DESCRIPTION
MULTILAYER-COATED POWDER

TECHNICAL FIELD |

The present invention relates to a powder whose
surface has been-coated ﬁith a multilayered film. More
. particularly, _this invention relates to a multilayer-
coated powder suitable for use as a'spherical spacer for
iiquid-crystal displays or a spherical lens for optical
fibers and in magnetic coloring materials, such as
magnetic colorxr toners and magnatic color inks,
retroreflective pigments, and cosmetics functioning to

reflect ultraviolet and infrared rays.

BACKGROUND ART

A technique is known which comprises .coating a
| pofvder with another substance to impart a new function
thereto in. order to use the  powder in various
applications. |

For example, maghetic coloring materials for use
in color electrophotography, etec., such as magnetié
coler toners and magnetic color inks; comprise magnetic
- particles as a base and coating f£ilms having various

. light reflection-absorption edges. The fine powders for
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use as spherical spacers for liquid-crystal displays or
spherical '1enses for optical fibers comprise a _base
particle comprising a transparent material, e.g., glass
beads, and a light-transmitting £film covering the
surface thereof as a protective film. Some of the
powders for use in cosmetics also comprise pigment
particles whose surface has been coated with a substance
which re_flect's ultraviolet and infrared z;ays.

As such a functional powder, the inventors
previously proposed a powder c.omprising a base particle
comprising a metal having- thereon a metal oxide film

having a uniform thickness and containing a metal

different from the metal'constituting the base particle

(see Unexamined Published Japanese Patent Application No.
6-228604) . According to this technique, a magnetic
material, such as a metal (e.g., iron, cobalt, nickel),
an alloy thereof, or iron nitride, is used as a base
particle and two or more kinds of metal dxide films
having different refractiv_e indexes are formed_ thereon
each in a thickness qorresponding to one-fourth the
wavelength of | an .incident light. Due to this
constitution, a magnetic powder for magnetic toner is
obtained which reflects all of the incident light and
has a white color. Further forming_a co,lored layer on:

the powder gives a magnetic color toner.
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Ihe inventors further improved the above powder
and propos_ed a 'po'wder cémpris'ing a base particle and,
formed thereon, not a combination of metal oxide films
but plural layers of an oxide film and a metal f£ilm
alternatively (see Unexamined Published Japanese Patent

Application No. 7-90310). According to this technique,

. a mu‘ltilayer-’cbated powder having excellent properties

when used as a magnetic color toner or the like is
obtained.

In recent years, further improvements in
functions and a further reduction in particle size are
required in the functional powders described above.

For example,  in the field of color

~ electrophotography, it is becomir;g necessary to obtain

images having higher resolution and higher contrast.
With this trend, magnetic color toners are required not
only to have a reduced particle diameter to  heighten
resolution but also to be colored more vividly.

With respect to such requirements, a base

particle can be colored desirably according to the

above~described multilayer-coated powder proposed by the
inventors, by supefposihg either oxide films oxr a
combination of an oxide film and a metal film on the
surface of a base particle in such a manner that high-

refractive-index films are disposed alternately with



low-refractive-index films to thereby cause the coated
particles to have an absorption peak at a specific
wavelength or to comfersely show exceédingly enhanced
ieflection in a specific wavelength range.

When the above multilayer-coéted powder is
applied to magnetic coloring material powders of the
three primary colors, the cyan (blue) and yellow powders
undoubtedly have imprgved vividness. However, in
producing a powder colored in magenta, there have been
cases where increasing the number of films especially
for.the purpose of obtaining a more vivid color results
in a narrowed absorption bottom width, so that the
resultant color as a whole is bluish. In application to
a transparent white powder, it is important to reduce
the scattering and reflection on the powder surface to
thereby heighten transparency. However, the multilayer-
coated powder described above is insufficient in this
- respect and it has been impossible to sufficiently color
a transparent white éowder.

These problems are thought to be attributable to
the fact that in the above-described hnltilayer-coated
powder proposed by the inventors 'begause the film
constitution is limited to a combination of metal oxides
or a combination of métal oxides and metals, the rahge

of refractive indexes obtainable in the whole



multilayered film is limited and the delicate regulation
of refractive index cannot be obtained.
| Furthermore, the spherical. lenses for use as
spherical spacers for'liquid-crystal'displays, spherical.
lenses for optical fibers, or the like are required to
have a high incident-light transmittance (transparency)
on one hand and to have a reduced particle size on the
other hand. However, the smaller the particle diameter,
the more the reflective scattefing is apt to occur on
the surface and in the inner parts of the'particles.
Consequently, reduced partiéle diameters generally tend
to result in reduced transparency.
| A technique of heightening the purity of a
'_substance constituting spherical lenses has
conventionally been employed so as to obtain
transparency. However, since there are differences in
refractive 'index between each 1lens and substances
adjacent thereto, interference occurs - at these
interfaces due to the differences in refractive index to
provide - new reflection sources. - Thus, merely
heightening the purity of the constituent substance
brings about a iimited improvement in the transparency
of the spherical lenses;
For use in cosmetics and the like, powders are

required to combine the function of effeétively



reflecting ultraviole£ and infrared'.rays with the
function of transmitting light in the visible regioh so
as to enable the color of the pigment itself serving as
~a base particle to be observed. However, the
conventional powders have been insufficient.

The present invention has been achieved in view
of the circumstances described above. An object of the
present invention is to provide a powder comprising é
base particle which themselves has been colored
desirably and having a high light transmittance in the

visible region.

DISCLOSURE OF THE INVENTION

The above object is accomplished with the
following powders according to the present invention:
(1) A multilayef-coated powder comprising a base.
particle having thereon a multilayered film comprising
at least one thin layef comprising a metal sulfide, a
metal fluoride, a metal carbonate or a metal phosphate;
(2) The mulﬁilayer-coated powder according to the
above (1), wherein the Emetal in the metal fluoride,
metal carbonate or metal phosphate is an alkali metal or

an alkaline earth metal;
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(3) The multilayer-coated according to the above (1)
or (2), wherein the mﬁltilayered film reflects a
specific wavelength.

(4) The multilayer-coat_ed powder accc_:rding to the
above (1) or (2') ; wherein the multilayered f£ilm
transmits light in the visible region.

Since the substances constituting the
multilayered film in the above constitutions differ from
each other in ref-ractive index, the multilayered film as
a whole can be made to reflect the light having a
- specific wavelength or completely transmit the light or
incident light having a' speci’fic wavelength by suitably
changing the thickness of the film or the sequence of
lairer sup'erpos.ition. _

Consequently, by applying the above _multilayéred
film to a base pai:ticle of any of various kinds, a
functional powder is obtained which has the function
possessed by the base particle and which has been
colored desirably or is tr#nsparent.

For example, when a base pa::tié:le made of a
magnetic material is used, a magnetic color toner
colored vividly can be obtained. When a base particle
made of a glass or transparent resin is used, spherical
-lenses can be obtained which have high transparency and

are suitable for use as spherical spacers for liquid-
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crystal displays, spherical lenses forioptical fibérs,
etc. Furthermore, when a pigment is used as a base
particle, a cosmetic functioning to reflect ultraviolet
and infrared rays can be obtained.

The multilaYer-coated. powder according to the
present invention will be explained below in detail.

The present invention is charaéterized in that
§ubstances having different refractive indexes are
superposed while regulating the thickness of each film
or changing the combination of such substances or' the
sequence of layer superposition to thereby enable fhe
multilayered film as a whole to reflect the light having
a speéific wavelength or completely transmit the light
or incident light haﬁing specific wavelengths.

The technique of thus coloring a base particle by
changing'the combination of substanceé for constituting
a multilayered film or by regulating.the film thickness
was proposed by the inventors.as described hereinabove
(see Unexamined Published Japanese Patent Inventors Nos.
6-228604 and 7-90310). The ptesent invention is,
however, characterized in that a group of substances
having a refraétive-index range not attained with the
conventional ones is.used to impart a wider ﬁariety of
light reflection :ot absorption properties to the

multilayered £ilm as a whole.



The substances usable for constituting the
multilayered fiim in the | present invention are metal
sulfides, metal fluorides, metal carbonates, and metal
phosphates.

Metal sulfides have a refractive index higher
thanhmetal oxides. Specifically, the refractive index
of cadmium sulfide is 2.6 and that of zinc sulfide is
from 2.3 to 2.4.

Metal fluorides have a low refractive index which
cannot be obtained with metal oxides. Especially
preferred are the fluorides of alkali metals or.alkaline
earth metals. |

Specifically, the refractive index of calcium
fluoride is 1.23 to 1.26; that of sodium fluoride is
1.34; that of trisodium aluminum fluoride is 1.35; that
of lithium fluoride is 1.37; and .that of magnesium
fluoride is 1.38.

Metal phosphates or metal carbonates have
refractive indexes intermediate between those of the
metal sulfides and those of the metal fluorides.
Especially preferred are the phésphates.or_carbonates of
alkali metals or alkaline earth metals. Due to the use
of these metal phosphates or metal ca:bonates,' the
choice of  films can  be widened and the refractive

indexes of the whole multilayered film can be reguiated-



delicatély to attain a combination of more vérious
refractive indexes. |

Specifically, the refractive index of calcium
phosphate is 1.6} that of sédium.phosphate is 1.58; that
of cerium phosphate is 1.8; and that of lanthanum
phosphate ié 1.8. The refractive iﬁdex of calcium
carbonate is 1.66; that of magnesium carbonate is 1.6 to
1.7; that of barium carbonate is 1.6; and that of
strontium carbonate is from 1.5 ﬁo l1.6.

It is possible to ﬁdd meﬁal chalcogenides other
than the above-described metal sulfides, and metal
- oxides to the film materials. In this case, the metals
are not particularly limited, and ones having a desired
refractive index can be suitably selected. |

Examples of the metal chalcogenides include metal
tellurides and metal selenides. The refractive indexes
of these chalcogenideé are ﬁoughlj in thé range of 2.4
to 3.0, although they vary depending on to the kinds of
_the metals.

Examples of the metal oxides include those given
in Unexémined Published Japanese Paﬁent Applications Nos.
6-22286 and 7-90310, both filed by the present inventors.
However, the metal oxides should not be construed as

being limited thereto. The refractive indexes of the
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metal oxides are roughly in the range of 1.8 to 2.6,
although they vary depending on the kinds of the metals.

If necessary, films of metals selected, for
exémple, from silver, cobalt, nickel, iron, and alloys
thereof.may be further added.

By the use of these films, the multilayered film
can be regulated so as to have more various refractive
indexes. | |

For forming films comprising the above-described
.metal sulfides, metal fluorides, metal carbonates, and
metal phosphates, the following methods are preferably
used, which are advantageous from the standpoints of

film evenness and £ilm thickness regulation:

a. Film formation by solid deposition in liquid
phase;
B. Film formation in vapor phase (CVD and PVD).

Film formation by these methods can be conducted
according to known steps using conditions suitably
selected for each step according to the material.

In the case of adding a metal oxide film, it is
preférred.to use the film-forming méthod using a metal
alkoxide which is described in Unexamined Published
-J§panese Patént Applications Nos. 6-22286 and 7-90310,

both filed by the present inventors.
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In the case of adding a metal film, it can be
formed by electroless plating or contact electroplating
or by sputtering. However, the thickness of a film
formed by contact electroplafing or éputtering may vary
from particle to barticlé, because there are cases where
in the contact electroplating, powder particles not in
contact with an electrode are not plated, and in the
sputtering, a metal vapor does not evenlg ‘collide
against the powder particles. Consequently, film
formation by electroless plating is preferred. |

In the filmfforming methods described above,
films are designed in thé following manner.

Coating films differing in refractive index are
alternately formed on each base particle so as to
satisfy the follbwing equation (1). Namely, coating
films which each is made of a substance having a
. refractive index n and has a thickneés d corresponding
to m (integer) times the wvalue which is one-fourth a
wavelength of visible light are formed in an appropriate
thickness and nﬁmber. As a result, the light having a
specific wafelength- A (the 1light utilizing Fresnel's
interference reflection) is reflected or absorbed.

nd = m\/4 @
" By utilizing 'this_ principle to conduct a film

design, it is possible to form a film which reflecfs the
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light having specific wavelengths to develop the color
corresponding to the reflected light. Alternatively, a
£ilm which ~transmits incident 1light throughout its
wavelength range and which is hence transparent can be
formed. |

In actual film formation, the film thickness of
each layer is designed'while determining the chaﬁge of
optical film. fhickne;s, which is the product of the
refractive index of the film and the film thickness, as
a reflection waveform by means of a spectrophotometer or
the like so that the reflection waveform conforms to the
waveform of a target color. For example, when a
multilayered film is constituted of unit coating films
'which have reflection waveform peaks located apart from
each _other in two or more positions throughout the
visible region, the multi;ayered film is a white film
whicﬁ wholly reflects the visiblé light. When the unit
coating films are regulated so that the reflection
waveform peaks thereof are in exactly the same position,
the mmlﬁilayered film can be nmnbchromatically colored
in, e.g., blue, green, or yéllow, without using a dye or
pigment. o

Furthermore, a transparent film can also be
obtaihed by reducing the:reflectance to an exceedingly

low level.
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On the other hand, the base particle in the
present invention can be selected from various materials
according to the purposes thereof .. That is, a powder
coated with the multilayered fiim' described above is a
functional powder which has the function possessed by
the base particle and which has been colored desirably
or is transparent.

For example, when a magnetic material is used as
a base material, a magnetic color toner colored vividly
can be obtained. When a base particle made of a glass
or transparent resin is used, spherical .1enses can be
obtained which have high transparency and are suitable
- for use as spherical spacers for liquid-crystal displays,
spherical lenses for opticél _fiberls, etc. Furthermore,
when a pigment is used as a base particie, a cosmetic;.:
functioning to reflect ultraviolet and infrared rays can

be obtained.

BRIEF DESCRIPTION OF THE DRAWING

| Fig. 1 diagrammatically illustrates, by means of
a sectional view, the structure of a particle of a
multilayer-coated powder éccbrding to the present
invention. This particle contains a bé"s';e"'particle- 1l as
a core and is constituted bj suc.cess"ive.ly superposing,

on the surface of 'Ehe core, _films 2, 3, and 4 each
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selected from metal sulfides, metal fluorides, metal
carbonates, and metal phosphates and regulated so as to

have a speéific thickness.

MODES FOR CARRYING OUT THE INVENTION

The present invention can be understood more
§learly by reference to the following Examples. However,
the invention should not be construed as being limited

by these Examples in any way.

EXAMPLE 1 (transparent powder) |

Fifty grams of glass beads (average: particle
diameter, 33 um) were dispersed inﬁo an aqueous solution
prepared beforehand by dissolving 11.3 g (0.25 mol/l) of
calcium chloride in 600 ml of water. A solution
prepared_ beforehand by disseclving 20 g of calcium
carbonate in 600 ml of water was gradually added
dropwise to the dispersion under stirring over 1 hour.

Aftef the droppihg, the solution was allowed to
react while maintaining the temperature of the solution
at 60°C. After completion of the reaction, the reaction
" mixture was washed with a sufficient amount of deionized
water with decantation, and the solid matter waé then

separated by filtration. The calcium carbonate-coated
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. powder obtained was dried 5nd heated in a vacuum dryer
at 180°C for 8 hours.

The powder thus obtained had a éalcium carbonate
film (refractive index, 1.65) formed on the glass beads,
and the thickness of the film was 278 nm. | |

Subsequently, 40 é of the calcium carbonate-
coated powder was added to a solution prepared by
disso}ving 12.8 g of zircon butoxide in 200 ml of
isopropanol. A solution prepared by mixing 3.7 g of
water with 25 g of propanocl was added dropwise over 1
hour to the above solution under stirring while
maintaining the solution-at 55°C.

After tﬁe dropping, the mixture was allowed to
react for.7 hours. The resultant reaction mixture was
washed with a sufficient amount of propanol with
decantation. . The solid matter was taken out by
filtration and then.dried and heated in a wvacuum dryer
at 180°C for 8 hours.

Thus, a zirconia-calcium carbonate-coated powder
was obtained. The zirconia £ilm (refractive index,
'2.10) of this zirconia-calcium carbonate-coated powder
had a thickness of 143 nm.

Furthermore, 20 g of the zirconia-calcium
carbonate-coated powder was stirréd in a rotating

fluidized bed in wvacuo. Simultaneously with the
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stirring, a tungsten board disposed in the rotating
fluidized bed apparatus and filled with a magnesium
fluoride powder was heated. A vapor of magnesium
fluoride was thus generated to treat the coated powder
for 2 hours to thereby obtain a magnesium fluoride-
zirconia—-calcium carbonate-coated powder. The magnesium
fluoride film (refractive index, 1.38) of this magnesium
fluoride-zirconia~calcium carbonate-coated powder had a
thickness of 109 nm. _ _

The thus-obtained glass beads coated with the
three layers had a considerably reduced feflectance of
0.7% or less in the range of 380 nm to 780 nm. Probably,
thi:s is because the glass beads had been reduced in

scattering by the formation of the_multiléyered £film.

EXAMPLE 2 (purple magnetic pigment)

First layer: silica film:

| Into 500 ml of ethanol was dispersed 50 g of a
'carbonyl iron powder (average particle diameter, 1.8 um)
'manﬁfactured by BASF. Thereto were added 20 g of
~ silicon ethoxide, 15 g of ammonia water (29%), and 20 g
6f water. This mixture was allowed to react for 5 hours
‘under stirring. After the reaction, .the reaction
mixture was dilutéd and washed with ethanol and filte;ed.

Thereafter, the solid matter was dried in a vacuum dryer
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at 110°C for 3 hours. After the drying, the resultant
powder was heated ﬁith.a rotary tubular oven at 650°C
for 30 minutes to obtain silica-coated powder A.

After the heating, 40 g of the silica-coated
powder A obtained was redispérsed into 400 ml of ethanol.
Thereto were added 12 g of éilicon ethoxide and 16 g of
ammonia water (29%). This mixture was allowed to react
for 5 hours, and then dried in vacuo and heated in the
same manner as in the first coating. Thus, silica-
coated powder B was obtained.

The silica-coated powder B obtained- had
satisfactory dispersibility and was an independent
particle. The silica £film (refractive indéx, 1.51)
formed on the surface of the carbonyl iron powder had a

thickness of 300 nm.

Second layer: zinc sulfide f£film:

To a'solution prepared beforehand by dissolving
1.34 g of zinc ethoxide was added 30 g of the silica-
coated powdér B. Hydrogen sulfide gas was'fed:thereto
-under stirring at a rate of 3 ml/min to conduct bubbling
for 3 hours. The resultant reaction mixture was diluted
and washed with a sufficient amount of eﬁhanbl, dried in

a vacuum dryer for 1 hour, and then heated'with a rotary
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tubular oven at 650°C for 30 minutes to obtain a zinc
sulfide-silica-co#ted powder. | |

The zinc sulf:_'.de-silica—céated powder obtained
" had satisfactory dispersibility and was an independent
particle. This zinc sulfide-silica-coated pdwder ‘had a
spectral reflection curve having a peak waveléngth of
770 nm and had a reflectance at the peak waw}elength of
50%. It was vivid yel'low. The zinc sulfide £ilm
(refractive index, 2.3) of the =zinc sulfide-silica-

coated powder had a thickness of 12 nm.

Thifd layer: magnesium fluoride £film:

Twenty gra:ﬁs of the zinc sulfide-silica-coated
powder was stirred in a rdtating fluidized bed in vacuo.
Simultaneously with the stirring, a tungstén board
disposed in the rotating fluidized bed apparatus and
filled with a maénesium fluoride powder was heated. A
| vapeor of magnesium fluoride was thus generated to treat
the coated powdef for 2 hours to thereby obtain a
magnesium fluoride-ziﬁc sulfide-silica~-coated powder.

The magnesium fluoride film (refractive index,
1.38) of the magnesium fluoride-zinc sulfide-silica-
coated powcder had a thickness of 124 nm.

The carbo:iyl iron powdef obtained through coating

with the three layers had an absorption bottom at 525 nm,
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at which the reflectance was 15%. The difference
between this reflect'a_nce. and | a maximum reflectance of

60% (780 nm) was 35%. It was vivid purple.

INDUSTRIAL APPLICABILITY

As described above, since the substances |
constituting the multilayered £ilm in the present
invention differ from each other in refractive index,
the multilayered film as a whole can be made to refleét
the light having a specific wavelength or completely
transx_nit the light or incident 1light having specific
wavelengths by suitably changihg the thickness of the
film or the sequénce of layer superposition.

Conseqﬁently, by applying the above multilayereci
film to a base particle of axiy of wvarious kinds, a
functional powder is obtained which has the function
possessed by ﬁhe base particle and which has been
colored vividly or is transparent.

For example, when a base' particle méde of a
magnetic - material is uséd, a magnetic color toner
colored iiividly can be obtained. When a base particle
made of a glass or transparent resin is used, spherical
lenses can be obtained which have high tré.nsparency and
are suitable for use as spherical spacers for liquid-

crystal displays, spherical lenses for optical fibers,
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etc. Furthermore, when a pigment is used as a base
particle, a cosmetic fﬁnctioning to reflect ultraviolet

and infrared rays can be obtained.
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CLAIMS

1. A multilayer-coated powder comprising a base
particle having thereon a multilayered £film comprising
at least one thin layer comprising a metal éulfide, a

metal fluoride, a metal carbonate or a metal phosphate.

2. The multilayer-coated powder according to
claim 1, wherein the metal in the metal fluoride, metal
carbonate or metal phosphate is an alkali metal or an

alkaline earth metal.

3. The multilayer-coated according to claim 1 or
2, wherein the multilayered film reflects a specific

wavelength .

4. The multilayer-coated powder according to
claim 1 or 2, wherein the multilayered film transmits

light in the visible-région. /‘
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