
DESCRIPTION 

MULTILAYER-COATED POWDER AND PROCESS· FOR PRODUCING THE 

SAME 

TECHNICAL FIELD 

The present invention re1ates to a powder having 

a mu1 ti1ayered fi1m on the surface · and perf orminq a 

combination of functions. More particu1ar1y, the 

present invention re1ates to a magnetic powder having a 

mu1ti1ayered fi1m on the surface and usab1e as a 

starting materia1 for co1ored magnetic materia1·s, such 

as magnetic co1or toners and magnetic co1or inks, and to 

a retroref1ective pigment, a weather-resistant pigment, 

and the 1ike. 

BACKGROUND ART 

Coating the surface of a powder with another 

substance has conventionally been conducted in order to 

obtain a powder having a special property or to modify 

the surf ace properties of the powder. Since it is 

diffi~ult to even1y coat the surface of a powder having 

a sma11 particle diameter, various methods have been 

investigated as powder-coating means. 
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· .... 

Unexamined Published Japanese Patent Application 

No. 1-119062 discloses a technique for coating a powder 

with silver for the purpose of heightening 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. 

With respect to methods for forming a metal oxide 

coating film on the surface of a metal powder, a film of 

an oxide of the same metal can be obtained also by a 

method comprising placing the powder in an oxidizing 

atmosphere. However, this method is not applicable to 

the formation of a 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 forming a coating film of a 

metal oxide on a powder comprises placing the powder in 

an aqueous solution of a metal salt, reacting the metal 

salt to. cause precipitation and thus form a metal 

compound deposit layer on the powder particl.es, and 

drying or heating the covered particles to form a metal. 

oxide layer to thereby obt~in.a coated powder. However, 

a dense oxide film is difficult to obtain by this method. 
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············-···-··-·---

If the above method is carried out so as to yiel.d a 

dense oxide-film, it is not easy to evenly form a dense 

film in a desired thickness, for example, because a 

l.arge film thickness is difficul.t to obtain. 

The present inventors previous1y invented a 

method for forming a f i1m of a metal. oxide by dispersing 

a metal powder or a metal. oxide powder into a metal. 

al.koxide solution and hydrolyzing the metal alkoxide, 

and ·made an appl.ication for patent (Unexamined Pub1ished 

Japanese Patent App1ication No. 6-228604). 

The present inventors further deve1oped high1y 

functional .powders by a1ternate1y forming a metal fi1m 

and a metal. oxide f i1m on the surf ace of a metal powder 

or_ a metal oxide powder, and made an application for 

patent (Unexamined Published Japanese Patent Appl.ication 

No. 7-90310). For exampl.e, the inventor succeeded in 

obtaining a magnetic powder of a sufficient1y white 

col.or by forming a coating fi1m of a metal. oxide on the 

surface of a magnetic material powder, such as-ferrite 

or chromium oxide, and forming a coating film of coba1t 

metal. or si1ver metal. thereon, and also in obtaining an 

insul.ati~g powder having satisfactory thermal 

conductivity by forming a metal. oxide fi1m on a pow4er 

of a meta.1 having satisfactory thermal condu6-tivity, 

such as silver metal or copper metal.. Furthermore, the 
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present inventors made an appl.ication for patent 

concerning a process which comprises simil.arl.y forming a 

mul.til.ayered meta1 oxide film on the surface of a meta1 

powder or meta1 compound powder and heating the powder 

coated with the mu1til.ayered meta1 oxide fi1m to produce 

a powder having a mu1ti1ayered denser and more stab1e 

metal. oxide fil.m (W096/28269) . 

made 

As described above, 

efforts with a view 

the present inventors have 

to deve1oping a highl.y 

functiona1 meta1 or metal. compound powder by forming one 

or more ·fil.ms of a metal. oxide or meta1 on the surface 

of a metal. powder or metal. compound powder to thereby 

·impart a property other than those possessed by the 

metal. or metal. compound powder serving as core partic1es. 

However, the above-described method in which a 

metal. al.koxide is used as a starting materia1 for 

forming a film of a meta1 oxide on the surface of a 

metal. powder or metal. compound powder has · a drawback 

that the product devel.oped with the a1koxide has very 

1imited uses because the meta1 a1koxide is an expensive 

co~pound and, hence, the product is, of course, costly. 

A1 though the method in which a· film of a meta1 

oxide is formed by precipitation from an aqueous meta1 

sa1t solution has the probl.em that an even meta1 oxide 

film is difficult to obtain, it has a more serious 

- 4 -



drawback. Name1y, since an acid or alkali is used in 

reacting the aqueous metal salt solution to cause 

precipitation or since the reaction yields an acid or 

a1ka1i as a by-product, the powder partic1es serving as 

cores are attacked by the acid or alkali used as a 

reactant or yie1ded as a by-product and are thus 

dissolved, especia1ly when the particles are made of a 

meta1. 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 meta1 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 meta1 or 

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

DISCLOSURE OF THE INVENTION 

The present inventors made 

whether or not the deposition 

~nvestigations 

method based 

on 

on 

precipitation from an aqueous metal salt solution, which 

method is a conventional means for· easily and 

inexpensive1y forming a metal oxide film, is applicable. 

As a result, it has been found that when base particles 
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THIS SHEET HAS BEEN 
REPLACED 

coated with a meta1 oxide fi1m formed by the hydrolysis 

of a meta1 a1koxide are subjected to the deposition 

method based on precipitation from an aqueous meta1 sa1t 

so1ution, the base partic1es are protected by the meta1 

oxide film formed by the hydrolysis of a meta1 a1koxide 

and are hence never attacked even when the precipitation 

reaction is conducted under such conditions that the 

base partic1es are attacked, because the meta1 oxide 

fi1m is exceeding1y dense as stated above. The present 

invention has been achieved based on this finding. 

Specifica11y, the various problems described 

above have been e1iminated by the fol1owing mu1ti1ayer­

coated powder and process for producing the same 

according to the present invention: 

(1) A multilayer-coated powder, wherein at 1east one 

layer of the multi1ayer comprises a meta1 hydroxide film 

or a metal oxide fi1m formed by hydro1ysis of a metal 

a1koxide having thereon a coating fi1m comprising a 

meta1 hydroxide film or a metal oxide fi1m formed by a 

reaction of a meta1 salt; 

(2) The multilayer-coated powder according to the 

above (1), wherein the meta1 hydroxide or the meta1 

oxide f i1m formed by the hydrolysis of a meta1 alkoxide 

is heated; 
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THIS SHEET HAS BEEN 
REPLACED 

(3) The multilayer-coated powder according to the 

above (1) or (2), wherein the metal hydroxide or the 

metal oxide fi1m formed by the reaction of a metal salt 

is heated after the formation; 

(4) A process for producing a multilayer-coated 

powder, w~ich comprises: forming a metal hydroxide film 

or a metal oxide film as at least one layer of a 

multilayered fi1m by hydrolysis of a meta1 a1koxida; and 

forming thereon a coating film of a meta1 hydroxide film 

or a metal oxide film by a reaction of a metal salt; 

(5) The process for producing a multilayer-coated 

powde,r 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 ( 5) , wherein the 

metal hydroxide film or the meta1 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 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; 

---- ·------------·· 
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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 these, clays, and 

glasses. 

Since one object of the present invention resides 

in the production of a powder having magnetic 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 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 as ferrite or y-iron oxide. 

Also usable as the base powder material in the 

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 

polypropylene, polyacrylic 

polystyrene, polyethylene, 

esters, polymethacrylic 
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esters, and copolymers of any of the monomers of these 

polymers with one or more other monomers. Examples of 

the natural polymers include 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. Al though some pf 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, th.is 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 possibility that the multilayer­

coated powder produced. using the core particles might 

have been denaturated. 
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THIS SHEET HAS BEEN 
REPLACED 

· Powders , such as an iron metal.~P<5WaEU:-;-1rn~!i 

metal. powder, al.uminum metal. powder, pol.ystyrene beads, 

pol.ymethacryl.ic ester beads, starch beads, and acetyl. 

cel.l.ul.ose beads, suffer surface denaturation in an 

aqueous sol.ution of a strong acid even when the acid 

concentration is l.ow, and this may infl.uence the qual.ity 

of the final. product, for exampl.e, by causing 

devi trif·ica ti on. Consequentl.y, :Cf such a substance is 

used as a core material., it is undesirabl.e to use a 

metal. sal.t, such as titanium sul.fate, titanium chloride, 

or al.uminum sul.fate, as a material. for forming a metal. 

oxide coating fil.m 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. sal.t sol.ution~ which is the most comm.on 

reaction among reactions of the above-described metal. 

sal.ts, the above probl.ems are severer especial.l.y when an 

acid sal.t of a metal. is used. Al.though neutralization 

or . pyrol.ysis is typical.l.y used among reactions of a 

metal. sal.t, other reactions may be used. 

Exampl.es of the metal. used as a metal. salt in the 

present invention include iron, nickel., chromium, 

titanium, zinc, aluminum, cadmium, zirconium, silicon, 

. tin, lead, l.ithium, indium, neodymium, bismuth, cer·ium, 

antimony, cal.cium, magnesium, and barium. Examples of 

---------------
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salts of these metals include salts of sulfuric acid, 

nitric acid, hydrochloric acid, oxalic acid, carbonic 

acid, and carboxylic acids . Chelate complexes of the 

above metals are also included. A suitable kind of 

metal salt for use in the present invention is selected 

according to the property to be imparted to the surf ace 

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 metai 

film should be formed under the metal oxide or metal 

hydroxide film 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 

metal oxide or metal hydroxide film are formed from a 

metal alkoxide, a metal film can be formed between these 

layers. It is, however, undesirable to form a metal 

film over the metal oxide or metal hydroxide films. 

In the present invention, 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 

surf ace of· particles serving as the base of a 
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mu1ti1ayer-coated powder is hydro1yzed to form a fil.m of 

the meta1 hydroxide or meta1 oxide. 

This method comprises dispersing the powder 

serving as a base materia1 into a so1ution of the meta1 

a1koxide (most1y in an organic so1vent or in a mixed 

so1vent consisting of an organic so1vent and water) and 

adding water or a weak1y a1ka1ine aqueous so1ution to 

the so1ution containing the dispersed partic1es to 

hydro1yze the meta1 a1koxide and thereby form· a fi1m of 

a hydroxide or oxide of the meta1 on the.surface of the 

partic1es. 

Processes for producing a powder having a 

mu1ti1ayered meta1 oxide fi1m using the above method are 

described in Unexamined Pub1ished Japanese Patent 

App1ications Nos. 6-228604 and 7-90310. 

The above method for f orminq a meta1 oxide by 

hydro1ysis is ca11ed a so1-ge1 method, and is effective 

in forming an oxide having a fine and homogeneous 

composition. By app1ying this method to a powder, a 

fi1m which is even, thick, and dense is obtained on the 

powder partic1es. As the meta1 a1koxide is se1ected an 

a1koxide of the meta1 corresponding to the desired metal 

oxide, such as zinc, aluminum, cadmium, titanium, 

zirconium, tanta1um, or si1icon. 
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THIS SHEET HAS BEEN 
REPLACED 

A metal alkoxide decomposable with water is 

generally used as a solution in an organic solvent. 

Usable organic solvents include, for example, alcohols, 

such as 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 thickness of the metal 

hydroxide or metal oxide film formed on a powder is 

determined by the 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 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 on the powder pa~ticles.on the surface of which a 
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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 aqueous solution of a 

caustic alkali, ammonia, 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 iri 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. :rt 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. 
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Thus, a multilayered film can be formed on the 

powder particles serving as a base. In forming the fi1m, 

desired properties can be obtained by using such f i1m­

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. In particular, that a 

multilayer-coated powder can be obtained without using 

an expensive metal alkoxide 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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For the coating with a metal film, 

electroplating or sputtering may be used, 

electroless plating. However, in the 

contact 

besides 

contact 

electroplating, powder particles not in contact with an 

electrode cannot be plated. In the sputtering, a metal 

vapor cannot be evenly applied to the powder particles. 

Hence, the thickness of the coating formed by either 

method varies from particle to ·particle. In contrast, 

the method of film formation by electroless plating is 

preferred in tha·t a dense and even film can be formed 

and the film thickness is easy to requ1ate. 

Since the thus-produced powder having a 

mul tilayered metal oxide film on the surface can have 

various properties imparted 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 purposes. 

For example, 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 film, then 

a magnetic powder having a high degree of whiteness is 

obtained. When a conductor, such as silver, copper, or 
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aluminum, is used as a powder base and this meta1 layer 

is coated with a film of an e1ectrically insulating 

meta1 oxide, such as aluminum oxide, then a thermally 

conductive powder having an electrically insulating 

surface 1ayer 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

f ourth the wave1ength of an electromagnetic wave, then 

mos.t of the 1ight is reflected due to interference 

(Fresnel reflection) . This function can be utilized to 

produce a magnetic powder for magnetic toners which 

reflects light and has a shining white color by using a 

magnetic material, such as a powder of a metal, e.g. , 

iron, cobalt, or nickel, an alloy powder, or an iron 

nitride powder as cores, forming a 1ayer of a high­

reflectance meta1, such as silver or ·cobalt, on the 

surface of the cores, 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 

wave1ength of visible light, and then coating this film 
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with a layer of a high-refractive-index oxide, such as 

zirconium oxide, in such a thickness that the product of 
... 

the refractive index of the material. and the thickness 

of this film is one-fourth a wavelength of visible light. 

The powder produced may be heated in an inert gas 

atmosphere at a temperature of from 200 to 800°C. Thus, 

a stronger powder having a higher degree of whiteness is 

obtained. If the above heat 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 qi ves a magnetic 

col.or toner. Since visible light has 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 of the refractive index of 

the material. and the film thickness is close to one-

fourth a wavelength of visible light. 

In producing a multilayer-coated powder as a 

powder colored by interference reflection, a high-
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refractive-index film and a low-refractive-index film· 

are alternately formed in respective thicknesses 

necessary for Fresnel interference so that light of 

target spectral wavelengths is reflected. 

Fig. 1 illustrates such a powder particle by 

means of a sectional view. This sectional view shows a 

powder particle colored by interference reflection, 

which comprises a particle 1 (glass bead) as a base, a 

metal film 2 formed on the surf ace thereof, a low­

refracti ve-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 the present invention will be explained below. 

Preferred materials used for forming high­

refractive-index films ·include: titanium compounds, 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 compounds, such as halides, 

sulfate, carboxylates, and oxalate for cerium oxide 

films; bismuth compounds, such as halides, nitrate, and 

carboxylates for bismuth oxide films; and indium 
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compounds, such as ha1ides and su1fate for indium oxide 

fi1ms. 

Pref erred materia1s used for forming 1ow-

refractive-index fi1ms inc1ude: sodium si1icate, water 

g1ass, si1icon ha1ides, organosi1icon compounds such as 

a1ky1 si1icates, and po1ymers thereof for si1icon oxide 

fi1ms; a1uminum compounds, such as ha1ides, su1fate, and 

che1ate comp1exes for a1uminum oxide fi1ms; . and 

magnesium compounds, such as su1fate and ha1ides for 

magnesium oxide fi1ms. 

In the case of forming a titanium oxide fi1m, for 

examp1e, use of .. a mixture of .titanium ch1oride and 

titanium su1fate is effective, for examp1e, in giving a 

fi1m of ruti1e titanium oxide, having a high refractive 

index, at a 1ower temperature. 

The reaction for each c.oating is conducted· while 

regulating the reaction temperature so as to be suitable 

for the kind of the meta1 salt or meta1 a1koxide, 

whereby a more perfect oxide f-i1m can be formed. 

After a coating fi1m has been formed, a heat 

treatment is preferably conducted to complete1y convert 

the film into an oxide fi1m. 

heated, 

layer. 

If hydroxide films or oxide films formed are 

the heating may be conducted for every coating 

Alternatively, the heat treatment may be 
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conducted as the final step after 

multilayered fi1m has been completed. 

the desired 

If a magnesia f i1m has been f orm.ed, this film is·· · 

preferably coated wi~ a titanium alkoxide in an organic 

solvent, preferably an alcohol, because magnesia is 

susceptible to hydration. 

BRIEF DESCRIPTION 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 surf ace therE!Of, and ·· 

formed thereon low-refractive-index metal oxide film 3 

and high-refractive-index metal oxide film 4. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Processes for producing multilayer-coated powders 

each having plural metal oxi.de 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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EXAMPLE 1 

Formation of Metal Oxide Films: (coating of the surface 

of iron metal powder with titania film and silica film) : 

First Layer: Silica Coating: 

To 20 g of a spherical iron metal powder (average 

particle diameter, 1.8 µm) was added 100 ml of ethanol 

to disperse the powder. The container was heated in an 

oil 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. 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 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 Coating: 

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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container containing the dispersion was heated in an oil 

bath to hold the·dispersion at 90°C for 6 hours. 

After the holding, the reaction mixture was 

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 drying, ti tania-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: (ti tania coating of the 

surface of iron metal powder without silica coating): 

A container containing 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 q of titanium tetrachloride in 100 ml of 

ethanol was added dropwise over 60 minutes to the 

dispersion under stirring. 
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After the dropwise addition, a decomposition 

reaction for film formation was conducted for 2 hours 

while maintaining the temperature at 80°C. 

At the time when the reaction was completed, the 

solid matter had turned into a yellow powder and the ion 

powder had completely dissolved away, leaving the 

titania gel only. 

It is thought that the iron powder was dissolved 

in the presence of the titanium tetrachloride or by the 

hydrochloric acid which generated during titania 

formation from the chloride. Consequently, the 

formation .. of a ti tania .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 film and silica film) : 

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 diameter, 1.8 µm) was added 100 

ml of ethanol to disperse the powder. The container was 

heated in an oil bath to keep the temperature of the 

liqu~d. at 55°C. Thereto were added 6 g of silicon 

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

A container containing 10·0 ml of deioniz·ed water 

was heated in an oil bath while keeping the oil 

temperature at 80°C. Into 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 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 
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of ethanol was added to wash the solid matter, which was 

then dried in· a vacuum dryer. 

The titania-silica-coated powder B obtained· had 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 La¥er: Silica Coating: 

To 20 g of a spherical iron metal powder (average 

particle diameter, 1.8 µm) was added 100 ml of ethanol 

to disperse the powder. Thereto were added 6 .. 9 of 

silicon ethoxide, 11 g of ammonia 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 resu·ltant powder was heated with a rotary tubular 

oven in a nitrogen atmosphere at 650°C for 30 minutes to· 

obtain silica-coated powder C. The silica-coated powder 

C obtained was excellent in dispersed state. 
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Second Layer: Titania Coating: 

A container was heated in an 

keeping the oi1 temperature at 8 0°C. 

oi1 bath whi1e 

:Into 100 m1 of 

heated deionized water was dispersed 10 g of the si.lica­

coated powder C. A so1ution prepared by mixing 100 m.l 

of ethano1 with 11 g of titanium tetrach.loride was added 

dropwise over 60 minutes to the dispersion under 

stirring. 

After the dropwise 

reaction for fi1m formation 

addition, a decomposition 

was conducted for 2 hours 

whi1e maintaining the temperature at 80°C. 

After comp.letion of the reaction, the so1id 

matter was taken out by fi.ltration and washed with a 

sufficient amount of disti1.led water and fina.l.ly with 

ammonia water to adjust the pH to 8. Thereafter, 200 m1 

of ethano1 was added to wash the so.lid matter, which was 

then dried in a vacuum dryer. After the drying, the 

resu1 tant powder was heated with a rotary tubu.lar oven 

in a nitrogen atmosphere at 650°C · for 30 minutes to 

obtain titania-si.lica-coated powder D. 

The titania-si.lica-coated powder D obtained was 

exce.l1ent in dispersed state. :It was a skin-co.lored 

powder which had a spectra1 ref .lection curve having a 

peak wave.length of 660 nm, with a ref.lectance of 40%. 
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Third Layer: Silica Coating:. 

To 20 g of the titania-silica-coated powder D was 

added 100 m1 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 nitrogen 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 m1 of deionized water 

was heated in an oil bath while keeping the oil 

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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g of titanium tetrach1oride was added dropwise over 60 

minutes to the dispersion under stirring. 

After the dropwise addition, a decomposition 

reaction for fi1m formation was conducted for 2 hours 

whi1e maintaining the temperature at 80°C. 

After completion of the reaction, the solid 

matter was taken out by fi1tration and washed with a 

sufficient amount of disti11ed wa~r and final1y 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. 

The thu-s-obtained si1ica-ti tania powder F, which 

had a titania coating as the fourth 1ayer, had a 

spectral ref1ection curve having a peak wavel.ength of 

780 nm, with a ref1ectance of 56%. It was a red-purp1e 

powder. 

INDUSTRIAL APPLICABILITY 

According to the present invention, a technique 

for using inexpensive meta1 sa1ts as materia1s for meta1 

oxide coating films has been deve1oped. As a resu1t, 

powders coated with metal oxide fi1ms can be produced at 

low cost and are hence usable in a wider range of 

applications than conventional ones. 

------· --·-

- 29 -



------------------------------- ------------------

THIS SHEET HAS BEEN 
REPLACED 

Since a powder coated with a multilayered metai 

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 metal salts can be used for forming 

the second and any overlying coating layers. The thus­

coa ted powders can hence be used in a wider range of 

applications than conventional ones. 

According to the present inventio·n, -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 necessitating any coloring 

agent. The coated beads provide a distinctive 

retroreflective pigment. 
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1. A mu1ti1ayer-coated powder, wherein at least 

one layer of the mu1tilayer comprises a meta1 hydroxide 

fi1m or a meta1 oxide fi1m formed by hydrolysis of a 

meta1 a1koxide having thereon a coating fi1m comprising 

a meta1 hydroxide fi1m or a meta1 oxide film formed· by a 

reaction of a metal salt. 

2. The mu1tilayer-coated powder according to 

claim 1, ~herein the metal hydroxide or the meta1 oxide 

.. film formed by the hydrolysis of a metal alkoxide . is 

heated. 

3. The mu1tilayer-coated powder according to 

claim 1 or 2, wherein the metal hydroxide or the metal 

o.xide film formed by the reaction of a meta1 salt is 

heated after the formation. 

4. A process for producing a multi1ayer-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 a1koxide; and 

forming thereon a coating film of a meta1 hydroxide film 

or a metal oxide fi1m by a reaction of a metal. salt. 
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5. The process for producing a multilayer-coated 

powder according to claim 4, wherein the metal hydroxide 

f i1m or the metal oxide f i1m 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~ and then heated. 
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