; e3el LI T66TL327 'June 2003 ' 1 TITLE OF THE I NVENTI ON O gani c- 1 norganic
Conposite Particles BACKGROUND OF THE | NVENTI ON The present | tion
37duns 4063

relates to m@miunor gani ¢ conposite particles, and t ysta
di spl ays&mﬁm\m‘m\\\w t he organi c-inorganic conposite particles. Liquid
crystal S (LCD) typically include two opposed el ectrode substrates,
and spacers &% |iquid crystal sybst ance interposed between the
af orenenti oned el ectrode substrates. The spacers are enployed in order to
maintain a liquid crystal layer uniformand constant in thickness. High
speed of response, high c t ] i.ew ng angle, etc. are anong
1 or mance char agf%{'?ét?%?% fxgﬁ&%@ri{%}gui red in practice in liquid
mmm&mmmmmmmmlays. Pyganiesd norgasicaGonporidtecParitdcles t o be nani f est ed,
the thjckness of the liquid crystal layers, and in the final analysis, the
di stance separating the two el ectrode substrates nust be naintained
strictly constant. Spacers for liquid crystal displays which neet such a
need i nclpatkeROUND ORI THE| ERVERTEORY the sol -gel nethod (Japanese
Unexam ned Pat ent Publication (Kokai) 62-269933), the cal cined product of
the aforenentioned silica particles (Japanese Unexam ned Patent Publication
(Kokai ) Thes482sgentininveptiéng velatesnyebengantcripergami®er particles
(2)b2I ai nedléahwpe@sisaﬂtmehwﬁriaﬁas tenlﬁusﬁyéﬁpepwnagepaaqrs 27 June 2003
i vi nyl henzene noners, etc. .(Japanese, Unex i cation
(okai ) eTGE0 1Ry PERP Bh3; oufn1 &> IREPEERAR! SERLE e BRI, 1211 O
particle diameter distribution and a well ordered particle dianeter.

However, migsapOyeysthdr daspilbgs (hepf otypreayipr ohkbette o Cal ci ned
products of sil calgaitlﬁles gaﬁe gg t he §V|- el et hqd aéSéPQt readily
def or mabl PR Ar 8 F8H °RGr GUPEHE2EER s TN EPFCRREN2PH Wdssed in
const r uctermgstajusdbstantel idteppagedt heyweay thasafpiremiesrdiiatedge to
coaling | aYeLe et DenstRatEal eSoRlCh R5e¥aPRE.IERBILYE] qhpctrodes, etc.,
orientating rayers and color filters;~efc., and ca Se“Taults in the display
due to i RERenNe9emadbtadn pr daAuddscrysteY jayey. umpdorm aangl so a | arge
di ff er enceopet (€N LN BRABBL . expansi on coefficient of these cal cined
silica particles and that of liquid crystals, and consequently in liquid
crystal displays using such calcined silica particles the probl em of

so- cal | ediighépapar efurespohBei, NBigh poatbaed, aadt hawideen cooled in a

| ow t enpera epvikon , - o] I h rticles do not

shri nk td& %@iﬁﬁngxg;gég?%éé 8%8 ?g§h;daé§§gg§I§?r 8%E§%§F% pr oduced

bet ween té¢Raragtedistyjssakcdteddashreghévedodn pubstigieesn dridquik di spl ay
function ly i LV LhkkCa particles nmade by the
sol - gel H@?ﬁ%gggrgggggg&gr?aﬁ?ggﬁgggga?grgggmngkqa Barticles. Fbmevgr,
because tPRaragheristics $o beampaifested, athenthicknesscihith® resilience

the gap diﬁéaﬂaepk§saaanaay@rhqcaﬁa &ﬂe¥ﬁ61f&hﬁiuﬁhﬁgjsﬁﬁqe1Hﬂ9Ve“”eSS-
Mor eover, . uncal ci ned SI|Icagp%é%I |l es give rise t hée | owtenperature
1

bubbl i ng $t ShRRALaSERAFALID wo electrode substrates mus

be maintained strictly constant.

Spacers for liquid crystal displays which meet such a
need in&lude silica particles made by the sol-gel
method (Japanese Unexamined Patent Publication (Kokai)
62-269933), the calcined product of the aforementioned
silica particles (Japanese Unexamined Patent
Publication (Kokai) 1-234826), and styrene or
divinylbenzene type polymer particles obtained by
suspension polymerization of styrene monomers or



27 June 2003 3 calcined silica particles do. (C Since styrene or
di vi nyl benzene type pol yner particles are organic parti gy guna2003 e very

" pliant, they nust be dispersed in |arge nunbers onto an el ectrode

substrate. This not only tends to raise manufacturing costs, but results in

an increase in the area of the portion of the display screen where no inage
" is formed. Moreover, the quality of Z2he display is |owered due to | owering
contrast and increasing i mage roughness, etc. due to the fact that the
quantity ofPivdmYdbReNFehe dancehsp i e’ 2PAPFAG PPEHPPAR®Spacers into
the |iqui d patesitalpubdyieyatingl gassai ARDr a5 og6y, pekynerhpaet agkes have

been propos whi,ch .are not easily defornmed, for spension

pol ymer i zatai%‘gn s@ﬂeﬁdcgflospsﬁﬁtﬁf;bﬁ% wrﬁ)tn%n%r%axs:ﬁg ”Egrglx\%i%y bgﬁ‘?gﬁg, etc.,
and usi ng ailsdngidupiam iand ¢f wedlly merdexed oparticilat diapespanese Unexam ned
Pat ent Publication (Kokai)4-313727). Polymer particles nade by suspension
pol ynmerization of tetranethyl ol nethane tetraacryl ate or

t et r anet hy IHsiweMean & hestaboats \pokar awt dnas nhgeAeddewiagd then cl assified
to regul at mrénpaa.rti cle dianeter and standard deviation of particle

di anet er have al so been proposed (Japanese Patent Publication (Rohyo)

6- 503Z80). These pol yner particles have the problemthat they are prone to

pL oduce abﬂ@f)ﬂﬁialﬁfﬂﬂ&m aﬁﬂéﬁfhdﬁh tclheds_iimti:d pé!ﬁg_&h.&lsoﬂahbebfrut_flgl(les_ of

t hese particl.es. Jn ligujd crystal_di ay [ ay _i,s_passible in spots

in which t By TIRA d“ectlj&sc{ e a’f)en%i%l §e§r8ﬂgﬁ§ gf’ eé.ndTﬁgepV8§¥nt

i nvent ors heams prarpb sshsgopoetsl ¥ orhen otihey age pyresedo3ngd cryst al

di spl ays i J i e Yedef ion and an
ng?&&mﬁﬁr%re%@@dio éﬂffﬂ@fe@faglayg the§ nde! eRHBRE

el astic ulus 1n co n at” the 10% di spl aceneént Of the particle
di amet er (AN ikEak damdR [ iGPaABLRE ohPYRES| BR) thet AuksspaEersi ed ranges,

and whi ch igidnidas st fddpdd Doed Cel 8OF B0AkE ,COERQSI beipathtehgs (Japanese
Pat ent Applj cation 5-288536),..The fact, that tBese spagerg for Iiﬂui d
crystal di SPT¥EES 478 1£H THENETR 1 Rt Dor yABR FAVPECFANLNS AR EAS the
nunber of tdisplay idiestdiiweys athevenhess| ect breéakagest odt FFFan be

d d. , ' h I
ecrease ers'xétg%keeagl?[ftgécf é”}é‘f‘ €43 rFBIRRCL BotlBen! pAd Per

particle is I'ncrea [ racture strength I's i nadequate. Prior

el ectri cal Ishemmilicexpangiken | eoetf i tenhop§aknesparailcliasds6éhigs silica
particles, ®dfeiclés Ny "BRatPaGE | 148187 S¥yded 1y, And condaghiene1yayer
formed on the surface of the partjcles. Comonly, cqQnductive_particles are
enpl oyed i mh el @ EL(GOHF AL (4 LFRLA%S Eﬁhﬂgcﬁi“ﬁé‘ seﬁﬁé@ﬁdpaﬁlgcaf

el ec_trlodes_.parfwmwyd trngpfdﬂgl@m paf rsofcealldedr Qldse:stwnt;h' ragngect i ng L shed

particles interppsed, between them ap electrica ection is establishe

bet ween theb‘f%)f’e’l‘%cﬁ 0%%%‘?%%3{ h °c§%{ic F’%‘ Egr"ﬁ%g’lné‘zl. qconduct i ve

parti cl es iow udemperatunte nenv irennent pl o&int-40d6dfoeonerauphe | ythéen pressed

t he conductjiyve, | ayer ~cannof onpa r [ f particles, and
%t}gi/es r%yn%ét%g lnﬁdgégaﬂ:{g QSL‘% rg;ttegl?.t i%C ttl?x%

the conduct]¥ ayer fromthée p e surface, and the
el ect r odes higuibdcongstabs rl vsiédanarghproduCed fhetween thend iguddducti ve
particles i i L her i igle har, ntly it
i's inpossib %lg%ggogﬁtgngﬁﬁegld?g%{%?gc%gtﬁ%?f ta\%l%ﬁf tag!ed gﬁrﬂeéct%(r1 %?ggﬁfo | ower
cont act resfunchien becomes cerplehabyecipopegatdve.

(B) Silica particles made by the sol-gel method are
more pliant than calcined silica particles. However,
because these uncalcined silica particles are weak in
mechanical resilience the gap distance is prone to
become uneven, producing image unevenness. Moreover,
uncalcined silica particles give rise to the
low-temperature bubbling problem as well as the



27 June 2003 5 is applied when deformng so as to get |arge contact ar ea,

the conductive | ayer may detach and fall away. There are also lems with
" the poor nechanical resilience of the conductive partlcﬂgs’ Q becones
difficult to maintain a constant gap di stance, causing poor contact.
~ SUWARY OF THE , | ~I yENTI ON On purpose of the px~as~nt invwntion i~ to

provi des organi c-inorgani c conpositegparticles which have the nechani cal
resilience needed in order to maintain constant the aforenentioned gap

di stance beawedned pdilricel panbdtbepl doed with the proper gap, together

wi th the hardness and fracture strength needed in order to nmaintain the

af orenenti oned gap di stance constant with smaller nunbers of particles, and
whi ch do nQC)r6a@hhyS¢au35uphysi@é#idnhhgezeuethypafppéwmwuioned menbers.

pnother PupBatgedlec! e PSRN 14 MERLE BReLogha pedUGE NG, damge (o

t he electr e substrates of ista to I ndrove picture
qual i ty of Hhe¥ Mugfi @%Wﬁ%%ﬁ%p}&y argR| gpm rsCRF‘PDI am (ZF THE DRAW NG
Figure 1 |&1@cftﬁ:@@@rs&ﬁfsytﬁws SeRis0nak Bhagr aendepreseatiiskg an

enbodi nent of %act '.%%rgoségé disp! %Ogatgh? p%gsg%regv%ntlor}_h Figure 2

is a cross’Sectiona am of an e an organi c-ihor gani ¢
conposi te paepi olfe tde mﬁéﬂﬁﬁésehﬁ theedisphay sgregeunwheg®3n® Figure 3 is a

cross-sect ijangdle dis2aHARK. am&@edéﬁenthaf qaal%gaalfctm@ordg%rpfa}pormomte
particle of, th resent invention. Fig ss-secti onal “di agram of

e r
an embodi mift 1oMeRR LAt | HOYGEATE ESHﬁGEFFeaﬂgr3?8F?°59“ﬁhe present
I nvention. lﬁqyawrdﬁghnassycEﬁesedueonaltdeagaanlmhaantmmquanﬁntyﬁ an

or gnni c- |n%rfgai|y c%rmpqu 1%‘6%%%25?%5}@_2Fgr Siﬁ@&n’ n\f%H QWie Figure 6 is a

cross-sectional agr am o an orgari c-1 nor ganl C corrp03| te
particl e ofspacens dgvmt theechiqohd CEYAtalElapesCiosrRESES .THE | NVENTI ON

Accordingly, polymer particles have been proposed
which are not easily deformed, formed by suspension
polymerization using crosslinkable monomers such as
divinylbenzene, etc., and using a large quantity of
polymerization initiator (Japanese Unexamined Patent
Publication (Kokai)4-313727).

Polymer particles made by suspension polymerization of
tetramethylolmethane tetraacrylate or
tetramethylolmethane tetraacrylate and divinylbenzene,
and then classified to regulate mean particle diameter
and standard deviation of particle diameter have also
been proposed (Japanese Patent Publication (EKohyo)
6-503180).

These polymer particles have the problem that they are
prone to produce abnormal orientation in the liquid
crystals on the surfaces of these particles. 1In liquid
crystal displays no display is possible in spots in
which the liquid crystals are abnormally orientated.
The present inventors have proposed spacers for liquid



An organi c-inorgani c conposite particle according the present invention

I ncl udes a particle body having an organic polyner franmework and a

pol ysi | oxane franmework. The pol ysil oxane franmework has 24 June 480%cul e an
organosilicon containing a silicon atomdirectly and chem cally conbi ned
.with at |east one carbon atomof ' the organic polyner framework. The
quantity of Si QZ which constitutes the pol ysi | oxane franmework is ~25wt % of
the total weight of the particle bo . The partlcle body has a nmean

particle diapetig |norgan|c
conposite a¥f Feg F%@hg% ré?%h m%6%3§|cn1{§$§& %ggﬂoay may further

i ncl ude anaétganﬂ@%gﬂééﬁrmﬂﬂiQHu?qﬁﬂ%nﬂQlﬁ@ﬁﬂ?fm%ﬂ@hbﬁklﬁay have a silicon
at om di r ec¢bMp28dsgbamagaldhe qmbldl%wééh@ﬁt |@f35€h8n§a9€i998 at om of the

organi c gr The organi.c group here is, une, 2003 exanpl e, at
Peaat one ERBEEREN( 2B G it M iR (e SR RSREF 60T s bRLAl Ky
groups of d4pé@icaedorangess, andy whgiciupsnaluded Ospecbbicat ons and

unsat urat egrgéh%a&'n%xfﬁ% l%u@ongi’ot%”jl ‘r)éaxztfc"l&é‘rﬁ.ﬁ’?% G d.These

nonoval ent a su rou i rent of the
or gani c- |nbagantcA@@#p@@ﬂu@qxﬁﬁl&ﬂiﬁQﬁ tf%h@r%%@htthﬂVehheaﬁ the particle

body nay fgépaeeesh%% qlfqruqfa w&ﬁalemgbmmaﬁ@tm&a&@ thenfol I ow ng
equati on: ere: "G indi cat fracture strﬁnghh (kg); and Y
e

i ndi cat es BrbaFtPeﬂéﬂﬁﬁmﬂﬁﬁﬁlﬁ m94P% h ?ﬁﬁﬁﬁﬁrﬁﬁﬂbﬁF ?
or gani c- i npaghiid esondjegidmsarhdn dhe ¢fladtredesswbatnseat £an, behe particle

body Y hayerasebast iRl ki (R0 aNR0kH! Mberd Oean8 OFRAESSI On, 2

residual dis cement of 0-5%.after 10% defornation, a nean particle

di aneter ofh g gogépﬁerarﬂi’ré%ﬁ;&ﬂ%l’é}ﬁr?ﬁs%r|%’B‘i’oﬁh%f fraspyren particle
di anet er. dbeeaghadiizgeinadeduitenr gani c-i norganic conposite particle of the
present invention may further have a conductive |ayer fornmed on a surface
of the particle body .' The enbodi nent of the organic-inorganic conposite
particle oPribe plesdmtidaldgntdoordumliverpdetitbes aneailhesgaritayer forned

on a surfagg, 0% clRG RAH W d190ka Fih PRk MeBkc Of LPepgigARLC- 1 nor gani c

conposite
particles provided with a conductive layer formed on

the surface of the particles. Commonly, conductive
particles are employed in the electronics field for
connecting between pairs of electrodes. Thus, by
pressing a pair of electrodes with conducting particles
interposed between them, an electrical connection is
established between the two electrodes wvia the
conductive particles.

Conductive particles including a polymer are too
pliant, and consequently when pressed the conductive
layer cannot accompany the deformation of the
particles, and the conductive layer may detach and fall
from the particle surface, and the electrodes may
become too close and short. On the other hand,
conductive particles including inorganic particles are
too hard, and consequently it is impossible to

broaden the area of contact with the electrodes to
lower contact resistance, and if unreasonable pressure



27 June 2003 8 particle of the present invention may be col ored by
~including in the particle body at | east one selected fromthe group

consi sting of dyes and pigments. The silicon conpound | 27aduned8®3one
silicon conpound sel ected fromthe group consisting of conpounds

. represented by CGeneral Formula (1) below and derivatives thereof:

R9 5 (OR')4 n (1) v where: R indicgates a nonoval ent group selected from
the group consisting of al kyl groups of 1-10 carbon atons, aryl groups of
6- 10 carbon .at . - al 1 phat L ce £ esi du O&Pxﬁt 2- 14 carbon
at ons, V\hi(r:lﬁ A %\%dg%zﬁ%%ﬁgln@ﬁ%u% ??6 %\gl%ﬁ S a yé)r%gen atom or
a nonoval e egrolhes SOARUSE i M a¥RE graYipdebash santhgf ¥l A%aY - gr oups of
1-5 car bo? WO 2 \ﬁ:@a&%ﬂ pg:rdm@nh s)fwﬂgi ﬁﬁébpdSbb ﬁt@fﬁhaﬂhd}.??i cat esfan

i nteger of 0-3;,.when m the,two. R s _nay. ei the ifferent fromor

i dent i cal \ﬁetsrflolr?élcgnc?ttjhz:rh;é \ﬁnoe'}\durﬁm&svﬁ,p?ﬁéuf ek ??i Hay differ from one
anot her, omecamesr didifd cafl tt Heo Raimegibeai denstant  gaphehistandes, 2, the two
OR's may becae‘\jstih\g?#yofrf ftadgomor identical with one another; when 4-m
is 3, the three s may be different fromeach other, or two or nore of
the OR's may be identical; and when 4-mis 4, the four OR's may be

di fferent fouMMASRC DOMEN INVENTIONr nore of the OR's may be identical;

27 ,tune 2003 9 with the proviso that only a conpound sel ected fromthe
group consisting of conmpounds of m=1 in the Fornmula (1) and derivatives
t her eof caPrife rIRHERe® faltdire RERet Rt sinyephiennpburel PEFtEdhat 2 or nore

silicon corpayuitis -Useddargel hsmpeeit & opanciclies evhibel Wdvéothe of : a
conmpound sel ected fromth .g%ou congiﬁting of, _compounds, of m= 1 in the
< N 2 2EABd.

Formula (1)™ &N &9 TSIIE00) iAo To MAREIEY from the group
consi st i ng aanstmATpo Wids afforemernt ionedegapr dis bande betwelenia gaires

thereof. Thee f] j 1.4 qu‘?y i ng alns Lcal yneri zabl e
group is at e'{:aésntﬁ;eol?e ﬂs%cgebcé:e r2€nh %hggogggcgﬁgfs%ﬁ%é}g%f%ﬁ%unds

repr esent ey hardnesis sichf xpmenee sErangtb aeededrinLrdes $Pereof: RL C
H 2= C - ChdiatRi%s XHe (@2Jtenent2ned gap distance constant with

smaller numbers of particles, and which do not readily
cause physical damage to the aforementioned members.

Another purpose of the present invention is to reduce
physical damage to the electrode substrates of liquid
crystal displays, and to improve picture quality of the
liquid crystal displays.

Figure 1 is a fragmentary cross-sectional diagram
representing an embodiment of a liquid crystal display
of the present invention.

Figure 2 is a cross-sectional diagram of an embodiment
of an organic-inorganic composite particle of the

present invention.



where: Rl indicates a hydrogen atomor a nmethyl group; Rz indicate

~al kylene group of 1-10 carbon atons which nmay have a substltuent g

R3 indi cates a hydrogen atomor at |east one nmonoval ent 2

the group consisting of al kyl groups of 1-5 carbon atons and acyl

. 2-5 carbon atons; 27 June 2003 10 RACHz=C- Si (0RD5), (3

Ra i ndi cates a hydrogen atom or ngthyl group; and R3 indicates a
%

hydr ogen. atom or at | east one nono

| ent group selected fromthe g

consi sting kgl .grqu £ 1 n a yI r

car bon atoFquE% é hg 2 giog egéﬁBB?% ﬂq%gg?ﬂ 8% g% mgg%ﬁﬁﬁlcat
hydr ogen a@én@brOagﬁﬁtﬁyhngrgaplCR¢0m@9§e&?e§aaﬁlﬁﬂﬁyDén@h@roup of 1-10
es¥htchngButhawe a substituent gxoup; and R indicates a
hydrogen atom ux at | east one nonoval ent group selected fromthe g
consi sting of alkyl groups of I[-5 carbon atons and aryl groups of
car bon atoﬁﬁguéelHqmbdaccysSaLsébsﬁbayladdagdhmgoﬁoahhem@mﬂmwem&nt of the

present | YgNLhoBe LRt AR Lt cBhekiedepRUBsE Bl £e Frzecond ©

car bon at

substrat e,

a Sea a Sspac I

S an

roup; and
cted from
groups of
wher e:

roup

es a

roup
2-5

| ect r ode

crystal display, and

aliquid cP?SﬁahF Yheesptdond electrode substrate is arranged opposite to

the first

el ectrode substrate.

Fiqure 5 is a cross-sectional diagram of an embodiment
of an organic-inorganic compoeite particle of the
present invention.

Figure 6 is a cross-sectional diagram of an embodiment
of an organic-inorganic composite particle of the
present invention.

An organic-inorganic composite particle according the
present invention includes a particle body having an
organic polymer framework and a polysiloxane framework.
The polysiloxane framework has in its molecule an
organosilicon containing a silicon atom directly and
chemically combined with at least one carbon atom of
the organic polymer framework. The quantity of SiO,
which constitutes the polysiloxane framework is 225wt%
of the total weight of the particle body. The particle
body has a mean particle diameter of 20.5um.

In the embodiment of the organic-inorganic composite
particle of the present invention, the particle body
may further include an organic group, and the
polysiloxane framework may have a silicon atom directly
and chemically combined with at least one carbon atom
of the organic group. The organic group here is, for



27 June 2003 11 The sealing material binds (joins) the first el ectrode

. substrate and the second el ectrode substrate at their rqﬁp§&ﬁ%§3 3
circunferential edges. The spacer for the second enbodi ment 0o tRe l'iquid
crystal display is interposed between the first el ectrode substrate and the
- second el ectrode substrate, functions to maintain the gap di stance between
the two el ectrode substrates, and includes the enbodi nent of the

organi c-inorgani c conposite particles of the present invention described
above. The JJ.gui 1 crysst i i fd t i rst

el ectrode s?'lu ég‘m%'e,éltfsh%ésgeg.on e ecdtﬁ%eﬁg%\?gtéeé]g%é@%ﬂe?ggél i ng
material . Ithe HXEHRERHEHL I e adkigk SreursI @l bflOheapbesent

invention, UGN CatyDIHaigs GIMRSIC @ At A E@SmeBYnd UnhB&EuRaYE4aN
adhesi ve I;a%/e.r f ormed on a a‘:?"t;rface of é%e’ﬁ rti ctl)e bog¥. In ]I,Fe enbodi nent
of the cryStHPRAYHT £PTEI3e PR fueht | BHEPIRe? bPYRAi cTPRBFgani ¢
conposi t e partowvd lesn tregrdugpse slagr dthvey 8 rolhek itguemt t geoppiti cl e body at
| east one selected fromthe group consisting of dyes and pignments. In the
present invention, the polysiloxane is defined as a conpound in which
si | oxane urin themrkedrenty i g AT iR RFgRrRi¢5) - Si- ~ - . .. (5)
are chem cajdnpsite N tidle vy RfeddniS enmpaseidbn, CORatitute a
3-di nensi onal nq%@%rk. The. or aq%ﬁggrou in the gresenﬁ invg tion is at
least 27 PAFOHPAY JIay JHE B4V 3 her 45 oS cBREPREFRg of
nonoval ent whiicial sat i sfies rtheal feitl awioupegquatiomave 1- 10, and preferably
1-5, carbon atons and in which at |east one carbon atomis directly and
chem cally conbined with one or nore hydroggp atons. As the aforenentioned
organi ¢ groups, nonoval ent group§ Seldc®ed Tfom the group consisting of
al kyl groups of 1-10 carbon atoms, aryl groups of 6-10 carbon atons and
unsaturated aliphatic residual groups of 2-14 carbon atons, which may have
a substit udtexf oup, 1BFECE 8T & (TFHACHIFRVEIERRIBR o(8) sefBEt &d from t he
group consiidigatés aa kyar gicled idmeltéx caihpn atons, and unsaturated
al i phatic residual groups of 2-5 carbon atons (e. g. vinyl groups, allyl
groups, ethynyl groups, propynyl groups) are nore preferred. These organic
groups haveln hehedenbddiyesnt haf it hes yozyan bdeiperganilc roompeadtkey obt ai ned
t han ot her LEL D i afl. | | es of the
subst | ¢ uenib o oupte f oblls B GHE SRefion, 'O Barfifie BORR °° 00, 4%y
groups, nermaythaye oansebast kpimedylesiet 25@-3000kgyYond im BAY of the
hydr ogen aiégﬁb al ky. Ltyked._chu f bly 1-3
hydr ogen at ons gééggﬁﬁét#t%ﬁ%ﬁﬁ“ﬁ%ﬁéﬁ%éf??ﬁ@%%fegfog ?Eeaggé%~gpﬁentioned
organi ¢ gr dpEormetign, netmean eaxyiclerdigmetent9f Oypnylpm, and
3- gl yci doxyRrOp¥t £ i81i6RE Capt v DdYion Jof 2<20% NORL Pukaatnepr opyl ) and
phenyl, etc,,Organosilicon in the present invention neans that at |east one
of the carH%haﬂggﬁE'of an organic group is directly and chem cally conbi ned
with at | east one of the silicon atons contained in the siloxane unit
above. One t i p. . be, l I i;ned per silicon
atom The orig: PhBBIThARE' 55 LR8P SRSERLESH BHETRATE, LaRpEHiRe

particle of the present invention may further have

a conductive layer formed on a surface of the particle
body.

The embodiment of the organic-inorganic composite
particle of the present invention may further have

an adhesive layer formed on a surface of the particle
body.

The embodiment of the organic-inorganic composite



2T June 2003 13 the present invention is the value determ ned by the nethod
. of determ nation below. Using a Shimdzu mcro conpression tester (KK

Shi madzu Sei sakusho MCTM 200), at room tenperature (25C)2%Hene@8P3particles
are scattered on a testing platform (material: flat SKS disk) and a load is
-applied to a single particle at a constant |loading rate towards the centre
of the particle using a round frustrum shaped | oading el enent (materi al

di anond) with 50min dianmeter; the Barticle is deformed until conpression
di spl acenent _j %.0of .t he rticl i r ngd_t | in kil ogramme
and conpregéfgac%gs% agéﬁe Fgfﬁnﬁiﬁpgﬁggﬁég gﬁﬁlggbgé%ggggt#%n are found.
The el asti tngbdding in tbheppesticdechodyl atedebst sobst selechedt he | oad and
conpr essi op,gisphac kuan@f ticles into the

fol | owi ng gﬁﬂgt ?hﬁ E{@%;g“%q?%?gi’l -%R%?@'f /an? Eﬁgﬁi'q%l z x Rilz) (where
E: Elastic nodulus in conpression (kg/m¥Z F. Conpression |oad (kg) K

Poi sson rathe §filibenpabmpelhfd(aenatankeat38heSsi LCoophesshpdufdspl acenent
(m) R Particlg ragius QFn)g is the eLa%tic dul us in,10% conpressi on.
Directly aftefCtRfsiTPRetEad™PRP ERB74F ANt RE SRHROVALR as when appl yi ng
the | oad, uvepreésehtetiobhy Gevemsd Foimpulandljhbebswemndof the residual

di spl acenegi 2886 ds DY hEPeoparticle to which no load is applied is found
by extrapolating tangent at 0.1g in the diagramobtained to the horizontal
axis at which the load applied is zero. The residual displacenent is this
def ormati on asRa,Jerarehi.age of particle diane(ej. This procedure is
repeated on 3 different particles, and the nean val ues 27 June 2003 14
for the elastic nodulus in 10% conpression and residual displacenment of the
particl es Whereaken as the measures of the hardness and nechani cal
resilience of the particles. Wen the elastic nodulus in 10% conpressi on of
prior spacer Earticles wer e determ ned by th? nethogﬁgbove, the val ues were
4400kg/ mzRf ot NEAFRFREJAsMPRRY Al eNY OrouP,A81SBBRY/ FRE™f BRest yrene type

pﬁl yrren{) gagtbabefeonghetmhgaaifcailtkgugg&ioﬁapeormosi-le @afbbn_ﬁlssollel@gor ding to

t he enbodi nent of the prese invention include an_oragapi ¢ pol ymer

f ramewor k 3ﬁ§ia958P§§i$8x§ﬁzbe ﬁ@ﬁ@rﬁtﬁgﬁiﬁBgoVﬁgﬁggg?Pﬁgn inits nolecule
in which th¢iphhtdionresddund diroaps pfaReldhearban| gtomshiwkiichi th at | east
one carbon

ofLLB Lhg 939 Qo@*%% Jramework, and the quantity of SiQZ
conposi ng ?Eg polys%loggﬁeg?Pgﬁé rk r€ L25wt % and hence they have the
great hardness characteristic of the polysiloxane 3-di nensional framework

and the high raal al RSk t t racteristic of
The of gani & pofaRgaLes af RproBREe A brnal HoRoTALER B00R 2C| B

or gani c- i n8P4gRtedcExpBsthe PaPMpcIconsdsting pfeathyli ayeWPs offhas t he
mechani cal 1£8sthirBBae akefmes aAdy alcy 10/gdupls0 ofBR R atArBofiOAtoAEE Jap

di st ance betmean a Eair of, menbers wgigﬁ shoul d be arranged with the
correct gaP APSLGALES AR iRLPISThEthddiess and fracture strength necessary

in order teheni mt dsn2t,hehef eveonRTts aayd bgaeitheradiéfepaataptomi th smal | er

nunbers, a i .al.so_do,not readily cause physical danmage to these
menbers. S?%cggﬁﬁglga oHﬁ%@nPngfqﬂ%?%éfdanic-inorganic conposite particles
of the prewben mnienSiotheuthree Ris mayediffert Erom dhaneter of z0.5um

they are uagbther] b2' TWwilo? GFlicE AP OB WB§ b8 Pabht9Ealenbers. 27
June 2003 when 4-m is 2, the two OR"s may be either different

from or identical with one another;

when 4-m is 3, the three OR"s may be different from

each other, or two or more of the OR"s may be

identical; and

when 4-m is 4, the four OR"s may be different from

each other, or two or more of the OR"s may be

identical;



15 The organic polyner framework includes at |east a main chain but can

. include main chains, side chains, branching chains and crosslinking chains
derived froman organic polynmer. There are no pafticnneuzﬂéHPPﬂ@pﬁons as to
t he nol ecul ar wei ght, conposition or structure of the organic polyner or
-the presence or ' absence of functional groups. The organic polyner is, for
exanpl e, et |least ono eelec~ed fromthe group consisting of (nmeth)acrylic
resins, polystyrene, polyvinyl chlordde), polyvinyl acetate), polyolefins

d I t . Pref d ' I f ks h [ hai
const it ut el ¥ HSTREE? | FBe hrPh Y G Conperad BaLe6tad LhPRyI pol yrrer s

her eaf t er ) ,theecausep tdheys { ot imgaof i corpoondparf i mukall ynothet andi ng

mechani cal i.l4.en [ . i e st one

sel ected fFgﬁ$¢¥%§g€ghpgg%n§¥g%?%gyg§£(%g?ﬁ%ggrg%ﬁgggegpﬁg?k%glystyrene,
pol yvi nyl AHUE RS, thel §ilhgPnaceraee)d antnforhdteli R5. mpreferably the
vinyl pol yr#rn idoritcdpstn@seusel ceb@et hé Prmébe g60UACtansi sliithe rof
(rmeth)acrylic rq:ins and éneth%a rgl*c-g%arﬁne rgﬁins. More preferably the
vinyl pol yfdr L Qhit R) G@PHPIEC, 88TECTGH ¢ F Ot *PRa9F°8Re carbon at om
constit uti mprshisstoimgne £ pohypoend$rafremork]l énsthecBarmudm i(A )paingsi | oxane
is directlyand, ] i ca T i | i constitutes
t he pol ysi ?ﬁoxaneﬁg‘péggt%@q&g?eggga%l legg&gﬁévt %/341%%@&8%5% ggley 33- 70wt %
and nost praEfARTYNSTSBOHNG 0p oﬁoﬂﬁguﬂéﬁgﬁf Bf =t BelBr §hRI Eormvdgani c
conposi te pary ifn®Sder 2¥ad¥P8s20R8rd6f 0f the present invention. Wien it is
within the above range the particles have a beneficial hardness, nechani cal
resilience and fracture strength. When it is |ower than 25w %t he hardness
char act eri Sthe ffrsnos jhhconscbspansdswhichotontaihssaedaddoalt-here is the
probl em de ;nﬁgr t at .t [ ' % cQnpression is
t oo snall.ia&in |tb§§§gég§£?ﬁg a?o?gng%??%négg?gﬁhgéfhg #gé a%ical
resiIienceeQFRPPr%&@ﬁ%étsﬂﬁeﬁétEOMEPBﬁdﬁrﬁaﬁFésﬁﬁg?ﬁeP¥ k&#®e are |ost, and
resi dual diﬁ)ip&em@tgaﬁarbmceamhaaeeaﬁa dBeipativekeshempolEeak. The
gquantity of Si Oz which constitutes the pol ysil oxane framework is the
percent age by wei ght found by determ ning the weight before and after
calcining the particles atRa tenperature of 21000C i n an oxi di si ng

at nosphere such as air. Thx enbodi ment of the organic-inorgani c conposite
particles of the present infvention can also contain inorganic conmponents

ot her than pol y@iHoxar®.- Bxa R % ingOg&ni ks conponents ot hedi2 )t han

pol ysi | oxane i ncl ude oxi des of boron, alum num titaniumand zirconium
etc. The quantity of inorganic conponents other than polysiloxane is
preferably Wwheoet % and nore preferably O-1Om % Wien it is outside the

af orenenti oned range there is a fear that the hardness, nechanica
resilience or fracture strength nay not be manifested effectively. The
enbodi ment BF #ﬂ@%%i%-hY&@%ﬁ‘cﬁmmé“?)%‘?-ch‘BE@“Bf t he present
i'nvention has a nean particle dianeter of z0.5Eun, preferably 0.5-50m nore

preferably 1-25Eun, and nost_preferably 1.5-20~un. Wien it is under 0.5Erm
it is diffiRuindicates an apkylene gxoup 9fok-1f) carbon atoms

which may have a substituent group; and

R’ indicates a hydrogen atom or at least one monovalent
group selected from the group consisting of alkyl
groups of 1-5 carbon atoms and acyl groups of 2-5
carbon atomns;



di stance between a pair of nenbers. Wien it is outside the aforenentioned
.range, the particle dianeter is in range which precludes use as spacers for
liquid crystal displays or as conductive particles. Fro@ﬁﬂﬁﬁ%@ngective of
the uniformty of the gap di stance when they are used as spacers, the

- enbodi ment of the organic-inorganic conposite particles of the present

i nvention have a coefficient of variadaPion in pertiale dianmetm of 520,
preferably < 10% and nore preferably _ <8% Wen it is greater than the

af orenenti oned range theRunifornity of the gap distance is prone to be

| ower ed, producing i mage |unevenness. The enbodi nent of the

organi c-inorgani c gofRase t.e spar éqﬁe? of the present inygntion is a
conposite particle whi'ch contains bo h i norgani c structural units
represented by Fornula (5) above and an organi c polyner framework, and the
i norgani ¢ struethgral units and the organic polyner are chemically conbi ned.
Therefore, the enbodi mnent of the organic-inorganic conposite particles of
the present inyentiQn is provi.ded with both th eal hardness
characteristic¥%flq4%5?g%ﬁn%: Y529 EES ™R ?fﬁéiﬁ?%rﬂﬁﬁg afiical resilience
and fracture strength characteristic of organic polyners. The enbodi nent of
the organi c-i n@® gaiieatedTRO ByHLoeH ltehesr Cat) 1860 O RREPESIdME particl es
whi ch contain ingrgani,e sl USLUN 2he UNd:S, LERLESEM,PA Y, frmul a 5 above,
and an organic poP Mer framewor k, and arse or ani ¢ grouﬂg'as descri bed
above with res@ECuPs °% Res fsadrnepbeRs A% 26Y 1 tFHOWPENPbABe particles, in
VWi ch the inor garben dtiomet ural units and the organic groups are chemcally
conbi ned. 27 June 2003 18 The neasure indicating hardness is elastic
nmodul us in 10% conpressi on, and the neasure indicating nechanical resilience
i s residual displacement®after 10% deformation. Fracture strength can al so
be investigated by using|the mcro conpression tester previously described.
For single test pagtgclLes sgat’tgred ok sie testi-ng pl atformég | oad is
applied at a constant "l oading rate Qomard% the centre of th barticle usi ng
a round frustrunmshaped | oadi ng el enent as descri bed previously, and the
conpr essi on | oateze: which the particle breaks can be found. The hardness of
t he enmbodi nent of the organicinorgani c conposite particles of the present
invention can hg regul ate toowill ot i t] dul us 10%

conpressi on pre era j‘/@%sn% %gdf:%%%’é ag’gglégo%lkqnge/%Ih éx?%l é preferably in the
range 400-2500kg/ m®, and even nore preferably in the range 500-2000kg/ me.
Wien the el astipf {miiehtés idh A%y LoNBIg@dapOSE | 5-1008@Fbdatohd) S range, as

descri bed previ there are. f Vi ng, & rise in production costs,

usly ars. of aivir

| oweri ng contré'g??ki%areﬁg?n% slurlr)ﬁgé{:“r‘%rgtg nglslg,’ and is nore than this range,
as nentioned previously, there is a fear of physical danage to | ayers
attached to t h&®sifificatéssa Mydrbgert Gabomngr | fty least adrtk mohevdledit

| ow-t enper at ure bl | [ S_Lesi ISPl age after 10%

def ormation, t t?er%ggs'%éc}tr}gfe@isfsﬁ%ggérgre%’fo% gﬁﬁéjé%ﬁ egim I"Ca particles was
8% but the entB@RBRME 3f5tPRERBPEINE AN PEYE| BPUFE PHe5r esent invention
is a conposite dabbhcatomel.t h out st andi ng nechani cal resilience having a
resi dual displacenent preferably in the range 0-5% 27 June 2003 19 nore
preferably 0-4% _and, even nore preferably in the range 0-3%  \Wen residual
di spl acenent afft &rlq'ib‘f/oc&'é'f'ﬁ? 458y s? %&E@P thdie i&eéﬁe?lfi oned
range, they ar ¢her present dnvertiongdgacludaseanéizstvedactmdeoyed as spacers

for liquid crysublstgatd) aysecond electrode substrate, a sealing
material, a spacer for the liquid crystal display, and
a liquid crystal. The second electrode substrate is
arranged opposite to the first electrode substrate.



Simlarly, as regards fracture strength the enbodi nent of the conposite
-particles of the present invention is a conposite parti clzzn_mﬂ cg @5eferabl y
satisfies the followi ng equation G2 14 x yl~~s (where G ' 9 as
descri bed above) and nore preferably satisfy the follow ng equation G z 21
*X yl~~s (where G and Y are as described above) Wen the fracture strength
does not satisfy the aforenentioned e]q]uati ons the particles may be broken
in maki ng |i-fped | di S use of thejr Low fracture strength,
making ¢ | et o et g et SPLALSLRRGR TTaths) Ehe o F2HEE Ghewkendens

el ectrode s FHEeke apdethet secapdurlectnodedsubspressi a9 endigesi dual

di spl acementred pé i dd1ec BROYRE & ABAESa AR achpgyed by regul ating the
gquantity of theEls y af detgfﬂe p%F%n%?aéf(?ﬁ %b6r kKNEn t he

congl s[iélé)xane framework or
particles. FOr-®X n%? PAIRRY i ¢f the 4ianidtgrvstahedpmplay| dxane franmewor k
| owers the elrtstnmosetbeaetsveen 10Re COIPE €561 8Et Bode rm%tgigl%acerrent;

and rai sing {ty, O polysjl oxane_franework 1 ncreases the
el astic nodutltﬂl;ég in 1 A)%loen({)tr}egsg? O%u%#ar? 81 fMRCEHRS de@memintai®? June

2003 20 The tifoaafRTEtis inaddeomesi the pard | elest idd hauss esends | nvention

can al so be a7 arRd Red NG I SteO selected fromthe group
consi sting of dyes and pi grre%tnggo %é'gglé)fr o - tHI P TIVI3R Greferably a

col or whi ch S®HER I RamtsiAkes ight thauopresenti invery icol atessarmbad ef erred
for col ori ngbepacer THeor ilquid toyssd Bl idli lidyd B ddey. £an, prevent

light of th | ight .l anp f.rom esc m,andcanwrpoveconr%es.
Exanpl es of %ﬁ};%ﬂér éf%srns‘l t%?é&tcfoq ss‘fat%ct} c AR Seqand &lasitagde dar k

bl ue, navy Substnatepland Whee sederingmesterigileen, brown and red, etc.; but
bl ack, dark blue and navy blue are particularly preferred. Suitable

pi gnents and/ or dyes sel ected according to the intended col or can be used:
exanpl es acc8r §fg embogiigesits iafattihen cotyahadi g spitalyod £ ithed ude di sper se

dyes, acidi prdyent hasentivas, Orrg%q‘t-i M fur .dyes, etc. Concrete
exanpl es of tg_gse dyes are descri eci'ciﬁ'lLL ' g%&%e%%%:"g sﬁg dbook - Applied
|

Chemi stry” PEEFEELSHy™PNe L Shess bavife finc @idhssdivet WayekhiformedKién( 1966) pp
1399- 1427, anduriheeNoip@heKpyattycde vegdbook” by Ni ppon Kayaku KK (1973).
A known net hod can be adopted as the nethod for col oring enbodi nent of the
organi c-inorgani c conposite particles of the present invention. It can be

acconpl i shédnf bheegmhptémbntt bé rohehedystadcdiepdaiynot TRgeCheni cal Handbook

- Applied ! Y bk b he Japanese Chem.,cal Society) and "The
Ni ppon Kay;jgﬁ&DégEHéﬂg%g%&sqéb)é\?tg %nga S 08 H8B-FeCPRPPFAFRS of the

present invBATFdAlasempyobededlared biye inalddéag andtHeCPaptcaher esilience

descri bed apsyf, afnNdehEPCENE Ech LGu y eful in ralrsing the picture
qual ity of i qﬁi d ¢rystal di spleasg%'bghlgq.%befgrar EogBeEPfl?t’:ﬁf‘gBﬂsoSf t he

embodi ment Y€t hdnd PIIMERES2003 21 or gani c-i norgani ¢ conposite particles
of the present invention for use as spacers for_ |~ _quid crystal displays

are as foll . .
P{%the present invention, the polysiloxane is defined

as a compound in which siloxane units represented by
the following Formula (5)

‘Ti"o" .o (5)

are chemically combined with each other in sequence to
constitute a 3-dimensional network.

The organic group in the present invention is at least



(1) Afracture strength G preferably Q4 x Yl1~'s and nore preferably Q1 x
- y'~'s (2) Polysiloxane framework ?25wt % el astic nodul u§ursé2608800kg/ NMme
in 10% conpression; residual displacenment of 0-5%after 10% def ormati on;
mean particle diameter of 0.5-50~Cm and coefficient of variation of < 20%
-in particle diameter. (3) Polysiloxane framework 30-80wt % el astic nodul us
of 400-2900kg/ Mz in 10% conpressi o2 residual displacenent of 0-4% after
10% def ormati on; mean particle diameter of 1-25,um and coefficient of

vari ati on ohe<sgl%dted dman | tdhedignostpe cons4)s tRalgy sif mcamareflmy\or k

33-70mt % gl J Q e resi dual
di spl aceneﬁ%%%fleg\tg&)% %lq;%%e nE%l/ (?rzgdnhgz;\rj?gpéaqt :Tﬁq i arret er of

1. 5- 20~Cm PaRdeadd iy di-dht cfrheody |aé2t°i"t§na(ﬂd Ancghpioh wdr tiedst drereter. (5)
Pol ysi | oxaga rbod &K i/ -SMEP01 yeladet lcqlem@almgr HomaGredd QP MZ in 10%

conpression; residual dis Iacerre of 0=2%.after. 10% def ornmat{i on; mean

particle dPRfeld TS (S'Ef fi @Is SR PRGN PR < 6% i n
particl e doagandrc, q:@ug(eﬁ,) n(cﬁ')o»aﬁmm: wridups fsedetatres] streemgtie G pref erabl y

z14 x Y1~ f g oy, he particle
body bei ngacgl re r%ﬁlrtﬁcﬁgﬂn %%’]]1 érﬁu one fse elcj?z (ac((?q%br%}?n%tﬁe %‘r oup
consi sti ngaéﬂldﬂé@“em’d qfi ekt gzarbogv arems 2008 unsatngated e no particul ar

restrictiogy iphatdd HResSRARES Hoddie amadidmRalridin i 9afh Lot nor gani ¢
conposite particles of the present i nvention, a t hey can be an¥ particle

shape, sucfa¥shayifeSsu uent gGroupy af’ieaIPé:f S POY
f oot bal | - shapeagps et esh affysh orhﬁtg&rothhslmmq @f uskkybs |iquid

crystal di [ S5 qugg rej r f g|V|ng a
uniformy ?QJns gfngaféglp di st'ance. aq{ﬂ%lgo euglg.'t?ge?ut gerﬁpt%qugrt?l Cles are
spherical & dvdle grauns afard- %maréam R iensst(@ng divdmstlergioupsdd or
nearly alladijhAacty s O&?}W (r]&;:r APY C IPRY I YRAIES )CI C}f\of%e present
i nvention can”be “mad t he produ ction pr ocess descrlbed ut they
can al so b®reierresh b 1&%@@%%%@0#@&@1@%@&?4%%@ present

Ihméen|t| onb:warte&em daﬁtqw éﬂ% lﬂréifwwaﬁg@eroﬁtﬂwéw:ﬁxét&) have 1-4
ydrol yza ou e rolyzabl e s, bei.ng .nonaval ent groups

sel ect ed flpgrlﬁ éjprggr Q%‘?ﬁ‘? aﬂﬁi (ﬁl%aerf& oq e nIKY%y groups of
1-5 groups Exashpd®d adfy tgte)tqm)sﬁlta}éhu:agﬂmxpsatajrm:;wabth prreftehabl y met hoxy
groups, et [ I oUps an Th

hydr ol yzab{é%%r g)utgég%%i)eirp g‘ . 1 “g‘( eséﬁtw (r%ri/%r'ffH Rﬁ%ﬁ%’?éégt hey are
hydr ol yzed gxpugst exndirmjniozm g)lrfmtm:,e epr@l Wlﬂmm%y:%(ﬂﬂcﬂer@éttm Wen m =

1-3 in comppdydRIESRNSE e tBAT afh Gt @ cfpsdyl a (1) they
have an org)anl c group (or organosili 003 descrl bed .above and are enpl oyed
in order t ‘ﬁtntpﬁﬁ)q?ctga‘b*%ah PN RS FIRIHIEHEYi cles that are

produced. @lﬁwﬁtﬁa &x;madap@s Qif Cﬂi@QLLﬂ.CL&.Mﬁﬂﬁdxféd h-.eccfx rouyent i on
whi ch are reRI8s gtn?gt}? . t?hy . Fﬁ)r.[orrp%l(la (b\}tyl [ r{,cll#y the foll ow ng.
3-glycidoxypropyl, 3-mercaptopropyl,

3-(2-aminoethylaminopropyl) and phenyl, etc.

Organosilicon in the present invention means that at
least one of the carbon atoms of an organic group is
directly and chemically combined with at least one of
the silicon atoms contained in the siloxane unit above.
One to three organic groups can be chemically combined
per silicon atom.

The elastic modulus in 10% compression referred to in



27 June 2003 23 Conpounds of m= 0 in Forrmula (1): tetraal koxysil ane

conpounds such as tetranethoxysil ane, tetraethoxysilane,

t etrai sopropoxysil ane, tetrabutoxysilane and dinethoxy-@ﬁehﬂﬁ%?gg§ane, etc.

and tetraacyl oxysil ane conpounds such as tetraacetoxysilane, etc. Conpounds

of m=11in Fornmula (1): organotrial koxysil ane conmpounds and

organotri acyl oxysi | ane conpounds, such as nethyl trinmet hoxysil ane,

met hyl tri et hoxysil ane, nethyltripropdxysilane, nethyltriisopropoxysil ane,

et hyl tri net hoxysil ane, ethyltriethoxysilane, propyltriethoxysilane,

butyl t ri netths\RIeIERE invsntioneifokh8i vahee derGreined Haxyshe ane,

g-?!zyci doxyﬁﬂlmd tof f@é{é}éﬁl{ﬁﬂt\é@ﬂ@% Bem_eslrzcapugpﬁgpa{:%mim&ﬂpwﬂzlt@ne, henvl
- (2-am noe am np-pro r si l,ane e ri oxysi | ane pheny

triethoxyﬂqgﬁhfeﬁﬁ& y1?$?é%%tégésgﬁéﬂ%déﬂdsﬁg§ﬂ€¥?p?d%@%%r #)ane, etc.
Conpounds &t moorR temperatze ((35°d) othanbdstl paxyiclemnearxonpounds,

di or ganodi i s I 03 Lol s, such as

i et noxyl ret o o1 e, & o BT %S@-%?%,%%?’ﬁoi%?ﬁﬁ%%mﬁfﬁ%"%“ﬁe,

di met hoxydiiny 1274 gheload aket2BBH ARt B9 8i FARBLANPAEF HRERA%i8 anedi ol ,

et c. Conpowuiss tfnth Foading Rodtell eowdydst ther ganoné kexkyshé ane conpounds,

ot i . ; ; | 4

e e nyl st SELRE RS HRAOLRoEhaBER 3 SOTPRYERemAHY ne and
trimet hyl si{eat@riat ¢z digogdhePO350umOint deanewpouneker epresent ed by
the af or emgsy4onere Cf@%@foﬁeémﬁtii)aoxgpséaeibhaamtfy&ééﬁém cogrpounds and

t et raal koxysiJ ane conpounds are preferred starting materials. Derivatives
of the conﬂ&%d@fergﬁ? Rt e ¢yd 1 ameten, eﬂ%ﬂtFBﬂe&@%n’e’r‘al Fornula (1) are
ot her sili goirloxpraxme dond agstah e s i by 0d 06y SaseRent CONARDERineredxanpl es

i ncl ude conpo 'rkmhich.sone of .t he hyd*glnyble.%rou S, are, substituted
by a car borxH} %sze oINALIINAKT §780Y: or TREHEFAGFLT T HYHE &A% ow t he
formati on cfonghesss o crgplbunbiatedrby osmls tdhutisgdtpe oboad sarobt ai ned by
partial hy@sﬁﬁféés%&? & &hd 93?;1?55&&&@99&@@10&'“9% or chelate

conmpounds. I con conpourids capabl e o rolysis and condensation such as
t hose descrRIRldlGlRY cilted Hee cfpl 9wingsequatiPng material s (here which
mean nmenbers of nmetal conpounds capabl e of hydrolysis and condensati on)
singly, or in mxtures of 2 or norge types., , Wen, hydrolyzing, when
condensi ng, or Ewienihektk r’éa(’rn'g,xzce?t}hefr) 1frzpd‘uﬁcsljs1 MFL’%) possess reactive
groups as descri bed above and can react and form chem cal bonds with

{s and condensation can also be

silicon co unds capapl e of hydrolys

present . Iigﬁﬁﬁged%éé?P s?ﬁ?dmggﬁgﬂ% £B| GPPRECEDHPBURKILTRN as a dye and/ or
pi gment, for exan¥ e, Compressdohelpad@sery) The condepsation step c?n al so
be a step of hydr I s.and condensati using.the or epent i irst
silicon conpound.q#¥:$?+7%?nSF?gt%nO%oﬁ§8uﬁar?§cgf ?%%g?g%%% @gfgtted from
t he group consi sti$y Compoepsionsdiepliacement pmieneral Fornmulae 2, 3 and
4 descri bed above ﬁ?dpéPEié1§e££&§&£V?ﬁm))

is the elastic modulus in 10% compression. Directly
after this, the load is removed at the same rate as
when applying the load, until the load becomes 0.1g,
and the extent of the residual displacement assumed by
the particle to which no load is applied is found by
extrapolating tangent at 0.1g in the diagram obtained
to the horizontal axis at which the load applied is
zero. The residual displacement is this deformation as
a percentage of particle diameter. This procedure is
repeated on 3 different particles, and the mean values



27 June 2003 25 In the condensation step, both of the first and second
‘silicon conmpounds descri bed bel ow can be used. The second silicon conpound
is at least one selected fromthe group consisting of co2folunks208dresent ed
by the followi ng General Fornula (8) and their derivatives: ~RonSl ( OR9 )
“4-s-n . . ( $) where: X indicates a nonoval ent radical-polynerizable
functional group indicated by CHZ=C(-R1)-COORZ-, CH=C ( -R4 ) -or CHz=C (
-R6) -R-; R, R4 and R6 indicate alfhydrogen atomor a nethyl group; RZ
and R i ndi ate n %ékglene group of 1-10 carbon atons, which nay have a
substit uent %FOEE hdf cRPER Lashyiar d@én compmessian hedstesnduannoval ent

group sel ecdesiplacemeéhe gfouﬁeCQQ&Itabll@Q gfrealtmlgngselﬂaﬁe% 15R,Gar bon
atons and a&yl indi cates at F §F%Sne

éOHF ﬁf g 5 ﬁ]a op 2 3

monoval ent gr o 88°1 PBHh PRE Gr“c}ﬁﬁ CGR§P§PPHEEOP atk¢l groups of 1-10
car bon atorﬁaahdch¢§L groups of 6-10 carbon atons, which may have a
substituent group; mindicates an integer of 2-3; n indicates an integer of
0-2; and m+ n |nd| cates an mteger of 2-3. The plural X may be different
from each offeh the elastigrmogn Xsmip BE% dempreasiont hfepehoot her. Wien n

= 2, the tvepdter nparbﬁceeé heerdi Béeéeﬁanéaowoﬁhédﬂ&h%" abhbh each other.

When 4 - thet either different fromof identical
with each ot}h \Lglr‘ﬁe x-veid V\?‘lﬁf‘?z&%l z T}r‘ﬁd&d it ldSferArtisrlag ae 2-4
and 8 are GEQG QOkgRimy? -fm&yr@d?_:@pée gl ymer Par®HaAEs.R6)-R -. In
General Formula 8 ,when there are 2 or nore radical-polynerizable groups,
t hey may qut' tuaIIy different or 2 or nore may be nutually identical.

Subj ecti ng TTHe QEgRRLG- WW%QaﬁP@PQﬁeﬁﬁspaotltahesaacmrqnmg| gation

produces arthw mddmérwﬁffftﬁéPﬁ@égehECiH@éﬂﬁh&F 1?{6 DQJ,WEV descri bed
above. Thelézaéjl cal rﬁg‘? rrerl bl e group i.s an acr oxya 27 June 2003

26 group ( Tew r!anené FsP‘al}ﬂﬁ/H#W\e %/Dmt?wark

met haclryl ohaating cgrgmms{ﬂhd:cliélnGﬁnelﬁé ﬁ@lé@ﬁf@ Qnasﬁl@h@h@hé‘ ,[TE%;‘W group),
avin r or pul ae a rogen ato an

i sopr)épe%yIcg}igrl(oéu%gh (%zf) SrGe*“e’f%‘F rﬁﬁa ‘gﬂ%mh%fkyl%g'&bh‘%?ﬁwlﬁi oup), a

1- al kenyl @todeas6 ane @mebcm Ebomuiaetneaoﬂga&\ics rpsﬁgpgen atom), or an

i soal kenyl fg:ré;dga,(;(ﬁ@ idh 8 is I group). In
General Fornul ae 2- ci 8 t% ‘ﬁg’g?o zagl 835‘§°§r1é‘g ® R50, R8O and

R90. Goup?qié’@ a$e22rﬁmb%alam }gsxmapstl&ej aedvsl from t he
group consitdid et q,gm I car bon atons and
i e C}%P&Ptef nera(?f %i’?esnﬁgle‘}szl fqu}?e 3RO

acyl oxy graqups,_of 2-5 carbon atons.

group, 3 R déf'ﬁd’ﬁs"% §¢?8¥F“é?’é]&p%n¢ra§'h‘beh¥ﬁh mgghandfidgler ent or 2 or nor e
may be mut u&lsh)lned&ni larad fﬁ&@f@r&rggémlﬁﬁrm idere & & éfNO

groups they é)rBLai_t uaI |y di ffer%t or identical. On grounds of hi gh
speed of hydro y FordHLGY? RNFEFYHohirs , EH&0 groups, R80
groups and em:@dgmmm ot d:lma(rirgmeics-rﬂbd)ﬂg&eicﬁcﬂtﬁﬁbcfgl% O

consi sti ng o&f o] el ef ho r.0 ox gr oup, . and acet oxy
group; andofrfet ﬁlox g(rg')o@lﬁlps an %Eh%nwﬁg ﬁb@‘?ﬁg ]pr’iﬁ ildgncegy

hydr ol yzi n§eCeESRIY diro @usieIR3® gnaimtsa i RGO cgnmmtanﬂaﬂ?gﬁsgfm of first
silicon comm A Pa wat_er en
condensi ng, Si %oé‘ﬁ??r“?r‘r@%‘fﬁ [ n@g%]\@ tbt%earalfad’f' ed

Gener al Fr’ﬁﬂ & Iieé:tf Sk figtamgserand F}m\mjlfd@ Zxatctxmbssaﬂm R2 group and

R group arfe-aa:lth)tleem:z@r@tpﬁ riicdsdfF AP UL O filidth iR Heave a

substi tuen I here are n articular restrictions as tothe
al kyl ene gr%o% %&{1%6‘5'[‘L qolm{? tARRe HPNRYAN ety smRlleropy| ene group,

butyl ene gny emexwmmrgmummrd die tndenedlidyp cadise pgHysical June 2003
27 damage to these members. Since the embodiment of the
organic-inorganic composite particles of the present
invention further has a mean particle diameter of

20.5um, they are useful in forming a gap distance
between a pair of members.



grounds of ready availability, compounds havi ng radical - pol yneri zabl e
.. groups in which RZ and R are propyl ene groups are preferred. In Ceneral
Formula 8, the R groups are an al kyl group or aryl grougy danbi2008 wi th t he
silicon atom An al kyl group here is an al kyl group of 1-10 carbon atons
» such as a nethyl group, ethyl group, propyl group, butyl group or hexyl
group, for exanple, which may have a substituent group. An aryl group here
is an aryl group of 6-10 carbon atons for exanple a phenol group or a
tolyl group, etc. In CGeneral Formula 8, when there are two R groups they
may be nut uBhé yodgéhécepolpmerdénamewbrkConpdudds méplessnt admayimt | east
one Gener al ool AUharSELACLAL1LGE A DA ERAEAE, ERLBULAS R, and 4 have one
hydrol yzabl e

silicon atom and three I roups conbined with'the silicon atom
and one remﬁ%%ﬁgbbP9nEPPiaBIé“ﬁrﬁﬁﬁségﬁﬁFhBS fheanEheegivedod romom
Concrete exampbegaficcpopgiads repeeeearednbypengeealarornula 2 include

y- et hacryl ox ro$¥Ltr|nEth?xyﬁhlane ¥-Eethacn b?xy roE%ILrLetho§ysilane,
y-acryl oxypropyFEr FERPRoR§sFPahBe TOAEFY SﬁyBﬁbé t r FEMRERY &P € and

y- met hacr yl stype bpyet of atbeorygahaoepodymer anytbeepwbseheseoxan be

enpl oyed ongihdSnQuNes £0kuRePloRi Eqta8loke used together. Concrete exanples
of conpounds represented by Gbnergl Fgrnula 3 include

vinyl tri nmet hoxysil ane, vinyltriethoxysilane and vinyltriacetoxysilane,

etc.; any orige obrihnie pebyherelpl ofed erampieowat QbastObn@Dre can be used

toget her. (@@céet@dacyashl eﬁeoFréeppeuﬂdistQﬁ@eaenkﬁaétmjaegquriél Formul a 4
ane

i nclude 1-hexenyltrinmethoxysi nd 1 27, June 2003 2 .

oct enyl t ri met hb ?SiP§E¥§g¥¥89?'aﬁ9ﬁgﬂ¥lﬁyltﬁBi@r&9ﬁ9bep8ﬁ§K8}éﬂlon its own,
or 2 or noracetatéd,upellypbgétiner and gelyeatevs.of Peefesmednd represent ed
by Gener al =4 i e e o] | ected fromthe
group consi§?§%§£§fgggxggﬁngggwﬁéag?%hhgg%egoﬁggﬁeggggggroups in a conpound
represent eccops thhutetd Esemuthe zepeaténgubsikt nfe@-by refergiedartivonyl group

and/ or anot e -gi YR PBighepkhonarbhetben BLLERLGE Bnelelraim compound, and
| oW y condensedggroducts obt ai ned by parti al drol ysi § and condensati on of

2 Y 1y
compounds rRpreiehesjobyPaskirutapdyniristandinggmeFhardcade conpounds
t hereof. Asrésillieftki,con conpounds, compounds indicated by General Fornul a
2 are preferred on grounds of the ease of form ng the enbodi nent of the
organi c-inorgani c conposite particles with a sharp particle dianeter
di stributi of; vanglapollgmer dsg¢ fereekanpleenathéegstupneoselscteg of
y- et hacryl r | et i RV r l.tri et hoxysil ane,
y-acryloxyp?%¥§I?B%né?hg§y§§ﬁ§§§F§9§a8¥yngsgﬁééy %ge ho%&??lane and
y- met hacr yl BRYps tpyenei apelyXydnyanehilorpdeli, c prayi(y ipydf @cedate)he
fol | owi N9 5a4ap5e509bFAABROLBES FE 8RN FPERRCHIAY1 Dpooninali Pl a 8. (1)
Conpounds m%ﬁchﬁhaggqone silican aton1§2n§ oneﬁ?édﬁga -pé@fﬁe?{zable group
conbi ned wi 28 keCResBRLEG et SFPMafieoIEORPK FPNGAEHA NG ofryI group

combi ned W {heth§asidyilgen rakems and t(w@tmaeqwri@bbe?&w&e@qm ned with
the silicon_ atom (m_= crete exanpl es 0 ch cqggpunds

1, .n =1). Co
ol ude v mESRACPYPEEFAPIS, FhEL HIPGL-BoHaRes, iane, (Reth)abry
y- met hacr yl pggpnopyl met hyl di et hoxysi | ane,
y-acryl oxypropyl nmet hyl di net hoxysi | ane,
With 'at least one carbon atom constituting the organic
polymer framework, a silicon atom in polysiloxane is

directly and chemically combined.

The quantity of SiO, which constitutes the

polysiloxane is 225wt%, preferably 30-80wt%, more
preferably 33-70wt%, and most preferably 37-60wt%, of
the weight of the organic-inorganic composite particles



27 June 2003 29 y-acryl oxypropyl net hyl di et hoxysi | ane,

vi nyl met hyl di met hoxysi | ane and vi nyl net hyl di et hoxysi | ane etc any one of
t hese can be enployed on its own, or 2 or nore can be used PBQémW r. (2)
Compounds havi ng one silicon atom and one radical -pol yneri zabl e group

- conbined with the silicon atom and two al kyl and/or aryl groups conbi ned
with the silicon aton1 and one hydrgplyzabl e group conbined with the silicon

atom(m=1, n Concrete exanples of such conpounds i ncl ude

y- met hacryly (P(We()?ije%' ¥'{ QS hin it is within the above

y- met hacr yl oxypro t hyl et oxy5| I ane

y-acryl oxy A9 tr%é’t%ﬁ"ledr?e benetigiak MEATE met hyl et hoxysi | ane
and vi nyl dwmmlmlhmlllme etrd fﬁmm o rdRSE. Cahehre j@pl oyed on

Ci i con’ at 0 JANET URFLGHE OIS AR S IR Lo g b 11 ¢ e

silicon at mnora_mhﬂmmdim‘haoiq&sah]e rgrtoumlnfnmmd amd there disl i con atom (m

=2, n=20 ec%%rmj 5_1&‘4; ]g;%ec S
(y-acryl ox)fprog :; (? t oxyg% ane an Bl S E acry oxS’JpropyI)

di net hoxysmoah'éusetldl 1%%%@5%%5@@9@%4 oyierordtits own, or 2 or
nore can bemstqg@worén@nmm% VNG metehaiddaon atom and two
radi cal - nerl zabl e onbi n icon atom, and one al kyl
G oup-or " amAEIg B ol R HRF T oL FE, BPUPRES ysabl o
group conblhm vaizteh Jtdﬁe:,swlnd:me-’eitdjml( rdisplagermenty magohEosome exanpl es of
such conmpoyngs;d iy UdRe RaS- iR ardy ok opyl ) net hyl met hoxysi | ane,

bi s(y-acryl oxppropyl) t hyl net hoxysi |l ane, etc.; any one of these can be
enpl oyed on its own, or 2 or nore can be used together. 27 June 2003 30
(5) COFTDOUI'ldfe anuaneaﬁis;icgonhabmboaml?mt@di &dlepol yneri zabl e groups
conbi ned w t |I|co atom .and o dr ol yzabl yrou,p conbi ned with
the silicoP qapme\tgr dﬁ&qﬁeg Fage 3? N onpounds

i ncl ude tl‘lﬁn(rgd- et hﬁmreﬁnﬂimﬁmg)mﬂé vmaidﬂwybefm axtdlasft(qr acryl oxypropyl)
met hoxysi | aNg . &G of these C n be e s, or 2 or
Tor o oan be ST s TR ER R AL N o Yo RerRESR ot I Sidling

r epr esent edarbyoxGahies jalg Fdime pheire rsudh oks t &kr r adi caI poI ymeri zabl e groups)
in the conpound is/are a CH2=C(-R1)-COORZgroup is preferred on grounds of

the ease of form ng the enbodi nent of the organic-inorganic conposite
particl es e enhadinenth0h e toxganis abpergarict ri buti on. A derivative

of @ _COMOYnchd e goH Ak e SRS Ale F9E AL 85 hbant fin LHTRUIR0 A | east

one selected fromthe group consisting of conmpounds in which some of the
R O groups Pt ARRIIHE LUMRMLHYS RHRRE| LR P LY Sl ka%@ne bst i t ut ed by

a ~-dicar qudm 8o A NHax gt heomps Dot $hothe sl tipays the formation of a
chel ate co and | owl ndensed prpducts obt |ned by parti al

hydr ol ysi s %’&ﬁf&?&%ﬁ'ﬂ#‘b‘? cg%a‘%gd’é%’r'%geﬁ? W eneral Fornula 8
and/ or cheltaitaaxmnpoamﬂszizl‘musmnim, Tdnec { | r'Bhe sqhanvity canurganimeeded in

t he present, b %;m second silicon
conmpound i s (#1 ro l§/éz)§e cono’b%&g{éi%% u}s'lgngﬁgjf Irs Ya5| i con conmpound
tend to ha@?WharMs@erfeleh@-W%% andhercidhdissi | i con
conpounds Qﬁ?\%ié@%ﬁé’%’f‘oréﬁeﬁ@f@ﬂe@“@aﬂﬁéakhEngPéméj fapakiatof being

hydr ol yzed and condensed, sel ected from roug Eon5| sting of silane
conpounds reif e‘é’%’r‘ﬁ!'e%“by RerRanical resiliende sl fradtire

strength may not be manifested effectively.

The embodiment of the organic-inorganic composite
particles of the present invention has a mean
particle diameter of 20.5um, preferably 0.5-50um, more
preferably 1-25um, and most preferably 1.5-20um. When
it is under 0.5um it is difficult to form a gap



27 June 2003 ' 31 Formula (9) below, and their derivatives, and organic

- metal conpounds and inorganic metal conpounds of boron, alunlnun1 gal I'i um

i ndi um phosphorus, titanium and/or zirconium etc., canl&MupeZd0dsed

concurrently in order to obtain the enbodi nent of t he organi c-i norganic

- conposite particles of the present invention. RR2pS 1. ( OR11 ) 4 p . . . (
9) ( Inthe fornula, R11 is the sagﬁ as R, RZis the sane as R, and p

is 0 or 1. ) On grounds of speed of "hydrol ysis and condensation the Rl11

group of tagseakaeebgeae%nq gﬁq@%@t,@&lﬁms@en%@n Fpenyéaostéf %fef erably

a methyl group or an eth p , but on groung ei ng abl e
to give hlﬁhehaﬁﬂﬁé§§“tﬁ°Pﬁ€ éﬁ&ﬂéﬂnﬁﬁe(ﬁafﬁﬁF¥ﬁgﬂﬂﬁ@ﬁ?ﬁﬁgﬁﬁl@"d@hposite
particles ﬁahgepcaﬁfiehablr)écaud%sdarsevaés vepaﬁeﬁs st bR NEi QOIP kg £ £Pr esent ed
by GEneraIdForgula 9 'Ss &HF q: )] € #t Qgst one selected fromthe group
consi sting oPP 8X§ouﬁd§ s rﬁ?%) 15 RL10 groups i n conmpounds
represented by General Fornula 9 are substituted by a ~-d|carbonyl group

and/or anofbgh ghaUBeYA %l%tqldeo déh&éqmﬁfaﬁmlec};ol o gﬁpcomound, and

| oWl y condensed pro uct obt ai ne artial condensati on of
conpounds ?éEFé§€ﬁt€Beﬁytﬂéﬁéﬁ£e I%FEFE&RF%ﬁrC ate compounds

t hereof . TeRbedafmenkoofathieC Wifan Bt inStgoiEc aSompod Nte @t id Vedf met al
conmpounds cap Rle of _hydral SIS and condensat i other t an the first and
Lof B, 3 foeiH

second sil Y EoRpShN ETHGL RAVE A 4T | oyed the shape of
t he organltﬂrhnganié"c@#ﬁ&ﬁQR?;ﬁﬁ%m%#es bt 82 hked m@&tvmmbhe spherical and
particle dk&mt,ehndi fbfred zlémafm e<®g padenesl PBkisggiderernenahabl e as

27 J 200 t t he, f1t f t al d
capabl & of CRRGPFERETRHETEInFATAR | Ui OHRLICTRLY 196 1% 4°Bng Second

silicon codpstiadsei $spperomealtioy be 2Ddwepéd poprogueirg airhygec 100 % and
even nore HBSQEQEQE¥.<_SCME@6 of the total weight of first and second

silicon conpounds he first silicon conmpound, and optionally enpl oyed
second silicon conmpound and/or mnetal conpound capabl e of hydrolysis and

condensati @Re eh®odBhent! I itHe 'BE§in béSinbLgerid etdmpsspt@ subjected to
hydr ol ysi s and ,cqndensation in a solution nedlunlcontalnlng wat er; a bul k,

i nterm tt eRBT&AC Sﬁtpﬁu&ﬁflﬂﬁﬁﬁﬁnte+%venEbﬂ“bésaﬁd%?%ﬂoﬁf %ill for the
hydrolysnsPamdleaadamimm(whndhrméaquh snohgasiansoru@tubiaunits

et hanol ami n th roxide, an alkali_  netal [ Qxi de or
on al Kai | né SRAPERT B AR (4 S5bVE 88, &b Groaft cpalyier
hydrolysisfaamew@u&anamﬁ(hhe/anmganic stifyeturahyunite amdptkeent in the
sol ution [ in t. e €Xanpl es of
organi c so Q lré{nslcl r?%q%eétglmc%% %ﬁé:gliﬁﬁffgac&ﬂ%gﬁ% %ﬁ% fl Sopr opanol ,

~- but anol , th@oEmhﬂﬂﬂmenﬁugﬂnkhm0¢rg@antan°¥gaﬂ1ﬂtCONPQSlte~f ~hyl ene

gl ycol and %r@ﬂ@ﬂéﬁ“ﬁ%‘Hhe‘%féseKEtQHGén€ESH 28 ?E@%P@édaﬁﬂtHEthy| et hyl

ket one, esters such as ethyl acetate paraffins such as isooctane
and cycl ohbe4de. ha<9re%&rhﬁ%#%%%ﬁ Eéaﬂﬁﬁﬁﬁﬁésﬁhﬁ af et ngrIerter and

aronmati ¢ hylbeeANes ard ks lbﬁ@ﬁeiﬂécnaﬂléﬂluﬁéenﬁéﬁce aned singly or in
m xt ures. gé%&%t sis .and ¢ nd nsatlg cag g ir exanpl e, by
addi ng t he 7y SRS ChphIEtents 1go? tPﬁﬂaPh%rB8 YPRTEn organic
solvent, to a solutlon nedlun1|nclud|ng water, and stirring at a
t enper at ur gy n ; 0-40 cef =7 :,. 30 mnutes to
Lemer at ur gyjd e, AR0%: 05408 BPYaRiELEHARbYND:O6npb8T L

particles can also be composite particles which contain

inorganic structural units represented by Formula 5

above, and an organic polymer framework, and also

organic groups as described above with respect to the

first embodiment of the composite particles, in which

the inorganic structural units and the organic groups

are chemically combined.



33 Particles obtained by a process such as that above can al so be | oaded

. beforehand into the synthetic system as seed particles,fig tth he seed
particles can be grown by adding the starting naterial s.2/B3)UR§408Byzi ng and

condensing the starting materials under suitable conditions in a solution

- mediumincluding water in this way, a slurry is produced from which the

particles separate out. The particles which separate out are the resulting

product of hydrolysis and condensatil8n of a silicon conpound descri bed

above which has a radical -polynerizabl e group, and the particles have an

optional | y & measmparindleatingrehardness-bs eleshicraedupast il e di aneter

di stributi ams &ﬁ%ﬁe§yiéﬁbﬁﬁd condli hé DEsrd ef vd i daimg theghaRt €4l al
concentration.i.n the

slurry of 20mt % ter_goncentration of <50t %
and a cataﬁﬁﬁlkﬁﬁﬂﬁﬁt+3t¥%ﬂl%ﬁgtl_fﬁﬁ%%%?%@%re?éFQ%I§6ﬁsed. Particl es
whi ch have de fieeamapionicl e di aneter within the above range for particle
di anet er possessed by the enbodi nent of the organic-inorganic conposite
particles of the present invention described above can be produced by
hydr ol ysi s F&AF torRIehsEeRSRh b52R 2 1 FAgPE NENVRT BHIRBRL AY ruF i BE, thee
catal yst caieard rédmpPress Dén otgoe e prevbdis Lpndest s thédn, Foe starting
mat eri al caoncentr tiqg, thg.ﬁgéiod of tiqg og dgi€$ %he stfrg%ngxgz
mat eri al s, tMF1BnpeF at BPEY %e’é%ﬁ?)%?f? 1" cohcentt ati onP-fbt° anple, tv
50- 99. 99% 20.lmiad O %appl dedt 84 ®. oot Doadingooateutewadds00C and
0-1 0% 1 cxiRe!d il ve &Y ERE!paSE 18Fe G Bhg CONEGMAA aEE QB GRLAI YS!

concentration and organi c solVvent concentration within the respective
ranges abofd2RRd tleddingplement % cdYS TR Red NRLRVEORSLY 1 | andnthef
variation idonpxds€iéndiondt &t whidh Nnthéepafgelé Obrédes OcgANbE- 1 Nor gani ¢
conposite Bgrtifles of the present invention described above. 27 June
2003 34 M  in hydrolyzing and condensing a first silicon conpound,
and an optionally enployed second silicon conmpound and/or netal conpound
capabl e of dr i nd.conde ) i L 0T ic.particles of a nean
particle di@r?etkgéy‘i“_%?%mggrgﬂ%r%?%é%b'%nél §§ t@% . lgl"rr:)eason is that the
or gani c- i ndmeEdantonponpesiparpact tclestaf nthe apresenteinvadthane a rai sed

fracture stdfPyd KogR1LREY ARCLYIE £6N§ivE0ARE14s0PE LhGaESuEEpRCal |y

conbined with the polysiloxane frapewoyk. Concr |l es pf fine
i nor gani ¢ SRR 1?HCPHG§e§FP%¥a%“aFGﬁ1ﬁ%?gﬁlg%&ﬁﬁﬁ&ﬂ?ﬂ?ﬁ%ﬂd@?%?tanium

oxi de and zqf@m&bamyxgﬁgthﬁt gan?@uyoonzgow@mmhf &b eavsé_rlx infgfepduct i on
into particl es_ obtajne ydrolys a ndensatign, silica is
preferred. BYSEERa LYtFEI hﬂi5ﬂ%9érb@?‘gﬁggggzﬁmrnoﬁﬁﬁﬂ}éjH%rticles

exceedi ng G YdsricsSmoadeasr ahl eobeconipeessibrchgekowet f thaht thsi ntroduce
theminto particles ohtaine y_hydc ol ysi s opnden iLon _of the starting
material s. “THES%f of &, Fﬁsréﬁﬁ$|BF¥Yh8“%§§n gﬁgfﬁcgﬁgdfgﬁﬁge?gof the fine

i norgani ¢ ppitingea rhsebént prodantiioh cespsef towbtiyng GohYwastpre
preferably .. < n n fe I < h Lhe inorganic
particleszﬁﬁf{%%ggpgbgvgéglFgg&g?gggheéﬁapgﬁf?%#éhgpgﬁé?gggof preferably

< O | Eun, rmarge;chsrmphyiangdnpreviouslyanthenegisuddfedr aécreasing the
nunber of Lgkgya t €5 14p658 hLBEch8A’ 88 LRePRubEELaEed" ©
preferablyﬁ%ﬁ}igﬁﬁéigg@rﬁggdeﬁnlL ?er or aﬁ organic go vent . Ngre preferably
they are of2aR@|tefcpphdngndryarfc pAAt Acfe3roPLalavakePREIAELESi anet er
__<30nm zﬂxhsyfﬂngpre preferably < I Ownm Concrete exanples include, for
exanple, sols of silica particles of nean particle dianeter 530nm (silica
sols) such as Snowtex ‘27 June 2003 35 20, "Snowtex 0", "SnowteX C',
"S110W eX Ms rogbhdbse¥efidualodisplabementnafitex X6t defiommaxish’, " Snowt ex
rrrr YL y- L",. " iel | .t oangd. s LPA-ST" (trade nanes,
made by Niég%% g%?égﬁ ﬁ&&gs%PQQBEL§E.95g8?§¥?e§nglékgﬁina sol s such as
"Al um na Sdpanbielespwasi 8%,Sbut2tbe gnbodimgntnafsSthesgomposit@e nanes,

made by N ssapt fBe@kCalf kRaUPresBAt LhYehtiBhCisDHM EBfipbBgteondensati on
step, and/or after the condensatign ste

> ) gh t he &adicah:gol nﬁrizable groups
are subj ectRYCEHCAGIMVLLN PUtFRaPAZRg BRCheRICal EPEELABRCEf PANING: er nedi at e
product obtai redibinallydigplacement peedemrabdliyoinothe riahge 9-5&Gon
conpound, optionally enploying a second silicon conpound, are subjected to
radi cal polynerization. The radical-pol yneri zabl e groups undergo radi cal
pol ymeri zation to form an organic pol yner framework



As the nmethod of radical polynerization, radical polynerization can be
~perfornmed as it stands by dissol ving water-soluble or oil-soluble radical
pol ynmeri zation initiator in the slurry of a solution med@dune?003 ng wat er
whi ch contains the particles obtained by hydrol ysis and condensati on, or
“the particles obtained by hydrolysis and condensation can be isolated from
the slurry using a known nethod such as filtration, centrifugal separation
or concentration at decreased pressuk®, etc., and then polynerized by
di spersion in_a solytiop_of water or an organic solution nmedium etc.,
cont ai ni ng E°58|§ﬁ8??£8g#8n°rﬁﬁViéﬂ&nEWﬁﬂmﬂaﬁe p¥eferabby nbt the only
poss:ble nmetbade. 0P8A/T. or Wwheg hﬁﬁmwmg%;aﬁﬁﬁjéggwgﬁ@aéfeg&ifbghe presence of
a polynmeri zaki Loiti.atqor _so at .radi pol ymeri zat i on occurs
si mul taneoug 58??585%h 1(%E%I 3rr|e37tt|8rreft$‘r’ar“e§.%eﬂ1’ég¥re%{%‘?)’ht’r%"?%aﬁaflﬁ%ause t he
organi ¢ pol Yhe¥ pEepPs@necticbyapsky imeigeatirevemess athen g loydie
production at ppay¥ekkOxare1shava E&y%%@?“dié% J§S. 27 June 2003 36 is
easier to obtain the hardness charaCteristic gf I nor gani ¢ substances and
t he mechanical resilience and fracture strength characteristic of organic
pol yners whfénilaelpesesessedabyist firaetnadi et K Rehed st Cinid}py gani ¢
conposite pgetigbe heap Al yLavemnt i and the resulting particles
express this ha&gnigg?oﬁggﬁagﬁggPE%ggiﬁ?eﬁﬁ% NE TRt Bhgtsh to
particul ar 3dvSHPSBLteTRaFEiale WHiphr Prefienahlastsdteis fires ahet 0 t he
radi cal pol $ektowebhgoequatioat or here, and a prior known substance can be
enpl oyed; but at |east one selected fromthe group consisting of azo
conpounds and peroxy conpounds is preferred. There are no particul ar
restrictions as to the quantity & 2hk4radvtd pol ynerization initiator
above; but since if too nuch is used a ot of heat is 'generated and it
beconmes difficult to control the reaction, and if too little is used
radi cal pol (¥Be¥e & and nhyaretaprdesectibedr abvowe) and mowd | be in the
range 0. 1- Spté/fe@.ﬂdlpr@é@i@b}ytﬂe?:faw%?{whgp% L& jtg the total weight of
first and second silicon conpounds. The terperature for radical
pol ynmeri zati on can be selected to suit the radical polynerization initiator
that is enployed, but to facilita e contgxoyl-f the reaction it will be in
t he range 30-100C, and preferably 50-80C. Mononers having groups capabl e of
radi cal polynerization with the radical-polynerizabl e groups can al so be
present whetiwhexe yGnandul axeli asl destyibedzaboga) Exanpl es of nmonomers
i ncl ude unsaturated carboxylic acids such as acrylic acid and nethacrylic
acid, etc., esters of unsaturated 27 June 2003 37 carboxylic acids such
as acrylic "ReY e fracturestvengthctldessnots satistfgnitheaci d esters,
i taconi ¢ ach thBsensioned afd¢a efofs eéﬂérgaég‘icﬁ%@ah'ag ga! ﬂrﬁi&?\r?‘ etc.,
acryl am des,_net hacryl am des, . vinyl conpounds such as aroiati c vﬁﬁyl
conpounds §ﬂ%¥ﬁ%&q§%%hiéﬂfr¥ﬁFﬂ& 1spir¥RebaRausey ofy thedrnzdnw, etc., vinyl
esters suchfractury|stsigile, mikingapt DapegsRpiedtw puk Eggpognds such as
e enployeg. t hese,

vi nyl chl or] et.c.:_one or nore ol these can_b
nononers\Mﬁéﬁ?ﬁﬁﬁﬁaQ?Qnéiﬁﬁipﬁﬁg@%gwﬁﬁﬁaﬁhﬁ gleckaprdgl spbpyratesati on
such as divinyl benzene, trinethylol propane trimethacryl ate and et hyl ene

gl ycol di r fe,etc . are ferred. However, if tqQo pnuch nononer is
enpl oyed ang. t leyép%lcis’ﬁéo&xlaunse %%nféﬁtc?'ﬂpfﬁgsbf’ﬂaﬁf‘(?- rR8LEGYALC conposite

particles Bhemacenant twidrhixs\ithe abovecsanhgesooma beadeRieved Which is
undesi r abl & Hd Yohd éh%i%.t 0 L$4,LS, .for exanple,

0- SOMm % an ref er abl dO-SO\?\ﬁ@ 0 *h%ft%?gfgﬁﬁaﬁg‘oé%mﬁrst and second
silicon coﬁgé&mﬁ?rKMQ rtn%uHQ%ﬂmﬁﬁﬂ9%%@$Y@Ikohp the partheiesecondensation
har dness,  TEapanRal L oot 1 enes A (e CieY ofLhe polyE L5kt e
organiciHorgam<¥%§ht%%ﬁ%§§:ghﬁ éié??*?wﬂ?9“85§aiﬁeHQ*Tﬁ@mpé%%ﬂéensation
saep igpl ulcPétﬂ lsﬂﬁﬁis!nailngiitmmmmizaddpgﬂhshgsuh_&hi;ﬁanei@ypéQdUCFd by
the radi calgp . r.condensat[pn ip-an, organi ¢ sol vent.
In order to s éeg iu%pla?éér%séﬁ)érgc}ﬂg %’?%F%ﬁ@ﬁ?itﬁ%deiﬁ?‘%?sts can be used;
catal ysts ﬂ}%g’e‘r“rsed’bri% S9mpress speaandgrepidoaticdiapl acemest ude organic
titani um conpounds such as titaniumtetrai sopropoxide, titanium

t et rabut oxi de and dii sopropoxy-bis (acetylacetonate) titanate, etc.,
organi ¢ al um num conpounds such as al um num



27 June 2003 38 triisopropoxide, alumniumtri(sec butoxide), alumnium

. tris (acetylacetonate) and al um ni um i sopropoxide-bis (acetyl acetonate),
etc., organic zirconi um conpounds such as zirconi um t et ribdungi2883and

Zi rconl um tetrakis(acetyl-acetonate), etc., organic tin conpounds such as

. dibutyltin diacetate, dibutyltin dilaur ate, di butyltin diethyl hexanoate and
dibutyltin dinaleate, etc., and acidic phosphate esters such as

( CH~O) zP( O)C]—I (CHSO)P( 0) (OH) z. €BaHo0) zP(- O)C]—I and (CeH ~O) P(=0) (OH)z.
etc.; any g ese e.used on its own nore can be used

t oget her . tﬁ@?g e ea’ Bife CURRILF fffao*?ﬁ’t%e %ﬁ Fnsi sting of
organotin poepentdsnyednticndicarprasphdte eslared iy p:rre:fhrdﬂdg dth the

recondensa S 4 elct t icles do not
contain wa lEggtT ggrelgs}gn qu{ﬁ"gbéfet% aﬁcrlﬁtate e pro eéss of
condensat i 8R9~BEIERN&Sol FhUFLIRT P | h'eh%lﬁqﬁ‘?ﬂat]i% st Reafarabieref ore,
when t he shueb)ogbwhiie®d doesd heamo&:ymmmatlmhtst emcstoes not contain water
the slurry | o as it st e satjon step, but
when t he s %?Bsggg_% |n§%\(;\l/a3t1$s rhes %P Eerr%e]!.rﬁ(?éze ’{)acf ﬁelr}] rpeacpereﬁer ably

i sol ated ffom tlheusriup#ysmlnghasmkam M@mﬁmhmd caAriprevdnt trati on,

centrifugah ; gapapat | w.e Pa cSANGHY I Bdrh® N Pdm AES [0S, RIRSLU L, and t hen
di spersed i,n_an or i c sal vent before rgcondensatl on. .The or n| c soI vent s

enpl oyed wi-'PrB¥e 8r"t€>?a°'r¥pl e EXAMRALR O THAITY ¥4I Rt

consi sti ngioftlubde zbdohsl sudietandslaack) edark palnw,f unesry dilhey S and aromatic
hydr ocar bo ti pr T onglensa

per f or med, B?oﬁggxagrﬁ@ d%‘i')?‘lféé/e ! r%:‘%)%ganl o soI vent scfurry cont ai ni ng

t he pol ynebllf-eblp§|ktn éilaé?sk &lue t@ﬁgemmrbluﬁ Be Jrtgocwarky ef erabl y
60-150' C, 5ok £3r@dNut % itApHY diithiéntd %@/&é & @ dadpr mal pressure,

decreased pressure or increased pressure. 27 ne 2003 39 By isolating

the pol yneRFEEEIAag: tO &y idthanded coker Gan &E‘ﬁ W] 2 KX Eeom t he

slurry usi agcarding’ tk:n@wrzatsmtfrmaemﬂn @ﬁ dydin@inedhod e ntnd fudeal
separation or conce rat| on .af. decreas g yessure, etc and, t hen

heat - t r eat PAGPERER YeX 6 F¥e%e YT e efatt VS ¥ per at ure of
100- 600C, and smi¢upr eyesgbleta. temqnmmte eexdmdlss MG lieseordiegs to dry and
cal ci ne th?g3 e STReH t"‘ﬂIe t]é}e\;\% 2D 54 A Sani © ﬁg‘i&;&d te particles of

the present | nventl on 1S ta| ne poSsess suit abl*e "har dness,

mechani cal Chegiisitance (&ﬂﬁ%d&mr@%ﬂ@@m%e MWI@MU cles

i ncl ude anyarggRint kXS (1Y) r% PHEN! Safd) -Ojli alftf amewor K,
and a pol ysi | oxane frarrevvor as Inits ecul e or ga Icon in

whi ch the SiYei eRIROSK" ?Ydll‘fJeRquy EayplewmdH celd 1B konbi ned with 4t | east
one carbon atomin the organic polyner framework. Hovvever w th heat
treatment at a Iovv-t gpof{aturéht he.co dgnsat on of Sli gr oups
represent eft IPOFDY MS) 8 F9PHe sﬁo & T %I cated by Formul a

5is i ncorrplodtoe'mgj enmmismgrantd:@ the orcgasberindregaimss scompomitebt ai ned.
Thus, the %tr]fng‘ Ry qulr% iﬁ”g&/ﬁe fél?ff&t of n#@e?é}arl%é cl es may not

attain ~35 I? / reat ne enperature hi gher

t han 800C aﬁep@glgamef@zdmmbmbﬁntm nefcheds Arecpidiedsin  and

consequent lu HegfesSSas W@ sa,??_dj,.f r ength are
not obt ai neg‘ te'tllﬁ:us ?’Z‘Zl r}gEIsl ual di s%?gggérer%n f&?ic&f *ter t he
particles i Jepanese GhewizahoSoaieyh @@%T%CNJEFEDIP)(#QYQ}VES becomne

too hard, wyleh HaMdA 1 GEB¢RI| USCo o280 6SHPE €56 Oba t&@t@@scsf of
3000kg/rmz Mor eover, al though there are gg?éestrl ct| ors}é to the

at nospher e WS PTERC e ANYGLEI AR (R X S| RTGY B he osition of
t he organi arqtublnyeumamruhbhteasm1é|ﬁ:ceedeseniyedremllswmpadnddmriceence an

oxygen con trati f h p I n order
to obtain t% %tgltg‘ W ﬁa‘f %’%é{“?géﬁu ga?%orga%?% i%?‘%a ‘i%’o‘é"%
conposite pdrmhguxﬂ(ﬁrxSﬂa¥wd$emlayﬁventlon oxygen concentration in the
atmosphere at heat treatment is preferably <_| Ovol % when the tenperature of
heat treatnent is in the range 200-800' C, but when the tenperature of

heat ~t r eat raY®t Rxeferxyyd @E?Feleh%éﬁiﬁﬁﬁw&t‘t‘%ee‘@i’%ﬁp%n'f ¥ gef® ¢ conposite
particles of the present invention can also be obtained in air. ey
appropriate selection of the types and/or quantities of the starting
materials, fine inorganic particles, water and catal yst for hydrolysis and
condensati on, and nmonomers and radical polynerization initiator described
above, the tenperature and period of tinme of heat treatnment and the oxygen
concentration in the atnosphere when nmaki ng the enbodi nent of the organic

i norgani c conposite particles, the quantity of SiO- in the polysiloxane
franemork of the organ|C|norgan|c conp05|te partlcles obtalned can be

. 1 A~ 2 N7 -



27 June 2003 41 maintain the aforenentioned gap distance with smaller

. nunbers, and they also do not readily cause physical daggge to menbers.
Mor eover, since the conposite particles have a nean parglgcﬁé“?j?g&iter

> OS~-.m they are useful for formng a gap di stance between a pair of

- menbers. Col ored organic-inorganic conposite particles can be obtained by
¢oloring the particles produced during and/or after at |east one step
selected fromthe group consisting 8l t he condensation step, the

pol yneri zation step, the recondensat{:on stgg ind tt}e eat -t reat ment step.
In the proS&EaTHCTHOTIAEN CYMRRRLONPAELIGFET Shgdnit AEfiHni ¢

conposi t e parverd son cfor bes@r asluspacdysi fibrodugunig &stand/ or pi gnent
into the pay.tJcl hayi e and/or pignent present in a suitable
step duri né@i&%ﬁlﬁeﬁ%t%{%_%fﬁ}%‘o‘%é process of the present invention the
particles are preferably colored by using a dye and/or pignent in the
condensat i qn jSt2Pf r 15t GYESs BAEA§Eh PG OPBAEE rabll9s @ 1ERY YO da RRONSr£aN be
cited. O these, bhasic diles ars preferred. This is because the silanol
groups in FHSEETBENZ4E eXa¥i'dic, and basic (cationic) dyes are readily
absorbed so that colouring is easy. Exanples of pignments include inorganic
pi gnents s C I I hr rm |1 Qn, bdenum
red, red ogﬁirse?éoﬁggvgf%é%, gﬁﬁ%ﬁgrgrgg%wgébgﬁt‘és\éﬁé’gﬁd%‘}%ﬁ ne bl ue
and iron bli,feo,-féa/fb(?)sgémldz digdifi% gampreasienchresiduahaféspaarsmenszo and

qui nacr i donRgr Q) KB Breft £os HOWEYBhat ShASCmEhn R4 rGlc IRE POSRtdL to
i nt roduce pls(gments into the conposite particles of the present, invention if

the mean p&thi®i¥WARetahdi FReEbicienhoPt vagiafion P biyes is
preferred. gahgaid e dRamdua@e.2003 42 i norgani c conposite particles of the
present invention which are colored in this way are particularly useful for
raising the picture quality of liquid crystal displays because they are

al so provi detl) vilehys htosnéinecficaneéworl BOr-80vts,; edastnicalodwelsid iehce and

fracture st 1 Ce | ' {éé)gg) ite i,Ghes; sent
i nvention cg@]%&o%g@qagdaﬂ%%% y dlg%(l‘:fi’E‘)ggighg\%eaalgglgggg‘%ggcti ve
| ayer for mef dh-4 ’heaéuerabg% oflefarmphiong| megadpartie mrdianetemndy of

organi c-i NS gajl £5 £RIPRANL BoBREiLEbARE BF VAR iRRGHNof NVARY igp has the
mechani cal resi|lience necessary to naintain constant the gap di stance

between a RAFLHFLR| dLaFBERE: brought into electrical contact, and the
har dness and fracture strength to maintain the aforenentioned gap di stance

constant w S | er nunberg; and they_also do nat readil use physi cal
Gammoe o tH) PeLyF bBEARE, el 337 e Yt ad T mAa THE i g

di stance be30®e2800Ra/mmdfirel Eik rasiesresnsoant reandubd adisipd ademeaknent and
falling off_ pof,t copduct hye.laver due to_pressure whi ch, causes short
circuit bet e?f?ﬁeagggftﬁhgege%gﬁatgﬁ&)’s l?lndprﬁﬁetl\tl)gg‘? IS cal
contact andHobrSedbumet abdt woefifikdealteotfr yied atfiem tdky<8hoind be in

el ectrical ggp{fgie Nehfpbgegmpl oyed in the conductive layer can be prior
known netal’s: exanpl es mcFude ni ckel, gold, silver, copper and indium and

all oys of these, etc.; nickel, gold and indiumare preferred, since they
have particus arby1psiloxandugramebrkRILE 03 S N@ IS i€ Uhddu@Staf Ctions

as to the t k of, _the, copductive |ayer, provided.that it give
Sdequat o comatiee ] BRKSGER 111 L0 eombersyEon: Presiangs oopasment,
particul arlgf poeperalitgri n0thdefoargatlon?- swan pakt itle dldteter
of 2-15um; and coefficient of variation of <6% in
particle diameter.

(6) (2)-(5) above with a fracture strength G preferably
214 x Y!'"® and more preferably 221 x y!73,

(7) (1)-(6) above, the particle body being colored by
including at least one selected from the group
consisting of dyes and pigments.



43 When the thickness is thinner than the aforenmenti oned range conductivity
. may be inadequate, and when it is thicker than the aforenentioned range the
conductive | ayer becones prone to detach due to the difdrdune2003t her nal
conductivity between the particle and the conductive |ayer. The conductive
- layer can be a single layer or z2 | ayers; when there are ~2 |ayers, |ayers
i ncluding different conductors can i)ze arranged one on top of the other. A
pri or known nethod can be adopted as the nmethod for formng a conducting
ayer on thfiepd! LaEengl phbe1RR1biCIRsRadY Ao GaNke: LRAr gRAaCOMPOSI e
particles of the preser)? invention; there are no particular festrictions,
and a net hed shenembodippafi €4l thPaPrFEG M HIPIGENdEt FOM@OS ifeat i ng), a
coati ng nephedicebVOrmehlogrevantuinvapdionjep@sl they, sputtering, ion
plating, etc.),etc., for, exanpl E,a can b% us%d;s fe t hese cpﬁm cal plating is
preferred SPRc8® F“#'eaa’rﬂcgﬁvs ESndSEEN &S SPICEFEs BFSPRESpr esent

i nventi on. sBeatiactilakepar spthiasers,t kaghyefomtbadleshapadsocobainned are
al'so provi dedpih! Br! BeabacAapss; 284 et ad 33quiANEE Ak a1 _
organi c-i nor_ggnl c conposite particles of the prese I nveth on descri bed
above. Condd§BiAY| §PACRES HPBepast pEQ Rueferded rnadhel geprndsl ofonnect i ng
materi al s Gaviaheat GAREF6SMAPPLbABLEARS gayc i idt aniceui draigstigl di spl ays,
LSIs and p;)ie@t ggecLLcHi tchboarag i GLS- Cr)regasnih%-riircl: rlg%rﬂiec orrgosi te particles
of the present invention Ra¥@*thE F8chan C&l TesiTi encd nédesfary to

mai nt ai n a<eBAsLBKt Ofapearivareestenkedd apeiar 18 adflefr b8AXddbst r at es

whi ch shouladlbaijizecangad . W th the correct gap di stance between them and

t he hardness and fracture strength necessary to maintain the aforenentioned
gap distance constant with smaller nunbers; and they also do not readily
cause physPeghnicz2indugen2008omposdriegeant iidleselodc tthedpreskesitr at es.
Consequent iohweht BRCERS pEaRA O HIR NI AN BroddR el St ance bet neen a
pair of electrode substrates, I n Fowenperature environnments shrinkage

appr oaches degar ibedt helpwguby tc theyalcan \adissubel Presiuciedn blyapadher

orientati n?,rb@;égggsqnd coating layers do not readily get damaged, and the
nunber that needs to be di spersed between the el ectrode substrates is
decreased. As descri bed above, because the enbodi mrent of the

O;Qani Cl-i ngulrog@ahndfom@ai Tiﬁki m?t ipHed®naf _ﬂdﬁrltﬁi%ﬁxeﬁ:fbpir@‘éehtfﬂn hﬁyontl fili nf bot h
of a polysiloxane franmework and_an qrganic .pol yner fra rk, or all of a
pol ysi | oxar@s Pg%ﬁﬂ?%?lgﬁe& 3;5&96337 %at?ﬁ’w a‘rﬁglhdé(ﬁ g‘i\ggl yner franmewor k

t oget her, anydralyzabieogroapsgr ttihe dydmolyvabile gprompgalved ngol yner

f ramewor k | ysi a frq@y\q r . cal | i , they are
provi ded bg{bﬁo&mg?ﬁﬂghé?aﬁl )g’t r;!.’(%"alregness C é‘?at&egr stu:b% 8%“%2‘%?&%(10

subst ances ofn@ hWydmoxlyd Birghpreeddexyalgnauns iadfhde SagFoupscamde strength

charact eri gidyd oy @r@apsC o¥ QUBS ANHIN AR @R preterapald are ideal for
use as spacers for liquid crxstal di spl ays. Vihen t hie or gani C-i norgani c

conposi te O Ye §TGMPBRe NGRS IRFPRARY G3O0PSEd 8B/ O%cl udi ng a dye
i’i_nd/ Q(rj pi gramlttdéqy b{i@u@%r.ti_ﬁﬁﬁés@qudfﬁtﬂ\yﬂkﬂd ws;&fdlﬂgsas:r@o %y@wbcers. I'n
iquid crystal .displays. an i mage i s .forne appl yi ol t et ween
ol 6ct rode’ A e FRSERNE AnyRI LAy PeiAlRR ShEY e Rl VAN | co. of
the |iquidweartext and clan tphicsl uen pexliy sl ostdree dpacersiehsatdionshow any
optical pr ties gs r | . Therefore, in the
dark area %nhg“ po?lt i:*]orqgl \ﬁgjzwoélrﬁglsnag ]%//\'/éaés‘g’dt?esdélcﬂxgg‘%spacers whi ch are not
col ored mayfsidementigned Geanerddadiarmhka | Ghp they have)ame 2@ i4s escape

and be recogigAllor 3% durcHill AT S dHtdr i BRIV Taajt dFRy be | owered.
When t he organi c-inargani c conposite F)al’tl cles of the present invention

have a par t YSSUV R (RRde & G RN @ PEEARMC ITFAYRF 4R WY/ or
pi gnent, | icHupodi e paididleghtt Hatmatiogsradicedadi |y escape and the
| owering of inmage contrast is prevented; since these conposite particles
are noreover also provided with a conbination of characteristic hardness,
mechani cal Gawidetenexampl €s acft ganpoungds)tused higy tdhvee presteindul arl y usef ul

for inprovij édﬁ% i ity L O ISR A1 al ol ors
preferred ffg}?’ co c()Jr eg S ﬂggarfsé frﬁﬁéiﬂ?{ﬂfﬁ%%@e I lplcilays alraer@c)lcor s which
.do not readinsiudeatdia tfalidgving. which do not transmt |ight. Exanples

i ncl ude bl ack, dark blue, purple, blue, dark green, green, brown and red,
etc., but black, dark blue and navy blue are particularly preferred. The
organi c-inorgani c conposite particles of the present invention are also
useful as adhesive spacers when they include a particle body and an
adhesive layer fornmed on the surface of the particle body. The adhesive

| ayer, for exanple can be an adhesive whi ch becones adhesi ve when heat ed.




When the conposite particles of the present invention have an adhesive

| ayer on the surface of the particle body, on being inte@7anassi2083 Wween

el ectrode substrates which constitute a liquid crystal display and being
hot pressed the adhesive layer will melt and stick to the el ectrode

- substrate, and they can be fixed in place by cooling and hardening the
adhesi ve | ayer. Consequently, sincepjhe conposite particles becone unable
to nove freely it is possible to prevent danage to orientating |ayers and
to mai nt ai QokpeuHasf oMt ¥ @ itrhergamld Janceetendlkbxiysipansi bl e to

achi eve an_i nprovenent 27 June 20Q3 46 i.n_image quality. As an adhesive
| ayer a th%?ﬁgﬁPﬁgfiE“ngFﬁigégﬁaﬁe é§§l$ﬁ ®dl ass transition tenperature
of the thetebphashbaysddiamd,s tptafadrsaiprppox¥yS@Canand nore preferably
__<80C. Thipg.I <.t C St 0 it substrates by hot
pressi ng f%§t538§§9?9?§%€5qﬂﬁﬁgﬂ é?%ﬁﬂ%? P&§§§§%§§%igg§ﬁe§QFure is too
hi gh t he adhdstesrhagydoxms id@nesamipauadsheushedsr ode substrate when

heat ed, anée%@SQCEEO&?SH@%Aé?Né&QQ conposite particles are liable to stick
together; hence, it 15 nost preferably in the range 40-80C. There are no
particular restrictions as to the type of thernoplastic resin, but it is

pref er abl ycampsahlsasektyh & nesim rokitiladhggi:ve | ayer can be a single layer
or it can be > 2 Iag?%s, anqgvg\then it iu??éﬁ_ l.ayers it can be nade up of
layers of AFPPBPEREALKEXYSHIANG CPPAIES53"op of one another. Conposite
particl es hagangtanasylesivnsd llaneecampeundsgbisacheds f or exanpl e, by coating
the partic Gl gady eehbsvedikhe! es of the present
hstﬁ99¥r9§ﬁewwgg§%%i§g,3@gﬁugegﬁ thbsy 3ihhe!

invention wth”an adhesivée | hernoplastic resin is used as the
adhesi ve | B§ERY1ETiRFeOPOHY StiHANRypMahyd trdisoPrePesrshéarBat ed onto the

surface of e@hg2BirG meRHOXFY i LD X HyA thdleithelkggi0hnkhe present invention
by a prior knovvﬂ resin coat,in rreé{ho such as ~, = Etu pol yneri zati on,
coacer vat i BROPYAt&EALY "Q’&I%?S‘H'z q‘iyr?',trd"'\eltz‘ﬁ?‘éfs(’: PPfg coating nmethod, a

| i qui d dryvagylerieethaxyisgl apeed ignd ttiechoxyspdaneget hod, a gas spray
coating or,a [ dryi t h et H _gh- speed gas stream i npact nethods
are preferPegiggg%?S%‘ 5%%9’?%‘& %gétehé)s’&esrﬂa%%ﬁi gh- speed gas stream i npact

met hod, f oB-BrarpPsoPePy Mesimdtliany trlgae,c- i nor gani c conposite particles
of the pre§§'ﬁ?-hﬂ\‘iﬂ%@t@ﬁl"&rﬁiﬁ\@-ﬁ%@)ﬁi@iﬂb @liaghi¢ resin, dispersing
this mxture'in_a gas phase, applying to the conposite particles and the
powder ed t RBRRYAtEIMethoxyisiianthRhel-and thermal energy the main

conponent triéthok§s3A@nhed’ mdt Wit dfetdkyisinagle hadce, and coating the
surface of ani c-i norgani c conposite particles with the thernoplastic

he qr
resin; thi Ehﬁé‘ﬁ’ﬁn’i 15 850, Sedttfse of the ease of coating. Equi pnent

enpl oyi ng such hi gh-speed gas stream i npact nethods include the

Hybri di zat j\on _System nanuf acy ur ed, b i kai Sei sakusho KK, the
Mechanof usi-On e &d%mo:gr%f ac% u’r“e%%%“‘m{-g‘kl Wa M kron RK, and the Kryptron
Syst em mandiiaciganed ilal keaxesialdne iganpaunds [ Kawasaki Heavy | ndustry], etc.
Conposite IGlHeS ;R\ i P St o iRld "YU idrgahbsRhanediwht h the

har dness, ﬁei% nlncaﬁ?:éjsll |}§§r;ll(:e an?mcturée' stlr éﬁgth of1 orgéni c-inorganic

conposi t e FRMPOYNGS ofsudte g5 cbing thoxxdinedhydédd@nged above, and have an
adhesi ve caqgtlp,g,'xya.@idlém:fué répyPlmat iy 14l 1amey, useful for inproving the
i mage quality of “liquid cryst iI'sp] ays. \Wen osi,te particles having
an adhesi v&1 "é’r‘ﬁ&?’tﬁ’& ‘?hc‘?’tﬂ%/%td”gw%g‘:ﬁﬁdrla&egﬁé’ﬁt in the
particl e badphehydrsjdrdmed iw) gaste. conposite particles they do not readily
allow light of the backlight lanp to escape and prevent a |owering of inage
contrast, and because they are adhesive they are not freely nobile, which
prevents d@empounsisordfern ot i hgih afermubid Exfabl e a uniformgap distant to
be mai nt ai Req o Y dHa Ty ﬂaﬁ%eé’ ,ﬁ?g@,\&e the hardness, nechani cal

ar}g t c%a act

resilience fracture renig eristic of the present invention
descri bed Fdexrganpaciresysiblane cermpennisy dgiprgamesidanslor ed spacers,

PNC i nerel SompAindey AUCH 48 St Hiné SRy lAPIRAYIG @ b ot ure aua ity of
iquid crystal displays. In the I'iquid crystal .displays o e presen
nventi on. TSI hoxYaE L 286 satptoxE 181 15%he) and 5005

trimethylsilanol, etc.



48 invention as described above are interposed between el ectrode substrates

. as spacers for the liquid crystal display instead of th97gnhﬂ%2@m§cers in
prior liquid crystal displays; and they have a gap di stance the sane as the

particle dianeter of the conposite particles, or alnpbst the sane. The

- quantity of conposite particles enployed is ordinarily 40-100/ m¥, and

preferably 40-80/ m¥Z, which is of tPf order of 10-50% less than for prior
organi ¢ spacers so that the area of“the portions in which no inage is
fornmed bec sl qﬂg ntJ t i ons and

nmol ecul es, %gfcst.h,en%éu'ﬁ{onug i tr(r%(Laé%rnntsea/debo’J dﬁ;ﬁ%&%&;@?ét'lfg?%ét he I'iquid
crystal | amemhrm@md&)eamamymbam ghompotndst decr ease

in imge rql vegﬁg; i i I

expect ed. L| qui 3 3 "‘3"“& adggyé]frw’% pr soednx{hér %eé;t%&nfgrgggr%%%{ﬁg for
exanpl e, wmatamiaks st el ectrode substrate, the second electrode
substrate, a sealing material, and a spacer for the liquid crystal display,
and a liquid crystal. Th first el ectyode substratg has g first substrate
and a firsCeHIMALLRS (U P IGPMARNNAR FERRFSTeRHRA tPY sEh€ubstrate. The
second el ecifctanentidned Gdrasral m&Mau(os)t rate atilen seTHoonel ectrode

formed in the surf ce ofablhe ste%oryirﬁbﬁ @rgdéltsaggggsi.te to the first

el ectrode SUBH e spacer s #or° crys |2play, whi ch are
i nt er posed Eb@tm/;elaﬁ timlfud%tccenmrrdﬁjeusuﬂuqlat%omef htheecond el ectrode

substrate, 1Rf-SOPPASId GRAPd H1_S atbsmtpr@& ANYePhbRP1 A sealing
mat eri al bgﬁés t he f|rs$;elé%trode substr qﬁ% t he secogd el ectrode

substrate ArYHR rBTEGRIRIE GEAURTXF Mt %ﬂ Whheh| aLlP8 crystals
are packed tng ordhﬂatsmﬁaoﬂ&fhe"mté))cdﬂipodmdst @i:ehbwm:le substrate, the
'second electro I £ n 003 49 In
the liquid S Asj‘?réfe Lf/csta%tgo}:% e”f)eﬁgs ﬁ%’eén% alllo?tdfﬂg ﬁ%%b‘grrlé ot her than
t he spacers;omimlrsatsmm@ielﬁmse)mmrmmum&e seathedateterial and the
Irqurd crysﬁﬁt 2dg be the same materials enployed in the same way as in
.~ior liqui rystal di spl ays. The el ectrode substrates include a

substrate which is a glass sheet or a filmsheet, etc., and an el ectrode

formed ir‘t§¥if%6ﬁa@6m$§uﬁ@@ S 1At ef éi @fgeaﬁary further have an
orientating | ayer on,t face of t de substrate, forned so as

h
to cover tiPRIRIIBIRN sUC rﬂﬁsﬁﬁﬂﬁﬁggﬂﬁﬁﬁ ?%. %H°¥$o§9“r9§|n bi nder
seal i ng nateéiip Bbye@t &s , s €&t Dy At O £all s TIketé qwhdchr mehal AeMbérbe |iquid

crystals use i or displays hen phenyl cycl ohexane,
crystal's sed L0cRl Stedloplavi, Lol xRl BLEDETNL
cycl ohexyl mmmdmmgbt:oaprdxnglpr,obrphemyktynéeheﬁaaeprpwprald|ne di oxane,

cyclohexylc%%égggxane ester, cycl ohexyl ethane or ~cycl ohexene type liquid
crystals, e nmethod for making a liquid crystal display of the ,
present invention, for exanple, involves dispersing conposite particles of

the presenty o] od on one of the
p d}(‘;é‘z‘slﬁﬁga%lgﬁﬂé)’ Weﬁ YEhdEaRs DRY, Brawﬁéti e

two electro trates aS surface spacers;, and then nouynting the other
el ectrode st¥R2%ing, QRNeR FERPPWRAHFHiGh PESPRSERPBGLANPNBEAYBF a neans

such as scrf@ﬂd@ﬁtﬂtbé@ &béheC@ﬂQO%aher@aégl§hQSf6Em;bﬁehﬁe?§nt inventifn
as spacers for . the, seal ortion disperse a_hi r_sealin teria
such as an RpRIS Yégﬁ ghg pC OBRAYA ?e?aBEQEecﬁgiﬁggfﬁzyféglgngablnder
mat eri al bycap@éysaglansqanableopbespueeeahd h&at thgsacaseyeaper at ure of
100- 180C f t X o] ugpt it f t,ravi ol et

radi ati on gé %89 thgﬁ §§1°9£“§c€?ﬁ889ﬂ& F?agrggc?yg glgﬂhlgg t hen sealing
the portionPighen§h RArcAxamByear@annpiepelet Br66PALN a |iquid crystal

di splay; but there are no restrictions 27 June 2003 50 in the present
invention as to the nethod for making b quid crys al %F 3 C] t he
conposi te phR€i EPB eBFthﬁnpﬁeggn?aPne ﬁPr R, 2t REeR; O f ﬁg © Scol or ed
conposite pandlcbﬁdeasatmoafesiad ahesatbaemeapaoaed fdosese illepnar e not

prone to allow |i .backl L gh C the

B o enent | oReRPRUAos; ThepRiPREI ELTRkononkOuERe SR 2t Arar rneor o
preferred beeaeseedhéyomttbe gooupeceoheistidg Qﬁbspm@Dmmdso t hat they
cannot nove | g.e S igle ive | ayer
are even nn?éﬁgskégfggd %eggﬁggy?th%ggqégtgél?oaﬂpiqht of%qﬁeabackllght
lanp to escﬁb@vandndhéyestréﬁrtﬁatheeélectrode substrates so that they
cannot nmove freely. Liquid crystal displays of the present invention can be
enpl oyed for the sane purposes as prior liquid crystal displays, as inage
di splay elenments for tel evisions, personal conputers and word processors,
et c. DESC$I PTI ON OF THE PREFERRED EMBODI MENTS Her ei nafter, the present

i nvention |s |IIustrated by the follomnng exanples of sone preferred

N Y L o o o, M



27 June 2003 51 water 50 parts (v/v) were spread over 1-10 seconds on this
-l oner el ectrode substrate 110. Meanwhil e, an upper el ectrode substrate 120
was obtai ned by fornming an el ectrode (for exanple a tranggahune 2@0%ct r ode)
5 and a polym de orientating |ayer 4 on an upper glass substrate 12 of size
"300mm x 345mMm x | .l nm and t hen rubbing. And spacers for the liquid crystal
display (in this case sealing spacers) 3 dispersed at 30vol%in an epoxy
resin binder sealing material 2 wereé3screen printed onto the portion of the
upper electiode substrate 120 that was to be sealed. Finally, the upper and

| over el ect tDdENSUBRRISRRAL 10 ShEP11BoKBr Ofsthek fisgst Aad sechnthe

el ect rodes $i hiconriempatndsg diasefsbédobéfmlwt eahobeagikent heﬁ Bd Ejhe
e I nder

spacers 8 b k/c lied, and t

seal i ng nat%(l\'l\%lwfg}agéﬁ c‘EJ m% 9 hggt ﬁ%&sit gfgose 1egEedofFPMut es. Then,
by pl aci ng e Spane Qfem%\le%hlwleofweompegndede‘epmbstanateGSbﬂzZGhand 110 under
vacuum and t&ETow Bk Géndra i F@rﬁ&msﬁbﬁrhﬁdp'&ﬁ§§§r QeribgQPifegtystals 7,
including a m xture of biphenyl and phenyl cycl ohexane type |qU| d crystal S,
etc., according to the type of liquid crystal display being nade, were

i nj ect ed and the portion thrxrdtsaiioRd x,hey. weregj nj ected was seal ed. PVA
(poly(vinyl alcohol)) polarizing films 6 were then stuck to the outside of
t he upper and | ower glass substrates 12 and 11, to constitute the liquid
crystal di sthege: & Mmdigates smmnovhbesparedscSlepalimeﬁig@Blél nor gani c
conposi te paldd€l SsaPlgh VE n. d g@N uncol or ed
particle bgﬂé 31. Lnt |Jsu:}%zlgfs’g(ﬂ?&:l ?/%?ca gﬂ éQCAS readlly caused to
the el ectr 'QJU&}aQESC%err‘@séuﬁe-durR R?anuﬁa@f uxmqllcaamé tdhe display is
not prone tiydEsdsn | Qb P e t S Mor eover,
because theny er of 27 Ju?eéjﬂg)épugl%hﬁgcgr sdrlmgq?eggagﬁgggwgf‘h prior
spacers inct SATAHR Hark1k) «2arkbep aFéasofWthhpminl@we nmwhi ch no

i mage is foruleskitunaacraags; atfd inde celdess Qn }Qfdﬂdggﬁ’ idtidms ot ey the liquid
crystals |slea‘.{ decr eased Cons Sb{ckt’Jent I%%%%ed 1E|3055| ble to raise contrast
t M

and raise pictur & HudiTIRY AT EO hbRe ErWR an al so be
or gani Ci norq}HmJGitz:lmmccsﬁ tellga]rtgmdnqss obft heSpeasboh atomditamd adel uding a

col ored parcjf&] ;’%rﬁélg%&{] .e ﬁheﬁ_gplga]&?%agd ti o al advant age

that transm ssi on of ackl i Bligh® P&cers 8 does
not readi| y"UBRMAL e’&anﬂé’fRémiF#d:uﬁtmbthghgre@ptsommteingnmﬁt ed and

the qual | UaniyX Rerchird wies HERlgatsth | 2edis |88 &y pegleodis Fhpure 4 shous,

the spacers can al so be organicinorgani c conp es of the

present i n\ﬁen]tq & 'br‘qumﬁ nddh kgh Ry | baee @awlp%tetww @loupd an

adhesi ve | ayemdiEdtasTet ahtdiesw ages of tbﬁdP@ééé&'&bﬂ%’ églrt o this
ent ati ng

case, theree@zpni; addi t i onal vatagethat damage to the or
| ayer is pr t dadegé'hse“cﬁé‘ it %’Pe’-%%?g%l%ft%':fmve'l’}fﬁ eely, further
rai sing t8hq>1qua:1| wmfy tee dii fflesferst Of Soth 2y/geh d’@h&g%:lﬁ y2 @weﬁﬁethe
spacers Qr or ic canposite particles of the present
i nventi on \%ﬁ]gﬁ“&&cl Sede a cc}lccﬁ'r}edg’gtg?t?%‘f 32 UHRN dh ke dRR | ayer 33
formed on ttwe Rif Samyctie tenict g td £f febeny Biomlﬁrthdénf:ﬂs&flt‘hﬂtle is the
addi tional adMaRdgs. th nsm ssi ight of t backl | anp

Hnel 5 IO'{;) 1occ%f i 9 hgpl cuous

t hrough the spacers g does not readi
bri ght spotesdthaw difd entaitt i forva cadv:adﬂmgscahahtlarm tcn:ltd}e. orientating
| ayer is prevent ed because the spacers are not able to nove freely, further

rai sing the qualit f the 27 June 2003
9 Thi adl)é:a -polymerizable groups in General Formulae

2-4 and 8 are CH,=C(-R')-COOR?-, CH,=C(-R*‘)- or
CH,=C(-R®)-R’-. In General Formula 8 ,when there are 2
or more radical-polymerizable groups, they may be
mutually different or 2 or more may be mutually
identical. Subjecting the radical-polymerizable groups
to radical polymerization produces an organic polymer
framework including the vinyl polymer described above.

The radical-polymerizable group is an acryloxyalkyl



53 pictures displayed. As Figure 6 shows, the organic-inorganic conposite
-particles of the present invention can also include a pargticle 34 and
a conductive layer 35 forned on the surface of the parti 28 The
conductive layer can be, for exanple, a nmetal l|ayer fornmed by el ectrol ess
“coating, and can be one or nore layers. In relation to the nethods for
evaluating the liquid crystal displg%§ obt ai ned, | owtenperature bubbling
was assessed by the presence or abs e of an image after holding for 1000
hour s at ih ce [ ne 1855 and pi xel
faul ts was gggg sgg Vfgﬂ%%%&@&f €%5ﬁ$§§Q erab&rga?%Sé) ¥§RP(¥§H1$O|UtIOH of
25% aqueousatomni & (nzthg}::y&emtsraddﬂyl( Yoy (Rid J.Wat(mne(r]adll 1g) (Sol ution

A) was put ed f.l.agk fi C £r nonet er

and a dr opp?%ﬁ gﬁéeﬁoggﬁdgv\ég % fn&t%&%gi‘og% nd‘q'pn\Sj grS‘ xed

sol ution of ig- Genﬁs:éﬂylk‘ompﬂopyﬂt Bingle t8h dosy i IWQQ@@)atmlhaaml (54g) and

2,2' -azobisj(3p éogbﬁgtlhmﬁberﬁmmd;s).eégllfla)m%ia% rsa%irf@'a RY yreri zation
initiator (Solution was a fromthe ppi ng funne

y- net hacryl vﬁybwépgrpppm ﬁo%yéﬂk&quwr(d{%y;}@d Ganeradndarmmd.aeaf t er

stirring fos antugt Rer a2@ydirbdeds ationdi,CAr Rl ViS4 ZRéAPD &@éupe{ﬁor nmed by
heating in an atnosphere of nitrogen at 705C . After heating continuously

f.or ?. houtB, GERETE}sFerTHE&ecbol o Hsoém“teetrﬁié]‘ a3XP¥Phnd a suspension
of polynerised particles was obtained. The Ii qui d and solid in this

t r,at k hed 3
imes w th b ﬁs BRAR I ag' 2605 el 8 e ! fﬂﬁg%#???% BAYRERT zod
particles were R¥@ uuRiQyr iRk andaRi@cuuBremper R © 2nHoBi® to give
Conposi te Pkl E\bﬁ%v(allent EQ%uE%S%letl'é&e@mﬁt@ng Lb&%es (1) had a mean

particle dianeter of Amwi th a coefficlent_of va ation of 3.8%in
particle di ﬁﬁﬂﬁérﬁtlﬂﬁe°(fu§nf‘ﬁffj§"°(¥ﬁ(18|‘1¥2’%l AL RVREtFEUERS PhelpBl ysi | oxane

f ramewor k vvaar&én7wlt%nst bﬁdeh@ oG I0E 1096 COSPHEH Sh OOmYRS
480kg/ me, dual gti_,lac é% % formatlo 2% and fracture
strength 2. E neLe Ol dm% St uﬁgﬂué"t CHRIEPPPSof t he

organi ¢ pol ;mdr 3f Rameg\bokpﬁndaﬁ Béemhtuﬂaixla(ifff%&%i’d br & tor bl e to

-Si-CHZ- were. c nflr d.i,n site Particles (1) by FT-1R analysis. From
t hese resul &Y ugg’la&é t% osite Particles (1) were

or gani c- inorganic conposi te particles which included an organic polymer

f ramewor k aqq ?;Iepl%lr sll I%r&ei fra I&A‘é@@ ) é ntwél JHJ| ecu‘i?gsd%a}hno;l i con

in which thé silicon atomvvas |rec y an emn ca
| east one cmalyopeatmarhuial liyhd idifgaant pni;arﬂarntfrcambmor@n @rbﬁndszef STN

liquid crys di y'l’ﬁ% KN Si e Conposite
Particles (%‘)qlghAss%ge?%o\g??l thgﬁrﬁ)g’?l of parﬁ%?ggogfsggr ?coul d be
decr eased b@rPVER.cHIPageaups ¢ hRIQIrgeoHPHr 3Rd| E Q)éﬂ#@@% aymceach (Epost ar
GP-H, nmde e t ehLkher

| owt enper a?kre bum1bb |@lnég$'t er‘l’orr"ggtgl%neve ess Engrgkpgoduced when
cal ci ned si MeERQ; (GrOYRy SEhPFYAITIHRY ﬁ#‘?&%"i@e@rﬁ‘aPtﬂeﬁeécﬁﬁﬂéYby t he

sol / gel net gaduy;e i thettdMOYriugrdid | shdy) §L6EpsbaRbNREr8y repeating
the 27 Jur;])er C;::)5:95 By hydrolyzing the R0 groups, R°0 groups,

R®0 groups and R°0 groups of first silicon compounds and

second silicon compounds with water, and then

condensing, a polysiloxane framework indicated by the

aforementioned General Formula 5 is formed.

In General Formulae 2-4 and 8 the R? group and R’
group are alkylene groups of 1-10 carbon atoms, which
may have a substituent group. There are no particular
restrictions as to these alkylene groups, but examples
include an ethylene group, propylene group, butylene
group, hexylene group and octylene group, etc. On



procedure of Exanple Bl except that the conposition of Solution B in

. Exanpl e Bl was changed to y-nethacryl oxypropyltri net hoxggiwbezééé) 29) ,
met hanol (51g), 2,2'azobis(2,4-dinethylvaleronitrile) ( g), and

tet raet hoxysi |l ane di mers-pentaners. (Tamakagaku KK [l ama Chem cal Co. ]
"Silicate 40", 40wt % as Si QZ) (4.2g). The resulting Conposite Particles (2)
had a nean partlcle di aneter of 2.02umw th a coefficient of variation of
7.4%in particle diameter; the quantity of Si Oz which constitutes the

pol ysi | oxane frapework was 42. 7w % .t he el astic S .in 10% conpression
was 720kg/ rﬁfé’“'}‘g’g ‘H{Jaﬁeﬁ%pﬁ‘é&&% fiéﬁ’er C?WOHBE L?&t"lé‘ﬁ 3. 6% and
fracture strahgtdl de]gfme%smabﬁaagpbepsl,mawhpiem Rﬁna:ﬁ@Sﬁ)’ ¥ ml)

attributable to S (11S0-1300cm) attributable to
- Si - CHz- vveprepcyon? ngecglups Ca,ore nggﬁgr@ﬁ cles (2). Wen a BS size

ferroelectric I|qU|d crystal dlsplay was made by the known net hod using

these Conpog lgedrdl Fsmdrd & Nerhgspid %Mﬁ ¢ WY @1a§1 N Exanple Bl.
Conposite Particles (3). were obtai ned hy eating . the procedure of Exanple

Bl except tHERUR RF HripoFEI G %‘P““Sbﬂﬁfjl r‘rt tHeEﬁé%ﬁFé’“Bft\ﬂﬁb cldhged to
ymet hacryl @me’ﬂd\fﬂ rméf@xy@éﬂnsl(cﬂ ggbupreitharad ca@bdg) atoms

2,2 -azobl rret ho XY d#' %{I itrile 0. 20&) and di vi nyl benzene
(4.509), erZVh% |%’é? Bn Belgfé’r dPESPY gﬁ?(’fl‘lpdl yzing and
condensi ng lbytyiolmrmg) Suof thexyl AgaouEQSCOamdn@mprilel,ng'hlmhamaazt mespEher e of

ni trogen I ,y@@g add % 0 t 27 June
2003 56 T\AQA rsgls t| (r;g_f]fq osite ngr:lt ?(%?gs ;E 33 ﬁ%r% r’}ga%%pg? |ch e di aneter
(o5}

of 8.91Eun $HAUP £k arkoRfatamEat £oF @P‘@P@% 2n Phenoilc gE a¥iPanet er ;

the quantiter of 134 VdE¥&dp CopsEl tumscteli\@raql )F%'rh@l&n@ f%@x\/\mk was
29. 5wt % thehel astic rmduIHs in 10% re55| on was ?is]t , re5| dual
0 I

di spl acementNek® 31§ AUt or FROPBR f . As in
Exanpl e 81,0m it ican (650- 800cm 1) attri butabl e to -CHzZ-CHi - and a
spectrum (11 50-1300c~al) attributable to -Si-CHz- were confirnmed in
Conposite Particles (3}. Wen a B5 size TN liquid crystal display Was nade
by t he knovwempaumds useprpeserted Coypesi fleaBdr oingl €ene3plt ﬁ'@medm ts

obtai ned veieydsedd EXIHPL e HenCREROTLATAE 125! 85 2t o0l ned by

repeating the proce 1 exce t hdt “vinyl tri rret oxyS| | ane was

used i nstea@lb#ccerheawm rmdytb;z?sxbprsﬂlrprlwm%ﬂ gurloaz@@ icembimnesl e BL and

that the pa&itm@@ew{ﬁ@&kcwsﬂ 'Bn@no%@m%%Q-gEIWﬂQ%%l@ 600C for 2
hours after dr}/ at_ 200C for 2 hours. the resulti ng~Conposite Particles

(4) had a E)a‘i’?’l‘lﬁ%e‘éll"éh%{‘thSf S&l}&?ﬂn‘%% a coefficient of variation
of 7.2%in particle dianeter; the quantlty of Si Gz which constitutes the

pol ysi | oxan % t| C I onpr essi on
was ZOSOKQI%%XS\?%a&%eSp?g\Q%H%“Rt Y ef(ﬁ% t)éfiuna ion 'gﬁf" and
fracture stFeryaha129gnclude nyEmaﬁblaGrmLOW ed3ex§Eudianel,)

attri but abl 1 i butable to
-Si-CHi - wefe con&g%%?%g QBZ?&%BH&S&?]%Z% (ipg%é’w B5 size STN
liquid cryspmpml‘épira?thﬁsmaaensy y-zrrytllmqpmyl&rwcm@mé\m hod

léi' Ng theseah@npombtRabRyibkyBEopPl thillddetDiysd 1l RAt WeTdhy@ond Exanpl e
of these can be employed on its own, or 2 or more can

be used together.

Concrete examples of compounds represented by General
Formula 3 include vinyltrimethoxysilane, vinyl-
triethoxysilane and vinyltriacetoxysilane, etc.; any
one of these can be employed on its own, or 2 or more
can be used together.

Concrete examples of compounds represented by General
Formula 4 include l-hexenyltrimethoxysilane and 1-



EXAMPLE B5 Conposite Particles (5) were obtained by repeati ng the pr ocedur e

. of Exanple Bl except that a silica sol ("Snowex-XS", dg.bér%\b
Chem cal Industries, Ltd.; SiOz 20wt % particle di amet ef AJ (15g) was

added to Solution A in Exanple Bl. The resulting Conposite Particles (5)
had a mean particle dianmeter of 4. 77.mwith a coefficient of variation of
4.0%in particle dianeter; the quanggty of Si Oz which constitutes the

pol ysi | oxane framework was 42. Om % the elastic nodulus in 10% conpression
was 1130kg/aotzny kst duet hokgpl hapepnétaf { eanyl Whalad Hrinkwe s © nc &n SBe and

at 71 but abl B Y % €8 Blin*GEE Fotnads SR R 9 E00 B Lo c 10

- Si - CHzZ- vvere_ confirne_d in Conposite Particles (5). Wien a ~s5 silL~ y~ ~
lic~ul~. . .a dewnivaliveSefay aﬂ&a?msi& p i de i pegdd- 481 Ng t hese

Corrp05|te Particl e the results obta| ned were as i1 n Exanpl e Bl.
Conposi t e ﬁﬁmﬁ%QIg)lf 0) £QEr X IBRLE nAt BiPap R n"belt?l‘ét?ﬁ‘oééﬁlﬂre of

Exanpl e B5 m@ajﬁod;hactomestmg afidcopuptind sy nf whidicasome on Exanpl e B5
wer e changeigoa

|nTbI 1. Th cl e, di_ angt ef ficient
of variation i %r &ptl ci'e d%a oyind’ & ggt%%{g;ﬁ% blyo% gﬁ ?(?rﬂ'i qﬁﬁ es the
pol ysi | oxarde-4 rmvmﬂlstetlasedcbymdtﬂ-tr&marbm%]c(gmlqssam@/or esi dual

di spl acemeninalier df86y ¢X3IHNELPORS o dtaiIBIdpTL AN Cragteke Stienath

of the resulting Corrp05|te Particles - are shown 1 n

Exanpl e B1,COrRGER4 r Lﬁr?’(‘6]5®wéb0€?r¥4?“%? rﬁ’mﬂ%ﬂﬂ% ektained dpy- and a
spect 1 um ( geb0 AB0EAO1 Y5 26 L ahdUsoMend a1 -SH compsendent i rmed i n
Conposite Particles é(ﬁ)la)((Qé?V\hen B‘é Si z ST#\ILL%};#? cr% di spl ays were
mede by t hd SHRAERE HoEehetetebfasdth anfot (iefase of. Tn att
cases the remmpdenddteheedofiere as in Exanple Bl. EXAMPLE B10 Conposite
Particles (10) were obtained by further heattreating Conposite Particles

(8) obtained in Exanple B8 in a m xed atnosphere of nitrogen 95v01% and
oxygen 5vols af im9oGs i biconhoorpothds recomprunds| endieatedrby coef ficient of

variation idede¥di cirsrﬁwaﬁﬁearqufaiéfye@fo@ﬁ?omghofoaﬁé'éysés t he
pol ysi | oxane framework, elastic¢ nodulub in 10% conpression, residual

di spl acemerRf HFPBRLAGoL hef %@F’Bﬂnﬁn‘aff?’é%t‘lﬂf%a%%?‘e%@‘?ﬁ‘?%!‘l? he resul ting
Conposi t e Regripsd £6e (pO)t & LeshwOhas $Ha£p£3£5@iﬁc5ﬂe @i &REEEFUM (

g??r?ﬁﬁf?bl%‘%o} rlé?gt abI © tae g_‘ﬁ?f(’}%eﬂn %ﬁfg Psﬁ& gm@él %Iégg‘?éggl) When a
B5 si ze STN:cbm:qmtilngyefay nle!sbhayylvaxypmlpyblyrlmetkumlhanépd usi ng these
Composite Rartdeh&8ri18kybR6pyeEribendRyal P&t Vo) Ca@Pyl Bxfxanpl e Bl.

propyltrimethoxysilane, y-acryloxypropyltriethoxysilane

and y-methacryloxypropyltriacetoxysilane is

particularly preferred.

The following 5 classes of compounds are represented by
General Formula 8.

(1) Compounds which have one silicon atom, and one
radical-polymerizable group combined with the

3 silicon atom, and one alkyl group or aryl group
combined with the silicon atom, and two hydrolyzable
groups combined with the silicon atom (m = 1, n = 1).
Concrete examples of such compounds include
y-methacryloxypropylmethyldimethoxysilane,
y-methacryloxypropylmethyldiethoxysilane,
y-acryloxypropylmethyldimethoxysilane,
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y-acryloxypropylmethyldiethoxysilane,
vinylmethyldimethoxysilane and vinylmethyldiethoxy-
silane, etc.; any one of these can be employed on its

own, or 2 or more can be used together.

(2) Compounds having one silicon atom, and one
radical-polymerizable group combined with the silicon
atom, and two alkyl and/or aryl groups combined with
the silicon atom, and one hydrolyzable group combined
with the silicon atom (m = 1, n = 2). Concrete
examples of such compounds include
y-methacryloxypropyldimethylmethoxysilane,
y-methacryloxypropyldimethylethoxysilane, y-acryloxy-
propyldimethylmethoxysilane, y-acryloxypropyldimethyl-
ethoxysilane and vinyldimethylmethoxysilane, etc.; any
one of these can be employed on its own, or 2 or more
can be used together.

‘(3) Compounds having one silicon atom, and two
radical-polymerizable groups combined with the silicon
atom, and two hydrolysable groups combined with the
silicon atom (m = 2, n = 0). Concrete examples of such
compounds include bis (y-acryloxypropyl) dimethoxysi-
lane and bis (y-methacryloxypropyl) dimethoxysilane,
etc.; any one of these can be employed on its own, or 2
or more can be used together.

(4) Compounds having one silicon atom, and two
radical-polymerizable groups combined with the silicon
atom, and one alkyl group or aryl group combined with
the silicon atom, and one hydrolyzable group combined
with the silicon atom (m = 2, n = 1). Concrete
examples of such compounds include bis (y-
mothacryloxypropyl) methylmethoxysilane, bis-
(y-acryloxypropyl) methylmethoxysilane, etc.; any one
of these can be employed on its own, or 2 or more can
be used together.
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(95) Compounds having one silicon atom, and 3 radical-
polymerizable groups combined with the silicon atom,
and one hydrolyzable group combined with the silicon
atom (m = 3, n = 0). Concrete examples of such
compounds include tris (y-methacryloxypropyl)
methoxysilane, tris (y-acryloxypropyl) methoxysilane,
etc.; any one of these can be employed on its own, or 2
or more can be used together.

As a second silicon compound, a compound represented

by General Formula 8 in which the radical-polymerizable
group(s) in the compound is/are a CH,=C(-R!)-COOR?-
group is preferred on grounds of the ease of forming
the embodiment of the organic-inorganic composite
particles which have a sharp particle diameter
distribution.

A derivative of a compound represented by General
‘Formula 8 is, for example, at least one selected from
the group consisting of compounds in which some of the
R0 groups in compounds represented by General Formula 8
are substituted by a f-dicarbonyl group and/or another
group which allows the formation of a chelate compound,
and lowly condensed products obtained by partial
hydrolysis and condensation of compounds represented by
General Formula 8 and/or chelate compounds thereof.

The first silicon compound is needed in the present
invention because the particles obtained when a second
silicon compound is hydrolyzed and condensed without
using a first silicon compound tend to have low
hardness.

Other than the first and second silicon compounds
described above, at least one metal compound capable of
being hydrolyzed and condensed, selected from the group
consisting of silane compounds represented by General
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Formula (9) below, and their derivatives, and organic
metal compounds and inorganic metal compounds of boron,
aluminum, gallium, indium, phosphorus, titanium and/or
zirconium, etc., can also be used concurrently in order
to obtain the embodiment of the organic-inorganic
composite particles of the present invention.

RZ.Si(OR%)4p. - (9)

(In the formula, R!' is the same as R’, R is the same
as R, and p is 0 or 1.)

On grounds of speed of hydrolysis and condensation the
R!! group of the silane compound represented by General
Formula 9 is preferably a methyl group or an ethyl
group. p is 0 or 1, but on grounds of being able to
give high hardness in the embodiment of the organic-
inorganic composite particles p is preferably 0.

A derivative of a silane compound represented by
General Formula 9 is, for example, at least one
selected from the group consisting of compounds in
which some of the R!Y0 groups in compounds represented
by General Formula 9 are substituted by a f-dicarbonyl
group and/or another group which allow the formation of
a chelate compound, and lowly condensed products
obtained by partial hydrolysis and condensation of
compounds represented by General Formula 9 and/or
chelate compounds thereof.

There are no particular restrictions as to the
quantity of metal compounds capable of hydrolysis and
condensation other than the first and second silicon
compounds, but if large quantities are employed the
shape of the organic-inorganic composite particles
obtained may not be spherical and particle diameter
distribution may be broadened making them unsuitable as



E, ov HO H av~cnalcn ~vlycno00, o ~o Ni i GH+~b b ~UUTffl to dP dp
.~dP OONNONOO©OCI In.. ~'ti baaa@& f-I Hé?%1~ t50'§3 b HHH
-1 r-11d ~Gld .~..~dUUUC"' NWz x z as d une 200
32
spacers. Consequently, the quantity of metal compounds

capable of hydrolysis and condensation other than the
first and second silicon compounds is preferably
<200wt%, more preferably <100wt%, and even more
preferably <50wt%, of the total weight of first and

second silicon compounds.

The first silicon compound, and optionally employed
second silicon compound and/or metal compound capable
of hydrolysis and condensation, (termed "starting
materials" hereafter) is/are subjected to hydrolysis
and condensation in a solution medium containing water;
a bulk, intermittent or continuous manner, etc., can be
adopted at will for the hydrolysis and condensation. A
catalyst such as ammonia, urea, ethanolamine,
tetramethylammonium hydroxide, an alkali metal
hydroxide or an alkaline earth hydroxide, etc., can be
used for bringing about hydrolysis and condensation.
'An organic solvent may also be present in the solution
medium in addition to water and a catalyst. Concrete
examples of organic solvents include alcohols such as
methanol, ethanol, isopropanol, p-butanol, isobutanol,
sec-butanol, t-butannl, nentar<l, othylene glycol and
1,4-butanediol, etc., ketones such as acetone and
methyl ethyl ketone, esters such as ethyl acetate,
(cyclo)paraffins such as isooctane and cyclohexane,
etc., ethers such as dioxane and diethyl ether and
aromatic hydrocarbons such as benzene and toluene,
etc., used singly or in mixtures.

Hydrolysis and condensation can be performed, for
example, by adding the starting materials above, or a
solution thereof in an organic solvent, to a solution
medium including water, and stirring at a temperature
in the range 0-100°C, and preferably 0-70°C, for 30
minutes to 100 hours.
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2003 EXAMPLE Bll 60 A solution of the aC|d|c dye Kayacyl Sky Blue R (N ppon
Kayaku KK) (5g) dissolved in water (100g) and a di sper s2énWude osite
Particles (8) obtained in Exanple B8 (10g) in water (500g) were m xed and
heat-treated under pressure in an autoclave at 150C for 1 hour. After
treatnent, the colored particles meés collected by filtration, and after
washing 3 times with water they werg“dried at 200C, to obtain dark bl ue

col ored CoppesiikeeBabbiealited by -a }%é@éyléam AOPR3LE B g;gghes (11)

had a nmean artlcle di anet er of 4. Z6Pmw th a coefficient of variation of
6.3% i n paftFel Bedilendes, Pefiarefiahd i iRtorthg GYRHhehi€oP¥ELENt @5 t he
pol ysi | oxapeetr paRtRER e6gs a4Qi QKndn tHaséeed npshtit Lslés 386 B@NpPressi on was

920kg/ mi, the r SI I, nggg t g feformation was 3. 0% and the
fracture s?Fgﬁat QH% % % i é#)ﬁg%é? gfl%pectrum(GSO 800cm 1)

attributable to -CH2 CHz and a spectrum (1150-1300cn 1) attributable to

- Si - CHZ- ngehs:e%u PBAg '&n@)f&ﬂfdér@s tiwd %téﬁéingvihseeﬁlﬁﬁsw ze STN
liquid crys % di s g was nade t he known, nef hod uilgg t hese Conposite
Particl es PT £Lt ﬁé‘lF et §°6ﬁ‘éi vieh 6@ 8O HHE KSR IpP et and there

wer e~f ewer inclghtingpelatel iighttieiscapey, E&Metfy Bl2 Bradiceal oxresl Conposite
s e MEROERE Do e s SO S I,
obt ai ned d?épﬂa?éérQPtBﬁé@kQM%NXFSRﬂW%m@rP{®®@©9 @fdhydreéysaddi ng acetic
acid, addi ggdobbadeadaticRX ¥ £ $01 {dE9) cotpdendedbstfeBbingbale95C for

which has a radical-polymerizable group, and the

particles have an optionally selected particle diameter

20.5um, and a sharp particle diameter distribution. As

the suitable conditions here, a starting material

concentration in the slurry of <20wt%, a water

concentration of <50wt% and a catalyst concentration

of <10wt% are preferably used.

Particles which have a mean particle diameter within
the above range for particle diameter possessed by the
embodiment of the organic-inorganic composite

particles of the present invention described above can
be produced by hydrolysis and condensation by setting
the water concentration, the catalyst concentration,
the organic solvent concentration, the starting
material concentration, the period of time of adding
the starting materials, the temperature and seed
particle concentration, for example, to 50-99.99%,
0.01-10wt%, 0-90wt%, 0.1-30wt%, 0.001-500 hours,
0-100°C and 0-10wt% respectively. By setting the water
concentration, catalyst concentration and organic
solvent concentration within the respective ranges
above, particles can be produced which have a
coefficient of variation in particle diameter within
the range for the organic-inorganic composite particles
of the present invention described above.



27 June 2003 61 8 hours. The resulting Conposite Particles (12) had a nean
particle dianmeter of 4.41lmwith a coefficient of variation of 5 7%in
particle dianmeter; the quantity of SiO which constitutes jhgeRObESI | 0xane
framework was 40.2wm % the el astic nmodulus in 10% conpressi on was

- 920kg/ mm, the residual displacenment after 10% deformati on was 2.8% and t he
fracture strength was 3.4g. As in Exanple Bl, a spectrum (650-800cm 1)
attributable to -CH -CH - and a spe%?rum( 1150-1300cm 1) attributable to

-Si-CH - were confirned,.i osite Particles (12). en a B5 size STN

n
liquid cryBPEPO¥REs 4y S TREE I8 NS IGRAAF HEt MO R uE1 R tt hese Conposite
Particl es §i2)cbhe coapours ohkral reed opgrieorssl iy émx@lpyed BéécoBbdack col ored
Conposi te LLcle r i b rr?pQ:ﬁ?r;. rocedur e of

Exanpl e B8Eig>i<%!é§%1 ?8&%@%5&#%% 1g)é_:oJ t he dba%%%%é i%gyacryl Bl ack
NP200 ( Ni pppRrRaysis RRA conganedtdienx i s zaBBic TRRrE&SdPS| ng
Conposite Farhi mean phdkikad dimrteaardo.ofmm ArgiesrofaB1p3isyith a
coefficient of varjation of 5.1%in [ﬁ{%l cle dianeter; the quantity of Si O
whi ch constPedt es e TFRSCT Mok @ & S BRI s P L9R94t he el astic

mvdul us i ncdfifosanpr pasitde 1eas dbi@kigladriard handest darad Maepl acenent after

10% def or ngt i S . 2.0% a t fract ur S g. As in Exanple
Bl, a specf%ﬁrgngfl\ggé?é(& & %)Qrae?\%rtlhbglt%aelbﬁ g:r}sey s‘&%ﬂtl-h%-fg% a spectrum
(1150- 1300t tyantitr pawrtdsllest chesiicadily wamd igwd iwitll the Conposite

Particles é&i;#'i oggn;qua%%%r@g Wen a BS size STN liquid crystal display
was made by the I%nown nmet hod using these Conposite Particles (13) the

results obtained were as in Exanple Bl1l. EXAVPLE Bl14 Conposite Particles
(14) havi ngoReratdbesixempli@keio fOF ilnke indrigaes Vs il Pé Hegndyudbxi Ng
Conposite Particles %3‘)_ obtained in %%e BB &3»3% W th th&rrmﬁl astic
resin part$tiLSag nBd R NFet RIUMHYT: Hea AR Q319 ANt %
Eopg)l ymdar;ngaﬁﬁihmab&ﬁgbqnettfnpem;turoﬁl Hounde Tt pEade od|>ﬁ di(amat er h0. ﬁn)
2g) and thep_cqating the,surface t Canposi.te . Partigles (8) ,wth the
el mopl astTEEPROFh g0 AGtE RaFT iles “BHACNRR kY MR Hf%ETs ()5 om
Model NHS-Eé»ndpaathienyesillticag iSoprefiereddarti cl es (14) were observed by
SEM the surface of the Conposite Particles (8) was conpletely covered with
t hernopl astic resin, and when the cross-section was observed by TEM the

t hi ckness bfmeaB Paatifde sdiérergs ofofhe MHae 4MTFBES STN |iquid crystal

ﬂi spl ay wﬂp%ﬁaﬂgleyl bh&ebﬂﬁwg rmemlmd ilsziufi@letsg.&%%l@fﬁma_ il ge Pﬂtlti c:ﬁs (14)
avi ng an adhesi ve |.ayer e,results obtained were as in, Exanple :

Mbr eover , ?‘ﬁcé°’|“§§ufil"i%ﬁdcluit1&uit(? AFEPRUCE IheR, 1Rt %%%%Ef%?y no change in
i mge qualobyainetihbysaydrpilytsise anedf coadend axfitcer ofi rled | @ansing a

vi brator. . ore ite rti cl V] sive | ayer
on the sur’?%gég%\g?g'obg‘glg%gg?%lffrg@%aish%gﬂ%hr(e%‘zeogge uf?%’%ftggﬁm e Bl4
except thadiametgraof &beofdaeCimprgandcPparitdicdes td)e dprtterd i n Exanpl e

BL3 wer e egfplioyed;unpkaad b 100Nt e Podtddilol SR CaRidd. Vhen
the resulting 27 June 2003

evén more preferably <10nm. The fine inorganic

particles are preferably silica of a mean particle

diameter of preferably <0.1lum, more preferably <30nm or

<10nm.

On grounds of decreasing the number of particle
aggregates, these fine inorganic particles are
preferably of sol dispersed in water or an organic
solvent. More preferably they are of sol of fine
inorganic particles of a mean particle diameter <30nm,
and even more preferably <10nm. Concrete examples
include, for example, sols of silica particles of mean
particle diameter <30nm (silica sols) such as "Snowtex



63 Conposite Particles (15) were observed by SEM the surface of the
Conposite Particles (13) was conpletely covered with thernoplastic resin,
and when the cross-section was observed by TEM the thi @{ndune P03 he
coating layer was 0.2pm Wen a BS size STN liquid crystal display was nade
" by the known nethod using these bl ackgcol ored Conposite Particles (15)

havi ng an adhesive | ayer the results obtained were as in Exanple Bl4.
EXAVPLE B16 Cormpesi tendvrkki 6t £5 shbblrekawi Nngsaowoa det, i vendvayar on the

surface of the art,j bo Wer, QE% by ess.Ni. plating of
Conposite Part iggl’eséz%egb?égf rfedglnﬁ aﬁé Bﬁx.%%xr ?}ésm télxr?‘dg%rrposi te

Particles (16) Yhdd 2StRwsxpdltd CMethenpletSdliep Sel2mnth aHB-§Tloeffi ci ent of
vari ation of 5.(4%de ek, ChadelibgyRi€san \Ghefithr Imingttisyy Conposite
Particles (16)% e er S € te.surface of the
Conposi te PartiL(:t}Agg'g%%)s' fmg!g&il\%&xxg?g%ﬂe%%aéﬁh%% t‘ﬂgﬁg}f%s%-lsecti on was
observed by TENMPO{ he"RimdRacit gp0f h‘é“q:oétlf‘ﬁén?aﬁf@f 5¢8s (Fr8e8n. Conposite
Particl es (17) nlames ngnaglec bpdiictsiane Chewdara lodnthetsiesf,abed gf, ehe. particle
body were obtained by electroless Ni plating of Conposite Particles (8)
obtained in Ex e B8, followed.by electroless | d ating. The resulting
Conposi t e Parti%g;gégg( CRY 'éfard‘fégﬁ P 898?81751%&6&8%7 5.05W and a
coefficient of cpadersstdenostep 5yhparadidad-pgplhymarizablpegroupe axsul ting
Conposi t e Part istbgécted/ kowpddicahs pbYatbdiyablEdbh ancrnih), padtdceespl et e surface
of the Conposiiog anZintdHREd A3 pPhAdkey tdnthefied Iy nyasolysikl ahgd, with a
covering of golc% g(leat&[i(én tgp' fangl wh nct heccross- egt on g/?s observed by
TEM the thi ckife28°%} B odl | o] f"a?/@l’L Was ST BZATS. ©"or¥d and |iquid
of the suspensiedployimppyaesind@ipieen dompound, cineasnbipdtedekanpl e Bl Wre
separated by deeamtal ipdlyméribdthent estid ragisakeolgmediiileover ni ght at
room t enper at U, b RALLEQR 0laithl Solfiedscakec £ S9) ag daken, and after

di spersing in |sop?ppy'1 aPedho (’ 059 using Ut rasonrcati on, dibutyltin
dil aurate (0.5@F9%Bic ped¥nex cfnamewarkper si on and the nixture was stirred as
it was heated at 80C for 2 hours. After obtaining in this way a suspension
of recondensed-ypati.i 18), Ld-11.Qui ti shing and dryi ng
wer e perforned A%s%%c‘g%ﬁglgé gf%q%%go%%l%hg&%%&xﬁt 5erggj(ﬁ&tleicl es {18). The
resul ting Conp&SL¥BeTizatipp £anw bg) Peniprmedead o8R8 RH aneter of 4. 20~un
with a coefficiddesobfingawater-colobl8 9 oiid-palelile eadieaiet er; the quantity
ol st 6 MUl U o oo e rom od I ool acement
el astic nodul us_i.n 0 GONPr essi.on was : e_resi.dual di spl acenen
after 100 def oPfRLPBrNEdBdingoarar PRIC PREPAIIS ShecRatHIEE 5. 0g. As in
Exanpl e Bl, a $bseinrednbysBpdistosis1yndicondpnsapion,t or-UMy- CHz- and a
spectrum { 115Qra|?c3®8]3é‘é lobtaindd byt Apdrollys is Sandidondens £t ixantan me;tl in
Conposite Partiygl e . i S (Yo 10N i spl ay was
made by the kng\%nggr%%#% tﬁg&ﬁg&t%hgg‘é erl&%; t%é lg‘g{irwtq&l %%%@d?ﬁ?hthe results
obtai ned were &5 fhlEzatipne gentrifygaly gepayppionpr concentration

at decreased pressure, etc., and then polymerized by
dispersion in a solution of water or an organic
solution medium, etc., containing a polymerization
initjiator; however, these are not the only possible
methoda. Performing hydrolysis and condensation in the
presence of a polymerization initiator so that radical
polymerization occurs simultaneously is particularly
preferred. The reason is that bacause the organic
polymer is produced by polymerization in parallel with
the production of polysiloxane shown by Formula 5, it



Particles were obtained by further heat treatnent of Conposite Particles

- (1) obtained in Exanple Bl at 9S0C for 2 hours. The quantity of Si OZ which
constitutes the polysiloxane framework in these particl eg7 e2008:¢ % and
it was also evident fromFT-1R analysis that they were silica particles in
“which the polyner franmework had deconposed and under gone conbustion. The
el astic nodul us in 10% conpression & the particles obtai ned was
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... Nunber di sper sed70/ mm=Exanpl eH3 ... Nunber di sper sed69/ mzZExanpl eB4
... Nunber dirbpees ades nonmparame A . re N s el adp Y e Exanpl eB6
... Nunber di dae/ Examl.eB7 . .. Nunber di sper sed64/ meExanpl eB8
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EXAMPLE B2 When a B5 size STN liquid crystal display was nade by the known
met hod usi get he_current organic particles described in Exanple BI,

consi der abl T finBECuR8y BAREISUARF Frafthudst ians ias Wwes thesui t abl e for
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relative to the total weight of first and second

silicon compounds.

The temperature for radical polymerization can be
selected to suit the radical polymerization initiator
that is employed, but to facilitate control of the
reaction it will be in the range 30-100°C, and
preferably 50-80°C.

Monomers having groups capable of radical
polymerization with the radical-polymerizable groups
can also be present when carrying out radical
polymerization. Examples of monomers include
unsaturated carboxylic acids such as acrylic acid and
methacrylic acid, etc., esters of unsaturated



1. An organic-inorganic conposite particle, which conprises a particle body
havi ng a nean particle dianeter of > 0.5 ~m and |ncluggqﬁﬂ1a2 8 ganic

pol yner framework; and a pol ysil oxane franmework which h ¢ ¢Q | ecul e
an organosilicon containing a silicon atomdirectly and chem cally conbi ned
with at | east one carbon atom of said polyner framework, wherein the
guantity of SiOZ which constitutes 8did polysiloxane framework is z 25 wt %
2. An organic- |norPan|c conposite particle as clained in Claim1, wherein:
sai d parti darheyl iaranids | sefluces anrvl §anreigr 6FFeRmd sai d pol ysil oxane

framework hasasiyit@radio®nedises) | yrapdncheniaal los e nachdi iy at | east
one carbon atom of,  said organic group.. 3. An _qQrganic-.ino I C conposite
particle a®%hiTErTH & ? gh@r%fﬁeﬁﬁiangagff@léqnﬁ§%4lwther has 'a
fracture stesgrexs, set¢ sf yam:gyldneicﬂ@isl omiahgaeqyétah@nieSG wiryll x yl ~~s where:
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nodul us of 330, BOOO kB r%@ehﬂaéWaﬁpﬁpéeééhee,, atkesi dyp| di spl acenment
after 10% defornati on, of  O- a nean partjcle di.a 5-50 ~m and a

't e 0.
coeff|C|ent9ﬁ°QEH?Eﬁ¢CM1%¥fn%%MP%%F??CFBC aﬁEYéPngfqblqﬁﬁ%e6 An
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4, mherelnﬁgﬂéh OLY apﬁf 8'R e $£ kggatggggggnggﬁij éﬁ selected

fron1the group con5|st|ng 0 roups aryI groups
of 6-10 caﬂbﬁhWEQDMEBEHQHun%%@hr@ﬁe ivinphheneengsi dual group of 2-14

carbon_at ongy i di Kyl r@ﬁaﬁeatﬂm&haeemaqéouﬂd @tmé}{agagwcdlnorgam c
conposite particle as clalned in any one of C.ains whi ¢h further

conpri ses &WHHRETYEaEQyePEF or nRECORTEECEFPce of sald particle body.

However, if too much monomer is employed and the
polysiloxane content in the organic-inorganic composite
particles becomes less than 25wt%, hardness becomes
inadequate, which is undesirable. Consequently, the
'quantity of monomers is, for example, 0-50wt%, and
preferably 0-30wt%, of the total weight of first and
second silicon compounds.

After radical polymerization, the further
recondensation step described below is preferably
carried out, since it raises the hardness, mechanical
resilience and fracture strength of the organic-
inorganic particles that are finally obtained. The
recondensation step includes subjecting the polymerized
particles (which are produced by the radical
polymerization) to further condensation in an organic
solvent. In order to speed up condensation the
aforementioned catalysts can be used; catalysts
preferred on grounds of speeding up condensation
include organic titanium compounds such as titanium
tetraisopropoxide, titanium tetrabutoxide and
diisopropoxy-bis (acetylacetonate) titanate, etc.,
organic aluminum compounds such as aluminum



7. An organic-inorganic conposite particle as clained in any one of C ains
1 to 6, which further conprises an adhes~ ~~P | ager i~r§§d on Q @yrface of
said particle body. 8. An organic-inorganic conposite p 8203 | 5 ned
in any one of Clains 1 to 7 which is coloured by .including in said
particle body at |east one colorant selected fromthe group consisting of
dyes and pignents. 9. Aliquid crys%@ di splay, which conprises: a first

el ectrode substrate; a second el ectrode substrate arranged opposite to r

r 27 June 2903;89 | ir L ASThOds jS¢eetrate; 2 3 a sealing mate~' _al
whi ch bi nds safd_?%?g?kgdéfe%%?@ggggﬁbgt#Zfe and sai d second el ectrode 5
substrate abPutoxdde)yespbeminiup LELRf sAtYAACEtENd€e) gl a spacer for

t~e liquid anuspiakiufli $8bp¥op¥kiaB-bss9 (adletflased between said first
el ectrode substrate 10 apd sai d second. el ect.rode substrate; and which 11
i ncl udes anaSF%SHPE? noPbanr cOEERABLSI E&TFLNME §OTEP PYU 3% 1iquid
crystal packédcpniomspeteabetorédebandarzd rt®rfiumsttedimdtirsode substrate and
sai d secondscetyl-acetonate), etc., organic tin compounds such as
dibutyltin diacetate, dibutyltin dilaurate, dibutyltin
diethylhexanoate and dibutyltin dimaleate, etc., and
acidic phosphate esters such as (CH;0),P(=0)O0H,
(CH;0)P(=0) (OH);, (C.H;0),P(=0)OH and (CgH,;0)P(=0) (OH),,
etc.; any one of these can be used on its own, or two
or more can be used together. Of these, at least one
selected from the group consisting of organotin
compounds and acidic phosphate esters is preferred.

In the recondensation step, it is preferable that the
polymerized particles do not contain water. The reason
for this is to facilitate the progress of condensation
‘of silanol groups with the elimination of water.
Therefore, when the slurry obtained by the
polymerization step does not contain water the slurry
can be employed as it stands in the recondensation
step, but when the slurry contains water the
polymerized particles are preferably isolated from the
slurry using a prior known method such as filtration,
centrifugal separation or concentration at decreased
pressure, and then dispersed in an organic solvent
before recondensation. The organic solvents employed
will be, for example, at least one selected from the
group consisting of the alcohols, ketones, esters,
paraffins, ethers and aromatic hydrocarbons mentioned
previously. The recondensation step can be performed,
for example, by stirring an organic solvent slurry
containing the polymerized particles at a temperature
of 50-200°C, and preferably 60-150'C, for 30 minutes to
100 hours. The pressure can be normal pressure,
decreased pressure or increased pressure.
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preferably a temperature of 150-500°C in order to dry
and calcine them, the embodiment of the organic-
inorganic composite particles of the present invention
is obtained which possess suitable hardness, mechanical
resilience and fracture strength. These composite
particles include an organic as their main components
an organic polymer framework, and a polysiloxane
framework which has in its molecule organosilicon in
which the silicon atom is directly and chemically
combined with at least one carbon atom in the organic
polymer framework. However, with heat treatment at a
low-temperature the condensation of silanol groups
‘represented by Formula 7 present in the siloxane units
indicated by Formula 5 is incomplete and, consequently
the necessary hardness is not obtained. Thus, the
elastic modulus in 10% compression of the particles may
not attain 2350kg/mm?. Similarly, with heat treatment
at a temperature higher than 800°C there is marked
decomposition of the organic polymer, and consequently
the necessary mechanical resilience and fracture
strength are not obtained. Thus, the residual
displgcement of the particles after the particles 10%
deformation does not attain 0-5%; and the particles
become too hard, with an elastic modulus in 10%
compression in excess of 3000kg/mm?. Moreover,
although there are no restrictions as to the atmosphere
used for heat treatment, in order to suppress
decomposition of the organic polymer and obtain the
necessary mechanical resilience an oxygen concentration
of <10vol% in the atmosphere is preferable. 1In order
to obtain the embodiment of the organic-inorganic
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maintain the aforementioned gap distance with smaller

numbers, and they also do not readily cause physical

damage to the members. Moreover, since the composite

particles have a mean particle diameter 20.5um, they

are useful for forming a gap distance between a pair of

members.

Colored organic-inorganic composite particles can be
obtained by coloring the particles produced during
and/or after at least one step selected from the group
consisting of the condensation step, the polymerization
step, the recondensation step and the heat-treatment
step.

In the process of the present invention, colored
organic-inorganic composite particles can be produced
by introducing a dye and/or pigment into the particles.
by having a dye and/or pigment present in a suitable
‘step during manufacture.

Within the process of the present invention the
particles are preferably colored by using a dye and/or
pigment in the condensation step. As dyes and/or
pigments, those mentioned above can be cited. Of
these, basic dyes are preferred. This is because the
silanol groups in polysiloxane are acidic, and basic
(cationic) dyes are readily absorbed so that colouring
is easy. Examples of pigments include inorganic
pigments such as carbon black, iron black, chrome
vermilion, molybdenum red, red ochre, yellow lead,
chrome green, cobalt green, ultramarine blue and iron
blue, etc., and organic pigments such as
phthalocyanine, azo and quinacridone pigments, etc.
However, since it may not be possible to introduce
pigments into the composite particles of the present
invention if the mean particle diameter thereof is not
<0.4um, the use of dyes is preferred. Organic-
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for raising the picture quality of liquid crystal
displays because they are also provided with the
aforementioned hardness, mechanical resilience and

fracture strength.

Organic-inorganic composite particles of the present
invention can also have a particle body described above
and a conductive layer formed on the surface of the
particle body.

The particle body of organic-inorganic composite
particles of the present invention has the mechanical
resilience necessary to maintain constant the gap
distance between a pair of electrodes brought into
electrical contact, and the hardness and fracture
strength to maintain the aforementioned gap distance
constant with smaller numbers; and they also do not
readily cause physical damage to the electrodes.
Consequently, it is easy to maintain the gap distance
between a pair of electrodes constant, and to avoid
detachment and falling off of the conductive layer due
to pressure which causes short circuit between the
electrodes when they should not be in electrical
contact and poor contact between the electrodes when
they should be in electrical contact.

Metals employed in the conductive layer can be prior
known metals: examples include nickel, gold, silver,
copper and indium, and alloys of these, etc.; nickel,
gold and indium are preferred, since they have
particularly high conductivity. There are no
particular restrictions as to the thickness of the
conductive layer, provided that it gives adequate
conduction; but it is preferably in the range 0.01-5um,
and particularly preferably in the range 0.02-2um.



10 10" #109%& ()- " #109g& ()- " #109& ()- " #10%4& ()- #10%4& () -

| - 1094& ()-////1{222xV7/ 10% 109%& ()-![ 109%&ZZ& ()-10%}5-&3%-%80 & ()-m
s100Z& ()- & 109Z& ()- 102273333333bC 10F&10% u&' ()-! 10% e 10Z 10Z.
109@2& ()- @*109&& ()-s' f109&Z& ()- 344N445#5°?bC 1010% u& ()-!|10%F -F

& ()-10% u& ()-10% u& ()- 10% u& ()-!s10% - & () - #5S552677777xnbC

10! 1092& ()- 10-u 10-u .3

When the thickness is thinner than the aforementioned
range conductivity may be inadequate, and when it is
thicker than the aforementioned range the conductive
layer becomes prone to detach due to the difference in
thermal conductivity between the particle and the
conductive layer. The conductive layer can be a single
layer or 22 layers; when there are 22 layers, layers
including different conductors can be arranged one on
top of the other.

A prior known method can be adopted as the method for
forming a conducting layer on the surface of the
particle body of organic-inorganic composite particles
of the present invention; there are no particular
restrictions, and a method such as a chemical plating
method (electroless plating), a coating method, a PVD
method (vacuum vapour deposition, sputtering, ion
plating, etc.) etc., for example, can be used; of these
.chemical plating is preferred since it readily gives
conductive particles of the present invention.
Conductive particles of the present invention so
obtained are also provided with the hardness and
mechanical resilience of organic-inorganic composite
particles of the present invention described above.
Consequently, they are particularly useful as
electrical connecting materials for electronics
applications such as liquid crystal displays, LSIs and
printed circuit boards, etc.

Organic-inorganic composite particles of the present
invention have the mechanical resilience necessary to
maintain a constant gap distance between a pair of
electrode substrates which should be arranged with the
correct gap distance between them, and the hardness and
fracture strength necessary to maintain the
aforementioned gap distance constant with smaller
numbers; and they also do not readily cause physical
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IllllJlKOP becomes easy to maintain a constant gap distance
between a pair of electrode substrates, in low-
temperature environments shrinkage approaches that of
the liquid crystals, vapour deposition layers,
orientating layers and coating layers do not readily
get damaged, and the number that needs to be dispersed

between the electrode substrates is decreased.

As described above, because the embodiment of the
organic-inorganic composite particles of the present
invention contain both of a polysiloxane framework and
an organic polymer framework, or all of a polysiloxane
framework, an organic group and an organic polymer
framework together, and are composite particles in
which the organic polymer framework and the
polysiloxane framework are chemically combined, they
are provided both with the great hardness
-characteristic of inorganic substances and with the
high mechanical resilience and fracture strength
characteristic of organic groups and/or organic
polymers, and are ideal for use as spacers for liquid
crystal displays.

When the organic-inorganic composite particles of the
present invention are colored by including a dye and/or

pigment in the particle body they are useful as colored
spacers,

In liquid crystal displays an image is formed by
applying a voltage between electrode substrates and
producing a change in the optical properties of the
liquid crystals. 1In this connection, the spacers do
not show any optical properties as the result of
applying a voltage. Therefore, in the dark area of the
portions when an image was displayed spacers which are
not colored may allow light of the backlight lamp to
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escape and be recognisable as bright spots, and image
contrast may be lowered.

When the organic-inorganic composite particles of the
present invention have a particle body that has been
colored by including a dye and/or pigment, light of the
backlight lamp does not readily escape and the lowering
of image contrast is prevented; since these composite
particles are moreover also provided with a combination
of characteristic hardness, mechanical resilience and
fracture strength, they are particularly useful for
improving the image quality of liquid crystal displays.
The colors preferred for colored spacers for liquid
crystal displays are colors which do not readily
transmit light or which do not transmit light. Examples
include black, dark blue, purple, blue, dark green,
green, brown and red, etc., but black, dark blue and
navy blue are particularly preferred.

The organic-inorganic composite particles of the
present invention are also useful as adhesive spacers-
when they include a particle body and an adhesive layer
formed on the surface of the particle body. The
adhesive layer, for example can be an adhesive which
becomes adhesive when heated.

When the composite particles of the present invention
have an adhesive layer on the surface of the particle
body, on being interposed between electrode substrates
which constitute a liquid crystal display and being hot
pressed the adhesive layer will melt and stick to the
electrode substrate, and they can be fixed in place by
cooling and hardening the adhesive layer. Consequently,
since the composite particles become unable to move
freely it is possible to prevent damage to orientating
layers and to maintain the uniformity of the gap
distance, and it is possible to achieve an improvement
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in image quality. As an adhesive layer a thermoplastic
resin is preferred. The glass transition temperature
of the thermoplastic resin is preferably <150°C, and
more preferably <80°C. This is so that it can be stuck
to the electrode substrates by hot pressing for a short
time. When the glass transition temperature is too
high the adhesive layer may not stick to the electrode
substrate when heated, and when it is too low the
composite particles are liable to stick together;
hence, it is most preferably in the range 40-80°C.
There are no particular restrictions as to the type of
thermoplastic resin, but it is preferably a
(meth)acrylic resin. The adhesive layer can be a
single layer or it can be 22 layers, and when it is 22
layers it can be made up of layers of different
thermoplastic resins on top of one another.

Composite particles having an adhesive layer can be
‘obtained, for example, by coating the particle body of
organic-inorganic composite particles of the present
invention with an adhesive layer. When a thermoplastic
resin is used as the adhesive layer, a layer of
thermoplastic adhesive can be coated onto the surface
of organic-inorganic composite particles of the present
invention by a prior known resin coating method such as
in-sjitu polymerization, coacervation, interface
polymerization, a liquid curing coating method, a
liquid drying method, a high speed gas stream impact
method, a gas spray coating or a spray drying method,
etc. High-speed gas stream impact methods are
preferred because coating is easier. A high-speed gas
stream impact method, for example, involves mixing
organic-inorganic composite particles of the present
invention with a powdered thermoplastic resin,
dispersing this mixture in a gas phase, applying to the
composite particles and the powdered thermoplastic
resin mechanical and thermal energy the main component
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the organic-inorganic composite particles with the
thermoplastic resin; this method is preferred because
of the ease of coating.

Equipment employing such high-speed gas stream impact
methods include the Hybridization System manufactured
by Nara Kikai Seisakusho KK, the Mechanofusion System
manufactured by Hosokawa Mikron KK, and the Kryptron
System manufactured by Kawasaki Jukogyo KK [Kawasaki
Heavy Industry], etc.

Composite particles having an adhesive coating are
furnished with the hardness, mechanical resilience and
fracture strength of organic-inorganic composite
particles of the present invention described above, and
have an adhesive coating; and hence they are
particularly useful for improving the image quality of
‘liquid crystal displays.

When composite particles having an adhesive layer are
colored by including a dye and/or pigment in the
particle body of organic-inorganic composite particles
they do not readily allow light of the backlight lamp
to escape and prevent a lowering of image contrast, and
because they are adhesive they are not freely mobile,
which prevents damage to orientating layers and enable
a uniform gap distant to be maintained; since moreover
they combine the hardness, mechanical resilience and
fracture strength characteristic of the present
invention described above, the adhesive spacers are
also useful as colored spacers, and therefore
particularly useful for improving the picture quality
of liquid crystal displays.

In the liquid crystal displays of the present
invention, the composite particles of the present
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invention as described above are interposed between
electrode substrates as spacers for the liquid crystal
display instead of the prior spacers in prior liquid
crystal displays; and they have a gap distance the same
as the particle diameter of the composite particles, or
almost the same. The quantity of composite particles
employed is ordinarily 40-100/mm?, and preferably
40-80/mm?, which is of the order of 10-50% less than for
prior organic spacers so that the area of the portions
in which no image is formed becomes smaller and the
quantity of impurities such as ions and molecules,
etc., eluting from the inside of the spacers into the
liquid crystal layer is greatly decreased.

Consequently a high contrast, decrease in image
roughness and an improvement in the picture quality can
be expected.

Liquid displays of the present invention are provided,
for example, with the first electrode substrate, the
second electrode substrate, a sealing material, and a
spacer for the liquid crystal display, and a liquid
crystal. The first electrode substrate has a first
substrate and a first electrode formed in the surface
of the first substrate. The second electrode substrate
has a second substrate and a second electrode formed in
the surface of the second substrate, and is opposite to
the first electrode substrate. The spacers for the
liquid crystal display, which are interposed between
the first electrode substrate and the second electrode
substrate, are composite particles of the present
invention. A sealing material bonds the first
electrode substrate with the second electrode substrate
at their respective circumferential edges. The liquid
crystals are packed into the space defined by the first
electrode substrate, the second electrode substrate and
the sealing material.
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In the liquid crystal displays of the present
invention the members other than the spacers, such as
the electrode substrates, the sealing material and the
liquid crystals can be the same materials employed in
the same way as in prior liquid crystal displays. The
electrode substrates include a substrate which is a
glass sheet or a film sheet, etc., and an electrode
formed in the surface of the substrate, and if
necessary further have an orientating layer on the
surface of the electrode substrate, formed so as to
cover the electrode. As the sealing material an epoxy
resin binder sealing material, etc., can be employed.
The liquid crystals can be liquid crystals used in
prior displays; for example, biphenyl,
phenylcyclohexane, Schiff base, azo, azoxy, benzoic
acid ester, terphenyl, cyclohexyl-carboxylic acid
ester, biphenylcyclohexane, pyrimidine, dioxane,
cyclohexylcyclohexane ester, cyclohexylethane or
‘cyclohexene type liquid crystals, etc.

One method for making a liquid crystal display of the .
present invention, for example, involves dispersing
composite particles of the present invention evenly by
a wet method or a dry method on one of the two
electrode substrates as surface spacers, and then
mounting the other electrode substrate, which has the
portion to be sealed painted by a means such as screen
printing with composite particles of the present
invention as spacers for the sealed portion dispersed
in a binder sealing material such as an epoxy resin, on
top, and after heat curing the sealing binder material
by applying a suitable pressure and heating at a
temperature of 100-180°C for 1-60 minutes, or exposing
to a quantity of ultraviolet radiation of 40-300mJ/cm?,
injecting the liquid crystals, and then sealing the
portion through which they are injected to obtain a
liquid crystal display; but there are no restrictions
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in the present invention as to the method for making
the liquid crystal display. Of the composite particles
of the present invention, the aforementioned colored
composite particles are preferred as surface spacers
because they are not prone to allow light of the
backlight lamp to escape, and the aforementioned
composite particles having an adhesive layer are more
preferred because they stick to the electrode
substrates so that they cannot move freely; colored
composite particles having an adhesive layer are even
more preferred because they do not allow light of the
backlight lamp to escape and they stick to the
electrode substrates so that they cannot move freely.

Liquid crystal displays of the present invention can
be employed for the same purposes as prior liquid
crystal displays, as image display elements for
televisions, personal computers and word processors,
etc.

E TION E R N

Hereinafter, the present invention is illustrated by
the following examples of some preferred embodiments in
comparison with comparative examples not according to
the invention.

The liquid crystal displays in the Examples below were
made by the process described below. As shown in
Figure 1, a lower electrode substrate 110 was first
obtained by forming an electrode (for example, a
transparent electrode) 5 and a polyimide orientating
layer 4 on a lower glass substrate 11 of size 300mm x
345mm x 1.1lmm, and then rubbing. The spacers for the
liquid crystal display (in this case surface spacers)
8, dispersed at 1lwt% in a mixed solvent including
methanol 30 parts (v/v), isopropanol 20 parts (v/v) and



710%Zj & () - 9GLOYZ& ()- 109Z& ()-!109Z& ()- 10( 10( 10( *910% & ()-:xnmbC 10
10 T109%&' ()- 10Z 10Z 10Z7F109%Z& ()-.10%& ()- " f

109Z& () -:  Z109Z& ()-9ndEnbC 10 10 # 10%& () - 27 June 2003

10% () - 109% () -y0s10%& ()- 31 S410%& () - 10% ()-3tbC 10 10

- Z109@Z& () -t F109Z& () - L10%& ()-! 109Z& () -

51

water 50 parts (v/v) were spread over 1-10 seconds on
this lower electrode substrate 110.

Meanwhile, an upper electrode substrate 120 was
obtained by forming an electrode (for example a
transparent electrode) 5 and a polymide orientating
layer 4 on an upper glass substrate 12 of size 300mm x
345mm x l.lmm and then rubbing. And spacers for the
liquid crystal display (in this case sealing spacers) 3
dispersed at 30vol% in an epoxy resin binder sealing
material 2 were screen printed onto the portion of the
upper electrode substrate 120 that was to be sealed.

Finally, the upper and lower electrode substrates 120
and 110 were stuck together with the electrodes 5 and
orientating layers 4 opposite to each other and the
spacers 8 between; a pressure of 4kg/cm’ was applied,
and the binder sealing material 2 was heat cured by
.heating at 150.C for 30 minutes. Then, by placing the
space between the two electrode substrates 120 and 110
under vacuum and then returning it to atmospheric
pressure, liquid crystals 7, including a mixture of
biphenyl and phenylcyclohexane type liquid crystals,
etc., according to the type of liquid crystal display
being made, were injected and the portion through which
they were injected was sealed. PVA (poly(vinyl
alcohol)) polarizing films 6 were then stuck to the
outside of the upper and lower glass substrates 12 and
11, to constitute the liquid crystal display.

As Figure 2 shows, the spacers 8 can be organic-
inorganic composite particles of the present invention
including an uncolored particle body 31. 1In this case,
physical damage is not readily caused to the electrode
substrates by pressure during manufacture, and the
display is not prone to occur low-temperature bubbling
or image unevenness. Moreover, because the number of
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spacers is less than with prior spacers including
polymer particles, the area of the portion in which no
image is formed is decreased and the elusion of
impurities into the liquid crystals is also decreased.
Consequently, it is possible to raise contrast and
raise picture quality.

As Figure 3 shows, the spacers 8 can also be organic-
inorganic composite particles of the present invention
including a colored particle body 32. 1In this case
there is the additional advantage that transmission of
light of the backlight lamp through the spacers 8 does
not readily occur, and hence conspicuous bright spots
are eliminated and the quality of the pictures
displayed is further raised.

As Figure 4 shows, the spacers 8 can also be organic-
inorganic composite particles of the present invention
‘'which include an uncolored particle body 31 and an
adhesive layer 33 formed on the surface of the particle
body 31. 1In this case, there is the additional
advantage that damage to the orientating layer is
prevented because the spacers are not able to move
freely, further raising the quality of the pictures
displayed.

As Figure 5 shows, the spacers 8 can also be organic-
inorganic composite particles of the present invention
which include a colored particle body 32 and an
adhesive layer 33 formed on the surface of the particle
body 32. 1In this case there is the additional
advantage that transmission of light of the backlight
lamp through the spacers 8 does not readily occur,
eliminating conspicuous bright spots, and the
additional advantage that damage to the orientating
layer is prevented because the spacers are not able to
move freely, further raising the quality of the
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pictures displayed.

As Figure 6 shows, the organic-inorganic composite
particles of the present invention can also include a
particle body 34 and a conductive layer 35 formed on
the surface of the particle body 34. The conductive
layer can be, for example, a metal layer formed by

electroless coating, and can be one or more layers.

In relation to the methods for evaluating the liquid
crystal displays obtained, low-temperature bubbling was
assessed by the presence or absence of an image after
holding for 1000 hours at -45°C, and the presence or
absence of image unevenness and pixel faults was
assessed visually at room temperature (25°C).

EXAMPLE Bl

‘A mixed solution of 25% aqueous ammonia (2.9qg),
methanol (10.1g) and water (141.1g) (Solution A) was
put into a 4-mouthed flask fitted with a condenser, a -
thermometer and a dropping funnel, and was held at 25%
2°C and stirred as a mixed solution of y-methacryloxy-
propyltrimethoxysilane (27g), methanol (54g) and
2,2'-azobis (2,4~-dimethylvaleronitrile) (0.14g) as a
radical polymerization initiator (Solution B) was added
from the dropping funnel and
y-methacryloxypropyltrimethoxysilane was hydrolyzed and
condensed. After stirring for a further 20 minutes,
radical polymerization was performed by heating in an
atmosphere of nitrogen at 70+5°C

After heating continuously for 2 hours, the system was
cooled to room temperature and a suspension of
polymerised particles was obtained. The liquid and
solid in this suspension were separated by filtration,
the resulting cake was washed 3 times with methanol,
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and the resulting polymerized particles were vacuum
dried in a vacuum drier at 200°C for 2 hours to give
Composite Particles (1).

The resulting Composite Particles (1) had a mean
particle diameter of 4.24um with a coefficient of
variation of 3.8% in particle diameter; the quantity of
5i0, which constitutes the polysiloxane framework was
34.7wt%; the elastic modulus in 10% compression was
480kg/mm?, residual displacement after 10% deformation
2.2% and fracture strength 2.4g. A spectrum
(650~-800cm!) attributable to -CH,-CH,- of the organic
polymer framework and a spectrum (1150-1300cm!)
attributable to -Si-CH;- were confirmed in Composite
Particles (1) by FT-IR analysis.

From these results it is evident that Composite
Particles (1) were organic-inorganic composite
'particles which included an organic polymer framework
and a polysiloxane framework having in its molecule
organosilicon in which the silicon atom was directly
and chemically combined with at least one carbon atom
in the organic polymer framework.

A B5 size STN liquid crystal display was made by the
known method using these Composite Particles (1). As a
result, the number of particles dispersed could be
decreased by 210% compared with current organic
particle spacers (Epostar GP-H, made by Nippon Shokubai
Co., Ltd.), and there was neither low-temperature
bubbling nor the image unevenness which are produced
when calcined silica particles or uncalcined silica gel
particles made by the sol/gel method are used.

EXAMPLE B2

Composite Particles (2) were obtained by repeating the
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procedure of Example Bl except that the composition of
Solution B in Example Bl was changed to y-methacryloxy-
propyltrimethoxysilane (19.2g), methanol (51g), 2,2’'-
azobis(2,4-dimethylvaleronitrile) (0.10g), and

tetraethoxysilane dimers-pentamers. (Tamakagaku KK
[Tama Chemical Co.] "“Silicate 40", 40wt% as SiO,)
(4.2qg).

The resulting Composite Particles (2) had a mean
particle diameter of 2.02um with a coefficient of
variation of 7.4% in particle diameter; the quantity of

\ Si0O, which constitutes the polysiloxane framework was
42.7wt%; the elastic modulus in 10% compression was
720kg/mm?, residual displacement after 10% deformation
3.6% and fracture strength 1.0g. As in Example Bl, a
spectrum (650-800cm™’) attributable to -CH,~-CH,~ and a
spectrum (1150-1300cm’!) attributable to -Si-CH,- were
confirmed in Composite Particles (2).

When a BS size ferroelectric liquid crystal display
was made by the known method using these Composite
Particles (2) the results obtained were as in Example
Bl.

EXAMPLE BJ

Composite Particles (3) were obtained by repeating the
procedure of Example Bl except that the composition of
Solution B in Example Bl was changed to y-
methacryloxypropyltrimethoxysilane (40.5g), methanol
(50.6g), 2,2’'-azobis(4-methoxy-2,4-
dimethylvaleronitrile) (0.20g) and divinylbenzene
(4.59), and radical polymerisation was performed during
hydrolyzing and condensing by holding Solution A at
50t5°C and stirring in an atmosphere of nitrogen while
Solution B was added dropwise over 20 minutes.
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The resulting Composite Particles (3) had a mean
particle diameter of 8.91pm with a coefficient of
variation of 4.8% in particle diametexr; the quantity of
Si0, which constitutes the polysiloxane framework was
29.5wt%; the elastic modulus in 10% compression was
370kg/mm?, residual displacement after 10% deformation
2.8% and fracture strength 9.7g. As in Example Bl, a
spectrum (650-800cm™') attributable to -CH,-CH;- and a
spectrum (1150-1300cm™) attributable to -Si-CH,- were

confirmed in Composite Particles (3).‘

When a BS size TN liquid crystal display was made by
the known method using these Composite Particles (3)
the results obtained were as in Example Bl,

EXAMPLE B¢

Composite Particles (4) were obtained by repeating the
procedure of Example Bl except that
vinyltrimethoxysilane was used instead of the y-
methacryloxypropyltrimethylsilane in Example Bl and
that the particles were calcined in an atmosphere of
nitrogen at 600°C for 2 hours after drying at 200°C for
2 hours.

The resulting Composite Particles (4) had a mean
particle diameter of 4.18um with a coefficient of
varjation of 7.2% in particle diameter; the quantity of
§i0, which constitutes the polysiloxane framework was
40.9wt%; the elastic modulus in 10% compression was
1050kg/mm?, residual displacement after 10% deformation
3.2% and fracture strength 1.9g. As in Example Bl, a
spectrum (650-800cm™!) attributable to -CH,-CH,- and a
spectrum (1150-1300cm™) attributable to -Si-CH,- were
confirmed in Composite Particles (4).

When a B5 size STN liquid crystal display was made by
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the known method using these Composite Particles (4)

the results obtained were as in Example Bl.
X LE B

Composite Particles (5) were obtained by repeating the
procedure of Example Bl except that a silica sol
("Snowtex-XS", made by Nissan Chemical Industries,
Ltd.; Si0, 20wt%; particle diameter 4-6nm) (15g) was
added to Solution A in Example Bl.

The resulting Composite Particles (5) had a mean
particle diameter of 4.77um with a coefficient of
variation of 4.0% in particle diameter; the quantity of
S$i0; which constitutes the polysiloxane framework was
42.0wt%; the elastic modulus in 10% compression was
1130kg/mm?, residual displacement after 10% deformation
2.5% and fracture strength 3.8g. As in Example Bl, a
‘spectrum (650-800cm™') attributable to -CH,-CH,- and a
spectrum (1150-1300cm™') attributable to -Si-CH,- were
confirmed in Composite Particles (5).

When a 85 sice ioax 11gulu w._,widl display was made by
the known method using these Composite Particles (5)
the results obtained were as in Example Bl.

EXAMPLES B6-BI

Composite Particles (6)-(9) were obtained by repeating
the procedure of Example BS5 except that the type and
quantity of silica sol in Example B5 were changed as
shown in Table 1.

The mean particle diameter, coefficient of variation

in particle diameter, quantity of $i0O, which constitutes
the polysiloxane framework, elastic modulus in 10%
compression, residual displacement after 10%
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Composite Particles (6)-(9) are shown in Table 1. As
in Example Bl, a spectrum (650-800cm™!) attributable to
-CH,-CH;- and a spectrum (1150-1300cm™') attributable to

-5i-CH;- were confirmed in Composite Particles (6)-(9)

When B5 size STN liquid crystal displays were made by
the known method using these Composite Particles
(6)-(9), in all cases the results obtained were as in
Example Bl.

EXAMPLE B1O

Composite Particles (10) were obtained by further heat-
treating Composite Particles (8) obtained in Example B8
in a mixed atmosphere of nitrogen 95vol% and oxygen
Svol% at 400°C for 2 hours

‘The mean particle diameter, coefficient of variation in
particle diameter, quantity of SiO, which constitutes
the polysiloxane framework, elastic modulus in 10%
compression, residual displacement after 10%
deformation and fracture strength of the resulting
Composite Particles (10) are shown as in Example Bl, a
spectrum (650-800cm!) attributable to -CH,~CH,- and a
spectrum (1150-1300cm™!) attributable to -Si-CH;- were
confirmed in Composite Particles (10).

When a B5 size STN liquid crystal display was made by
the known method using these Composite Particles (10)
the results obtained were as in Example Bl.
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XAMPLE 1

A solution of the acidic dye Kayacyl Sky Blue R

(Nippon Kayaku KK) (5g) dissolved in water (100g) and a
dispersion of Composite Particles (8) obtained in
Example B8 (10g) in water (500g) were mixed and
heat-treated under pressure in an autoclave at 150°C
for 1 hour. After treatment, the colored particles
were collected by filtration, and after washing 3 times
with water they were dried at 200°C, to obtain dark
blue colored Composite Particles (11).

The resulting Composite Particles (11) had a mean
particle diameter of 4.26um with a coefficient of
variation of 6.3% in particle diameter; the quantity of
Si0, which constitutes the polysiloxane framework was
40.0wt%; elastic modulus in 10% compression was
920kg/mm?, the residual displacement after 10%
deformation was 3.0% and the fracture strength was
3.0g. As in Example Bl, a spectrum (650-800cm™)
attributable to -CH,-CH,- and a spectrum (1150-1300cm!)
attributable to -Si-CH,~- were confirmed in Composite
Particles (11).

When a B5 size STN liquid crystal display was made by
the known method using these Composite Particles (11)
the results obtained were as in Example B8, and there
were fewer bright spots (light escape).

EXAMPLE B12

Black colored Composite Particles (12) were obtained

by dissolving the basic dye Kayacryl Black NP200
(Nippon Kayaku KK) (5g) in water (300g) and, after
bringing the pH to 4 by adding acetic acid, adding
Composite Particles (8) obtained in Example B8 (10qg)
and stirring thoroughly while heat-treating at 95°C for
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8 hours.

The resulting Composite Particles (12) had a mean
particle diameter of 4.41um with a coefficient of
variation of 5.7% in particle diameter; the quantity of
SiQ, which constitutes the polysiloxane framework was
40.2wt%; the elastic modulus in 10% compression was
920kg/mm?, the residual displacement after 10%
deformation was 2.8% and the fracture strength was
3.4g. As in Example Bl, a spectrum (650-800cm!)
attributable to -CH,-CH,- and a spectrum (1150-1300cm™!)
attributable to -Si-CH,- were confirmed in Composite
Particles (12).

When a BS5 size STN liquid crystal display was made by
the known method using these Composite Particles (12)
the results obtained were as in Example B1ll.

EXAMPLE Bl3

Black colored Composite Particles (13) were obtained
by repeating the procedure of Example B8 except for the
addition of 1g of the basic dye Kayacryl Black NP200
(Nippon Kayaku KK) to Solution A in Example BS.

The resulting Composite Particles (13) had a mean
particle diameter of 4.53um with a coefficient of
variation of 5.1% in particle diameter; the quantity of
S§i0; which constitutes the polysiloxane framework was
40.4wt%; the elastic modulus in 10% compression was
970kg/mm?, the residual displacement after 10%
deformation was 2.5% and the fracture strength was
3.6g. As in Example Bl, a spectrum (650-800cm™!)
attributable to -CH,-CH,- and a spectrum (1150-1300cm™!)
attributable to -Si~CH,~ were confirmed in Composite
Particles (13).
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When a BS5 size STN liquid crystal display was made by
the known method using these Composite Particles (13)
the results obtained were as in Example Bll.

EXAMPLE B14

Composite Particles (14) having an adhesive layer on
the surface were obtained by mixing Composite Particles
(8) obtained in Example B8 (30g) with thermoplastic
resin particles (methyl methacrylate 84wt% and n-butyl
acrylate 16wt% copolymer; glass transition temperature
70°C , mean particle diameter 0.3um) (2g) and then
coating the surface of the Composite Particles (8) with
the thermoplastic resin using a Nara Kikai Seisakusho
Hybridization System Model NHS-0O. When the resulting
Composite Particles (14) were observed by SEM, the
surface of the Composite Particles (8) was completely
covered with thermoplastic resin, and when the
cross-section was observed by TEM, the thickness of the
coating layer was 0.2um.

When a BS size STN liquid crystal display was made by
the known method using these Composite Particles (14)
having an adhesive layer the results obtaired were as
in Example Bl. Moreover, the resulting liquid crystal
display gave absolutely no change in image quality in
the same picture before and after vibration using a
vibrator.

EXAMPLE B15

Black colored Composite Particles (15) having an
adhesive layer on the surface were obtained by
repeating the procedure of Example Bl4 except that the
black colored Composite Particles (13) obtained in
Example Bl3 were employed instead of Composite
Particles (8) in Example Bl4, When the resulting
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Composite Particles (15) were observed by SEM, the
surface of the Composite Particles (13) was completely
covered with thermoplastic resin, and when the
cross-section was observed by TEM, the thickness of the
coating layer was 0.2um.

When a B5 size STN liquid crystal display was made by
the known method using these black colored Composite
Particles (15) having an adhesive layer the results
obtained were as in Example Bl4.

EXAMPLE Bl16

Composite Particles (16) having a conductive layer on
the surface of the particle body were obtained by
electroless Ni plating of Composite Particles (8)
obtained in Example B8. The resulting Composite
Particles (16) had a mean particle diameter of 4.92um
and a coefficient of variation of 5.4% in particle
diameter. When the resulting Composite Particles (16)-
were observed by SEM and XMA, the complete surface of
the Composite Particles (16) was Ni plated; and when
the cross-section was observed by TEM, the thickness of
the coating layer was 0.3um.

EXAMPLE B17

Composite Particles (17) having a conductive layer

on the surface of the particle body were obtained by
electroless Ni plating of Composite Particles (8)
obtained in Example B8, followed by electroless gold
plating. The resulting Composite Particles (17) had a
mean particle diameter of 5.05um and a coefficient of
variation of 5.5% particle diameter. When the
resulting Composite Particles (17) were observed by SEM
and XMA, the complete surface of the Composite
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Particles (17) was Ni plated, with a covering of gold
plate on top; and when the cross-section was observed
by TEM, the thickness of the coating layer was 0.5um.

EXAMPLE B18

The solid and liquid of the suspension of Polymerized
Particles (1) obtained in Example Bl were separated by
decantation, and the resulting cake was dried overnight
at room temperature. A portion of this dried cake (5g)
was taken, and after dispersing in isopropyl alcohol
(200g) using ultrasonication, dibutyltin dilaurate
(0.5g) was added to the dispersion and the mixture was
stirred as it was heated at 80°C for 2 hours. After
obtaining in this way a suspension of recondensed
particles (18), solid-liquid separation, washing and
drying were performed as in Example Bl, to obtain
Composite Particles (18).

The resulting Composite Particles (18) had a mean
particle diameter of 4.20um with a coefficient of
variation of 3.9% in particle diameter; the quantity of
8i0; which constitutes the polysiloxane framework was
35.1wt%; the elastic modulus in 10% compression was
950kg/mm?>, the residual displacement after 10%
deformation was 1.8% and the fracture strength was
3.0g. As in Example Bl, a spectrum (650-800cm™!)
attributable to -CH,~CH,- and a spectrum (1150-1300cm™!)
attributable to -Si-CH;- were confirmed in Composite
Particles (18). '

When a BS size STN liquid crystal display was made by
the known method using these Composite Particles (18)
the results obtained were as in Example Bl,

COMPARATIVE EXAMPLE Bl
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and it was also evident from FT-IR analysis that they

were silica particles in which the polymer framework

had decomposed and undergone combustion. The elastic

modulus in 10% compression of the particles obtained

was 3250kg/mm’?, residual displacement after 10%

deformation was 6.2%. When a BS size TFT liquid

crystal display was made by the known method using

these particles, pixel faults were produced due

to breakage of the TFT array on the electrode

substrates, and image unevenness was produced because

mechanical resilience was inadequate.

As regards the numbers of composite particles of the
present invention dispersed in the surface of the
liquid crystal displays obtained in the examples above,
the numbers of composite particles of the present
invention were counted under an optical microscope in
arbitrary areas of 1mm? in earh ~f 9 ficlds formed by
equal division of the surface (on which to be
dispersed) into 3 widthwise and lengthwise, and

the mean value of the 9 fields was taken to be the
number dispersed. The results are given below.

Example Bl ... Number dispersed 73/mm?
Example B2 ... Number dispersed 70/mm?
Example B3 ... Number dispersed 69/mm?
Example B4 ... Number dispersed 68/mm?
Example B5 ... Number dispersed 69/mm?
Example B6 ... Number dispersed 66/mm?
Example B7 ... Number dispersed 64/mm?
Example B8 ... Number dispersed 68/mm?

Example B9 ... Number dispersed 52/mm?
Example B10 ... Number dispersed 63/mm?
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the known method using the current organic particles
described in Example Bl, considerable image unevenness
was produced and it was unsuitable for employment as a
liquid crystal display. In this case the number of
spacers dispersed, according to the counting method
above, was 66/mm?.

Various details of the invention may be changed
without departing from its spirit not its scope.
Furthermore, the foregoing description of the preferred
embodiments according to the present invention is '
provided for the purpose of illustration only, and not
for the purpose of limiting the invention as defined by
the appended claims and their equivalents.
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Claims

An organic-inorganic composite particle, which
comprises a particle body having a mean particle
diameter of 2 0.5 um and including:

an organic polymer framework; and

a polysiloxane framework which has in its molecule
an organosilicon containing a silicon atom
directly and chemically combined with at least one
carbon atom of said polymer framework, wherein the
guantity of SiO, which constitutes said
polysiloxane framework is 2 25 wt%.

An organic-inorganic composite particle as claimed
in Claim 1, wherein:

said particle body further includes an organic
group; and

said polysiloxane framework has a silicon atom
directly and chemicaily combined with at least one
carbon atom of said organic group.

An organic-inorganic composite particle as claimed
in Claim 1, wherein said particle body further has

"a fracture strength satisfying the following

equation:
G 2 14 x Y7

where: G indicates a fracture strength (kg); and
Y indicates a particle diameter (mm).

An organic-inorganic composite particle as claimed
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in any of Claims 1 to 3 wherein said particle body
has an elastic modulus of 350-3000 kg/mm? in 10%
compression, a residual displacement after 10%
deformation of 0-5%, a mean particle diameter of
0.5-50 um and a coefficient of variation of mean
particle diameter of £ 20%.

An organic-inorganic composite particle as claimed
in any one of Claims 1 to 4, wherein said organic
group is at least one monovalent group selected
from the group consisting of alkyl groups of 1-10
carbon atoms, aryl groups of 6-10 carbon atoms and
unsaturated aliphatic residual group of 2-14

carbon atoms, which may have a substituent group.

An organic-inorganic composite particle as claimed
in any one of Claims 1 to 5 which further
comprises a conductive layer formed on a surface
of said particle body.

An organic-inorganic composite particle as claimed
in any one of Claims 1 to 6, which further
comprises an adhesive laycr [ormed on a surface of
said particle body.

An organic-inorganic composite particle as claimed
in any one of Claims 1 to 7 which is coloured by

.including in said particle body at least one

colorant selected from the group consisting of
dyes and pigments.

A liquid crystal display, which comprises:
a first electrode substrate;

a second electrode substrate arranged opposite to
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said first electrode substrate;

a sealing material which binds said first
electrode substrate and said second electrode
substrate at their respective circumferential
edges;

a spacer for the liquid crystal display, which is
interposed between said first electrode substrate
and said second electrode substrate; and which
includes an organic-inorganic composite particle;
and

a liquid crystal packed into space defined by said
first electrode substrate and said second
electrode substrate and said sealing material:

wherein said organic-inorganic composite particle
is as claimed in any one of Claims 1 to 8.

A liquid crystal display as claimed in Claim 9
wherein said organic-inorganic composite particle
further has an adhesive layer formed on a surface
of said particle body.

A liquid crystal display as .claimed in Claim 9
wherein said organic-inorganic composite particle
is colored by including in said particle body at
least one selected from the group consisting of
dyes and pigments.



