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WD 2006/ 025553 PCT/ JP2005/ 016671 DESCRI PTI ON FI NE
PARTI CLES AND METHOD OF PRODUCI NG THEREOF, FI NE
PARTI CLE DI SPERSI ON LI QUI D, AND | MAGE DI SPLAY MEDI UM

\%I&Ok/%gg DI SPLAY APPARATUS Technical Field PEEQP2005/016171
present invention relates to fine particles that can

be applied to elect ' articles for an imge
di spl ay medi um and abﬁgﬁﬁgg&géprroducing t hereof, a
fin ticle dispersion |liquid. _and an_imge displa
10F TR RARTIGLES ANRMEGHOD OF REONUCING BEREQIAINE
Art Conventionally, CRTs and liquid crystal displays
haBAREEFLIG SIS PERSION plQYIDe ANINEVMAGE DIS

as characters, static inmages, and 15 novi ng inmages.
These appar at usaSDAMAGRDESRIAE APPARATHES! ay digital
data and rewite the data. However, these apparatuses
have various drawbacks. For exanple, it is a hard
work to always carry such apparatuses. In addition,

SqRcRsicsURRI@ di spl ay apparatus for a long period
time causes eye fatigue. Further, when power of such

di sol . .
G ob) YTEOp{RRRE fudiuih rbUEACH) Bl parkidfed'dTROES, B Fpfitla
i rned.as a li ur e

di [ d or st i terat .t he re
CASHL R B pRkBUES 160 rads ERTbE Feaibih Yt Faathod of
Thi s, paper, nedj um has heen .used wi. dely as a so-called
h&F ‘@b‘gﬂ/£he¥ﬁ$saraﬁ'ﬁﬂli‘rtlﬁlﬁ;ﬂl?@ré‘agib&m‘{c?nﬂe%w“{l isplay
those in djsplay apparatuses, the degree 1

medium and an image display apparatus.

Background Art

Conventionally, CRTs and liquid crystal displays have been used
as display terminals for images such as characters, static images, and
moving images. These apparatuses can instantaneously display digital
data and rewrite the data. However, these apparatuses have various
drawba(;ks. For example, it is a hard work to always carry such
apparatuses. In addition, seeing such a display apparatus for a long
period time causes eye fatigue. Further, when power of such display
apparatus is turned off, the images are not displayed.

When the characters or static images are distributed or stored as
a literature, they are typically recorded by a printer on a paper medium.
This paper medium has been used widely as a so-called hard copy. This

hard copy is easier to read than those in display apparatuses, the degree
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WD 2006/ 025553 PCT/ JP2005/016171. of eye fatigue is
much less and it can be read by free posture. Further,
hard copi es have a characteristic which can be freely

vﬁ%dokﬁ&s@ecause of |ightweight. However, hakgegPheisin
a

ve a problemin view of material saving such that
it requires _nuch | abor and costs when 5 disposed and
r eEgxe fagigue iemuchdsssand iy sap be Tead BY fieg postureed for a
paper-1li ke rewitable display nmediumhas been
i ncr easBarthen, dlard evpibahevoa charadteataticgebicbfcadibs fregly
apparatuses and hard copies. Until now, display nedia
usarripdebdcaagd of lightskeight. dHepevae ardropigsdiaweny problem in
bi stable cholesteric liquid crystal, an 10

elvR&t 608 BfR1H] GafineEReh tBawht 28quEtaChueR Mo tdnd @53RERYN
etc. have been proposed, which are a reflection type

appoddl MMPRIcHNed a8l EREY ARSIsed! MBOES in addition to
menorablility as a displlay nedium Anong them

. | _ Lol
appar at ﬁﬁ%foggl 19? og a}%&,@? BRQ g@&/h@aﬁle Gt‘fg%ﬁn%}f Pﬁe‘#ﬁlva%ﬂag

good displ'ay qua e OW power con

di spl ay operati.gn 1 e,.Patent literatures 1 and
obe8s fecciRRd Ui posp Rat Srit VB iagy oL dIRIAY Spparifises
di spersion |iquid dispersed a pJ.urality. of.

efi@gﬁl@&% fofieR i 0 il Rw dispinn srdiia 20w Bl amrieh
color is different froma color of_ a dispersion
néipgrsedfin aolympn rackistibipehodederipdigpidhenystadi an ed
between a pair of transparent el ectrodes. The

e klectrociploorie tlemand anidreale¢theplwireti¢ elementagtc2Baveceen

called "mgration particle") have electric charge on a

sprépeed,ofhithare dirsflestimnaypeadd ean d¥pday higlotdnagst
having a polarity opposite to the charge of the

el ahéRhAdetion tdPRehioshBislitySasab@spRE thediamne of the
transparent el ectrodes, a
Among them, apparatuses using an electrophoretic element have
good display qualities and low power consumption while display operation
(See Patent literatures 1 and 2). In such electrophoretic display medium,
a dispersion liquid dispersed a plurality of electrophoretic particles
having a color in which color is different from a color of a dispersion
medium of the colored dispersion medium is filled between a pair of
transparent electrodes. The electrophoretic particles (hereinafter, may
be called “migration particle”) have electric charge on a surface of the
dispersion medium.
When a voltage having a polarity opposite to the charge of the

electrophoretic particles is applied to one of the transparent electrodes, a

color of the particles is observed by deposition of the particles on the
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color of the particles is observed by deposition of
the particles on the 2 WO 2006/ 025553
PCT/ JP20051016171 transparent el ectrodes. To the

“qﬁ%g,ﬁg%s when a vol tage having the sanme pglLafipldsAdin
the charge of the el ectropheretic particles is

applied, the particles nove toward the transparent
etraaspagat glectmdess p Josthesontrgey, when & noltagnbavig she of
the dispersing nediumis observed, thereby the inmages
Ssame phlarity sslthe ebargPloé thé eleetroplheretin partides isnpdied: the
particles are required to have an optical property
spaitichss mbvé towrdaht oradparddt elesivdetof tie oppsitaysidd, ad e
or non-display state, and a good el ectrostatic

PERahb Yolb®bf HH GikpdreEiOMe iun®is dBR¥ArddPtitite Py tisd Bfages
electric field. Anobng the particles which have a 1o

Waiif Be AR Myeahow ng a whiteness such as a paper, an
i norgani ¢ pignment such as a titanium oxide which has

hi ah i : . o
e onvant Tsllcre SoEHA AL Yarlfles BEHGHAES 10 have an
used as_ th a

Le or addi ng, an,additive,such as, a
o3 a5l ProRs Gy P W e oF SRl RpOTEbs (Pt iedor
stability. However, these pignents are psually not 15
cBﬂ’b’Flé?tPiX fats rasg%ﬁoesl%ctg‘tﬂ%%%l’?%@?@t WP&?H‘i rgsponse to
smal l er than the insulator. Thus, in _the outside
emsye tp anfoutside plegirimiield. ¢ Amangdbe popHelee mhachihays ay
a good magration is difficult along in a direction of
t wéitel coborrshowing# svhitePass swnll 28 4 papert abiihongganicgpigment
repeatedly switching the display is inferior.
Fenidbhey a titheiugm oside wiidbhesm dfighi light- agattering nbility thaat
the display state is 20 changing with tinme because a
SP&S hidd @nhtivndlly. I ATREK altrifabic $iGOsRR1Re Yebn ided as

di spersion nmedi um precipitation cannot be prevent ed.

Widyeareld? by adding an additive such as a particle dispersing agent to
improve dispersion stability. However, these pigments are usually not
complete insulators and a volume resistivity is smaller than the insulator.
Thus, in the outside electric filed region in the electrophoretic display, a
good migration is difficult along in a direction of the electric field.
Particularly, stability for repeatedly switching the display is inferior.
Further, there is a problem of display memory in that the display state is
changing with time because a specific gravity is remarkably big compared
to the dispersion medium, precipitation cannot be prevented. While, in
view of insulation and specific gravity as for charging particles, various

types of polymer particles are preferable. Many of them migrate very

well with respect to the outside electric field. However, among
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view of insulation and specific gravity as for
charging particles, various types of polyner
particles are preferable. Many of them m grate very

w6 bdos¥dstd3 respect to the outside electric fip@lGpaoosnis171
However, anong 3 WO 20061025553 PCT/JP2005/016171

conventional polyner particles, white col ored
peanveatienalpalymer aartscgqsb whakerolared particles brvpeet y as

di splay materials were not seen. To satisfy the above
t satisfactardepticah peoptertyi asediaplayendteniads wpreopetsednt o use
a pignent and a pol yner being conpl exed by heat fusion
5 and fToeltisfiythesbavg twblelseeards, Pateiobliteratsre, 3 has
specific gravity between the particle and the

dpFpRE&] RMud¥aspidmeiit @ndq pdlPnke beidigtcotPIPteal 1y NeatFdsion

further there is alimtation in finely-grinding by

gwm ge{&ﬁ Farﬂ%ﬁrevéxh‘ran PRIS (ch&d, t%héﬁeam%tg%m t3 Bétween

ower tion speed is In el ectrophor.etic

Bit’eg%ﬂﬂlc QA&J He (Lg;?err o1 tr.h (lg% h.iz f'i‘ot%%%&éﬂt ch?)'lé%Qﬂy%d

ng spee

ned i.n ol t_on
adi et S PAP#D&EV eBROETy e Thediredt
occurs non- unlforn1ty in chargln the particles, The
ratbiciiameter, Hag slower $he mdgnajion saee‘? Kelndhgsent
stage Patent Literature 1: Japanese Patent
Aglgttirephdretic disptryopedivm, FﬂlA;ebymems aprobleam ¢ dpglasht
Literature 2: Japanese Patent (JP-P) No. 2612472
Pewiphingispeedat Further, flappigosmt Panentoniyplptaly eentamed in
Lai d- Open (JP-A) No. 48-31097 20 Disclosure of
| theepdliy@er, it may exist on the surface in a certain degree. Therefore,
there occurs non-uniformity in charging the particles.
The above problem is not fully resolved at the present stage.
Patent Literature 1: Japanese Patent Application Laid-Open (JP-A)
No. 05-173194
Patent Literature 2: Japanese Patent (JP-B) No. 2612472
Patent Literature 3: Japanese Patent Application Laid-Open (JP-A)

No. 48-31097

Disclosure of Invention

It is an object of the present invention to provide white colored
fine particles with high white reflectance and non-precipitation in the
dispersion medium compared to inorganic white pigments and a method

of producing the fine particles, an image display medium and an image
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It is an object of the present invention to provide
white colored fine particles with high white
refl ectance and non-precipitation in the dispersion

wEHokissgnpared to inorgani c white pignmentspapSeRosnisin
nmet ho of producing the fine particles, an i nmage

di spl ay nedium and an i mage 4 WD 2006/ 025553

Pdispl aasretnswith high pihatengpplikeas peped and pxegHent in

whi teness |i ke a paper and excellent in display
mdispiahinkidoyahilitngsingehalbbve finepapgelés.cl es. After the
i nvestigation by the present inventor for solving the

above pAfebd BisBinvédtidamnligethelprosshttiheéntbh forwblvigg the
particle in the dispersion nediumshows whiteness is

t BRbvelfoBINEs, lit BAY bdeh MLA YR HRWIRte Phiti@s AR of a
refractive i ndex between the dispersion nedium and the

DAL pEASSH6E et At BRots i ) AGHERES o
ChUSPERER Clof A T SE e R Bop B IPRMIF apa e
B SRR o T v e f ik SOt ko
refractive i ndex and has been used as a white

elindegrhetween the batht | Whendheghffereges of the refrachye ipdex

hand, even a polystylene which has a high refractive
i heloyeeartbn gligmeirginn mestinm andthe parsicle isddrgerttheavhitriex
of 1.58. Thus, it was not possible to realize a 15
suéfldceioaniecdmghhigheatd biokiike alpapezf 0Convaiticarally, a

i nvestigated the above probl ens, the present

| Bt SiiuObxida hab @dargthiberalctive hdes: ddichabiones yedRisenwhity
using fine particles containing a conpound having a

NaRRLBAhEAR Pl BRI RRoMNEAEY. On the other hand, even a
polystylene which has a high refractive index among polymer particles
has a refractive index of 1.58. Thus, it was not possible to realize a
sufficient light scattering.

Therefore, after investigated the above problems, the present
invention has been made to solve the above problems by using fine
particles containing a compound having a naphthalene skeleton which
has a high refractive index as a white electrophoretic particle, thereby
improving a strength of the light scattering more than ever. For
example, 2-vinyl naphthalene has a refractive index of 1.69 which is
extremely large among organic materials. Its polymer, a polyvinyl
naphthalene also has a high refractive index and the scattering becomes

stronger. As a result, the white refractive index which was not made
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has a high refractive index as a white el ectrophoretic
particle, thereby 20 inproving a strength of the |ight
scattering nore than ever. For exanple, 2-vinyl
W%&,@F@ne has a refractive index of 1.69 WirGhobsois171
extrenely | arge anong organic materials. Its polyner,

a pol_g/vi nyl napht hal ene al so has a high refractive

i pewsiblafhemhedataniun oxideieoneisused; eashbgattamedwith an
result, the white refractive index which was not nade
5 okian2@ 0kt a5 5 3n Rdditiva? 00 SiEe1E ki elegoicgirbpertyrharging is
titani um oxi de was not used, can be attained with an
oggahduae tragedi iabulationadMiokreavier, dshaw éleetrophantie pacticle,dts
property, charging is good due to good insul ation.
Mafigftein isgodN Sihee itk @PEaRe ki «ifdisisnfdIEtheirélSy not easil?l to
mgration is good. Since its specific gravity is small

t P?J S¥atROhndanbbkidPstabit§ Gt BbdAt vnan et idhaPEhshAimage
stabiTity is good. Wien it is used as an | mage

di o d it » : to
| ABPLAYCIEEEE T is fohd B ol FedtriBRR: (35000 LHES, D

i's baseg. n the above findings by the present

i RFENE8 ﬂ%ﬁd nmeans to sol ve the above problens are as
follows, 10 The fine partjicles of the present

i nvent i bee BESSRRY @éeatl%r%aeﬁes&fl the a@emé&ﬁwgémté\gsed
by the followi ng formnula Sl). (R m Structural Formula

( Pyesenhinveatermndenpansig splyelthe gbove prellemsare apfellastgen
atom a halogen atom an alkyl group or an al kenyl
group dhee fin¢ pasinlesefithe paeseint iwemationf confifrisk & polgMeantia
at | east one of R represents the al kenyl group.
compound expressed by the following formula (1).

(R)n

Structural Formula (1)

In the above formula (1), R represents a hydrogen atom, a halogen
atom, an alkyl group or an alkenyl group and “m” represents an integer of
1 to 10 and at least one of R represents the alkenyl group.

According to the fine particles of the present invention, by
including at least the polymer of the compound expressed in the above
formula (1), the fine particles having a high refractive index and a strong
scattering can be obtained.

In the fine particles of the present invention, the compound

6
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According to the fine particles of the present
invention, by including at |east the polyner of the
conmpound expressed in the above fornula (1), the fine

vﬂ?ﬁo‘bfﬂs%% having a high refractive index angcf‘/,rﬂb 71

scattering can be obtained. 20 In the fine particles
of the present invention, the conpound 6 WO

2 eiereessisn3 hp@bhpvefonasia {517 prefesably 88 @gpéat of pcompayed
fornmula (1) is preferably an aspect of a conpound
eEppresseickithdribyrthb folldveinkdbimulan(@) doul a (3) or (4).
1 ~ Structural Formula (3) Structural Formula (4) In
t he above fo \.Ias (3) and (4), a naphthal ene ring my
be substitutedg by at | east one of an al kyl group
havi ng carbon nfunber of 1 to 12 and a hal ogen atom
Pref erably, ' axticles of the present

i nvention if aspect including a macromer, an
aspect that is a silicone 10 nacroner

expressed b wrng formul a (2), d a ect
that the fine particles are eletr ngg?figﬁﬁﬁﬂﬁﬂ es

for an inmage display nedium As a result, according
to the present igvention, the fine particles can be
obt ai ned, whi ch perse stably in a non-polar organic
solvent, the part|cle dianeter is small and
scattering stren is high. 7 WD 2006/ 025553

PCT/ JP2005/ 0161

Structural Formula (4)

In the above formulas (3) and (4), a naphthalene ring may be
substituted by at least one of an alkyl group having carbon number of 1 to
12 and a halogen atom.

Preferably, the fine particles of the present invention include an
aspect including a macromer, an aspect that the macromer is a silicone
macromer expressed by the following formula (2), and an aspect that the
fine particles are eletrophoretic particles for an image display medium.
As a result, according to the present invention, the fine particles can be
obtained, which disperse stably in a non-polar organic solvent, the

particle diameter is small and scattering strength is high.
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" CH3 CH3 ?H Structural Formula (2) In the above
formula (2), Rl represents a hydrogen atomor a
nmet hyl group. Rl' represents a hydrogen atom or an

v@éﬁ%k LLQup having 7 carbon nunber of 1 topéT/JPzG(')'s/mmn

represents natural nunmber and "x" represents an
integer of 1 to 3. A nethod of producing the fine
particles of Rhe present invaH; on /i geludes €85 m ng
fine particle$ by polynerizirg the corfpoun expr essed
ei t her bYGFFeCoiCodn NG ARrnSi-asO and-q-4)—SI—Ry’
According to the nethod of 1 roddcing th fi|ne
particles of the present invé&ttsion,\tR8sfine PHsticl es
with less non uniformty in a particle dianmeter and

high scattering strength can beggfifigehl F&mulgld)ai ned.
L Structural Forrmula (3) Structural Fornmula (4) 8 WD

2006/ Ogﬁf‘@g abd éo?ﬁll%géf 'R 1 Yebreddhil Qgga?%% B0y oy

(3) ehe' T I'ng titute

Tl Eog & né';‘q”rsaeuﬁ BB °“£e&%ﬁo'aa”%g %ﬁvﬂ G oA
of rodum ng the flne particl es of the sent
i H’Pinb‘ﬁn eﬁ&%}ﬁ@f‘r 2Rt eBFPSPRtS ARG, P‘?\' ‘g‘“ﬁd‘i vent in

whi ch a conpound exEressed by a formula is sol uble.
Prepreseaits an asfeger of hie3t hat  an aspect of depositing

particles of insoluble polynmer in the solvent, an
A method of producing the fine particles of the present invention

includes forming fine particles by polymerizing the compound expressed
either by the following formulas (3) and (4). According to the method of
producing the fine particles of the present invention, the fine particles
with less non-uniformity in a particle diameter and high scattering

strength can be effectively obtained.

N

Structural Formula (3)

Structural Formula (4)
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aspect in which the solvent is non-polar organic
sol vent, an aspect of adding the macorner, and an
aspect in which the nmacroner is a silicone 1o macroner

@f@"&?’? by the following formula (2). | PCT,yﬁoésldlhyl

=C(r)COO (~x~3xD (r)si-I"1 ~7(r)0 J
T, 3 Structural Fornul a 52) 15 In the above formJIa
(2), Rinrtbpmbgenfosmalds/@ agdfdanarapbthalengrsingyayboup.
R1' represents a hydrogen atom or an al kyl group
haubisbiguteddiybatieastrdaerof ah alkylogréup 'havingamrbeentumbar of 1 to
natural number and "x" represents an integer of 1 to
312 3h& afHaleceddtohc! € di spersion Iiquid of the present
invention is 20 nmade that the fine particles of the

pres entAdcgﬂ\{ﬁ RE t& thePBtHAST RS BELiAL 11 ﬁﬂé’ﬁaﬂiﬂl@ﬂ of the

organlc S nt. According to the fine particle

SinQn r nt
P RBEREl R il r%n%ﬁ@%%‘é%%%&&b@mﬂ #
PCT/JP 05/0161 ength o articles is
it eegﬁr‘a%?eﬁjbm forBh 1o PhefonE Rrable St s thae
sol vent also. hig her eb erab) e par i C
dfB gepast sﬁ enqs&%pw&}c&@ %ﬁ%ﬁh’grv@&%ﬂdﬁ% the sy tvefih ase
obtained. In the fine particle dispersion Iiquid of
t avpept wswhich; theasalvienh is nen-pelar erganic splpet an@gpget of
i nclude a charge control agent, and a non-pol ar
oadding ¢the olacermer, sundi @Baﬂpeedlmwm thawhangomerlis 4 siligone

color fromthe fine particles and is col ored.
macromer expressed by the following formula (2).

I morAE
HC=—C—CO00—(C,Hay) i 5|—R1'

» _sll
CH; \ J:H;, [ CH,

Structural Formula (2)

In the above formula (2), R; represents a hydrogen atom or a
methyl group. R represents a hydrogen atom or an alkyl group having

43 "

carbon number of 1 to 4. represents a natural number and “x”
represents an integer of 1 to 3.

The fine particle dispersion liquid of the present invention is
made that the fine particles of the present invention are dispersed in a

non-polar organic solvent. According to the fine particle dispersion

liquid of the present invention, excellent effects that light scattering
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The i mage di splay nmedi um of the present invention
conprises a pair of electrodes and the fine particle
di spersion liquid of the present to invention

en. According to the image displa j f
‘%ﬁg&%ﬁg%%ﬁt i nvention, image display with h%gﬁﬁ%ﬁ#?%@nl
reflection and excellent display nenorability can be
neitrengibceftbe pantdcles ischigh apdslispedbiopetahibity in thguioa relar
the present invention is obtained. In the inmage
dbegaindy saledhitiimatdo Hiple, theesbert prefrabld partichr difperaivne
15 aspects include that the fine particles are
eligaid fop Blctrlop Boreyicalgplyy tih by obfaggel.bet ween t he pair
of the electrode substrates so as to perform display
oper at | Rvhedith pdificld diSpdisiohilfdi8d SF BREp ROt inkeltich,i S
contained in a mcrocapsule, etc. The inage display

- . ;
2PAAS ot Ruplotd O RRARAEK chMEop 00 BRI bEAS ncitbdIBP
a_displa s.. Brief SCEIDLI f  NQAS Fl 1
oty B roglR Hrealielt BT Y ol SR B e

i mge, 10 2096/ 025553 PCT/ JP2005/ 016171 di spl ay
ngﬁigctﬁ]ﬁsa%‘b ’rso‘ioffﬁeil'o the present invention. FIG 2 is a

sectional view illustrafing another exanple of an
i mage dlgimggendigplamnmedivmpiitle psesenst ipyendionicomprises a
invention. FIG 3 is a schematic view illustrating one

erawpif elastrodes andiglee fige pagiledisaprraemliguideidbe arergnt o

the present invention. Best Mdde for Carrying Qut the

| mmentioortherebetween. According to the image display medium of the
present invention, image display with high white reflection and excellent
display memorability can be made because the fine particle dispersion
liquid of the present invention is obtained.

In the image display medium of the present invention, preferable
aspects include that the fine particles are electrophoretic by applying
voltage between the pair of the electrode substrates so as to perform
display operation, and the fine particle dispersion liquid is contained in a
microcapsule, etc.

The image display apparatus of the present invention comprises

the above image display medium of the present invention as a display

means.

Brief Description of Drawings

FIG. 1 is a sectional view illustrating one example of an image

10



(Fine particles) The fine particles of the present
i nvention conprise a polyner of 1o the conpound
expressed by the following formula (1), and include a

vp@rz‘(ﬁ,g,?ggyand further other conponents, as ”%‘é?&‘@%‘ooéﬁmn
of a

suc Ine particles may include a small anount
conpound (a nononer) expressed by the foll ow ng

f displdyamedium acdoedingitathe pprsephivendiona conpound
expressed by the followng fornula (1). (Rm 15

St r uct UFI&. 2Rsranelctiopdl)viéw ilhdrdtimgrahethet pxaiRple of an
represents a hydrogen atom a hal ogen atom an al kyl

girabge QikpRly rabdiafy hegfdinp tatke présensinddntioheger of 1
to 10. At least one of R represents the al kenyl

group. R AsistalschbBmatid vase D iting Sle SHAAML Of afl image
fluorine atom a chlorine 11 WD 20061025, 553

5 -'?ﬁ:‘g*’gﬂ %Qﬁgjaz:l'ordﬁgfﬂetrl%&iljegéﬂtriﬁv@ﬁt%ﬂ.are i ncl uded.

group 1's pr e to have a carbon nunber
of 1 to 12 and is nore preferable to have a carbon
nunmber of 1 to 4. For exanple, a nethyl group, an

et hyl_ group,.a propyl. gr and a butyl group are 5
i h&%/'LMgﬁ‘? y‘ﬁscﬁrég’t“ﬁgg‘é"? ﬁ’@ﬂfﬁee@?%p, for exanple, a
vinyl group.and an allyl group are included. The

vﬂﬁyPPQﬂ@ﬂ99is particul arly preferable among them

The conpound expressed by the forrmula (1) has a high
r ef r actTheefine particles of the present invention comprise a polymer of

10  the compound expressed by the following formula (1), and include a
macromer and further other components, as needed.
In such fine particles may include a small amount of a compound
(a monomer) expressed by the following formula (1), other than a polymer

of a compound expressed by the following formula (1).

(R)m

15 Structural Formula (1)

In the formula (1), R represents a hydrogen atom, a halogen atom,
an alkyl group or an alkenyl group and “m” is an integer of 1 to 10. At
least one of R represents the alkenyl group.

20 As to the halogen atom, for example, a fluorine atom, a chlorine

11
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lo index attributed to a naphthal ene skel eton and a
pol yneri zation reactivity attributed to the vinyl
group. Therefore, a polynmer of the conpound expressed
wY20bées@gove formula (1) may become a soli dpppfsbeshe®sii
having a high refractive index. In addition, the
conpound &@ nonmer) expressed by the formula 15 (1),

f atomp eanipfime atowp argiineluded-al en, 2-vinyl napht hal ene,
etc. are included. Further, an arbitrary hydrogen

at om bdheedkybgromp is peqafenalbée tonkaviej neprhan niggber of 1 to 12
substituted by the al kyl group of carbon nunber 1 to
12ndis mnbee prefagble tatleive @cadrben pumbpes ef bto donFooéxdamgie,
the refractive index or the deposition rate at the

PR nYdtBY1 @&dlub Ofn éﬁ@q Qip, ajfofflezreappad ach@ypgrupeteby
the above fornmula (1), as a refractive index control
a.%tmdedgan be mixed with, for exanple, either known
polymer fine particles or pignent particles so as to

I ncreas I
Here, t {Ot}?lﬁeaﬁ&ﬁq%&ﬁ) tf&n‘%ea)ﬁlcﬁé %ﬁ%&ig‘%‘#’gsse €ﬂ§l
t he above ! % 006/0 5553 PCT/JE%?IgSlO]iﬁ Ybi
f BT 41 A9 UHBY %ré’h‘ pR PRE LRy PryigFatls amoPe,
b a chem cal shlft of the naphthalene site in a

®ar magnetic resonance spectrum As to the
corrpound expressed by the formul 1), either the
conpourkhecsomrosmepxpyesspd by she Ki)rhﬁﬁ ahyeh refracting
is preferred. 5 Structural Fornula (3) Structural
Forden|astrilkiited o a maphbliatehe skelGipnand & pylymemzation
napht hal ene ring may be
reactivity attributed to the vinyl group. Therefore, a polymer of the

compound expressed by fhe above formula (1) may become a solid particle
having a high refractive index.

In addition, the compound (monomer) expressed by the formula
(1), for example, 1-vinyl naphtalen, 2-vinyl naphthalene, etc. are
included. Further, an arbitrary hydrogen atom bonded to the
naphthalene ring may be substituted by the alkyl group of carbon number
1 to 12 or the halogen atom on the purpose of controlling the refractive
index or the deposition rate at the polymerization reaction.

The compound expressed by the above formula (1), as a refractive
index control agent, can be mixed with, for example, either known
polymer fine particles or pigment particles so as to increase the refractive
index of the fine particles.

Here, that the polymer of the compound expressed by the above

12



10

15

substituted by at |east one of an al kyl group having
carbon nunber of 1 to 12 and a hal ogen atom 10 A
nunber average particle dianeter of the fine particles

v%%mm&&%&@rab|y 50 nmto 10 pmand is nore ppefssailoYsi7i

0O nmand 1pm \When the nunber average particle
di ameter is less than 50 nm there is_a_ case that_.
| foghula ERtis indludpdrandre defestodlor examules By archaaycal shift af
from white to transparent. \Wien the particle dianeter
i themaphthalene 532 ima misldaran agreticmepimomee spectpaad or
the dispersion stability in the dispersion solvent
may be Agtyahe @ompduiDeRPRESAPHHER BEMAPA) G HEGhE 1
Further, the fine particles preferably include a
NBShHSHRID expibsie ARG AN ESIIdwing fovndilal(B) &CU) & pre@iipaiind
having reactivity and can forma copol yner by

copol y aq zing with the conpound expressed by the
above foyzmula (1). 5 In the above macroner, a polyner
of a radigal polynerization nmacroner of a one-end

reactive a conb-like structure in which many
side c ded to a main chain. In providing a
pr oper ible to a solvent with the conb-1ike

[ ' a copolynmer wth the conpound

expr essed by t he“fornul a Btvucturdl FremnkcBdbner has 1o
an advantage of increasing a dispersion stability to
the solvent given a great steric effect, in addition
y obtained fromthe conpound expressed by
the fornmulalj(1l). As to such macroners, a one-end

Structural Formula (4)

In the formulas (3) and (4), the naphthalene ring may be
substituted by at least one of an alkyl group having carbon number of 1 to
12 and a halogen atom.

A number average particle diameter of the fine particles is
preferably 50 nm to 10 pm and is more preferably 200 nm and 1pm.
When the number average particle diameter is less than 50 nm, there is a
case that light scattering power is lowered and color may change from
white to transparent. When the particle diameter is more than 10pm,
the electrophoretic speed or the dispersion stability in the dispersion

solvent may be lowered.
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nmet hyl pol ynetacryl ate, a one-end nethacryloil group
nodi fied ethyl 15 polynetacrylate, a one-end
nmet hacryl oi |l group nodified butyl polynetacrylate, a

wH Saogssxet hacryl oi | group nodified octyle peyyproosmisin
pol ynetacryl ate, a one-end nethacryiroil group

nodi fi ed dodecyl pol ynet acryl ate, etc. are

exenpl | Frether,sbe fimemsatigles veefarably includea siacremeke This
macr omar expressed by the 20 following fornmula (2
preiceorady ig aﬂsigh:mojleltul@Hpompo@ﬁi havifg3eactivityuand can rmca
& ---c. . t~3- ! rr sjl Hg OH3 Structural
Fedpolymex Rj copbﬂyxﬂ&ﬁﬁ@@ﬂiﬂﬁé&nﬁﬁﬂms@d 63 the abbve

t he above formula (2), 111 represents a hydrogen atom
Oforshul®(y! group. 11.1" represents a hydrogen atom or
an al kyl group. The alkyl group preferably has a

carbon {ﬂ‘fﬂée&bo% nlaJer%r o Ply ¥ ABPA ‘fradlﬁal ﬁ@ﬂlﬂ-lzz&&&y P,

an et hyl group, propyl’ group, etc. represents

PRI -

RO Bl A3 e ) By

L g)%;gtrﬁu ltg a s%?velng wrllt the%:rotn{bchlcg arst!,r¥1ctlulr¢ran ptox(?t?onara]ldcolpglyrlzﬁ){'
with the compound expressed by the formula (1) and the macromer has
an advantage of increasing a dispersion stability to the solvent given a
great steric effect, in addition to a property obtained from the compound
expressed by the formula (1).

As to such macromers, a one-end methacryloil group modified
methyl polymetacrylate, a one-end methacryloil group modified ethyl
polymetacrylate, a one-end methacryloil group modified butyl
polymetacrylate, a one-end methacryloil group modified octyle
polymetacrylate, a one-end methacrylroil group modified dodecyl
polymetacrylate, etc. are exemplified.

As to the above macromer, a silicone macromar expressed by the

following formula (2) is preferably used.

R CH, / CH, CH,

l

HC==C—C00—(C,H,,)—Si—0 \ Si—0 / 3|--—|f.:1
n

b

CHj CH,

Structural Formula (2)
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10 appropriately selected dependi ng on purposes. But
it is preferable 500 to 50,000. For exanple, when x=3,
products having a nass average nolecul ar nass of

wo H3§e25553000 and 10, 000 have been actual |y epathF8osoie171

market. Any of them can be used well. A polysiloxane
site of the above silicone macroner has excellent 15
af fi ni tip thetabove forpura (2}, Rn reprgsents adyydragqn atom or a
particularly with an aliphatic hydrocarbon or a
simdtbpihgroopl Rg repwiseptsrashyirogeatom whiaglalkyd gnewei The
preferably in the el ectrophoresis inmage display

matkyl Brouphpieferably has® catbontdushles dfdvorly feexakdpieta

di spersion stability to the dispersion nmedium can be

ot @hfEstoup tarfe i3 Rillp, afprbpd greaposter in the fine

particles 1s not limted and nay be sel ected

appr Op”natr@ﬁﬁésé&gc%rb PRSP mbEONEY, %r e;kz}mf)l% @E&Q@G abl e
to have art

mass to 20 parts by mass

P B rf@&%fgfmphsm&s BRI PLe3as gs&ms p @e%gysfl

es ma
Sﬁgtlve nonomer s, upon 15 WO 2006/025553
PCTFJP2005/ 016171 necessity, other than the conpound
expressed by the formula (1) a macroner. The

reacti v %mr%geamelq%larMﬁStfg&fl%ﬁJ&w%%/m&éf%%ct ed

approprlately upon_purposes. Such exanples include

2 eprepsaichoatie formuda &) dengt parsiculsely himitedtamd b eray be e,

nonyl (nmeta) acrylate, decyl(meta) acrylate,

| appydpiiately)sekected dipepditgear puspvees) Bigriy ispreferable 500

vinyl laurate, |aurylnetacryl eanm de,

Stte80Y00Et Bor sstamipldewhen x=3, products having a mass-average
molecular mass of 1,000, 5,000 and 10,000 have been actually on the
market. Any of them can be used well.

A polysiloxane site of the above silicone macromer has excellent
affinity with the non-polar organic solvent, particularly with an aliphatic
hydrocarbon or a silicone oil to a dispersion medium which is used
preferably in the electrophoresis image display medium. Thus, the fine
particles having excellent dispersion stability to the dispersion medium
can be obtained.

A content of the macromer in the fine particles is not limited and
may be selected appropriately upon purposes. However, it is preferable
to have 1 part by mass to 20 parts by mass to 100 parts by mass of the

compound expressed by the above formula (1).

The fine particles may contain other reactive monomers, upon
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nmet hoxyet hyl (net a) acryl ate, etoxyethyl (neta)acryl ate,
but oxyet hyl (neta)acryl ate, nethyl (neta)acryl ate,
et hyl (meta)acrylate, 1o buthyl (nmeta)acryl ate,

wEXk/02¥Bgsa) acryl ate, cycl ohexyl (neta)acryl aper/yp2005/016171
benzyl (neta)acryl ate, phenyl (neta)acryl ate, styrene,
vinyl tol uene, vinyl acetate,

enpapseifn gthetban the campenpd sreressnd b theforpala (13apd the
They may be used al one or in conbination. An anount
ofndchsnemracti ve nononer to add is not limted if it is
15 not lower the refractive index of the generated
fine pdrid elaetive hionomerpaef sotdbhied gadenay by sele@ed by
mass or |lower to the whole mass content of the fine

pﬁ{)#oﬁh%ely ek hRelp&des Pr SAHC RGN Fles tnddadd 2-etigdhexane
nme

od of producing fine particles of the present

. . due) Y !
Lgﬁi@&%@a@, dcBAI(HEED dceyiatda Byﬂ%%&a)' Ié(iir?la%, cmr(]:gl(meta)

ynerizi ng a conmpound expressed by her t

oo b RelBla Serh ke G o G e 0505
FePRa ) R e o BTty U he”
PR RO oA GUPTRLAR OB ERDN RIS 1 (o s 12
and a hal ogen atom Since the conpound expressed by
t hetmgﬂwl(%mtn%ﬂcwln% nspthyléweta33¢rwla?é@4 Qﬁéﬁ#&%@%acry ate,
attributed to a naphthal ene skeleton, the fine
pantliyd(meata)acrylate, hexyl(meta)acrylate, cyclohexyl(meta)acrylate,
benzyl(meta)acrylate, phenyl(meta)acrylate, styrene, vinyltoluene,
vinylacetate, ethyleneglycoldi(meta)acrylate, divinylbenzen, etc. They
may be used alone or in combination.

An amount of the reactive monomer to add is not limited if it is
not lower the refractive index of the generated fine particles. Itis
preferable, generally, 50% by mass or lower to the whole mass content of
the fine particles.

(Method of producing fine particles)

A method of producing fine particles of the present invention

includes forming fine particles by polymerizing a compound expressed by

either the following formulas (3) and (4) and further includes other

processes as needed.

16



5

10

15

obt ai ned by i ncluding the nmononer in producing fine
particles are to have a high |ight scattering
strength. 10 The above polynerization is a so-called
W SREHSEQN pol ymeri zation nethod that any eagydbosiciein
conmpound expressed by the above formula (3) or the
formula (4) is in a soluble solvent and particles
whi ch are\insoluble to a polyner are made to deposit
in the soljvent. By controlling dispersibility to a
solvent ip.the deposition stage, the fine particles 15
obt ai n hi's metyhod are that a particle dianeter
is comp i formand dispersion stability is
jof means for 17 WD 20061025553
PCT/ JP20685%£8 f”contr@ddthﬂ@%gﬁ&ﬂ Z ity include
that addition of a dispersing agent preferably used
in a known di spersion polynerization and
copol ynerigation with a macroner describing later. The
content of he conpound (nononer) expressed in the
formula 5 (1) in the solvent, depending on usages and
optical progperties of the fine particles, is
pr ef er abl en 10 % by mass to 100 % by mass, and
is nore |preferfably 15 % by mass to 60 % by nass.
Pr ef er abl ohvent is a non-polar organic
sol vent. Sucl pol ar organic solvents are, for
exanpl e, par3 0 hydrocarbon such 10 as pentane,
hexane, heptanésy-0ct ane, nonane, decane,gﬁodecane;
i sopar af fi ni ¢ hydr ocar bonSétnehurgd Formmiaghe,
i sooct ane, isododecane: al kyl napht hen hydrocar bon
such asId ih¢uibdvp &b iilas (3)ameh@E),i the mpghdededoring saxghbas
benzene, tol uene, xylene, alkylbenzen, solvent

n3ahtikdite by he RIASL one of an alkyl group having carbon number of 1 to

9

12 and a halogen atom.

Since the compound expressed by the above formula has a high
refractive index attributed to a naphthalene skeleton, the fine particles
obtained by including the monomer in producing fine particles are to have
a high light-scattering strength.

The above polymerization is a so-called dispersion polymerization
method that any one of the compound expressed by the above formula (3)
or the formula (4) is in a soluble solvent and particles which are insoluble
to a polymer are made to deposit in the solvent. By controlling
dispersibility to a solvent in the deposition stage, the fine particles
obtained by this method are that a particle diameter is comparatively

uniform and dispersion stability is excellent. Examples of means for
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oi | such as dinmethylsilicone oil, phenylnethylsilicone
oil, dialkylsilicone 15 oil, alkylphenylsilicone oil
cyclic polydial kyl sil oxane, or cyclic

wA9hooabasydsphenyl si l oxane. Anong them the i s@pafiphédiisc
hydrocarbons and silicone oils are nore preferable.

In a nmethod of producing the fine particles of the
peassriling idrﬁpérﬁlglélﬁy ipdludesthatedditzamn o a dspersing agedt oner
as needed. The macroner 20 is a macronol ecul e having
r peedenablyt ysedHara kmavadispersioppblymerizetion anddi cal

pol yneri zati on macronmer of a one-end reactive type has
acopobyberizdttonswith i mb eromerwleisafibimgiytesi de chains are
bonded against a main chain. In providing a property

conpat ifHeeonfert of@he Bsthp¥and (théorsérrbxpreksed it thedortigla
portion, a copolynmer with the conpound expressed by

;ﬁg it Bn&' Q106 derrapdy BCleAEANN SHHRAY propkPlislibfithe Be

t he macroner has an advantage of increasing a
REAEIS, Mo HaRbY etorbly W B e 100 oPEC G b s
SR il PR et oD Yo B Bifbcone mmcr omer
i Lo ofbTeHENuy Fhectidsahgs 8 RIS SREBI Wkt 1 PRIy

Wi th a non-pol ar organic_solvent, particularly with
anompplan Hrganip gelvertarayenfos examypie, paraffink; hydrecagbon such
di spersion nediumwhich is wused preferably in the
ehepentaphohesing, hepigee,dictiea yponenk, derankh dodedane: 10
fine particles having dispersion stability and
chrapgiatfiniitiydirécarben §lich adlissheraiepizoomdne;isalodedmne;
obt ai ned.
alkylnaphthen hydrocarbon such as liquid paraffin; aromatic hydrocarbon
such as benzene, toluene, xylene, alkylbenzen, solvent naphtha; silicone
oil such as dimethylsilicone oil, phenylmethylsilicone oil, dialkylsilicone
oil, alkylphenylsilicone oil, cyclic polydialkylsiloxane, or cyclic
polyalkylphenylsiloxane. Among them, the isoparaffinic hydrocarbons
and silicone oils are more preferable.

In a method of producing the fine particles of the present
invention, it is preferable to add a macromer as needed. The macromer
is a macromolecule having reactivity. Particularly, a polymer of a
radical polymerization macromer of a one-end reactive type has a
comb-like structure in which many side chains are bonded against a main

chain. In providing a property compatible to a solvent with the comb-like

structure portion, a copolymer with the compound expressed by the
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(Fine particle dispersion liquid) A fine particle
di spersion liquid of the present invention conprises
by dispersing the fine particles of the present

WG‘!&)@MS@% in a 15 non-polar organic sol ventecg3froos/o16171

containing a dispersing agent, a charge control agent
and ot her conponents as needed. The.non-polar organic
s forveta (Daandthetmacromes has anedvaatageoifdncreasiggri c

sol vent used in the nethod of producing the fine
pdispeedias stabilitylte the selvpat, in alldittnstpoehs ipospdrtygobtdinedhe
di spersing agent for 20 controlling the dispersion

alpidm the @mpdimdf éxpeesead biyche fornsulp (Y Bidtlus dgidsied gras
needed. Exanpl es of the dispersing agent include one
t Radrid sffe3@! Ul € in a non-polar organic solvent and a
pol ynmer di spersing agent anong known surfactants used

as a p . . o 9 . .
i sper of bt P PR LRG0 S ikico Habioffer BRpIEALY the
2006/ 02555 [ JP2005/ 016171 .. copt.rol.,.agent for the
APRrTRRLs (7 oD he BORmEbRFRe s B e SR harRet

anpl es, of e charge control agent .include.netal .
Eiéggéﬁﬁi?w P@HE&W gaenorga QLeyp splyent, Pm‘gﬁaﬁ‘y with
di al kyl sul fosucci nate, nanganese ) ) . L
diaa| qlwhggpmgmrm &a sikicpreyoil terp dispersion medium which is
di al kyl sul fosuccinate, yttriumdiallcylsulfosuccinate,
amded pridetably ti thelglecttophosemseimagedis apedipns o dthusuthe

as manganese napht henate, cal ci um napht henat e,

z ifine qrairticles hhtingrhspersoalaihilitya phd bkaatieg abiliby to the
napht henat e, | ead napht henate, nickel naphthenate,
C RigpeesioR plidienaha. be cbitiidedapht henat e, nmagnesi um

napht henat e, manganese octanoate, cal ci um octanoat e,
Zi(FR YR iR &b R liguidn octanoate, |ead octanoate,

A fine particle dispersion liquid of the present invention
comprises by dispersing the fine particles of the present invention in a
non-polar organic solvent and containing a dispersing agent, a charge
control agent and other components as needed.

The non-polar organic solvent can be the same as the non-polar
organic solvent used in the method of producing the fine particles.

In the fine particle dispersion liquid, the dispersing agent for
controlling the dispersion ability of the fine particles is preferably added
as needed. Examples of the dispersing agent include one that
is soluble in a non-polar organic solvent and a polymer dispersing agent

among known surfactants used as a particle dispersing agent.

Such fine particle dispersion liquid is preferably added a charge
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10 cobalt oct anoate, chrome octanoate, zinc octanoate,
magnesi um oct anoat e, manganese dodecanoate, cal ci um
dodecanoat e, zirconi um dodecanoate, iron dodecanoat e,

wEaiebiasigcanoat e, cobalt dodecanoate, chronmgct/sp2005/016171
dodecanoat e, zinc dodecanoate, and magnesi um
dodecanoate; netal al kyl benzensul fonate such as
cedndralagentiforythe prreass of iopravane elsetrophorstic performance.
dodecyl benzensul f onat e and bari um

dBdempldserf1be shirgeantrol aginsdptivie piedal diabiyladiosuedingte
and cehalin; organic am ne group such as

Ns&ldCyd @balt, dalkylstifopudtiyatd sadnghwese dialkylsutfosdrcimatte,on
of two or nore. The content of the charge contro

agRBinihf dilBldPshadihate] priridh dialpAsslfssnctingts, dndsickel
not particularly limted and may be sel ected

PRSP TN Sy 0Tl ffpnece
n - . . .
NON RO Ao RAARLS ARLY S arh ROl BBatiERERAER, iron

erent dependi ng on t

P i bk P AR e

further may be colored in different Color  fromthe
f Eins naphthenate, BosRRsILY| r\ﬁpiéh%naéﬁ’ema}is?neéﬁ Qﬁ‘iﬂng?{ge 1)
that the non polar organic solvent is colored in a
diedlcime netagontss Zirperiumestanoade, ipen eotapeateglead oripagate,
dye is preferable in increasing a display contrast.
( 29balt odtangatef eraiyectarmiate, rend patenqrdet e gresiymtdstanggte,
or nore different types in color and charging ability
aarffiagpey dalkchmoatcalbeampdddecanrage,dirconsoh dedé¢canoate,
iron dodecanoate, lead dodecanoate, cobalt dodecanoate, chrome
dodecanoate, zinc dodecanoate, and magnesium dodecanoate; metal
alkylbenzensulfonate such as calcium dodecylbenzensulfonate, sodium
dodecylbenzensulfonate and barium dodecylbenzensulfonate;
phospholipids such as lecitin and cehalin; organic amine group such as
n-decylamin,etc. ~They may used alone or in combination of two or
more.

The content of the charge control agent to the fine particle
dispersion liquid is not particularly limited and may be selected
appropriately depending on purposes. But it is preferable 0.001 % by
mass to 1 % by mass.

The non-polar organic solvent can not be prescribed because it is

different depending on the fine particles to be used, but it may be
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Exanpl es of the dye include azo dye, anthraqui none
dye, phthal ocyanine dye, and triallylnetan dye. Such
dyes are, for exanple, 10 Spirit black (SB, SSBB,
VﬁgkOOGMSQ&OSi ne base (SA, SAP, SAPL, EE, EEL!PC%ZO%EI7]
EB), G| yellow (105, 107, 129, 3G GGS), G| orange
(201, PS, PR), Fast orange, Gl red (5B, RR,._ O, QI
scelptless any trapspazent, anddurthey imasebe gotarsd ippacdigersntrplos
RR, Sum plast Geen G GOl brown (GR 416), Sudan
bk théfine phiticlrsdendic§dPingBGlye. OFor lskamples {B), thanthe
BOS), G I black 15 (HBB, 860,BS), Varifast yellow

( hdRPolaklddganid E0RentlikAD)oreVat hfdifféreat eslgethan the fine
(3209, 3210), Varifast red (1306, 1355, 2303, 3304,

3 ggﬁbid@gﬁéolvéﬁﬁ dia$d preférableZinliabhealiig 4 &i’sglag'f @Werast.
(2402, 3405), Valifast blue (3405, 1501, 1603, 1605,
1607, ; j Y Y/ 7

ver o s e e e BRSO SR e S s gy
5 : .

S5 25 ERAREN aBIBEF b Bp RN o L RO Gk Brbdie

di spersed so as to obtain a particle dispersion
IF%&FH‘?‘ In this case, known di spersing means such as a
honogenj zer, a _ball ml], a sand m|l, and an atritor
are uselxaraples of thedyg sludenre dyg, agfibraawgege dye,
proportion of the fine particles in the fine particle
2 phiiplooneinydss snpcraliproasnelysl 78uckidggscars; on expmple
is set appropriately to obtain a desired col or

i Spentshlayk ($8,tSSBB, SB) Nigersits base.(SAVSAY, FAPL., EE, FEIY,
by mass. (I nage display nmediun) The image displ ay

mEX, BKBP, ERk, (il gskodw (106,c100] 029,i30%; IGES) Gl &rapge (261, PS,
el ectrode substrates and at | east the fine particle
dPRYEF 4t QRahgd) Billred (5B, RR, OQG), Oil scarlet, Oil pink 312, Oil

violet #730, Macrolex Blue RR, Sumiplast Green G, Oil brown (GR, 416),
Sudan black X60, Oil green (502, BG), Oil blue (613, 2N, BOS), Oil black
(HBB, 860,BS), Varifast yellow (1101, 1105, 3108, 4120), Varifast orange
(3209,3210), Varifast red (1306, 1355, 2303, 3304, 3306, 3320), Varifast
pink 2310N, Varifast brown (2402, 3405), Valifast blue (3405, 1501, 1603,
1605, 1607, 2606, 2610), Varifast violet (1701, 1702), Varifast black (1802,
1807, 3804, 3810, 3820, 3830).

Each component described above is added to the non-polar organic
solvent and then mixed and dispersed so as to obtain a particle dispersion
liquid. In this case, known dispersing means such as a homogenizer, a
ball mill, a sand mill, and an atritor are used as a dispersing means.

A solid mass proportion of the fine particles in the fine particle
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of the present invention between the pair of the
el ectrode substrates. |Image is displayed by applying
vol tage between the pair of the electrode substrates

W@ 200a85853€! ectrophoresis of the fine parti clpeggphbsioisi7

this case, at |east one of the pair of the el ectrode
substrates is 1o preferably light-transni ssive. )
Adpetionyliquidtib eeti snmgepdately tyobfai adedred eplopindersiy
i nvention, the dispersion nedium my be separated

i Bupitis preferddes.19y byaaass tof256 byamassti on or a

m crocapsul e between the pair of the substrates in

O(@@{geldsplRY @WIm)  om aggr egati on or deviation of the
particles in the dispersion 15 medium In any neans,

It is Prgd RhAR EshRPmOBHMESEE PeedenP i) eElonGlaS desis €

divided by a plurality of mcro cells so that the

d8X ! hfila® Sedl €nd AngHRMiLY ddRErdiBRliquid
agé@tgfsf“i%%’%ﬁ%%@%ﬁ%g"t ?é’l es 1 hemseP\i/) es’ cg%q) blé o
prevent ed. A praduci nmethod_of ] 'S
nof MR re aPr oo G Paf ot EHE PPl CERRRHSs.
appropriately pur poses.. For. exanpl.e, kn t hods
slenesss doelaked Py 2P IneElaRr batioah heanr SLfs derante
met hod can be used. -El ectrodes- The above el ectrodes
apabstotep tg eausgledgatsppbprasisef thedingrarbglescted 22 WO
2006/ 025553 PCT/ JP2005/ 016171 appropriately on )
pur posekn thijscasel gt least enecefithe daid of theeldstrade snbisteates és
| ayer is formed on the substrate constituted by a
gbasfsranly Hght-tramkmissive. exenpl i fi ed.

According to the image display medium of the present invention,
the dispersion medium may be separated into microspaces by means of a
partition or a microcapsule between the pair of the substrates in order to
prevent from aggregation or deviation of the particles in the dispersion
medium. In any means, it is preferable that between the two electrodes
are divided by a plurality of micro-cells so that the deviation of the
particles due to gravity and the aggregation of the particles themselves
can be prevented.

A producing method of such microcapsule is not particularly
limited and it is selected appropriately on purposes. For example,
known methods such as a coacervation method and a phase separation
method can be used.

-Electrodes-

The above electrodes are not particularly limited and are selected
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Materials of the above plastic substrates are, for
exanple, an 5 acrylic resin, a polycarbonate resin
and an epoxy resin. Such conductive |ayer is not

wWo4dok6iarly limted and is selected upon potp@s@iici7i
However, transparent conductive |layers are preferable.

Metal s such as Al, Ag, N, Cu, etc. and transparent

c eppivpriaiely wntsirpeses.  Ygeallpan dlestralin wingla epnductiye
formed in a menbrane state by a 10 spattering nethod,
alayac iuformed porthe isubstratetrodstituteN/ by meglagsogr aplastiais ng
met hod, etc. or an conductive material is mxed with a
sexetgplified. a synthetic resin and coated. Exanples of
such conductive materials include cationic polynmer

el ect r alMi$als BEthedhoRe pYdBichlbbaaesl dre] 3B bkyple, an
chl oride, 15 polyallyl pol ynet hyl ammoni um chl or1 de;

ag{: i Gedifl ¥ ﬁcﬂb%ﬁ%e@xlgg%gﬁd SHEBoBPresin.

pol ySstyrenes oni ¢ aci and pol yacrylic acid
salt; el act.r.oni t QL : ' - 0Xi
T ox Sk ErSHElSof B FREE R o W6 iPHIEGe
conductive |layer may have a thickpess in a degree t
g e R R e e e S
| ayer_is grovided Qn t he subatrate whi ch has a .
s Matale pyeh asiM gAgdNt Gy etoagpd dranspazent coRd peiypsgterigly
conductive |ayer may be a |ayer. havinqgan ani sotropic
concduas ITQt §u0gpZng, ety @re frruiedging pembappe gtage byal t i
dot segment in which a conductive portion is forned
t kpattigting mdthok messudin ecpovation metinyd, 230 VP method, a
2006/ 025553 PCT/ JP2005/016171. case, when a power
ekeginoaethsl, eanbaah edndwtvepanteriil id féxedonithct soleent or
| ayer,

a synthetic resin and coated.

Examples of such conductive materials include cationic polymer
electrolytes such as polymethylbenzyltrimethyl chloride,
polyallylpolymethylammonium chloride; anionic polymer electrolytes
such as polystyrenesulfonic acid salt and polyacrylic acid salt; and
electronic conductors such as zinc oxide, tin oxide, and fine powder of
indium oxide, etc.

The conductive layer may have a thickness in a degree to have
self-supporting ability or the conductive layer is provided on the substrate
which has a self-supporting ability. Any of these can be used.

The conductive layer may be a layer having an anisotropic

conductivity, or a layer having a patterned or multi-dot segment in which

a conductive portion is formed through a thickness direction. In any
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it is possible that an electric filed is generated
bet ween the conductive |ayers. Thereby, white or
colored particles can be noved definitely. It is easy

wWé208b68R58Y1 ng when a vol tage applicator is pegg@o@hicin
between the 5 conductive layers. -Oher materials

O her materials not nentioned above include, for
esasepvden & povearleqteddede comgeipdoa part of g comdueties kayer,
plate, a reflection preventing |ayer. They nmay be

uitad passible that am eleotdic filkidiis genératebbetwenn the konthitive
Further, to a TFT, etc. may be di sposed on the

elfeks. 0dRsrélsy, nhigy orsdobsred plaedicled\varekamplved défihitely. It
i mage di splay nmedium of the present invention wll be

iis%la@,&@ﬁ ‘Eiiéﬂlzyiné HHRLOGAtdge dppBeatbr iSpicparédibetineh it

, and 2 enote conductive |ayers and at | east one

0 j $ lr _ht -transni ssive. 3 denotes a
mt'%‘{rdg‘?g)ﬁ%u?’lé? 34 denotes white particles, in which fine

15.particl of the present invention are used. 5
dgﬁ%@}eég%ssgl%sed di spersion nedium in which a

non- pol ar. organi.c. medi um i.s l.ored different froma
col or o‘?tl{eﬁ 5??:?‘?%"5’%5g 79 r%e’bté‘?’ﬁ%g?@g N "Imﬂu‘ﬁeh orexagmRlg, 2

di spersion nedium a _dispersing agen%1 for contraqll 'ing
dmebel eflseting plage, 3 hghtydidbysing pgte, arefletiongprevepiing layer.
col ored di spersi on nedi um may be added as needed. 20 6
d&hey azayabe wstdealpemosimemsnhination #f bwo oniose kinslsd s Fupider,
m crocapsul e 3 between the conductive layers 1 and 2.

Pa BT, aivé. ymay be disposedans e deattreded (a dowesrcnibstrate)i n
electric insulation ability. Particularly, hardening
mat er i ahs eRdmpl ofeht s ge dispayainediine betlehpreserliabention

materials include, epoxy resin of the |ight hardening
t WRB be ek Bl EwithSbbre A6 86| FIG. 12fReferring to FIG. 1, 1 and 2
denote conductive layers and at least one of them is light-transmissive.
3 denotes a microcapsule. 4 denotes white particles, in which fine
particles of the present invention are used. 5 denotes colored dispersion
medium, in which a non-polar organic medium is colored different from a
color of the white fine particles. In the colored dispersion medium, a
dispersing agent for controlling dispersibility of the dispersing particle of
the colored dispersion medium may be added as needed.
6 denotes an adhesion supporting layer, which holds the
microcapsule 3 between the conductive layers 1 and 2. Preferably, it is
transparent and is excellent in electric insulation ability. Particularly,

hardening materials of solventless type are preferable. Such materials

include, epoxy resin of the light hardening type, urethane resin, acrylic
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WD 2006/ 025553 PCT/ JP2005/ 016171 resin, etc. Wen a
power electrode is contacted to a part of the
conductive layers 1 and 2, it is possible that an

v@b@&khis@ssﬂ l ed i s generated between the conpdyghbioois171
| ayers 1 and 2. Thereby, white particles can be noved

s definitely. The display is made easy when a voltage
appiincefCor is prepared between the conductive |ayers

1 and 2. FIG 2 shows another exanple of the inage

di spl ayWhediapevdr elegsrodsrie sefiaciediteri pash of the qpductive 1
and 2 denote conductive | ayers and at | east one of

t hegyrars 4 anidgl)tit isrpmesiblesthiay an eld¢vérie fikesl isegeaeraibd between the
menti oned 10 above for the conductive |ayers can be

usetlductivedsigbrédl ARIDt eThIbbE vhiite pattl@capatid inelab and
they are different in color and charging polarity. In

FiGfinitely! The %ﬁﬂé‘y ROhale P45 hEN a%yﬁgé appedtsr is

preferably colorless and transparent his is because

! Dedp2d bl ddiRetohGudtie laflitorhd Po) TaCE cont rast

on a co erence’ o e white or col ored

15 part non Ly S n| C

ol Vont FIE-Eefies, Srfer Stmilp of S BEREPBrRiag gheliCot the
di spersibilit [ ar |cle [

pPERSPE PRt dotp EL6 0 8 eilofrionfee %a?ﬁ 2t
constituting the fine particle dispersion |iquid, the
f lepst page of tche@s iightrizansmissive- | Abe semeroatesialsmantionssd
the colored particles, known el ectrophoretic particles
haboyegfonthe condrgtivi layemhiambe ubot. atacand dbl denwtewhite or
power el ectrode is contacted to a part of the

c ooldrml particldsayel they aaadifrent in ®@lgomsl dlae gidpatolanity.
electric filed is generated between the conductive

| ayers In BIG. 2.7 iEhei@byolat vEzanyPasvért Hal isipebfesatdn and

4b can

colorless and transparent. This is because that bad influence is not
given to image contrast based on a color difference of the white or colored
particles of 4a and 4b. In the non-polar organic solvent 7, a dispersing
agent for controlling dispersibility of the dispersing particle is preferably
added as needed. For the white particles constituting the fine particle
dispersion liquid, the fine particles of the present invention are used.
For the colored particles, known electrophoretic particles having other
than white color are used.

When a power electrode is contacted to a part of the conductive
layers 1 and 2, it is possible that an electric filed is generated between the

conductive layers 1 and 2. Thereby, two types of particles 4a and 4b can

move definitely in reverse direction, respectively. The display is made
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nove definitely in reverse direction, respectively.
The display is made 25 WD 2006/ 025553
PCT/ JP2005/ 016171 easily when a voltage applicator is

Wb eahBessbet ween the conductive |ayers 1 amdridr2003na6171
i mage di splay nedium of the present invention is

produced, for exanple, by coating a conpound m xed
t hesilyi whewr apyolinge applicaten wg)reeartendgmwa%n qondugive

di spersion |iquid obtained the above-nenti oned and an
athyess Yendd®.be t he adhesi on supporting |ayer, and
adhering the opposing electrode substrates. The

coat i ngT'heitagk displagtm@hinm afithaprysenit imtendionlits praduced ,
sel ected appropriately dependi ng on purposes. Known

C fstdxachlé, By dvatidgdsScoppoindiixed the atierocipde B&itaining
di ppi ng and spin coating can be used, and the inmge

dipp ﬂapgﬁgély BGHRANE LR HeAaRE labovd-hehfiBntdBEE an
medi t he

di splay”medi um of the present invention, since

035501 1B AR e AR g B s

P ERFage RBRRERRH  h excel | ent i spl by memorabi 1Tty can

i sp| oy B RRtiAR BetRd A B0 P REURLST R VBt Lhi 8 TR eds

di spl ay nmeans for displaying the i mage display nedi um

oRPPIMPTiRtely dlepending ppanPeRes. aidopiy ¢aabingddmppthogs guch

driving circuit, an operation circuit, an_ inside

masbiade, wirpdvaar dippimg end spich coatiog candedised, akihedmage
display medium can be produced easily.

In the image display medium of the present invention, since the
particle dispersion liquid is used in which the fine particles with high
white reflectance and excellent dispersion stability were dispersed, the
image display medium with excellent display memorability can be
provided.

(Image display apparatus)

The image display apparatus of the present invention comprises
display means for displaying the image display medium of the present
invention, and further comprises a driving circuit, an operation circuit, an
inside memory, a power source, and other means as needed.

The image display apparatus of the present invention includes the

particle dispersion liquid of the present invention which is high white

reflectance and is excellent in dispersion stability and charging, thereby
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The i mage di splay apparatus of the present invention

i ncludes the particle dispersion liquid of the
present invention which is high white reflectance and
W& %68L54;sent in dispersion stability and chaggiyp@esoisi1
t hereby 26 WO 20061025553 PCTI JP2005/ 016171 the inmage
di spl ay apparatus with excellent display menorability
cthre imeageptienlaf egparatas wath excgllertdipplay demeargbility can be
illustrating one exanple of an image display
appatidddus according to the present invention. As shown
in FIG 5 3, the imge apparatus 10 conprises an

i mage diFi€h!30ig ansetenatit Vievailbaseatiis onedxanile iofan image

i nputting nmeans 13, a driving circuit (not shown), an

ORRHBLy ApathisUickorddd®s tSiHRWibserintftide MR ENown(AKIG.
shown) and a power source (not shown). The el ectrode

i Eﬂ%‘%ﬂ&é’é%‘iypgfﬁ%ﬁ cUE%'r%@% an if.nrzige ﬁisgla)aﬂnfeﬁftfﬁ 11,1 g case

dot-matrix. [nmage can I spl ayed as a ‘whol e by

desi.gnat i t.he dot t L SRI . : '
S arar e bry it a8 18, £riShte (R 4Bh bibum), g
but the present invention.is,not intended to,be
phaebm eiroRndbet SRR, 8 inqepmee S5t Derd B pevse
fine particles 15 In a reactiqgn vessel equi pped w.th a
sByTee fnotshowa).nohks electapde i thedmagg displae umldgn
parts by mass of isoparaffinic hydrocarbon (lsopar G
mEHGT 3 farmrsedptimatEiok o Incigersapdie disrlayed aa gdholebpy mass
of  2-vinyl napht hal ene (rmanufactured by Shin N ppon
Stlesgndiimegiloadot@o disglaylON. 1 mass part of silicone
macroner (Silaplain FM 0721, manufacture

Hereinafter, examples of the present invention will be described

but the present invention is not intended to be limited in these examples.
(Example 1)
-Production of fine particles-

In a reaction vessel equipped with a stirrer, a thermometer and a
reflux condenser, 100 parts by mass of isoparaffinic hydrocarbon (Isopar
G, manufactured by Exxon Chemical Inc.), 10 parts by mass of
2-vinylnaphthalene (manufactured by Shin Nippon Steel Chemical Co,
Ltd.), 1 mass part of silicone macromer (Silaplain FM 0721, manufacture
by Chisso Co.) and 0.1 mass part of azobisisobutyronitrile (manufactured
by Wako Junyaku Co.) were added while stirring at 200 rpm and heated
at 70 °C. The mixture was stirred for 24 hours at this temperature to
complete the reaction. White fine particles comprising a copolymer of

2-vinylnaphthalene and silicone macromer with a number average
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20 by Chisso Co.) and 0.1 mass part of
azobi si sobutyronitrile (manufactured by Wako Junyaku
Co.) were added while stirring at 200 rpm and heat ed

Wb 2000/04ss53The m xture was stirred for 24 hourggrab0bde15171
tenperature to conplete the reaction. Wite fine

particles conprising a copolyner of

2 partgle digineties 0E A amy mere phtaérase macroner with a nunber
average 27 WD 2006/ 025553 PCT/ JP2005/ 016171 particle
di-Brogluehiomaind operatsmeofabe ainagel displaydmedivenr and
operation of the image display nedium 10 parts by mass
of ur eall paygaby mhssrefanes, Npdrt afidesbbeipal 41sd by partadsg of
et hyl ene mal ei ¢ ani hydri de pol ynmer were dissolved in

2 90a R bthylénddhh ald1é &n ity dtlePolyRedfbkiSdissbled inf2903parts
by a sodi um hydrate aqueous solution. Separately, in

3 i
%gﬁﬁ‘égssof %tﬁ%ﬁﬁatﬂﬁstsa?‘b% at 8% %%(hﬁﬂl H{fdc.%¥§r; aslue_ous

crol ex RR" manufactured by Bayer .y in the
| SORARaf finic hydrocarbon (Isopar H manufactured by
Exxon emcal Inc.), 6 parts by 1o nass of the above

white fine rti.cles and 0.03 rt.s by .mass. of
i r coni SFRARGY-dB Rk by mess SEratfaed SRR of
e added t repar a fine partjcle dispersion, .

F@?eaygmetoﬁﬁs@ﬁpeg&.tgrﬁér@i Biver o) in hS woparatieic
fine particle dispersion liquid was added to the
abydeoc gopas Hytnanutagiwred by Hrxon Shemiceldng), Graaws by
of formal dehyde 1s solution was added while stirring
amhshefthagbave waitchihe pagtitiesiand 0.08 pagts bypnpisevf t he
reaction, a mcrocapsule was collected by
sairtominaf diokidetdctunte wa althaggeaduatehl viget were added to prepare

a fine particle dispersion liquid by ultrasonic dispersion.

Next, the obtained fine particle dispersion liquid was added to the
above aqueous solution, and further 25 parts by mass of formaldehyde
solution was added while stirring and heating at 50 °C for 3 hours.

After complete the reaction, a microcapsule was collected by
suction-filtration, washing and drying.

The obtained microcapsule was dispersed in an ultraviolet curing
epoxy resin (Product Name: 3121, manufactured by Three Bond Co.) and
was coated with a wire bar on a glass substrate with ITO electrodes.
Next, the coating film was inserted with another ITO electrode to make
the electrodes therebetween 100 pm and was cured after exposed an

ultraviolet. The image display medium was produced by the above

steps.
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The obtai ned m crocapsul e was di spersed in an
ultraviolet curing epoxy resin (Product Nane: 3121,
manuf actured by Three Bond Co.) and 20 was coated

Wb bdded2sedsr € bar on a gl ass substrate w th | Berp200s016171
el ectrodes. Next, the coating filmwas inserted with

another 1 TO el ectrode to nake the el ectrodes

t FBeebERARENTe®F pm and was cured after exposed an
ultraviolet. The image di splay nedi um was produced by
t he abowethegbspined pagedizptey 0ednms wHep 16900940 appliad
<Performance Test > In the obtained i nage displ ay
meslthempperdTO- dl6@radejtlse ehiitei foxk partictelsaverp peuickly O

el ectrode, the white fine particles were quickly

dappsHife@dnhe ippet PREEro@é 8l mage seditlad\e hite@loraffom the
white color fromthe 5 upper substrate surface. Next,

\‘;}1199417 sRSra2PBhHEE. t NdME+ VP wdsTdpplRURE the dﬁ?eﬂ 1o

e fine particles were noved to the |ower electrode
apféc?rod&%hg 'fvﬁfitéﬁﬁé ﬁafﬁ&éé PSRt & ﬁl@'l%?f’élegt)fﬁdé/‘@ﬁd a
cl'earl'y’seen Trom t he upper substrate surface.

flection

Pt s BB Bt AR e B Sl raithe opey
ARSI Iogt o Boriher PEHES TRORRBOR Rl YPHE ORFisge
for 1 day, alnobst ng changes was .seen to the white
r dispdasieddn prowsstion ol apaemaqung b mehite) incidepp Hight fapn apgunt
operation of the inmage display nedium 15 The i nmage
doE piflegteddighihis s pr Bhisvetitegolohetatawes tefhrethoas
applying voltage for 1 day, almost no changes was seen to the white
reflection.
(Comparative Example 1)
-Preparation and operation of the image display medium-

The image display medium was produced by the same manner as
in Example 1 except that titanium oxide was used as white
electrophoretic particles.
<Performance Test >

In the obtained image display medium, when switching the
display by applying voltage, an initial white reflectance at the white
displaying was 38%, but the white reflectance was lowered to 20% after
left for 1 day.

(Example 2)

-Production of fine particles-
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in Exanple 1 except that titani um oxide was used as
white electrophoretic particles. <Performance Test >
In the obtained i nage di splay nmedi um when swi tching

w6868 spl ay by applying voltage, an ini teicalpidbd/diein
reflectance at the white displaying was 38% but the
white refl ectance was | ower d to %O%after left for 1
day. (Ekbefinepesticles waresyy hessrett hiEDeRARS Ba00ebas Y
20061025553 PCT/ JP2005/016171. The f| ne particles
wExampje d hexseplethasyl Opmartsofsilingnn otl (B9 Ranpl e 1,

except that 100 parts of silicone oil (KF9BL-IcCs,
mamatfifatturatbp ghiztetneKagalkaffakl) istaad)ofiLitpaats T maegof
parts by mass of isoparaffinic hydrocarbon (lsopar G

NadupheifivicEy diycdrby ([ sep£NGE Alanufdttude dMBSExemdChamial
reaction solvent. The sane white fine particles as in

EXa0phas liswﬁéeaqgﬁﬁi&ﬁ&fblvé:dﬂ t PRE sah@ vAsEd ﬁnbgafmﬁ&s & in

car bon bl ack ( 0, manufactured by M tsubishi

C'iﬁ{;hﬁﬁj? ei I?{”P @ck color particles and 90 parts by
po yet

mass 0 ene were prepared to nelt-kneadi ng

gp dt ﬁgl é: g@ﬁ%%g Al r??q%t%oxl? ?i)g%c.tg (g)lﬂ% zipg,yﬁﬁggﬁtchﬁgd
eRr it Shigh: Chdmisal Chars bE?””eiogf'"s tifleg G0 et by mass

prepared by 6 parts by mass of t he above obtain
wief p@Yﬁthyée%wenecmr@QaWOP%Q ading and pulverizing %y heat.

-Production and operation of the image display medium-

The image display medium was produced by the same manner as
in Example 1, except that the particle dispersion liquid was prepared by 6
parts by mass of the above obtained white fine particles and 1 mass part
of black particle were added to 30 parts by mass of silicone oil by
ultrasonic dispersion.
<Performance Test >

In the obtained image display medium, when -100 V was applied
to the upper ITO electrode, the white fine particles were quickly
deposited on the upper electrode. On the other hand, the black particles
were moved to the lower electrode and were seen as a white color from
the upper substrate surface. Next, +100 V is applied to the upper ITO
electrode, the white fine particles were moved to the lower electrode. On
the other hand, the black particles were moved to the upper electrode and

were seen as a black color as from the upper substrate. Further, white
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of black particle were added to 30 parts by mass of
silicone oil by 15 ultrasonic dispersion.
<Performance Test > In the obtained i mage di spl ay

W?Qﬁo\é/ﬁissé’wen -100 V was applied to the Upp%TJJiEQOS/OIGHl
ectrode, the white fine particles were quickly

deposited on the upper el ectrode. On the other hand,

t neflestigniwheay a phitesobe indisplassdarns 40% heThisweite color

el ectrode and were seen as a white color from the
uptate wssleft matlous apphdeg volbage, for 10B1yYalmsosampl dhadgésowas
the upper ITC electrode, the white fine particles

Wedeh toothedviice tdflectiomer el ectrode. On the ot her hand,
the black particles were noved to the upper el ectrode

a(CompPBrFRive Wndsle @) bl ack col or as fromthe upper
substrate Further, white 30 WO 2006/ 025553

PCiﬂ'l[eFtay A %e];atﬁf_ﬁfok 9%11,?%3\(/:@%1%19 odbilf-color is

di sp state was | eft

Wit hOUtTﬁ‘eD X %% trﬁgcﬁuf or I'O%XICG(‘(&% t nnolecr:l?eiax{] %Sé.s

was Sseen te re

Ex d t f h
dfli‘ﬁﬁaﬁmf%%r ﬁ%’@%@aﬁ?&aﬁ%&era' e %ep?ohﬂ‘é‘gﬁ

the sane manner as in Exanple 2, except t hat
t PF&WPH?I‘?%R‘F@@%@S .used as white electrophoretic
particles. <Performance Test > 10 In the obtained
| FRgdormaptealestddi um when switching the display by
applying voltage, an initial white reflectance at the
whi t e In the obtained image display medium, when switching the
display by applying voltage, an initial white reflectance at the white
displaying was 42%, but the white reflectance was lowered to 25% after
left for 1 day.
(Example 3)

In a reaction vessel equipped with a stirrer, a thermometer and a
reflux condenser, 10 parts by mass of 2-vinylnaphthalene
(manufactured by Shin Nippon Steel Chemical Co, Ltd.), 10 parts by
mass of styrene (manufactured by Tokyo Kasei Co.), 10 parts by mass of
silicone macromer (Silaplain FM 0721, manufacture by Chisso Co.) and
0.1 mass part of lauroyl peroxide (manufactured by Wako Junyaku Co.)
were dissolved in 100 parts by mass of silicone oil (KF96L-1cs,
manufactured by Shinetsu Kagaku Kogyo, Co.) while stirring at 200 rpm

and heated at 70 °C. The mixture was stirred for 24 hours at this

temperature to complete the reaction. White fine particle with an
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di spl ayi ng was 42% but the white reflectance was

| owered to 25% after left for 1 day. (Exanple 3) 15
In a reaction vessel equipped with a stirrer, a
woesogmseizer and a reflux condenser, 10 par tygth¥20006$171
of 2-vinyl napht hal ene (rmanufactured by Shin N ppon
Steel, Chemcal Co, Ltd.), 10 parts by nmass of styrene
( rHBPercaver agP RArticldigmeterel (B9 nm weye ghtaigedy mass of
si | icone macroner &_Si | apl ai n FM 0721, manufacture by
CHi Broduction ang gpreration pf whe smpeg displaylmediopl- per oxi de
(manuf actured by Wake Junyaku Co.) were dissolved in
100 par fThe hsagadspbdy mieliuno masqgirbd (d€d36! the @ame manner in
manuf act ured by Shi netsu Kagaku Kogyo, Co.) while
stExamhplg laising bhe ghtairsddwhieapattidés. 70 ' C. The m xture
was stirred for 24 hours at this tenperature to

COoMRIrBirmdnte Teg@ast i on. Wiite fine particle with an 31
WD 2006( 025553 PCT/ JP2005/ 016171 nunber aver age

articl j : - obt akned .
P bduct o hEMhbledimabd il Tnf RO $HIECM00 Y was applied
T i e hinspl dium roduced as the .sane
g thRBRe D LRSI o/Pe BAE RS ed ot fudRY
ticles. <Perfo nce Test > In the optained.i nage
P e St thio R SlOCLSS AP Biere S5hn 20 WEHS EhgT fopGihe
| TO el ectrode, the white fine_particles were qui ckl&
deppsr eubstrrtersheiageyp eNext, dd PP Yowasnapphd o theawrss 'R

white color fromthe upper substrate surface. Next,

10 +rdertrpdgatheaphite Saetpartiples wepe mavedto the lower electrode and a

15

colored state attributed to a color of dye was clearly seen from the upper
substrate surface. Further, white reflection when a white color is
displayed (a proportion of an amount of white incident light to an amount
of reflected light) was 35%. When this white color state was left without
applying voltage for 1 day, almost no change was seen to the white

reflection.
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10 electrode, the white fine particles were noved to
the lower electrode and a colored state attributed to
a color of dye was clearly seen fromthe upper
substrate surface. Further, white reflection when a
white color is displayed Lgdpﬁpportlon of an anount
of white incident light to an anount of reflected
Ilg t) s 35% .Wen this white oIor séate was I
out HEEBRAFYFIcg ANPLGHS arpq PrgEDeRnd 'oxpressed
change was seen to the white reflectlon. 32 CLAI M5
by the Eolbewviey forohel COrrd sf agnacypehymer of a conpound
expressed by the following fornmula (1) and of a
macronmer. C~)~a Structural Formula (1) In the above
formula (1), R represents a hydrogen atom a hal ogen
atom an al kyl group or an al kenyl group, "nf
repr esent fn integer of 1 to 10, and at |east one of
R represe t he al kenyl group. 2. The fine particles
accordi ng Ph(ZRQ%g?lf/ rein the conpound expressed
by the forgulha (Hyis any<pne of a conpound expressed
by the foljflowing formulas|(3) and (4). Structura
Formula (3 33 Stfuctural] Formula (4) In the above
formulas (3)-an ~Aapht hal ene ring may be
substituted by at Iean one of an al kyl group having
carbon atonms 1 to 12

Structural Formula (1)

In the above formula (1), R represents a hydrogen atom, a halogen
atom, an alkyl group or an alkenyl group, "m" represents an integer of 1

to 10, and at least one of R represents the alkenyl group.

2 The fine particles according to claim 1, wherein the compound
expressed by the formula (1) is any one of a compound expressed by the

following formulas (3) and (4).

N

Structural Formula (3)
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and a hal ogen atom 3. The fine particles according to
one of clainms 1 and 2, wherein the macroner 10 is a,
silicone macroner expressed by the foll ow ng fornmula.
(2). F,li r 111 ?2H3 i Structural Forrmula (2) In
the formula (2), H represents a hydrogen atomor a
met hyl group, R1l' represents a hydrogen atom or an
al kyl group having carbon atonms | to 4, "n"
represents axpatural nunber and " x e represents an
integer of 1to f. -34- 4. The fine particles
according to one of clains 1 to 3, wherein the
fine partic el ectrophoretic particles for an

i mage di spljay ium 5. A nmethod of producing fine
particles [ formng fine particles by

pol yneri zin np d expressed any one of the
follow ng formil as ( and (4) with a macroner
Structural Fornula ( E tz Structural Fornmula (4) In
t he above for and (4), a naphthal ene ring my

be substituted by~at | east @ﬁgwgﬁ%aqu“(?ﬁrﬁﬁﬂa @gnoup

havi ng carbon atons 1 to 4 an al'logen at om

In the above formulas (3) and (4), a naphthalene ring may be
substituted by at least one of an alkyl group having carbon atoms 1 to 12

and a halogen atom.

3. The fine particles according to one of claims 1 and 2, wherein

the macromer 10 is a silicone macromer expressed by the following formula

(2).

Structural Formula (2)

In the formula (2), R; represents a hydrogen atom or a methyl
group, Ri’ represents a hydrogen atom or an alkyl group having carbon
atoms 1 to 4, “n” represents a natural number and "x' represents an integer

of 1 to 3.
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6. The nmethod of producing fine particles according to
claimb5, -35 wherein the polynerizing is conducted in
a solvent in which the conpound expressed by any of
the forrmulas (3) and (4) is soluble, and depositing

t he partTﬁ%eianoprPub%%OL\HéHfﬁlRQ'b’dTea[ i rdGEOBNIER 1 o 3,

7. The pr o u0|ng arti accor
any one Q cl aj 5 and erein the solvent .is a
whg o n@ mgahic Ss%r%hctrcav orREC @W%#Orpq‘% #a@gRglisplay

fine particles according to any one of clains 5 to 7,
medh@nei n the macroner is a silicone nacroner expressed
by the follow ng fornul a (2). R CFls f{ CH ?Hs H-a
D COO(O(HXX) ------ R | - .8J. g
C Str tural Formul a (2 R
a’é?%éﬂ fg\'og ngiHia BArtclra CATPLES! %}gp, R,
represents a hydrogen atom or an al kyl group havi ng
carfoomiagdie patrtickes Bynpolymeqresena s:ompumm} exprasgsbéany
and "x" represents an integer of 1 to 3. 9. Afine
[ [ i ne
ond B M I SRR rllep () RAATATELS ”&aci‘&?e%o 4is
di spersed in the non-polar organic solvent. -36 10.
The fine particle dispersion liquid according to claim
9, furthe conprising a charge control agent. 11. The
fine partit| e dispersion liquid according to any one
of «clains and 10, the non-polar organic solvent is

colored b 'ss%&g\a dye

T

(\\

Structural Formula (8)

Structural Formula (4)

In the above formulas (3) and (4), a naphthalene ring may be
substituted by at least one of an alkyl group having carbon atoms 1 to 4

and a halogen atom.

6. The method of producing fine particles according to claim 5,
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having a color different fromthe fine particles. 12.
An i mage di splay nedi um conprising: a pair of

el ectrodes, and the fine particle dispersion liquid
according to any one of <clains 9 to 11 between the
pair of electrodes. 13. The inmage display nedi um
according to claim 12, wherein an inmage is displayed

by -appl vi vol.t.age. bet ween the pai,r of.theg.
whitef hslnd9 St dRntlild oF eStivett i dhiche

particles. 14. The i mage display di according to
thefgmppungs cressad by argm?fiﬂ? fberdnn Bhand [l 15%1ble, and

particle dispersion liquid is contained in a
deppsitivedhenarticles ofaniinsghikde polapenppihatsatvent.

conprising the image display nedium according to any

one of clains 12 to 14 as a display. -37

7. The method of producing fine particles according to any one of

claims 5 and 6, wherein the solvent is a non-polar organic solvent.

8. The method of producing fine particles according to any one of
claims 5 to 7, wherein the macromer is a silicone macromer expressed by

the following formula (2).

Ry CHy c|:H3 CHa
|
H,C—==C-—C00——(C,H,)—Si—0 ~—siimo Si—Ry'

Structural Formula (2)

R: represents a hydrogen atom or a methyl group, R:’ represents a
hydrogen atom or an alkyl group having carbon atoms 1 to 4, “n”

represents a natural number and “x” represents an integer of 1 to 3.

9. A fine particle dispersion liquid comprising:

the fine particles according to any one of claims 1 to 4 is dispersed

in the non-polar organic solvent.
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10. The fine particle dispersion liquid according to claim 9, further

comprising a charge control agent.

11. The fine particle dispersion liquid according to any one of
claims 9 and 10, the non-polar organic solvent is colored by dissolving a dye

having a color different from the fine particles.

12.  An image display medium comprising:
a pair of electrodes, and
the fine particle dispersion liquid according to any one of

claims 9 to 11 between the pair of electrodes.

13. The image display medium according to claim 12, wherein
an image is displayed by applying voltage between the pair of the

electrodes to cause electrophoresis of the fine particles.

14. The image display medium according to any one of claims 12

and 13, wherein the fine particle dispersion liquid is contained in a

microcapsule.

15. An image display apparatus comprising the image display

medium according to any one of claims 12 to 14 as a display.

.37.



