DESCRI PTI ON COLORANT COWPOSI Tl ON - TECHNI CAL FI ELD
The present invention relates to a col orant conposition. Mre
particularly, this invention relates to a heat-resistant col orant
conposition which is useful as an ink for color printing or hol ography and
gives a coating film wthstanding a hi gh t enper at ur e,
specifically, a colorant conposition which conbi nes heat resistance,

weat her resistance, and |ight resistance and can give a coating film

wi t hstanding a high tenperature of 350[err]C to 600[err]C and having
sufficient weather resistance andBSGRIPTZONt ance. Furt her nore,
this invention relates to a colorant conposition which is also applicable
to a high- performance ink for nmagnetic color printing and is capable of

hei ght eni ng the effect of prlnt f orger revention BACKGROUND ART
A techni que of coating a powd&©O 38N3y6¥$kﬁos§ﬂﬁ§ﬁbnce in order to use the

powder in various applications is known. Wth progress in various

TECHNICAL FIELD

The present invention relates to a colorant
composition. More particularly, this invention relates
.t? a heat-resistant colorant composition which is useful
as an ink for color printing or holography and gives a
coating £film withstanding a high temperature,
specifically, a colorant composition which combines heat
resistance, weather resistance, and light resistance and
can give a coating f£film withstanding a high temperature
of 350°C to 600°C and having sufficient weather
resistance and light resistance.

Furthermore, this invention relates to a colorant
composition which is also applicable to a high-
performanée ink for magnetic color printing and 1is
capable éf heightening the effect of print forgery

prevention.

BACKGROUND ART
A technique of coating a poﬁder with another
substance in order to use the powder in various

applications is known. With progress in various



t echnical " fi el ds, there is a growing desire for a powder having unique
properties, especially a netal or netal - conpound powder. Nanely, there is
a desire for a powder which conbines properties inherent only in a powder,
especially a netal or netal conpound powder, with other properties so as
to have a conbi nati on of functions. For exanple, in the case of a
magnetic netal powder for use as a material for a nmagnetic col or toner,
t he magneti c powder cannot be used if the color thereof renmains as it is,
al t hough this does not arouse a problemin conventional black magnetic
toners. técghnicaalefiiedds, thevenisoa agrowidg dasirecfary 4 opawden
thin metal oxide filmon the surface of a powder for the purpose of
surface nbavingt tpige apropexties, prespecialdy pavweetal f o | mekad
m xi ng of the powder wi_th, e.Ng., a synthetic resin does not satisfy the
new r equi FempRund jpowder .o Namely Fr Sheme sist andrsire fon & neevwdesx y
to provide a powder having a novel .constitution not seen, in an
conventio‘?‘iHF'CS‘OV\E@F'.b"nes Pr%%rﬁi’@?enf“ﬁm'ﬁrsmbigvibﬁsl i%?gﬁ‘?érd a
powder conprisi.n base ovﬂer art'cie of either _a tal _ar, .a I
Compound SRBSFARILY | RomENAD RE HEtak: GOMTWIAaPOTRSh, cYorEt HPEPREss of
0.0l to 2§5{>§r e Y Qs‘“"i{c'}x%@é ?E\%&.ﬁf&é@{iﬂﬁl" JFSEGhBeddd$rs 1 n kind
fromthe PrConst i at rng e baSe powder partrcle, in
- 2- For example, in the case of a magnetic metal
~ powder for use as a material for a magnetic color toner,
the magnetic powder cannot be used if the color thereof
remains as it ' is, although this does not arouse a
-problem in conventional black magnetic toners. Any
conventionally known coated powder obtained by forming a
thin metal oxide film on the surface of a powder for the
purpose of surface modification so as to, e.g., protect
the powder or facilitate mixing of the powder with, e.g.,
a synthetic resin does not satisfy the new requirements
in such a field. From this standpoint, it is necessary
to provide a powder having a novel constitution not seen
in any conventional pbwder.
The present inventors previously invented a
powder comprising a base powder particle of either a
metal or a metal compound and having thereon a metal
oxide film having an even thickness of 0.01 to 20 um and

in which the metal contained therein differs in kind

from the metal constituting the base powder particle, in



order to provide a powder which conbines properties inherent only in the
metal particle or nmetal conpound particle with other properties so as to
have a conbination of functions (JP-A-6-228604). The present inventors
further inproved the above powder and invented also a powder conprising a
base particle having not only a nmetal oxide filmalone but also plural

| ayers of a netal oxide filmand a netal filmalternately (JP-A-7-

90310). Furthernore, the present inventors filed a patent application
relating to a process which conprises simlarly formng a multilayered
met al oxi deo¥dém otot hproyideica ofpewderal wbichet stombinesndprenertiag
subj ecting the powder coated with the nultilayered nmetal oxide filmto a
heat treat rigvherent condy¥ aipotthe mebakgpazkiclte 0w Mehnrkr compound
mul tilayered netal oxide _film (Japanese Patent Application No. 7-80832).
For producipRFthede pofiths, othes nRxeBer¥iss 8Pm t3® otdor BayK al 2

Since i1 IQOREERARIGH 0F (FEBRIIART AU 6 AERRODN do THe A HRRASRE
ol ut i on | AAYFHERS 2 S ERRE| CRERETEY FremaboRe FRSESE Phvedrmanted
the ponder HyEodRspeMdes EhBbedadBsly, BUS pet BB MG FRRT R nll
- 3- a metal oxide film alone but also plural layers of a
- metal oxide film and a metal film alternately (JP-A-7-
90310) . Furthermore, the present inventors filed a
patent application relating to a process which comprises
similarly forming a multilayered metal oxide film on the
surface of a metal or metal compound powder and
subjecting the powder coated with the multilayered metal
oxide film to a heat treatment to produce a powder
having a denser and stabier, multilayeréd metal oxide

film .(Japanese Patent Application No. 7-80832).

For producing these powders, it is necessary to
form .two or more #letal oxide films each having an even
thickness on a base powder particle. Since it is
difficult to precipitate either a metal oxide or a metal
compound serving as a precursor thereof from an aqueous
metal salt solution in forming such a multilayered film,
the present inventors developed a method for forming a '
metal oxide film on a base particle of the powder by

dispersing the base particles into a metal alkoxide



solution and hydrolyzing the nmetal al koxi de. Due to this nethod, it has
becone possible to forma netal oxide filmwhich is thin and even in

t hi ckness and, in particular, it has becone possible to form a
multilayered netal oxide film On the other hand, in the case where
a coating material is used for formng a coating filmto be used in a

hi gh-tenperature place, the coating naterial used is a heat-resistant
coating material which withstands the tenperature. Al so, even when

col orant conpositions (ink/coating conposi ti ons) devel oped- for use
in appli sstlwtisonheandhdaydredyztiong e the wamdtel rabkokidee | Duequtoed
are used, the coating filns obtained by applying the colorant conpositions
gener al | ytﬂmm rethedheattr drast drcomenppessitdle Mo s fiarmt ta i el e to
the fact that_ the colorant_ conpositions errpl oy pigments _which have | ow
thermal seadide tFidm whigh tehpshimirand myerximp thickgess apdrerin
suffer discoloration or _oxidation/ conbust ilon at a terrperat ure not | ower

than . 300P&%§¥SuEREn | nditganteDi grRACSmeNh PeSRiR1eel afPyel FORRgh 2
t her mal il a suf.fer denaturation and frequently
react W tﬁ‘“ﬁtﬁfri%&% gr “Peaifﬁgsﬂféd&lﬁ’trﬁﬂces to undergo di scol oration or

color fading. ver ong ter expo nlight, fre u.ently
results in color ?%dlﬁl@e othe hand, TiOthe® case Uh rd"a coatit

material is used for forming a coating film to be used
~in a high-temperature place, the coating material used
is a heat-resistant coating material which withstands
the temperature. Also, even when colorant compositions
(ink/coating compositions) developed for use in
applications where heat resistance or weather.resistance
is required are used, the éoating films obtained by
applying the colorant compositions genérally have a low
heat resistance temperature. This is attributable ¢to
the fact that the colorant compositions employ pigments
which have low thermal stability at a high temperature.
For example, organic pigments suffei: discoloration or
-oxidation/combustién at a temperature not lower than
300°C. Even inorganic pigments, which have relatively
high thermal stability, are apt to suffer thermal
denaturation and frequently react. with additives or
adhesive substances to undergo discoloration or color
fading. Moreover, long-term exposure to sunlight.

frequently results in color fading.



A col orant ‘conposition generally conprises an inorganic or organic pignment
di spersed in a solvent containing dissolved therein a nedium
(di spersion mediun) serving as a filmform ng agent. However, none of the
prior art pignmented coating materials contains a pignent which itself has
a stable color tone at a tenperature not |ower than 350[err]C. In
heat -resi stant col orant conpositions, nedia (dispersion nedia) for
heat -resi stant coating materials have conventionally been thought to be
classified by use tenperature as follows: organic nmedia and silicone-
nmodi fi eéd organi ¢ mili aclerasnibl eoatpesitiper agenexplly cbmprises|can]C
silicone-nodified aluminum nedia or silicone nedia are usable with
thermal |y sirtebtgandicor ooy ogigambes pigmentpadispersed « dmbdut SPYeRE] C;
silicone nedia and al um num pignents are usable or silicone nedia and
bl ack/ gr ay ganeining ¢ digaclveds tEheredbur c2up MegikBout (228R9r§EoN
silicone nedia and al um num pi gnents, .are_ usable at a te%ature up to

a

about 538[ A9FEIMANFEFYIRGNAS RoFIFRITIFIPAAIEREs 2 HPYSUBFe HO2°

et 2t U1 ¢ b0 P (0L elChCaced cbfe i HiREar LN Lok IR £,

i_;_ usabl e %@gn?éarr;%m %hg.oc%[i r—igtsiélkheha%nl b UsARlS1 £6ChBhYYE tone at a
temperature not lower than 350°C.

In heat-resistant '§6lofant compositions, media

(dispersion media) for heat-resistant coating materials

have conventionally been thought to be classified by use

temperature as follows: organic media and silicone-

modified o;l:ganic media are usable at a temperature up to

about 165°C; silicone—modified aluminum media orxr

si],icone' xhedia are usable with thermally stable coloring

~ pigments at a temperature up to about 316°C; silicone

media and aluminum pigments are usable or silicone media

and black/gray pigments are usable at a temperature up

to about 424°C; silicone media and aluminum pigments are

usable at a temperature up to about 538°C; and silicone-

modified aluminum media are usabie at a temperature up

to about 650°C. It is further thought that at a

temperature not lower than 650°C, none of such heat-

resistant media is usable and ceramic coating is the

only usable technique.



In the ecase where the filmcoated powders described above are to be
applied to color printing inks or the like, the powders shoul d be col ored.
However, since the pignment itself suffers pulverization in a
mechanochem.cal nmethod and cones to have a reduced particle dianeter and a
| i ghter color, coloring with a dye or the like is necessary. Thi s
applies also to nmagnetic inks; since the magnetic material has a dul
color, a coloring pignent or a white vehicle is added in an exceedingly
| arge anobunt in order to elimnate the color, resulting in reduced
magnetic properti @ the casethewhase ofthel orfjplincradeast npewsers
color printing for producing gift checks, the demand for which is
i ncr easi ndesszeibéd, above cavei kp dmcappliieskcte andon mrinking Hatksare
desires not only for elegant coloring and suitabiliti for_ visual or
magneti c eaadthe bikes seheopewdersi oshouda ibe 1eRleErgery PFP¥AYRT on.
Furthernore, in production facilities used over |o in.a Lqp-te erature
By 8

state, susingenighe pigpent yidsebf (suifant SFazasron 1
Ot o cheaSLaT | b B Roh s U Pyl kg 210
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apparatusgﬁﬁgngr the like is necessaryZG' This applies also to
. magnetic inks; since the magnetic material has a dull
color, a coloring pigment or a white vehicle is added in
an exceedingly large amount in order to eliminate the
color, resulting in reduced magnetic properties.

In the case of color printing or magnetic color
printing for producing gift checks, the demand for which
is increasing récently, or producing concert tickets and
the like, there are desires not only for elegant
coloring and suitability for visual or magnetic reading
but also for a special function for forgery prevention.

Furthermore, in production facilities used over
long in a high-temperature state, such as high-
temperature heat treatment apparatuses, high~-temperature
reactors, high-temperature dissolvers, and the like, and’
in general facilities and the like used over long in a
high-temperature state, such as high-temperature heaters,

cooking utensils, and the like, there frequently is the

necessity of coating those parts of such apparatuses and



tools which are to be exposed to a high tenperature for the purpose of
protecting the apparatuses and tools against oxidation or enabling
these to retain a beautiful appearance. There is hence a desire for a
coating mat eri al whi ch does not suffer discol oration/color
fadi ng even when exposed to a high tenperature over long. In addition, a
weat her-resistant and light-resistant coating material is desired for the
coating of facilities and tools to be used outdoors over | ong.
Accordingly, an object of the present invention is to elimnate these
probl ens antb¢lsvwicich caker it beoexpxisedn tohiahhigh drenppenatywraisfdras
a color ink of a single, clear, stable color tone, such as blue, green,
yel l ow, or the |parposeesnofi t pretéatingor #heon apparajuses @nfhertcols
thereinto, but also functions to enhance a_ print forgery preventive

per f or nanccaagaington exhdatiarhnpsue enablingn hase oo nketador 2
magnetic readi ng when used in conbination wW,th a reader. Another _object
of the prederutidfad: i BRPRARANGRoyi JERRTS)| dBanheNCEPBsi FEEATT ER R

only has such excellent functjops but_ also can exhibit an q:xcel | en £fer

magneti c p&FPdFHREce afAFSTEAhgneti ¥BSARDr prifPFRg. POt stif
22%22{t?g{f?{%5§§59%%ip§€$§ oi nvfgék_%% iéve;io wh&Y ! %%q?oggh?r < ta high
temperature over long. In addition, a weather-resistant
~and light-resistant coating material is desired for the
coating of facilities and tools to be used outdoors over
long. |

Accordingly, an object of the present invention
is to eliminate these problems and provide a colorant
composition which not only can be used as a color ink of
a single, clear, stable color tone, such as blue, green,
yellow, or the like, even without incorporation of a dye
or pigment thereinto, but also functions to enhance a
print forgery preventive performance based on a new
technique other than visual examination or magnetic
reading when used in combination with a reader. Another
object of the present invention is to provide a colorant
composition which not only has such excellent functions
but also can exhibit an excellent magnetic performance

also in magnetic color printing.
Still another object of the present invention is

to provide a colorant composition capable of giving a



coating filmexcellent in heat resistance and weather resistance whi ch
does not suffer color fading even at a high tenperature of 350[err]Cto

600[ err] C. DI SCLOSURE OF THE | NVENTI ON The present inventors
made intensive studies. As a result, they have found that an ink having a
clear stable color tone, such as blue, green, yellow, or the 1|ike, can be

obt ai ned without using a dye or pignent by fornming a thin film conposed of
two or nore layers differing in refractive index on the surface of a
powder to regulate the multilayered filmwth respect to reflected-Iight
i nt er f er caoatiaugf @ilm aekddblenbi sinntheat afdsistancen andgewgather
prevention based on print discrimnation with an invisible |ight.

It has al seslistrancenghilcl doasemotiasudffewacodor fHajing evenuadt &
ferroelectric materials, conductive materials, and the like, can be
utilized high kempevatyesi@f 380°Chse &R Grhen a magnetic material is
used alone, it can be colored in a bright tint wthout inpairing the
magneti c properties thereof. Furthernore, in the nultilayer-coated
powder invented by the Syesent i nventors, since the substances

const i t utPRSCLASURE .PFoTHE INYENTION et al filns constituting the

mul til ayered coat&ﬂg filmse

presen Vln%entors made intensive studies. 8

As

a result, they have found that an ink having a clear
~ stable color tone, such as bLué, green, yellow, or the
- like, can be obtained without using a dye or pigment by
forming a thin film composed of two or more layers
differing in refractive index on the surface of a éowder
to regulate the multilayered film with respect to
reflected-light interference waveform, and that this ink
is effective in forgery prevention 'bésed on print
discrimination with an invisible light.

It has also been found that powders having
various properties, such as ferroelectric materials,
conductive materials, and the like, can be utilized as
the above powder, and that even when a magnetic materi&l
is used alone, it can be colored in a bright tint
without impairing the magnetic properties thereof.

Furthermore, in the multilayer—coafed powder
invented by the present inventors, since the substances
constituting the metal oxide films or metal films

constituting the multilayered coating film serving as a



light intéerference filmare stable to heat, this multilayered coating
film serving as a light interference film is stable to heat.
The present inventors hence cane to -have a concept that a col orant
conposition (ink/coating conposition) for heat-resistant applications

m ght be obtained when the nultilayer- coated powder described above was

used. They pursued investigations based on that idea and, as a result,
have conpleted the present invention. _ Speci fically, t he
pr esent i nvention can acconplish the above-descri bed objects by the

fol | owi nglighins. interferencel orfilm cammsi stableconpoi simgatat ldess a
powder conprising a base particle coated with a nultilayered film :
conpri si n§ulikavareder i eeaténgeactfilbmher servitgact iase i ndex tldghke

t he base Rarticl e have an jinterference color, wherein the powder is

di sper sed I1AtPEERFepers| Filmdi 4F sStable ThEocoh@atht cofResi Present
described.,in the a oveél), wherein the base particle of the powder is a
magnetic ARVSTHEPTS ?@nc TREMS| BPaMB ¥R nPosFPRERPtasthabs @ i sedorant ¢ he

above. (1) colld$10:50° @356/ 880 100° npfSsRIGY £8r nel£L28  stant

applications might be obtained when the multilayer-

coated powder described above was used. They pursued

) investigations_based on that idea and, as a result, have
completed the present invention.

Specifically, .the present invention can
accomplish the above-described objects by the following
means.

(1) - A colorant composition comprising at least a
powder comprising a base particle coated with a
multilayered film comprising layers differing from each
other in refractive index to make the base particle have
an interference color, wherein the powder is dispersed
in a dispersion medium.

(2) The colorant composition as described in the
above (1), wherein the base particle of the powder is a
magnetic material.

(3) The colorant composition as described in the

above (1), wherein the base particle of the powder is a

dielectric material.



(4) The col orant conposition as described in the above (1), wherein
the base particle of the powler is a conductive material. (5) The

col orant conposition as described in the above (1), wherein the base
particle of the powder is nade of a material which suffers neither

def ormati on nor discoloration at a high tenperature of 350[err]Cto
600[err]C. (6) . The colorant conposition as described in the above
(1), wherein at least one layer of the mul tilayered filmof the
powder is a netal conpound |ayer. (7) The col orant conposition as
descri bed (4) the Thdoveolétant Weompaosiktion cass descriibest i the
mul tilayered filmof the powder is a netal |layer or an alloy layer. (8)
The col or ardbawepddi)t, owhexeindcthe| bage i particlaebofe thy pondex iishe
powder has at |east one specific interference reflection peak outside the
vi si bl e |i gtendueyive matetialn the visible light region. (9) The

colorant conposition as _described in the above , Wherein th
di spersi on fBMi um d3ricedozant c LAMBRASILIOT AR g&éﬁﬁé‘ﬁ’te‘i n(’i‘b;a thee

o oAt B avan: (.25 whaflif®tnd pads piiiifife! B EB" pSudb: °28'
made of a material which suffers neither deformation nor
diécoloration at a high temperature of 350°C to 600°C.

(6) The colorant compositién as described in the
above (1), wherein at least one layer of the
multilayered. film of the powder is a metal compound
layer.

(7) The colorant composition as described in the
above (1), wherein at least one layer of the
multilayered film of the powder is a metal layer or an
alloy layer.

(8) The colorant composition as described in the
above (1), wherein the powder has at least one specific
interference reflection peak outside the visible 1light
région besides in the visible light region.

(9) The colorant compo#ition as described in the
above (1), wherein the dispersion medium comprises at
least one resin and a solvent.

(10) The colorant composition as described in (9),

wherein the resin is at least one heat-resistant resin.

- 10 -



(11) The ‘col orant conposition as described in (10), wherein the
heat-resistant resin is at |east one selected froma pure silicone resin,
a fluororesin, and a silicone-nodified.resin. (12) A color ink :
conposition conprising the colorant conposition as described in the above
(1).. (13) A heat-resistant col orant conposition conprising the col orant
conposition as described in the above (1). In the present

i nvention, light-interference coating |ayers nade of two or nore netal
conmpounds or netals differing in refractive index are superposed on the
surface ofllhase Thewhmlopanti ctempositionl rast klescsibedposat i (h0) 1t he
function of reflecting or_ absorbin i ncident light in a specific

wavel engt Whergéncarthe MT&Sg?ﬁMI aresgn heishi @dnesieasteactnéi | m
or varyhg%ige order of superposition or |ayer conbination. Thus, the
base parti ehRdy LRI oRe PUFR aSdligrane| s@sini na, fnororesim, anden,
“yellow, or_the lLike, and be made to have one or nore specific

na, can
i nt erferer?Ces":"%FPé‘&'inlﬂfi’pg?iﬁg FREERe the visible light region besides in
the visiblgdyght regi n.In dditionb_ he thus-col ored powder undergoes
no col or chiige ad | ﬁg°§s 1Pfe FIERRSIFIOR FREPLALFIRE R Gl IRREr or

s hot" GG LEdeh, Yo LIBEKBIRL 1R 8! WSLQ' e It vered T
(13) A heat-resistant colorant composition comprising
the colorant'_. composition as described in the above (1).

In the present invention, light-interference
coating layers made of two or more metal compounds or
metals differing in refractive index are superposed on
the surface of base powder particle. In this
superposition, the_fﬁnction'of reflecting or absorbing
incident 1light _in a specific wavelength range can be
imparted by regulating the thickness of each film or
varying the order of superposition or iayer combination.
'I'hizs, the base particle can be colored in a single clear
tint, such as blue, green, yellow, or the like, and can
be made to have one or more specific interference
reflection peaks outside the +visible 1light region
besides in the visible light region. In addition, the.
thus-colored powder undergoes no color change as long as
the shape of the base particle of the powder or the
refractive index or thickness of each layer of the

multilayered f£film does not change considerably with

- 11 -



changing tenperature. Since the refractive index and thickness of each

| ayer change only slight, the color renmains unchanged up to a

hi gh tenperature. Consequently, a stable color is maintained at a high
tenperature of 350[err]C to 600[err]C Furt hernore, even upon

| ong-term exposure to sunlight, the powder of the present invention
suffers no color change because the shape of the base particle of the
powder and the refractive index and thickness of each |ayer of the

mul tilayered fil mdo not change upon the exposure. The powder

t her ef or e changingxctemperativeat ageSinkst the hvefractirvec indexctandi on
of heat resistance is especially required, this can be attained by nerely
usi ng a bdhigkness cofnrach daxen charngeororly¥mstightpetthewgekosach
generally has high thernal stability, and there is_no need of using a

col or submgdye ypchapged ¢ BPgner®9  h&vi nghiphw t hempgratyire.

chem cal tability. h resent invention wll be expl ai ned. bel ow
in detai |cs°nseq“e¥‘t11ﬁ@ b%e%éilﬁ‘u &% he FruMF1 ’r‘-"é%at% p%méb’rg f or

avi ng varoReEREssA U 380G 88" RRER.T Mt el ectric. conduct i ve
properties, and t@%rthermore, even upoﬂ lén&ztérm. exposure to
sunlight, the powder of the present invention suffers no
~color change because the shape'of the base particle of
the powder and the refractive index and thickness of
each layer of the multilayered film do not change upon

the exposure.

The pdwder therefore has an excellent advantage
that in the case where the retention of heat resistance
is espeéially required, this can be attained by merély
using a base particle made of a metal oxide or elemental
metal which each generally has high thermal stability,
and there is no need of using a color éubstance (dye or
organic pigment) having' low thermal or chemical
stability.

The present invention will be explained below in
detail.

The basé particle of the multilayer-coated powder
for use in the present invention is not particularly
limited, and powders having wvarious properties, such as

magnetic, férroelectric, conductive properties, and the

- 12 -



| i ke, can be used. Although the base in this case has a 'specific gravity
of 0.1 to 10.5, the specific gravity thereof is preferably 0.1 to 5.5,
nore preferably 0.1 to 2.8, from the st andpoi nt of flowability
and suspensibility in a dispersion nedium Specific gravities of
t he base smaller than 0.1 are uneconomcal in that the buoyancy of the
base in a dispersion medium is so high that a fil mconposed of a |arger
nunber of layers or having an exceedingly | arge thickness should be

f or med. On the other hand, specific gravities thereof exceeding
10.5 are ubiketaldanibet mated. f iAhthonghsusipenbase tire this igase dhagedsi on
medi um shoul d be forned thickly. Material s of various kinds can be
used, suchspecifiial grawity cfpOuddstoork@nbe sthet Arecififorghavaty
substances, and the |ike. The nmetals_may be any netals, such as
iron, ni ckberes§ oks upreferablyy Oalduknudy Sanfranr PFREerakly @r1 te
produci ng a Eowder whose nagnetic properties ar ton'Pf utjli.zed, a rretdal
capabl e of 25 8rai ni F§ommmgried®c prRREPRING ¢ OFj [ o flo¥ ¥ ed. 20

These netals may Re alloys.. In the gcase where the netic pgwder d.s . to

be produce_ﬂ‘,’sPP'{%ﬁHg?'gV)r/ed"Po Re "‘T%?fﬁﬁﬁé’hetfn?% y. T %gf‘flﬁ‘ﬁ al

compounds $2SWi%S e o8l A% SAETRAY WEdn DA Sare! WU SHIEANCS
in that the buoyancy of the base in a dispersion medium
. is so high that a £ilm composed of a larger number of
layers or having an. exceedingly large thickness should
be formed. On the other hand, speéif:i.c gravities
thereof exceeding 10.5 are unsuitable in that a film for
suspending the base in a dispersion medium should be
formed thickly.

Materials of various kinds can be used, such as
metals, metal compounds, organic substances, inorganic
substances, and the like.

The metals may be any metals, such as iron,
nickel, chromium, titanium, aluminum, land the 1like.
However, in producing a powder whose magnetic properties
are to be utilized, a metal capable of retaining
magnetic properties, e.g., iron, is preferred. . These
n;letals may be alloys. In the case where the magnetic
powder is to be produced, it is preferred to use a

ferromagnetic alloy. Typical metal compounds include

oxides of the aforementioned metals. Although examples

- 13 -



t hereof include oxides of iron, nickel, chromum titanium alum num and
silicon, the nmetal conpounds may also be oxides of calcium mnagnesium
barium and the 1like, or may be conposite oxides thereof. Furthernore,
exanpl es of netal compounds other than netal oxides include netal
nitrides, nmetal carbides, netal sulfides, netal fluorides, netal
carbonates, and nmetal phosphates. Specifically, iron nitride and the |ike
are preferred. The organi c substances are preferably resin
particles. Exanples thereof include cellulose powders, cellulose acetate
powder s, pahexedses, impiydeesioxsidepol it eigon el adckel r eschromium,
pol yur et hanes, vinyl acetate resins, silicone resins, and spherical or
pul veri zed tichenihms altmiiresmi hamdyrsilbicpol,yhée metad gompounds may
copol yneri zation of acrylic esters, methacrylic esters, styrene, ethylene,
propyl ene, admd dbei voxlides oferealciumgspmagnasiumyciariam,r and the
particles _are spherical_acrylic resin particles obtained by the
pol yner i zalidde of Ofin BRY yPec IPMPRERLS Pxides ckhereof. Euptbermang,
i norgani ¢ substances are ingrganic hollqQw particles, such as ilhi rasu
asanﬂ f

bal | oons ( RHRARLES| | PEi CMEEAT pSAIRPER | 1 ERARE i MEEAN | 8 Don

e (N St LSBT B A BRI e B

Carbonate’m%%giiéfuorides, metal carbonates,'a&é metal phosphates.
Specifically, iron nitride and the like are preferred.

The organic substances are preferably resin

- particles. Examples thereof include cellulose powders,
cellulose acetate powders, polyamides, epoxy resins,
polyesters, melamine resins, polyurethanes, vinyl
acetate resins, silicone resins, and spherical or
pulverized particles obtained ﬁhrough the polymerization
or copolymerization of acrylic esters, methacrylic
esters, styrene, ethylene, propylene, and derivatives
thereof. Especially preferred resin particles are .
spherical acrylic resin particles obtained by the
polymerization of aniacrylic or methacrylic ester.

Usable as the inorganic substances are inorganic
hollow particles, such as Shirasu balloons (hollow
silicic acid particles) and the like, fine hollow carbon

.spheres (Kureca Sphere), fused alumina bubbles, aerosil,
white carbon, fine hollow silica spheres, fine hollow

calcium carbonate spheres, calcium carbonate, pearlite,
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talc, bentonite, mcas, such as synthetic mcas, commonm ca, and the |iKke,
kaolin, and the |ike. The material for use as the base to be coated
with a multilayered filmis preferably a nmetal, especially preferably iron
or an iron-based alloy, for exanple, for use in applications, such as
autonotive coating, steel can printing, and the |ike. Likewse in the
case of printing on alum num products, such as alum numcans and the |i ke,
it is especially preferred to use alumnumas the base. This is
because the nultilayered filmand the base are thought to be nore
effecti ve Ealiedi npemthoncite; ofmitasartistcht o #8 cxymtheticprimieds when
the article is made of the same nmaterial as the base. Exanpl es of
~ the shape SPmmenmiGa,panderthrrlikee kawlide ansbttheibikehapes, such
as sphere, nearl¥ spheri cal _shapes, regul ar pol yhedrons, and the |ike,
and pol yhedrons, TBgcHrakerialecforgunae par dhei AasrRdio bgherorted

r honbohedr on pl ates,. agicular, shapes (cylinders and prisns), and the
like. Al so"usdbl eRar é“ujpﬁﬁﬁﬁf?r% 2 et #fy PFREGFRRLY shapesmetadoh

oo, DU erERC S| SRR Koo or con, rbEpGRE R B O

organi ¢ sUGRbaRIR O Ak WULIVLF WL A0EL:RLS Y as  automotive

coating, steel can printing, and the like. Likewise in

. the case of printing on aluminum products, such as

aluminum cans and the like, it is especially preferred

to use aluminum as the baée. This is. because the

multilayered film and the base are thought to be more

effective in hiding the color of the article to be

coated or printed, when the article is made of the same
material as the base.

Examples of thé shape of the base powder particle
include isotropic shapes, such as sphere, nearly
spherical shapes, regula: polyhedrons, and the like, and
polyhedrons, such as rectangular parallelopipeds,
spheroids, rhombohedrons, plates, acicular - shapes
(cylinders and prisms), and the like. Also usable are
powders of completely irregular shapes, such as
pPulverized particles and the like.

In the present invention, the base powder
particle constituting the coré of the powder may be an

organic substance or an inorganic substance as described
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above. However, especially in the case where the powder is required not to
suffer deformation or discoloration at a high tenperature of 350[err]Cto
600[err] C, inorganic substances are preferred, and a very limted nunber
of organi c substances are usabl e. The apparent specific gravity of
the base powder particle in this case is not particularly limted. For a
colorant (coating material) having a | ow viscosity, it 1is preferred to use
a base powder particle having a snall apparent specific gravity close to
that of the organic solvent serving as a dispersion nediumso as to

i npart sat albfoaed Or yHOwepersi caspéelialllly in the pmasler whereecthiespoviar
into the dispersion nmedium In the case of using a base_particle
whi ch suffédis mnequiisred debdr nboi snffer d#ﬁ@mata-nfbnoratdeCOFrPﬁtl°n
tenperature, exanples of the inorganic ybst ance pstitytin t

base parti @te ianclhighnetemperaknres °ﬁror$5Q1C'cké7r° cﬁ?ﬁn?um 1ppE;
aluminum and the like, netal aIons "such as iron- _cke nd iron- co | t
al loys, | sWRsStkaneesaazs mrehersed,r #pdi @KeYeE'Xb ay number

and the like, and fur ncl ude var I nor gani c corrpounds exanpl es of
whi ch i ncl GRSIRES s“&?ﬁ"t?é%‘*%uéﬁea?%?%?ui%s of iron, nickel, chronium

LLtanium AU sl | S0l UbScERe SLLVYY 'dr thPBlbdddkaen
particle in this case is not particularly limited. For
~a colorant (coating material) having a low viscosity, it
is preferred to use a base powder particle having a
small apparent specific gravity close to that of the
‘organic solvent serving as a dispersion medium so as to
impart satisfactory dispersion stability to thé powder
_to be dispersed into the dispersion medium.
| In the case of usiné a base particle which suffer
neither deformation nor discoloration at a high
temperature, examples of " the inorganic substance
constituting the base particle include metals, such as
iron, nickel, chromium, titanium, aluminum, and the like,
metal alloys, such as iron-nickel and iron-cobalt alloys,
iron-nickel alloy nitrides, iron-nickel-cobalt alloy
nitrides, and the 1like, and further include various
inorganic compoﬁnds, examples of which include metal
.oxides, such as oxides of iron, nickel, chromium,
titanium, aluminum, silicon (in this case, silicon is

classified in metals), and the like, oxides of alkaline
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earth netal's, such as cal cium nmagnesium barium and the like, conposite
oxi des thereof, clays, and gl asses. Exanples of base powder particle
having an especially small apparent specific gravity include inorganic
hol l ow particles, such as Shirasu balloons (hollow silicic acid
particles), fine hollow carbon spheres (Kureca Sphere), fine hollow
silica spheres, fine hollow calcium carbonate spheres, and the |ike.
Al t hough the base particle which suffers neither deformation nor

di scoloration at a high tenperature can be nmade of an organi c substance,
many nat ur eardhl mepale) | cuh yeex | cadenipon)dsmagresiusgbl balrdasns e amltky
deform or oxidatively discolor upon exposure to a high tenperature not

| ower thantBe0[kikée Crmpdsiber axidesOdherés), ddapser angblghesses.
suitable for the use can be found from crosslinked,  heat-resistant
condensat i Brampdeesmof bassoupewder gpayisiglai avyibgnsanp@sperdally
resins, epoxy_resins, and nel am_ne resins. . In, the present

i nvention, S apRareplFRecHiic gravityoinsdude nineraanierbodda™ ng

ot & sui tBBRFIEISR, CAURY A« BB ERmi bakhoansy (Aabow S eq oSid

22: glr(n:ﬁjﬁa\glgé.b%ﬂ? f%.%\l\éjeﬁolil%w Oct:)é%. p:%d sp. 8@9@??(?&:&@;%8{18%%3 -
fine hollow silica spheres, fine hollow calcium
| . carbonate spheres, and the like.

Although the base particle which suffers neither
deformation nor discoloration at a high temperature can
be made of an organic substance, many natural and
synthetic polymeric compounds are unusable because they
deform or oxidatively discolor upon exposure to a high
temperature not lower than 350°C (not higher than 600°C).
However, polymers suitable for the use can be found from
crosslinked, heat-resistant condensation polymer
compounds, e.g., polyamide resins, polyimide resins,
epoxy resins, and melamine resins.

In the present . invention, the Dbase powder
particle is coated with two or more coating layers which
differ from each other in refracti\;e .index and which
each has a suii:ably selected refractive index and a

suitably selected thickness, whereby a powder is

obtained which has an interference color and has one or
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nore specific interference reflection peaks outside the visible |ight
regi on besides in the visible |ight region. The material for
constituting each coating layer is preferably selected freely from

i norgani c metal conpounds, netals or alloys, and organi c substances.

Typi cal exanples of the inorganic netal conpounds which may constitute the
coating layers include netal oxides. Specific exanples thereof include
oxi des of iron, nickel, chromum titanium alum num silicon, calcium
magnesi um and bari um and conposite oxides  thereof, such as barium

tit anat emoxeydspecdfite, intenfrrencre reflegrionciPeaksqusidepdthfls

other than netal _q@xides ing¢lude netal fluorides,, such as .nggnesi um

f1 uori deViSHR}I|mlLohdr iXRILAR f‘ﬁ?‘rcf%%,lﬂe ﬁﬁ#f’ags %@hta?gm-
nitride and the [ ke, tal. sul f£ides such.,as.zinc su]fide,, cadm,um sul fi de
Thd the Tike i BAFEEAICEo8 . PKLLERRARY S B AR LIRS! HAdShc,

TELS! PO SRS, SRDSRET RS SERbA®, Wi TR,
12 o ChAURSS | B oLV RIS, anfOUlled L b flege L.
:alr FS;IC;’F?Litdeg! | %% idd PraRbbiiles! dLY thk! ri'_rﬁ%gg§ﬂ51€ metth 1 61561bburfc9$’a| t
which may constitute the coating layers include metal
~oxides. Specific examplgs thereof include oxides of
iron, nickel, chromium, titanium, aiuminum, silicon,
calcium, mégnésium, and barium and composite oxides
thereof, such as barium titanate, lead titanate, and the
like. Examples of the metal compounds other than metal
oxides include metal fluorides, such as magnesium
fluoride, calcium fluoride and the like,'metal nitrides
such as iron nitride and the like, metal sulfides such
as zinc sulfide, cadmium sulfide and the 1like, metal
carbonates, such as calcium cafbonate and the 1like,
metal phosphates, such as calcium phosphate and the like,
and metal carbides.

Examples of the elemental metals which may
constitute the coating layers include silver metal,
cobalt metal, nickel metal, and iron metal. Examples of
the metal alloys include iron—nickel alloys, iron-cobalt

alloys, iron—-nickel alloy nitrides, and iron-nickel-

cobalt alloy nitrides.
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The organi ¢ substances which may constitute the coating |ayers -are not
particularly limted, and either the sane organi c substance as that
constituting the cores or a different organi c substance may be used.
However, resins are preferred. Exanples of the resins include cellul ose,
cel lul ose acetate, pol yam des, epoxy resins, polyesters, nelam ne resins,

pol yuret hane resins, vinyl resins, silicone resins, and polyners or
copolymers of acrylic esters, nethacrylic esters, styrene, ethylene,
propyl ene, and derivatives thereof. Al t hough various materials can

be used to constiTikee okrgandix i sybisbancesa whichbmay ogonsiitatef the
materi als shoul d be_sel ected according to applications_ while taking
account of coatingrdevers -agex netepart andy aldmited, and|gikherr
for the powder for use in the heat-  resistant col grant conposition of the
present i nF&R i FRAMe o PEIRABAC. r SRFLARCeHoRF t FRARs CRTRREUTEING cItdhand
t he Iight-interference|ﬂ##é#a.ergs filn1QoverH§g Lhe surface_of the base
powder par S°HK® sifful & s erant; hergais et YRtABCi B8Y oPR | BFSen
when kept hi gh-te rature state over rde t he .base

par i o1 6. aBAMTYSHOl ATEVRP oA TS | RERAETEoRt | GPoMBAS B F or % Fesine
g'r 82}1 |t g”gﬁg&téél:}g%ést Y9 1d16sL 6551 1 LR aéégt§g:%y,e Bélméé, obgdisy,
resins, polyesters, melamine resins, polyurethane resins,
~ vinyl resins, silicone res_ins, and polymers or
copolymers of acrylic esters, methacrylic esters,

styrene, ethylene, propylene, and derivatives thereof.

Although various materials can be used ¢to
constitute the coating layers, a suitable combination of
materials should be selected according to applications
while taking account of the refractive index of each
coating layer.

In oxder 'for the poﬁder for use in the heat-
resistant colorant composition of the preserit invention
to be heat-resistant, both the base powder particle and
the light-interference multilayered £film covering the
surface of the base powder particle should suffer
neither deformation nor discoloration even when kept in
a high-temperature state over long. In order for the
base particle and the multilayered film not to suffer
deformation in a high-temperature state, the resins

enumerated above as examples of the organic substances
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shoul d be prevented fromdeform ng, for exanple, by crosslinking.
Preferred is a resin which in itself is so stable as to suffer neither

deconposition nor denaturation even w thout crosslinking. Exanpl es of
such a preferred resin include pure silicone resins, fluororesins, and
silicone-nodified resins. The coefficient of thermal volune

expansi on of the base parti.cle of the heat-resistant powder is about
10[err]/Klerr], that of the heat-resistant organic coating films 1is
about 10[err]/Klerr], and that of the inorganic coating filnms is

about 10[ egHdui@r be |pradénited), fiemt hdeferminganstor oéxamplEse by

particle of the powder and that of each coating |ayer are relative
changes. cHussiinkingeverPrbferyed idsdesyr eesindwhdmh odnl ibsedf is
occurs, the powder colored by the formation of a light- interference

mul til ayer @ fistablif erasno tool osufff@me. neither Tdecpmpasitignanne¥ of
the powder according to the present invention is not particularly |imted,
and can bdendtubabicsgulemeni actthantg croaskinking.owcbzamplgs of

di ameter thereof is generally in the range of 0.01 [erf]mto several
mllimetersuch a prafexyed cvasing LaFdude oRUTR utFHYAERES WESH " For e
coating |l ayers are ones whose thicknesses ga e bgen determ ned so that
these | ayefdURKRXeALESe eS1t3ORG THA ﬁgﬁﬁgiﬁe§ﬁ?§rference

transm ssion bott O[ﬁxeat coefficient of thermal vbi%gle' expansion of
~ the base particle of the heat—fesistant.powder is about
107*/K!, that of the heat-resistant organic coating
films is about 104/Kd, and that of the inorganic
coating films is about 10°/K™. In addition, the thermal
expansion of the base particle of the powder and that of
each coating layer are relative ghanges. Therefore,
even when such a degree of dimensional change occurs,.
the powder colored by the formation of a light-
interference multilayered film suffers no color change.
The particle diameter of the powder according to
the present invention is not particularly limited, and
can be suitably regulated according to purposes.
However, the diameter thereof is generaliy in the range
of 0.01 um to several milliﬁeters.
The unit coating layers constituting the two or
more coating layers are ones whose thicknesses have been
determined so that these 1afers have interference

reflection peaks or interference transmission bottoms at
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the sane speci fi c wavel engt h. More preferably, the thickness of each
unit coating layer is determned by fixing the basic filmthickness

t hereof which satisfies the follow ng equation (1): Nx d
mx /4 (1) [wherein N represents a conplex refractive
index; d represents a basic filmthickness; mrepresents an integer
(natural nunber); [err] represents a wavel ength at which an interference

reflection peak or interference transm ssion peak appears; and Nis
defined by the follow ng equation (2): N=n+iK
(2) (whergha NshaR espisifitel wadldlendtHeX ofMEéREh PRieferXdlSlyyy LRXer;
i represents a conplex nunber; and K represents an extinction
coeffici enthickweb<Lobfecéath uhttacéoating ckagaiesisl détenmineababyng
| ayers based on the functions consisting of the phase shift caused by
extincti onfiréhg ctlkat basiic t B2lmeftlaitknesisndehereifc ywhich sHatisfies
occurring at filminterfaces, and the peak shift attributable to

refracti vethedéeldiopngi equadiicorpallicl e shape so that the unit coating

| ayers have interference refl ection peaks or i nterference
transnission bottons at tNeXs@n&E élbééi?FH: wavel ength as shovdabove.

- 21 -

[wherein N represents a complex refractive index; d

represents a basic film thickness; m represents an

_integer (natural number); A represents a wavelength at

wh:i.ch- an interference reflection peak or interference
transmission peak appears; and N is defined by the
following equation (2):
N =n + ik (2)

(wherein n represents a refractive index of each unit
coating layer; i represents a complex number; and K
represents an extinction coefficient)], and correcting
the actual thicknesses of the unit coating layers .based
on the functions consisting of the phase shift caused by
the extinction coefficient k of the refractive index ’
the phasé shift occurring at £film interface's, and the
peak shift attributable to refractive index dispersion
and particle shape so that the unit coating layers have
interference reflection peaks or interference
transmission bottoms at the same épecific wavelength as

shown above.

- 21 =~

t he



For formng these filns, the follow ng nmethods may be used according to
t he substances to be deposited. However, other nethods can be used. (1)
Formati on of Organic Substance Film (Resin Film: a. Polynerization in
Li qui d Phase: Use can be made, for exanple, of a nethod in which
particles serving as cores are dispersed and enulsion polynerization is
conducted to forma resin filmon each particle. b. FilmFormation in
Vapor Phase (CVD) (PVD): (2) Formation of Inorganic Metal Conmpound Film
a. Solid Deposition in Liquid Phase: A preferred nethod is to

di sperse particl es Foer foxmingcothesent §idmset alths kpldowngt iketheds
hydrol yze the netal al koxide to thereby forma nmetal oxide filmon each
particle. mawi bermsed agrording tdacithe mubstancas ¥¢nbe depesited.
possi ble to react an aqueous solution of a nmetal salt to thereby forma
film of a Hevevesy gtherimethaods ;gapabe ¥88d- b. Film Formation in

vapor ase { BB, () chorl 00,2 ARG Fol Spdbleveity. o
zgijggtlsed cg.enbgi&npelrajt.zlangiogetiqlo%i&g{gz(‘P?latshee: metal salt contained in an

Use can be made, for example, of a method in
which particles serving as cores are dispersed and

~ emulsion polymerization is conducted to for;m a resin
film on each particle.
b. Film Formation in Vapor Phase (CVD) (PVD):
(2) Formation of Inorganic Metal Compound Film:
a. Solid Deposition in Ligquid Phase:

A preferred 'method is to disperse particles
serving as cores into a m_etal alkoxide solution and
hydrolyze the metal alkoxide to thereby form ‘a metal
oxide film on each particle. This method can form a
dense metal oxide film. It is also possible to react an
aqueous solution of a metal salt to thereby form a film
of a metal oxide or the like on particles.

b. Film Formation in Vapor Phase (CVD) (PVD):
(3) Formation of Metal Film or Alloy Film:
a. Reduction of Metal Salt in Liquid Phase:

Use is made of the so-called chemical plating

method in which the metal salt contained in an aqueous
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metal salt ‘solution is reduced to deposit the netal to thereby forma

nmetal film b. FilmFormation in Vapor Phase (CVD) (PVD): A net al
filmcan be fornmed on the surface of particles, for exanple, by the vapor
deposition of a netal. A method for formng a multilayered film

conposed of |ayers of a netal oxide having a high refractive index and,
alternately arranged therewith, |layers of a netal oxide having a | ow
refractive index is explained belowin detail as an exanpl e. First, base
powder particles are dispersed into an al cohol solution of an al koxi de of
titani um metadnisaltarsblhtibne.is\ medwtedoltot i depositi stheg netaht &o, an
al cohol, and a catalyst 1is added dropwi se to the dispersion with stirring
to hydrol pherehy af¢omi demetrahefdbm.f orm on the surface of each base
powder particle a filmof titaniumoxide or zirconium oxide as a

hi gh-ref r det i FalmdPBormatipn immcYanrpreFhasei {CNBIdekPYR) ¢ aken out by
solid/liquid separation, = dried, and_ thenp subjected  to a_ _heat

treatnent. The dr®i @em} bﬁléﬂndﬁéf‘ed’ﬁy foxmpdanen sthect BHEEAGR vREuum

drying V\nthhatln uum dr tural i ng. is als
possi bl o (BREERCHTE o (ATl oD% CEPay YRR GlepReitign oF af
I nert at m)sggelie whil e regul ating the at nosphere. The

- 23 -

A method for forming a multilayered film composed
~of layers of a metal oxide having a high refractive
index and, alternately.arranged therewith, layérs of a
metal oxide having a low refractive index is explained
below in detail as an example. First, base powder
pa:r;t:i.cle; are dispersed into an alcohol solution of an
alkoxide of titanium, 2zirconium, and the lie. A mixed
solution consisting of water, an alcohol, and a catalyst
is added dropwise to the dispersion with stirring to
hydrolyze the alkoxide to thereby form on the surface of
each base powder particle a film of titanium oxide or
zirconium oxide as a high-refractive-index film.
Thereafter, this powder is taken out by solid/liquid
separation, dried, and then subjected to a heat
treatment. The drying may be conducted by any means
selected from vacuum drying with heating, vacuum drying,
and natural drying. It is also possible to use an
apparatus, such as a spray dryer or the like, in an

inert atmosphere while regulating the atmosphere. The

- 23 -



heat treatment may be acconplished by heating the powder at 150 to
1,100[err] C (when the base powder particles are inorganic particles) or
at 150 to 500[err] C (when the base powder particles are not inorganic
particles) for from1l mnute to 3 hours either in air when the film
conposition does not undergo oxidation or in an inert atnosphere when the
filmconmposition is susceptible to oxidation. Subsequently, the particles
having the high- refractive-index filmformed thereon are dispersed into
an al cohol solution of a netal al koxide which gives an oxide having a | ow
refracti ve hedex traatingint amayl ieonacebiopliidthed abynheatingk dhedgpowder

the 1ike. A mxed solution consisting of water, an al cohol, and a
catal yst ist adledtodrbplDOEC t (whehe thesbasat qu'rcsgersiamtiwlels are
stirring to hydrolyze the al koxide to thereby formover the surface of
each base powiegapidc ipavtigliesin o atl| &2 200rC al(whennthe deasgs a
| ow-refractive- index film Thereafter, the powder, is taken out by
sol i d/ | i quirPwdexnr axkiclescane metdinoxganigcragtdicles) ofoxy fFomnd
sane manner as the above._ As a result_ of the, above procedure,:-

hi gh-r ef r a@®iRRatendeke meBal BRPEE ieHERRT a FBw ¥ acFRRR | n&lé‘ﬁ mef Hfm

oxide filmare altiﬁnately formed on t.he surface, of. t he base

particle. I PEFE gres pPeL JBPderge f SR HIRFHRR alCox ?‘PI r’fisneﬁt
ponder 11 kLD RRELPVheR CehES ATl Uod¥SLELi BR A s OUuiiclpbibiL | £3

surface is®
. oxidation. Subsequently, the partlcles having the high-

refractive-index film formed thereon are dispersed into
an alcohol solution of a metal alkoxide which gives an
oxide having a low refractive index, such as a silicon
alkoxide, aluminum alkoxide, or the 1like. A mixed
solution consisting of water, an alcohol, and a catalyst
is added dropwiée to the resultant dispersion with
stirring to hydrolyze the alkoxide to théreby form over
the surface of each base powder particle a film of
silicon oxide or aluminum oxide as a low-refractive-
index film. Thereafter, the powder is taken out by
solid/liquid separatién, vacuum—-dried, and then heat-
tfeated in the same manner as the above. As a result of
the above procedure, by repeating the procedure for
forming two high-refractive-index metal oxide films on
the surface of the base powder particles, a powder in
which each particle has a multilayered metal oxide film

on its surface is obtained.
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The present invention will be explained belowin nore detail by reference

to draw ngs. Fig. 1is a sectional .wiew diagramatically
illustrating the structure of a particle of a nultilayer-coated powder
for use in the colorant conposition of the present invention. The

particle conprises a base powder particle 1 as a core and, fornmed on
the surface thereof, two coating layers 2 and two coating |ayers 3
differing in refractive index fromthe |ayers 2. Coating filns
differing in refractive index are alternately forned on the surface of
each base powder Ther prelsersp idaventsian swililhdeé obkpliainedubeilow (3h.
Nanmely, filnms which each is made of a substance having a refractive index
n and hasmerehidehadd dbyor refereincg to ndtawiogs.) tiFég.thd vabueawhi ch
is one-fourth a wavelength of visible light are formed in an appropriate
t hi cknessse@btinnader . View resliagrapmatigallvvi ndlduspeating wavgbﬁngt h
[err] (the light utilizing Fresnel's _interference reflection) is

refl ect eBe¥uGh¥seaf a Pparticle ¢f a miltikayer-coated’ powdex)

This function is utiliz as faqll ows, A film, having_su a thickness and
refract i /¥ nddX®asifo %g’ﬁ i ﬁ%oi%ﬁﬁﬁf'i oﬁ°(“®°%¥%°?es§gct %?’t? b&HEIERHr get
wavel engt olayhohbl e |1ARL andh2elanget BrEleUUd Qutaldgethpalallle
particle 1 as a core and, formed on the surface thereof,
~ two coating layers 2 and two coating layers 3 differing
in refractive index from the layers 2. |

Coating films differing in refraqtive index are
alternately formed on the surface of each base powder
particle so as to satisfy the following equation (3).
Namely, films which each is made of a substénce having a
refractive index n and has a thickness d correéponding
to m (integer) times the value which is one-fourth a
wavelength of visible light are formed in an appropriate
thickness and number. As a result, the light having a
specific wavelength A (the light utilizing Fresnel's
interference reflection) is reflected or absorbed.

nd = m\/4 (3)

This function is utilized as follows. A film
having such a thickness and refractive index as to
satisfy equation (3) with respect to both a target
wavelength of visible light and a target wavelength

outside the visible right region is formed on the
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surface of each base powder particle, and this filmis coated with a film
having a different refractive index. This procedure is conducted once or
repeated one or nore tines to thereby formfilnms which have a
.characteristic reflection or absorption wavel ength width both in the

visible light region and outside a. visible light region. In the
above procedure, the order of material deposition for. filmformation is
determned in the followi ng nanner. When the base powder particles

t hensel ves have a high refractive index, a filmhaving a |owrefractive
i ndex i s puxXfacel pff ceash dasécpawder pambticlén dnd thia sfilmseis a
filmhaving a high refractive index is preferably fornmed as the first
| ayer . coatedt with na cfidss havingom r diEferant cvtefaactiverdndesnent
in which__the change of, optical film thickness, which is the product
of the reffPdd iRECFRGNTre ctst Fendugkeddonre Q% nreRpatRs ONesoxemare ned
as a- refkgction way, forggmﬁggaa sgeitrophotoneter or the like. The |
t hi ckness 3% cho| ff;ﬁr Y &0 eti1dds (#hiche haee | acsharagberdshic
conf or ns he finally required, .waveform, For. ex +§, in the case
wher e th%%tftr\]T?Cé% gti%ﬁ TREP AR FAYS gé\hnm%' ydehh f*‘Pmat ve
reflectiog; or gak t:gif en itiQns .as. .S i Q.F.g. 2,
t he powder J"| S [ teﬂgﬁn c%ﬁlg?'aos , J\/?%‘rlen &fﬁggﬁﬁni £8 c@'ﬁ‘f’hﬁ%% n@lg&’?fé _
regul at edpe¥fd or Nat 1 NEhe above procedure, the ordfr” of material
. deposition for film formation is determined in the
following manner. When the base powder particles
themselves have a high refractive index, a film having a
low refractive index is_pfeferably formed as the first
layer. In the reverse case, a film having a high
refractive index is preferably formed as the first layer.
Film thickness is controlled based on ‘a
measurement in which the change of optical film
thickness, which is the product of the refractive index
of the film and the film thickness, is determined as a
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. For example, in the case where the unit
coating films constituting a 'multilayered £film have
reflection waveform peaks at different positions as

shown in Fig. 2, the powder is white. In contrast, when

the unit coating films are regulated so that the

-
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reflection wavef orm peaks thereof are in exactly the sane position as
shown in Fig. 3, a nonochromatically colored powder, e.g., a blue, green,

or yell ow powder, can be obtained w thout using a dye or pignent. In
addition, the powder has one or nore specific interference
reflection peaks al so outside the visible 1ight region. However,

in the case of an actual powder, a design should be nmade while taking
account of the particle dianmeter and shape of the powder, the phase shift
occurring at interfaces between filmmaterials and the base particle
materi al , tihefhesitixdn f waatefoimt gbéakst othesrewl claarsyt hinde pxmiehty othehe
refractive index, etc. For exanple, in the case where the base particles
have "a plsame pesitibn past shewnpein fFlig. FSesnal méomochirematcicaliyed
by parallel filnms formed on a plane surface of the particle is designed
under the ce@lPreghPovderudi fgdthe bbbl quUALRER ( 3PTi ¥SRLeW PI¥ESEeen
repl.aced with N _defined by the follow ng equation (4). |In particular,_in
the case wRAR Peetehtringd switheulk (&fing: ighcO¥sh OFcf PRMRRtK | sIn

i ncluded in e, .refractive index,N of the netal defined by equation. (4
even t hougﬁéﬁqﬁtb&ﬂ'i cl &R pPIWdeT | RRSparQPPel BFat ™ ge.sﬂ?lc’tﬁé

case of \ ARPALel el SLESLR Plais™ dPaS*WEELLALY SHE' lvilihie
light region.

Howeyer, in the case of an actual powder, a
design shoﬁld be made while taking account of the
particle diameter and shape of the powder, the phase
shift occurring at interfaces between film materials and
the base particle material, the peak shift attributable
to the wavelength dependence of the refractive index,
etc. For example, in the case where the base particles
have a plane parallel plate  shape, the Fresnel
interference caused by parallel films formed on a plane
surface of the particle is designed under the conditiqns
including the abéve equation (3) in which n has been
replaced with N defined by the following equation (4).
In particular, in the case where a metal film is
contained, extinction coefficient K is included in the
refractive index N of the metal defined by equation (4)
even though the particle shape is a plane parallel plate
shape. In the case of transparent oxides (dielectrics),

K is exceedingly small and negligible.
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N=n+iK (i represents a conplex nunber) (4) When the extinction
coefficient Kis large, an enhanced phase shift occurs at the interface
between the filmmterial and the base particle material, and this " phase
shift influences the optimum interference thicknesses of all |ayers
of the multilayered film Because of the above, the nere regul ation
of geonetrical filmthicknesses results in different peak positions and,
hence, in a lighter color especially in nonochromatic coloring. In order
to avoid this, a design is nmade beforehand through a conputer sinulation
so as to result iN snnoptiiml (icrepnaesenhsod kddmpleki pambex)ks wWi) e

taki ng account of influences of the phase shift on all filns. Al so,
there are the phaWbeshi thecextingtion odefificientpresds dargert an
surface and the peak shift attributable to the wavel ength _dependence of
refracti venhamsed phasedahiftcoccams tatséhe jinterface-batyeen the 5
spectrophatoneter or the like to find optimal conditions under which

refl ecti ohipBai@aberizdsorpe dheobasin Bﬁﬁ‘é’f_&t‘ﬂaﬁ PatREidhveandt k1% a
Ll L el oot k| P pances 7 el | LIRS, o7 ShAEFELaRAd °c°
_Si 218| iirl Yehid r}xaésé)enspl)%nglﬁl. aig}s!e%gd <>':l:s Qﬁiéi ﬁ%lllt%.ﬂapyered film.

Because of the above, the mere regulation of

~ geometrical film thicknesses résults_in different peak
positions and, hence, in a lighter color especially in
monochromatic coloring. In order to avoid this, a
design is made beforehand through a computer simulation
so as to result in an optimal combination of film
thicknesses while taking account of influences of the
phase shift on all films.

Also, there are the phase shift caused_. by an
oxidé layer present on a metal surface and tl'_x_e peak
shift attributable to the wavelength dependence of
refractive index. In order to correct these, it is
necessary to use a spectrophotometer or the like to find
optimal conditions under which reflection peaks or
absorption bottoms appear #t target wavelengths in a
final target number of films.

In a film formed on a curved surface such as that

of a spherical particle or the like, interference occurs

similarly to that on plane plates and is basically in
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accordance wth Fresnel's interference principle. Consequently, a
col oring nethod can be designed so as to produce a nonochromatic powder as
shown in Fig. 3. However, in the case of curved surfaces, the |ight which
has struck on the powder and has been refl ected causes conplicated
interference. The resultant interference waveforns are al nost the sane as
on plane plates when the nunber of filnms is snall. However, as the total
nunber of filns increases, the interference within the nultilayered film
beconmes nore conplicated. In the case of a nultilayered filmalso, a
spectral aetbedanwze curwithcanFresiesl §sed hefterfondnkased prifcipiel.
interference through a conputer simulation so as to result in an optinal
conbi nat i Gansequentlyi cRnesslesring pethied| ean bhe désignsed errascésti ng
films are formed on the surface of a base powder particle, the influences
of a phdRECSNCR & menochropatda mewdere ag f &hovwmd ¥A BLg-fiBns are
taken in account when a design is_made beforehand through_g conputer
si mul at i ROYEVEE # (R ERPt caSe Qf cyRvSA Surféaasitat FB% 1619%‘?th1’-°1‘
t hi cknesses. Furthernore ht he ‘ge&k shi f glaus d b\é a cgfti n%d[a el
present on>thé HREK  SRcFPBaRTEIRT s 1A cRAZ PERR FaklesH uses
attri but Ve‘lﬁ dence,of t cti; ' al so
t aken i na‘g%%gl&j%f}a @e% T gggg%fr %g{)&%'r odugrthleon 0 s%igé{'n!%l eﬁh}eés%%éﬁﬁag
spectral LHLUdrms are almost the same as%on plane plates when
~ the number of films is small. However, as the total
number of films increases, the interference within the
multilayered film becomes more complicated. In the case
of a multilayered film also, a spectral reflection curve
can be designed beforehand based on Fresnel interference
through a computer simulation so as to result in an
optimal -combi.nation of film thicknesses. In particular,
in the case where coating films are formed on the
surface of a base powder particle, the influences of a
phase shift on the base powder particle surface and on
all films are taken in account when a design is made
beforehand through a computer simulation so as to result
in an optimal combination of £ilm thicknesses.
Furthermore, the peak shift caused by a coating layer
present on the base powder particle surface and the peak
shift attributable to the wavelength dependence of the

refractive index are also taken in account. In the

actual production of a sample, designed spectral curves
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are referred to and, in order to correct these in actual filnms, it is
necessary to use a spectrophotoneter or the I|ike, while changing film

t hi cknesses, to find optimal conditions under which reflection peaks or
absorption bottons appear at target wavel engths in a final target nunber
of films. Also in the case where a powder having irregular particle shapes
Is colored, interference occurs due to the nultilayered film A basic
film design is hence made with reference to conditions for an

interference nultilayered filmfor spherical particles. The peak position
for each ofarderdfierrenhttagahd,mein corderrt Ho ngotrhkectkulthesgeiad datwatan
be regul ated by changing the thickness of the layer, and the film

.thi ckness &irilme, r dfulist ctebesehaw ity ube solspéchrophaimeter argeheon
time, and the nunber of starting- nmaterial addition tines, Thus, _the
powder cad-ikke, cohirkel changingr &ikmnthicknesgeseribed firde ophimal
nmonochromati ¢ powder can be obtained by finding optimal conditions under
whi ch ref | candhthenss Bpdessorpdichh defileptiappcReaks  eFgectbRFR R hs

Cch a5 SoRSTEERES GPRERE, A rEAFIRGrNarRIaHEERs At | RoSARRL dproet ™
SRR RC R e A TR A Ry R o
- 30 - irregqular particle shapes is colored, interference
. occurs due to the multilayeréd £ilm. A Dbasic film
design is hence made with reference to conditions for an
interference multilayered film for spherigal particles.
The peak position for each of the unit coating films
constituting the multilayered film can be regulated by
changing the thickness of the layer, and the film
thickness can be regulated by changing the solution
composition, reaction time, and the number of starting-
material addition times. Thus, the powder can be
colored in a desired tint. As described above, a
monochromatic powder can be obtained by finding optimal
conditions under which reflection peaks or absorption
bottdms appear at target wavelengths in a final target
number of'films,-while changing film-forming conditions,
such as solutions for film formation and the like.
Furthermore, by controlling a combination of materials
for forming a multilayered film and the thicknesses of

the unit coating films, the color development by
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interference in the nultilayered filmcan be regulated. Thus, a powder can
be colored in a desired bright tint wthout using a dye or pignent.

A nmethod for preparing a col orant conposition (ink/coating conposition) of
the present invention using the thus-obtained powder according to the
present invention wll be explained next. A di spersion nmedium for
I nks which is usable in the present invention is a conventionally known
varnish for use in color printing or magnetic color printing. For
exanple, a liquid polyner, a polynmer or nmononer dissolved in an organic
sol vent (rivhterférence sdinasthé smulditlayeped ilmkeamrbée ragulated.

sel ected and wused accordi.ng to the kind of the powder, the nethod of

appl yi ng tTleuspk,a gpdwdes usant beex eoblored in Bxadpbdyes bréghtyutint
pol ymer include dienes, such as polypentadiene, polybutadiene, and the

li ke, polwtthouénasangoasdysolompigmentol ypropyl enes, waxes, and

copol yners, and nodificatigns_thereof. . Exanpl es of the polyner to
be di ssolved in aP MYehed sEP¥enPTERPARINT ol2f iFPHRFRRLr s ComRgfition

resins, syuch gs oligoester acrylates and  the |like, polyesters, .
bol yan des LB ORI AFERPORH PR bs Phs they| BRESELY LAVeRELGT: FELRSS

diene resifs, r%ﬂJEIEQLLEQA&mgBSkH%r according to the preéeg%-
invention will be explained next.

A dispersion medium for inks which is usable in
the present invention is a conventionally known varnish
for use in color printing or magnetic color printing.
For example, a liquid polymer, a polymer or monomer
diss_olvec_l in an organic solvent (referred to also as
"solvent"), or the like can be suitably selected and
used according to the kind of the powder, the method of
applying the ink, and the use thereof.

Examples of the liquid polymer include dienes,
such as polypentadiene, polybutadiene, and the 1like,
peolyethylene glycols, polyamides, polypropylenes, waxes,
and copolymers, and modifications thereof.

Exampleé of the polymer to be dissolved in an
organic solvent include olefin polymers, acrylic resins,
such as oligocester acrylates and the 1like, polyesters,
poljamides, polyisocyanates, amino resins, xylene resins,

ketone resins, diene resins, rosin-modified phenolic
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resins, diéne rubbers, chloroprene resins, waxes, and nodifications, and
copol yners thereof. Exanpl es of the nononer to be dissolved in an
organi ¢ sol vent include styrene, ethylene, butadiene, and propyl ene.

A heat-resistant col orant conposition of the present invention is prepared
by m xing the powder which has been colored by formng a .
light-interference nultilayered film conposed of tw or nore |ayers
differing in refractive index on a base powder particle wth a
heat-resistant resin, a solvent, a drying accelerator, and the |iKke.
Exanpl es afeshesheatliess straiiibers|n ¢bloreprenet hedsitns,r csazesnt and

col orant conposition of the present invention include pure silicone resins
and fl uor onedifidcationsur angt copdliymenssitheveodi.ned by nodi fying resins
for general coating materials, such as alkyd resins, epoxy_resins,

ur et hane resins, ag*wpé%spﬁs,thﬂ amPpeman:sites bgngdigsolvied Win hag
silicone to inpart heat resistance thereto. The solvent for use .in
the col or R¥IEBHSosSAIFENEr IRSIPPgs cFEYRRRD L | AthYAepe n DlitAdieng,
general coating materials, and is not particularly limted. Exanples of

t he SM\MHﬂnéeR OPRYLeRSed for coating materials include hydrocarbon

solvents, such as pengene  esistant colorant compés%%i-on of the

present invention is prepared by mixing the powder which

~has been colored by forming a light-interference
multilayered £film -composed of two or more layers
differing in refractive index on a base powder particle
with a heat-resistant resin, a solvent, a drying
accelerator, and the like.

Examples of the heat-resistant resin for use in
the heat-resistant colorant composition of the pfesent
invention include pure silicone resins and fluororesins,
and further include resins obtained by modifying resins
fdr general coating materials, such as alkyd resins,
époxy resins, urethane resins, acrylic resins, melamine
resins, and the like, with a silicone to impa'rt heat
resistance thereto.

The solvent for use in the colorant composition -
of the present invention can be a solvent for general
coating materials, and is not particularly limited.
Examples of the solvent generally used for coating

materials include hydrocarbon solvents, such as benzene,
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t ol uene,
li ke,

‘xyl ene, n- hexane, cycl ohexane, Dbenzine, kerosine, and t

and the |like, ketone solvents, such as acetone, MEK, nethyl isobutyl

ket one,
acet at e,

and the like, and ester solvents, such as nethyl acetate, ethy

butyl acetate, and the |ike. Exanpl es ‘of the drying

accelerator include lead octylate, silane coupling agents, and titaniu

coupl i ng

agents. Besi des the above ingredients, the col orant

conposition of the present invention can further contain other
i ngredi enteluenech askylenei,| - sohvhegamers, as cyclediarang, agedenzineni ng

agent,

a thickening agent for increasing viscosity, a fluidizing agent

he

al coholic solvents, such as nethanol, ethanol, isopropanol, butanol,

m

for

reduci ng keresivet,y, and|i sthesahikeer alsgahelig papﬂ-l"@lféiﬁr arguchhealj ke.
The ‘col or ant coanS|t|on of the present invention, _which anoys a sin

powder orm@thane

at?Bha@F’ mlaopmensémebgtamlen agd ntheectike,

characteristics, accor di ngl Ilcable to color rint magn
col or prllﬁﬂ:ﬂﬁe I"fP]aﬂﬁPF?Gn SHf n wdeateney héqmre *m%f‘g?ﬂ‘ g

enpl oyed,
based on

inJ P: A 60cééggg4 %’}-ﬂ,y]f é‘c%ta%?lg bu'l:g'il'.r a%eé@'ég r a"n'&e the like.

33
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Examples of the drying accelerator include lead

~octylate, silane coupling agents, and titanium coupling

agents.

Besides the above ingredients, the colorant
composition of the presen£ invention can further contain
other ingredients, such as an oil-soluble dye as a
coloring agent or toning agent, a thickening agent for
increasing viséosity, a fluidizing agent for reducing
viscosity, a dispersant for dispérsing particles, and
the like.

The colorant composition of the present invention,
which employs a single powder or a combination of two or
more powders differing in spectral characteristics, is
accordingly applicable to color printing or magnetié
color printing. In addition, -when péwders of the three
primary colors are employed, the colorant compoéition is
applicable to holography.by a method based on the two-
light-flux interference method, such as those described

in JP-A-60-156004 and JP-A-2-72319. Furthermore, the
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col orant conposition is applicable to other applications, such as a
magnetic color ink for forgery prevention and the like, in which
reflection in the infrared wavel ength region or ultraviolet wavel ength
region is detected. In the case where the above-described col orant
conposition of the present invention is printed or applied on a substrate
or a body to be coated, the relationship between the contents of the
powder and the dispersion nediumin the colorant conposition is such that
the ratio therebetween is 1:0.5 to 1:15 by volunme. |If the content of the
di sper si on eelonamits dampbsitiide idi appldoabledtdoethert appiddicatsions,
adhere to the body to be coated. If it is too high, the coating materi al

i s unsati sfsachrps ratmagnetticocoddrs ink Ifigpht forgery mhevesitionnandp
bet ween the sum of the powder and_the dispersion nediumand the anount of
t he sol ventthenlike colnr whichopetlersian inckhehdnfrared: wavelength
therebetween is 1:0.5 to 1:1Q hy volunme, If the ampunt , of _.the solvent is
too smal |, ¥eEieBacthPhbreviglehvavsdenghh rogicgsiks detseteren v

appl i ed. If the ol vent anmount i.s too Jarge, nuch.,tine .s requiJed for
the coating film td®rEhe cGRTS nyhere dhe| ARAYFyder cdRiqgant

CLL oL oY comgogi s b8, B5HTL et Ot L4 1S Ath e g? XS

applied on a substrate or a body to be coated, the

relatioﬁship between the contents of the powder and the
dispersion medium in the colorant composition is such
that the ratio therebetween is 1:0.5 to 1:15 by volume.
If the content of the dispersion medium is too low, the
film deposited does not tenaciously adhere to the body
to be coated. If it is too high, the coating material
is unsétisfactory in that its color is too light.

The relationship between the sum of the powder
and the dispersion medium and the amount of the solvent
in the colorant composition is such that the ratio
therebetween is 1:0.5 to 1:10 by volume. If the amount
of the solwvent is too smail,-the coéting material has
too high a viscosity to be evenly applied. If the
solvent amount is too large, much time is required for
the coating fiim to dry, resulting in a considerably
reduced coating efficiency.

The color density of a coating film formed by

applying the <colorant to a body to be coated is
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determ ned by the anount of the col ored powder deposited per unit area of
the body to be coated. A satisfactory coating color is obtained when the
anount of the rmultilayer-coated powder of the present invention deposited
on the body to be coated.is 10 to 150 g in terns of areal density per
square nmeter in the coating material after drying. If the areal density
thereof is below the above values, the color of the body to be <coated is
visible. Areal densities thereof exceeding the above values are
uneconomni cal because the color density of the coating does not change any
mor e. Naneldeterméneddoy t bhepambaunt soffeise tedlbired Powdaes ddpsgitted
than a given value on the body to be coated, |ight does not reach powder
particl es [Remtvdidn areal oferthedbodly tbebmoatoageti.| mA Featisfacttonyi ng
filmin a thickness Ilarger than such a value is uneconom cal since it does-
not enhanc€Adeirgi e@CIRT codsi nphkained t when hi theesamewntedof hethe

hi di ng power of the coating material. However, this does not apply in the
case wher e Mhktilg¥errsoated apeudarpl i ef t hFhel y RReEentaki Agvenbion

?f 31’.5h_e decréeeaggsigegoa&i‘nq:geﬂ g‘ot ;CEgésgec%lésaegedby iswe?.E)i ngé 150 g in
terms of areal density per square meter;' in the coating
material after drying. If the areal density thereof is

. below the above values, the color of the body to be
coated is visible. Areal densities thereof exceeding
the above values are ‘uneconomical because the color
| density of the coating does not change any more. Namely,
even when the powder is deposited in a thickness larger
than a given value on the body to be coated, 1:i.ght does
not reach pbwder particles located on the lower side of
the coating film. Forming a coating film in a thickness
larger than such a value is uneconomical since it does
not enhance the effect of coating because that thiékness
exceeds the hiding power of the coating material.
Howev'er, this does not apply in the case where the
coating material is applied thickly while taking account

of the decrease in coating film thickness caused by

wearing.
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BRI EF DESCRI PTI ON OF THE DRAW NGS ' Fig. 1 is a sectional view
diagrammatically illustrating the structure of a particle of a

mul til ayer-coated powder for wuse in the <colorant conposition of the
present invention; nuneral 1 donates a base powder particle and nunerals 2
and 3 each denotes a coating |ayer. Fig. 2 is a graphic
presentation showing reflection intensity spectral waveforns for the unit
coating films constituting the nmultilayered filmof a powder colored in
whi t e. Fig. 3 is a graphic presentation showing reflection
intensity BRIEFDESORIPTIONT OF (IHE WDRAWINGS i ng filnms constituting the
nultilayered filmof a powder colored nmonochromatical l _ Fi g 4 1is
a graphi c present afflian. shdwi Ag a a spsectdlonask | eviepce \agrapmatically
col orant conposition obtained in Exanple 2. BEST MODES FOR CARRYI NG OQUT
THE | NVENTHANustratinghe gheentstyveturen wofl ba expraiticdlec oofin 2
nore det ail reference to Exanpl es. However, the inventi on houl d not
be construé‘ﬂﬂéa/% ilayed199nted t(P°‘t"H€§e E@Fp| 825@n| yin the orant

- 36 - composition of the present invention; numeral 1 donates
a base powder particle and numerals 2 and 3 each denotes
a coating layer.

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

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

Fig. 4 is a graphic presentation showing a
spectral reflectance curve of the colorant composition

obtained in Example 2.

BEST MODES FOR CARRYING OUT THE INVENTION

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

these Examples only.

- 36 -



EXAMPLE 1 Col orant Conposition 1 Enploying Magnetic Material: First

| ayer: Silica coating: Into 100 mM of ethanol was dispersed 10 g of
a carbonyl iron powder (average particle dianeter, 1.8 [err]m

magneti zation at 10 kOCe, 203 emu/g) manufactured by BASF. The contai ner
was heated with an oil bath to keep the tenperature of the liquid at
55[err]C. Thereto were added 6 g of silicon ethoxide, 8 g of amonia water
(29%, and 8 g of water. This m xture was reacted for 2 hours with
stirring. After the reaction, the reaction mxture was diluted and washed
w th et ha'EXAMBUEf il tered. The solid nmatter was dried in a vacuum dryer at
110[err]C for 3 hours. After the drying, the resultant powder was heated
with a r®&eatgraptulCompesihtionsi)BEnployiag Magnetbiss Matebialn a

silica-coated powder Alerr The film thickness of the silica coating
film obt aiﬁ’i’eﬁsg/aéag@l’-hmsx F-§ap&m1m3 excel lent in dispersed state.
Second | ayer: Titani a coating; After the heating, 10 of the
silica-coated povdese A[O@rr‘f‘l (ﬂfaﬁﬁé'@n%s“arse ofigpaxse H-go

of ethanol. .The contai ner heat ed vavlth an_ o et kee tE
tenperatur%a%? Fr° R cPatass; e TeraeRo AR EEbER gﬁféae& S%.4 Yof® t#Bani um
et hoxi de. )J;eélg‘a)g:.uorr? 48510 xoe, 203 emu/qg) manufactused” by BASF.
The container was heated with an o0il bath to keep the
. temperature of the liquid at 55°C. Thereto were added 6
g of silicon ethoxide, 8 g of ammonia water (29%), and 8
g of water. This mixture was reacted for 2 hours with
stirring. After the reaction, the reaction mixture was
diluted and washed with ethanol and filtered. The solid
matter was dried in a vacuum dryer at 110°C for 3 hours.
After the drying, the resultant -powder was heated with a
rotary tubular oven at 650°C for 30 minutes to obtain a
silica-coated powder A,;. The film thickness of the
silica coating film obtained was 98 nm. This powder was

excellent in dispersed state.

Seécnd layer: 'I'itania coating:

After the heating, 10 g of the silica-coated
powder A, obtained was redispersed into 200 ml of
ethanol. The container was heated with an o0il bath to
keep the temperature of the liquid at 55°C. Thereto was

added 4.7 g of titanium ethoxide. This mixture was
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stirred. A solution prepared by mxing 30 m of -ethanol wth 8.0 g of
wat er was added dropw se to the above m xture over 60 mnutes, and the
resultant m xture was reacted for 2 hours. The particles were then
vacuum dried and heated to obtain a titania/silica-coated powder Alerr].
The titania/silica-coated powder Alerr] obtained had satisfactory
dispersibility and was conposed of independent particles. The titania
film of this titania/silica-coated powder Alerr] had a thickness of 77
nm This powder had a spectral reflection curve having a peak
wavel engt stdfrrEd. nnAasdlhetlion r prepared cbyamibtingedR wivedb£ngtthasioB5%
I't.was bright-green. This powder had a magnetization of 167 emu/g
at 10 kOwith 8.0 wgwtefr espber twagachddedt | dyopmisef tiche thevabavwat ed
powder, the peak wavel ength for a spectral reflection curve, the

refl ect anmdxhurecover GQvaimatas, aadtthe eresut)tantnmixtige Makness

of the coatl n filmwere neasured bé the followi ng nethods. (1) The

spectr al dofir e HRAYT St ai BB BARtiGdEDJWaKe fhem, vacuum-
spect r ophqt qQnej er avi i nteqrating sphe e and actured b

Ni ppon Buaf&?é ance }F%'\?&gm ked | Y\"[‘"Pefl ct ﬁ?"&r?a ?a-mté/d
packed in ass hoI d exam natd on_was roigang withs JI'S
78725 (19@ Brs s8hes ’15%%}'3 §¥1£82 Y80 EHE pBudd tgin

had satisfactory dispersibility and was composed of
~ independent particles. The titania film of this
titania/silica-coated powder A, had a thickness of 77 nm.

This powder had a spectral reflection. curve
having a peak wavelength of 410 nm and had a reflectance
at the peak wavelength of 35%. It was bright-green.

Tbis powder had a magnetization of 167 emu/g at
10 kOe.

With respect to each coating film of the above
coated powder, the peak wavelength for a spectral
reflection curve, the reflectance at the peak wavelength,
and the refractive index and thickness of the coating
film were méasured by the following methods.

(1) The spectral reflection curve was obtained by a
method in ﬁhich a spectrophotometer having an
integrating sphere and manufactured by Nippon'Bunko was
used to examined light reflected by a powder sample
packed in a glass holder. The examination was made in

accordance with JIS 28722 (1988) and JIS Z8723 (1988).
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(2) The refractive index and the filmthickness were determ ned and
eval uated by exam ni ng sanpl es produced under different conditions and
having large film thicknesses to obtain spectral reflection curves and
conparing the exam nation results, for fitting, with curves obtained

t hrough instrunental cal cul ation based on the interference equation.
Third layer: Silica coating: Into 100 mM of ethanol was di spersed
10 g of the titanial/silica-coated powder Alerr]. The container was
heated with an oil bath to keep the tenperature of the liquid at 55[err]C
Thereto Wik addéthe yefiragtiveninglewmxand the Filmnmthickneiss wWape),
and 8 g of water. This mxture was reacted for 2 hours with stirring.
After thdetarmiged ; pad cavailyatad bye euamdningdsamples srepdncead
ethanol and _filtered, The solid matter was dried in a vacuumdryer at
110[ err] @ndex3 bifferant cppdikieny, tardrehATERG potREgenast HiBt ed
with a raotar tubul ar .oven _at 650[err for 30 pgjnutes to obtain a

Sl oar t VEAKNESHAR] KRGEESRER, | SPRRERAT mEeFLRRELOR,( s and
silical/titania-coate owder er obt ai ned, was 92 nm _.Thi.s powder S
xcel | enSHHPAFERE: o B, antent ShEL 0B YR EET o™ £s TS o

curves obtained through instrumental calculation based

on the interference equation.

Third layer: Silica coating:

Into 100 ml of ethanol was dispersed 10 g of the -
titania/silica-coated powder A,. The container was
heated with an o0il bath to keep the temperature of the
liquid at 55°C. Thereto were added 6 g of silicon
ethoxide, 8l g of ammonia water (29%), and 8 g of water.
This mixture was reacted. for 2 hours with stirring.
After the reaction, thé reaction mixture was diluted and
washed with ethanol and filtered. The solid matter was
dried in a vacuum dryer at 110°C for 3 hours. After the
drying, the resultant powder was  heated with a rotary
tubular oven at 650°C- for 30 minutes to obtain a
silica/titania-coated powder A;. The film thickness of
the silica/titania-coated powder A, obtained was 99 nm.

This powder was excellent in dispersed state.
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Fourth | ayer: Titania coating: After the heating, 10 g of the
silicaltitania- coated powder A3 obtained was redi spersed into 200 m of
et hanol . The contai ner was heated with an oil bath to keep the tenperature
of the liquid at 55[err]C. Thereto was added 5.3 g of titanium ethoxide.
This m xture was stirred. A solution prepared by m xing 30 m of ethanol
with 8.0 g of water was added dropwi se to the above m xture over 60

m nutes, and the resultant m xture was reacted for 2 hours. The particles
were then vacuum dried and heated to obtain a titania/silica-coated '
powder Al erf'gurthe layiean: dfithnda cssatdingowder A4 obtai ned had
satisfactory dispersibility and was conposed of independent particles.
The titania fil mAfifertitle hdasmingsi|1Qagoeatfedthewdsilifa/titania-

thi ckness of 75 nm This powder had a reflection peak at 553 nm _and
a reflect seated poyder Assobtajmedrwas redispersgds intpecR0faml of
magneti zation of 146 enu/g at 10 kCe. Preparatiqon_ of Co]orant

Conposi ti orethaaolspeFhe| contaiRer: iwas cheated witheapogfel bath to
O Al e N edh the Lépalatire %o 2 1 iquiy ¥ 887 OhndARYY VLS’
added 5.3 g of titanium ethoxide. This mixture was
stirred. A solution prepared by mixing 30 ml of ethanol
. with 8.0 g of watér was added dropwise to the above
mixture over 60 minutes, and the resultant mixture was
reacted for 2 hours. The particles were then vacuum-
dried 'and heated to obtain a titania/silica-coated
powder A,. The titania/silica-coated powder A; obtained
had satisfacﬁory dispersibility and was composed of
independent parﬁicles. The titania film of this
titania/silica-coated powder A, had a ﬁhickness of 75 nm.
This powder had a reflection peak at 553 nm and a

reflectance of 47%. It was bright-green. |

This powder had a magnetization of 146 emu/g at
10 kOe.

Preparation of Colorant Composition and Spectral
Characteristics:
" The powder thus obtained was mixed in an amount

of 65 parts with 35 parts of a polyester resin varnish.
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The r,eéul tant conposition was applied to a white paper wth a bl ade

coater.

reflection peak at 553 nmwith a reflectance of 53%

The coated paper in the visible |light region had a

light region, the coated paper had a reflection peak at 303 nmin the
ultraviolet region with a reflectance of 94% and further had reflection

peaks at 1,310 nmand 980 nmin the infrared region with

Qutside the visible

refl ectances of

95% and 61% respectively. COVMPARATI VE EXAMPLE 1 Mere M xture of
Magnetic Material and Pignent: Viridian (green pignent)
(average [Tivet i resuldiamet eompdi bipnr sfasciappl pedk tbs53 itef papemce,

49% was m xed with a carbonyl iron powder (average particle dianeter,
[err]m nawddh atbdade amaker. 203 enu/g) manufactured by BASF, in a
wei ght ratio of 25 g/25 g, and further with 25 g _of titanium oxide

(rutile;
m xt ure

average Pheieratgdararer am the,yisikle lighly regipn had

1.8

was sufficiently honogenized. Thi.s owd I Xture ha
magnet i zat PorFF18EEdRN jPeRky #-,gg%éé chmy i"é‘iq?}" oF‘pffﬁﬁ%ﬁF’ ance °9Agfqﬁ’ t he

above, 65 parts. of e mxe 0 r s m.xed with 35 _par{s of a polyester
resin varn ,s:lacg% Lﬁe v:.s:c.ibfe .el.gh- ‘region, V%halcpal?:eé paper Ii)ia&/ a

reflection peak at 303 nm in the ultraviolet region with

a reflectance of 94%, and further had reflection peaks

~at 1,310 nm and 980 nm in thg infrared region with

reflectances of 95% and 61%, respectively.

COMPARATIVE EXAMPLE 1
Mere Mixture of Magnetic Material a_.nd Pigment:

Viridian (green pigment) (average particie
diémeter, 0.1 um; reflection peak, 553 nm; reflectance,
49%) was mixed with a carbonyl iron powder (average
particle diameter, 1.8 um; magnetization at 10 kOe, 203
emu/qg) manufactured by BASF, in a weight ratio of 25
g/25 g, and further with 25 g of titanium oxide (rutile;
average particle diémeter, 0.2 um) as a vehicle. This
mixture was sufficiently homogenized. This powder
mixture had a magnetization of 67 emu/g in a magnetic
field of 10 kOe.

As in the above, 65 parts of the mixed powder was

mixed with 35 parts of a polyester resin varnish, and
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the resultant conposition was applied to a white paper wth a blade
coater. The paper coated with this ink had a reflection peak at
557 nm at which the reflectance was as |low as -18% The nere

m xing of a pignent with a nmagnetic powder, a resin, and a solvent as in
Conparati ve Exanple 1 does not result in an inproved color. In order to
obtain a nmagnetic col or I nk havi ng the sanme nmagnetization, it
IS necessary to positively color a magnetic material as in the Exanple.
EXAMPLE 2 Col orant Conposition 2 Enploying Magnetic Material: First

| ayer: Sil the ceesulgant compdsiticon edmnappidedi ¢o paewdvidte bpaperhand
by dissolving 3.0 g of silicon ethoxide in 158.6 g of ethanol was

di spersed fth & bladebawdateron powder (average particle dianeter, 1.8
[err]m magnetization at 10 kOCe, 203 emu/g) manufactured by BASF.
Thereafter, a soThe @aperpacatedfi emiddunthdys ninkndqad 0ag x#f heetdion
water with 8.0 g of deionized water was added to the dispersion wth

stirring. PRakerat: 387 Jomit iadh whigh theymefikestangee was ASacled as

ordinarytengserature for - 5 hours. The particles were washed wth
a 18%. - 42 -

The mere mixing of a pigment with a magnetic
powder, a resin, and a solvent as in Comparative Example
.1 does not result in an improired color. In order to
obtain a magnetic color ink having the same
magnetization, it is necéssary to positively color a

magnetic material as in the Example.

EXAMPLE 2
Colorant Composition 2 Employing Mégnetic Material:
First layer: Silica coating:

Into an ethanol solution prepared beforehand by
dissolving 3.0 g of silicon ethoxide in 158.6 g of
ethanol was dispersed 20 g of a carbonyl iron powder
(average particle diameter,. 1.8 um; magnetization at 10
kOe, 203 emu/g) manufactured by BASF. Thereafter, a
solution prepared beforehand by mixing 8.0 g of ammonia
water with 8;0 g of deionized water was added to the
dispersion with stirring. After the addition, the
resultant mixture was reacted at ordinary temperature

for 5 hours. The particles were washed with a
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sufficient anount of ethanol, subsequently vacuumdried, and then heated
wth a rotary tubular oven at 500[err]C for 30 mnutes in a nitrogen
at nosphere to obtain a silica- coated carbonyl iron powder B[err].

Second | ayer: Titania coating: Into an ethanol solution prepared
bef orehand by dissolving 3.0 g of titaniumethoxide in 198.3 g of

et hanol -was di spersed 20 g of the silica-coated carbonyl iron powder
Blerr]. Thereafter, a solution prepared beforehand by mxing 3.0 g

of deionized water with 23.7 g of ethanol was added dropw se to the

di sper si osufifiilcientr amopniyeof 1 elthanoly t subsesyunitlyovacuumrdriedint

m xture was reacted at ordinary tenperature for 5 hours. The particles
wer e washagdnithen bemrted eWﬂ%nrc&ﬁr:ethahyll,a%meau@fﬁw 0°C for
vacuumdried, and then heated with a rotary tubular oven_at 500[err]C for
30 i nut e39; minutes, dde P aRitHaEeR atmasphere to fhirin % aStbacar
carbonyl iron wder. B[ err].. Third |l ayer: Silica coating: Into
an et hanoFoadad i SATBPEY Y dF ¥R rBP¥ASTI By dissolving 3.0 g of silicon
ethoxide in 158.6 g of ethanol was dispersed 20 g of the
titania/silica-coated carbonyl iron powder B2. Thereafter, a solution

prepared gonond layer: Titania coat'inlg’: il

Into an ethanol solution prepared beforehand by

. dissolving 3.0 g of titanium ethoxide in 198.3 g of
ethanol was dispersed 20 g of the ‘silica-coated carbonyl
iron powder B,. Thereafter, a solution prepared
beforehand by mixing 3.0 g of deionized water with 23.7
g df ethanol was added dropwise to the dispersion with
stirring oﬁer 1 hour. After the addition, the resultant
mixture was reacted at ordinary temperature for 5 hours.
The particles were washed with a sufficient amount of
ethanol ; subsequently vacuum-dried, and then heated with
a rotary tubular oven at 500°C for 30 minutes in a
nitrogen atmosphere to obtain a titania/silica-coated

carbonyl iron powder B,.

Third layer: Silica coating:

Into an ethanol soiution prepared beforehand by
dissolving 3.0 g of silicon ethoxide in 158.6 g of
" ethanol was dispersed 20 g of the titania/silica-coated

carbonyl iron powder B,. Thereafter, a solution prepared
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bef orehand by mxing 8.0 g of ammonia water with 8.0 g of deionized water
was added to the dispersion with stirring. After the addition, the
resultant m xture was reacted at ordinary tenperature for 5 hours.

The particles were washed with a sufficient anount of ethanol,
subsequent|ly vacuumdried, and then heated with a rotary tubular oven at
500[err]C for 30 mnutes in a nitrogen atnosphere to obtain a
silical/titani a-coated carbonyl iron powder B[err]. Fourth | ayer:
Titani a coati ng: Into an ethanol solution prepared beforehand by

di ssol vi ndpegfSrghand i bynmixingosi.de gnofdsaBmgnia wahemolwikh @& .degsed
20 g of the silical/titania-coated carbonyl iron powder B[err]. Thereafter,
a sol uti oeHr slienized ovaten masiadded. otg othecidhspersiorr with
23.7 g of ethanol was added dropwi se to the _dispersion with stirring over
1 hour. AMEr¥riadaddPEiter the additier. hkbhe residdansymistyrerwrdary
tenperature for a hgéas. he particles were washed mﬁ%h sufficient
anount of TRARERG | aup LREFY v ASRReEREYEe afPThel h&@QWRF wi t h The

rotary tubul ay.oyen at 500[err for 30 . minutes_in.a_.nitrogen atmosphere

Lo obtai nBATEI AR SneRe. cHRERrd C FER I 4 | cRUBEREARTE of pRoUnE “OF

- 44 - ethanol, subsequently vacuum~-dried, and then heated with
a rotary tubular oven at 500°C for 30 minutes in a

~nitrogen atmosphere to obtain 'a silica/titania-coated

carbonyl iron powder B,.

Fourth layer: Titania céa_ting:

Into an .et:hanol solution prepared beforehand by
dissolving 3.0 g of titanium ethoxide in 198.3 g of
ethanol was dispersed 20 g of the si.lica/titani'a—coated
carbonyl iron powder B;. Thereaft‘er, a solution prepared
beforehand by mixing 3.0 g of deionized fvater with 23.7
g of ethanol was added dropwise to the dispersion with
stirring over 1 hpur. After the addition, the resultant
mixture was reacted at ordinary temperature for 5 hours.
The partic'les were washed with a sufficient amount of
ethanol, subsequently vacuum-dried, and then heated with
a rotary tubulaf oven _at 500°C for 30 minutes in a
nitrogen atmosphere to obtain a tifania/ silica-coated

carbonyl iron powder B,.
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Fifth layer: Silica coating: Into an ethanol solution prepared

bef orehand by dissolving 3.0 g of silicon ethoxide in 158.6 g of ethanol
was di spersed 20 g of the titania/silica-coated carbonyl iron powder B4.
. Thereafter, a solution prepared beforehand by m xing 8.0 g of ammoni a
“water with 8.0 g of deionized water was added to the dispersion with
stirring. After the addition, the resultant m xture was reacted at
ordinary tenperature for 5 hours. ‘The particles were washed with a
sufficient anpunt of ethanol, subsequently vacuumdried, and then heated
-with a rotBifthudaver ov8hlicasepating:for 30 ninutes in a nitrogen
~atnobsphere to obtain a silical/titania-cated carbonyl irqn powder Blerr].
' Sixth layer: Titani¥nt@a@mgethanol sojutiencnreRRred @?Eﬂr& ehy

Dolorenant Bap S 0 0 L, AR LR 497 2 o i
e TUeLBRRNGY pad O BRRRNE e DY R AP0 3 oSl
mxture wasrEHepdy HSP PLEhsk Bl g RedPOrT Y 4STurilh FENLMAR
vere washeq,dfbPefatil b HilxMGUS. P'g of ammonia water with 8.0°g
of deionized water was added to the dispersion with
~ stirring. After the éddition, the resultant mixture was
reacted at ordinary temperature for 5 hours. The
particles were washed with a sufficient amount of
ethanél, subsequently vacuum-dried, and then heated with
a rotary tubular oven at 500°C for 30 minutes in a

nitrogen atmosphere to obtain a silica/titania-coated

carbonyl iron powder B;.

Sixth layer: Titania coating:

Into an ethanol solution prepared beforehand by
dissolving 3.0 g of titanium ethoxide in 198.3 g of
ethanol was dispersed 20 g of the silica/titania-coated
carbonyl iron powder B;. Thereafter, a solution prepared
beforehand by mixing 3.0 g of deionized water with 23.7
g of ethanol was added dropwise to the dispersion with
stirring over 1 hour. After the addition, the resultant
mixture was reacted at ordinary temperature for 5 hours.

The particles were washed with a sufficient amount of
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et hanol , subsequently vacuumdried, and then heated with a rot ary tubul ar
oven at 500[err]C for 30 minutes in a nitrogen atnosphere to obtain a
titanial/silica-coated carbonyl iron powler B[err]. The t hi ckness
and refractive index of each |layer of the thus-obtained nultilayered film
on the powder are shown in Table 1 bel ow.

Table 1 Fil m Nane Fil mthickness (nm Refractive index First

| ayer, 50 1.5 silica film Second |ayer,

37.5 2.0 titania film Third |ayer, 50

1.5 siliethanoh, Rupsaquepdly vacuum-gixied, and then heat®ad wiithani a
film Fifth Iayer 50 silica film Sixth
|ayer, @ rotawyy; tubular oven ab H09iG arﬁ%trflzf(?n minptegar 40 op of
Col or ant osition an Spectr al Characteristics: Two gr.ans
of this t‘H‘Eg'BSFé’I I At f¥ScaFBongPtaimon aolddrantal piligateeated t h

10 g of ap Jﬁées resin varnl h and 7 g of xylene as a solvent to
prepare TF Ar‘i"%f%r? ;%per was evenly coated with 5 g of the ink

wth a blade Comfﬂea%ﬁléﬁi grlg%d refractive index of each fgyer
of the thus-obtained multilayered film on the powder are

. shown in Table 1 below.

Table 1
Film Name Film thickness (nm) | Refractive index
S | w
titania £1im’ 37.5 2.0
silica film ' 50 1.5
titania frim’ 37.5 | 2.0
silica fitm ' 50 1.5
titania £1im’ 37.5 2.0

Preparation of Colorant Coﬁposition énd Spectral
Characteristics:

Two grams of this titania/silica—coated carbonyl
iron powder B; was mixed with 10 g of a polyester resin
varnish and 7 g of xylene as a solvent to prepare an ink.
An A4 art paper was evenly coated with 5 g of the ink

with a blade coater and then dried.
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The coated paper obtained after drying had the spectral reflectance curve
shown in Fig. 4. This coated paper was bright-blue, with a reflectance at
460 nm of 64% The coated paper reflected 93% of a |ight around
315 nmin the ultraviolet region and reflected 93% of a 1ight around
1,115 nm in the infrared region. . By detecting the tw Ilights
for discrimnation, it is- possible to judge genuineness by four
neans, i.e., mnagnetism a visible light color, ultraviolet rays, and
infrared rays. EXAMPLE 3 Process for Producing Purplish-red

Mul til ayer-coated Thedsoatédr papercrobtainesd cafitieny: drying hagk otheo -
m of ethanol was dispersed 10 g of a nagnetite powder (average particle
di aneter, spectrad] Jeflepntamase wurveddhpwn giof Bigi | fconThilfoxteated

, 8 g of 29% anmoni a water, and_8g of deionized water. The resultant

m xt ure wasPRREEt RS obrd-gherkluey h withr agrefipchanee pdactflnnmpef
reaction mxture was diluted wth ethanol and filtered. The particles were
dried with 8%acuum dryer at 110[err]}C for 8 hours. After the drying, the

PaLt?i _Cl €s were heat’ﬁgew.ctogtae 01t>2£> rt uxbéjéféc%\éed] %% of a light around
315 nm in the ultraviolet region and reflected 93% of a
light around 1,115 nm in the infrared region. By

_detecting the two lights for discrimination, it is
possible to Jjudge genuineness by four means, i.e.,

magnetism, a visible light color, ultraviolet rays, and

~infrared rays.

EXAMPLE 3

Process for ?roducing Purplish-red Multilayer-coated
Powder:

First layer: Silica coating:

Into 100 ml of ethanol was dispersed 10 g of a
magnetite powder (average particle diameter, 1.2 pm).
Thereto were added 6 g of a silicon ethoxide powder, 8 g
of 29% ammonia water, and 8 g. The resultant mixture
was reacted for 5 hours with stirring. After the
reaction, the reaction mixture was diluted with ethanol
and filtered.. The particles were dried with a vacuum
dryer at 110°C for 8 hours. After the drying, the

particles were heated with a rotary tubular oven at
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650[err]Cfor 30 mnutes in a nitrogen atnosphere to obtain. a
silica-coated powder Cferr]. The film thickness of the silica-coated
powder Clerr] obtained was 75 nm This powder was excellent in dispersed
‘state. This silica-coated powder (Cerr] was heated. Second | ayer:
Titania/silica coating: To 10 g of the silica-coated powder (Cerr]
obtai ned was added 200 mi of ethanol to disperse the particles.  Thereto
was added 3.5 g of titanium ethoxide. This mxture was stirred. A =
solution prepared by mixing 30 nm of ethanol with 3.5 g of water was added °
dr opwi se 650%hefap0B3d Mihutesovin @0 md brbgen aatimbspheasl tanobtaiaur e
was reacted for 5 hours. Vacuumdrying and heating were conducted in the
sane manner ssdd faa-¢cbated rpowdarer A. ThuShen £illmathicknessoafd theder
Clerr] was obtained. The silical/titania-coated powder Cerr] obtained had
sat i sf act @dlicaspgeadias | poydesnCwabtabngdsatasf 75 meperfBohs poawderes.
The. titania filmof_this silica/titania-coated powder Clerr] had a

t hi ckness w#s sexgpllent,in |diepersed csgtad@i ng:'This silyea-Goakedf
the silical/titani a-coateg_ll powder Clerr] was dispersed into 100 m of

et hanol . POoMAREt 61 ¥pg heated. _ 48 -

Second layer: Titania/silica coating:

To 10 g of the si.'_l.ica-c'oated powder C, obtained
was added 200 ml of ethanol .to disperse the particles.
Thereto was added 3.5 g of titanium ethoxide.  This
mixture was stirred. A solution prepared by mixing 30
ml of ethanol with 3.5 g of water was added dropwise to
the above mixture over 60 minutes, and the resultant
mixture was reacted for 5 hours. Vacuum drying and
heating were conduéted in the same manners as for the
first layer. Thus, a silica/titania-coated powder C, was
obtained. The silica/titania-coated powder C, obtained
had satisfactory dispersibility and was composed of
independent particles. |

The titania film of this silica/titania-coated

powder C, had a thickness of 55 nm.

Third layer: Silica coating:
Ten grams of the silica/titania-coated powder C,
was dispersed into 100 ml of ethanol. Thereto were

I
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added 6 g of silicon ethoxide, 11 g of 29% ammonia water, and 8 g of
wat er. The resultant m xture was reacted for 5 hours with stirring. After
the reaction, the reaction mxture was diluted and washed wi th ethanol and
filtered. The particles were dried for 8 hours in the sane manner as for
the first layer. After the drying, the particles were heated wth a rotary
tubul ar oven at 650[err]C for 30 ninutes to obtain a silica-coated powder
Cerr]. The filmthickness of the silica-coated powder (Cerr]
obt ai ned was 78 nm This powder was excellent in dispersed state.
Fourth | ayerddddt éniga/csff | sthicont ietthoxide, 1ITag10£g29% tammeniacaats od
powder C3 obtai-ned was added 200 ml of ethanol to disperse the particles.
Theret o wasandld8dg3 <f gwateri.t afhen xesultant mixtyreriwasrreagted ford.
A sol utlon\g)repared by mxing 30 m of ethanol with 3.8 g of water was
added dr op/d skouss micthbstdrmingr e AFEeret-he nHFé?tlé?ﬂjr thber Faaghien
m xture was reacted for 5 hours. Vacuum dryi hg and r(lg W%i

d filtered.

conduct ed MLX¥ERreawasibiteds and waghed wit a?g‘a
S|I|ca/t|ta|a coate owder C4\/&1 d ngd The sili titania- coated
powder C4 oftSiRaF*® 2 alPHa 51§ dlgﬁﬁr BaY%s &Rd % edoiy oo ky:ioi
| ndependent éoa%“c't%e first layer. After the dry:l.%g, the particles
were heated with a rotary tubular oven at 650°C for 30
~minutes to obtain a silica-coated powder C,. _
The film thickness of the silica-coated powder C,;

obtained was 78 nm. This powder was excellent in

dispersed state.

Féurth layér: Titania/silica coating:

To 10 g of the silica-coated powder C; obtained
was added 200 ml of ethanol to disperse the particles.
Thereto was added 3.8 g of titaniﬁm ethoxide. This
mixture was stirred. A solution prepared by mixing 30
ml of ethanol with 3.8 g of water was added dropwise to
the above mixture over 60 minutes, and the resultant
mixture was reacted for 5 hours. .Vacuum drying and
heating were conducted in the same manners as for the
first layer. Thus, a silica/titania-coated powder C;, was
obtained. The silica/titania-coated powder C, obtained
had satisfactory dispersibility and was composed of

independent particles.
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Thi s silical/titania-coated powder 4 had satisfactory
dispersibility and was conposed of independent particles. The
titania filmas the fourth |ayer had a thickness of 57 nm Properties
of the Coated Powder: - The nul til ayer-coated powder thus obtai ned
had reflection peaks at 380 nmand 780 nmw th refl ectances of 40% and
45% respectively. It had a bright purplish- red color. This powder had a
magneti zation of 69 emu/g at 10 kCe. Preparati on of Heat-resistant
Coating Material: To 50 parts by weight of a pure silicone resin
was added 30 partsThiswi gtildfcafitiganild-stoated nupbdwdarer - cCat ed hadder
obt ai ned above, followed by 50 parts by weight of benzene. The resultant
m xt ure wasatdstaletoayd hahimpersibbitld typt ai and coatdasg cooppeseicdn. of
The coating conposition obtained was applied to an alumna ceramc plate.
The conposindapenpdentd partigliesy t oThiet athtandant Fadnr | as Hehe nfoarth

t hi ckness of 12 [err]m _ The coated plate was purplish-red. Thi s coated
pl ate was dRNMARdAd Bh thigkResspRdt MEtBR-t 0 determine absorption

wavel engt hs. As a result, the peak wavelength was 770 nm and the
refl ectance was 48% _ - 50 -

Properties of the Coated Powder:
The multilayer-coated powder thﬁs obtained had
. reflection peaks at 380 nm and 780 nm with reflectances
of 40% and 45%, respectively. It had a bright purplish-
red color. This'ﬁowder had a magnetization of 69 emu/g

at 10 kOe.

Preparation of Heat-resistant Coating Material:

To 50 .parts by weight of a pure silicone resin
was added 30 parts by weight of the purplish-red,
muitilayer-coated powder obtained above, followed by 50
paﬁ:‘ts by weight of benzene. The resultant mixture was:
kneaded and homogenized to obtain_ a coating composition.

The coating composition obtained was applied to
an alumina ceramic plate. The composition applied was
dried to obtain a coating film having a thickness of 12
pm. The coated plate was purplish-red. This coated
plate was examined with a spectrophotometer to determine
absorption wavelengths. As a result, the peak

wavelength was 770 nm and the reflectance was 48%.
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Furthernore, this coated plate was held in an oxygen atnosphere at
500[err] C for 200 hours, subsequently cooled, and then examined with a
spectrophotoneter for absorption wavel engths. As a result, the
peak wavel ength was 768 nm and the refl ectance was 49% which were al nbst
t he sane. | NDUSTRI AL APPLI CABI LI TY According to the present

I nvention, a colorant conposition of a clear and stable col or tone, such
as, blue, green, yellow, or the like, can be obtained w thout using a dye
or pignment. Furthernore, since the conposition has one or nore
interference refl eFurthemdseal sthist scdateke pliatienl was ghekdgiion, an
forgery prevention wth an even higher degree of certainty i s possible,
besi des Vi exgigen catguispherendtaddd’Cc Hornt20Q, hawrs : hSubkseauentdy is
used in conbination with a reader for detecting reflected ultraviolet or
infrared raepoled, and \Mtheoveexapinest swhith iy FReckrophefometar

as ferroelectric n?ateri al s, conductive materials, and &he li ke, can b
utilizabl cabsoxreien t eavedengths. ragnebfc ndt er¥eFULtr cafr c d

1N clear t ralengthowas 768 nhland (RI"SLEFAJEOLSEL G 49%, which

were almost thé same.

~ INDUSTRIAL APPLICABILITY '

According to the present invention, a colorant
composition of a clear and stable color tone, suqh as,
blue, green, yellow, or the 1like, can be obtained
without using a dye or pigment.

Fufthermo.fe, since the composition has one or
more interference reflection peaks also outside the
visible light region, forgery prevention with an even
higher degree of certainty is possible, besides wvisual
recognition and magnetic printing, when the composition
is used in combination with ‘'a reader for detecting
reflected ultraviolet or infrared rays.

Moreover, powders having various properties, such
as ferroelectric materials, conductive materials, and
the like, can be utilizable. Eyen in the case of a
maghetic material, it can be colored in- a clear tint

without impairing the magnetic properties.
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In addi ti-on, by appl yi ng this col orant conposition, a coating
filmis obtained which suffers neither discoloration nor color fading even
at a high tenperature of 350[err]C to 600[err]C In particular,
the powder used in the present invention conprises a base powder particle
made of any of various materials suffering neither deformation nor

di scoloration at a high tenperature of 350[err]Cto 600[err]C and a
light-interference multilayered filmforned on the particle, and thus has
a color different fromthat of the base powder particle and unchangeabl e
thermal ly. Therefgne, tadda®ddai, 0i vby a happlydsigst anthdsat i ngolorant

conposition which suffers no color change at a high tenperature and is

capabl e of compbsitionni ng -ccdating r€ilmt abs clataiged | which suffers

S neither discoloration nor color fading even at a high
temperature of 350°C to 600°C.

In particular, th_e powder used in the present
invention comprises a base powder particle made of any
of various materials suffering neither deformation nor

_. discoloration at a high _tempefature of 350°C to 600°C
and a light-interference multilayered film formed on the
particle, and thus has‘a color different from that of
the base powder particle and unchangeable thermally.
Therefore, the powder gives a heat-resistant coating
composition which suffers no color change at a high

temperature and is capable of readily fbming a heat-

resistant coating film'.
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VWHAT | S CLAI MED IS:_bag__’__l;_é_EQLQLant conposition conprising at |least a
powder conprising a € particle coated with a nultilayered film
conprising layers di “ other in refractive index to nake
t he base particle haia mmi ‘&mmm ce col or wherein the powder is

di spersed in a disp |en e . The colorant conposition
according to claiml1l, wherein the base partlcle of the powder is a
magnetic material. 3. The col orant conposition according to

claiml1l, wherein the base particle of the powler is a dielectric
material . WHAT IS CLAIMBED Jdd:orant conposition according to claim1,
wherein the base particle of the powder is a conductive nmaterial.

5. The col orant cchposhtiaelexantdigpmpeositiion icompirdisding t A& HJeast a
particle of the powder is made of a material which suffers nei t her
def or mat i dpowdRadr @PBPFISAINTG onaat hasegh Pampdcker eccontesd| emdjth t o2

600[err] C . L. 53
multilayered fllm'comprlslng layers differing from each

other in refractive index to make the base particle have
an interference color, wherein the powder is dispersed

in a dispersion medium.

2. The colorant composition according to claim 1,
wherein the base particle of the powder is a magnetic

material.

3. The colorant composition according to claim 1,
wherein the base particle of the powder is a dielectric

material.

4. The colorant composition according to claim 1,
wherein the base particle of the powder is a conductive

material.

5. The colorant composition according to claim 1,
wherein the base particle of the powder is made of a
material which suffers neither deformation nor

discoloration at a high temperature of 350°C to 600°C.
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6. The col orant conposition according to claim1, wherein at |east one
| ayer of the the powder is a netal conpound | ayer.
7. The colorant conposition according to claim1l, wherein at |east one.

| ayer of the nul mmaﬂn”mu”m the powder is a netal layer or an alloy
| ayer. conposition according to claim1, wherein
the powder has at l'eadt ‘ont specific interference reflection peak
outside the visible Ilight region besides in the visible Iight region.

9. The colorant conposition according to claiml1l, wherein the dispersion
medi um conpri ses @t | Fhet emboranti campbsitibre@dccording to Iglaimel,
colorant conposition according to claim 9, wherein the resinis at |east
one heat -vhereismtatsr daast one layer] Oﬁh@kﬁ)lﬁﬂéﬁﬂ-l@ymﬂt ifsnlmc o8 di ng
to claim 10, wherein the heat-resistant resin is at |east one selected
froma pu?hesﬂq‘@ﬁr’é igspnmefal eeupewnd IAaveTa silicone-nodified resin.

- B4 -

7. The colorant cgmposition according to claim 1,
wherein at least one layer of the multilayered film of

the pofvder is a metal layer or an alloy layer.

8. The colorarit composition according to claim 1,
wherein the powder  |has at least one specific
interference reflection peak outside the wvisible light

region besides in the visible light region.

9. The colorant compbsition according to claim 1,
wherein the dispersion medium comprises at least one

resin and a solvent.

10. The colorant composition according to claim
9, wherein the resin is at least one heat-resistant

resin.

11. The colorant composition according to claim
10, wherein the heat-resistant resin is at least one
selected from a pure silicone resin, a fluororesin, and

a silicone-modified resin.
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12. A color ink conposition conprising the colorant conposition
accordlng to cIa|n11 A~ heat -resi st ant col or ant

conposi ti nposition according to claim1.
S Hil|||l Il |II|I llITﬂl i

12. A -color ink composition comprising the

colorant composition according to claim 1.

13. A heat~resistant colorant composition

comprising the colorant composition according to claim 1.
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