DESCRI PT| ON CONSOLI DATED MATERI AL OF COATED. POADERS AND PROCESS FOR
PRODUCI NG THE SAME TECHNI CAL FI ELD The present invention rel ates
to a consolidated material of coated powders obtai ned by consolidating

ei ther a powder conprising base particles having on the surface thereof a
coating filmof an even thickness of 0.01 to 20 [err]mor a powder having
two or nore simlar coating filns, and also to a process for producing the
coherent nass. Nanely, this invention relates to products of
especially nonlinear materials, for.exanple, .nmagnetic materials, such as
magneti c heads and magnetic recor OESCREPEION S, el ectrical parts,
glass/ceramc materials, and the Iike, and a process for producing these.
BACKGROUND ART A technique is known which conprises coating the
surface of a powder wi th another substance to inprove the properties of

t he powder CONSOLEDATEDV MATERIAL OF cpRATEDs ROWPERS. ANDI ®ROCESS s IR/ e

conventionally been proposed therefor.
PRODUCING THE SAME

TECHNICAi. FIELD

The present invention relates to a consolidated
‘material of coated powders obtained by consolidating
either a powder comprising base particles having on the
surface thereof a coating film of an. even thickness of
0.01 to 20 um or a powder having two or more similar
coating films, and also to a process for producing the
coherent mass. Namely, this invention relates to
products of especially nonlinear matér:i.als, for examéle p
magnetic materials, such as inagnetic heads and magnetic
recording materials, electrical parts, glass/ceramic
materials, and the 1like, and a process for prociucing

these.

BACKGROUND ART

A technique is known which comprises coating the
surface of a powder with ar.lpther substance to improve
the properties of the powder or impart a wvariety of
properties thereto. Various means have conventionally

been proposed therefor.



Anong. powders, netal powders and the |like are frequently used because they
have various applications. Wth respect to nethods for formng a coating
filmof a nmetal on the surface of a netal powder or netal oxide powder,
JP- A-3-271376, for exanple, proposes a nethod in which a coating film of
cobalt metal is fornmed on the surface of a powder of either a netal such
as cobalt netal, nickel netal, or iron metal or a nmetal oxide such as a
ferrite or chrom um oxide by reducing a water- soluble cobalt salt by a
wet process. However, it has conventionally been inpossible to
industrially coat Rimngupowdens,a netddr pbwaairs alamd nehal ikde akéh a
thick and even filmof a different kind of netal oxide. The
present i frequestlyr avseds becausenttiley ahavet hoalrionsf apphjcatidms of a
nmetal oxide by dispersing a netal powder or a netal oxide powder into a
metal al kBdithe zespeath btadmethaedszFog (ferming al koatdag Hhlmfidfedaa
patent application (JP-A-6-228604). The present inventors_further
devel oped Ml onuntheofrrfaGecref b MmetpdatRPYdes ofgmakal axide
and netal oxide filns qn the iggf ace of a rreteil powder or a metal oxide

[

powder, an®oMIRR: adBats-2ppPilat iFAF TIPERIRORIBPOSEST 2,@REHOd (1R
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-2 surface of a powder of either a metal such as cobalt
metal, nickel metal, or iron metal or a metal oxide such
as a ferrite or chromium oxide by reducing a water-
soluble cobalt salt by a wet process.. However,.it'has
conventionally been impossible to industrially coat the
surface of a powder of a metal or metal oxide with a
thick and éven film of a different kind of metal oxide.

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 alkoxide,
and filed a patent application (JP-A-6-228604).

The present inventors further developed highly
functional powders by alternately forming metal f£films
and metal oxide films on the surface of a metal powder
or a metal oxide powder, an%_filed a patent application
(JP-A-7-90310). For example, the inventors 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 powder of a magnetic material such as a ferrite or chrom um
oxide and formng a coating filmof cobalt nmetal or silver netal thereon,
and also in obtaining an insul ating powder having satisfactory thernal
conductivity by formng a netal oxide filmon base particles of a netal
havi ng satisfactory thermal conductivity, such as silver netal or copper
metal. Furthernore, the present inventors nmade an application for patent
concerning a process which conprises simlarly formng a multilayered
nmetal oxide filmon the surface of metal or netal conpound base particles
and subj ecsupfaides pfrtaclprawdent &f Wal mahbtetild | mateeilal nedwthoxasica
filmto a heat treatnent to produce a powder having a denser and stabler,
mul ti | ayer eflernetidie wa dehrfoning )bxAde 88882)forming aAxcoRtinghdlii boof,
the present inventors has nade efforts with a view to devel oping a highly
functional @ebaltor matal composddvsmdenebalf orthemeone @ndworalsel ndnof
a netal or nmetal oxide on the surface of a netal powder or netal conpound
powder (bas@Ptaaping esant o IRpELatANG opPPMAasR hehaMidig t h§3L1isfAagkezyd
by the netal, or tal cqonpound, bas articles serving as cares. _. It
i's however Hes t SOBFRT IRV LR RY hEQFBANG it PETRL meHdeyr fidim on

Conpound PqydeL a;gaal': Ye12¥ of a metal having satis-fo’a-ctory thermal

conductivity, such as silver metal or copper metal.
Furthermore, the present inventors made an application
for patent <concerning a process which comprises
similarly forming a multilayered metal oxide fill.n. on the
surface of metal or metal compound base particles and
subjecting the particles coated with the multilayered
metal oxide film to a heat treatment to produce a powder
having a denser and stablér, multilayered metal oxide
£film (JP-A-7-80832).

As described above, the present inventors has
made efforts with a view to developing a highly
functional metal or metal compound powder by forming one
or more films of a metal or metal oxide on the surface
of a metal powder or metal compound powder (base
particles) to impart a property other than those
possessed by the metal or m?tal compound base particles
serving as cores.

It is however desired to provide a more highly

functional metal or metal compound powder at low cost



and t.o provide a technique which is applicable also to a wde variety of
powders made of materials other than netals or netal conpounds, for
exanpl e, organic powders, and is capable of formng two or nore netal or
nmetal oxide filnms on organic base particles, and the I|ike. On the
ot her hand, many products especially of nonlinear materials, for exanple,
magnetic materials, such as magnetic heads, nagnetic recording material s,
and the like, electrical parts, such as boundary |ayer type capacitors
and the like, and glass/ceramc .materials, such as high-toughness

gl ass mat e@wrsd sto gaidveide ng telchtrisyjuandhtiloh |ikecappld qabbecaldsio dto a
powders or sheets or the |like by a nmethod conprising consolidating and
nmol di ng awiddelervaxieby &f mpdwdersompade ngfsupatpedialks siddierarthan
consolidating and nolding the sane. Such met hods for producing

t hose prodmettal scbadmetal cepmpoynds), Wipzh exampderi ©rganigdpewdess,
starting powder and a heat treatnment for consolidation is conducted to
separat e o@nd hdsadeapabdsur Py fermARg hEWRIaPY HRtecmehelsie¥t imetal
powder and a consglidating material (a nediumqr the like) to, |npart

nonl i near OFSHRr £1LBS #1 RFIBRIG hEAPAELISLES orad Bha 1Hke.

separated substance a medi um, for mut ual,l consol i dati th
powder particles. &r‘f1 eggﬁpl%q}?rt Eﬁ:@nd, many ' products espec::.a_xj_i_fg of

nonlinear materials, for example, magnetic materials,
such as magnetic heads, magnetic recording materials,
and the like, electrical parts, such as boundary layer
type capacitors and the 1like, and glass)éeramic
materials, such ‘as high-toughness glass materials,
deflecting filters, and the like, are produced from
powders o:r.; sheets or the like by a method comprising
consolidating and molding a pdwder or by a method
comprising superposing sheets and consolidating and
molding the same.

Such methods for producing those products include
a technique in which an impurity is added to a starting
powder and a heat treatment for . consolidation is
conducted to separate out the added impurity at the
boundary between the starting powder and a consolidating
material (a medium or the _like) to impart nonlinear
properties to the consolidated material or utilize the
separated substance as a ﬁedium for mutually

consolidating the powdér particles. An example of this



technique.is a varistor boundary capacitor produced by a nethod in which a
powder of a ferroelectric material such as bariumtitanate is consolidated
and inserted between el ectrodes made of a netallic conductor, during

whi ch operation an insulating inpurity is separated from the

ferroelectric powder to | mprove I nsul ating properties. In
glass materials and optical materials, e.g., in MO A [err]Jerr]-SiJerr]
gl asses, there is a technique in which TiJerr] is added to and di spersed
into a nolten glass prior to molding and the melt is caused to undergo
crystal |l i zatéehnigiuw isecaTivareistoasbouridiry ocgpacitdr gbrodunaghnbygs a
glass material. Another technique conprises dispersing silver into an
optical gl asethodbring whachsi avgrowder aofol & oiffktreedestaiic cmataeriandi ng
the glass using the colloidal silver as nuclei to give a nonlinear

optical nateuchl . as bariumygjtanaket Wespr%%?élgﬁd‘cﬁée@m}' skppeepbedng
sheets and consolidating and nolding the sanme include a pagnetic head for

recor di ng PEtveproRteairades made,ofuRcdalrllier FARMCERZet ABFiRg

Permal | oy al) oy, and consolidating the,sheets with an adhesive. W{h
respect t PRLHB %ﬁ?ﬁennﬁt”eﬁ'g?gia&lﬁ& é@%?rbﬁyai%dsﬁ?ar&ﬁﬁ‘gl fyam ng

‘a polycrystalling, ferfite ith oanginsuator oo uised asa digitalg
properties. .

. In glass materials and optical materials, e.g.,
in MgO-Al,0,~-Si0O, glasses, there is a. technique in which
TiO, is added to and dispersed into a molten glass prior
to molding and the melt is <caused to undergo
crystallization using the TiO, as nuclei to give a high-
toughness glass material. Another technique comprises
dispersing silver into an optical giass to bring the
silver into a colloidal state and crystallizing the
glass uéing the colloidal silver as nuclei to give a
nonlinear optical material.

Examples of the products produced by superposing
sheets and consolidating and molding the same include a
magnetic head for recording and reproducing which is
produced by superposing sheets of a Permalloy alloy and
consolidating the sheets wigp an adhesive. With respect
to other magnetic materials, a material obtained by
consolidating a polycrystalline ferrite with an

insulator is used as a digital head for audio or



conput er it apes, while a Sendust alloy is used for tapes having a high
coercive force. In the production of nmagnetic heads and magnetic
cores among the aforementi oned nmagnetic materials and the like, a nagnetic
material having a predeterm ned particle dianmeter is consolidated so as to
obtain a maxi num energy product to inprove magnetic properties. However,
it is difficult to conduct consolidation wthout changing the particle

di aneter, and the nmagnetic material unavoi dably undergoes an increase in
particle diameter as a result of crystal growth therein.

Fur t her nor ecmpu tpepditaipess | hehdlley ea dSendustl aliloh tisiohsests HbAStapes
material, for exanple, it is alnpbst inpossible to evenly disperse the
additive atdsdrip a high exoetaive Humde has a high viscosity. As
descri bed above, the production of distinctive products having an added

hi gh val ue, for examplthe prodnrtierhiof tmagnetdild rkeadgr @yul tinagnetic
necessitates a high level of techniques such as a technique for arranging
sheets or aorQf arMaARE khe aferepeptigned magnetic: waterdadist and so
as to orient in_a_given direction and consqglidating the same while

mai nt ai ni n§he hildk&at @ RPAMPHLGuIRERTESIdI REWIRT ard aRFRAebarmiaiad py
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maximum energy product to improve magnetic properties.
However, it is difficult to conduct consolidation
without changing the particle diameter, and the magnetic
material unavoidably undefgoes an increase in éérticle
diameter as a result of crystal growth therein.

Furthermore, in producing the above-described
high—tougﬁness glass material, for example, it is almost
impossible to evenly disperse the additive added to a
molten glass, which has a high viscosity.

As described above, the production of distinctive
products having an added high value, for example,
products exhibiting nonlinear properties, necessitates a
high level of techniques such as a technique for
arranging sheets or acicular base particles serving as
cores at the same distance so as to orient in a given
direction and consolidating'the same while maintaining
this state, a technique for bonding the arranged
particles by means of films present amoﬁg the particles,

and a technique for evenly mixing particles with a high-



viscosity fluid to obtain a honbgeneous di spersion. Those products are
frequently difficult to produce with conventionally known techni ques

al one. An object of the present inventionis to elimnate such
probl ens and provi de techniques with which distinctive products having an
added high value can be stably produced at |ow cost. Speci fically,

the object is to provide, for exanple, a technique in which magnetic
particles having such a particle dianmeter as to give a naxi num ener gy
product are evenly consolidated w thout causing crystal growh, for

exanpl e, | wizabsity | fludek tte nelgbatinc r dpemogencsiusmgdisperisdads. and
a technique in which high-capacity capacitors on a nore constant quality

| evel whi cFhose sprpdacts) asestirtequentiy Bliffpsilior o Produogusddtivy
enpl oyi ng a conductor as cqre particles (referred to as base

parti cl es) convantignaldy tknewn| fechnigyesr pdonewyer having an even

t hi ckness over the partjic¢les, and form ng a conductaor |ayer thereon.

DI SCLOSURE OF THE PRVENPIRCE ©F THNQ ePHASPAYentidt AL et 8t t i on
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which distinctive products having an added high wvalue
can be stably produced at low cost.

Specifically, the object is to provide, for
example, a technique in which magnetic particles having
such a particle diameter as to give a maximun.ll energy
product are evenly consolidated without causing crystal
growth, for example, in order to improve the magnetic
properties of magnetic heads and a technique in which
high—-capacity capacitors on a more constant quality
level which are éimilar in constitution to BL capacitors
are produced by employing a conductor as core partiéles.
(referred to as base particles), forming a
ferroelectric-material layer having an even thickness

over the particles, and -forming a conductor layer

thereon,

DISCLOSURE OF THE INVENTION
The present inventors directed attention to a
point that the problems described above might be

eliminated by using the above-described techniques



concerning a powder having a coating film's), and nmade investigations. As
a result, the present invention has been achieved. Nanel y, the
present invention has succeeded in elimnating the above-descri bed
probl ens by the follow ng neans. (1) A consol i dated material of
coated powders each conprising a base particle having thereon a coating
film having a uniformthickness of 0.01 to 20 [err]m wherein the coated
powders are nmutual ly adhered at the coating film or by an adhesive. (2)
The consolidated material of coated powders according to the above

(1), V\'here'éoh&éﬁiﬁﬁ@?hed?pﬁaﬁéerﬁaﬁﬂﬁb @ MRolat ity 2 £FAANE( PRI t iGlE Macde
having thereon a coating filmhaving a uniformthickness of 0.01 to 20
pm the basenfasitigetionp:.i S@es aaglmssult, tleél presenteinventitn had
the coating filmis a netal filmor a nmetal oxide film (3) A coherent
coat ed- powdseenf axlaievdedowder s each conprising a base particle having
thereon plural coating filnms having a uniformthickness of 0.01 to 5
[err]mper filmirNamedly,at theaspresendlj desrentbani Ngasi |secaeeded in
different in_kind, wherein the coated powders are nutually adhered at the
out ernost cohimigatingor bhean ahpwardescribed problems by the

following means.

(1) A consolidated material of coated powders each
comprising a base particle having thereon a coating film
having a uniform thickness of 0.01 to 20 um, wherein the
coated powders are mutually.adhered at the coating film
or by an adhesive.

(2) The consolidated material of coated powders
according' to the above (1), wherein in the coated
powders each comprising a base particle each having
thereon a coating film havingl a uniform thickness olf
0.01 to 20 um, the base particle comprises a glass, a
metal, or a metal oxide, and the coating film is a metal
film or a metal oxide film.

(3) - A coherent coated-powder of coated powders each
comprising a base particle having thereon plural coating
films having a uniform thickness of 0.01 to 5 um per
film in which at least any_adjacént coating films are
different in kind, wherein the coated powders are
mutually adhered at the outermost coating film or by an

adhesive.



(4) - The. consolidated material of coated powlers according to the
above (3), wherein in the coated powders each conprising a base particle
having thereon plural coating films having a uniformthickness of 0.01 to
5 [errmper filmin which at |east any adjacent coating filnms are
different in kind, wherein the base particle conprises a glass, a netal,
or a netal oxide, and the coating filns are each a netal filmor a netal
oxide film (5) The consolidated naterial of coated powders
according to any one of the above (1) to (4), wherein the base particle
conpri ses d4¥yagnet Thernteonablidsed Thatexiadl i d=ff edcomtiesl i apowdlers
coated powders according to the above (5) , wherein at |east one of the
coating fi pecanddngsetoa dihe ecaabovennt(d)ial .wherpin Aim ockhe f ooated
produci ng a consolidated material_ of coated powders which are nutually
consol i dat P@wdepspeaghgcompnisingi ehePagendeastigdie chaving nfheraane
particle having thereogn a cgating filmhaving a_ uniformithickness of 0.01

to 20 [errPhuFaboGeatingchiles haeing & Mrifprm  thickaassy eheledt
pl ural coatin filns _hayi a_uniformthickness of 0.01.to 5 [err]m.per
i1 i n e MR Re? Sy Ha ek o SEB ol PREs A SBIARSR: PR EAR,
at the coaliig I1L0, gifferent in kind, wherein® the base particle
comprises a glass, a metal, or a metal oxide, and the
coating films are each a metal film or a metal oxide
fi;m. |
(5) The consolidated material of coated -éowders
accordiﬁg to any one of the above (1) to (4), wherein
the base particle comprises a magnetic material.
{6) The consolidated material of coated powders
according to the above (5), wherein at least one of the
coating films comprises a dielectric material.
(7) A process for producing a consolidated material
of coated pbwders which are mutually consolidated,
comprising adhering either powders .each comprising a
base particle having thereon a coating film having a
uniform thickness of 0.01 to 20 um or powders each
comprising a base particle having thereon plural coating
films having a uniform thic':'kness of 0.01 to 5 um per
film in which at least any adjacent coating films are

different in kind, at the coating film.



(8) - A process for producing a consolidated material of coated powders
which are nmutual ly consolidated, conprising adhering either powders each
conprising a base particle having thereon a coating filmhaving a uniform
t hi ckness of 0.01 to 20 [err]mor powders each conprising a base particle
havi ng thereon plural coating filnms having a uniformthickness of 0.01 to
5 [errlmper filmin which at | east any adjacent coating filns are
different in kind, by an adhesive. The base particles serving as
the cores of a powder for the consolidated material of coated powders of
the presentg) nventa oprilcosot Ao t peddidingi E t e8nisdlidwtad! addBérial
particle dianmeter, and shape thereof. The naterial thereof may be any of
organi ¢ sulft apoatehd powdegsni cwhilbht armnes, madudilypar totiss ldidated:,
thereof is not particularly limted as long as it is not larger than 6 mm
in terns octomprisjngarddheridganetidher Fipowdernsr eeadhe soagerissngof amay
be spherical or ellipsoidal or may be a shape such as those represented

by a‘star basge pantichke chaasing hdhereoparai ¢eating Hiélporbaving a
particles. Base particles preferably used in the present invention

are as folyRhEorm ThBigkness| ofhePeB i §0 pR& el PTanPAMARFE RRFReri c

conmpound, silicone resi | ass, al or, metal oxi de, especgiall .
prglP er abl >)c:cé{np:l:'(n:’.s%.ng anbas% part:{rg e 'h_awg.thereon p]e.ug'a(i cogtn.ng

films having a uniform thickness of 0.01 to 5 um per
film in which at least any adjacent coating films are
different in kind, by an adhesive.

The base particles serving as the cores of a
powder for the consolidated material of coated powders
of the present invention are not particularly limited in
the materi.al, particle diameter, and shape thereof. The
material thereof may be any of organic substances and
inorganic substances, and the particle diameter thereof
is not particularly limited as long as it is not larger |
than 6 mm in terms of average particle diameter.
Furthermore, the shape thereof may be spherical or
ellipsoidal or may be a shape such as those represented
by a star shape. In some cases, the base particles may
be porous particles. |

Base particles prefe'rably used in the present
invention are as follows. The material thereof is
preferably an organic polymeric compound, silicone resin,

glass, metal, or metal oxide, especially preferably a

- 10 -



glass, netal, or nmetal oxide The particle dianmeter thereof is 100 pm or
smaller in terns of average particle dianeter. Furthernore, the shape
thereof is nearly spherical or ellipsoidal, and the surface thereof 1is
preferably snmooth because an even coating filmis easy to obtain.

Various techniques are usable in the present invention for coating the
surface of the base particles nade of, e.g., an organic polyneric
conmpound, silicone resin, glass, netal, or nmetal oxide. For exanple, a
preferred technique conprises  dispersing the base particles into a
dehydr at edgalag¥pl mekli N9 dPenréBal Wkideul fi gt pdreibla, diasldtid®n
of an al koxide of the netal corresponding to the netal oxide to be forned
as a coati theindoff onishelp® t iymhe surf amallgmdubhl yteant ngofin average

al cohol /water m xture to the above honbgeneous m xture to hydrolyze the

al koxi de t partdicke| adametex. solFuwfthdemoregl thedesbapehetherem dfst he
base particles being treated, and converting the sol into a gel. In the
case of singaglynyspheridaly on eddimsoidader angd cthei suafigcelr thegeadte

al koxi de gel deposited _on the surface of the base particles being treated.
Pr ef er abl yigseBraferaklyis seeothi Parpuse | 3nvaevem eePptipg fi is

easy to obtain.

Various techhiques are usable in the present
invention for coating the surface of the base particles
made of, e.g. , an organic polymeric compound, _s.ilicone
resin, glass, metal, or metal oxide. For example, a
preferred technique comprises dispersing the base
particles into a dehydrated alcohol, adding thereto,
with sufficient stirring, a solution of an alkoxide of
-the metal corresponding to the metal oxide to' be formed
as a coating film on the particle surface, gradually
adding an alcohol/water mixture to the above homogeneous
mixture to hydrolyze the alkoxide to form a layer of a
sol of the metal oxide on the surface of the base
particles being treated, and converting the sol into a
gel. In the case of single—l-ayer coating, a coated
powder is obtained by drying the alkoxide gel deposited
on the surface of the bas_e particles being treated.

Preferably used as a means for this drying is vacuum

drying.
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In producing a coated powder havi ng a multilayered coating film
the desired coated powder is obtained by dispersing the powder coated with
the gel obtained froma netal al koxide into a dehydrated al cohol,
repeating the above-descri bed procedure in which an al koxi de of the netal
wi th which surface treatnent is conducted is added wth sufficient
stirring and an al cohol/water m xture is gradually added to the
honbgeneous mi xture to -hydrol yze the al koxide, and. drying the powder after
t he base particles have been thus coated with a desired nunber of netal
oxide gel layers. In proBawigis, auchctmttediroposiied pohdeing ni cxel
nmetal powder, al um num netal powder, polystyrene beads, polynethacrylate
beads, st amiltihdgeracktigbatinigul £ikm,bddds, desdnddk tohadtedypdbetdexr is
surface denaturation in aqueous solutions of strong acids even when their
concentr at ichtained dwy glidspérsing ftbe romderat¢oatednywithl uthee gék
quality of final products, for exanple, Dby causing devitrification.
Consequent [Gptainede freom a grebailnglderidesdnhar «debydaatediadcobsder
it is undesirable to use a nmeal salt, such_as titanjumsulfate, . titanium
chloride, AeRRALARGUl thee apovasdesicribed, PFegadure il Yhich an

TO;_?. E\g a Ca(}. té:g:gdtfai Ion%o teh eme létrlf a%?.tﬁ %v gd@xomg%rr'face treatment is
conducted is added with sufficient stirring and an
alcohol/water mixture is gradually added to the
homogeneous mixture ¢to hydrolyze the alkoxide, and
drying the powder after the base particles ha‘;'e been
thus coated with a desired number of metal oxide gel
layers.

| Pov;rders, such as an iron metal powder, nickel
metal powder; aluminum metal powder, polystyrene beads,
poljmethacrylate beads, starch beads, acetyl cellulose
beads, and the 1like, suffer a surface denaturation in
agqueous solutions of strong acids even when their
concentrations are low, and this surface denaturation
may influence the quality of final products, for example,
by causing devitrification. Consequéntly, in the case
of using such a substance as cores of a powder, it is
undesirable to use a meal sa}t, such as titanium sulfate,
titanium chloride, aluminum sulfate, or.the like, as a
starting material for forming a coating film on the

surface of the powder.
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However,. even when base particles whose surface is apt to be attacked are
used as cores, formation of a chemcal-resistant coating film
beforehand on the surface of the base particles enables a corrosive
metal salt, such as titaniumsulfate, titaniumchloride, alum num
sulfate, or the like, to be used as a starting material for coating the
surface of the core substance. Thus, the range of neans for surface
coating can be w dened. One net hod usabl e for depositing a neta
oxide filmon the surface of a core substance in the present invention is
descri bed i n JP- AHowd@®eD) awerdPwhehn Obalke phrttivlessohdmee surfaaet hod
I's used for depositing a netal hydroxide filmor nmetal oxide filmon base
particl es,id haptoaio rigef althaxzkedeairer mesiedn asheconesac£omatihonhofe a
particles without the fear of denaturing the surface of the particles.:

Thi s net hathembcel -resikstadt a coating nefidam | beforehands {oRni nghan
oxi de having a fine and honpgeneous conposition. By applying this t hod
to powder sunfagec®f t thek bagr Baxddgles paakinsg ﬂe&°r%9ﬁgf'&| nekdxi de

is selected which is_an al koxide of the | correspondi ng to.the. desired
nmetal oxigRLt,sudmcChs a§inGFtQR%H?nuﬁﬁyiékﬁﬁunfl QQ%HFunF%%ﬁF% R um

tantalqm éi&ﬂfggh(guiggtgkk%r the like, to be used as a's¥%fting

material for coating the surface of the core substance.
Thus, the range of means for 'surface coating can be
widened. .
One method. usé.ble for depositing a metal oxide
- £ilm on the surface of é cbre substéncé in the present
invention is described in JP-A-6-228604 and JP-A-7-90310.
In the case where this method is used for depositing a
metal hydroxide £ilm or metal oxide f£ilm ‘on base
particles, the coating £ilm can be formed on the surface
of the base particles without the fear of denaturing the
surface of the particles. This method, which is called
a sol-gel method, is capable of forming an oxide having
a fine and homogeneous  composition. By applying this
method to powders, an even, thick, and dense film is
obtained. A metal alkoxide is selected which is an
alkoxide of the metal corres?onding to the desired metal
oxide, such as zinc, aluminum; cadmium, titanium,

zirconium, tantalum, silicon, or the like.
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Anot her -net hod for depositing a nmetal oxide film on the surface of a core
substance (base particles) in the present invention is a nmethod in which a
nmetal hydroxide filmor a netal oxide filmis deposited on the surface of
t he base particles. For exanple, this nmethod uses a netal salt, such as
titaniumsul fate, alum num sulfate, or the like, as a starting material,
and conprises imersing a core substance in an aqueous solution of the
netal salt and neutralizing the system wth an aqueous solution of a
caustic alkali, amonia, wurea, or the |like to deposit the resultant netal
hydr oxi de or net ahnothes amethedbdfZer pdeposising kan mebsahg dxiide mEidod,
care should be taken because there are cases where the surface of the base
parti cl esois thiensumfatealepdndd ngose nsuhstance (basel paxtigiesd in
heat i ng. However, since the above nethod enables a netal salt _to be
used as atBearPregentk erdnventiesat ishea smetthed ofimparwhichs, aj impkad
sinple nmethqod faor. depositing a netal hydroxide filmor netal oxide film

and is coREfZemls FaiRpaRiacnetads oRide ofidm if [HePesidad o ofhe

broducti on, 1S, oe the BED' 85:% TS M AbrS Ulad L UI%AY Sthlh ©f
uses a metal salt, such as titanium sulfate, aluminum
sulfate, or the 1like, as a starting material, and
comprises immersing a core subsﬁance' in an aqueous
solution of the metal salt and neutralizing the system
with an aqueous solution of a caustic alkali, ;ﬁmonia,
urea, or the 1like to deposit the résultant metal
hydroxide or metal oxide on the base particles. 1In
using thi§ method, care should be taken because there
are .cases where the surface of the base particles is
denatured depending on methods for neutralization and
heating.

However, since the above method enables a metal
salt to be used as a starting material to coat the
surface of particles, it is a simple method for
depositing a metal hydroxide film or metal oxide film
and is considerably inexpensive. Thus, there is a wide
selection of production means. | |

Examples of the metal salt include acid salts of

metals.
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Exanpl es of the netals usable as netal salts in the present invention
include, iron, nickel, chromum titanium zinc, alumnum cadm um
zirconium and silicon, and further include calcium nmagnesium and
barium Exanples of salts of these nmetals include salts of sulfuric acid,
nitric acid, hydrochloric acid, oxalic acid, carbonic acid, and
carboxylic acids. Chelate conplexes of the above netals are al so

i ncl uded. A suitable kind of netal salt for use in the present

i nvention is selected according to the property to be inparted to the
surface of the pomsamplest € nehes niewtabs ussabler a5 cdetialonsalts in
Besi des the above nethods, nany conventional neans can be used for formng
a coati ng thid nporesemt sinvention aipoddule . simtnas rbekedg nehremium,
deposition nethods, sputtering, vacuum deposition,

el ect r odefdsianium, anozinrgyi onalumd num, | i IRAARIRRY hodZigEARguper and
consol idating a powder on which a coatin filmhas been forned by an

above- des@dilgeeonet haBd afuaithiew tjtﬁ?%‘égﬁr e SBHCIYY ent PRANESHHH 5 e 2Nd

PR 19 50 SS1ES! e b0 e S (25 O kNS Rt 001 e 15 RUFEL

O A BB et i YT SL0Y, o PO 1Y 8028, T
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 propertf to be
imparted to the surface of the powder and the means to
be used for production.

Besides the above methods, many conventional
means can be used for forming a coating film on the
surface of a powder, such as coating methods, deposition
methods, sputtering, vacuum deposition,
electrodeposition, anodization, and the like. A method
usable for consolidating. a powder on which a coating
film has been formed by an above-described method
according to the present invention comprises applying an
adhesive to the surface of the powder, molding the
powder, and subjecting the molding to pressing and a
heat treatrﬁent.

Examples of the adhesive used for molding the

powder having a coating film into a product include
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or gani ¢ pol yner adhesi ves based on vinyl polyners, rubbers, condensation
resins, and the 1like, and inorganic polyner adhesives based on
gl asses, ceramcs, and the like. The organi ¢ pol ymer adhesives can be used
not only as solution type organic polynmer adhesives which are solutions in
wat er or organic solvents, but also as condensation type organic polymner
adhesi ves such as epoxy adhesives and phenol - formal dehyde adhesives. The
inorganic polynmer adhesives such as glass- or ceranc-based ones can
be used in the formof a powder in such a manner that the adhesive powder
is evenly ongamieitpcdymexer adbemidreg t basles presentringlknt poAymexs i he
powder mixture is nolded by a heat treatnent, e.g., HP, to obtain a
cal ci ned neubbers, condensabtionresedsinsvent atvl t Fhepasdikeiicland
serving as the cores of the nultilayer-coated powler _according to the
present i nddNTIRNAEy RRlYMeri @dhesives Hagadomnglasses ancerpaicrs
particles nmade of an., inor%ﬁﬁgc subst ance Exanpples of the, inorganic
subst ance @RtHRe: LdEenhe r@ﬁﬁ?ﬁ‘%é@%ﬂf"ﬁ"’cl eSiVETi TRt B sed
present invention jnclude netals, sugh as iron, .nickel, chrom .
Ul tan um Bl AT arfe HESLRERER i o) p5F8nid,c pokyieh . aibegives
I ron-cobal t , .ald oys. and.the. I#ée; | ron-nickel a 1$ri . lLon-
nickel-cobghl%}fléfeni rofltel:slfOA ta™ o |Q(§’esz: ;Sﬁch&%g%n'lé sgﬁ%eﬂéé’, but
- 16 - also as condensation type organic polymer adhesives such
as epoxy adhesives and phenol-formaldehyde adhesives.
The inorganic polymer adhesives such as glass- or
ceramic-based ones can be used in the form of a powder
in such a manner that the adhesive powder is evenly
mixed with a powder according to the present invention
and the powder mixture is molded by a heat treatment,
e.g., HIP, to obtain a calcined material.

In the present invention, the base particles
serving as the cores of the multilayer-coated powder
according to the present invention may be particles made
of an organic substance besides particles made of an
inorganic substance. Examples of the inorganic
substance constituting the inorganic base particles
according to the present invention include metals, such
as iron, nickel, chromium, titanium, aluminum, and the
like; metal alloys, such as iron-nickel, iron-cobalt

alloys, and the like; iron-nickel alloy nitrides ; iron-

nickel~cobalt alloy nitrides; metal oxides, such as
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oxi des of iron, nickel, chromum titanium alumnum silicon, calcium
magnesi um barium and the |ike, and conposite oxides of these netals;

cl ays; and gl asses. An especially preferably used as the substance
constituting the base particles is a magnetic netal, such as iron, nickel,
or the like, or a magnetic netal alloy, such as an iron-nickel alloy, an
iron-cobalt alloy, or the like, or is a magnetic netal oxide, such as

i ron oxide, chrom um oxide, or the like. When subst ances havi ng
various electrical properties, such as bariumferrite, M-Zn ferrite,

Ni -Zn feroxtidesCuofn figiomi t enilked) | cshrSeadust , tRdareiuiog, aldpénum,
magneti ¢ Sm Co-Fe alloys and nitrides thereof, nagnetic Nd-B alloys, and
the |ike, sfidigeay, acadigd@umsubagnesium,t eariveherand thesddkenavamgl
properties attributable to these substances are_obtained therefrom

When gl assesmposderanpridese afcthaset matalkspscdays  tad g4RES88 . masses
whi ch effectively take advantage of powders of these are obtained.

In the present inRtieFPerhaldatcPrakeralRly Juesdyiag tHhenisubstepcn

can be ones nmde ,of, an organi,c substance. . Exanpl es of the organic
subst ance °88Frg:l’1tt‘iﬁ*’?|§ t{'}georlbﬁﬁfac parkigles clrr’re)i fccmgfg petal,

present invention ._include .natural and, .syntheti ¢ ol r. C
conpounds. %€ Exaa?mfl'gs?n’ofnlf:ﬁ?i’syﬁfhe‘il}ec 1ike, '6t' @ B2ghEEic metal 17

: alloy, such as an iron-nickel alloy, an iron-cobalt
alloy, or the like, or is a magnetic metal oxide, such_
as iron oxide, chromium oxide, or the like.

When substances having various el;cﬁrical
properties, such as barium ferrite, Mn-Zn ferrite, Ni-Zn
ferrite, Cu-Zn- ferrite, Permalloy, Sendust, Permendur,
Alperm, magnetic Sm-Co-Fe alloys and nitrides thereof,
magnetic Nd-B alloys, and the like, are used as that
substance, then coherent masses having ©properties
attributable to these substances are obtained therefrom.

When glasses or ceramics are used as that
substance, then coherent masses which effectively take
advantage of powders of thesg are obtained.

In the present invention, the base particles
according to this invention can be ones made of an
organic substance. Examples of the organic substance
constituting the organic base particles according to the
present invention include natural and synthetic

polymeric compounds . Examples of the synthetic
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pol ymeri.c conpounds i ncl ude polystyrene, polyethylene, polypropylene,

pol yacryl ates, polynethacrylates, and copolyners of any of the nononers
constituting these polynmers with other nmononer(s). Exanples of the
natural pol yneric conmpounds include starch, agarose, cellulose, and

gel atin. Al so usable besi des these are sem synthetic polyneric
conpounds, such as acetyl cellulose, hydroxyethyl cellulose, and
the like. Although the base particles made of such organic

pol ymeri c ‘conpounds nay be particles of irregular shapes, they are
pref er abl posIhrereal @ompotiris f dnmaludy tphelystynerse pn polyethylsnen
nmet hod or seed pol ynerization nethod or fornmed by the sol ution dispersion

net hod or pdlgpropglene, pdyacyybates, abpedxhethapsylatesds and
according to the present invention, a netal hydroxide film netal . oxide

film fercapatymersii bf) adyesefe them menemers crpsbitadring t HhQRef ace
of base particles in given thicknesses, whereby given properties are

i npart ed pelymergamiith cethes monomer (Fdvi nExamphere afiybhecgatyrplsi i m
or a conposite coating filmis obtajned. . Thi powder is nmolded.Jnto a -
cohefent RSHMEThe IRAMEPAYndfe 1RGHHEE BFRFthes RE2ELEF ot ﬁ?ﬂ' MWe3hs of
e GOm0 L ARALESLL P eocry Lher oo Lo naNeldy PERBUS are

- 18- semisynthetic polymeric compounds, such as acetyl
cellulose, hydroxyethyl cellulose, and the 1like.
Although the base particles made of such organic
polymeric compounds may be particles of irregular shapes,
they are preferably spherical particles formed by the
suspension polyxﬁer:i.zati'on method or seed polymerization
method or -formed by the solution dispersion method or
the 1ike.

By any of the above-described methods according
to the present invention, a metal hydroxide film, metal
oxide film, ferroelectric film, adhesive film, etc. are
deposited on the surface of base particles in given
thicknesses, whereby given properties are imparted to
tl;ze particles and a powder having a _single—layer coat;'Lng
film or a composite coating film is obtained. This
powder is molded into a coh?rent molding by bonding the
powder particles to each other by means of the coating

film itself present thereon. Alternatively, the powder

particles having a single-layer coating film or having a
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conposite coating filmare arranged at the sane distance in a given
direction and subjected to any of the operations described below wusing
any of the aforenentioned adhesives, such as resins and the |ike,
while nmaintaining that state to give a consolidated nolding. It is also
possible to nold the powder as a calcined material through a heat
treatnent under pressure, such as H P or the |ike. Thus, a new effect
can be inparted to the powder having a coating film In particular,
the present invention produces excellent effects because the consolidated
nol di ng carconposbtpossmitingwfidm rre avmpmged satnthie camneéedistiznaeg
filmhas characteristic properties and is regulated so as to have a
constant | dvel af giwent ydimeictbevausad heswhjdetashr tte| eanyaviofy tthe
coating filmcan be arranged at the same distance in a given direction
and uni t edoRexRrbiesssol i daeeFihadii ngbeliowe napsdschi ng@n¥hat @fat e.the

Specific enbodlnents of tEe present invention wll be enunerated _belowto
further exmEQrPpRapti esivies, APcRa RS FENiRS cand grhaudd ]ﬁlw ng

a hi gh adde val ue |s,ohtained egu ng the thlckness of a g
PRI iRt ! PEEakR 8 %eSnsd1idated

filmand affd

- 19 - molding. It is also possible to mold the powder as a

calcined material through a heat treatment under
pressure, such as HIP or the like. Thus, a new effect
can be imparted to the powder having a coating film;

| In particular, the present invention éfoduces
excellent effects because the consolidated molding can
be composed of two or more components in which the
coating film has characteristic properties and is
regulated so as to have a constant level of quality, and
because the powder particles having the coating film can
be arranged at the same distance in a given direction
and united into a consolidated molding while maintaining
that étate.

Specific embodiments of the present invention
will be enumerated below to further explain the
invention. |
(1) An example in which a product having a high added
value is obtained by regulating the thickness of a
coating film and arranging the particles at the same

distance.
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M-Zn ferrite having a particle dianeter of 0.3 [err]mis used as base
particles serving as cores. A silica layer having a thickness of 0.01
[err]mis fornmed as a coating filmon the surface of the base particles.
The WMh-Zn ferrite powder having this silica coating film serving as an
insulating filmis packed, for exanple, into a nold to orient the
particles in a given direction. The powder in the nold is consolidated
with an epoxy adhesive while maintaining that state, whereby a
magneti ¢ head for recording/reproduci ng can.be produced which has an

extremely | ow eddyrifn eFer®¥bte ahdvily & goaettiicde didjmetex of 0.3
ferroelectric film having an exactly even thickness is interposed

bet ween bagse perubeldeasfbasec puitticleandarving g feorest aAceidubcar to
form conposite particles according to the present invention. The

conposi t e lpayex cllesviang nal deHickhesms@f d QL witm Joh formedtiag 2
coating material while keeping the outernost conductive coating filns
of the indicdatimg fidmiohethe surface | 9felthe rbage pavhicdess stEHre so
that the particles can have the sanme potential. Thus, a high-capaci}

capaci t or MrBtZr o fR¥rate cRewsel (kg this shiicy £Q “'&& %‘ai‘&

e, © or SERRECI - SUCATISIRHRTS T4 DR, T7 PRENShe, A ewang1 |1°
- 20- into a mold to orient the particles in a given direction.
The powder in the mold is consolidated with an epoxy
adhesive while maintaining that state, whg;eb_y a
magnetic head for recording/reproducing can be produced
which has an extremely low eddy-current loss at high
frequencies. | -

(2) A -ferroelectric film having an exactly even
thickness- is interposed between base particles of a
conductor. and a coating film of a conductor to form
composite particles according to the present invention.
‘The composite particles are molded and consolidated with
an insulating coating material while keeping the
‘outermost conductive coating films of the individual
particles in a rﬁutually electrically- connected state so
that the particles can have the same potential. Thus, a
high-capacity capaéitor (BL S:apacitor) can be produced.
(3) The surface of base particles made of a

semiconductor, such as cadmium sulfide (CdS) or the like,

or a conductor, such as gold, silver, or the like, is
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coated with borosilicate glass to forma coating film This coated powder

I s consolidated by cal cining, whereby a glass having optical anisotropy
can be produced. (4) Even when a film nmade of an organic polyner is
deposited as a coating filmon particles, a consolidated nolding product
havi ng a hi gh added val ue can be produced wth the techniques according to
the present invention. BEST MODES FOR CARRYI NG QUT THE | NVENTI ON

Met hods for produci ng high-capacity capacitors by the
consol i dat'i on/ nol di ng of t he above-descri bed particulate capacitors
and ot her gou#dd baidas chbkedidsi cdkanptlessso tichaforie r esattingyv fitlilon can

be nore clearly understood. However, the present invention should not
be constr mixisscbated lpowderd hg tdunsédidatied) bRaspleining pxehexeby (BL
Capaci tor) Into a solution prepared beforehand by mxing 2,000 g

of ethanok Wlas80hgving optichdxiaduisetropy san e pyoedypcsdpari um
titanate particles having an average particle dianeter of 5 pm

A R .
Ther eaf t er(4)400 gEyen ew |aafdlgn gagie gefoRB e PRRARICHAN FPRFarky)

bef orehand were added dropw se _to the dispersion, over 1 .
- 21 - deposited as aFanting film o part1c¥es, a consolidated

molding product having a high added value can be

produced wifh the techniques according to the present

invention.

BEST MODES FOR CARRYING OUT THE INVENTION

Methods for producing high-capacity capacitors by
the consolidation/molding of the above-described
particulate capacitors and others will be described as
Examples so that the present invention can be more
clearly understood. However, the present invention
should not be construed as being limited by the

following Examples.

EXAMPLE 1 (BL Capacitor)

| Into a solution prepared befoz_'ehand by mixing
2,000 g of ethanol with 80 g of zinc ethoxide were
dispersed 100 g of barium ?}tanate particles having an
average particle diameter of 5 um. Thereafter, 400 g of
ethanol and 80 g of deionized water both prepared

beforehand were added dropwise to the dispersion over 1
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hour .t o deposit zinc oxide and thereby forma zinc oxide coating film
The zinc oxide filmobtained had a thickness of 0.2 [err]m The barium
titanate powder having the zinc oxide coating filmfornmed thereon was

separated fromthe liquid and dried. This powder was cal cined in
air at 1,200[err]C for 3 hours by the HP nethod to obtain a cal ci ned

mat eri al . The capacitance of this calcined material was neasured.
As a result, the E[err] was found to be 11, 000. COVMPARATI VE EXAMPLE 1
(BL Capacitor) A hundred grans of the sanme bariumtitanate
particles asuhose depdsit thinExoewilde (ANAr ALY | €bem E aFEhEr oxide
[err]mM were calcined, without any pretreatnent, in air at 1,200[err]C for

3 hours bycoblatitid® nEibmd t 0 Thet agire cadxided fufler i adbtained h&Ek a
capacitance of this calcined material was neasured. As a result, the
E[err] wasthdgkhesspefl @0d. um. TheRbaniwm pdtanatei ppwder bbaving
hei ght ened, when bariumtitanate particles are calcined while isolatin

t he parti ctheh@ir@r pEdde wrahitngn&ida formeshtherean oaaajesqepawartaﬁ? ng
hi gh el ectrical resistance forped  _beforehand on the particles as in

Exanpl e 1, fxemdrhe adiduid @plafrirde Exanpl e 1.

22 - This powder was calcined in air at 1,200°C for 3

hours by the HIP method to obtain a calcined material.
The capacitance of this calcined material was

measured. As a result, the E,;,, was found to be 11,000.

COMPARATIVE EXAMPLE 1 (BL Capacitor)

A hu_ndred. grams of the same barium titanate
particles és those used in the Example (average particle
diameter, 5 um). were calcined, 'without any pretreatment,
in air at 1,200°C for 3 hours by the HIP method to
obtain a calcined material.

The capacitance of this calcined material was
measured. As a result, the E,;, was found to be 1,800.

Relative permittivity can be heightened, when
barium titanate particles are calcined while isolating
the particle boundaries from one another by means of an
oxide film having high el-ectrical resistance formed
beforehand on the.particles as in Example 1, in contrast

to Comparative Example 1.
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EXAMPLE 2. (High-permttivity Capacitor) First layer, bariumtitanate

| ayer: To a sol ution prepared beforehand by m xing 2,000 g of

et hanol with 86 g of bariumisopropoxide and 70 g of titanium ethoxide
were added 100 g of particulate silver netal particles having an average
particle diameter of. 5 [err]m Wile this solution was held at 55[err]C,
a solution prepared by m xing 140 g of deionized water wth 400 g of -

et hanol was added dropw se thereto over 1 hour. After the addition, the

resultant mxture was reacted for 6 hours. . After the reaction, the
particl es BXAMBBEt @ (High-petrmiden vty aCapeaicterpt 650[err]C for 3
hours to obtain bariumtitanate-coated silver powder B[err]. Second

| ayer, sil \Bkrstydayer, bariumt ditpodtel lefrexr il ver sol ution prepared
bef orehand was di spersed 100 g of the bariumtitanate- coated silver
powder B[err] obtaTeed® apetutiomipreparass befrrehand Py inikring 2,000 n
of a reducing solution _prepared beforehand. Silver netal was depgsited
through r&Huefi @Fhamol maikh ¢ B6otk PF Haxiim dsonrropaxigm and 70 g

Lot e con o ALEaPoNEL e weses plBl LV 51 UK BabiglgP0e
- 23 silver metal particles having an average particle
diameter of 5 pym. While this solution was held at 55°C,
" a solution prepared by mixing 140 '_g of deionized water
with 400 g of ethanol was added dropwise thereto over 1
hour. After the addition, the resultant mixi;ﬁre was
reacted for 6 hours.

After the reaction, the particles were heated in

a nitrogen gas atmosphere at 650°C for 3 hours to obtain

barium titanate-coated silver powder B,.

Second layer, silver layer:

Into 1,200 ml of é. silver solution prepared
beforehand was dispersed 100 g of the barium titanate-
coated silver powder B; obtained above. Thereto was
added, with stirring, 1,200 ml of a reducing solution
prepared beforehand. Silver metal was deposited through .
reduction for 1 hour to o?tain silver-coated, barium
titanate-coated silver powder B,.

The silver solution used above was a liquid

obtained by dissolving 3.5 g of silver nitrate in 60 g
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of dei oni zed water, adding 4 g of ammonia water (29% to the solution,
addi ng thereto an aqueous solution prepared by dissolving sodi um hydroxi de
in 60 g of water, subsequently adding 5 g of amonia water (29% again,
and then sufficiently stirring the resultant m xture. The reduci ng
solution was a solution obtained by dissolving glucose and tartaric acid
in 1 liter of water, boiling the resultant solution, cooling the sane, and
t hen adding 79.3 g of ethanol. Third layer, bariumtitanate |ayer:

To a solution prepared beforehand by m xing 2,000 g of ethanol wth 86 g
of bari unPfssifipizead watew, gadding t4ng uofe Armoniba wra tadre(298) doof
the silver- coatid,_bariunltitanate-coated silver powder B2 obtained

above. WFhe tnFeludiqnon fsdling fsheyrter| @na asuedus pseputdorhy

m xi ng 140 g of d ihgni ed wq{e,r wi th 400 q_t of ethanol was added dropw se
thereto MEFPRARTIOY ARFECHHNGRPHLYM hydrezide an 6Pxguct watesact ed
for 6 houg, After.the reactiop, the particles were heated in a

ni t rogen %éls’sg%esxbwé{e d’6%3[ r c ?Pbr a&mﬁﬁﬁf‘? t¥2b8Fai (29%d, | agpin,

E i tzinf"t e-£Rat %%eéiédffiggggﬁﬁf | QEELrR%V&je{hE [ L5k tant mixture.
The reducing solution was a solution obtained by
dissolving glucose and tartaric acid in 1 liter of water,

boiling the resultant solution, cooling the same, and

then adding 79.3 g of ethanol.

Third -layer, barium titanate layer:

To a solution prepared beforehand by mixing 2,000
g of ethaﬂol with 86 g of barium isopropoxide and 70 g
of titanium ethoxide was added 100 g of the silver-
coated, barium titanate-coated silver powder B, obtained
above. While this solution was held at 55°C, a solution
prepared by mixing 140 g of deionized water with 400 g
of ethanol was added dropwise thereto over 1 hour.
After the addition, the resultant mixture was reacted.
for 6 hours.

After the reaction, the particles were heated in
a nitrogen gas atmosphere at 650°C for 3 hours to obtain

barium titanate-;:oated, silver-coated silver powder B,.
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Fourth | ayer, silver |ayer: Into 1,200 M of a silver solution
prepared beforehand was di spersed 100 g of the silver-coated, barium
titanate-coated silver powder B3 obtained above. Thereto was added, with
stirring, 1,200 mM of a reducing solution prepared beforehand.

Silver netal was deposited through reduction for 1 hour to obtain
si.lver- coated, bariumtitanate-coated silver powder B[err]. Fifth

| ayer, bariumtitanate |ayer: To a sol ution prepared beforehand by
m xing 2,000 g of ethanol with 86 g of bariumisopropoxide and 70 g of
titani um eFlomdtle hageaddedil¥Orglefyetdre silver- coated, barium
titanate-coated silver powder B4 obtained above. Wile this solution was
held at 55[err]C, #ndg utli 200prwpar of by nisdkversiosglertikm orpreparads
with 400 g of ethanol was added dropwi se thereto over 1 hour. After the
addi ti on, PefoxehardniwasxidiePrrsatadi®d g orfh M@ ssilver-coated, the
reaction, the particles were heated in_. a nitrogen gas at nosphere at

650[ er r] C Parigumobidana it aPratesh sikven RareetoReccbiaingd cakoe -
silver pomggggﬂégr;és added, with stirring, 1,200 ml_8¥5£ reducing

solution prepared beforehand. Silver metal was
deposited through reduction for 1 hour to obtain silver-

coated, barium titanate-coated silver powder B,. .

Fifth layer, barium titanate layer:

To a solution prepared beforehand by mixing 2,000
g of ethanol with 86 g of barium isopropoxide and 70 g
of titanium ethoxide was added 100 g of the silver-
coated, barium titanate-coated silver powder B, obtained
above. While this solution was held at 55°C, a solution
prepared by mixing 140 g of deionized water with 400 g
of ethanol was added dropwise thereto over 1 hour.
After the addition, the resultant mixture was reacted
for 6 hours.

After the reaction, the particles were heated in
a'nitrogen gas atmosphere at 650°C for 3 hours to obtain

barium titanate-coated, silver-coated silver powder B;.
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Property.Test: The powders in sone of the various stages of

coating filmformation were exam ned for properties to determ ne property
di ff erences anong t hese. Each of the bariumtitanate-coated silver
powder B[err], the silver-coated, bariumtitanate-coated silver powder
Bl[err], and the silver-coated, bariumtitanate-coated silver powder B[err]
was calcined in air at 1,200[err]C for 3 hours by the H P nethod to obtain
calcined material s. The capacitances E[err] of the calcined
materials "~obtained are shown in Table 1. . As Table 1 shows, when
silver, wpebperty Tastiuctor, was used as base particles and barium
titanate was used as a dielectric, then the capacitance increased as the
nunber of silver fFfhes powdezsedin some of the wvarious stages lof
Rel ati onshi p between the nunber of filnms and relative permttivity

in cal ci nezbabing aftlwf formationedwesedexaningdhdfer preperties to

constitution of coating film Capacitance E[err] Bl err] Silver
powder wi tdebREMEREe property diffiengpces among theseynate film

Blerr] Silver powder with two barium, titanate fil mand one sil ver
film 5, 600 Each® of the| pariymati tAnaterres i%ﬁ"ex pPawdey)

I_B[ ggr]_ | tlgla'nat&él | gg.l%r]e%jé’\gaélea\fer bfalz.l-:ﬂfm titanate-coated silver

powder B;, and the silver-coated, barium titanate-coated
.silver powder B, was calcined in air at 1,200°C for 3
hours by the HIP method to obtain calcined materials.

The capacitances E,,, of the calcined ma.'terials.
obtained are shown in Table 1.

As Table 1 shows, when silver, which is a
conductor,- was used as base particles and barium
titanate was used as a dielectric, then the capacitance

increased as the number of silver films increased.

Table 1

Relationship between the number of films and relative permittivity
in calcined materials of film-coated powders

Rind of

. . . s . E
coating film Layer constitution of coating film Capacitance Ejq,

Silver powder with one barium

B, titanate film 1.100

B Silver powder with two barium 5 600
3 titanate films and one silver film ’

B, Silver powder with three barium 17,100

titanate films and two silver films
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EXAMPLE 3 (Hi gh-toughness Material) I nto i sopropanol were dispersed
100 g of titanium netal base particles (average particle dianeter, 3
[err]m).. Thereto was added 50 g of al um num i sopropoxide, followed by a
solution prepared by m xing 20 g of anmmonia water with 30 g of water. The
resultant m xture was reacted for 5 hours. After the reaction, the
particles were washed wth a sufficient anmount of ethanol. After
solid/liquid separation, the particles recovered were dried with a vacuum
dryer at 90[err]C for 8 hours to obtain alum na-coated titani um powder 3A.
The al um nEXaM®I®R] 3| (Ehghytowginess Materiadl)was coated again using a
sol ution having the sanme conposition, and then dried. The dried powder
was heated w th aIntpadsapibopancdysrere dispersgsd 360 gatofbsphtaniam
650[err]C for 2 hours to obtain alum na-coated titanium powder 3B. The
powder obtmekad reasenpaxtiglespiaverage aarticde Hiameter, 3 pm) nto
| sopropanol were dispersed 100 g of zirconia base particles (average '
particle dTapERsic 3wWasr]|afdedTh&dt oc9waLhddedupdnumi dseryepexide,

| S0DroPOK! ey A OURY DY 2, SgLucen Bl pared by, X\ 20,0 g Ao o

Arer the mh8ald Watek it 3550° 2" WE 83 " hnd (Yo dul Yot ke AT
was reacted for 5 hours. After the reaction, the
particles were washed with a sufficient amount of
ethanoi. After solid/liquid separation, the particles
recovered were dried with a vacuum dryer at 90°C for 8
hours to obtain alumina-coated titanium powder 3A.

The alumina-coated titanium powder 3A obtained
was coated again using a solution having the same
composition, and then dried. The dried powder was
heated with a rotary tubular oven in a nitrogen gas
atmosphere at 650°C for 2 hours to obtain alumina-coated
titanium powder 3B. The powder obtained had an average
particle diameter of 5 um.

Into isopropanol were dispersed 100 g of zirconia
base particles (average particle diameter, 3 pum).
Thereto was added 55 g of aluminum isopropoxide,
followed by a solution pr?pared by mixing 20 g of
ammonia water with 35 g of water. The resultant mixture

was reacted for 5 hours. After the reaction, the

particles were washed with a sufficient amount of
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ethanol .+ After solid/liquid separation, the particles recovered were
dried with a vacuumdryer at 90[err]C for 8 hours to obtain alum na-coated
zirconi a base particles 3C The al um na-coated zirconia powder 3C
obtained was coated again using a solution having the same conposition,
and then dried. The dried powder was heated with a rotary tubul ar oven
In a nitrogen gas atnosphere at 650[err]C for 2 hours to obtain

al um na-coated zirconia powder 3D. The powder obtained had an average
particle dianmeter of 5 [err]m : Three powders consisting of the
powders 3Bethand]l . obzfter sOlidAbiqeliddi sapgration,(atReagrarpielied e
dianeter, 5 [err]nm) were mxed with each other and honogenized by neans
of a W shepovergdnwere diffied hwirthereovacpumicdryes catcid‘e «foxr 8
1,350[err]C for 8 hours by the H P method to obtain a calcined material.
The cal ci heunsat tei #bbaini ratuninas doakedr #iveghhassbase papticles
(M\N[err]nmferr]). COVPARATI VE EXAMPLE 2 The al um na base
particles 4Sed in Exanple 3 (average particle dianeter, 5 [err]m were
calcined at 1,350[err]C for 8 hours hy the H P nethod, The cal ci ned
materi al obtai ned FBS f*%’&?%’ﬁ@ﬂne%&r%%% powder 3C obtained

- 28 - was coated again using a solution having the same
composition, and then dried. The dried powder was
heated with a rotary tubular oven in a nitrogen gas
atmosphere at 650°C for 2 hours to obtain alumina-coated
zirconia powder 3D. The powder obtained had an average
particle diameter of 5 um.

Three powders consisting of_ the powders 3B and 3D
obtained and an alumina powder (average particle
diameter, 5 um) were mixed with each other and
homogenized by means of a V-shaped blender. The
homogeneous powder was calcined at 1,350°C for 8 hours
by the HIP method to obtain a calcined material. The
calcined material obtained had a fracture toughness of

9.9 (MNem™3/2),

COMPARATIVE EXAMPLE 2

The alumina base pa_rticles used in Example 3
(average particle diameter, 5 um) were calcined at
1,350°C for 8 hours by the HIP method. The calcined

material obtained had a fracture toughness of 4.4
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(MJ.err]nferr]), which was below a half of the fracture toughness in the
case of the calcining of the m xed powder described above. As
denonstrat ed above, an increased fracture toughness can be obtai ned by
formng a calcined material conprising evenly disposed nmultiple
conponents. | NDUSTRI AL APPLI CABI LI TY According to the present

I nvention, a functional coating |ayer(s) each having a given thickness is
deposited on the surface of base particles to inpart given properties to
the particles and obtain a powder having a single-layer coating filmor
conposi te (@A) fi | whidhen wéss bedder is nhhded kyf muthal | Fhesdare

t he powder particles by neans of the filns present anong the particles, or
when the poonighnears | dires thayi ease sifhgithd agalaiaaingg 6£1 nthe aiges te
coating filmare arranged at the sane distance in a given direction and
consol i datpewded deistexibed ebwmient ai ning that state, then products having
a given function as a high added value can be stably produced. I n
particular, in the case where base particles mnade of a magnetic materi al

are used, not only nmagnetic heads, cores, and |like are obtained but also
hi gh- As “demonstratedjgabove, an increased fracture

toughness can be obtained by forming a calcined material

comprising evenly disposed multiple components.

INDUSTRIAL APPLICABILITY

According to the present invention, a functional
coating layer(s) each having a given thickness is
deposited on the surface of base particles to impart
given properties to the particles and obtain a powder
having a single-layer coating film or composite coating
£ilm. When this powder is molded by mutually bonding
the powder particlés by means of the films present among
the 'particles, or when the powder particles having a
single-layer coating film or composite coating f£ilm are
arranged at the same distance in a given direction and
consolidated and molded while maintaining that state,
then products hairing a given function as a high added
value can be stably produced;

In particular, in the case where base particles
made of a magnetic material are used, not only magnetic

heads, cores, and like are obtained but also high-
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capacity, capacitors having excellent properties are obtained. In the case
of using base particles made of a glass, polarizing filters giving

pol arized light at specific angles and the |ike can be obtained by using a
material having a specific refractive index to forma coating film having
a specific thickness.

- 30 -

”capacity capacitors having excellent properties are
obtained. In the case of using base particles made of a
glass, polarizing filters giving polarized 1light at
specific angles and the like can be obtained by using a

material having a speéific refractive index to form a

coating film having a specific thickness.
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CLAI'MBS - 1. A consolidated material of coated powders each
conprising a base particle having thereon a coating filmhaving a uniform
thickness of 0.01 to 20 [err]m wherein the coated powders are nutually

adhered at the__coating-filmer—by an adhesi ve. 2. The

consol i dated material of coat ed powders according to claim1, wherein in

t he coated povvd m I ng a base particle each having thereon a

coating fllmh hi ckness of 0.01 to 20 [err]m the base

particle conpri ses g ass a rret al, or a metal oxide, and the coating

“filmis a metal filmor a metal OX|deLhi11M8 3. A coherent

coat ed- powder of coated powders each conprising a base particle having

t hereon plural coating filns having a uniformthickness of 0.01 to 5

[err]m per filmin which at |east any adjacent coating filns are

di fferent in kind,1wheRei aonseldisiatedpomaderiak ofit ugbhterdhgewderst he

outernost coating filmor by an adhesi ve.

31 - each comprising a base particle having thereon a coating
film having a uniform thickness of 0.01 to 20 um,
wherein the coated powders are mutually adhered at the

coating film or by an adhesive.

2. The consolidated material of coated powders
according to claim 1, wherein in the coated powde‘rs each
comprising a base particle each having thereon a coating
film having a uniform thickness of 0.01 to 20 um, the
base particle comprises a glass, a metal, or a metal
oxide, and the coating film is a metal film or a metal

oxide f£ilm.

3. A coherent coated-powder of coated powders
each comprising a base particle having thereon plural
coating films having a uniform thickness of 0.01 to 5 um
per film in which at least any adjacent coating films
are different in kind, wherein the coated powders are
mutually adhered at the outermost coating film br by an

adhesive.
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4. .The consolidated material of coated powders according to claim 3,
wherein in the coated powders e conprising a base particle having

t her eon pl ural Mm/ns’—ﬁg\ﬁg a uniformthickness of 0.01 to 5
[errfmper filmi ' “‘amm\ any adj acent coating filns are
different in Kki nd,\ m m““ e particle conprises a glass, a netal,
or a netal oxide, cthe cwating films are each a netal filmor a netal
oxide film 5. The consolidated material of coated powders
according to any one of clainms 1 to 4, wherei.n the base particle conprises
a magnetic materi dl.. The consdélidalted omateirdadlkdaofht evatied§ poradexis
powders according to claim5, wherein at | east one of the coating filns
conpri ses acabmdingr te rekaimaB, wherein in the goetest péwderns ezhAchng
a consolidated material of coated powders whi ch are mutually
consol i dacemprbepngsandaskcpartigieachayingrthesepn ipradi ceatinge
particle having thereon a coating film_  having a uni fgé t hi ckness of 0.01

to 20 [er EiAmS DPOMING A BRIEAFR | EhiFknesse b 0 ki Ry e RRF

P ! grzal_ C%%.tlInP gifnI Ivr‘rﬁiggwgg ieu;s!éorarp& hg%lﬁr;ecsesngf c%aoéigg Sfifélrs] rgt:r:e

different in kind, wherein the base particle comprises a
glass, a metal, or a metal oxide, and the coating films

are each a metal fi_lm or a metal oxide film.

5. The consolidated material of coated powders
according to any one of claims 1 to 4, wherein the base

particle comprises a magnetic material.

6. The consolidated material of coated powders
accordirig to claim 5, wherein at least one of the

coating films comprises a dielectric material.

7. A process for producing a | consolidated
material of coated powders which are mutually
consolidated, comprising adhering either powders each
comprising a base particle having thereon a coating film
having a uniform thickness ?f 0.01 to 20 um or powders
each comprising a base particle having thereon plural

coating films having a uniform thickness of 0.01 to 5 pm
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per- filmin which at |east any adjacent coating filns are different in
kind, at the coating film 8. A process for producing a
consol idated naterd oat e powder s whi ch are mut ual |'y

consol i dated, conprisin ' ifgher powders each conprising a base
particle having therg ﬁ S“l@mm“ havi ng a uni formthi-ckness of 0.01
to 20 [err] mor powd nprising a base particle having thereon
plural coating filnms having a uniformthickness of 0.01 to 5 [err]m per
filmin which at | east any adjacent. coating filns are different in kind,
by an adhpervefilm in which at least any adjacent coating £ilms33 -

are different in kind, at the coating £ilm.

8. A process for producing a consolidated
material of coated powdérs ~ which are .mutually
consolidated, comprising adhering either powders each
comprising a base particle having thereon a coating £ilm
having a uniform thickness of 0.01 to 20 um or powders
each comprising a base particle having thereon plural
coating films having a uniform thickness of 0.01.£o 5 um
per film in which at least any adjacent coating films

are different in kind, by an adhesive.
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