DESCRI PTI ON RHEOLOG CAL FLUI D TECHNI CAL FI ELD The present

I nvention rel ates to an el ectrorheol ogical fluid (ERF), a .
magnet or heol ogical fluid (MRF), and an el ect romagnet or heol ogi cal fluid
( EVRF) . More particularly, the present invention relates to a

rheol ogical fluid which contains particles capable of being quickly and
reversibly actuated by the application of an electric field or a nagnetic
field thereto, and which, by neans of an applied electric field or
magnetic field, can be quickly angyg&¥eipirkloyy changed in flowability,
viscosity, and the like, and changed into even a gel state show ng no
flowability. Wen the powder dispersed in the fluid has optical
properties, the rheological fluid is expected to be used in various

appl i cat IRHBOLOBIQAL |FEUND a nultil ayer- coated powder of a bright color

the rheological fluid can be used as a color ink especially for ink-jet

printers, a liquid color toner, or a color display nedium
TECHNICAIL FIELD

The present invention relates to an

electrorheological fluid (ERF), a magnetorheological
fluid (MRF), and an electromagnetorheological £luid
(EMRF) . More particularly, the present invention
relates to a rheological fluid which contains particles
capable of being quickly and reversibly actuated by the
application of an electric field or a magnetic field
thereto, and which, by means of an applied electric
field or magnetic field, can be quickly and reversibly
changed in flowability, viscosity, and the 1like, and
changed into even a gel state showing no flowability.
When the powder dispersed in the fluid has optical
properties, the rheological fluid is expected to be used
in various applications. By utilizing a multilayer-
coated powder of a bright color, the rheological fluid
can be used as a color ink especially for ink-jet
printers, a 1liquid color toner, or a color display

medium.



BACKGROUND ART A rheological fluid is a functional fluid which
usually is in aliquid state and fl owabl e but which, wupon application of
an electric field or magnetic field or both, undergoes a narked increase
in viscosity and changes into even a gel state showing no flowability.
Proposed so far as el ectrorheol ogical fluids are a certain kind of polyner
sol ution and suspensions of various particles. However, the forner fluid
does not sufficiently performfunctions of an electrorheological fluid
because HMREROGURD! ARMNCrease thereof with increasing applied voltage is
small. Investigations have hence been nmade mainly on the latter fluids of

the particle di aperltédbobikal Fhuid sibecusancifionalt FELupdr tWiei€h

di spersion type show a relatively satisfactory viscosity increase with

i ncreasi mpwghlyed s/olimaga liMuidowsehftect anas £hppabelde Wikt t dhipsh yner
solution type. Incidentally, the particulate materials which have
been knowpas ppplicladsidon bE dirspeleetriv ofdelld owmdmagrebiepdfiiceld

el ectrorheol ogi cal fluids include various substances such as silica,

i on- excha@wyebpébinsundpagaes & tmAzked inghease ighewdlsiaosit¥siand

and crystalline zeolites. Among_such partjculate materials, _inorganic
subst anc&R3nERS a1Rtgh PN 2 f ged, shate showing no flowability.” _o.

ol ymer particles have satisfactory dispersibilit
POty P Proposed so far gs e ectrorheg&ogical fluids are

a certain kind of polymer solution and suspensions of
various particles. However, the former fluid does not
sufficiently perform functions of an electrorheological
fluid because the viscosity increase thereof with
increasing applied voltage is small. Investigations
have hence been made mainly on the latter fluids of the
particle dispersion type. This is because ERFs of the
particles dispersion type show a relatively satisfactory
viscosity increase with increasing applied voltage
(Winslow effect) as compared with the polymer solution
type. |

Incidentally, the particulate materials which
have been known as particles to be dispersed into oily
media to prepare electrorheological fluids include
various substances such as silica, ion-exchange resins,
barium titanate, hydrous phenolic resins, and
crystalline zeolites. Among such particulate materials,

inorganic substances have a high ERF effect, while



Because of this, it has been proposed to deposit fine particles of an

I norgani ¢ substance on the surface of polyner particles to form an

i norgani c/ organi c conposite two-layer structure to thereby give a powder
for use in an electrorheological fluid (Gekkan Tribology, p. 24 (Aug.
1994)). Anong fluids which actuate in response to a nmagnetic field
are magnetic fluids. Utrafine particles of a magnetic material which have
particle dianeters of 0.006 to 0.015 [err]mare used in magnetic fluids so

as to ksspymidie Ph3RSISEds PHALE! eSsatisfactdy 0l Al spatkali®iltieyever,
t he concentration of magnetic-material particles in a magnetic fluid

I s aboutpde¥ude t BE NBRis, beffUImd e gg&gégéaacgantdéﬁoégweﬁiﬁa the
surface of the ultrafine particles. In addition, since these

magnet i cpartaldlals paf | ahesinbegamid, shillsstaheesi by ofthenefiiefaee of
properties (magnetization) thereof is as lowas from70 to 80% of that of

| ar ge papodlghmes Fantéqglent |yo folren anchndrgahi o opgyanitesomposised to
prepare a rheological fluid, the actuating force exerted by this fluidis
so weak twWatlaysssi stdusiturei ey ftherveby piveos gpawdesr Borexsmedingl y

intense magnetic field is necessary. ]
On the ocaRerehesdrarkerlegicmt ortbuid: h (fekkan Tribology, p. 24

(Aug. 1994)).

Among fluids which actuate in response to a
magnetic field are magnetic fluids. Ultrafine particles
of a magnetic material which have particle diameters of
0.006 to 0.015 um are used in magnetic fluids so as to
keep the .dispersed particles in a colloidal state.
However, the concentration of magnetic-material
particles in a magnetic fluid is about 35% at the most
because a layer of a surfactant is formed on the surface
of the ultrafine particles. In addition, since these
magneﬁic—material particles are small, the intensity of
magnetic properties (magnetization) thereof is as low as
from 70 to 80% of that of large particles. Consequently,
when such ultrafine particles are used to prepare a
rheological fluid, the actuating force exerted by this
fluid is so weak that a desired actuating force is not
obtained or an exceedingly intense magnetic field is

necessary.



has conventionally been used as a color ink for ink-jet printers. However,
when an ink prepared by coloring a solvent with a dye is used as a color
ink for ink-jet printers, the prints obtained have a drawback that they
cannot. be preserved over long due to the poor light resistance and poor
weat her resistance of the ink. Consequently, an object of the
present’ invention is to elimnate such drawbacks and provi de a rheol ogi cal
fluid which mghtily and precisely actuates in response to an electric
field or a magnetic field or both, and to provide a rheological fluid of a
bright color whi oh €kéudtifetr NhiaefPONae sH108nel acdlbeeld ekithr =8 dgegnetic

field or both. Anot her object of the present invention is to
provi de ahashecbngentidnal ilywhasen anised i @8 an coloel dotk i foki elmkejetbe
easily confirned. Still another object of the present invention is

to provi perintéersl ogikeweteni,d whesh,anhdmkispatepared- by ecodordng a
recording, can give recorded images having excellent storage ability.

DI SCLOSURR IorerrFEWINENR @Glve is us®ge peesencolwrenivk nk@e imlkeniede
studies. As, a result, it has been found that the above objects can
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cannot be preserved over long due to the poor 1light
resistance and poor weather resistance of the ink.

Consequently, an object of the present invention
is to eliminate such drawbacks and provide a rheological
fluid which mightily and precisely actuates in response
to an electric field or a magnetic field or both, and to
provide a rheological fluid of a bright color which
actuates in response to an electric field or a magnetic
field oxr both.

Another object of the present invention is to
provide a rheological fluid whose actuation in an
electric field can be easily confirmed.

Still another object of the present invention is
to provide a rheological fluid which, when used in ink-
jet color recording, can give recorded images having

excellent storage ability.

DISCLOSURE OF THE INVENTION
The present inventor made intensive studies. As

a result, it has been found that the above objects can



the surface of base particles nade of an insulating material, dielectric,
or conductive material to produce a fitmcoated powder or

nmul til ayer-coated powder and dispersing the coated powder into a nediumto
obtain.a rheological fluid. The present invention has thus been

conpl et ed. Speci fically, t he pr esent I nvention can
acconpliish the above objects by the followi ng neans. (1) A rheol ogi cal
fluid conprising a nediumin which a filmcoated powder conprising a base
particle having thereon a coating layer(s) is dispersed. (2) The

rheol ogi s &tudicthpicLshddnbyt Eddminghens northergowstsatinga layers on

mul til ayer-coated powder having thereon coating |ayers which differ from
each ot hethen suefaaet i of | bédse paE¥ticlee rhadeogicdal afl uilcsackatiingg t o
(1), which has an average particle dianmeter of 0.015 to 100 [err]m (4)
The rheolmafteriali ui diadectdtig, t ox( gondhetdive maserdiad phet iRteduse t he
powder is selected froma conductive material, a d| electric

material @ fhlmrEeatad nPonderi opr Myliidmyerreoades i Mowdes) angne
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completed.
Specifically, the present invention can
accomplish the above objects by the following means.
(1) A rheological fluid comprising a medium in which
a film-coated powder comprising a base particle having
thereon a coating layer(s) is dispersed.
(2) The rheological fluid according to (1), wherein
the powder is a multilayer-coated powder having thereon
coating layers which differ from each other in
refractive index.
(3) The rheological fluid according to (1), which has
an average particle diameter of 0.015 to 100 um.
(4) The rheological fluid according to (1), wherein
the base particles of the powder is selected from a
conductive material, a dielectric material, an
insulating material, and a magnetic material.
(5) The rheological fluid according to (1), wherein
the multilayer-coated powder has a color attributable to

interference.
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(7) The rheol ogical fluid according to (1), wherein at |east one of the
coating layers is a nmetal layer or an atloy layer. (8) The rheol ogi cal
fluid according to (1), wherein at |east one of the coating |ayers is an
organi ¢ layer. (9) The rheological fluid according to (1), wherein the
surface of the nmultilayer-coated powder has been treated beforehand so as
to have an affinity for solvents. (10) The rheological fluid according
to (1) , wherein the nmedium has been colored with a col orant. The
fil mcoated powder (which neans a powder having at | east one coating

| ayer) or (@)l til afftwe coheed ogiedr fhuidseacoorbddny etent (1 hyernwheneia a
powder which is produced by formng plural filnms having different
refracti vet nkexet ome hef stheacwatingbhdssyepar tiisclan nbuergardic imethdt i ng
material, dielectric material, or conductive nmaterial so that the coated
powder hasomrMed da¥a®- nultiple interference between the films.

The material of the parficle constituting the caore (base Pf{ticle may be
any of anﬁﬂ%nﬂat@ﬁ? rheological fluid accordimg to ;, W F%F%m,

2,0 eet o TRLSE Ahyoond gerduciiye TLshiel 4 dnel e care il al o
because i%ﬂs%lloy layer.
(8) The rheological fluid according to (1), wherein
at least one of the coating layers is an organic layer.
(9) The rheological fluid according to (1), wherein
the surface of the multilayer-coated powder has been
treated beforehand so as to have an affinity for
solvents.
(10) The rheological fluid according to (1), wherein
the medium has been colored with a colorant.

The film-coated powder (which means a powder
having at least one coating layer) or multilayer-coated
powder for use in the present invention is a powder
which is produced by forming plural f£films having
different refractive indexes on the surface of a base
particle made of an insulating material, dielectric
material, or conductive material so that the coated
powder has a color due to multiple interference between
the films.

The material of the particle constituting the

core (base particle) may be any of an insulating



| ess apt to sedinent due to its small specific gravity. Exanples of the
resin powder include powders consisting  of spherical or crushed particles
of an acrylic polymer, a styrene polyner, a copolyner, a vinyl polyner,
and the |Iike. An especially preferred resin powder is an acrylic
resin powder consisting of spherical particles obtained by the
pol ymeri zation of an acrylic or nmethacrylic ester. In the case of
a dielectric material, exanples thereof include those having a high
permttivity, such as oxides of titanium barium lead, lithium chrom um
al um nummateried,, and nebiebeéatrdaw coapesiial pxi @ of a t heondmsttige
such as bariumtitanate, |lead titanate, and the |ike, and further include
cl ays andytesiad. In th 3%%#§ﬁuﬁfe§§mﬂnﬁﬁéﬁtﬂmgtms&eﬁﬁﬁiclé§rﬁﬁe of
I ncl ude netals such as iron, chronlum

a conductive_mat er
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a styrene polymer, a copolymer, a vinyl polymer, and the
like. An especially preferred resin powder is an
acrylic resin powder consisting of spherical particles
obtained by the polymerization of an acrylic or
methacrylic ester.

In the case of a dielectric material, examples
thereof include those having a high permittivity, such
as oxides of titanium, barium, lead, lithium, chromium,
aluminum, silicon, and magnesium and composite oxides of
these metals, such as barium titanate, lead titanate,
and the like, and further include clays and glasses.

Preferred examples of the base particles made of
a conductive material include metals such as iron,
nickel, chromium, titanium, aluminum, cobalt, and the
like; metal alloys, such as iron-cobalt, iron-nickel,
and the like; metal nitrides, such as iron-nickel-cobalt

nitride and the like; and metal carbides, such as iron

carbide and the like.



magnetic netal alloys, such as iron-cobalt, iron-nickel, and the Iike;
metal nitrides, such as iron-nickel-cobalt nitride and the |ike; netal
carbides, such as iron carbide and the |ike; oxides, such as magnetite,
y-hematite, nickel oxide, and the like; and conposite netal oxides, such
as manganese ferrite, cobalt ferrite, and the |ike, although sonme of these
have been already nentioned with regard to the above substances.

The plural coating |ayers formed on the surface of the base particle
differ fromeach other in refractive index or in refractive index and
permttivity. THenndtleei atsseherfofa amagketiebl patelrdatled fpoefermexani c
netal conmpounds, netals, alloys, and organic substances. Typi ca
exanpl es exampéeisnotheresfheincleasiponadalsihi snghmyasonsrenut erigkedoat i ng
| ayers include netal oxides. Specific exanples _thereof_ include_ oxides of
iron, tirFhAPBREM, cHFbRRBIIM ¢ AAUREDHPUN MARaLENi card dhei ukike:

magnesi um bariym |lead, strontium apd the, |ike; .a conposite, oxi des,
such as HRRFRRELS ARl aﬁ-&:ﬁi!stif"&ﬁ &S %FPBﬁﬁ‘iﬁﬁanrt&ﬁﬁ’é‘,nl ﬁ& 't he
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carbide and the like; oxides, such as magnetite,
Yy-hematite, nickel oxide, and the 1like; and composite
metal oxides, such as manganese ferrite, cobalt ferrite,
and the like, although some of these have been already
mentioned with regard to the above substances.

The plural coating layers formed on the surface
of the base particle differ from each other in
refractive index or in refractive index and permittivity.
The materials thereof are desirably selected from
inorganic metal compounds, metals, alloys, and organic
substances.

Typical examples of the inorganic metal compounds
which may constitute the coating layers include metal
oxides. Specific examples thereof include oxides of
iron, tin, nickel, chromium, titanium, aluminum, silicon,
calcium, magnesium, barium, lead, strontium, and the
like; and composite oxides, such as barium titanate,
lead titanate, strontium titanate, and the 1like.

Examples of the metal compounds other than metal oxides



constitute the coating |layers include silver netal, cobalt netal, nickel

netal, iron netal, indiumnetal, and palladium netal. Exanples of the
netal alloys include iron-nickel alloys, iron-cobalt alloys, iron-
ni ckel alloy nitrides, and iron-nickel-cobalt alloy nitrides. The

organi ¢ substances which may constitute the coating |ayers are not
particularly limted. However, resins are preferred. Exanples of the
resins include cellulose powders, cellul ose acetate powders, polyanides,
epoxy resins, polyesters, nelam ne resins, polyurethanes, vinyl acetate
resins, dindkede rmetad, avidtpdtdesers sorch copol yimen bdhitridds) i gnebaiers,
met hacrylic esters, styrene, ethylene, propylene,-and derivatives of
these. carbideg,t@ndstheoflike des, exanpl es thereof include oxides of
titanium bariu lead, lithium chromum alum num silicon, and
magnesi um and co Plegxi RE ofthe heelemendal sﬂ@ﬁ%%?ba?h&éait%ﬁXt&
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constituting the core may
include iron-nickel alloys, 4iron-cobalt alloys, iron-

be

nickel alloy nitrides, and iron-nickel-cobalt alloy
nitrides.

The organic substances which may constitute the
coating layers are not particularly limited. However,
resins are preferred. Examples of the resins include
cellulose powders, cellulose acetate powders, polyamides,
epoxy resins, peclyesters, melamine resins, polyurethanes,
vinyl acetate resins, silicone resins, and polymers or
copolymers of acrylic esters, methacrylic esters,
styrene, ethylene, propylehe, and derivatives of these.

In the case of oxides, examples thereof include
oxides of titanium, barium, lead, 1lithium, chromium,
aluminum, silicon, and magnesium and composite oxides of
these metals, such as barium titanate, lead titanate,
and the like.

Although <wvarious materials can be used to
constitute the coating layers as described above, a

suitable combination of materials is determined so as to



any shape. Although a particle of irregular shapes, such as pulverized
particles and the like, can be coated and colored, a spherical

particle is especially preferred. The particle dianmeter of the
multil ayer-coated powder for use in the present invention is not
particularly limted, and can be suitably regulated according to purposes
of the ‘use of the fluid. However, the particle dianeter thereof is usually
0.015 to 300 pm preferably 0.02 to 100 [err]m In the plura
coating | ayers, each constituent unit coating |ayer has a thickness of

0. 015 to dBtpdpr Jandepizkes abherferenceocoday nwhpden takipgnw@IcParnt cl e
is colored so as to produce a multifunctional powder_having a color, the
unit coat?hgtheygafzpetive cdindey efceaghoseatiRENL&YEE have been

determ ned so th t hese | ayers, have i nterference reflectio eaks
or interference%}r'ﬁn ]iB %?%ﬁscﬁnﬁ?kégﬁﬂé’%pg&?f ict?r?va%ﬁfe:}b?ﬁ.g
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refractivgnfndeXo18red, a spherical particle is especially
preferred.

The particle diameter of the multilayer-coated
powder for wuse in the present invention is not
particularly limited, and can be suitably regulated
according to purposes of the use of the fluid. However,
the particle diameter thereof is usually 0.015 to 300 um,
preferably 0.02 to 100 pm.

In the plural coating layers, each constituent
unit coating layer has a thickness of 0.015 to 30 pm,
preferably 0.02 to 20 pum. When the powder particle is
colored so as to produce a multifunctional powder having
a color, the unit coating layers are preferably ones
whose thicknesses have been determined so that these
layers have interference reflection peaks or
interference transmission bottoms at the same specific
wavelength. More preferably, the thickness of each unit
coating layer is determined by fixing the basic film

thickness thereof which satisfies the following equation

(1) :

- 10 -



represents a basic filmthickness; mrepresents an integer (natural
nunber); [err] represents a wavel ength at which the interference
reflection peak or interference transm ssion peak appears; and n[err] is
defined by the follow ng equation (2): nferr] =n + i[err]
(2) (wherein n represents a refractive index of each unit coating |ayer;
i represents a conpl ex nunber; and K represents an extinction
coefficient), and correcting the actual thicknesses of the unit coating

| ayers based on the functions consisting of the phase shift caused by the
extinction coefficient KoK Feff &t¥v&/fndex, the phase{&hift occurring at
filminterfaces, and the peak shift attributable_to refractive index

di sper si BREZRID pdt t | EPRTEFEES 0 ? hatoPRd-Shi trebhacstivaytedeRe 4

i nterference reflectio interference transm ssion
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a high re I've X an _ _ arranged therew Iayers of a
metal  oxife AAving %AQ&’:E\%@F& Ve dfideXe i SneXPlaknesy Hﬂ%far@%}cﬁé' as
an exanpl e. First, a powder Is _ ~di spersed into an al coho

sol uti ongphnamid kPX¥hdep8hk thppaladl; ZAR@OMHUM;s OlddPEnkikeny AdHaed
solution consisting of" water, an al cohol, and a catal yst is added

dr opwi sefbd1lohd ity Sedguaadnv () stirring to hydrol yze

n, = n + ig (2)

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

A method for forming a multilayered film composed
of layers of a metal oxide having a high refractive
index and,. alternately arranged therewith, layers of a
metal oxide having a low refractive index is explained

below in detail as an example. First, a powder is
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t he al koxide to thereby formon the surface of the powder particles a film
of titanium oxide or zirconium oxide as.a high-refractive-index film
Thereafter, this powder is taken out by solid/liquid separation,
dried,, and then subjected to a heat treatnent. The drying may be
conducted by any neans selected fromvacuumdrying wth heating, vacuum
drying, and natural drying. It is also possible to use an apparatus such
as a spray dryer in an inert atnosphere while regulating the atnosphere.
The heat treatnent nmay be acconplished by heating the powder at 300 to
600[ er r ] Gifsprefsed lintout ant calchbpls siolhvtiom xof amhealidexidederfi s
unsusceptible to oxidation or in an inert_atnosphere when the powder is
suscept | fid&aniugy dagirsenium, orgykbequddker thd peixed esodakimnt he
high- refractive-index filmformed thereqn are _dispersed intg an_ al cohol
sol ut i onSORSEFE18E QA JRberunidth 3ieekodn apGdR Fakalyst| 3% Addedtive
I ndex, sych as.a silic al koxi de, . alum.,num al koxide, , or. the_1like.

A xedSEBEFBn LOnaE | L PROTAIER WA T cBROFELAR EocabURFaLYEe
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oxide as a high-refractive-index film.

Thereafter, this powder is taken out by
solid/liquid separation, dried, and then subjected to a
heat treatment. The drying may be conducted by any
means selected from vacuum drying with heating, wvacuum
drying, and natural drying. It is also possible to use
an apparatus such as a spray dryer in an inert
atmosphere while regulating the atmosphere.: The heat
treatment may be accomplished by heating the powder at
300 to 600°C for from 1 minute to 3 hours either in air
when the powder is unsusceptible to oxidation or in an
inert atmosphere when the powder is susceptible to
oxidation.

Subsequently, the particles having the high-
refractive-index film formed thereon are dispersed into
an alcohol solution of a metal alkoxide which gives an
oxide having a low refractive index, such as a silicon

alkoxide, aluminum alkoxide, or the 1like. A mixed

solution consisting of water, an alcohol, and a catalyst

- 12 -



Thereafter, the powder I's taken out by solid/liquid separatio
vacuumdried, and then heat- -treated in the sane nmanner as the above.
result of the above procedure, a powder is obtained in which the powder
partic]es each has, on the surface thereof, two |ayers conposed of a
hi gh-refractive-index nmetal oxide filmand a |owrefractive-index net

oxi de f°

ilm Furthernore, the above procedure for formng netal oxide

films is repeated to thereby obtain a powder in which each particle h
multiple netal oxide films onits surface. Since the powder thus

obt ai nedishaaddedh-drppitias | veei nthe netedubkade f idisparséomt evi/th

arranged wth lowrefractive-index netal oxide films as stated
her ei nabstdrzings t® pbydarodyze nghe hadikoxidecttmcdhandby hfghmihdneness
or a powder which has a bright color due to interference or because i
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treated in the same manner as the above. As a result of
the above procedure, a powder is obtained in which the
powder particles each has, on the surface thereof, two
layers composed of a high-refractive-index metal oxide
film and a low-refractive-index metal oxide film.
Furthermore, the above procedure for forming metal oxide
films is repeated to thereby obtain a powder in which
each particle has multiple metal oxide films on its
surface. Since the powder thus obtained has high-
refractive-index metal oxide films alternately arranged
with low-refractive-index metal oxide films as stated
hereinabove, it is a powder having a high reflectance
and a high whiteness or a powder which has a bright
color due to interference or because it has reflection
peaks or transmission bottoms in the visible wavelength
region.

For forming a metal film on base particles or on

a metal oxide film, use may be made of contact

electroplating, sputtering, or a mechanochemical
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sputtering has a drawback that a netal vapor is not evenly applied to the

powder particles. Furthernore, the nechanochem cal nethod may cause film
peeling. Nanely, the thickness of the coating formed by any of these
met hods varies fromparticle to particle. In contrast, the nethod of

filmformation by electroless plating is preferred in that a dense and
even filmcan be fornmed and the filmthickness is easy to regulate. The
metal filmis preferably heated after filmfornmation in the same nanner as
for the netal oxide filmns. The mul til ayer-coated powder for use in
the preseaactiveant ian aM grihdime| machdneel dvesidey ethet @llectroless The
term"fil mcoated powder" as used herein nmeans a powder conprising a base
particl e phatigg herdescribedr mbeveoati ng However, the Weonthet
coated powder has a single film the powder particles obtained by coating
t he surfaebestrspkatpact ihazsanidrawbackmthatnpowdearn fpasitdglesi neitvity
or conductivity generally show | arger polarization iin an, electric field
than t he Pas&qhkRcE & HavaRy ﬂ%eﬁgélcldr%‘; arp meord@hirdt | YhidrRnthepase

particle/filmmteria

onbi nat | SRUCESEATY | Ekndbs AEARPRAE | FRBtare APERD yvoBBFecisy, POt ne
s becaustiPheha SRR ] Ee I { RS n GO G PoRder EXATHTRERTSHs as
a the mechanochemical method may cause film peeling.
Namely, the thickness of the ccating formed by any of
these methods varies from particle to particle. In
contrast, the method of film formation by electroless
plating is preferred in that a dense and even film can
be formed and the film thickness is easy to regulate.
The metal film is preferably heated after film formation
in the same manner as for the metal oxide films.

The multilayer-coated powder for use in the
present invention will be explained below in more detail.

The term "film-coated powder" as used herein
means a powder comprising a base particle having thereon
one or more coating layers.

When the coated powder has a single film, the
powder particles obtained by coating the surface of base
particles with a film having a different permittivity or
conductivity generally show larger polarization in an

electric field than the base particles having no coating

film. Consequently, when a base particle/film material

- 14 -
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capaci tor. When the base particles are a magnetic material, the
coated powder can be utilized not only as an el ectrorheol ogical fluid,

whi ch actuates in response to an electric field, but as a
magnet or heol ogi cal fluid. This coat ed powder S al so usable as
a magnetoel ectrorheol ogical fluid when an electric field and a magnetic
field are applied thereto sinultaneously or alternately. By controlling
the intensities of the applied electric field and magnetic field, the
fluid viscosity can be precisely controlled or the fluid can be mghtily
act uat ed conieigayides, r&df eireaihveknesls 0l ands tdid al hkd. are suitabdwye are
cases where rheological fluids are used in environarents having

t enper at sedseoted(0 t othel[ er ch@tediovepartikles heolshypwal fémhanted use
in such environnents is prepared fromnere netal particles, the

r heol ogi edled¢tudaheicdegicaddrrapentikesy cFhbsf dst because: the hass
particles are oxidized. _This can be avoided by using an oxide film having
an appromrai%reclﬁér A% t Ehet Eilmeceatrd f Pewdeihi sRCh oknastionsings 2

15 prevents the rheological fluid fromsuffering a decrease
inits efARASLItOT." \jen the coating filmis formed by two or nore
different f'lnBWhé%eghgmg§§é0g3¥¥ic£égmgéées ﬁgéhetlc material,

the coated powder can be utilized not only as an
electrorheological fluid, which actuates in response to
an electric field, but as a magnetorheological f£fluid.
This coated powder is also usable as a
magnetoelectrorheological fluid when an electric field
and a magnetic field are applied thereto simultaneously
or alternately. By controlling the intensities of the
applied electric field and magnetic field, the fluid
viscosity can be precisely controlled or the fluid can
be mightily actuated, whereby desired effective control
is attained.

There are cases where rheoclogical fluids are used
in environments having temperatures of 100 to 500°C.
However, if a «rheoclogical fluid for wuse in such
environments is prepared from mere metal particles, the
rheological fluid shows a reduced rheological effect
because the metal particles are oxidized. This can be
avoided by using an oxide film having an appropriate

permittivity; the oxide £film inhibits oxidation and
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enhanced when a conbi nation of base particles with film materials, film

t hi ckness, and the |like are suitably sel ected. In particular, in the
mul til ayer-coated powder, each particle, which functions as a capacitor as
st at ed. her ei nabove, can be a capacitor having a |large capacitance when a
sui tabl e base particle/filmmaterial conbination is selected so that, for
exanpl e, base particles nade of a conductive material are used and coated
with two or nore filnms including a dielectric or insulating naterial as
the first film Thus, this nmultilayer-coated owder produces a
far  hi girevents| dhe ixhpollegical ofilufikdiremn swiferingc & degre@a® the
base partic]|es. In this case, when the base particles are nmade of
a ferrondghette RELSSHI such as a netal or alloy, a

magnet oel ectrorhegl ogical fluid roducing a high e t heol ogi cal

ef?ept and a hi g%‘?&b%%rﬁ@%itdﬁ}£a%1§f‘lfe £ cgﬁl’i‘g"ﬁ‘@‘goggglr (r)é‘&‘.e’(_) °O$\;1§%‘??le
br " appl | s pngent” “eiing  ° WYEEotRactsyivnl, diknsnrhite | gre 0
illustrat] f_.a. .i Cl f ot . . .
45T O BB 1 DBy BRI o8 M parsicies misn £idm,

gggp{hseﬁl&é’fi&h e Fid a 4 &R8ds ,f OLMRd RRS €A ke COURELNIsh BRI and

g layers 3 differing in
selected. In particular, in the multilayer-coated
powder, each particle, which functions as a capacitor as
stated hereinabove, can be a capacitor having a large
capacitance when a suitable base particle/film material
combination is selected so that, for example, base
particles made of a conductive material are used and
coated with two or more films including a dielectric or
insulating material as the first £ilm. Thus, this
multilayer-coated powder produces a far higher
dielectric polarization effect in an electric field than
the base particles. In this case, when the base
particles are made of a ferromagnetic material such as a
metal or alloy, a magnetoelectrorheological £fluid
producing a high electrorheological effect and a high
magnetorheological effect can be obtained. When the
particles can be colored, the rheological fluid is
usable in a wider range of applications.

Fig. 1 1is a sectional view diagrammatically

illustrating the structure of a particle of the



refractive index fromthe layers 2. A special function can be inparted
thereto by regulating the thicknesses of the <coating filns differing
in refractive index alternately fornmed on the surface of each particle.
For exanpl e, coating filns differing in refractive index are
alternately fornmed on each powder particle so as to satisfy the follow ng
equation (1). Nanely, filnms which each is made of a substance having a
refractive index n and has a thickness d corresponding to m (integer)
times the value which is one-fourth a wavelength of visible |ight are
fornmed i auvditEpayepricaizted hi cppeaieind nunbBhisAs ao=isedt, phertiahe
having a specific wavelength [err] (the light utilizing Fresnel's

i nterferecompriséscta opprtsiakeé| det ad oa almmoz bashd, formed thereuwhi-
nMerr]/4 (1) This function is utilized as foll ows.
An oxi decoittindaviayessch2a @ndkressting r dlaversvedi ndékfering simisfy
equation (1) with respect to a target wavelength of visible Light is
formed o€t %ﬁ%vacéqﬁe’eaéﬁr%mgﬁ laversl &- ard eReSi3} nfpacisard
with an oxide film havi(gg a different refractjve index. Th]iuszegrocedure S

conduct eF3hRL o1 TPEFERLIEBRESSC RY eTEIE R tnghEPspyrhic ses of

- 17 - formfLl whi gh Jlave. a characteristic,reflection or
absor pt i §hSav ECRHHTRI wi d#ﬁirﬁ‘%ﬁ t hé -SRI i ght reﬁ?gﬁ?cﬁlﬁre t hdPHdve
prOcedurgitééﬁ%téiﬂ“?&?ﬁegfonm%ﬁgi@ﬁrface of each particle.

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

nd = m\/4 ' (1)

This function is utilized as follows. An oxide
film having such a thickness and refractive index as to
satisfy equation (1) with respect to a target wavelength
of visible light is formed on the surface of each powder
particle, and this film is coated with an oxide film

having a different refractive index. This procedure is

conducted once or repeated one or more times to thereby

- 17 -




deposition for filmformation is determned in the follow ng manner. Wen

the powder particles serving as cores have a high refractive i

ndex, a film

having a low refractive index is preferably formed as the first layer. In
the reverse case, a filmhaving a high refractive index is preferably

fornmed as the first |ayer. Film thickness 1is control
on .a ‘neasurement in which the change of optical film

| ed based
t hi ckness,

which is the product of the refractive index of the filmand the film
thickness, is determined as reflection waveformw th a spectrophot oneter
or the |iflcerm HiElhEi ckheeh oha®echad aydyarsctesigtddt sadfiibécthbon or

refl ection waveform conforns to the finally required waveform

For

exanpl e, abdmrpthenuwavebehgth fwidsh donsthéuwisgbke Mibhd ayesgedn.film
have reflection waveform peaks at different positions, the powder is
whi te. OFn hetbeherabeave, wreocetdurenit tbat i ngedghemee arefr equdterdado

that the reflection waveform peaks thereof are in exactly

t he sane

posi ti ondePesikbrachioimt i €148 ofarmatiion, dsy. determinsg eckn ofhe

I I h
ye ow powcilowggg lgneaz?gteghged Wlt I%Eltq trj‘égg a dyegﬁ__r %’gmsnt

| SEEWISRT &s

deS| gn shoul d _bg_nade \é\gl ﬁ‘at akkrgc%ccount the %ar:]_tnll e_di amet 2t e 8 and

ive in ex,

shape of G T)o ol

aving

refractive index is preferably formed as the first layer.

In the reverse case, a film having a high refractive

index is preferably formed as the first layer.

Film thickness is controlled based

on a

measurement in which the change of optical film

thickness, which is the product of the refractive index

of the film and the film thickness, is determined as

reflection waveform with a spectrophotometer or the like.

The thickness of each layer is designed so that the

reflection waveform conforms to the finally required

waveform. For example, when the unit coating films

constituting a multilayered £ilm have reflection

waveform peaks at different positions, the powder is

white. On the other hand, when the unit coating films

are regulated so that the reflection waveform peaks

thereof are in exactly the same position, a

monochromatic colored powder, e.g., a blue, green, or

yellow powder, can be obtained without using a

pigment.

- 18 -
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shift occurring at interfaces between filmmaterials and the base particle
material, the peak shift attributable "to the wavel ength dependence of
refractive index, and the |ike. For exanple, when the base particles have
a plane parallel plate shape, the Fresnel interference caused by parallel
films formed on a plane surface of the particle is designed under the
conditions including the above equation (1) in which n has been replaced
with nf defined by the follow ng equation (2). In particular, when a
metal filmis contained, extinction coefficient K is included in the
refractive i ndeﬂmfever of imhe tiet alcasief i afd bp eaqudtuah (RPwelean, t ugh
the particle shape a plane parallel plate shape. In the case of
transpmd#ﬁlgnldéb%&ﬁ@léb@rl le K whideceddikighg sagiqounhd R&yl ithel e.
nf =n+ iK (i_represents a co Iex nunber) (2) Wen the extinction

coef fi ciRA¥tLERE diamgtpr an ‘p%uas@%hlﬁ?wéé€urst§let9@ase
|nterfa§§E1 tmeen the film naterl and t he baseéﬁggmlcle mat eci al ‘3
this ph EnPREYTRIREnaSs IHESE FFﬁﬁan%FEFPé‘r t adigriads @rda |

| ayers éh nul til ayer

Because &SRB %mwggkﬁiﬁﬁﬂi3R%ﬁpe3§oﬁ&+?§aﬁ§?f%??%ﬁﬁ%%sses
resul ts t'[@y ?J%M eV PERELnPOSLhLANE AN JENGRr0cRiVINiGuP! Olang

especi al
the like. For example, when the base particles have a
plane parallel plate shape, the Fresnel interference
caused by parallel films formed on a plane surface of
the particle is designed under the conditions inecluding
the above equation (1) in which n has been replaced with
n, defined by the following equation (2). In particular,
wﬁen a metal film is contained, extinction coefficient K
is included in the refractive index n, of the metal
defined by equation (2) even though the particle shape
is a plane parallel plate shape. In the case of
transparent oxides (dielectrics), K is exceedingly small
and negligible.
ng = n + ix (i represents a complex number) (2)

When the extinction coefficient Kk is large, an enhanced
phase shift occurs at the interface between the f£film
material and the base particle material, and this phase

shift influences the optimum interference thicknesses of

all layers of the multilayered film.
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monochromatic coloring. In order to avoid this, a design is nade
bef orehand through a conputer simulation so as to result in an
optimal combination of film thicknesses while taking account of

i nfl uences of the phase shift on all filmns. There al so are the
phase shift caused by an oxide |ayer present on a netal surface and the
peak shift attributable to the wavel ength dependence of refractive index.
In order to correct these, it is necessary to use a spectrophotoneter or
the like to find optinmal conditions under which reflection peaks or
absorption bottBescamssearofht thegeaaboues| etdiehs nere freghrlefign Ifinber
of filmns. In a filmformed on a curved surface such as that of a
spheri cageﬁmet'qfé’r‘éall rﬁ’e¥1ﬁerté??f,%k66§§re§ sFﬁlsr“d-rﬂ-%/ iny dpgfesient akedf at es
and is baS|QaI in accordance w,th Fres S |n rference principle.
ConsequeRPFY, ‘éyn%oPGrqrng RBCRod &8n %ei&é? ok BSHSCRELYa dhite
powder and_a qfnoch onatl powder. However case of. c

sur f acesTOPRETTI YRR ﬁﬁlCHQ¥ﬁf%¥900k nthgrdﬁﬁhdgF’rﬂVﬂhg bgéﬁﬁ%ﬁlicted
Causes nggllld}\atfg mlargeer?fbgﬁ%r}e%ar-xrgethezso éne pI ac%rﬁgi: G1C #ﬁ@isﬁ) rgs are

- 20 - € sanme " as on p e nu

filnms isg e tal 0 re S
a1 S 1Re Lol aloiihel Eofniﬂm%atwﬁ Bge flﬂﬁ

|nterference mnthln ayered fi
thicknesses while taking account of influences of the

phase shift on all films.

There also are the phase shift caused by an oxide
layer present on a metal surface and the peak shift
attributable to the wavelength dependence of refractive
index. In order to correct these, it is necessary to
use a spectrophotometer or the like to £ind optimal
conditions under which reflection peaks or absorption
bottoms appear at target wavelengths in a final target
number of films.

In a film formed on a curved surface such as that
of a spherical particle, interference occurs similarly
to that on plane plates and is basically in accordance
with Fresnel's interference principle. Consequently, a
coloring method can be designed so as to produce a white
powder and a monochromatic powder. However, in the case
of curved surfaces, the light which has struck on the
powder and has been reflected causes complicated

interference. The resultant interference waveforms are
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beconmes nore conplicated. In the case of a multilayered filmalso, a
spectral reflection curve can be designed beforehand based on Fresnel
interference through a conputer sinulation so as to result in an optinal

conmbi nation of filmthicknesses. In particular, when coating filns
are formed on the surface of powder particles, the influences of a phase
shift on the powder particle surface and on all films are taken in account

when a design is nmade beforehand through a conputer sinmulation so as to

{ﬁzu::)eaka an opséh?eds%@gglrﬁng;:q(}g gf film E hi Cknesi’?’he B urt her rmr e,
f t h Kk ft tributable tq th I h d f
Cofract | DRI ARt Lo+ SERHEY Rtaoctinithe FOSAE RaRY eﬁ%ﬁﬁiﬁaﬁ of

a sanpl e% gedlaned Sﬂﬁ%tr%Féﬂ%‘éﬁfené‘ € Wi eﬂ%daonﬁffitlig andey £ ?
correct these an att 8 't 1S necessary 0 Use a spgbtropho onet er

or the i:é% %’%"A\Srgh ﬂ:.E'a'EBbcih' chQef IgH é’%hﬁ?i:':.lﬁgé‘ﬂéa' ons

under whic ection pe s or sorptlon ottons appear at ta

wavel engglsn Nafsbi nad eeréﬁ&ramurﬁgeﬂe&tfﬂd:{mcu@v@ ¥EeN e PRAKIS] ghaui Ng

I rregul ar particle shapes S
col or ed, beffodiddeACebaEad S gue tEreéhéermintéi‘fé&féﬁdzém thadwghc &ilm

desi gn i's hence made with reference to conditions for an interference
computer simulation so as to result in an optimal
combination of film thicknesses.
In particular, when coating films are formed on
the surface of powder particles, the influences of a
phase shift on the powder particle surface and on all
films are taken in account when a design is made
beforehand through a computer simulation so as to result
in an optimal combination of film thicknesses.
Furthermore, the peak shift caused by an oxide
layer present on the powder particle surface and the
peak shift attributable to the wavelength dependence of
refractive index are also taken in account. In the
actual production of a sample, designed spectral curves
are referred to and, in order to correct these in actual
films, it is necessary to use a spectrophotometer or the
like, while changing film thicknesses, to find optimal
conditions under which reflection peaks or absorption
bottoms appear at target wavelengths in a final target

number of films. Also when a powder having irregular



multilayered filmfor spherical particles. The peak position for
each of unit coating filnms constituting the nultilayered filmcan be

regul ated by changing the thickness of the layer, and the film thickness
can be regul ated by changing the solution conposition, reaction tine, and
t he nunber of starting- material addition tines. Thus, the powder
can. bé colored in a desired tint. As descri bed above, white and
nonochromati c powders can be obtained by finding optimal conditions under
which reflection peaks or absorption bottons appear at target g@velengths

in a finBPREGEe SRARSS ofS { FPALTSM | &NARKEPRENGS nPFEMRSHgBEhdFPi ons
2 Cont: nERfon UL bharesed (EhLRr m By Bastst « Fidjbr RAT9M An drnes
ntorforBRaS | M b o RERATNRr &F 1 AOHERTREY chara 88 ThUETLeTRAGE:

The medi DA APeReP R PELOBPECH) BAYLAEIEL S NS Vent In the
case of a magnet @LREYPLM CBbsition for each of unit cdfting films

fluid, and is desirably a nhonaqueous solvent in the case of an

el ectror peplsti€@ting fthédmultiPlgered #ilm can be regulated by
changing the thickness of the layer, and the £film
thickness can be regulated by changing the solution
composition, reaction time, and the number of starting-
material addition times. Thus, <the powder can be
colored in a desired tint.

As described above, white and monochromatic
powders can be obtained by finding optimal conditions
under which reflection peaks or absorption bottoms
appear at target wavelengths in a final target number of
films, while changing film-forming conditions such as
solutions for £ilm formation. Furthermore, by
controlling a combination of materials for forming a
multilayered £ilm and the thicknesses of the unit
coating films, the color development by interference in
the multilayered film can be regulated. Thus, a powder
can be colored in a desired bright tint without using a
dye or pigment.

The medium to be used is desirably water or a

nonaqueous solvent in the case of a magnetorheological



magnet oel ect r or heol ogi cal fl uid. For applications such as danpers
and actuators, any nonaqueous solvent may be used as long as it has a
“relatively high boiling point. On the other hand, for applications such as
ink-jet inks and liquid toners, it is desirable to use an appropriate
medi um which is harnl ess to the hunan body and has a | ow boiling point.
Usual I y used nedi a include hydrocarbons, such as al kyl napht hal enes,
kerosine, liquid paraffin, dodecane, and the |ike; alcohols, such as butyl
al cohol, higher alcohols (e.g., lauryl alcohol), polyhydric alcohols
(e.g., efApiche gndcdis) desbpgbdye gjlyenaguaanshsolivent kot 4w, cageh as
acetone oil and the |like; ethers, such_ as ether,_hal ophenyl ethers, and
the |ike®fchl ori Rated BagretahealRgiaRbni des;Expdfati ¢ c8PBoxyl i c@

acids; esters, such as diethyl ene_n thal ate, ethyl acetate, and the
like: hyBPIRGIRM ?%E&&%"ﬁ%@éﬁé‘,l faﬁc}ék ne, and the like: mixed oils,

Fuch 75 ot TOL Y CASER ol A PR i RS e BERAR S

e T hE, FLRERIRALY "aIORI Had e LA e YURP Y CEe00 21

and |1 quipd1G@esialy: Wiyl 88y pdidit!l 4 &Skl otBBE (REnk Kefor
applications such as ink-jet inks and liquid toners, it
is desirable to use an appropriate medium which is
harmless to the human body and has a lbw boiling point.

Usually used media include hydrocarbons, such as

alkylnaphthalenes, kerosine, liquid paraffin, dodecane,
and the like; alcohols, such as butyl alcohol, higherxr
alcohols (e.g., lauryl alcohol), polyhydric alcohols
(e.g., ethylene glycol), propylene glycol, and the like;
ketones, such as acetone oil and the like; ethers, such
as ether, halophenyl ethers, and the like; chlorinated
paraffins; alkyl bromides; aromatic carboxylic acids;
esters, such as diethylene naphthalate, ethyl acetate,
and the 1like; hydrocarbons, such as decane, dodecane,
and the like; mixed o0ils, such as petroleum greases,
mineral spirits, petroleum lubricating oils, transformer
oils, and the like; fluorochemical oils; silicone oils,

such as modified silicone oils including aminated and

carboxylated ones, and the like; oligomers for polymers;

This Sheet Has Been Replaced
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A surfactant S preferably i ncorporated beforehand into those
nmedia for facilitating the dispersion of nultilayer-coated particles
into the nedia. Various surfactants can be used for this purpose.
Exanples thereof include anionic surfactants (for exanple,
unsaturated fatty acids, such as oleic acid, Ilinoleic acid, linolenic
acid, and the like, and alkali salts of these unsaturated fatty acids;
carboxylic acids, such as alkyl ether acetic acids and the |ike, and salts
of these acids; sul fonic acids and salts t hereof; sulfuric and sul furous -
ester sal@nd &m@.mﬁe@: afichal 2§ tPRPBEAC bIAIDnSFHREaLS,
polynerségﬁ%aﬁged polynerlzatlon and pol ynmers obt ai ned

by poly ' - cationic surfactants (for'exanple al i phatic
am nes and annnnlunlsalhﬁﬁt

hga % aromati c al_:[n ﬁ aJITITDI’g um sa*é_ g
t her eof ; heterocﬁl i C RS 2Mrd anttSni unPERRTEE %Yeof BSI ﬁ%? f
pol yam ”?:y%ﬁ&?eha%@f PQh r Ttiﬁ%%)e ”&Qh&’}l C o ackie@ﬂlé%{?in a”l?hges

et her r-et ester ysacc haH

such as g 4sakEkioh @@%uilealala}&coa%ﬁ”%{&ué%@ freo WHRORMIYL

celluloses, other <cellul ose derivatives, "and the |ike;
Oi |'s, susm@Pofisl b@YtPAEHatidd CAn 0l be adlBsAt e¢or this rpose.

- 24 - silicone oils, and the |ike; and nitrogen-containing

conpoundgxamphbet er thexwdfict dncl yder awiphic besarFactants (for
example, unsaturated fatty acids, such as oleic acid,
linoleic acid, linoclenic acid, and the like, and alkali
salts of these unsaturated fatty acids; carboxylic acids,
such as alkyl ether acetic acids and the like, and salts
of these acids; sulfonic acids and salts thereof;
sulfuric and sulfurocus ester salts; phosphoric esters
and salts thereof; boron compounds; polymers obtained by
polymerization; and polymers obtained by
polycondensation); cationic surfactants (for example,
aliphatic amines and ammonium salts thereof; aromatic
amines and ammonium salts thereof; heterocyclic amines
and ammonium salts thereof; polyalkylene polyamine type;
and polymer type); nonionic surfactants (for example,
ether type: ester-ether type; ester type:;
polysaccharides, such as dextrins and the 1like;
polymers, such as hydroxyalkyl celluloses, other
cellulose derivatives, and the like; modified silicone

oils, such as carboxylated silicone o0ils, aminated



type and organic amno acid type); and reactive surfactants (for
exanpl e, silane coupling agents and titanium coupling agents). The
addi ti on anount of such a surfactant is suitably determ ned. Sone
of the carboxylated silicone oils and amnated silicone oils function as a
surfactant, and others can directly react with substances present on the
surface of a powder to disperse the particles. The addition anmount of a
powder and the anobunt of such a nodified silicone oil are suitably

determ ned_according, _to the |ipophilicity and surface area of the, '
particl e§ilicone Jhbse nddda AP hahik|éen2BE oPdFARIPP ACLBLESIAHNT such
as a dye or the |ike. For exanple, by_dispersing_a -white ltjl ayer-coated
powder i APHPLR Lifn m%‘?ggc zf‘b%%aﬂliéé’(ﬁﬁle £ Phe SHATP eco#’&%’rﬂ@for

i nk-j et rinters_.can _be_obtai ned_ which_has,a bright color,and _actuates in
response ¥BSan 3Pt (7RIS, mine Pﬁ’r"ﬁer%ﬁ’ﬁ% Meﬁnéii‘lﬁlea‘cc%d'%?i si ng

2 White sagldall con REENSR GaLoE PoYdcl SheLaES: bt gl Bleed 1

a seal edspart I one al ner e powder par contai ner

cel | aregipued fiy 8BapLillg AFSHES)!! CTHS! ada ta%d Caf@nd NHP GRIERCE
with a - 25 - di spl ay surface,
then theafburdLaRe 43eE @ €802y Ve OkRLnESPl ay medi um
Some of the carboxylated silicone o©ils and
aminated silicone o0ils function as a surfactant, and
others can directly react with substances present on the
surface of a powder to disperse the particles. The
addition amount of a powder and the amount of such a
modified silicone o0il are suitably determined according
to the lipophilicity and surface area of the particles.
Those media may have been colored with a colorant,
such as a dye or the like. For example, by dispersing a
white multilayer-coated powder into a medium containing
a dye dissolved therein, a color ink for ink-jet
printers can be obtained which has a bright color and
actuates in response to an electric field.
Furthermore, when a fluid comprising a white
solution containing a color powder dispersed therein is
pPlaced in a sealed partitioned container and the powder

particles in each container cell are moved by means of

an electric field so as to come into contact with a
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In the present invention, the surface of the nultilayer-coated powler to
be dispersed into a nedium is desirably.treated beforehand so as to have
an affinity for solvents. For exanple, the nultilayer- coated powder
is dispersed with heating and stirring into a solvent (e.g., kerosine)
containing a fatty acid (e.g., sodiumoleate), whereby an effective
surface treatnment for inparting an affinity for solvents can be

conduct ed. As a result, the nultilayer-coated powder can be evenly

di sperseq.into a nedium s an, opti conbi’ atlon anong
particl eg"SP Apetuzface, Lhen § eutfirﬁé'd c\ﬁr‘cnﬁi’e ipgcalsor@s "a
dlsper5|b|gﬁﬁy and, _flo ility. It is necessary to determne the
opti mal I%ﬁﬁ%% Y, BESH B chenical antici pati ons or experinents.
An easily di sperfgd shate g%[s% QI Ver%e 1 nrruIL gaygq_l cé%ggd gfwdg e

particle which has been t beror e atcor di'ng el presen

i nvent i qg qf@eﬁu%ﬁggg@tgaq tgohagg Ay 85 e%]cy (8% 50L VU §i s

shown in IS cas e polar groups o surfactant are
| ocat ed _QQ ta@sa%img oft At 84l t HdWSFahatRfl €doPaldd Cl €0 Whighyd N€an
| i pophilic parts of the surfactant being arranged outward. Consequent |y,
t he affinity for solvents.26 -For exampleulthbayRtleEdlegeponder

is satisfactorily dlspersed in the organic solvent, which is usually
ol eophi | teated powder is dispersed with heat:.ng and stirring

into a solvent (e.g., kerosine) containing a fatty acid
(e.g., sodium oleate), whereby an effective surface
treatment for imparting an affinity for solvents can be
conducted. As a result, the multilayer-coated powder
can be evenly dispersed into a medium.

There is an optimal combination among particles,
dispersants, and solutions with respect to
dispersibility and flowability. It is necessary to
determine the optimal combination based on chemical
anticipations or experiments.

An easily dispersed state in a solvent of a
multilayer-coated powder particle which has been treated
beforehand according to the present invention with a
surfactant so as to have an affinity for solvents is
shown in Fig. 2. In this case, the polar groups of the’
surfactant are located on the surface of the multilayer-
coated particle, with the 1lipophilic pé.rts of the

surfactant being arranged outward. Consequently, the
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BRI EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1is a sectional view
diagrammatically illustrating the structure of a particle of a

nmul til ayer-coated powder for use in the electro-, nagneto-, or

magnet oel ectrorheol ogical fluid of the present invention; nuneral 1
denotes a base powder particle; numeral 2 denotes a coating |ayer; and
nuneral” 3 denotes a coating layer differing in refractive index fromthe
coating | ayer 2. Fig. 2 illustrates an easily di spersed state in a

sol vent of | tilayer - co ted wder, part pbeen treated with
a surfaciik ’gt: RESTT &q?a% ‘?’ﬁlt"fp F3 "? a‘v;\%.ﬁ EXurfE’r%\Peﬁs& otBs a
surfactant nol ecul e not t.he. nedi um BE FOR CARRYI NG
QUT THE | NI R < W 2‘5’73 Sk RV EFIH N ? eﬁ?ﬁsﬁl ned bel ow in
nore detail by reference to Exanples However, the invention should
not be construed as being limted to these Exanples only.

;)rg;a; o4BRIEF DEsCRI¥Ftéilor THE prAWENEY 0 of a silver solution

Fig. 1 4is a sectional view diagrammatically
illustrating the structure of a particle of a
multilayer-coated powder for use in the electro-,
magneto-, or magnetocelectrorheological £fluid of the
present invention; numeral 1 denotes a base powder
pérticle; numeral 2 denotes a coating layer; and numeral
3 denotes a coating layer differing in refractive index
from the cocating layer 2.

Fig. 2 illustrates an easily dispersed state in a
solvent of a multilayer-coated powder particle which has
been treated with a surfactant so as to have an affinity
for solvents; numeral 4 denotes a surfactant molecule

and 5 denotes the medium.

BEST MODES FOR CARRYING OUT THE INVENTION

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

these Examples only.
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bef orehand were di spersed 50 g of polyethylene particles (average particle
dianeter, 10 [err]m. Thereto was added. 130 g of a reducing solution to
forma silver film Thus, silver-coated pol yethyl ene powder Alerr] was

obt ai ned. The silver solution and the resulting solution had been
prepared in the followng manners. In preparing the silver

solution, 35 g of silver nitrate was dissolved in 600 g of deionized

wat er. Thereto was added 45 g of ammonia, followed by an al kali solution
consi sting of 25 _g of sodi um hydroxi de and 600 g of water. Anmonia  was -
further E :gﬁﬁgﬁ the resultant mxture until the precipitated siIver

oxi de changed m%ﬁ CO@B% X ions o make t.he m xtur transparent , the
silver sol ution YRS ed9 e r%duc,si V<D utsi By \%%eB?‘EE ed by

artari GEEpReRally yHEE Bidhdy %—fltng Qi 88 BUTEHIRLEhs Bt tiele
S0l Ut | 0N {98 pagl NhE%: 0! MAGridEeF0! UG OO | BRI ORI £adadl ng

100 m o et ha her et o aging 'the résultant m xture 1 week.

To 500 niz@f gleini aedredudiNg' &SEedod0 8o0ffokhe i lyeivepat £d1m.
pol yet hyl ene powder A[err] and 100 g of styrene nmonomer. Wiile this

m xt ur e PRgshelsd 1atePSE6AREEA polyethylene powder A, was Stained.
with stirring, 3 g of sodiumlauryl sulfate was added thereto to enul sify
t he mononer. Therleéo sibvaddesolugtion and the resulting solution
| had been prepared in the following manners. In
preparing the silver solution, 35 g of silver nitrate
was dissolved in 600 g of deionized watgr. Theretoc was
added 45 g of ammonia, followed by an alkali solution
consisting of 25 g of sodium hydroxide and 600 g of
water. Ammonia was further added to the resultant
mixture until the precipitated silver oxide changed into
complex ions to make the mixture transparent. Thus, the
silver solution was prepared. The reducing solution
used was prepared by dissolving 45 g of glucose in 1
liter of deionized watexr, adding 4 g of tartaric acid
thereto and dissolving the same, boiling the resultant
solution for 5 minutes, cooling the solution to room
temperature, adding 100 ml of ethanol thereto, and aging
the resultant mixture for 1 week.
To 500 ml of deionized water were added 50 g of
the silver-coated polyethylene powder A, and 100 g of

styrene monomer. While this mixture was held at 55°C
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of ammoni um persulfate to initiate a polynerization reaction. The reaction
m xture was continuously stirred for 5 hours and then filtered to take out
the solid matter. Thus, polystyrene/silver-coated polyethylene powder
A2 was obt ai ned. To 50 g of the polystyrene/silver-coated
pol yet hyl ene powder Alerr] was added 130 g of the silver solution to

di sperse the powder. To this dispersion was added 130 g of the reducing
solution to forma silver film Thus, silver/polystyrene-coated

pol yet hyl en powder A3 obt ai_ned. The, si | ver/ pol.ystyr.ene- coate
pol yet hy¥ rae@goﬁ Hedoaass%w@ CHRURYY aBOlERR AR SRS,

Table 1 h f f the b ticl h
ffil me an%‘?‘(%vf\ie{'ﬂ?gl?ﬁe%gc ’% éi %ﬁ?ﬂgfeﬁgsr?&@%{: R% g‘?ﬁil gﬁ"‘%‘% Sac
- 29 - c?r?m?m Pﬁ; Cfersulfate to 11@@1%%?]( ngf:{ \g/’gﬁ%iégggéﬁm each

filmetc? ness
thi Cknes?:ewlon. The reaction mixture was continuously stirred

for 5 hours and then filtered to take out the solid
matter. Thus, polystyrene/silver-coated polyethylene
powder A, was obtained.

To 50 g of the polystyrene/silver-coated
polyethylene powder A, was added 130 g of the silver
solution to disperse the powder. To this dispersion was
added 130 g of the reducing solution to form a silver
film. Thus, silver/polystyrene-coated polyethylene
powder A; was obtained. The silver/polystyrene-cocated
polyethylene powder A, obtained was white and had a
reflectance of 70%.

Table 1 shows the refractive index of the base
particles, that of each f£film, and the thickness of each

film in the powder A, obtained above.
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Pol yet hyl ene 1.51 base particles First |ayer, 0.05 + 2.87i
24 Second | ayer, 1.59 . 94 polystyrene film Third

| ayer, 0.05 + 2.87i 25 silver film Thi s powder
A3 was. mi xed with 500 mM of kerosine containing 35 g of sodium ol eate.
This m xture was stirred for 3 hours while dispersing the powder at a
constant tenperature of 90[err]C, subsequently cooled to roomtenperature,
and then filtered to recover the solid matter. This solid matter was

di spersed in 50 m of cyclohexane Bahd&i ding 7 g of O Red as a red dye.

The resu'ﬁé‘f‘ialet'i'xﬂa V@ﬁdéi:' Weetdén ”E&l&h%&é‘griﬁkierﬁ§1xﬁ”@h1td]@rﬂe§9p| i ed

tO a ml I o _Nanaoy L AN nNnn orr.
l.l HCI I_Ul \JUP—-Y—I II LI CTATT TATTUTOTTC A AALLLE ‘Jll'_ CT 1

result, |the paper was col or felfi-ad¥i 98t ihefbx FﬁiﬁN%HiéknEggsudﬁwe
Silica doating; Intb 100 M of ethanol {was di spersed 10 g of 4

car bonyl| psDpepbYddnd aver age particle dianeter, 1.8 [err]m
- 30 - | base parti®lesactured by Br3E. The container was heated with an
oi | batl LIIFL enpergtureof the—tHqurdijat—55terTiC€.

#1rEEay 0.05 + 2.87i 24

-

silver fllm

Second layer,

polystyrene film 1.59 94

Third layer,

silver film 0.05 + 2.87i 25

This powder A; was mixed with 500 ml of kerosine
containing 35 g of sodium oleate. This mixture was
stirred for 3 hours while dispersing the powder at a
constant temperature of 90°C, subsequently cooled to
room temperature, and then filtered to recover the solid
matter. This solid matter was dispersed in 50 ml of
cyclohexane containing 7 g of Oil Red as a red dye. The
resultant fluid was stirred to mix the ingredients and
then applied to a white paper for copying in an amount
of 0.05 ml/cm®. As a result, the paper was colored in

bright-red.

EXAMPLE 2
First layer: Silica coating:
Into 100 ml of ethanol was dispersed 10 g of a

carbonyl iron powder (average particle diameter, 1.8 um)
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Thereto were added 6.5 g of silicon ethoxide and 6.5 g of anmonia water
(concentration, 299 . This mxture was reacted for 4 hours with stirring
so as to forma film having a thickness of 96 nmafter drying and heati ng.
After the reaction, the reaction mxture was diluted and washed with
ethanol and filtered. The solid matter was dried in a vacuum dryer at
110]erf]C for 3 hours. After the drying, the resultant powder was heated
with a rotary tubular oven at 650[err]C for 30 mnutes to obtain silica-
coated powder_ Blerr]. _The silica-coated powder B[err] obtained, mas
exce||eﬁvanﬁfac§¢e¢%@db§t BBSF. Shercendaimeyurgsoherted Wity ean:oat ed

i Sper seﬂlio%fga & £o de%%éﬁ% R ngsm&mi%veﬁag%%g?gﬂaléi Fhnater - 1 b1 ﬁ
t t t
o keop TREPEEROYats: AeEnE 17 o Phi =R4iaa (SCOPGR SRS o a6, 5
s AT bl Y TN B
g SO0 as orma tilm

havi ng arégb?:g'&esfogf 496h8 tv’?{tﬂrﬂtﬂ% h%'gl to form a fr. m
31 ter t reaction actlon m xture was diluted and
Washed Vﬁi{?lﬁbhaﬁmt}?ﬂgkﬁélstsersé- gée nap! éét@téfy‘!‘dﬁij and heating.
After the reaction, the reaction mixture was diluted and
washed with ethanol and filtered. The solid matter was
dried in a vacuum dryer at 110°C for 3 hours. After the
drying, the resultant powder was heated with a rotary
tubular oven at 650°C for 30 minutes to obtain silica-

coated powder B,. The silica-coated powder B, obtained

was excellent in dispersed state.

EXAMPLE 3
Production of Multilayer-coated Powder:
First layer: Silica coating:

Into 100 ml of ethanol was dispersed 10 g of a
carbonyl iron powder (average particle diameter, 1.8 um)
manufactured by BASF. The container was heated with an
oil bath to keep the temperature of the liquid at 55°C.
Thereto were added 6.5 g of silicon ethoxide and 6.5 g
of ammonia water (concentration, 29%). This mixture was
reacted for 4 hours with stirring so as to form a film

having a thickness of 96 nm after drying and heating.
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dried i

n a vacuumdryer at 110[err]C for 3 hours. After the drying, t

resul tant powder was heated with a rotary tubular oven at 650[err]C f
to obtain silica- coated powder Clerr]. The silica-coated powder

m nut es

derr].

coati ng:
‘obt ai ned was redispersed into 200 M of ethanol. The container

Cerr]

obt ai ned was excellent in dispersed state. Second | ayer: Ti
After the heating, 10 g of the silica-coated powder

he
or 30

tani a

was

heated with an oil bath to keep the tenperature of the liquid at 55[err]C

Thereto
A sol ut
added d
m xture
of 72 n
m Xture
was dri
the res

added 7 3 of titanium et hoxi de. This m xtyr Sti
ARt e c apchioihg SBemERACELREaI X GRER #a8 (dbiuhac g

rred.
S

VREhRRL A EC °%3353“P§<¥o% RFP0r m AT | RORAV Sk Ros s
RRE LA Y VLNGS 7 t#t ?.rld°g:|e fc;x?a?t L he. %i’:%% Q%’matter

was di luted an mashe han and Tiltered.

ryiRed VAGWIMEALUA ALy LHGEEEC £0L HdothE withela! Bt

nt “powder was heat ed a rotary oven at

i ng,
err]C

for 30 t#biukes o¥8n ORtaigsod If@il t3d amlan&@élsecwomanq %rlrﬂlca— The

silical
powder
conpose

titani a- coat ed

co&ked |powdeirai 0gd Tﬂﬁidsn.ll&i:ﬁ-l-éfaaﬂe@ ypo#ideer g bolbidaimed was

d of independent particles.
was excellent in dispersed state.

Second layer: Titania coating:

After the heating, 10 g of the silica-coated
powder C; obtained was redispersed into 200 ml of
ethanol. The container was heated with an oil bath to
keep the temperature of the liquid at 55°C. Thereto was
added 7.3 g of titanium ethoxide. This mixture was
stirred. A solution prepared by mixing 30 ml of ethanol
with 7.3 g of water was added dropwise to the above
mixture over 60 minutes, and the resultant mixture was
reacted for 4 hours so as to fof:m a film having a
thickness of 72 nm after drying and heating. After the
reaction, the reaction mixture was diluted and washed
with ethanol and filtered. The solid matter was dried
in a vacuum dryer at 110°C for 3 hours. After the
drying, the resultant powder was heated with a rotary
tubular oven at 650°C for 30 minutes to obtain

silica/titania-coated powder C,. The silica/titania-
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This silical/titani a-coated powder C2 was bright-green. The green powder
obt ai ned was conposed of spherical particles and had a magneti zation of
170 emu/g in a magnetic field of 10 kCe. Wth respect to each
coating filmof the above coated powder, the peak wavel ength for a
spectral reflection curve, the reflectance at the peak wavel ength, and
the. refractive index and thickness of the coating filmwere neasured by
the foll owi ng nmethods. (1) The spectral reflection curve was obtai ned by
a nmethod in which a spectrophotoneter having an integrating
sphere asdatmdif act poedidy N pPon Buobdkasasedusedhiaed exansa¢d. dfgbtory

refl ected by a powder sanple packed in a glass holder. The exam nati on was
made in daspexisbbdliityh and Was2eqnid@s8ed of2)indgpendsnticpardighes . and
the filmthickness were determ ned and eval uated by exam ning sanpl es

pr oducedThdmde sidifeaf thtandmii eeatedanpowdamg C.argast | Prightitgreeses to
obtain spectral reflection curves and_ conparing the exam natiqgn results,
for fittFhG @RIPRcPIVdeIht sRtatrAatouyRSsS nSomRRFedl o4 c FRReBhBdsed
on the interferﬁnce eq

atj on. ) ] 3
bl o 2 BRERGTRS: ATdahed | A@AGREtATaEion of 170 emu/g in a
magnetic field of 10 kOe.

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

(1) The spectral reflection curve was obtained by a
method in which a spectrophotometer having an
integrating sphere and manufactured by Nippon Bunko was
used to examined light reflected by a powder sample
packed in a glass holder. The examination was made in
accordance with JIS Z8723 (1988).

(2) The refractive index and the film thickness were
determined and evaluated by examining samples produced
under different conditions and having large film
thicknesses to obtain spectral reflection curves and
comparing the examination results, for fitting, with
curves obtained through instrumental calculation based

on the interference equation.
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t hi ckness of each of the first and second | ayers, the peak wavel ength for

a spectral reflection curve of the coated powder, and the reflectance
at the peak wavel ength. Table 2

Refractive index, filmthickness, peak wavel ength and
reflectance (% of each film etc. Refractive Fil mthickness
Peak wavel ength Refl ectance Coating Layer I ndex (nm (nm

(%9 First |ayer, 1.5 96 - silica film Second | ayer,

2.1 72 555 41 titania film EXAMPLE 4 Exam nation

for Oxidati on Rediadilmce2 shows Tiisepond€raoiaied wWinklex sianda Ifdyex

al one and the powder coated with a silica layer and a titania |ayer which
powder s Hidknesshtaf neacln Bfanphes fimst 8ndr especonidelayems o dlwd yzed
with a differential thernmal analyzer to exanine their oxidation

resi stan®@ak wavelemgtbxifRxi on spectaidbnredifrebione encvacPLpdhger is
shown in Table 3. The results show that the _coated powders were stable up
to 400[ e9xtedherRe¥dere i r8Rd pofd&® aF&FRERACEL oRitdi zEhgt aPeak
tenperature bel ow, . 150[err]C. It is hence expected that since the oxidation
- 34 . wavelength..iii,ijon tenperatures of the coated powders are hi gher
than the boiling points of all nedia usable in

Table 2

Refractive index, f£ilm thickness, peak wavelength
and reflectance (%) of each film, etc.

. Refractive | Film thickness | Peak wavelength | Reflectance
Coating Layer .
index {nm) {nm) (%)
First layer,
silica film 1.5 96
Second layer,
titania film 2.1 72 555 41

EXAMPLE 4
Examination for Oxidation Resistance:

The powder coated with a silica layer alone and
the powder coated with a silica layer and a titania
layer which powders had been obtained in Examples 2 and
3, respectively, were analyzed with a differential
thermal analyzer to examine their oxidation resistance.

The oxidation initiation temperature of each
powder is shown in Table 3. The results show that the
coated powders were stable up to 400°C, whereas the iron
powder alone began to oxidize at a temperature below

150°C. It is hence expected that since the oxidation
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rheological fluids, these powlers do not undergo deterioration by
oxidation, in particular, deterioration in magnetic properties by iron
nmet al oxidation, even when used as rheol ogical fluids.

Table 3 Oxidation initiation tenperatures of base iron
powder and filmcoated powders Oxi dati on

i nitiation tenperature ([err]C) Base iron
powder 143 Coating with a silica 421

| ayer Coating with a silica 587 layer and a titania |ayer -

EXAVPLE ZnikistiomertergpeReltatrias #Er vhet iacahed powderFherspdrviegherween
two el ectrode plates disposed respectively at the top and bottom of a
hol | ow cyihamier theadebefl ldnacr paints at @g//vasaééccke@e@ﬁltah euepbde t hén
powder coated_with a silica |ayer alone and the powder <coated with a
silica | Zhgohpgigal  aflnidger Whete pRR/AIIRTHad BRen RPEai HRAFRIC

bl F- B SR e B e e

- 35 - . t he powder ,particles were fi I{é_eg wétgcflitriand_v\geég
those spddbs TRFRCFHFI HERPER (e 1 dRC Gh5edl BPERL | SEBEATR (1 ISR 40) .
As a resyan tN8eaPRA GMebEb@ildd fluids.

Table 3

Oxidation initiation temperatures of
base iron powder and film-coated powders

Oxidation initiation
temperature (°C)

Base iron powder 143
Coating with a silica 421
layer

Coating with a silica 587

layer and a titania layer

EXAMPLE 5
Measurement of Relative Permittivity:

The space between two electrode plates disposed
respectively at the top and bottom of a hollow cylinder
made of an acrylic plate was packed with each of the
powder coated with a silica layer alone and the powder
coated with a silica layer and a titania layer which
powders had been obtained in Examples 2 and 3,
respectively. The relative permittivity of each powder

was measured in each of the cases where the spaces among
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permttivity increased to ten tines. This effect was attributable
to an interaction between the iron netal particles, functioning as a
conductor, and the film(s) and the ethylene glycol, both functioning as a
dielectric. It is presuned that in ethylene glycol, the coated powders
undergo enhanced dielectric polarization and exert an enhanced actuati ng

force i'n the sane electrostatic field. Tabl e 4
Rel ative permttivities of each coated powder inair and in
et hyl ene gl ycol Rel ative ‘Rel ative

permtti ihg¢ powded npbartidYes were filled with 4if aahgd where

(in EG Coating with a 6.6 73 silica | ayer
Coati ng vibhbdse spaces| mereafidlled with 4ethylene glycol75(melatdnian
| ayer EXAMPLE 6 Preparation of Rheol ogical Fluid: Wth 50 g of

et hanol \mermifs&d 3sty), of4Ghe pdsier xoauds,withea apparenti | nedatiye

titania filmobtained in Exanple 3. Thereto was added, with stirring, a
1. 7% permittivity increased_tggten times. et hanol sol ution of

hydr oxypropyl cellulose,_ To the resultant solution was added 50 g of
et hyl ene gl ycol .qrhﬁ'nFs effecte Was h%&Fé'd-%é‘lt €rr¥e AR 1ITRFRBREEHAR t he

between the iron metal particles, functioning as a
conductor, and ﬁhe film(s) and the ethylene glycol, both
functioning as a dielectric. It is presumed that in
ethylene glycol, the coated powders undergo enhanced

dielectric polarization and exert an enhanced actuating

force in the same electrostatic field.

Table 4

Relative permittivities of each coated powder
in air and in ethylene glycol

Relative Relative
permittivity permittivity
(in air) (in EG)
Coating with a
silica layer 6.6 73
Coating with a
silica layer and 7.4 75
a titania layer

EXAMPLE 6

Preparation of Rheological Fluid:

With 50 g of ethanol was mixed 35 g of the powder
coated with a silica film and a titania film obtained in

Example 3. Thereto was added, with stirring, a 1.7%
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et hanol vaporized off to thereby conduct solvent replacenent with ethylene
gl ycol . The fluid obtained was a rheological fluid in which the
particles were in a conpletely dispersed state. This rheological fluid had
a solid concentration of 36% and a viscosity at 25[err]C of 120 cSt. The
magnetization of this fluid as neasured with a VSMwas 59.5 enu/g. In

view of the fact that ordinary magnetic fluids having the sane
concentration have magneti zati ons of about from 25 to 30 enmu/g, the

rheol ogical fluid was found to exert a highly powerful actuating force in
r esponse etthanolmgaefliutiforl bf hykAdRypProp¥bpl cedflndose. ShaMo Sddie ng:
The rotary shaft of a notor which shaft had an inner tube fixed thereto
havi ng aresmktaditansedntdion Owasm addled | 58yt g off 1 ethylepeovgd¥egodt. jts
end with a magnet 1 having a width of 1 cmand a thickpess of Q.7 cm and
havi ng aFhN-$omi¥hdrge waf sheptedrapier 80hat urkédlnedhdost wadl n st act
with an outer tube having an, inner dianeter of 10.5 cm a wdth_of 5 cm
and a ethanol vaporized off 37;to thereby gpndnets $oivemrt A

further SRRARERReSF THEE StAviee PAYbract with the magnet 1

The fluid obtained was a rheological fluid in
which the particles were in a completely dispersed state.
This rheological fluid had a solid concentration of 36%
and a viscosity at 25°C of 120 cSt. The magnetization
of this fluid as measured with a VSM was 59.5 emu/g. In
view of the fact that ordinary magnetic fluids having
the same concentration have magnetizations of about from
25 to 30 emu/g, the rheological fluid was found to exert
a highly powerful actuating force in response to a

magnetic field.

EXAMPLE 7
Application to Shaft Sealing:

The rotary shaft of a motor which shaft had an
inner tube fixed thereto having an outer diameter of 10
cm and a length of 1 m was provided at its end with a
magnet 1 having a width of 1 cm and a thickness of 0.7
cm and having an N pole inside, in such a manner that
the magnet 1 was in contact with an outer tube having an

inner diameter of 10.5 cm, a width of 5 cm, and a
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Furthernore, the shaft was provided with a magnet which had a width of 1

cmand a thickness of 0.7 cmand had ann S pole inside, i.e., which had the
pol e arrangenent opposite to that of the nagnet 1 and had the sane size
as the. magnet 1. The space between the inner and outer tubes was

filled beforehand with 130 m of the sane fluid as that prepared in
Exanple 6. The center of rotation of the outer tube was sinlarly fixed
to a pressure vessel. A DC voltage (100 V) was simultaneously
applied to the inner and outer tubes. Thereafter, the pressure
vessel wahisknessedf wit mm. vadubapdnpf Hoefterd reme baving dad wisdth| ow
out . The notor was run _at 60 rpm However, the vacuum _was

mai nt ai nef 0.5 cm ang (wethdcknase 9fe§s-l7r amcyas fpsthege figpgsedoved
in opp03|te di rectlons per pendi cul ar to the rotar shaft over 1. 5 cm
However Fhakum s n‘&?ﬁt aitRd. conkpeSTRIMEE ﬁPPLF’Gﬁsl ipagnet 1. ag

descr | gfgg% Bl e AT 2L 00 a e Rl R "G dR SHSELR' ©

of both r oy, d acgco d|n t he r t__inv 2 When
this fl UI s usegtlgn a#cdjfnﬁmr ‘%1 ghf'ﬁ:aness °?'t ?\’Zailql Qf‘? opé(;ra?l on
of a devigtepqqui RRAGIYLLN {hg dampel K apidatdfeOrpbie |é§-§'a t

opposite to that of the magnet 1 and had the same size
as the magnet 1. |

The space between the inner and outer tubes was
filled beforehand with 130 ml of the same fluid as that
prepared in Example 6. The center of rotation of the
outer tube was similarly fixed to a pressure vessel.

A DC wvoltage (100 V) was simultaneously applied
to the inner and outer tubes.

Thereafter, the pressure vessel was evacuated
with a vacuum pump. However, the fluid did not flow out.

The motor was run at 60 rpm. However, the vacuum
was maintained.

Furthermore, the pressure vessel was repeatedly
moved in opposite directions perpendicular to the rotary

shaft over 1.5 cm. However, the vacuum was maintained.

INDUSTRIAL APPLICABILITY
As described above, a fluid which actuates upon
application of an electric field or a magnetic field or
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precisely controlled by suitably regulating the intensity and
direction of an electric field and magnetic field externally applied to
the fluid. When an electric field and a nagnetic field are sifultaneously
applied in the same direction, a nore powerful actuating force is

obt ai ned. Furthernore, a colored fluid conposition usable as a
coler ink for ink-jet printers, a color display nedium and the Ilike
can be provided. Since the particles thenselves present in the fluid

have an unfadabl e col or produced by an interference multilayer film the
col ored bifui debthposian orbes giferided, aaprording ddounebhe r gresedtt o be
preserved over long. Mreover, when a powder coated and col ored wth,

e.g., a invemtihenal | ¥Fhenpdhis iftwid sbsvarsedonini m nfamper, an

di ssol ved therein, a color ink_of a bright color can be obtained which

act uat esactyakesnse A% akhel eddike, fi thg operation of 'a device

 heol ogi EEIRHBREG ¥t | thg damRRF URY Rotuator or the 1iks can be
precisely controlled Dby suitably regulating the
intensity and direction of an electric field and
magnetic field externally applied to the fluid. When an
electric field and a magnetic field are simultaneously
applied in the same direction, a more powerful actuating
force is obtained.

Furthermore, a colored fluid composition usable
as a color ink for ink-jet printers, a color display
medium, and the 1like can be provided. Since the
particles themselves present in the fluid have an
unfadable color produced by an interference multilayer
film, the colored fluid composition is effective, e.g.,
for documents required to be preserved over long.
Moreover, when a powder coated and colored with, e.g., a
white metal is dispersed into a solvent containing a dye
dissolved therein, a color ink of a bright color can be

obtained which actuates in response to an electric field.
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which a fil mcoated powder conprising a base particle having thereon a
coating layer(s) is dispersed. " 2. The rheol ogical fluid according
to claim1, wherein the powder is a nultilayer-coated powder having
therean coating layers which differ fromeach other in refractive index.

3. The rheological fluid according to claim11, which has an average
particle diameter of 0.015 to 100 4. The rheol ogical fluid
according to claim1l1l, wherein the base particle-of the powder ts-selected

from a conductive material, a dielectric materi.al

material, and a magnetic material. CLAIMS 5. The“"ﬂmulﬂgmmﬂ Ilm‘d
according to claim2, wherein the nultilayer-coated powder massa xol or
attributable to interference. - 40 -

6. The rheological fluid according to_claim1, wherein at |least one of

the coating |ayers® j¥hegloghgpdanfluds aFomREbehAg sfefmedium in

which a film-coated powder comprising a base particle

having thereon a coating layer(s) is dispersed.

2. The rheological fluid according to claim 1,
wherein the powder is a multilayer-coated powder having
thereon coating layers which differ from each other in

refractive index.

3. The rheological fluid according to claim 1,
which has an average particle diameter of 0.015 to 100

pm .

4. The rheological fluid according to claim 1,
wherein the base particle of the powder is selected from
a conductive material, a dielectric material, an

insulating materiél, and a magnetic material.

5. The rheological fluid according to claim 1,
wherein the multilayer-coated powder has a color

attributable to interference.
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7. The rheological fluid according to claim11, wherein at |east one of the
coating layers is a netal layer or an alloy |ayer. 8. The_.
rheol ogi cal fluid according to claiml1, mhereln at 'l east one of the

coating layers is an organic |ayer. mﬂ““ﬁmg‘ EEI ﬂ“t
according to claiml1, wherein the surface of the owder

has. been treated beforehand so as to have an affinity for * sol vent s.
10. The rheological fluid according to claim1, wherein the nmedium has
been colored with a col orant. ' - 41 - -
6. The rheological fluid according to claim 1,
wherein at least one of the coating layers is an

inorganic metal compound layer.

7. The rheological fluid according to claim 1,
wherein at least one of the coating layers is a metal

layer or an alloy layer.

8. The rheological fluid according to claim 1,
wherein at least one of the coating layers is an organic

layer.

9. The rheological fluid according to claim 1,
wherein the surface of the multilayer-coated powder has
been treated beforehand so as to have an affinity for

solvents.

10. The rheological fluid according to claim 1,

wherein the medium has been colored with a colorant.
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