sxampleotdf
si.des of the peak wavel ength. A powder conposed of these pignent powders
i s a pi gmemn oadda tiveecpiguepthragrording: to| &he presentsipvention .t he
case of a pignent_powder of a blue color, for, exanple, it is difficult to
obtain a 3luRgxapi M“ﬁ&ﬁsngaaﬁm%spﬁf%ﬁ% PEIFAdMT yaF gh core;
t hr oughout t hat mavE%en th range. In such a:ﬁﬁie, the  desired E;gnent
powder _rrayrﬂ’é“%?%li d< _‘b‘f’%ﬁuﬁ _rlcf‘ﬁ('b"ngr B RIVLRGs B & SEIV& ors
and M Xing S hese o PSS TiEakiot Whd Muihoye FEPDRY) 2 Bhi® RLATLL
denotes a coating film having a refractive index of nz.
(second and fourth layers).

The pigment powder of the present invention is
preferably constituted of the following three pigment
powders: (i) a pigment powder having blue color among
the three primary colors of 1light, which has a peak
having a light reflectance of 80% or higher in the
spectral wavelength range of 400 nm to 500 nm, and has a
reflection range having a light reflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak
wavelength; (ii) a pigment powder having green color
among the three primary colors of light, which has a
peak having a light reflectance of 80% or higher in the
spectral wavelength range of 500 nm to 575 nm, and has a
reflection range having a light reflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak

wavelength; and (iii) a pigment powder having red color

among the three primary colors of light, which has a

| THIS SHEET HAS.
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for exanple, 'is constituted of blue pignents having three distributions
respectively having a peak ranging froma wavel ength of 380 nmto 420 nm
a peak ranging froma wavel ength of 420 nmto 450 nm and a peak ranging
froma wavel ength of 450 nmto 490 nm (see Fig. 3). In form ng two
or nore layers of a nmetal oxide filmand a nmetal filmon the -surface of
the powder, a special function can be inparted by regulating the

t hi ckness of each filmlayer. For exanple, in the case where coating filns
differing in refractive index are alternately deposited on the surface of
an obj ect pddle having a lightt irgflebtancd | eft 8% awsohlighent dint thieght
having a specific wavelength ([err]) when each coating layer s
regul at ed sygse¢tmalt wavelsagthorranige ref r 875 van i teleX50 nof, tamdcbasi @y

| ayer and the thickness d of the layer satisfies the follow ng equation .
(1). refXechiovat Faggei Imavingeca s ldghbsaaflesbangs nofe | OF (1)

" 1.s an odd nunber or an even nunber, respectivel Usi ng a powder

whi ch has higher g e30aytes 9 am nats| thi (}E"Fﬁl fidRsa okt #h9 | PRk as

to take advantage of the above function, a c§l orant is, provided i ch has
a speci fi ¥aealergthn o BOHARE FoRRPERShRH thefe Ph & i BPHAETS ght
regi on. 1) wherein m

is a natufdl Hhupbgpeng {%ﬁeg%gagc%%%hbragqts white; PR ckness: and
nferr] is the CO”@o%eree;faC:i:[rlv%he' case of a pigment powder of a
blue color, for example, it is difficult to obtain a
single pigment having an intensity which is evenly high
throughout that wavelength range.. In such a case, the
desired pigment powder may be obtained by p:f:oducing two
or more pigments of similar colors and mixing these.
Specifically, in the above method, a blue pigment powder,
for example, 1is constiﬁuted of blue pigments having
three distributions respectively having a peak ranging
from a wavelength of 380 nm to 420 nm, a peak ranging
from a wavelength of 420 nm to 450 nm, and a peak
ranging from a wavelength of 450 nm to 490 nm (see Fig.
3).
In forming two or more layers of a metal oxide
film and a metal film on the -surface of the powder, a
spécial function can be imparted by regulating the
thickness. of each film layer. For exémple, in the case

where coating films differing in refractive index are

alternately deposited on the surface of an object, the

- 11 -



i ndex of the<film which is represented by the follow ng equation (2):
nferr] = n + 1K (2) wherein nis the actual refractive index
of the film K 1is an extinction coefficient of the film andi is a
conpl ex nunber. The sequence of the deposition of coating filnms on
the surface of a powder is as follows. Wien the base particles have a high
refractive index, it is preferred : - 12 -

to deposit a layer having a low refractive index as the first |ayer, -

foll owed by one or nore layers in order of their increasing refractive

i ndex. MepinghEilms erefdddic| 62 absorb| dwdiriemtt Lighthdeayiny is
preferred to deposit a layer having a high refractive index, followed by
one or norspeeifie | wawealbsngtht hdi\) ddemaséagh rcoaduinge layeax. is In
the latter case, however, conditions for the reflection of incident
light at megpilatedr sotthascchmoprodustsudfi dhentrefrakdivien indesum .
The thickness of each of netal oxide and netal filnms to be deposited on

t he surfacxf othe poeating laperr Aanrdd the cthdeknesasd epfntthe *WAYET t he
change of the optical filmthickness, which is the product of the

refracti vesatisfigsotthenLeblewingd iqmatier ddd the 1ayer thickness d, is

det e 1 1ed a5 1 of bty On MaNloT L Ul U1y SRSCl SRV Okel Sh el e
equation (1) is an odd number "or an even number,
respectively.

Using a powder which has two or more layers of a
metal oxide film and a metal film so as to take
advantage of the above function, a colorant is provided
which has a specific reflection or absorption wavelength
width in the visible light region.

n,d = m\/4 (1)
wherein m is a natural number; A is a peak wavelength; d
is the film thickness; and n; is the complex refractive
index of the film, which is represented bj the following
equation (2):

n, = n + ik (2)
wherein n is the actual refractive index of the film; «
is an extinction coefficient of the film; and i is a
complex number.

The sequence of the deposition of coating films

on the surface of a powder is as follows. When the base

particles have a high refractive index, it is preferred

- 12 -



confornms to the finally required waveform preferably so as to forma

box- shape spectral distribution. A box-shape spectral distribution
can be forned by regulating the unit coating filnms constituting a
multilayered filmso as to respectively have reflection waveforns in
different positions as showmn in Fig. 3. However, in the case of an actual
powder, a design - 13 - shoul d be
made whil e taking account of the particle dianster and shape of the
powder, the phase shifts occurring at coating fil mbase particle

i nterfaces #ddeposdt i 0layarlEvRA§S €l oReRelfiacOivéNdniddbast the
peak shift attributable to the wavel ength dependence of refractive index,
etc. For reirsentayerne fadlpwedibyspael rad morecslayenscdmusrder of
trichromatic separation filter is shown in Fig. 4. In the case of
a powder caipmird dhoypasingl reditdctive t imdexyht whWhenhastléer ublassn
each particle and has been reflected causes conplicated interference. The
resul tant ipaxkielescchaweciorhewamefractivehcindes, st ofsplprefpiraed
when the nunber of coating films is small. However, as the nunber of
coating fitihs depesitsed, La¥amt dFwingiceaw high t Fefmaetivger adedm
becones conpljcated. _In the case of such_nultilayer coating alLso

a.
spectral r&etPVed cH¥e M RF JRSFEned2¥R¥Sr ehBndoXsi®%d ©8n thedge

i nterferenc through a copputer sinulation so as to result .i.n an
deecreasggg re&acglve mJin ex. ’}n the atter case,

however, qonditions for the reflection of incident light
at each layer. interface should be sufficiently taken in
account.

The thickness of each of metal oxide and metal
films to be deposited on the surface of a 'p'owder ‘is
controlled based on a measurement in which the change of
the optical film thicknesé, which is the product of the
refractive index n of the coating film layer and the
layer thickness d, is determined as reflection waveform .
with a spectrophotometer or the like. The thickness of
each 'layer is designed so that the reflection waveform
conforms to the finally required waveform, preferably so
as to form a box-shape spectral distribution.

A box-shape spectral distribution can be formed
by regulating the unit coating films constituting a
multilayered film so as to respectively have reflection
waveforms in different positions aé shown in Fig. 3.

However, in the case of an actual powder, a design
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optimal film'hickness constitution. As descri bed above, the-peak
position for each of the unit coating filnms constituting a nmultilayered
film can be regulated by changing the thickness of the coating film The
t hi ckness of each coating filmcan be regulated by regulating the
concentration of a starting

material or reaction conditions during coating film formation. Thus,
the thickness of each layer is designed so as to form a box-shape
spectral distribution. ' In the present invention, not only a powder

made of ashouldgabec maHet awhdlait tallsing poedeuntndefof the pagdiicle
subst ance can be used as the powder serving as the cores of the

above- desciidmee tex t ialnal erstape edof potiler powdeihe hesephasienvashtifis
Exanples of the inorganic substance constituting the inorganic powder of
t he presemcenygingnatnsteattingt filmibeaiseasparticlei dndlerfacesi @and
titanium alum num and the |ike; netal alloys, such as iron-nickel,

i r on- cobaleceurEing ahd Jmiéexfkée& eatweere| the| soatingddilmad ithe-
ni ckel - cobal t aIon nitrides. nples of the netal oxides include _ -
oxi des ofPedkoshif} cﬁEFrleM%mt° t?b%nwe]ﬁ%Fhuﬂe%ﬁHdﬁppﬁccﬁf
oxi des of calcium, g Sium %nd ba 8% osite oxides t er%§%
clays; andFgfEastive index,n,gtg. °d°01 E ?’iﬁn Fe AL eM* it i

to pr Oducsepeacgra ercrt]xa\\r“egg OrPgar.]ethOc!;nnPe E.I %flcsllij oma%:.c separat:.on

filter is shown in Fig. 4.

i's

In the case of a powder composed of spherical
particles, thé light which has struck on each particle
and has been refiec’ted causes complicated interference.
The resultant interference waveforms are almost the same
as on plane plates when the number of coating films is
small. However, as the nuﬁber of coating films
increases, the interference within the multilayered film
becomes complicated. In the case of such multilayer
coating also, a spectral reflection curve can be
designed beforehand based on Fresnel interference
through a computer simulation so as to zresult in an
optimal film thickness constitution.

As described above, the-peak position for each of
the unit coating films constituting a multilayered film
can be regulated by changing the thickness of the
coating film. The thickness of each coating film can be

regulated by regulating the concentration of a starting

- 14 -



those for use in magnetic color toners and nagnetic color inks. In this
case, a ferromagnetic material is preferably used as a powder serving as
the cores of a multilayer-coated powder of the present invention.

Al t hough the ferromagnetic material may be a netal havi ng a
hi gh magnetic pernmeability, such as iron, nickel, chromum titanium
alum num and the like, use can also be nmde of ferromagnetic oxides
and ferromagnetic alloys, such as ferrite, y-iron oxide; and the |ike.

In the present invention, a powder nade of an organic substance of the
present i nmaitesiadandxr useactienst atcoriibbons dbrdmy escoatling orfjdlmc
substance constituting the organic powder of the present invention

i ncl ude natEpmhagidnsynt héfhespol bhe | cthichknesss. ofxamalals olayke is
synthetic polyneric conpounds include polystyrene, polyetgxlenez .

pol ypr opy| cirsigopdadoiag tesferm pdr9ucshape spreetrals dighribpbipmer s
of- any of the nonaoners constituting these polyners with other _nononer(s).

Exanpl es of the natift aFhBoRrATSRE IMYEReAOn; nBOtLRLY ! @h Pewdessdade
cel I ul ose, d gelatin. A.so usable beside _ these ar senj synthetic
polymeric ThrpBuitROTaRRiS SHRsbRnC hPbcalaRl AyMANIRT R LPE, AR ..
Powder s of those.or%ﬂgﬁgol nmeric conmpounds ma¥ be con@osed of particles
of irregul a?rr%ﬂﬁb'é’s. DEF %a!bo eri¥s ptaeﬁe Pgd RYYCRTi $oMmBIe £ D1

spheri cal el i %loq:ses f %g”g?t%eby abc;\pg—d?ggﬂgggd Onm&@iﬁ%%égsziggﬁ%%

seed pol ynerization mneth y the " sol utiron dispersion ne
I ke. powder of the present invention. Examples of the

inorganic substance constituting the inorganic powder of
the present invention include metals, such as iron,
nickel, .chromium, titanium, aluminum, and the 1like;
metal alloys, such as iron?nickel, iron-cobalt alloys,
and the 1like; iron-nickel alloy nitrides; and iron-
nickel-cobalt alloy nitrides. Examples of the metal
oxides include oxides of iron, nickel, chromium,
titanium, aluminum, and silicon, oxides of calcium,
magnesium, and barium, and composite oxides thereof;
clays; and glasses.

One of the objects of the present invention is to
produce a powder having magnetic properties, such as
those for use in magnetic color toners and magnetic
color inks. In this case, a ferromagnetic material is
preferably used as a powder serving as the cores of a
multilayer-coated powder of the present invention.

Although the ferromagnetic material may be a metal
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- 16 - o Al t hough the particle diameter of the powder is
not particularly limted, it is preferably from0.01 [err]m to several
mllimeters, nore preferably fromO0.01 [errfmto 0.1 mm Exanpl es
of metal oxides which constitute coating filnms in the present invention

I ncl ude oxides of iron, nickel, chromum titanium zina, alum num
cadmum zirconium and silicon; and oxides of calcium magnesium and
barium Metal oxides suitable for the properties to be inparted to the
surface of a powder for producing a pignment of the present -invention are

sel ect ed. hahiiengt hackhdégh omesmedtiret apermekbilityi,s fsuch 0.48 tbrda,
[errfm In formng two or nore layers, a first netal oxide film is forned
on the surhickel, achoweiuner Hitmrsunor @d umdnum; hanshf the, lik=conde
coating filmis fornmed thereon by depositing a netal oxide filmin which
the netal cau de aksehe bane meder didf er frrrovagnedhic n tdwidesst and m
The second coating filmmy be a netal filmor may be a resin Iayer
accor di ng fenrampgnaticlle¥syosugh 28 £exfittanyYsibeBgRKkde ayapd

As al ready stated herei nabove, the range of the refractive indexes of the
metal fil nEhghdtHERal oxide filns which can be formed by the

conient onl 1 ko gpLads e e Jn P 2080e and 7 SO0
organic substance of the present invention can be used
as stated above. X Examples of the organic substance
constituting the organic powder of the present invention
include natural and synthetic polymeric compounds.
Examples of the synthetic polymeric compounds include
polystyrene, polyethylene, . polypropylene, polyacrylic
esters, polymethacrylic estérs, and copolymers of any of
the' monomers constituting these polymers with. other
monomer (s) . Examples of the natural polymeric compounds
include starch, agarose, cellulose, and Qelatin. Also
usable beside these are semisynthetic polymeric
compounds such as acetyl cellulose and hydroxyethyl
cellulose. Powders of those otganic polymeric compounds
may be composed of particles of irregular shapes.
However, a powder is preferred which is composed of
spherical particles formed by the suspension
'polymerization or seed polymerization method or by the

solution dispersion method, or the like.
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- 17 - ‘ differences of at least 0.2 between the refractive

I ndexes of the prior art netal filnms and netal oxide filns and the
refractive indexes of coating filns necessary for producing additive

pi gnents which realize colors respectively having box-shape distributions
over a spectral wavel ength range of from380 nmto 780 nm and this

di fference cannot be conpensated for by the regulation of coating film

t hi cknesses. Because of this, netal chal cogenides, such as netal sulfides,
metal tellurides, netal selenides, and the like, are used for

hi gh-refracti ve-i ni@thiough. thEorparti cder adiametierdeaf fiHerspowsier sisade
of phosphates or halides, especially fluorides. Al so usable are netal
carbm%uesnot'ﬁnxtlcumaniyslamleadwvwﬂenaﬂpmeﬁecahiﬁrﬁxomv@4qweuas
Among net hods usable in the present invention for depositing a netal oxide
f|In1m1thtqmﬁév@eaéfmx&##m9§¢FSoHEP%?ePﬁﬁf¢E§hbHsﬂ?ﬁ%ﬁgbgéiMW to
JP- A- 6- 228604 and JP-A-7-90310. These nethods conprise dispersing a
powder of Qaéenpm{ticles into a solution of a nmetal alkoxide (the sol vent

is nostly an organic solvent or an _organic so|vent/water .mxed sol ve né)
and addi ng eit her E¥gmples of wmakp) 84&ﬂ$ﬁe“9&ﬁQnEP%%FﬁFP&ﬁtQP?Fén

sol ution cagntaining the powder dispersed therein.o e net a
al koxi de tS"{lFP@r f ?n BTASSRof 18V Wi &é“i}ru‘?ﬁl \ééuéélﬁ h8E et EPRen

the surfacgi%fké[l’ chromium, titanium, zinc‘,18 aluminum, cadmium,

zirconium, and silicon; and oxides of calcium, magnesium,
and barium. Metal oxides suitable for the properties to
be imparted to the surface of a powder for producing a
pigment of the present invention are selected. The
thickness of each metal oxide film is from 0.03 to 20 um.
In forming two or more layers, a first metal oxide film
is formed on the surface of a powder serving as cores
and, thereafter, a second coating film is formed thereon
by depositing a metal oxide film in which the metal
oxide is the same as or different from that in the first
film. The second coating film may be a metal film or
may be a resin layer according to need. This applies to
the third and any subsequent layers.

As already stated hereinabove, the range of the
refractive indexes of the metal films and metal oxide
films which can be formed by the conventionally known
methods described in JP-A-6-238604 and JP-A-7-90310 is

insufficient for design. This is because there are
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powder. This nethod is called a sol-gel nethod, and is -effective in

form ng an oxide having a fine, honbgeneous, and dense conposition.

Anot her net hod usable in the present invention for depositing a netal
oxide filmon the surface of base particles conprises inmersing the base
particles in an aqueous solution of a netal salt and depositing a netal
hydroxi de filmor netal oxide filmon the base particles by neans of
neutralization or heating. This method brings about a wi der choice of
refractive index ranges than that obtained with the sol-gel nethod.
However, dlififerénceset lodd ddnatleastt h.2ur fetweént hdheasarefractives or
may cause the denaturation, care should be taken in formng a netal film
or metal oiinglexes maf the prior | aydr metal films tapd opeipdedopidecr
havi ng netal _coating_films or netal oxide coating filnms is dried and then
subj ect ed £&1msi gavdemidiant Fefragtiveat ipdexemereby coatdng:r £ddmsd
w-th stabler netal or mmetal oxide filns _.can be @bt ai ned.

DESCRI PTI OR&GeSHArpRARA@Rroducing ragditive Poments ugbﬁ-ggerﬂggaléé& i on
RIS e E RN AT I L L
) a spectral wavelength range of from 38d nm to 780 nm,
and this difference éahnot be compensated for by the
regulation of coating f£ilm thicknésses. Because of this,
metal chalcogenides, such as metal sulfides, metal
tellurides, metal selenides, and the like, are used fo_r
high-refractive-index .films. For low-refractive-index
films, use is made of phosphates or halides, especially
. fluorides. Also usable are metal carbonates. Thus,
there is an even wider choice of refractive indexes.
Among methods usable in the present invention for
depositing a metal oxide film on the surface of base
particles are the methods described in JP~A-6-228604 and
JP-A-7-90310. These methods comprise dispersing a
powder of base particles into a 'solution of a metal
alkoxide (the solvent is_mostly an organic solvent or an
organic solvent/water mixed solvent) and adding either
water or a weakly alkaline aqueous solution to the
solution containing the powder dispersed therein to
hydrolyze the metal alkoxide to thereby form a film of a

hydroxide or oxide of the metal on the surface of the
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pi gmrent powder particle; nuneral 2 denotes a coating filmhaving a
refractive index of n[err]; and nuneral 3 denotes a coating filmhaving a
refractive index of n[err]. Fig. 2 shows drawings illustrating

i deal spectral curves for retroreflective pignents according to the
present invention; R G and B are spectral curves for red, green, and
violet, respectively. Fig. 3 is a drawing show ng one exanpl e of
spectral curves of a violet pigment according te the present invention.
Fig. 4 is adraning showing one exanple of spectral curves of a
commer ci al powdBEQMRITHI S epethiddnisf idalldled a sol-del. method, dand ris
showi ng spectral curves of the pignents respectively obtained in Exanpl es
1to 3 accaffiective tive Poeménty ian cvxide. having aFfjne; hPROISRIOWS /
show ng spectral curves of ‘the pignments respectively obtained in Exanpl es

4 to 6 accndidgnise t¢wmpesisdon.nventi on. BEST MODES FOR CARRYI NG QUT
THE | NVENTI ON Exanpl es of processes for producing a nultil ayer-
coat ed powder conpAn¢ethes peebbpdhausableet &R okP8e P??Fﬁ?tonlf‘ﬁg%ﬁ'r‘?réce

wi || be explained bel ow. However, . - -
pfor depositing a metal oxide film on the surface o:E2 %ase

particles comprises immersing the base particles in an
aqueous solution of a metal salt ’énd depositing a metal
hydroxide film or metal oxide _f;i.lm on the base particles
by means of neutraliéation or heating. This method
brings about a wider choice of refractive index ranges
than that obtained with the sol-gel method. However,
since this method denatures the surface . of the base
particles or may cause the denaturation, care should be
taken in forming a metal film or metal oxide film as the
first layer.

The thus-obtained powder having metal coating
films or metal oxide coating films is dried and then
subjected to a ﬁigh-temperatu're heat treatment, whereby
a powder coated with stabler metal or metal oxide -films
can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view illustrating a section of one

exémple of a particle. of an additive pigment powder

according to the present invention; numeral 1 denotes a
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the present invention should not be construed as being linmted by the

fol |l ow ng Exanpl es. EXAMPLE 1 Primary color of light 1. blue: First
layer: Titania film Into 2,478 g of ethanol was dispersed 100 g of
a powder of spherical glass particles (average particle dianeter, 2
[err]m together with 37.5 g of titanium ethoxide. Wile the contents and
the vessel were held at 25[err]C, a solution prepared beforehand by m xing
37.5 g of deionized water with 118 g of ethanol- was added dropw se to the
above solution with stirring over 1 hour. Thereafter, the resultant

m xture wapigmemtedpédwders phartisile; numeraler2codehetiesn af &bating
reaction, the solid mtter was washed with a sufficient anmount of ethanol
wi t h decantfdtlm®n havkeg ot pgfractime oAndasafiem;;y andcunummeriadd &
180[err] C for 8 hours, and then heated with a rotary tubular oven at

500[ err] C Aanakesi auceating filmahaying uat refinagtiive odndexyloafs snpowder
B-was - obt ai ned. ) . . - 21 -

Fig. 2 shows drawings illustrating ideal spectral
curves for retroreflective pigments according to the
present invention; R, G, and B are spectral curves for
red, green, and violet, respectively.

Fig. 3 is a drawing showing one example of
spectral curves of a violet pigment according to the
present invention.

Fig. 4 4is a drawing showing one example of
spectral curves of a commercial trichromatic separation
filter.

Fig. 5 is a drawing showing s.pe'ctral curves of
the pigments respectively obtained in Examples 1 to 3
according to the present invention.

Fig. 6 is a drawing showing spectral curves of
the pigments respectively obtained in Examples 4 to 6

according to the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION
Examples of processes for producing a multilayer-
coated powder comprising a powder having metal oxide

films on the surface will be explained below. However,
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Second layer: "Silica film To 100 g of the titania-coated gl ass
powder B was added 793 g of ethanol to disperse the powder. Thereto were
added 30 g of silicon ethoxide, 36 g of amonia water (29%, and 40 g of
water. The resultant m xture was reacted for 6 hours with stirring. After
conpletion of the reaction, the solid matter was washed wth a sufficient
anount of ethanol with decantation, taken out by filtration, subsequently
vacuumdried at 180[err]C for 8 hours, and then heated with a rotary

tubul ar oven at 500[err]C for 30 m nutes. The titania filmcoating
and silicathd npeesenty ifeentimi showldwenetalber constrweaddas ddeing
repeatedly together with the heat treatnent while changing

condi t i ons ldmistexdwrbyn theblfsllowingd Exslinpbeshereby formeleven filns in
total conposed of six titania films and five silica filns. The
powder obtained had a reflection peak at 450 nmw th a refl ectance of 92%
and had a spectral curve shown in Fig. 5 B. The refractive index
and t hi cknEEAMBLEath | ayer which were deternined through conputer

cal cul ations .are shown in Table 1-3. - 22 -
Primary color of light 1: blue:

First layer: Titania film:
Into 2,478 g of ethanol was dispersed 100 g of a
"powder of spherical glass particles (avei:'age particle
diameter, 2 um) together with 37.5 g of titanium
ethoxide. While the contents and the vessel were held
at 25°C, a solution prepared beforehand by mixing 37.5 g
of deionized water with 118 g of ethanol was added
dropwise to the above solution with stirring over 1 hour.
Thereafter, the resultant mixture was reacted for 6
hours.
After completion of the reaction, the solid
- matter was washed with a sufficient amount of ethanol
with decantation, taken out by filtration, subsequently
vacuum-dried at 180°C for 8 hours, and then heated with -
a rotary tubular oven at 500°C for 30 minutes.
As a result,. titania-coated glass powder B was

obtained.
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Table 1-1 * Starting material conposition for blue powder (titania

| ayer) Dropped sol ution
Powder Et hanol TEOT : (9) (9) (q) Et hanol . (g)
Dei oni zed wat er 1st Layer 100 2478 37.5 118

37.5 3rd Layer 100 2478 38.5 118 38.5
5th Layer 100 2478 39.6 118 . 39.6 7th
Layer 100 2478 40. 6 118 - - 40.6 9t h Layer
100 2478 41. 7 118 41. 7 11t h Layer 100
2478 42 Second layg¥t Silica £ilm:42.7

Table 1-2 Starting material conposition for blue powder (silica

| ayer) To 100 g of the t:l.tanla—coated glasBr gppsdies oBuwasn
Powder Et hanol TEOT - = 3 (9) (9) Ammoni a wat er
Dei oni zed waded 793n¢@ Lafeethanabhoto dispegse thgopowder. Thereto

4Q0 4t h Layer 100 793 30 37 40

6th Layer weregdded 39939 of $dlicon ethpxide, 36 g of sammogir
Iigyéer 7;ro§%er (2§63 - and 4Q0g of wa3tger The resultg%t nllj(.);[:guligyer -

gg%grlﬂ was reac{_'?ﬁ‘ gﬁ apd refract:ﬁ L q_%_xrfrflgeac Ia er i n geglon

Refracti ve

|2 ngef 1st °Ifay¢5:e re?(??én’nl the st°f1§ mabERT Yas w_asgf.dz wg.)t; a32d1
n ayer ffd:‘:l.g’lgnt a?our}t éf eé:thhazﬁ:;i" wRNR' %rz’éa@ion, Ztaiké'lz ﬁut r

Layer Layer
74.6 }rl #P1tratibi h EﬁlS%requeniZ%y vacuum—di]:n.éﬁ éf:th@r for %1 8
2.1 Layer h Layer

hours, and then heated with a rotary tubular oven at
500°C for 30 minutes.

The titania film coating and silica film coating
described above were alternately conducted repeatedly
together with the heat treatment ﬁhile changing
conditions as shown in Tables 1-1 and 1-2 to thereby.
form eleven films in total composed of six titania films
and five silica films.

The powder obtained had a reflection peak at 450
nm with a reflectance of 92%, and had a spectral curve
shown in Fig. 5 B.

The refractive index and thickness of each layer
.which were determined through computer calculations are

shown in Table 1-3.
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- 23 - ’ EXAMPLE 2 Primary color of light 2: green: First

| ayer: Titania film Into 2,478 g of ethanol was dispersed 100 g of
a powder of spherical glass particles (average particle dianmeter, 2
[err]m) together with -45.8 g of titanium ethoxide. Wile the
contents and the vessel were held at 25[err]C, a solution prepared

bef orehand by m xing 45.8 g of deionized water wwth 118 g of ethanol was
added dropw se to the above solution with stirring over 1 hour.
Thereafter, the resultant mxture was reacted for 6 hours. After
conpl etion of the reaction, the solid ftter was washed with a sufficient
anount of et han@tarwinghnaderial abrpesitiak dordoltuebyordelrt (Eithoig lswequent | y

vacuum dri fd at 180[efr[C Tof 8 hours, and Jthen heaied W th Aarotary
t ubul ar oven at 500] ef rehtad0! BhafbiUt eS0T %Sg%e; esuﬂi,"

To the 11 pni a coat od| al ass fondar G e addei "T85 Fof [ sthano@to. |
di sperse t 1e1&0¥5g3%r Thefyat 0 [wek g;g addgd 30 g of ;g51 1 con| ethoxpge; 45.2|g
of ammoni aj wat er
3rd Layer 100 2478 38.5 118 38.5
5th Layer 100 2478 39.6 118 39.6
7th Layer 100 2478 | 40.6 118 40.6
9th Layer 100 2478 a1.7 | 118 41.7
11th Layer 100 2478 42.7 118 ' 42.7
Table 1-2
Starting material composition for blue powder (silica layer)
Droﬁped solution
Powder Ethanol TEOT
(9) - {g) (9) Ammonia water Deionized water
(g) (@)
2nd Layer 100 793 30 36 40
4th Layer 100 793 30 37 ' 40
6th Layer 100 793 30 38 40
8th Layer 100 793 30 39 40
10th Layer - 100 793 30 40 40
Table 1-3
Thickness and refractive index of each layer in blue powder
Thickness | Refractive Thickness-| Refractive
(nm) index {nm) index
1st Layer 50.1 2;1 7th Layer 52.2 2.1
2nd Layer 73.6 1.45 8th Layer 76.6 1.45
3rd Layer 51.0 2.1 9th Layer 52.9 2.1
4th Layer 74.6 1.45 10th Layer 77.6 1.45
S5th Layer 51.8 2.1 11th Layer 53.6 2.1
6th Layer 75.6 1.45
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- 24 - ‘ (29%, and 40 g of water. The resultant m xture was
reacted for 6 hours with stirring. After conpletion of the reaction, the
solid mitter was washed with a sufficient anmobunt of ethanol wth
decantation, taken out by filtration, subsequently vacuumdried at
180[err]C for 8 hours, and then heated with a rotary tubular oven at
500[err]C for 30 m nutes. The titania filmcoating and silica film
coating described above were alternately conducted repeatedly together
with the heat treatnment while changing conditions as shown in Tables 2-1
and 2-2 to thereby formeleven filnms in total conposed of six titania

filme and five silica fil ns. The powder obtained had a reflection
peak at SEXAMBLEi 2h a refl ectance of 92% and had a spectral curve shown
in Fig. 5 G The refractive index and thickness of each | ayer

whi ch wer EXIRR_FK fFed-athrofighigb¥p @ ergE@eByl ations are shown in Table

2- 3.
First layer: Titania film:

Into 2,478 g of ethanol was dispersed 100 g of a
powder of spherical glass particles (average particle
diaméter, 2 pm) together with 45.8 g of titanium
ethoxide. While the contents and the vessel were held
at 25°C, a solution prepared beforehand by mixing 45.8 g
of deionized water with 118 g of ethanol was added
dropwise to the above solution with stirrihg over 1 hour.
Thereafter, the resultant mixture was reacted for 6
hours.

After combletion of the reaction, the solid
matter was washed with a sufficient amount of ethanol
with decantation, taken out by 'filtration , subsequently
vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 30 minutes.

As a result, titania-coated glass powder G was

obtained.

Second layer: Silica film:
To the titania-coated glass powder G was added
793 g of ethanol to disperse the powder. Thereto were

added 30 g of silicon ethoxide, 45.2 g of ammonia water
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- 25 - " : Table 2-1
Starting material conposition for green powder (titania |ayer)

Dr opped sol ution Powder Et hanol TEOT (9)
(9) (g) Et hanol (g) Dei oni zed wat er 1st Layer 100

2478 45. 11 45. 8 3rd Layer 100 2478
47. 3 118 47.3 5th Layer 100 2478 48. 8
118 48. 8 7th Layer 100 2478 50.4 118
50.4  9th Layer 100 - 2478 52.1 118 52.1
11t h Layer (29%Y00 and 40178 of53yv#ter. Thelgresultant mixfnie was
Tabl e 2-2 . Starting material conposition for %u?en powder_ (silica

| ayer) reacted for 6 hours with stirring. tien: iof
Powder Et hanol TEOT ' (9) (9) A [

wat er Dathﬁzeuewg#yon,2n§h§aya°11dlomatter was Wagﬂﬁﬂ With ° B 2
40 4th Layer 100 793 30 46. 8 40 6th
Layer sREE 1c1en§3amount39f ethano}gwith decantathﬁy theEaﬁﬁt
100

793 ;{9;, f:.ltras‘!@.@n, subSSOecguenthO vacuum-%rljé% h !Ea&eé0°c fégo
Tabl e 2-3 ThIC and ti V. ngdex h LN n
po¥vder pf‘ﬁl CKIER sh ﬁ?éac ﬁ\:/ljé & r%ttaw |%tn€s&£&? at
Refractive ° A i ndex ;. (nm

i ndex 1st °a‘§e°r_f°r g ginutes. , 7th Layer 64.7 2.1

The titania film coating and silica film coating
described above were alternately conducted repeatedly
together with the heat treatment while changing
conditions as shown in Tables 2-1 and 2-2 to thereby
form eleven films in total composed of six titania films
and five silica films.

The powder obtained had a refiection peak at 580
nm with a reflectance of 92%, and had a spectral curve
shown in Fig. 5 G.

The refractive index and thickness of each layer
which were determined through computer calculations are

shown in Table 2-3.
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2nd Layer - 1.45 8th Layer 94.1 1.45 3rd

Layer 2.8 2.1 9t h Layer 65. 4 2.1 4th Layer
: 1.45 . 10t h Layer 95.7 1.45 b5th Layer 63.8

2.1 11th Layer 66. 1 2.1 6th Layer 92.6 1.45

- 26 - EXAMPLE 3 Primary color of light: red: First |ayer:

Titania film Into 2,478 g of ethanol was dispersed 100 g of a

powder of spherical glass particles (average particle dianmeter, 2 [err]m
together with 54.2 g of titanium eth? |de v%lle the contents and the
vessel were held at 25[err]C, a solu Ton prepared bef orehand by m xi ng
54.2 g of dei oftaztdnyvaaberialt toubd8igionf fat baee pamderadtethnidrigyarke to t he

a_bove solufton wth sfirri ng[over 1 Rour. |[Thereat (X %Retdhgof,_}etgg{lﬁt ant
m xture wap reacted fpPPofided'OUktthanol | TEOT AF--e+—corpl-eti-ph—od }e—eactq on,
the solid |matter was| waghed|w td)ya Juffgycijeng ynttg,of ®ehomrigied wateh
decant ati oh, taken ouf by filitration,| subsdquently Vacubm dri &d? at
180[err] C OfstBLM sl afpd t enzbﬂ,ate NFLEE roigry tupul ar gygn at
500[err] C for 30 ‘m nuft es. a resylt, titania-cpated glass powder
R was obt ai 3wy Layer 100 2478 47.3 118

5th Layer 100 2478 48.8 118 48.8

7th Layer 100 2478 | 50.4 118 50.4

9th Layer 100 2478 52.1 118 52.1

11th Layer 100 2478 53.8 118 53.8

Table 2-2
Starting material composition for green powder (silica layer)
- ' Dropped solution
Powder Ethanol TEOT
(g) (o) (g) Ammonia water Deionized water
{(g) (g)

2nd Layer 100 793 30 45.2 40

4th Layer 100 793 30 46.8 40

6th Layer 100 793 30 48.3 40

8th Layer 100 793 30 50.0 40

10th Layer 100 . 793 30 50.9 40

Table 2-3

Thickness and refractive index of each layer in green powder

Thickness Refractive Thickness | Refractive

{nm) index {(nm) index
1st Layer 61.9 2.1 7th Layer 64.7 2.1
2nd Layer 89.6 1.45 8th Layer 94.1 1.45
3rd Layer 62.8 2.1 9th Layer 65.4 2.1
4th Layer 91.1 1.45 $10th Layer 95.7 1.45
5th Layer 63.8 2.1 1ith Layer 66.1 2.1
6th Layer 92.6 1.45
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Second layer: "Silica film To 100 g of the titania-coated gl ass
powder R was added 793 g of ethanol to disperse the powder. Thereto were
added 30 g of silicon ethoxide, 64.4 g of amonia water (29%, and 40 g of
water. The resultant m xture : - 27 -

was reacted for 6 hours with stirring. After conpletion of the reaction,
the solid matter was washed with a sufficient anpount of ethanol wth
decantation, taken out by filtration, subsequently vacuumdried at
180[err]C for 8 hours, and then heated with a rotary tubular oven at

500[ err] C xaM¥Y.EN BUt €S. The titania filmcoating and silica film
coating described above were alternately conducted repeatedly together.
with the Padataryreeloentof viight:chaedi ng conditions as shown in Tables
3-1 and 3-2 to thereby formeleven filnms in total conposed of six titania
films andFiinst slayez:f Mitsania £ilm:The powder obtai ned had a reflection
peak at 725 nmw th a refl ectance of 92% and had a spectral curve _shown

inFig. 5R Intthe2 ;47Baa i€ eFhancdhgwasi GifrarsededOp 1%yef 2
whi ch were determ ned through conputer cal cul ations q{e shown in Tab&e
3-3. powder of spherical glass particles (average particle

diameter, 2 pm) together with 54.2 g of titanium
ethoxide. Whille the contents and the vessel were held
at 25°C ,. a solution prepared beforehand by mixing 54.2 g
of deionized water with 118 g of ethanol was added
dropwise to the above solution with stirring over 1 hour.
Thereafter, the resultant mixture was reacted for 6
hours.

After completion of the reaction, the solid
matter ﬁas washed with a sufficient amount of ethahol
with decantation, taken out by filtration, subsequently
vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 30 minutes.

As a result, titania-coated glass powder R was

obtained.

Second layer: Silica film -

To 100 g of the titania-coated glass powder R was
added 793 g of ethanol to disperse the powder. Thereto
were added 30 g of silicon ethoxide, 64.4 g of ammonia

water (29%), and 40 g of water. The resultant mixture

- 27 -
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- 28 - ‘ Table 3-1

Starting material conposition for red powder (titania |ayer)

Dr opped sol ution Powder Et hanol TEOT (9)
(9) (g) Et hanol () Dei oni zed wat er 1st Layer 100

2478 45. 118 45. 8 3rd Layer 100 2478 -
47. 3. 118 _ 47. 3 5th Layer 100 2478 48. 8
118 48. 8 7th Layer 100 2478 50.4 118
50.4 9t h Layer 100 2478 52.1 118 52.1
11th Layer was #88cted £d¥86 hdik$ with stilfring. After &dmpletion
Tabl e 3-2 Starting material conposition for red powder (silica

| ayer) of the reaction, the solid matter was Dwalesdsavithoma
Powder Et hanol TEOT ' (9) (9) (9) Anmoni a wat er
Dei oni zed wufficient lamyount ofl@thanol7¢ith degantation, caken out
40 Ath Layer 100 793 30 65. 5 40 6th
Layer filtrajgion, sg@:sequentlm; \@cuum—drz.ed ako 189%¢ LEgpar 8
100 793 30 67 40 10th Layer 100

793 130 hours, anpg dhen hqu:ed with a rotary tubilar oven at
500°C for 30 minutes.

The titania £ilm coating and silica film coating.
described above were alternately conducted repeatedly
together with the heat treatment while changing
conditions as shown in Tables 3-1 and 3-2 to thereby
form eleven films in total composed of six titania films
and five silica films.

.The powder obtained had a reflection peak at 725
nm with a reflectance of 92%, and had -a spectral curve
shown in Fig. 5 R.

The refractive index and thickness of each layér
which were determined through computer calculations are

shown in Table 3-3.

- 28 -



—_

Tabl e 3-3 Thi ckness and refractive index of each I ayer in red powder
Thi ckness Refractive Thi ckness Refractive :
(nm i ndex (nm i ndex 1st Layer 71.8
2.1 7th Layer 103. 3 2.1 2nd Layer 98. 2 1.45
8th Layer 77.5 1.45 3rd Layer 73.6 2.1 9t h
Layer 105.8 2.1 4th Layer 99.9 1.45 10t h Layer
79.2 1.45 b5th Layer 75. 4 2. 1- 11t h Layer 108. 3
2.1 6th Layer 101.0 1.45 papie 3-1 : -
29 - EXAMPLE 4 Primary color of light 4: blue: First layer,
Silica film Startingonatggigl sonpeidien fpr FebRrovdarall thenie tayetlker age
particle dianmeter, 3|[err]m|was addgd 793|g of etbgggyedt_g,luq;_&perse t hle
povvder. ThHereto were amrB:)Fg:helﬁO]Sl | TR —ethoxide—S3 of—armenrt-a—Awat er
(299, and 40 g of wqteng) The nebul tlart) m| XtEHhendAYgf €FC etpriiged graetir|s
with stirring. Afted conpletion of tlhe reaction. the sdiid méfter was
washed wi t|h 1@eSpybb-Ci ent;_o@m) intogye ettha@l | Wit higecant gti on, 4=salgen out} by
filtratior], subsequent % acuum-dried at 180[err]C for |8 hours7, and t hen
heat ed wi t|h 374 Iﬁ?f"ﬁr) t aBRl af af 563 ¢rrjctH 2 hdurs. &3 resullt,
si | i ca- codt san prayder 1B1ms pbtzd78ed.| 48.8 118 ~ 48.8
7th Layer 100 2478 | 50.4 118 50.4
9th Layer 100 2478 52.1 ‘118 52.1
1ith Layer 100 2478 53.8 118 53.8
Table 3-2
Starting material composition for red powder (silica layer)
Dropped solution
Powder Ethanol TEOT
(9) (a) (g) Ammonia water Deionized water
(9) (9)
2nd Layer 100 793 30 . 64.4 40
4th Layer 100 793 30 65.5 40
6th Layer 100 793 30 66.6 40
8th Layer 100 793 30 67.7 40
10th Layer 100 793 30 68.8 40
Table 3-3
Thickness and refractive index of each layer in red powder
Thickness Refractive Thickness | Refractive
{nm) index (nm) index
1st Layer 71.8 2.1 7th Layer 103.3 2.1
2nd Layer 98.2 1.45 8th Layer 77.5 1.45
3rd Layer 73.6 2.1 9th Layer 105.8 2.1
4th Layer 99.9 1.45 10th Layer 79.2 1.45
5th Layer 75.4 2.1 11th Layer 108.3 2.1
6th Layer 101.0 1.45
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Second layer: Titania film Into 2,478 g of ethanol was dispersed
40 g of the silica-coated powder 1B together with 16.8 g of titanium

i sopropoxi de. Wiile the contents and the vessel were held at 25[err]C, a
sol ution prepared beforehand by mxing 16.8 g of deionized water with 118
g of ethanol was added dropwi se to the above solution with stirring over
1 hour. Thereafter, the resultant m xture was reacted for 6 hours.

- 30 - After conpletion of the reaction, the solid
matter was washed with a sufficient ampunt of ethanol wth decantation,

t aken out IEXAMPLEa#i on, subsequently vacuumdried at 180[err]C for 8
hours, and then heated with a rotary tubular oven at 500[err]C for 2

hours. Primgny colar o0f 3dgbdqéentblueers were formed in the order of
silica/titania/silical/titania under the conditions shown in Tables 4-1 and
4-2 to thef@mstolaves gitiligar £ilmz ot al . The powder after

ei.ght h-layer coating had a reflection peak at 470 nmwth a refl ectance of
90% The powder offi%i}RQ Ha8fs & RA¥PARYLyAdReR MBRkal, Rawder (pverage

The el oclae LAt EGLLeknes,Rf Sl bl Ty VS SIS,
disperse the powder. Thereto were added 30 g of silicon
ethoxide, 38 g of ammonia water (29%) , and 40 g of water.
The resultant mixture was reacted for 6 hours with
stirring. After completion of the reaction, the solid
matter was washed with a sufficient amount of ethanol
with decantation, taken out by filtration, subsequently
vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours. As a result,

silica—coéted powder 1B was obtained.

Second layer: Titania film:

Into 2,478 g of ethanol was dispersed 40 g of the
silica-coated powder 1B together with 16.8 g of titanium
isopropoxide. - While the contents and the vessel were
held at 25°C, a solution pi:epared beforehand by mixing
16.8 g of deionized water with 118 g of ethanol was
added dropwise to the above solution with stirring over
1 hour. Thereafter, the resultant mixture was reacted

for 6 hours.
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shown in Table 4-3. - 31 -

Table 4-1 Starting material conposition for blue powder (silica
| ayer) : Dr opped sol ution
Powder Ethanol TEOT (9) (9) (9) Anmoni a wat er
Dei oni zed wat er 1st Layer 100 93 38.0
40 3rd Layer 100 793 30 38.6 40 b5th
Layer 100 - 793 30 39.3 - 40 7th Layer
793 30 39.9 40
Table 4-2 St aAfitrer natempdlettioomosofi ortHer béaetjomder thet asiodid
| ayer) Dropped sol ution
Powder FEt matterTR@&s washed with(@ suffigient ampunt Bfhaethanpl
Dei oni zed water 2nd Layer =~ 100 2478 16. 8 118

with decantation, taken out by filtration, subsequently

16. 8

vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours.

The third and subsequent layers were formed in
the order of silica/titania/silica/titania wunder the
conditions shown in Tables 4—1_and_4-2 to'thereby form
eight layers in total.

The powder after eighth-layer coating had a
reflection peak at 470 nm with a reflectance of 90%.
The powderlobtained had a spectral curve shown in Fig. 6
N :

The refractive index and thickness of each layer
which were determined through computer calculations are

shown in Table 4-3.
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4t h Layer 100 2478 17.1 118 17.1 6th Layer

100 2478 17. 4 118 17.4 8th Layer 100

2478 17.7 : 118 17.7

Table 4-3 Thi ckness and refractive index of each |ayer in blue powder
Thi ckness Refractive . Thi ckness Refractive (nm
I ndex (nm i ndex 1st Layer 74.5 1.45
5th Layer 77.0 1.45 2nd Layer 53.-3 2.1 6t h
Layer 55.1 2.1 3rd Layer Tdﬂ754§ . 1.45 7th Layer
78.3 1.45 4th Layer 54. 2 e 43, 8th Layer . 56.0
2.1 ~ Starting material composition for blue powded? (silica layer)

EXAMPLE 5 [Primary cof or of [ight 47 [green: FTst Jayer, S llga frlim

To 100 g of a carbony| pot@dr gmmmgpvngﬁ@ﬂa44#4g¥;_+x§é4-;ﬁe—éfaneLeLT—éL
[err]m was added 793| g @ effhang) tqQ  hsSqerswrihevwgrendpDeidhricredt vateer ¢
added 30 g| of silicon| ethoxide, 46 ¢ of armoni atebater (P9%, afm 40 g of

wat er . Thré%ﬁiﬁg% nt nhékur¢_wg§3reac;%fizor 6 hoyrs wih stigging.
30

After conp he reacfion, t he
3rd Layer 100 793 38.6 ) 40
5th Layer 100 793 30 39.3 40
7th Layer 100 | 793 | 30 39.9 40
Table 4-2

Starting material composition for blue powder (titania layer)

Dropped solution
Powder | Ethanol TEOT —
(g) (g) (g) Ethanol (g) Deionized water
()
2nd Layer 100 2478 16.8 118 16.8
4th Layer 100 2478 17.1 " 118 17.1
6th Layer 100 2478 17.4 118 17.4
8th Layer 100 2478 17.7 118 17.7
Table 4-3
Thickness and refractive index of each layer in blue powder
Thickness | Refractive Thickness | Refractive
(nm) index {(nm) index
1st Layer 74.5 1.45 5th Layer 77.0 1.45
2nd Layer 53.3 2.1 6th Layer 55.1 2.1
3rd Layer 75.8 1.45 | 7th Layer 78.3 . 1.45
4th Layer 54.2 2.1 8th Layer 56.0 2.1

- 32 -



matter was washed with a sufficient ampunt of ethanol wth decantation,
taken out by filtration, subsequently vacuumdried at 180[err]C for 8
hours, and then heated with a rotary tubular oven at 500[err]C for 2
hours. As a result, silica-coated powder 1G was obtai ned. Second | ayer:
Titania film Into 2,478 g of ethanol was dispersed 40 g of the
silica-coated powder 1G together with 19.3 g of titanium i sopropoxide.
While the contents and the vessel were held at 25[err]C, a solution
prepared beforehand by m xing 19.3 g of deionized water with 118 g of
et hanol waEXAMEBE & opwi se to the above solution with stirring over 1
hour. Thereafter, the resultant m xture was reacted for 6 hours.

- 33 - Primary color oftdigbénd etgoeent the reaction, the solid
matter was washed with a sufficient amount of ethanol wth decantation,
taken out HA¥$ttlayesn, SitbieaufAdm: vacuumdried at 180[err]C for 8

hours, and then heated wwth a rotary tubular oven at _500[err]C for 2
hour's. As 3"°rQSQRt9 of FcHATRARYE- dFanednetal pomAsT 1(Avarage
ordor " of PATYAGHE| BARFERFy caF (HBLN AR LAGHED | RBS ookt RHRARbEY &
Tabl es 5-1ﬁ%e5i'§et %hteh%oev? e;:(.)rmrhereto were added 30 g of silicon
ethoxide, 46 g of ammonia water (29%), and 40 g of water.
The resultant mixture was reacted for 6 hours with
stirring. After completion of the reaction, the solid
matter was washed with a sufficient amount of ethanol
with decantation, taken out by filtration, subsequently
vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours. As a result,

silica-coated powder 1G waé obtained.

Second layer: Titania film:

Into 2,478 g of ethanol was dispersed 40 g of the
silica-coated powder 1G together with 19.3 g of titanium
isopropoxide. While the contents and the vessel were
held at 25°C, a solution prepared beforehand by mixing
19.3 g of deionized water with 118 g of ethanol was
added dropwise to the above solution with stirring over
1 hour. Thereafter, the resultant mixture was reacted

for 6 hours.



eight layers in total. ' The powder after eighth-layer coating had a
reflection peak at 540 nmw th a reflectance of- 90% The powder obtai ned
. had a spectral curve shown in Fig. 6 G The refractive index and
t hi ckness of each layer which were determ ned through conputer

cal cul ations are shown in Table 5-3.

- 34 - - Table 5-1-
Starting nmaterial conposition for green powder (silica |ayer)

Dr opped sol ution Powder Et hanol TEOT (9)
(9) (9) Amdditemat eomplBdiion zedfwatthe deactipar, thd00solid
793 30 46. 0 40 3rd Layer 100 793
30 medtger was washediowithith agysufficiggk amourp3of ethenol
47. 6 40 7th Layer 100 793 30 48. 4
40 w:Lth decantation, taken Tgptec byofiltration, subsequently

vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours.

As a result, silica/titania-coated iron powder 1G
was obtained.

The third and subsequent layers were formed in
the order of silica/titania/silica/titania under the
conditions shown in Tables 5-1 and 5-2 to thereby form
eight layers in total.

The powder after eighth-layer coating had a
reflection peak at 540 nm with a reflectance of 90%.
The powder obtained had a spectral curve shown in Fig. 6
G.

The refractive index and thickness of each layer
which were determined through computer calculationé .are

shown in Table 5-3.
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Starting material conposition for green powder (titania |ayer)

Dropped sol ution Powder Et hanol TEOT (9)
(9) (9) Et hanol () Dei oni zed wat er 2nd Layer 100

2478 19. 3~ 118 19.3 4th Layer 100 - 2478
19.6 118 19.6 6th Layer 100 2478 20.0
118 20.0 8th Layer 100 2478 20. 3 ' 118

20. 3 : Tabl e 5-3- Thi ckness and
refractive index of each layer in gre owder Thi ckness
Refractive Thi ckness R%%rlgc%ﬁve (nm

i ndex Starting matefipl) compositignlérr dreen |ppyder (silgh Jayer) 1.45
5th Layer 88. 14 1.5 2nd layer 61.0 . 6t
Layer 63. 2 Bovlder3l (Ethayer | TEOBG-—9- °r°"fe‘}:sgl“l‘°n 7t h—Laybr
90.0 1.45 A4th Layger (2. 1| (g) | Zumpnia water gt Reiepigpd wateg4| 3
2.1 {(g) - 35 | ()

EXAMPLE 6 | RLinply.cdl onegf |ighbad: |regh |Firstyd gyer: [Silica fdIm
To 100 g gf a carbonyl iron petal powde;o (averag4e6 o

3rd Layer 100 793 40
5th Layer 100 793 30 47.6 40
7th Layer 100 793 30 _48.4 40

Table 5-2
Starting material composition for green powder (titania layer)
Dropped solution
Powder Ethanol TEOT
(q) (a) (q) Ethanol (g) Deionized water
(g)
2nd Layer 100 2478 19.3 118 19.3
4th Layer 100 2478 | 19.6 118 19.6
6th Layer 100 2478 20.0 118 20.0
8th Layer 100 2478 20.3 118 - 20.3
Table 5-3
Thickness and refractive index of each layer in green powder
Thickness Refractive Thickness | Refractive
(nm) index {(nm) index
1st Layer 85.4 1.45 5th Layer 88.4 1.45
2nd Layer 61.0 2.1 6th Layer 63.2 2.1
3rd Layer 86.9 1.45 7th Layer 90.0 1.45
4th Layer 62.1 2.1 8th Layer 64.3 2.1
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particle dianeter, 3 [err]m was added 793 g of ethanol to disperse the
powder. Thereto were added 30 g of silicon ethoxide, 44 g of ammoni a wat er
(29%, and 40 g of water. The resultant mixture was reacted for 6 hours
with stirring. After conpletion of the reaction, the solid matter was
washed with a sufficient anount of ethanol” w th decantation, taken out by
filtration, subsequently vacuumdried at 180[err]C for 8 hours, and then
heated with a rotary tubular oven at 500[err]C-for 2 hours. As a result,
silica-coated powder 1R was obt ai ned. Second layer: Titania film

Into 2, 478 gxaMpEkhgnol was di spersed 40 g of the silica-coated powder 1R
together with 26.0 g of titanium isopropoxide. Wile the contents and the
vessel wer @riigdfyatodreref Qightoldut imsdprepared beforehand by m xing
26.8 g of deionized water with 118 g of ethanol was added dropw se to the
above sol uEiasti Layeri:r rISilicaefilin:hour. Thereafter, the resul tant

m xture was reacted for 6 hours.

After conpletion offa k0@ egcpifor cambenyldinen t%tﬁésﬂm \f\FYﬁrége
sufficient amount_of ethanol with decantatiaqn, aisn out |Itra% ai
subsequent PRrEbelemdiangtar 15D ¥R | Wasr added 493, ¢ el‘ﬁe tharad k4 n

a rotary tubul ar oven at 500[err]C for 2 hours
Y disperse the powder. ] Thereto were added 30 g of silicon

ethoxide, 44 g of ammonia water (29%), and 40 g of water.
The resultant mixture was reacted for 6 hours with
stirring. After completion of the reaction, the solid
matter was washed with a sufficient amount of ethanol
with decantation, taken out by filtration, subsequently
vacuum-dried at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours. As a result,

silica-coated powder 1R was obtained.

Second layer: Titania film:

Into 2,478 g of ethanol was dispersed 40 g of the
silica-coated powder 1R together with 26.0 g of titanium
isopropoxide. While the contents and the vessel were
held at 25°C, a solution prepared beforehand by mixing
26.8 g of deionized water with 118 g of ethanol was
added dropwise to the above solution with stirring over
1 hour. Thereafter, the resultant mixture was reacted

for 6 hours.
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As a result, silical/titania-coated iron powder was obtained. The
third and subsequent |ayers were forned in the order of
silica/titania/silical/titania under the conditions shown in Tables 6-1 and
6-2 to thereby form eight layers in total. The powder after

ei ghth-1ayer coating had a reflection peak at 610 nmwith a refl ectance of
90% The powder obtained had a spectral curve shown in Fig. 6 R

The refractive index and thickness of each | ayer which were determ ned

t hrough conputer .cal culations are shown in Table 6-3.

- 37 - After completion of the readtbbs,6-the solid
Starting material conposition for red powder (silica |ayer)

Dropped somaftitasr was washed Peidtdr a EuffibcientEGmmount of ethangy)
(9) (9) Anmoni a - Dei oni zed water

water (g) with decapktatisin] afaken oubo by filiyration, 3gubsequentdy)
40

vacuum—drled at 180°C for 8 hours, and then heated with
a rotary tubular oven at 500°C for 2 hours.

As a result, silica/titania-coated iron powder
was obtained. |

The third and subsequent layers were formed in
the order of silica/titania/silica/titania under the
conditions shown in Tables 6-1 and 6-2 to thereby form
eight layers in total. |

The powder after eighth-layer coating had a
reflection peak at 610 nm with a reflectance of 90%.
The powder obtained had a spectrél curve shown in Fig. 6

R.

The refractive index and thickness of each layer
which were determined through computer calculations are

shown in Table 6-3.
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3rd Layer 100 793 30 50.9 40° 5th Layer.
100 793 30 51.8 40 7th Layer 100
793 30 52.7 40
Tabl e 6-2 Starting material conposition for red powder (titania
| ayer) Dr opped sol ution
Powder .  Et hanol TEOT g) (9) (9) Et hanol (g)
Dei oni zed water '2nd Layer: 100 2478 -21.8 1
21.8 4th Layer 100 2478 ngleo 6_1 118 22.0 6th
Layer 100 2478 22.6 22.6 8th Layer
100 . 2478 Stgptimg material :E:Bmpos:l.tlon for reg powder (silica layer)
Tabl e 6-3 Thi ckhess and refractilve i ndex of egg_;gbljeayggluwo,{ ed powder
Thi ckness {Refractive| Powder | Ethanol ThiTE€&ne Ref+actt
(nm i ndex (9) (@ (jnmja) Appemia 1 tD?}é’yé’Fed "a'SFB’ 5
1.-45 5t h Layer 99. d 1. 45 2hd 2&gEr{? 1.0 (@ i
6th Layer | 1st Badyer 100 2.|1 3esl Layeso | 98. Z%p.0 1.45 40 7t h
Layer 191, 7 1.45 [4th_Layer 62 1 211 8t h Layer
64.3 3rd, Layer 100 793 30 50.9 _49g .
5th Layer 100 793 30 51.8 40
7th Layer 100 793 30 52.7 40
Table 6-2 _
Starting material composition for red powder (titania layer)
Dropped solution
Powder Ethanol TEOT —
(g) (q) (9 Ethanol (g) Delonlz(e;i water
g
2nd Layer 100 2478 21.8 118 21.8
4th Layer 100 2478 22.0 118 22.0
6th Layer 100 2478 22.6 118 22.6
8th Layer 100 2478 23.0 118 23.0
Table 6-3
Thickness and refractive index of each layer in red powder
Thickness Refractive Thickness | Refractive
(nm) index {nm) index
lst Layer 96.5 1.45 5th Layer 99.9 1.45
2nd Layer 61.0 - 2.1 6th Layer 63.2 2.1
3rd Layer 98.2 1.45 7th Layer 101.7 1.45
4th Layer 62.1 2.1 8th lLayer 64.3 2.1
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| NDUSTRI AL APPLI CABI LI TY According to the present invention,

additive pignents of satisfactory quality are obtained. By mxing
t he pigment powders of the three primary colors, a bright pignment powder
havi ng a hi gh whiteness can be obtained. Furthernore, additive

pi gnents of satisfactory quality which respectively are a green pignment, a
blue pignment, and a red pignent can be obtai ned. In addition, in
produci ng these pignment powders, it is possible to obtain a pignent powder
having an even light intensity over the wavel ength range corresponding to

a target, TNDUSTREALNJAPPLICABIRPTEYcurve) by designing the material and
t hi ckness of each layer of a multilayered coating film
Consequent |y, pi ghespordiovwgier tonhithie egphresenta doxvertionlor additive

bright can be obtained. o According to the present invention, a
light- recRismentsmgpfti saddisfachbary paRRkityid areecifhtpinedor By
produci ng the sane can be provided. By formng an_interference

mul ti | ayerBiXdag i Fie pigrert pexders ffgidie ctbaes poierryr eeheEfetic

color ink can be produced wthout the_necessity . of any. .colorant. = These
beads;wov?dg§ﬁ Fn@?9¥$$%r89¥gﬁ¥v9aﬁﬁ%ﬁeﬁu¥19h Whiteness can be

-39 - obtained.

Furthermore, additive pigments of satisfactory
quality which-respectively are a dgreen pigmént, a blue
pigment, and a red pigment can be obtained.

In addition, in producing these pigment powders,
it is possible to obtain a pigment.powder having an even
light intensity over the wavelength range corresponding
to a target color (having a box-shape curve) by
designing the material and thickness of each layer of a
multilayered coating £ilm. Consequently, pigment
powders which each has a desired color and is bright can
be obtained.

| According to the present invention, a light-
resistant magnetic color toner powder and a technique
for producing the same can be provided. |

By forming an interference multilayered coating
on glass beads, a magnetic color toner or a magnetic
color ink can be produced without the necessity of any
colorant. These beads provide distinct retroreflective

pigments.
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1. An additive pignent powder conprising three pignents respectively
having the three primary colors of |ight (red, green, and blue), wherein

when t he pkggzﬂiszgg%ggLs,e#’fhe three colors are m xed together, each
pi gment po i ubj ect ed additive col or m xing. 2. The
addi tive pi gnent \\“&\\Wl ng to claiml1, wherein the pignent
particles haw imary color of light reflect a visible |ight
only ina wa ﬂhnée corresponding to the color selectively and
intensively, and a desired bright intg yt e color can be devel oped by
m xi ng these pignent particles having the three primary colors in an
appropriate proportion. 3. An additive pignment powder having
blue color anmong the three primary colors of light, which has a peak

having a |ight refiect aAncea8li®d%e0r pligtesit | PowdeaPeeomPr ey R FebaNnge
of 380 nmto 500 nm and has a reflection range having a |ight refl ectance
of 80% or plgfesits rSSpeetivaly chaviaghdte stHeacoprimapgalcolsre! 889t h.
- 40 - 4. An additive pignment powder having green col or
anong the lihght p(redry gxeens @&ndiblue)yhivhelresira when the pigment
powders of the three colors are mixed together, each

pigment powder is subjected to additive color mixing.

2. The additive pigment powder according to
claim 1, wherein the pigment particles having the three
primary color of light reflect a visible light only in a
wavelength range corresponding tb the color selectively
‘and intensively, and a desiréd bright intermediate color

' can be developed by mixing these pigmenf: particles
having the three primary colors in an appropriate

proportion.

3. An additive pigment powder having blue color
among the three primary colors of light, which has a
peak having a 1light reflectanée of 80% or higher in a
spectral wavelength range of 38_0 nm to 500 nm, and has a
reflection range having a light réflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak

wavelength.
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‘peak having & |ight oor higher in a spectral wavel ength

range of 500 nmto 5 reflection range having a |ight
refl ectance of 80% orm rgﬂﬂﬁimm mb 50 nmat the both sides of the peak
wavel engt h. pi gnent powder having red col or

anong the three primary colors of |light, which has a peak having a |ight
refl ectance of 80% or higher in the spectral wavel ength range of 575 nmto
750 nm and has a refl-ection range havi ng a li-ght refl ectance of 80% or

higher in 30 to 5§ nmaAl 488ik9kM ?ﬁ PefedieRkna Yx?l g}%éh color

6. The additive pigment powder acc g to any one o m 1 to 5,
wherein tggn&i?mm{e PeMIe PHIMA cbloss et |1qqq,@avu}g dhenRod &
mul til ayered ilm and any adjacen fllm_s of the t|1ayeredfllm and
the base paEk Chavdind ea flDghtadeflédetahee bl ig0% od highekr athi &
i ndex to nmake the pignent particle have a color due to interference of
waves ref speicttral wavelsngthdrangecto®eh00han itas5956 hhe ratidi hageaed
film - 41 -

reflection range having a light reflectance of 80% or

higher in 30 to 50 nm at the both sides of the peak

wavelength.

5. An additive pigment ‘powder having red color
among the three primary colors of light, which has a
peak having a light reflectance of 80% or higher in the
spectral wavelength range of 575 nm to 750 nm, and has a
reflection range having a iight reflectance of 80% or
higher in 30 to 50 nm at the both sides of the peak

wavelength.

6. The additive pigment powder according to any
one of claims 1 to 5, wherein the pigment powder
comprises a base particle having thereon a multilayered
film, and any adjacent films of the multilayered film
and the base particle differ f:r.:om each other in material
and in refractive index to make the pigment particle
have a color due to interférence of waves reflected or
transmitted by between the films of the multilayered

£film.
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