DESCRI PTI ON MULTI LAYER- COATED POADER AND PROCESS FOR PRCDUCI NG THE SAME
TECHNI CAL FI ELD The present invention relates to.a powder havi ng a

mul tilayered filmon the surface and’ perfornlng -a conbi nation of

functi ons. More particularly, the present invention relates to a
magneti c powder having a nultilayered film on the surface and usable
as a starting material for colored magnetic nmaterials, such as nmgnetic
col or toners and magnetic color inks, and to a retroreflective pignment, a
weat her-resi stant pignment, and the |ike. BACKGROUND ART Coating the surface

of a powder with another substance gmscrepTadn onally been conducted in
order to obtain a powder having a special property or to nodify the surface
properties of the powder. Since it is difficult to evenly coat the
surface of a powder having

MULTILAYER-COATED POWDER AND PROCESS  FOR PRODUCING THE

SAME

TECHNICAL FIELD

'Thé present invention relates to a powder having
a multilayered £film on the surface and pérforming a
combination of functions. | More particularly, the.
present invention relates to a magnetic powder having a
multilayeréd' £film on the surface and usable as a
starting material for colored magnetic materials, such
as magnetic_color toners and magnetic color inks, and to
a retroreflective pigment, a weather-resistant pigment,

~and the like.

BACKGROUND ART

Coating the surface of a. powdér with another
substance has conventionally been conducted in order to
obtain a powder having a special property or to modify
the surface properties of the powder. Since it is
difficult to evenly coat the surface of a powder having
a small particle diameter, various methods have been

investigated as powder—coating means.
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a small particle dianmeter, various nethods have been investigated as
powder -coating nmeans. -1- . Unexam ned Publi-shed Japanese Patent
Application No. 1-119062 djscloses a technique for coating a powder Wi th
silver for the purpose .of heightening the electroconductivity of the
powder. Methods for formng a netal coating filmon the surface of a netal
or netal oxide powder are described, e.g., in. Unexam ned Published
Japanese Patent Applications Nos. 3-271376 and 3-274278. Wth respect to
methods for formng a netal oxide coating filmon the surface of a netal

powder, a film of U’-ifé:?éinﬁﬁeﬁf bPE6133Red By abands P Cra it ClpBl 3¢ dBidn

nmet hod conpri sing placing the powder 1 n an oxidizing atnosphere. However,

this nethagyisinatiges i gaklidsles a technique for coating a powder
with silvei for +the purpose of. héightening the
electroconductivity of the powder. Methods for forming
a metal coating film on the surface of a metal or metal
oxide powder are described, e.g., in Unexamined
Published Japanese Patent Applications Nos. 3-271376 and
3-274278. |

ﬁith respect to methods for fo?ming a metal oxide
coating film on the surface of a metal-péwder, a £film of
an oxide of the same metal can be obtained als_o by a
method comprising placing the powder in an oxidizing
atmosphere. However, this method is not applicable to
the formation of é'coating £film of an oxide of another
kind of metal.’ It is a matter of course that a

- completely different ‘method should be used when the
powder is made of a metal compound or a plastic.

A method usable for fdrming a coating film of é
metal oxide on a powder comprises placing the powder in
an aqueous solution of a metal salt, reacting the metal
salt to cause précipitation "and thus fsrm a metal
compound deposit layer on the powder particles, and
diying or heating the covered particles t§ form a metal
oxide layer to thereby obtain a coated powder. However,

a dense oxide film is.difficult to obﬁain-by this method.
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the formation of a coating filmof an oxide of another kind of netal. It
Is a matter of course that a conpletely different nethod should be used
-when the powder is nmade of a nmetal conpound or a plastic. A method usable
for formng a coating filmof a netal oxide on a powder conprises placing
the powder in an aqueous solution of a netal salt, reacting the netal salt
to cause precipitation and thus forma nmetal conpound deposit |ayer on the
powder particles, and drying or heating the covered particles to forma
nmetal oxide layer to thereby obtain a coated powder. However, a dense OXIde

filmis di gk cehe (£80k2 Hebhdd) $sLRRYied 610Dk §Ct a8 é&e

invention is to elimnate the drawbacks of the above-descri bed r| or arat

techni quesdangd CoRiqe Elm, Nighlys f HBE! i) #Bt @vémyek%'mpoémaléﬂ%e
powder- i nexpensi vely; and a technlque wi th which a net
film in a desired thickness, for example, because a
J.a:'r:g'e film thickness is difficult to obtain.

The present inventors previously invented a
method for forming a film of a metal oxide by dispersing
a metal powder or a metal oxide powder into a metal
alkoxide solution and hydrolyzing the metal alkox:i_.de,'
and made an application for patent (Unexamined Published
Japanese Patent Application No. 6-228604) .

The present inventors further dew)eloped highly
functional powders by alternately forming a metal film
and a metal oxide film on the surface of a metal powder
or a metal oxide powder, and made an appiication for
patent (Unexamined Published Japanese Patent Application
No. 7-90310). For example, the inventor succeeded in
obtaining a magnetic powder of a sufficiently white
color by forming a coating film of a metal oxide on the
surface of a magnetic material powder, such as ferrite
or chromium oxide, and forming a coating film of cobalt
metal or silver metal thereon, and also in obtaining an
insulating powder having satisfactory thermal
conductivity by forming a metal oxide film on a powder
of a metal having satisfactory thermal’ conductivity,

such as silver metal or copper metal. Furthehn_ore, the



“filmor a netal oxide filmcan be forned on an organic powder or the like
, and which is applicable to a wi de range of powders besides netal or netal
compound powders, e.g., organic powders. DI SCLOSURE OF THE | NVENTI ON The

pr esent i nventors nade I nvestigati ons on whether or not the

deposi tion nmethod based on precipitation froman aqueous netal salt
solution, which nmethod is a conventional neans for .easily and inexpensively
formng a netal oxide film is applicable. As a result, it has been found

t hat  when base particles coated with a netal oxide film formed by the

hydrol ysi préfent Meiabentlderxi dgads e awbi esppd il tiisn deafﬁgi giaaséeEAEOd

based on precipitation froman aqueous netal salt solution

particl es corcerntiees el ﬁroa&mmcnxb@mﬁ&iﬁéosmﬁJ@&wem&d{iﬂq%s of
a nmetal al koxi de and are hence never attacked even when the precipitation
reacti on multiieysusiddmetaldesxideudilmwndnt ithes stbBaceheobase metdicl es
are attacked, because the netal oxide filmis exceedingly dense as stated
above. powder or metal compound powder and heating the powder
coated with the multilayered metal oxide film to produce
a powder having. a multilayered denser and more stable
metal oxide film (WO96/28269) .

As described above, the present inventors have
made efforts with a view to developing a highly
functional metal or metal c_ompound powder by forming one
or more 'filmé of a metal oxide or metal on the surface
of a inétal powder or métal compound powdér .to théreby
'impai:t .a property other than those possessed by the
metal or metal compound powder serving aé core pérti;les.

However, the above-described method in which a
metal é.lkdxide is used as a starting material for

- forming a film of a metal oxide on tﬁe surface of a
metal powder or métal compound powder has a drawback
that the produ-ctl developed with the alkoxide has- very
limiﬁed uses because the metal alkoxide is an expensive
compound and, hence, the product is, of course, costly.

| Although the method in which a film of a metal
oxide is formed by precipitation from an aqueous metal .

salt solution has the problem that an even metal oxide

film is difficult to obtain, it has .a.more serious



The present invention has been achi eved based on this finding.
Specifically, the various problens described above have been ellnlnated by
the followi ng nultilayer-coated powder and process for producing the sane
according to the present invention: (1) . A mul tilayer-coated powder,
wherein at |east one |layer of the nultilayer conprises a netal hydroxide
filmor a metal oxide filmformed by hydrolysis of a netal al koxide having
thereon a coating filmconprising a netal hydroxide filmor a metal oxide
filmfornmed by a reaction of a netal salt in an aqueous solution; (2)

The mult!|gygrpaea ed ﬁ%gg CEAAULaL?, LBTAARONE a1 91 Bobidd fR!

hydr oxi de or the metal oxi or ne dro YSI'S
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above (1) or (2), wherein the netal hydroxide or the netal oxide fi
fornmed by giecipatatibRl o MelidlcsSakthe NraBcAdWPUFieAlds | g | schgatsd

after the formation; _
alkali as a by-product, the powder particles serving as
cores are attackéd by the acid or alkali used as a
reactant oxr yielded' as a by-product and are thus
dissolved, especially when the particles are made of.a
metal.  Because of this. drawback, the above method
cannot be applied.

‘An object of- the present invention is to
eliminate the drawbacks of the above-described prior art
techniques and to provide: a highly functional metal or
metal compound powder inexpensively; and a -technique

. with which a metal film or a metal oxide film can be
formed on an organic powder or the like , and which is

applicable to a wide range of powders besides metal or

metal compound powders, e.g., organic péwders.

DISCLOSURE OF THE INVENTION

The present inventors made investigations on
whether or not the deposition method based on
precipitaﬁion fiom an aqueous hetal.salt solution, which
method is a conventional means for ‘easily and
inexpensiﬁely forming a metal oxide f£ilm, is applicable.

As a result, it has been found that when base particles



(4) A process for producing a nultilayer-coated powder; which
conprises: formng a .netal hydroxide filmor a netal oxide filmas at | east
one layer of a nmultilayered film3 "~ present inventors nade an application
for patent concerning a process which conprises simlarly formng a

mul tilayered netal oxide filmon the surface of a net Qr_neta

conpound powder and heating the powder coated with it éﬂﬂSHSHEangﬁngH? al
jor e s

oxide filmto produce a powder having a nultilayered [densegg E able
metal oxide film (WD96/28269). As described above, t

have nade ghheels With & WéMaio kel Oping %MQ&VW%&OW&@HQ;@

nmet al conmpound powder by form ng one or nore filns- of "a netal “oxi de” or
metal on t§e sarfrHe€adl alkBiAldPOWIAE FubFbakedO TRAUNEHOWRIpSSiIBREDY

method based on precipitation from an aquedus mgtal salt
solution, the base particles are protected by the metal
oxide film formed by the hydrolysis of a metal alkoxide
and are hence never attacked even when the precipitation
reaction is conducted under such conditions that the
base particles are att_acked,' because the metal oxide
film is exceedingly dense as stﬁted above. The present
invention has been_achieved based on this finding.
Specifically, the various problenms described
above have been eliminated by the following multilayer-
coated powder and process for producing the same
according to the-presént invention:
(1) A multilayer-coated powdef, wherein at least one
layer of the multilayer comprises a metal hydroxide film
or a metal oxide film forméd by hydrolysis of a metal
alkoxide having thereon a coating .film comprising a
metal hydroxide film or a metal oxide film formed by a
:ﬁeac;tion of a meta_.l salt;
(2) The multilayer-coated powder according to the
above (1), wherein the ‘metal hydroxide or the metal
oxide film formed by the hydrolysis of a metal alkoxide

is heated;
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inpart a property other than those possessed by the netal or netal conpound
powder serving as core particles. However, the above-described method in

which a netal al koxide is used as a startlng material for formng a film of
a metal oxide on the surface of a metal powder or netal compound powder has
a drawback that the product devel oped with the al koxide has very limted

uses because the netal al koxide is .an expensive corrp%-gnﬂ——heﬂe&_r.he
product is, of course, costly. Although the nethod i h/tWsi SHEET HAS BEEN [a
metal oxide is formed by precipitation froman aqueols metREPLAGED sol ytion

has the prqbl)emth@heannw%ra&a&-@s%al | Bokded ffa&aédlﬂ ODL;s' ”th't

has a nore serious -4- dr awback. mely,” since an acid al i
_used in reapowy (19 .aa&eowz)qetahe&éhh sehel i Atk Caya%oxlde or the

metal oxide film formed by the reaction of a metal salt
is heated after the formation;

(4) A process for producing a multilayer-coated
powder, which comprises: forming a metal hydroxide film
or a metal oxide film as at least one layer of é
multilayered film by hydrolysis of a metal alkoxide; and
- forming thereon a coating film of a metal hydroxide film
or a metal oxide film by a reaction of a metal salt;

(5) The process for producing a multilayer-coated
powder according ﬁo the above (4), wherein - the metal
hydroxide film or the metal oxide film is formed by the
hydrolysis of a metal alkoxide, and then heated; and

(6) The process for producing a multilayer-coated
powder according to the above (4) or (5), wherein the
metal hydroxide film or the metal oxide film is formed
by the reaction of a metal salt, and then heated.

 In the present invention, the powder serving as

‘the base of the.multilayer-coated powder of the presen£
invention can be a powder made of.an'orgénic substance
as well as a powder made of an inorganic substance.
Examples of the inorgahic substance cohstituting the
inorganic powder in the present invention include metals,

such as, iron, nickel, chromium, titanium, and aluminum;
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precipitation or since the reaction yields an acid or alkali as a

by- product, the powder particles serving as cores are attacked by the acid
or alkali used as a reactant ‘or yielded as a by-product and are

t hus di ssol ved, especially when the particles are made of a netal.

Because of this drawback, the above nethod cannot be applied. An _
object of the present invention is to elimnate the drawbacks of the
above-described prior art techniques and to provide: a highly functional
nmetal or netal conpound powder inexpensively; and a techni-que with which a

net-al fil pekad NAKlopsi de idhn cag beifohPRd N BN ahdhN £rpawddbLoltt he
like , and which is applicable to a wide range of powders besides netal or

met al conpAleysoWleisonentckel galiloywonieridds SChiobim {fkéEdIBHETE | ON

The present inventors nmade investigations on whether or not the

deposi ti omlleyhed tihibded; amepakciqtides pn siuchn ass agwides nefal esagi,

sol ution, which
iron, nickel, chromium, titanium, aluminum, and silicon
(in this case, silicon is classified in metals); oxides
of 'alkaline earth metals, such as calcium, magnesium,
and barium; composite oxides of these, clays, and
glasses.

Since one object of the pfesent invention resides
iﬁ the production of a j:owder having magnetic properties,
such as a magnetic color toner or a magnetic color ink,
it is preferred in this case to use a 'ferromaghetic
substance as the base powder of the multilayer-coated
powder of the present invention. The ferromagnetic
substance may be a metal having a high magnetic
permeability, such as iron, nickel, chromium, titanium,
or aluminum. However, a ferromagnetic oxide or alloy
can also be used, such és ferrite or y-iron oxide.

Also usable as the base powder material in the
present invention 1is a powder made of an organic
substance. Examples of the 'orga.nic substance
constituting the base powder_ in the present' invention
include natural and synthetic polymers. Examples .of the
synthetic polymers include polystyrene, polyethylene, -
polypropylene, poljac_r:ylic esters, polymethacrylic



method is . a conventional neans for easily and inexpensively formng
a netal oxide film is applicable. As a result, it has been found that when
base particles 5 coated with a netal oxide filmforned by the hydrolysis
of a netal al koxide are subjected to the deposition nethod based on
precipitation froman aqueous netal salt solution, the base particles are
protected by the netal oxi-de filmfornmed by the hydronS|s of a netal

al koxi de and are hence never attacked even when the precipitation reaction
I s conducted under such condltlons that the base particles are attacked,

because tf@sﬂéi:@ %éeéd 6‘1 eved aseg ongﬁﬂﬁzglﬁa' é%’%ﬁgiﬁ)l §¥f ﬁgﬁhﬁe?

pr esent i nvention has been ac

thlet viarl 040 DyRBFaTEw deRCdhed o@%@r&a\@tﬁéﬁnnﬁiﬂéﬁgﬁged %éﬂﬁl&gl | Q¥ ng
mul til ayer -
the natural polymers :anlude starch, agarose, cellulose,

and gelatin. - Other usable examples include
semisynthetic polymers, such as acetyl cellulose and
- hydroxyethyl cellulose. Although the powder of an
organic polymer may have irregular particle shapes, it
is preferably composed of spherical particles formed by
the suspension polymerization method or seed
polymerization method or formed by the solution
dispersion method or the like.  Although some of those
organic substances, when in direct contact with en
aqueous metal salt solution, mey suffer surface
coz_‘rosioh depending on conditions for the reaction of
the solution, this influence can be prevented .by the
present invention.

If a substance which withstands dilute strong
acids, such as ferrite, y-iron oxide, or titanium oxide,
is used as a core material, the core particles hardly
suffer sufface corrosion even when exposed directly to a
reaction of an aqueocus metal salt solution. However,
since the solution may have entered inner_parts of ﬁhe
particles, there is a possibility that the multilayer-
coated powder produced using . the core part:.cles might

have been denaturated.



coated - powder and process for producing the sane according to the
present invention: (1) A mul tilayer-coated powder, wherein at |east one

| ayer of the nmultilayer conpri'ses .a metal hydroxide filmor a metal oxide
filmforned by hydrolysis of a netal alkoxide having thereon a coating film
conprising a netal hydroxide filmor a netal oxide filmfornmed by a
reaction of a netal salt in an aqueous solution; (2) Qe

mul tilayer-coated powder according to the above (1), }\VithS SHeEt hﬂS”FIF
hydroxi de or the netal oxide filmforned by the hydrol £ _

al koxi de is heat edpopflers, (3uch H¥ W iAW e ?%t

to the above (1) or (2), ‘wherei n the netal hydrox e o
filmformafebyl! IWoweas!, i AL@hiAuiPinétad! bowder, polystyrene beads,

polymethacrylic ester beads., starch beads, and acetyl
celliulose beads, suffer surface denaturation in an
aqueous solution of a strong acid even when the acid
concentration is low, and this may influence the quality
of the final product, for e>-:a.mple, by causing
devitrification. Consequent.fl.y, If such a substance is
used as a core material, it is uz;desirable to use a
metal salt, such as titanium sulfate, titanium éhloride,
or aluminum sulfate, as a material for forming a metal
oxide coating film on the surface of the core material.
With respect to metal salts for use in the
treatment based on precipitation by a reaction of an
aqueous metal salt solution;, which is the most common
Ireaction among reactions of the above-described metal
salts, the above problems are severer especially when an
acid salt of a metal is used. Although neutralization
or -pyrolysis is typically used among reactions of a
metal salt, other reac;tions may be used. |
Examples of the metal used as a metal salt in the
present invention include iron, nickel, chromiu:_n,
titanium, zinc, aluminum, cadmium, zZirconium, silicon,
~tin, lead, lithium, indium, neodymium, bismuth, cerium,

antimony, calcium, magnesium, and barium. Examples of
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I n an aqueous solution is heated after the formation; (4) A process for
producing a nmultil ayer-coated powder, which conprises: formng a netal
hydroxide filmor a netal oxide filmas at | east one | ayer of a
multilayered filmby hydrolysis of a netal al koxide; and form ng thereon a
coating filmof a metal hydroxide filmor a netal oxide filmby a reaction
of a nmetal salt in an aqueous sol ution; (5) The process for producing a
nmul til ayer-coated powder according to the above (4), wherein the netal

- hydroxide filmor the netal oxide filmis formed by the hydrolysis of a

metal al koghigs ag¢ tkasheah&fa1dnNdihb)ude TQSIE OCSES S@f%gg:upéﬂgﬁg

mul til ayer-coated powder according to the above or erein

metal hydraxedad i h@iQf, t iy d®sEh18%ie¢e hidid sc&qlrm %Me (ELEh6REOT 2

metal salt in an aqueous sol ution, and then heated. In the pf esent
i nvention, atha,posfier S&kbboiglasct Arikise ofchdtatul tébmpeoxernt 8¢ PeHEe!

of the present invention can be a powder nmade of an organi ¢ substance as
well as a agbogster metals are na@bsei dmscbadedce. A suitable kind of
metal salt for use in the present invention is selected
according to the property to be imparted té the surface
of the powder and the means to be used for production.
In the present invention, a £film of a metal oxide
or metal hydroxide is first formed by the hydrolysis of
a metal alkoxide on particles serving as the base of a
multilayer-coated powder, in order to protect the
particles. If a metal film is to be formed as one of
the layers of the multilayer-coated powder, this metal
£ilm should be foméd under the metal oxide or metal.
hydroxide £ilm formed from a metal alkoxide.
Accordingly,; a metal film may Be formed directly on the
surface of the base particles. If plural layers of a
metai -oxide or metal hydroxide film are formed from a
metal alkoxide, a metal film can be formed between  these
laye:s. It is, however, undesirable to form .a metal
film over the metal oxide or metal hydroxide films.
In the present i_hvention, an alkoxide of the same
metal as that contained in the metal hydroxide or metal
oxide film to be deposited as a coating £film on the

surface of particles serving as the base of a
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Exanpl es of the inorgénic subst ance constituting the inorganic powder in
the present invention include netals, such as, iron, nickel, chrom um

titanium and alum num -7- " nmetal alloys, such as iron-nickel and
iron-cobalt alloys;, iron-nickel alloy nitrides; iron-nickel-cobalt alloy
nitrides; metal oxides, such as oxides of, e.g., iron, nickel, chrom um

titanium alum num and silicon (in this case, silicon is classified in
nmetal s); oxides of alkaline earth netals, such as calcium magnesium and
barium conposite oxides of these, clays, and glasses. Since one object of

e b S
preferred thet hietLRRydLouadte éfrﬁeﬁaqn%tfde.

This method comprises dispersing the powder
serving as a base material into a solution of the metal
alkoxide (mostly in an brganic solvent or in a mixed

' solvent consisting of an-organic solvent and water) and
adding water or a weakly alkaline'aqueous solution to
the -solgtion containing the dispersed particles to
hydrolyze the metﬁl alkoxide'and thereby form a film of
a hydroxide or oxide of thé metal on the. surface of the
particles.

Processes for produéing a powder having a -
multilayered metal oxide film using the above method are
described in Uhexamined Published Japanese Patent
Applications Nos. 6-228604 and 7-90310. |

The above method for forming a metal oxide by
hydrolysis is called a sol-gel method, and is effective
in forming aﬁ oxide having a fine and homogeneous
composition. By aé;ﬁiying this method to a powder, a
film which is even, thick,'and dense is obtained on the
powder particles. As the metal alkoxide is selected an
alkoxide of the metal cofresponding to the desired metal
oxide,' such as zinc, aluminum, cadmium, titanium,

- Zzirconium, tantalum, or silicon.
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substance as the base powder of the nultil ayer-coated powder of the
present invention. The ferromagneti c substance nmay be a netal having a
hi gh magnetic perneability, such as iron, nickel, chromum titanium or

al umi num However, a ferromagnetic oxide or alloy can al so be used, such
as ferrite or y-iron oxide. Al so usable as the base powder material in the
present invention is a powder made of an organi c subst : S
of the. organic substance constituting the base hAtitse SHEET HAS REEdsknt

i nvention include natural and synthetic pol ymars appl es REPLN)ED synt heti c
pol ymers include pglymeWAne, a PROXSUY | Ccol QF:%& Wi rYEEC
esters, pol ymet hacrylic -8-a esters, an?:l gopo ymers thany 1%’5% k

MONONEr s OfehleA PP| WEed VAsh HNsSTulRbA Oiheraavnei?&raiuc’?x%@i@énef.
Usable organic solvents include, for example, alcohols,
such las ethanol and methanol, and ketones. It is
preferred to use a dehydrated organic solvent. Although
the concentration of the metal alkoxide solution varies
depending on the kind of the metal alkoxide to be
dissolved and on the kind of the organic solvent,
optimum conditions are used. The thickhess of the metal
hydroxide or metal oxide film formed on a powder is
determined by the concentration of the metal alkoxide
soiution and the use amount of the metal alkoxide
solution relative to the powder amount.

The powder on which a metal oxide f£ilm has
deposited is taken out of the solutién and dried,
whereby a strong metal oxide film is obtained. The
drying is preferably conducted in vacuo. If an
inorganic powder was used as base particles, it 1is
preferred to further-conducﬁ a heat treatment in vacuo
or in an inert.atmosphefe at 200 to 800°C for 0.5 to 6
hours, because this treatment makes the film stronger.

As stated hereinabove, a metal hydroxide f£ilm or
metal oxide film is deposited by a reaction of a metal

salt on the powder particles on the surface of which a .

Thls Sheet Has Been Replaced
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the natural polymers include starch, agarose, cellul ose, and gel atin.

O her usabl e exanpl es I ncl ude sem synthetic polyners, such as acetyl
cel l ul ose and hydroxyet hyl - cell ul ose. Al though the powder of - an
organi c polyner may have irregular particle shapes, it is preferably
conposed of spherical particles fornmed by the suspensi on pol ymeri zati on
nmet hod or seed pol yneri zation nethod or formed by the solution '
di spersion method or the like. Al though sone of those organic substances,
when in direct contact with an agueous netal salt solution, my suffer

surface corr,osj ependj ng on_cqnditiong fqr. the reaction of _th | ution
This i nf 1 Al ArapBiad SafimeRt |eRb e Ei e hafl Beeh  forhed, Fhak.
whi ch wit hst dihute .strong acids, such as ferrite, y-iron oxide, or
titanium<5dé§§§+sgggg}%ééé.core material, the core particles hardly

suffer surface COpLASI QR +SYEA Wm\%‘%@ﬁglﬁg&ﬁq{éy it @ 5S6E T s QL AP

aqueous netal salt sol ution. _
metal salt, such as titanium sulfate or aluminum sulfate,

as a starting mateiial, and comprises immersing.the base
particles in an aqueous solution of the metal salt and
neutralizing the system with an aqueous solution of a
caustic alkali, ammbnia, urea, or the like to thereby
deposit the resultant metal hydroxide or metal oxide on
the powder particles.

Another method for depositing a metal oxide £film
on the surface of powder particles in the present
invention uses a metal salt, such as titanium suifate or
zirconium .suifate, which Iupon heating decomposes to
deposit titanium oxidé or zirconium oxide. This method
comprises immersing the powder particles in an aqﬁeous
solution of such a metal salt and decomposing the metal
salt by heating to deposit a metal oxide film on the
powder particles and thus form a coating £ilm.

'~ Plural layers of a metal oxide film or the like
may be. formed from such a metal salt. It is aléo
possiblé, if desired, to form a f£film of a metal_oxide or
the like from a metal alkoxide on these films of a metal

oxide or the like.
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since the solution may have entered inner parts of the particles, there is
a possibility that the nultilayer- coated powder produced using the core
particles mght have been denaturated. -9- Powder s, such as an iron
nmet al powder, nickel netal powder, alum num netal powder, polystyrene
beads, polynethacrylic ester beads, starch beads, and acetyl cellul ose
beads, suffer surface denaturation in an aqgueous solution of a strong acid
even when the acid concentration is low, and this may influence the quality
of the final product, for exanple, by causing devitrification.

Consequently, If spghga ?@W’Eﬂéﬁﬁﬂé@ 2318 COLR ri?é E"o@lm? 1! | b Sthe

undesirabl e to use a neta as titaniumsultate um

chioride, gowakdTiguitsdhbat %eéﬁﬁgnagera Hadd! "PATEBImAAY Bhe £ilm,

desired properties can be obtained by using such film-

forming conditions that each layer has a given thickness.

The particles thus obtained according to the
present invention by forming a £film of a metal oxide or
the like from a metal alkoxide on the surface of base
powder particles are not adversely influenced by the
treatment for forming thereon a film of a metal oxide or
the like from a metal salt. Consequently, a
multilayered £film of a metal oxide or the like can be
formed by a simple. .procedui‘e using a metal sa.lt.. as an
inexpensive starting material. = 1In particular, that a
multilayer-coated powder‘ can be obtained. without using
an expensive hetal alkéxide as a starting. material is an
important advantage.

In processes for producing the multilayer-coated
powder of the present invention, a multilayered film can
be formed in various methods. For example, a
multilayered film may be formed through continuous steps,
or individual coating films may be formed one by one.
Alternatively, the formation of a -single layer and the
.continuous formation of plural layers may be conducted

in combination.
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oxide coating filmon the surface of the core material. Wth respect to
netal salts for use in the treatnent based on precipitation by a reaction
of an aqueous netal salt solution, which is the nbost common reaction anong
reactions of the above-described netal salts, the above problens are
severer especially when an acid salt of a nmetal is used. Although
neutralization or pyrolysis is typically used anong reactions of a netal
salt in an aqueous solution, other reactions may be used. Exanples of the
nmetal used as a netal salt in the present invention include iron,

ni ckel, chrom umpdst aBheM ddd€ing! UHIEHY £a0KeWHAL Zi ££9R1 UMcshta&eN,
tin, lead, lithium indium neodym um bisnmuth, cerium antinony, calcium
magnesi umekadtpopilatidganpes Sputtbring mahis Bé t hesed et ¥asidekude
salts of sulfuric acid,.
electroless plating. However, in the contact
electroplating, powder particleé not in contact with an
electrode cannot be plated. In the sputtering, a metal
vapor cannot be evenly applied to the powder pérticles.
Hence, 'Ehe thickness of the coating formed by | either
method varies from particle to ‘particle. In contrast,
the method of film formation by electroless pléﬁing-is
preferred in that a dense and even film can be formed
and the film thickness is easy to regulate. -

Since the thus-produced powder ‘having a
multilayered metal oxidelfilm-on the surface can have
various properties impértéd thereto according to the
material of the powder selected and the material of the
metal oxide constituting the surface coating film, it
can be used in applications for respective purposés.
For exa_mple , when a magnetic material, such. as iron
metal, iron nitride, or tri-iron tetroxide, is used as a
powder and this powder is coated with silicon oxide,
having a lower refractive index than the magnetic
material, and further with a layer'of titanium oxide,
having a higher refractive index, as an outer f£ilm, then

a magnetic powder having a high degree of whiteness is

obtained. When a conductor, such as silver, copper, or

.= 16 -



nitric acid, hydrochloric acid, oxalic acid, carbonic acid, and carboxylic
aci ds. Chel ate conpl exes of the above netals are al so incl uded. A
suitable kind of nmetal salt for use in the present invention is sel ected
according to the property to be inparted to the surface of the powder and
the means to be used for production. In the present invention, a filmof a
nmetal oxide or netal hydroxide is first fornmed by the hydrol ysis of a netal
al koxi de on particles serving as the base of a nultilayer-coated powder,
in order to protect the particles. If a netal -filmis to be forned as

D o o al@ienhb! 100uBdd 2 2Yel AMEY RAM ank"cha P dpekl HaPRY|

be forned under the netal oxide or r oxl

a netal jsal&extda @$ed diangley1nd wahrﬂcigmé%:{?éagﬂwgn@ﬂl%%ﬁgon

the surface of the base particles. If plural layers o met al oxi de~or

metal hydrmstde fokidere $@eREtadr Alunikial citi@x) deghénel akhidddBLey be

fornmed between these |ayers. It is, however, undesirable to forma netal
conductive powder having an electrically insulating
surface layer is obtained.

Furthermore, when, for example, coatings having
different refractive indexes are formed on a surface of
an object each in such a thickness that the product of
the refractive index of the substance constituting the
film and the thickness of the fiLm corresponds to one-
fourth the waﬁeiength of an electromagnetic wave, then
most of .the- light is  reflected due to interference
(Fresnel reflection). This function can be utilized to
produce a magnetic powdef for magnetic toners which
reflecté'light and has a shining white color by using 5
magnetic material, such as a poﬁder_of a metal; e.g.,
iron, cobalt, or nickel, an alloy powder, or.an iron
nitride powder as cores, forming a 'layer of a ﬁigh—
reflectance metal, such as silver or wc¢obalt, on the
surface of the céres, further forming on the outer side
thereof a layer of an oxide having a lower refractive
index than that metal, such as silicon oxide, in such a
thickness that the product of the refractive index of

the oxide and the thickness of this film is one-fourth a

wavelength of visible light, and then coating this f£ilm
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filmover the metal oxide or netal hydroxide filns. In the present

I nvention, an al koxide of the sanme netal as that contained in the netal
hydroxi de or netal oxide filmto be deposited as a coating filmon the
surface of particles serving as the base of a mul tilayer-coated powder
is hydrolyzed to forma filmof the metal hydroxide or netal oxide. This
met hod conprises di spersing the powder serving as a base material into a
solution of the netal al koxide (nmpbstly in an organic solvent or in a mxed
sol vent consisting of an organic solvent and water) and adding water or a
weakly al kaithe saiqlageax soEuta Ohilgh-FefraekivicindeRt Akids, dfch as

di spersed particles to hydrolyze the metal al koxide and thereby forma

filmof a #ydcoxiidem cexddede ioi suehna dthixkhéess wHatethe Prodweti 5,Ees.
the refractive index of the material and the thickne%s
of this film is one-fourth a wavelength of visible liéht.

The powder produced may be heated in an inert gas
atmosphere at a temperature of f#om 200 to 800°C. Thus,
a stronger powder having a higher.degree of whiteness is
obtained. If the above hgat treatment of the powder is
conducted, the powder obtained through the heat
treatment should satisfy the requirement that in each
layer the product of the refractive index of the
material and the film thickness -is one-fourth a
wavelength of visible light.

Forming a colored layer on this powder and
further forming a resin layer thereon gives a mégnetic
color toner. Since visible 1light hés. wavelengths
distributed in a certain width, each of the particles
constituting the magnetic toner may have oxide layers
formed alternately with metal layers so that these.
layers have slightly different thicknesses within a
range in which the product bf the.refractive index of
the material and the film thickness is close to one-
fourth a wavelength of wvisible light.

- In producing a multilayer-coated' powder as a

powder colored by interference reflection, a high-
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Processes for producing a powder having a nultilayered netal oxide film
usi ng the above nethod are described in Unexam ned Published Japanese
Pat ent Applications Nos. 6-228604 and 7-90310. The above nethod for form ng
a netal oxide by hydrolysis is called a sol-gel nethod, and is effective in
form ng an oxi de having a fine and honbgeneous conposition. By appl yi ng
this nethod to a powder, a filmwhich is even, thick, and dense is obtained
-on the powder particles. As the nmetal al koxide is selected an al koxi de of
the netal corresponding to the desired netal oxide, such as. zinc,

T T, EARAETeLABR ET CRRTY SORAE - B SOhe Wit | A
an organi G358l VeRi ternately formed in respective thicknesses

necessary for Fresnél interference so that 1light of
target spectral waveiengths is reflected.

Fig._ 1 illustrates such a powder particle by
means of a sectional viéw. This sectional view shows a
bowder particle Eolored by interferencé reflection,
which compfises a particle 1 (g;ass bead) as a base, a
metal film 2 formed on the surface thereof,' a low-
refractive-index metal oxide film A indicated by 3
formed on the film 2 from an alkoxide, and a high-
.refractive-index metal .oxide £film B .indicated by 4
formed on'the.film A.

Starting materials, especially metal salts, used
in thelpresent invention will be explained below.

Preferred materials used for forming high-
refractive-index f£ilms include: titanium comfounds, such
as halides and sulfate for <titanium oxide films;
zirconium compounds, such as halides, sulfate,
carboxylates, oxalate, and chelate complexes for
-zirconium oxide films; cerium compouhds, such as halides,
sulfate, carboxylates, and oxalate for cerium oxide
films; bismuth compounds, such as halides, nitrate, and

cérbdxylates for bismuth oxide £films; and indium
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Usabl e organic solvents include, for exanple, alcohols, such as ethanol
and net hanol, and ketones. It is preferred to use a dehydrated organic
sol vent. Al though the concentration of the netal al koxide solution varies
dependi ng on the kind of the netal al koxide to be dissolved and on the kind
of the organic solvent, optimmconditions are used. The thickness of the
nmetal hydroxide or netal oxide filmforned on a powder is determ ned by the
concentration of the metal al koxide solution and the use anount of the
met al al koxi de solution relative to the powder anount. The powder on which

a metal ogbfipoundd)) Haehdep®sShalddes t akan sl Fatet FoS0hindicin asdide ed,

whereby a strong netal oxide filmis obtained. The drying is preferably
conduct ed £illms.vacuo. If an inorganic powder was used as base '
particles, it is preferred to further conduct a heat .treatnment in vacuo or

in an inert atnospheefeztred)) matidfials] C fised). 5floar 6 Muwxmingecalew-t hi s
treatnent nmakes the fil m stronger. -

: refractive-index films include: sodium silicate, water
glass, silicon halides, organosilicgn compounds such as
alkyl silicates,.and polymers thereof foi silicon oxide
films; aluminum compounds, such as halides, sulfate, and
chelate _complexes . for aluminum oxide films; and
magnesium compounds, such as sulfate and halides for
magnesium oxide films. |

In the case of forming a titanium oxide £film, for
example, use of. a mixture of titanium chloride and
titanium sulfate is effective, for éxample, in giwving a
£film of rutile titaniﬁm oxide, having a high refractive
index, at a lower temperature.

The reaction for each coating is conducted while
regulating the reaction temperature so as to be suitable
for the kind of the metal salt or metal alkoxide,
whereby a more perfect oxide film can be formed. |

After a coating film has been formed, a heat
treatment is preferably conducted to completely convert
the film into an oxide film.

If hydroxide films or oxide f£ilms formed are
heated; the heating_may be conducted for every coating

layer. Alternatively, the heat treatment may be
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As stated hereinabove, a netal hydroxide filmor netal oxide filmis
deposited by a reaction of a netal salt in an aqueous solution on the
powder particles on the surface of which a - 13 - nmet al hydroxi de or
netal oxide filmhas been forned froma netal al koxide. One nethod for
acconplishing the above uses a netal salt, such as titaniumsulfate or
alum num sul fate, as a starting material, and conprises i mersing the base
particles in an aqueous solution of the nmetal salt and neutralizing the
systemw th an aqueous solution of a caustic alkali, ammnia, urea, or the

like to thesmauct#eRpsi ad he HiRsSUl tPIHalet adtpdr oxEdaror el Gd<giered the
powder particles. Another nethod for depositing a netal oxide . filmon the
surface . ofmphuidayverdd cf£im haddbosfsednpleted. -
' If a magnesia film has been formed, this film is
preferably coated with a titanium alkoxide in an organic

solvent, preferably an alcochol, because magnesia is

susceptible to hydratioh.

BRIEF DESCRI?TION'OF THE DRAWING

Fig. 1 is a sectional view of one embodiment of
the multilayer-coated powder according to the present
invention. This embodiment comprises particle 1 as a
base, metal layer 2 formed on the surface thersof, and
formed thereon low-refractive-index metal oxide f£ilm 3

" and high-refractive-index metal oxide f£ilm 4.

BEST MODES FOR CARRYING OUT THE INVENTION

Processes fqr producing multilayer—-coated powders
each having plural metal oxide films on the surface,
will be explained below .by reference to Examples.
However, the present invention should not be construed

‘as being limited by the following Examples.
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I nvention uses a netal salt, such as titaniumsulfate or zirconiumsulfate,
whi ch upon heating deconposes to. deposit titanium oxide or zirconium oxide.
This method conprises i mersing the powder particles in an agueous sol ution
of such a netal salt and deconposing the netal salt by heating to deposit a
metal oxide filmon the powder particles and thus forma coating film
Plural layers of a netal oxide filmor the |like may be fornmed fromsuch a
netal salt. It is also possible, if desired, to forma filmof a neta
oxide or the like froma netal al koxide on these filns of a netal oxide or
the |like. gxaMpre 1 Thus, a nultilayered filmcan be fornmed on the powder
particles serving as a base. In formng the film desired properties can be
obt ai ned IBozhatfoAURE fMetal Oxide Films: (coating of the surface

of iron metal powder with titania £ilm and silica £ilm):
First Layer: Silica Coating:

To 20 g of a spherical iron metal pow&ét (average
particle diameter, 1.8 um) was added 100 ml of ethanol
to disperse the powder. The container was heated in an
oil bath to keep the tehperature 6£.the liquid at 55°C.
Thereto were added 6 g of silicon ethoxide, 6 g of
ammonia water (29%), and 8 g of water. This mixturé was
allowed to react for 3 hours under stirring. After the
reaction, the reaction mixture was diluted and washed
with a sufficient amount of ethanol énd filtered. The
solid matter was dried in.a vacuum dryer at 180°C for 8
hours. After the drying, the resultant powder was
heated with a rotary tubular oven in a nitrogen
atmosphere at 650°C for 30 minutes to obtain silica-
coated'powder A. The silica-coated powder A obtained

was excellent in dispersed state.

Second Layer: Titania Coatingi
Into a solution prepared by dissolving 16 g of
titanyl sulfate in distilled water was dispersed 10 g of

the silica-coated powder A obtained above. The
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form ng conditions that each |layer has a given thickness. The particles

t hus obtai ned according to the present invention by formng a filmof a .
metal oxide or the like froma netal alkoxide on the surface of base powder
particles are not adversely influenced by the treatnent for form ng thereon
afilmof a netal oxide or the |ike from a netal salt.

Consequent |y, a nultilayered filmof a netal oxide or the |like can be
formed by a sinple procedure using a netal salt as an i nexpensive starting
mat eri al . In particular, that a multilayer-coated powder can be obtai ned

Wi t hout uscegtainepecshiaitding théodidpersiont wal MedBedr ial A 91
i nportant advantage. In processes for producing the nultilayer-coated
powder of bathptesdmldnthet idispersibhi bty @0°¢ ffdxn 6ahobes formed in
vari ous et hods. For exanmple, a multilayered filmnay be forned
t hrough conti nuousRfteps, the | rhiciddngl, cdie ngréaktsiomy mixtareed wae by
one. Alternatively, the formation of a single |ayer and the _
washed with a sufficient amount of distilled water until
the pH thereof became 5, and the powder was then dried
for 8 hours. After the ldrying, titania-silica-coated
powder A was obtained. The titania-silica-coated powder
A obtained had satisfactory dispersibility and was
composed of independent particles.
This powder had a spectral reflection curve
having a peak wavelength of 558 nm and had a reflectance

at the peak wavelength of 33%. It was blue-green.

COMPARATIVE EXAMPLE 1
Formation of Metal Oxide Film: (titania coating of the
surface of iron metal powder_without silica coating):

A container confaining 100 ml of deionized water
was heated in an oil bath to hold the deionized water at
80°C. Into this heated deionized water was dispersed 10
g of carbonyl iron powder A. A solution prepared by
dissolving 7 g of titanium tetrachloride in 100 ml of
ethanol was added dropwise over 60 minutes to the

dispersion under stirring.
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conti nuous formation of pl ur al Iayers may be conducted in conbination. - 15
- For the coating with a netal film contact electroplating or

sputtering nmay be wused, besides electroless pl ati ng. However,
in t he contact electroplating, powder particles not in contact with an
el ectrode cannot be plated. 1In the sputtering, a netal vapor cannot be
evenly applied to the powder particles. Hence, the thickness of the coating
formed by either nethod varies fromparticle to -particle. .In contrast,

the method of filmformation by electroless plating is preferred in that a
dense and even filgggapn b%hfé)r"@oﬁﬁis@e dd4eibnckness HackadpbodPtion

regul ate. Since t he t hus- produced powder havi ng a nul'tilayered
nmetal oxi deehtkiopn £682 SEiimAcCersPfalkivh was conducted for 2 hours
while maintaining the temperature at 80°C-.l |

At the time when the reéct:i.on was completed, the
solid matter had turned into a yellow powder and the ion
powder had completely dissolved away, lleaving the
titania gel only.

It is thought that the iron powder was dissolved
in the presence of the titafu’.um tetrachloride or by the
hydrochloric acid which generated during titania
formation from the | chloride. | Consequently, the

formation of a titania film is impossible if an oxide

£film has not been formed beforehand.

EXAMPLE 2
Formation of Metal Oxide Films: (coating of the surface
of iron metal powder with titania £ilm and silicé £ilm) :
First Layer: Silica Coating: |

Silica coating was conducted in the same manner
as in Example 1. To 20 g of a spherical iron metal
powder (average particle diémeter, 1.8 um) was ad&ed 100
ml of ethanol to disperse the powder. The container. was
heated in an o0il bath to keep the temperature of the
liquid at 55°C. Thereto were added 6 g of silicon .

ethoxide, 6 g of ammonia water (29%), and 8 g of water.

- 24 -



various properties inparted thereto according to the material. of the powder
selected and the material of the netal oxide constituting the surface .
coating film it can be used in applications for respective purposes. For
exanpl e, when a magnetic mateérial, such as iron netal, iron nitride, or
tri-iron.tetroxide, is used as a pomder and this powder is coated with
silicon oxide, having a |lower refractive index than the magnetic material,
and further with a layer of titanium oxide, having a higher refractive

i ndex, as an outer film then a magnetic powder having a high degree of

whi t eness 785 8btiii Rere AR 2a3AEd Olto SHdAPE Fd¥ers RS vHderl6 -
alum num is used as a powder base and this netal |layer is coated with a

filmof anseigelinigcal INFtasulttid ngetRitiow)i he HEHcasonl Wil RHTreXiwes
then a thermally
diluted and washed with a sufficient amount of ethanol
and filtered. The solid matter was dried in a vacuum
dryer at 180°C for 8 hours. After the drying, the
resultant powder was. heated with a rotary tubular oven
in a 'nitrogen atmosphere at 650°C for 30 minutes to

obtain silica-coated powder B. The silica-coated powder

B obtained was excellent in dispersed state.

Second Layer: Titania Coﬁting:

A container contaiziinj 100 ml of deionized water
was heated in an o0il bath ﬁhile keeping the oil
temperature at 80°C. ihto the heated deionized water
was dispersed 10 g of the silica-coated powder B. A
solution prepared by dissolving 7 g of titanium
tetrachloride in 100 ml of ethanol was added dropwise
over 60 minutes to the dispersion under stirring.

After the dropwise  addition, a decomposition
reaction for film formation was conducted for 2 hours
while maintaining the temperature at 80°C.

After complétion of the reaction, the solid
matter wa.s_'taken out by filtration and ﬁashed with a
sufficient amdunt of distilled water and finally with

ammonia water to adjust the pH to 8. Thereafter, 200 ml
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conductive powder having an electrically insulating surface |ayer is

obtai ned. Furthernore, when, for exanple, coatings having different
refractive i ndexes are forned on a surface of an object each in such a

t hi ckness that the product of the refractive index of the substance .
constituting the filmand the thickness of the filmcorresponds to one-
fourth the wavel ength of an el ectronagnetic wave, then . nost of the light is
refl ected due to interference (Fresnel reflection). This function can be
utilized to produce a nmagnetic powder for magnetic toners which reflects

l'ight and J@Segnalidl Rea ¥hhbadp 05 RYsHSitie asgﬁ:gﬂerul&@i'er WiicKUslsas a

powder of a metal, e.g., iron, cobalt, or nickel, an alloy pomder or an

iron nitr |geeﬁou§g_@@s,_,§oge&acﬁ%n@gyérl.ayer of a high- reflectance netal,
such as silver or cobalt, on the surface of the cores, further form ng on

~the outer side thmftﬁth&)iﬁ-@ilﬁﬁagbdiﬂ:émvpaﬁd%ﬂ @wsbtalnaed ived i adex
than that nmetal, such as silicon oxide, in such a
spectral reflection curve having a peak wavelength of
660 nm, with a reflectance of 40%. It was a skin-

colored powder.

EXAMPLE 3
First Layer: Silica Coating:

To 20 g of a spherigal iron metal powder (average
partiéle diameter, 1.8 um) was added 100 ml of ethanol
to disperse the powder. Thereto were added 6 ‘g of
silicon ethoxide, 11 g of é.mmonia water (29%), and 8 g
of water. This mixture was allowed to react for 3 hours
under stirring. .After the reaction, the reaction
mixture was diluted and washed with a sufficient amount
of ethanol and filtered. The solid matter was dried in
a vacuum dryer at 180°C for 8 hours. After the drying,
the resultant powder was heated with a rotary tubular
oven in a nitrogen atmosphere aﬁ 650°C for 30 minutes to’
obtain silica-coated powder C. The silica-coaﬁed powder

C obtained was excellent in dispersed state.
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t hi ckness that the product of the refractive index of the oxide and the

t hi ckness of this filmis one-fourth a wavel ength of visible |ight, and
then coating this film- 17 - with a layer of a high-refractive-index
oxi de, such as zirconium oxide, in such a thickness that the product of the
refractive index of the material and the thickness of this filmis
one-fourth a wavel ength of visible |ight. The powder produced nmay be heated
in an inert gas atnosphere at a tenperature of from 200 to 800[err]C Thus,
a stronger powder having a higher degree of whiteness is obtained. If the

above heat tﬁﬁﬁﬂfr cbit§agduct ed, the powder obtained
t hr ough .EEE: Eleat t eat rrent shoul d sat?l fy the requirenent that in each

Ry Sinons PLoCAc! 81 SpaCkeiiat e | ke LR ier bt spbte dhim
keeping the o0il temperature at 80°C. Into 100 ml of
heated deionized water was dispersed 10 g of the silica-
coated powder C. A solution prepared by mixing 100 mi
of ethanol with 11 g of titanium tetrachloride was added
dropwise over 60 minutes to the dispersion under
stirring. . _

After the dropwise addition, a decomposition
reaction for film formation was conducted for 2 hours
while maintaining the temperature at 80°C.

After compietion of the -reactioﬁ, the solid
matter was taken out by filtration and washed with a
sufficient amount of distilled water and finally with
ammonia water to adjust the pH to 8. Thereafter, 200 ml
of ethanol was added to wash the solid matter, which was
then dried in a vacuum dryer. After the drying, the
resultant powder was heated with a rotary tubular oven
in a nitrogen atmosphere at 650°C- for 30 minutes ¢to
obtain tltanla-5111ca—coated powder D.

The titania-silica-coated powdar D obtained was
excellent in dispersed state. It was a skin-colored
powder which had a spectral reflection curve having a

peak wavelength of 660 nm, with a reflectance of 40%. = -
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wavel ength of visible light. Forming a colored | ayer on this powder and
further formng a resin |ayer thereon gives a nmagnetic color toner.

Since visible light has wavelengths distributed in a certain wdth,
each of the particles constituting the magnetic toner may have oxi de | ayers
formed alternately with netal |ayers so that these |ayers have slightly
different thicknesses within a range in which the product of the refractive
i ndex of the material and the filmthickness is close to one- fourth. a
wavel ength of visible light. In producing a nultilayer-coated powder as a

pounder colpkeadbyaydle! 65 20cA (deghyon. a high- - 18 -

refractive-index filmand a lowrefracfive-index filmare alternately

formed in respectim 20i gkF5SEfe titania-silica-coated powder D was
added 100 ml of water to disperse the powder. Thereto
were added 11 g of water glass. and 8 g of water.
Furthermore, 250 ml of 0.05 mol/l aqueous hydrochloric
acid solution was added dropwise over 1 hour to the
above mixture under stirring. The resultant mixture was
heated to 80°C and allowed to react for 3 hours.

After completion of the reaction, the reaction
mixture was diluted and washed with a sufficient amount
of distilled water and filtered. The solid matter was
dried in a vacuum dryer at 180°C for 8 hours. After the -
drying, the resultant powder was heated with a rotary
tubular oven in a nitroéen atmosphere at 650°C for 30
minutes to obtain silica-titania-silica-coated powder E
(hereinafter referred to simply as "silica=-titania
powder E"). The silica-titania-coated powder E obtained

was excellent in dispersed state.

Fourth Layer: Titania Coating:

- A container containing 100 ml of deionized water
was heated in an oil bath while keeping the ' o0il
temperature at 80°C. Into. the heated deionized water
was dispersed 10 g of the silica-titania-coated powder E.

A solution prepared by mixing 100 ml of ethanol with 11
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necessary for Fresnel interference so that |ight of target spectral
wavel engths is reflected. Fig. 1 illustrates such a powder particle by
nmeans of a sectional view This sectional view shows a powder particle
colored by interference reflection, which conprises a particle 1 (gl ass
bead) as a base, a netal film2 formed on the surface thereof, a | ow
refractive-index netal oxide filmA indicated by 3 fo '
from an al koxi de, and a high- refractive-index netal } THEdJSHEETI HAS EEN
indicated by 4 formed on the filmA. Starting materifals, mme@Iy

salts, usegd iJet t L) e W

mat eri al s gsé{?fgrgt gﬁ'ﬁgtﬁ%\%gﬁf Fglgt [ V‘ggl né’ da%l | 6 nchs e} aﬁl u
comounds,miﬂng%s {@I tﬂgs r%,éygg_ghe ?ﬂ el | $EDEUEREXI de fil ms; zirconi
conpounds, suc carooxy ates ‘oxal at e,

rC]hF! gt e conpl exeshfi:&'fr: Z't‘!lfé’”'&i?b%z.% f 'i&&xt&%,uméonagﬁ%o%{'oﬁs
al i des,

reaction for film formation was conducted for 2 hours
while maintaining the temperature at 80°C.

After completion of the reaction, the. solid
matter was taken out by filtration and washed with a
sufficient amount of distilled water and finally with
ammonia water to adjust the pH to 8. Thereafter, 200 ml
of ethanol was added to wash the solid mai:ter, which was
then dried in a vacuum dryer. |

The thus-obtained silica-titania powder F, which
had a titania coating as +the fourth llayer, had a
spectral reflection curve having. a peak wavelength of
780 nm, with a reflectance of 56%. It was a red-purple

powder.

IN’DUSTIRIAL APPLICABILITY

According to the present invention, a technique
for using inexpensive metal salts as materials for metal
oxide coating _films has been developed. As a result,
powders coated with metal oxide films can be produced at
low cost and are hence usable in a wider range of

applications than conventional ones.

Sheet Has Been Replaced

||II|||| MmN
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sul f at e,

conpounds,

films; an
i ndi um ox
refractiv
hal i des,

t hereof f
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car boxyl ates, and oxal ate for ceriumoxide filns; bismth

such as halides, nitrate, and carboxylates for bisnmuth oxide
d indium- 19 - conmpounds, such as halides and sulfate for
ide filns. Preferred materials wused for formng |ow
e-index films include: sodiumsilicate, water glass, silicon
organosi licon conpounds such as al kyl sili.cat

r&SmweadpolVORLS,
or silicon oxide filmns; alum num conpounds, dJUdHS SHEERIHASeBEEN

and chel ate conpl exes for alum num oxide fils; anHEPEACEDSI um

such agisidd abe gofalal Idsaelal WEGRCH W PETIRYdIT didEL "
ormng a titaniumoxide film for exanple, use of "a mxture o
Siidéderfld having an excellent function can also be
produced at low cost, it can be a general-purpose powder.

The technique of forming a metal oxide coating
film from a metal alkoxide is applicable also to powders
made_of metals or plastics susceptible to corrosion by
acids. By using this technique to form the first layer
only, less expen;ive metal salts can be used for forming
the second and any overlying coating layers. The thus-
coated powders can hence be used in a wider range of
applicatiéns than conventional ones.

According to the present invention, a magnetic
color toner having light resistance and a technique for
producing the same can be provided.

By forming a multilayered interference coating on
glass beads, a magnetic color toner or a magnetic color
ink can be produced without necessit#ting any coloring
agenf.. The coated beads provide a distinctive

retroreflective pigment.
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titaniumsulfate is effective, for exanple, in giving a filmof rutile
titani um oxide, having a high refractive index, at a |lower tenperature. The
reaction for each coating is conducted while regulating the reaction
tenperature so as to be suitabl ﬂ uu‘nulﬂmﬂmr the netal salt or netal

al koxi de, whereby a nore perfe m HI be fornmed. After a coating
filmhas been forned, a heat treatirent i % ptefierabl.y conducted to '

conpl etely convert the filminto an oxide film If hydroxide films or oxide
films formed are heated, the heating may be conducted for every coating

| ayer . Alternatively, the heat prLaaMeEnt may be - 20 - conduct ed
as the final step after the desired nultilayered ﬁ-msmsngﬁsr HﬁgrBEEN
conpl et ed. '  REPLACED

1. A multilayer-coated powder, wherein at least
one layer of the multilayer comprises a metal hydroxide
£film orl a metal oxide film formed by hydrolysis of a
metal alkoxide having thereon a coating film comprising
a metal hydroxide film or a metal oxide film formed by a

reaction of a metal salt.

2. The multilayer-coated powder according to
cJ_.'aim 1, wherein the metal hydroxide or the metal oxide
£ilm formed by the hydrolysis of a metal alkoxide is
heated.

3. The multilayer-coated powder according to
claim 1 or 2, wherein the metal hydroxide or the metal
oxide film formed by the reaction of a metal salt is

heated after the formation.

4. A process for producing a multilayer-coated
powder, which comprises; forming a metal hydroxide film
or a metal oxide film j'as at least one layer of a
multilayered film by hydrolysis of a metal alkoxide; and
forming thereon a coating f£ilm of a metal hydroxi.de £ilm

or a metal oxide film by a reaction of a metal salt.
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If a magnesia filmhas been fornmed, this filmis preferably coated with a
titani um al koxide in an organic solvent preferably an alcohol, because

magnesia is. susceptlbIe_Lo_h¥dLaLLon__BRLEF DESCRI PTI ON OF THE DRAW NG
Fig. 1 is a sectional view of one enbodi nent of the nul ti | ayer - coat ed

powder according to the pi"ﬂ u ﬁ Euu - Thi s enbodi ment conpri ses
particle 1 as a base, on the surface thereof, and

formed t hereon Iom#refractlve i ndex metal oxide film3 and

hi gh-refractive-index netal oxide film4. BEST MODES F =
| NVENTI ON Processes for producing multilayer-coated poy h A ﬁﬁy
plural netal oxide filns on the surface, will be expl ajned ﬁﬁﬂﬁ@ﬂ}

reference to Exany es.ThiBVB¥dcedeEBEEPREIdUINAG! aomuamedyaef-é%ted
construed as being limted by the foll ow ng Exanples. -
powder according to claim 4, wherein the metal hydroxide
film or the metal oxide film is formed by the hydrolysis

' of a metal alkoxide, and then heated.

6. The process for producing a multilayer-coated
powder according to claim 4 or 5, wherein the metal
hydroxide film or thé metal oxi.de film is formed by thé

reaction of a metal salt, and then heated.

—_—
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EXAMPLE 1 Formation of Metal Oxide Films: (coating of the surface of iron
metal powder with titania filmand siljca.filn): First Layer: Silica
Coating: To 20 g of a spherical iron nmetal ‘powder (average particle
dianeter, 1.8 [err]m was added 100 nml of ethanol to di sperse the powder.
The container was heated in an oil bath to keep the tenperature of the
liquid at 55[err]C. Thereto were added 6 g of silicen ethoxide, 6 g of
amoni a water (29%, and 8 g of water. This nmixture was allowed to react
for 3 hours under stirring. After the reaction, the reaction m xture was
diluted and washed with a sufficient paegpacpf ethanol and filtered. The.
solid matter was dried in a vacuumdryer at 180[err]C for 8 hours. After
the drying, the resultant powder was heated with a rotary tubular oven in
a nitrogen atnosphere at 650[err]C for 30 mnutes to obtain silica-

In producing a multilayer-coated powder by

coating the surface of a base powder of a metal, metal
- oxide, etc. with two or more ‘layers of a metal oxide or
the 1like, the films of a metal oxide or the like are
formed through decoinposition , etc. from a metal salt as
an :i_.nexpensive material. This is attained by making. the
powder particles not to be attacked by acids, etc. when
the metal salt decomposition or the like, which yields
an acid, etc., is conducted. The multilayer-coated
powder'--is characterized in that the multilayered f£ilm
comprises at | least one layer consisting of a metal
hydroxide or metal oxide film formed by the hydrolysis
of a metal alkoxide and, as a layer disposed on the
oute:.: side of that layer, a coating film consisting of a
metal hydroxide or metal oxide film formed by a reaction,
e.g., neutralization. or pyrolysis, of a metal salt.
Upon heating, the metal hydroxide'or metal oxide film
formed by the hydrolysis of a metal alkoxide becomes a

dense metal .oxide fil_m.
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coated powder A. The silica-coated powder A obtained was excellent in
di spersed state. Second Layer: Titania Coating: Into a solution prepared by
di ssolving 16 g of titanyl sulfate in distilled water was di spersed 10 g of
the silica-coated powder A obtained above. The - 22 -

cont ai ner containing the dispersion was heated in an oil bath to hold the
di spersion at 90[err]C for 6 hours. After the holding, the reaction m xture
was washed with a sufficient anount of distilled water until the pH thereof
becane 5, and the powder was then dried for 8 hours. After the drying,
titani a-silica-coated powder A was obtained. The titania-silica-coated
powder A obtained had satisfactory dispersibility and was conposed of

i ndependent particl es.

Fig. 1

1../1.



This powdér had a spectral reflection curve having a peak wavel ength of 558
nm and had a reflectance at the peak wavel ength .of 33% It was bl ue-green.
COVPARATI VE EXAMPLE 1 Fornmation of Metal Oxide Film (titania coating of
~the surface of iron netal powder w thout silica coeating): A container -
containing 100 m of deionized water was heated in s EﬂéﬁF | d the
dei oni zed water at 80[err]C Into this heated delotl é% Ijsper sed
10 g of carbonyl iron powder A. A solution preparkd_hy QH ng 4 g of
titaniumtetrachl oAndebjecto®fiitind présenmt waveatied dsopw =4 iniaateél

m nut es t o thige difayprrckdnolindde sabovedpscrit®ed priget ertt Heahmdpese

addi tion, andedompEeividet reddghdiy fiomnatiijomaflo medidlo thvdke tedn ddPedntor 2
hour s powder inexpensively:; and a technique with which a metal

film or a metal oxide film can be formed on an organic

- powder or the like , and which is applicable to a wide
range of powders besides metal or metal compound powders,
e.g., organic powders.

DISCLOSURE OF THE INVENTION . .

The present inventors made investigations on
whether or not the deposition method based on precipitation
from an - - aqueocus metal salt solution, which method is a
conventional means for easily and inexpensively forming a
metal oxide film, is applicable. As a result, it has been
found that when base particles coated with a metal oxide
film formed by the hydrolysis of a metal alkoxide are
subjected to the deposition method based on precipitation
from an aqueous metal salt solution, the base particles are
protected by the metal oxide film formed by the hydrolysis
of a metal alkoxide and are hence never attacksd even when
the - precipitation reaction 1is <conducted under such
conditions that the base particles are attacked, becauss
the metal oxide film is exceedingly dense as stated above.
The present invention has been achieved based on this
finding. .

Specifically, the various problems described above
have been eliminated by the following multilayer-coated
powder and process for producing the same according to the
present invention:

(1) A multilayer-coated powder, wherein at least one
layer of the multilayer comprises a metal hydroxide film or
a metal oxide film formed by hydrolysis of a metal alkoxide
having thereon a coating film comprising a metal hydroxide
film or a metal oxide film formed by a reaction of a metal
salt in an aqueous solution;

(2) The multilayer-coated powder according to the above
(1), wherein the metal hydroxide or the metal oxide film
formed by the hydrolysis of a metal alkoxide is heated;

(3) The multilayer-coated powder according to the above
(1) or (2), wherein the m=tal hydroxide or the metal oxide
film formed by the reaction of a metal salt in an aqueous
solution is heated after the formation:;

(4) A process for producing a multilayer-coated powder,
which comprises: forming a metal hydroxide f£film or a metal
oxide film as at least one layer of a multilayered film

: ThlS Sheet Has Been RTla ced
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.while maintaining the tenperature at 80[err]C. At the tine when the
reacti on was conpl eted, the solid matter had turned into a yellow powder
and the ion powder had conpletely :dissolved away, leaving' the titania
gel only. It is thought that the iron pOﬁdgr Mﬁf di ssol ved in the pressnge
of the titaniumtetrachloride or by the hydrochlori ate
during titania formation from the chloride. nﬂ%ﬁ%@ LéMﬂ EEN t he
formation of a titania filmis inpossible if an oxijde flREPMKEDnot bgen
formed bef ehagdroBAMPLEE2 Fomahilona Déoxikied! £d 0 &abhNya Of
t he surfacecadtingofibetef powtel wibokidarmidn bl angk Sl Idxqaef Ehml by rst
Layer: Silizxaedcaiongof S lmetalcealt nih s agoadust sslludidnie sane -nmanner as
in Exanpl e (3) To Zhey girecspherfonl produntngl powderlfoMeragacdqidd cl e
di aneter, R®dexrr Jagcqmgan@ddea 1@6en abbvet haabl tmhdrspars&héhemﬂmmner
The contmrﬂydmﬁﬁi e film or the metal oxide film is formed by the
hydrolysis of a metal alkoxide, and then heated; and
(6) The process for producing a multilayer-coated powder
according to the above (4) or (5), wherein the metal hydroxide
film or the metal oxide film is formed by the reaction of a metal
salt in an aqueous solution, and then heated.

In the present invention, the powder serving as the
base of the multilayer-coated powder of the present
invention can be a powder made of an organic substance as
well as a powder made of an inorganic substance Examples
of * the inorganic substance constituting the inorganic
powder in the present invention include metals, such as,
iron, nickel, chromium, titanium, and aluminum; metal
alloys, such as iron-nickel and iron-cobalt alloys:;, iron-
nickel alloy nitrides; iron-nickel-cobalt alloy nitrides;
metal oxides, such as oxides of, e.g., iron, nickel,
chromium, titanium, aluminum, and silicon (in this case,
silicon is classified in metals); oxides of alkaline earth
metals, such as calcium, magnesium, and barium; composite

- oxides of thsese, clays, and glasses.

Sinces one. oogec; -0f the present invention resides
in the productlon of a powder having magneulc properties,
such as a magnetic color toner or a magnetic color ink, it
is preferred in this case to use a ferromagnetic substance
as the base powder of the multilayer-coated powder of the

g l
\% g
3

present invention. The ferromagnetic substance may be a
metal having a high magnetic permeability, such as iron,
nickel, chromium, titanium, or aluminum. However, a

ferromagnetlc oxide or alloy can also be used, such as
ferrite or v-iron oxide.
- Also usable as the base powder material in the
i ‘present invention is a powder made of an organic substance.
Examples of the organic substance constituting the base
powder in the present invention include natural and
synthetic polymers. Examples of the synthetic polymers
include volystyrene, - polyethylene, polypropylene,
polyacrylic esters, polymethacrylic esters, and copolymers
of any of the monomers of these polymers with one or more
other monomers. :
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heated in an oil bath to keep the tenmperature of the liquid at 55[err]C.
Thereto were added 6 g of silicon ethoxide, 6 g of amonia water (29%, and

8 g of water. - 24 - This mi'xture was allowed to react for 3 hours under
stirring. After the reaction, the reaction nixture was dlluted and washed
wth a sufficient anount of ethanol and filtered. NaS

dried in a vacuumdryer at 180[err]C for 8 hours.
resul tant powder was heated with a rotary tubular p _ _
at nospher e BkafpQksr KIEC flos BYtaLAUt 8% LiyMe@Bt dind 18dd G2 gEreEse, B.
The silica-cealatlopeywdesndd afladthigd. wasoexee! luanip lien dk&ﬁl@ﬂ.égd ﬁﬁ@lﬁde
Second Layesemisyabhatfoat ppdymAreont aiuaty Gent aiddtgl 108 Mubds4lei gpdzed
wat er was hepdedxyathploickelbatlbsehi | alkaepghg thee paiWder of an organic
polymer -may have irregular particle shapes, it is
preferably composed of spherical particles formed by the
suspension polymerization method or seed polymerization
method or formed by the solution dispersion method or the
like. Although some of those organic substances, when in
direct contact with an aqueous metal salt solution, may
suffer surface corrosion depending on conditions for the
reaction of the solution, this influence can be prevented
by the present invention.

If a substance which withstands dilute strong acids,
such as ferrite, y-iron oxide, or titanium oxide, is used
as a core material, the core particles hardly suffer
surface corrosion even when exposed directly to a reaction
of an aqueous metal salt solution. However, since the
solution may have entered inner parts of the particles,

~ there is a pos=1b111ty that  the multllayer coated powder
produced wusing the «core ‘particles mlgnu nave been

denaturated.

Powders, such as an iron metal powder, nickel metal
powder, aluminum "teta1 powder, polystyrene beads,
polymethacrylic este beads, starch beads, and acetyl

cellulose beads, su:rer surface denaturation in an aqueous
solution of a strong acid even when the acid concentration
is low, and this may influence the quality of the final
product, for example, by causing devitrification.
Consequently, If such a substance is used as a core
material, it is undesirable to use a metal salt, such as
titanium sulfate, titanium chloride, or aluminum sulfate,
as a material for forming a metal oxide coating film on the
surface of the core material.

With respect to metal salts for use in the treatment
based on precipitation by a reaction of an aqueous metal salt
solution, which is the most common reaction among reactions
of the above-described metal salts, the above problems are
severer especially when an acid salt of a metal is used.
Although neutralization or perlYSlS is typically used among
reactions of a metal salt in an aqueous solution, other
reactions may be used. '

Examples of the metal used as a meta1 salt in the
present invention include iron, nickel, chromium, titanium,
zinc, aluminum, cadmium, zirconium, silicon, tin, lead,
lithium, indium, neodymium, bismuth, cerium, antimony,
calcium, magnesium, and barium. Examples of salts of these
metals include salts of sulfuric acid, nitric acid,
hydrochleoric acid, oxalic acid, carbonic acid, and
carboxylic acids. Chelate complexes of the above metals
are also included. A suitable kind of m=ta1 salt for use
in_the presant invention
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tenperature at 80[err]C. Into the heated deionized water was di spersed 10
g of the silica-coated powder B. A solution prepared by dissolving 7 g of
titaniumtetrachloride in.100 ‘mM of ethanol was added dropw se over 60 -

m nutes to the dispersion under stirring. After the dropw se addition, a
deconposition reaction for filmformation was cond| ile
mai ntai ning the tenperature at 80[err]C. After conpl § f\ tion,
the solid matter was taken out by filtration and washed %HLAC%D suffijci ent
anount of distséledtedtaccandifgnadl yhei phopenopi to e eimparadiusd the pH
to 8. Theres@itface208f nithe 2powder ofaret hah@ weanadded t bewasbhethefsol i d
matter, V\hlphod\astiMn dried in a vacuumdryer. The titania-silica-coated
powder B obtai ned had a -
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spectr al réflection‘curve having a peak wavel ength of 660 nm wth a
reflectance of 40% It was a skin- colored powder. EXAVPLE 3 First Layer:
Silica Coating: To 20 g of a spherical iron netal powder (average particle
dianeter, 1.8 [err]nm) was added 100 nml of ethanol to disperse the powder.

Thereto were added 6 g of silicon ethoxide, 11 g of 5 ; %9,
‘and 8 g of water. This mxture was allowed to react] for E . 3
stirring. After the reaction, the reaction mixtur Efi| uted and

washed wi t RlEhairgh cthant cancentretienhafolthendnétsl enddtoxIhe sl lut it t er
was dried iveriefacdepsniing an 136 eeifd 66r tBehmatml Ailkoxide doyibeg, the
resul tant FHERILVAS andited wheh kindoteff ytheborganboesoilveatni tapigemum

at mospher e RNBIHES JAES 0#sSD- i Tk eshickepeai af skEhecaetedt dydoudste C.
The silicaYod@ddhRxdste Eidm farmedyen expomden lisn dgitepaiged Hyatthe - 26
concentration of the metal alkoxide solution and the use
amount of the metal alkoxide solution relative to the
powder amount.

The powder on which a metal oxide film has
deposited is taken out of the solution and dried, whereby a
strong metal oxide film is obtained. The drying 1is
preferably conducted in vacuo. If an inorganic powder was
used as base particles, it is preferred to further conduct
a heat treatment in vacuo or in an inert atmosphere at 200
to 800°C for 0.5 to 6 hours, because this treatment makes
the film stronger. _

As stated hereinabove, a metal hydroxide film or metal oxide
film is deposited by a reaction of a metal salt in an aqueous solution
on the powder particles on the surface of which a metal hydroxide
or metal oxide film has been formed from a metal alkoxide.

One method for accomplishing the above uses a metal
salt, such as titanium sulfate or aluminum sulfate, as a
starting material, and comprises immersing the base
particles in an aqueous solution of the metal salt and
neutralizing the system with an agueous solution of a
caustic alkali, ammonia, urea, or the 1like to thereby
deposit the resultant metal hydroxide or metal oxide on the
powder particles.

Another method for depositing a metal oxide film on
the surface of powder particles in the present invention
uses a metal salt, such as titanium sulfate or zirconium
sulfate, which upon heating decomposes to deposit titanium
oxide or zirconium oxide. This method comprises immersing
the powder particles in an aqueous solution of such a metal
salt and decomposing the metal salt by heating to deposit a
metal oxide film on the powder particles and thus form a
coating film. : _

Plural layers of a metal oxide film or the like
may be formed from such a metal salt. It is also possible,
if desired, to form a film of a metal oxide or the like
from a metal alkoxide on these films of a metal oxide or
the like. : , .
Thus, a multilayered film can be formed on the
powder particles serving as a base. In forming the film,
desired properties can be obtained by using such film-
forming conditions that each layer has a given thickness.

The particles thus obtained according to the.
present invention by forming a film of a metal oxide or the
like from a metal alkoxide on the surface of base powder
particles are not adversely influenced by the treatment for
forming thereon a film of a metal oxide or the like from a
metal salt. Consequently, a multilayered film of a metal
oxide or the like can be formed by a simple procedure using
a metal salt as an inexpensive starting material KEPLACEHWEN?'?%?‘"'
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Second Layér: Titani a Coating: A container was heated in an oiﬁ“baph whi | e
keepi.ng the oil tenperature at 80[ers}C. ..Into 100 m of heated deionized
wat er was di spersed 10 g of the silica- coated powder .C. A sol ution

prepared by mxing 100 ml of ethanol with 11 g of titaniumtetrachloride

Aoederebed
| LN )

fter

‘was added-dropwi se over 60 m nutes to the dispersio
the dropwise addition, a deconposition reaction

conducted for 2 hours while nmaintaining the tenperat

conpl etion of thelTheeddiusoebtained selildcaatitrnias powaer O, DYHich
Aadtid@ndia [FeaGNg | 2% ehheafounthofladiest,i Ihadl amspecandl
htanwarEVet Banéngse pRakprrvelengThep€aff88r nm200@ith af

filtration BA
finally with

TS SHERT (HASHER
ure aRERCEDr] C.

d
e
et hanol masrﬁg RACEBCRash PAE- solt dvamta ered v xmlavmewder .

INDUSTRIAL APPLICABILITY

h was
\fter

According to the present invention, a technique for
using inexpensive aqueous metal salt solutions as materials
developed. As a
result, powders coated with metal oxide films can be
produced at low cost and are hence usable in a wider range

for metal oxide coating films has been

of applications than conventional ones.

Since a powder coated with a multilayered metal
oxide film having an excellent function can also be
produced at low cost, it can be a general-purpose powder.

The technique of forming a metal oxide coating film
from a metal alkoxide is applicable also to powders made of

metals or plastics susceptible to corrosion by acids.

‘using this technique to form the first

forming the second and any overlying coating layers.

By

layer only, less
expensive aqueous metal salt solutions can be used for

The

thus-coated powders can hence be used in a wider range of

applications than conventional ones.

According to the present invention,

a magnetic

coler toner having light resistance and a technique for

producing the same can be provided.

_ By forming a multilayered interference coating on
glass beads, a magnetic color toner or a magnetic color ink
can be produced without necessitating any coloring agent.

The coated beads provide a distinctive

pigment. .
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then driéd in a vacuumdryer. After the drying, the-restttant—powder—wa

heatéd with a rotary tubular oven in a nitrogen atnn C for

30 minutes to obtain titania-silica-coated powder D. il ,IE!!IZ'

titani a-silica-coated powder D obtained was excel | ent

It was a skin-col ored powder which had a spectral reflectlon_curve haV|ng a

peak wavel ength of 660 nm wth a refl ectance of 40% - 27 - Third

Layer: Silica Coating: To.20 g of the titania-silica

adéed 100 nl of water to disperse the mpmieis Theret ?agﬁsﬁ A4S BEEN( of

‘water glass and 8 g of water. Furthernore, 250 m of_0. OQ%AEED aquedus

hydrochloric acid sblut {Amemdsd pddedmdlopdaye reventédh@owdex e

m xt ure undet skeast ngneThkayexsubifanthen wmulrtd lager comprises a metal
hydroxide film or a metal oxide film formed by hydrolysis
of a metal alkoxide having therson a coating film
comprising a metal hydroxide film or a metal oxide film
formed by a reaction of a metal salt in an aqueous solution.

2. The multilayer-coated powder according to claim
1, wherein the metal hydroxide or the metal oxide film
formed by the hydrolysis of a metal alkoxide is heated.

3. (Amended) The multilayer-coated powder
according to claim 1 or 2, wherein the metal hydroxide or
the metal oxide film formed by the reaction of a metal salt
in an aqueous solution is heated after the formation.

_ 4. (Amended) A process for producing a
multilayer-coated powder, which comprises: forming a metal
hydroxide film or a metal oxide film as at least one layer
of a multilayered film by hydrolysis of a metal alkoxide:;
and forming. thereon a coating film of a metal hydroxide
film or a metal oxide film by a reaction of a metal salt in
an aqueous solution.

5. The process for producing a multilayer-coated
‘powder according to claim 4, wherein the metal hydroxlde
film or the metal oxide film is formed: by the hydrolysis of
a metal alkoxide, and then heated.

- 6. (Amended) The process for producing a
multilayer-coated powder according to claim 4 or 5, wherein
the metal hydrox1de film or the metal oxide £film is formed
by the reaction of a metal salt 1n an aqueous solution, and
then heated.
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the reaetion, the reaction mx nd washed with a sufiftSent

amount of distilled water and REEM@EMENTﬁeS}ﬁETd matter was dried in a

vacuum dryer at 180[err] C for lourb AfTer—Tjhg drying, the resultant
powder was heated with a rotary. d#aF %ﬁﬁ n fa nitrogen atnosphere at
650[err]C for 30 mnutes to ob,a 85 tanija-si tica-coated powder E
(hereinafter referred to sinply &s-tsitigca-titiarfia powder E"). The

silica-titania-coated powder El obtained was excgllent in dispersed state.

Fourth Laye&oaﬂé&“&itﬁo% ' ﬁatﬁm H;ﬁo dfb@ﬂis&%d
water was heated in oil bath while keeping t oi | enperature

at 80[err] Cof antﬁeu-Jaq hezm@skﬂeeonaied s@bgecisd ditspengsd Oﬁogittilaﬁ:
silica-titani a-coated powder E. A solution prepared by mxing 1 m of
et hanol wi tihethod ABased on precipitation from an aqueous metal salt

solution, the base particles are protected by the metal
oxide film formed by the hydrolysis of a metal alkoxide
and are hence never attacked even when the precipitation
reaction is conducted under such conditions that the
base particles are attacked, because the metal oxide
film is exceedingly dense as stated above. The present
invention has been achieved baséd on this finding.
Specifically, the various problems described
above have been eliminated by the following multilayer-
_ coated powdér and process' for producing the same
according to the present invention:
(1) A multilayer-coated powder, wherein at least one
layer of the multilayer comérises a metal hjdroxide film
or a metal oxide film formed by hydrolysis of a metal
alkoxide having thereon a coating f£film comprising a
- metal hydroxide film or a metal oxide film formed by a
reaction of a metal salt in an aqueous solution;
(2) The multilayer-coated powder according to the
above (1), wherein the metal hydroxide or the metal
oxide film formed by the hydrolysis of a metal alkoxide

is heated;

heated to 80[err]C and allowed to react for 3 howes. After conpletlon 0?6';;
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g of titaniumtetrachloride was a ded dropwi se over 60 mnutes to the

di spersiron under stirring. After f ¥i-11i on, a deconposition
reaction for filmformati on was cjo @ME@? drs while mai nt ai ning the
tenperature at 80[err]C. After c letion of ther action, the solid matter

was taken out by filtration and vaghel6mpR Appufifijci ent amount of
distilled water and finally with lafmoni a . water t¢ &djust the pHto 8.
Thereafter, 200 m of ethanol wag added 0 Wastrth¢ solid matter, which was
then dried in a vacuumdryer. Th hus-oht ai ned silica-titani a powder F,

whi ch had g3)titantre Cﬂﬁi'ﬁﬂafér-ébﬁtéé’urﬁ&dgfyeéchn sesCt £Rb
refl ection curve having a peak wavel ength of 780 nm wth re Iect ance of

| 56% It wasaBo#ed- pujplSxpoyEe) . wABEEIR ALhdPhid £48! Lﬂ;}f&roxa.de or the

metal oxide film formed by the reaction of a metal salt

in an aqueous solution is heated after the formation;

(4) A process for producing a multilayer-coated powder,
which compi‘ises: forming a metal hydroxide film or a metal
oxide film as at least one layer of a multilayered film by
hydrolysis of a metal alkoxide; and forming thereon a
coating film of a metal hydroxide film or a metal oxide film
by a reaction of a metal salt in an aqueous solution;

(5) The process for producing a multilayer-coated
powder according to the above (4), wherein the metal
hydroxide film or the metal oxide film is formed by the
hydrolysis of a metal alkoxide, and then heated ; and

(6) The process for producing a multilayer-coated powder
according to the above (4) or i5) , wherein the metal hydroxide
" film or the metal oxide film is formed by the reaction of a

( _' metal salt in an aqueous solution, and then heated.

In the present invention, the powder serving as
the base of the multilayer-coated powder of the present
invention can be a powder made of an organic substance
as well as a powder made of an inorganic substance.
Examples of the inorganic substance constituting the
inorganic powder in the present invention include metals,

such as, iron, nickel, chromium, titanium, and aluminum;




According to the present inventd .technlque for usigg inexpenvaF
aqueous- netal salt solutions a REHE T fal oxide coating filns
hgs been devel oped. As a resul mm

be produced at | ow cost and ar ence usabl e |n
appl i cations than conventional| dne8.6 APR-2000

mul til ayered netal oxide fil mlhdyjng an excell e
produced at |ow cost, it can Re a general-puorpo
formng a netal oxide coating +~fraom a_ netal
to powders nade of pPekdbesyr Buai | a% SWURCER
using this technique to formthe first layer only, |ess éxpensi ve aqueous
metal salt metali powdes, balaeiniar ﬁ@tﬂn@dﬁweﬁﬁcgiuy@eyaaheo\wééagng
coating

a w der range of

ce a powder coated with a
t function can al so be

e powder. The techni que of
al koxide is applicable als

Q

polymethacrylic ester beads, starch beads, and acetyl
cellulose beads, suffer surface denaturation in an
aqueous solution of a strong acid even ﬁhen the acid
concentration is low, and this may influence the quality
of the final ©product, for example, by causing
devitrification. Consequently, If such a substance is
used as a core material, it is undesirable to use a
metal salt, such as titanium sulfate, titanium chloride,
or aluminum sulfate, as a material for forming a metal
oxide coating film on the surface of the core material.
With respect to metal salts for wuse in  the
treatment based on precipitation by a reaction of an
agqueocus metal salt solution, which is the most common
reaction among reactions of‘ the above-described metal
salts, the above problems are severer especially when an
( acid salt of a metal is used. Although neutralization or
| - pyrolysis is typically used among reactions of a metal
salt in an aqueous solution, other reactions may be used.
Examples of the metal used as a metal salt in the
present invention include iron, nickel, chromium,
titanium, zinc, aluminum, cadmium, zirconium, silicon,
tin, lead, lithium, indium, neodymium, bismuth, cerium,

antimony, calcium, magnesium, and barium. Examples of

- 10 -~
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layers. The thus-coated powders can hence be used in a wder range of

appl i cations than conventional oneg g ,g E*q' present invention, a
magneti ¢ col or toner having light : &ldnallBld pchni que for produci ng
t he sane can be provided. By form gg a rrultllayereJI nterference coating on

gl ass beads, a magnetic color tone 6%‘?&00‘3 color ink can be produced
W t hout necessitating any coloringla ent copted beads provide a
distinctive retroreflective pignment. =30 ctAl M 1. A

mul til ayer - coat ed powder, whereiln at | east one | ayer of the nultilayer

conpri ses a netal hxdrme&elfIAnerxﬂémtaéc%b%éﬂwfwir&d B¥a LUdr Oly)si

of a netal al koxide having thereon a coating _
generally used as a solution in an organic solvent.
Usable organic solvents include, for example, alcohols,
such as ethanol and methanocl, and ketones. It is
preferred to use a dehydrated organic solvent. Although
the concentration of the metal alkoxide solution varies
depending on the kind of the metal alkoxide to be
dissolved and on _the kind of the organic solvent,
optimum conditions are used. The thickness of the metal
hydroxide or metal oxide film formed on a powder is
determined by the concentration ef the metal alkoxide
solution and the use amount of the metal alkoxide
solution relative to the powder amount.

The powder on which a metal oxide film has
deposited is taken out of the solution and dried,
whereby a strong metal ox:.de film is obta:l.ned The
drying is preferably conducted ' in vacuo. If an

( ) inorganic powder was used as ..”'base particles, it is
preferred to further conduct a heat treatment in vacuo
or in an inert atmosphere at 200 to 800°C for 0.5 to 6
hours, because this treatment makes the film stronger.

As stated hereinabove, a metal hydroxide film or metal
oxide film is deposited by a reaction of a metal salt in an
aqueous solution on the powder particles on the surface of which a

¢ PR
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filmconprising a netal hydroxide
reaction of a nmetal salt in an af
powder according to claim1, whefe h
filmformed by the hydrolysis of |almf@IAPR REWi d
mul til ayer - coat ed powdér [according to Elhim1 or 2, wherein the

The

nmet al hydroxi de or the netal oxi
salt in an aqueous solution is heated s e

process for producing a nultilayer-coated powder, which conprises:
form ng a rgt e hgsdeanidm f cbbriicidBidl Qrdsle aldddR aqrApwiedst oYk | gBe’
of a nultilayered filmby hydrolysis of a - 31 -

bxi de film formed by a

R

thermtd
s heated. 3.

D

.he reaction of a netal
mat i on. 4.

de filmformed by

minutes to the dispersion under stirring.

After the dropwise addition, a decomposition
reaction for film formation was conducted for 2 hours
while maintaining the temperature at 80°C.

After completion of the reaction, ﬁhe solid
matter was taken out by filtration and washed with a
sufficient amount of distilled water and finally with
ammonia water to adjust the pH to 8. Thereafter,.ZOO ml
of ethanol was added to wash the solid matter, which was
then dried in a vacuum dryer.

The thus-obtained silica-titania powder ¥, which
had a titania  coating as the fourth layer, had a
spectral reflection curve having a peak wavelength of
780 nm, with a reflectance of 56%. It was a red-purple

powder.

INDUSTRIAL APPLICABILITY

According to the present invention, a technique
for using inexpensive aquéous metal salt solutions as
materials for metal oxide coating films . has been
developed. As a result, powders coated with metal oxide
films can be produced at low cost and are hence usable

in a wider range of applications than conventional ones.

- 29 -
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met al al koxi de; and form ng ther¢
filmor.-a nmetal oxide filmby a
solution. 5. The process for pro
to claim4, wherein the netal hy

formed by the hydrolysis of a nej
The process for producing a ju

i 1R of a netal hydroxide
NT=S

lors
E;EﬁAQﬂV HEX salt in an aqueous

Huging a nmul T - coat ed powder according

dr pxi | r e netal oxide filmis
q gﬁé‘?ﬂdguﬂa d ft hen heated. 6.
| d jpowder according to claim

4 or 5, wherein the nmetal hydroxijde filmor the ngtal oxide filmis forned

by the reaction of a netal salt in an aqueous sofution, and then heated.

- 32- Since a powder coated with a multilayered metal

oxide film having an excellent function can also be
produced at low cost, it can be a general-purpose powder.

The technique of forming a metal oxide coating
film from a metal alkoxide is applicable also to powders
made of metals or plastics susceptible to corrosion by
acids. By using this technique to form the first layer
only, less expensive aqueous metal salt solu‘l;ions can be
used for forming the second and any overlying coating
layers. The thus-coated powders can hence be used in a
wider range of applications than conveﬁtional ones.

According to the present invention, a magnetic
color toner having light resistance and a technique for
producing the same can be provided.

By forming a multilayered interference coating on
glass beads, a magnetic colc;r toner or a magnetic color
ink can be produced without necessitating any coloring
agenf.. The coated beads provide a distincf.ive

. retroreflective pigment.

- 30 -
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REPLACEMENT SHEET

06 APR 2000
RN AT RN
CLAIMS |
1. - A multilayer-coated powder,

wherein at least one  layer of the multilayer comprises a
metal hydroxide film or a metal oxide film formed by
hydrolysis of a metal alkoxide having thereon a coating |
film comprising a metal hydroxide film or a metal oxide
£ilm :Eorm_ed by a reaction of a metal salt in an agqueous

solution.

2. The multilayer-coated powder according to
claim 1, wherein the metal hydroxide or the metal oxide
film formed by the hydrolysis of a metal alkoxide is

heated.

3. o ~ The ‘ multilayer-coated powdex
accordiné to claim 1 or 2, wherein the metal hydroxide
or the metal oxide film formed by the reaction of a
metal salt in an aqueous solution is heated after the
formation.

4. - A  process for  producing a
multilayer-coated powder, which comprises: forming a
metal hydroxide film or a metal oxide film as at least

one layer of a multilayered film by hydrolysis of a

- 31 -
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metal alkoxide; and forming thereon a coating film of a
metal hydroxide film or a metal oxide film by a reaction

of a metal salt in an aqueous solution.

5. The process for producing a multilayer-coated
powder according to claim 4, wherein the metal hydroxide
film or the metal oxide film is formed by the hydrolysis

of a metal alkoxide, and then heated.

6. ' The process for producing a
multilayer-coated powder according to claim 4 or 5,
wherein the metal hydroxide film or the metal oxide film
is formed by the reaction of a metal salt in an aqueous

solution, and then heated.

- 32 -



