SF-593 final 1 DESCRI PTI ON ORGANOPOLYSI LOXANE FI NE PARTI CLE, PROCESS FOR
PRODUCI NG THE SAME AND LIQUID CRYSTAL DI SPLAY 5

TECHNI CAL FI ELD E@f@ invention relates to an organopol ysi | oxane fine
particle, a pro§ rodUC|ng the sane and a liquid crystal display
havi ng the organopol ysil oxane fine particles interposed as 10 spacers
between liquid crystal cell electrodes thereof. Mdire particularly, the
present invention is concerned with an orgahopol ysil oxane fine particle
which is excellent in spreadability and elastic properties, a process for

produci ng the sane and a |iquid cryst ' y having the

or ganopol ysi | oxane fine particles int3$$éé§i%§£%§bacers between liquid
crystal cell electrodes. _thereof. BACKGROUND ART It is conmmpn practice to

i nt er pose a spacer aR&quqgg%Y%¥QQ%ﬁNQi%%@%t%ﬁR¥ﬁﬁk$an%%o%%$§e€9 Ra pair of
el ectrodes di sposed in a I|%1|d crystal cell for uid crystal display so

that a liquid crystaPRORMGT Q;?ﬂﬁrﬁﬁﬂﬁtﬁﬁQﬂﬁiQﬁ%Plc YHEnL t RESPRR¥kness of
this liquid crystal layer is not uniform the image dlsplayed on 25 the
liquid crystal cell may suffer from col or shading '

5 'TECHNICAL FIELD
The present invention relates to an.

organbpelysiloxane fine particle, a process for
producing the same and a liquid crystal display having
the organopolysiloxane fine particles interposed as

10 spacers between liquid crystal cell electrodes thereof.
More particularly, the present invention is concerned
with an organopolysiloxane fine particle which is
excellent in spreadability and elastic properties, a
pfoeess for producing the same and a liquid crYstal

15 displey having the organopolysiloxane fine particles
interposed as spacers between liquid crystal cell
electrodes thereof.

BAQ. KGROUND ART
It is common practice to interpose a spacer and

20 seal a liquid crystal substance between a pair of
electrodes disposed in a liquid crystal cell for liquid
crystal dlsplay so that a lquld crystal layer is
formed therebetween. When the thickness of this liquid
crystal layer is not uniformf the image disélayed on

25 the liquid crystal cell may suffer from color shading



SF-593 final 2 (nmottle) and contrast degradation at the lighting tine.
Therefore, it is required that the thickness of the liquid crystal |ayer
i nside the quugﬁ%ggyﬁhgﬂ cell be uniform Further, when the displayed

i mge i s change over at a high speed or when an i mage of | arge
visibility angle is displayed, it is also required that the thickness of
the liquid crystal layer inside the liquid crystal cell be uniform Stil
further, for displaying large images free 12 from color shading (nottle)
on the currently enpl oyed | arge-scope liquid crystal display of STN node,

| quid orystal R eers atiadet diedyira £ ¢ ‘I‘llEé Cff&ﬁlﬁﬁﬁa%*l‘ﬁsép

i mpl d [ i, di d_f Y ti I

O Bt bet voe ISR Bhed it REST HITG Iyt are ceH SRR 9T 6 e oy
For uni for nal | 2 G ARD THERSE VAT T1oi6 TheuHergsrarstaletel Lobho i he

liquid crystal cell. For exanple, particles of an organic resin such as
pol ystyrene and WiideHar t FEFEResr ¥nencdbhs dispd@ved dmavss piferGhanged
particles. wever, when particles of an organic resin such 25 as

pol ystyrene #re A¥$&d ads a Hd ghisiesd % i spackirage of large
visibility angle is displayed, it is also required that
. the thickness of the liquid crystal layer inside the’
liquid crystal cell be uniform.
Still further; for displaying large images free

10 from color shading (mottle) on the currently employed
large-scope liquid crystal display of STN mode, it is
required in greater degree to uniformalize the
thickness of the liquid crystal layer inside the liquid
crystal cell.

15 | - It has been implemented to interpose, in dispersed
form, sbherical particies_of uniform diameter between
elegtrodes of the liquid cryst;l cell, namely to employ
spherical particles as-inter-electrode spacers of the
liquid erystal cell, for uniformalizing the_thickness

20 of the iiquid crystal layer inside the liquid crystal
cell. For example, particies of an organic resin such
as polystyrene and fipe particles of silica are used as
such spherical particles.

However; when particles of an organic resin such

25 as pdlystyrene~are used as the inter-electrode spacers



SF-593 final 3 of the liquid crystal cell, the problemis encountered such
that the organic resin particles are so soft that it is difficult to

mai ntai n the un quﬂi?%IOf the thickness of the liquid crystal |ayer inside
the liquid 5 cr§ e For exanple, if nonuniformpressure is applied
to the liquid crystal layer.inside the liquid crystal cell, the spacers are
deforned in accordance with the nonuniformty of the pressure to thereby

di senabl e maintaining the uniformty of th&thickness 10 of the liquid
crystal layer inside the liquid crystal cell. On the other hand, in case of
fine particles of |nt el ect rode cer

qa whi ch _ar se S S
the liquid crysf) %bgl I l%@n sﬁyl ?Ccf% 55 nlgl t:}ﬁ HE ]Uedn 15° Fidr° Wg\%%r% sharp
particle dianeter rib t he . problen1t at_the thickness_of
PR 6 crysa PGS TR dber RESRSH & S AHGICT A7 o 20 OHIRE or m
because of the snallness of the conpressive deformation of the silica fine
particles is indttéd. Rbfirdliot® MBI HtdR SRILOTMEY RF tHRE, when
such a liquid Ck§8tal di splay is _exposed to | ow tenperatures, void

formation, nanetRiedngsel O t&Fpdidtick CHERY ARy dursidrtten! iweid

liquid crystal | ayer and the el ectrode of the liquid crystal cell because,
inside the- |5qupqy§¢9§t§pll For example, if nonuniform pressure is

applied to the llquld crystal layer inside the liquid
.crystal cell, the Spacers are deformed in accordance
with the nonuniformity of the pressure to thereby
disenable maintaining the uniformity of the thickness
10 of the liquid crystal layer inside the liquid crystal
cell.

On the other hand, in case of fine particles of
silica which are used as fhe inter-electrode spacers of
the liquid crystal cell, when silica fine particles do

15 not have a sharp particle diameter distribution, the
problem that the thickness of the liquid crystal layer
inside the liquid crystal cell is-rendered nonuniform
because of the smallness of the compressive deformation _
of the silica fine particles is invited. Furthermore,

20 the p;oblem-is invited that, when such a liquid crystal
display is exposed to low temperatures, void formation,
namely cold (low-temperature) bubbling, occurs between
the liquid crystal layer and the electrode of the

liquid crystal cell because, inside the liquid crystal



SF-593 final 4 cell, the thernmal expansion coefficient of the liquid
crystal layer is different fromthat of the spacers. For solving the above
probl ens, Japan§?§¥ﬁﬁf@@t Lai d- open Publication No. 6(1994)-250193 proposed
using 5 as an intet* 3t r ode spacer of liquid crystal cell silica fine
particles prepared by first hydrolyzing a hydrol yzable silicon conpound
such as tetraethoxysilane to thereby obtain fine particles of silica and
thereafter esterifying silanol groups preseht on silica 10 particle
surfaces with an organi c conpound. The silica fine particle prepared by

this process had appropriate hardness and mechanical recoyver d wa
SUitabl o to an PRy SRS T o ARG AL ChOATHT TblTHe hh@Yss, ¢ he
mechani cal recovery thereof 15 m%%6$ t h%ggéy satisfaq%qﬁ%efor use as an
i nter- el ectrod6T¥54@er 1695 il é%ﬁ%ﬂ qm FalsPF | pFK2Fefes having
commonl y been enpl oyed as spacer particles are conposed of either an
organi ¢ substance suéRTa§ogaliy& yen@baveaPLARRh JARRAAIIMRATNSuch as
silica and are substantially either hydrophobic or hydrophilic. Therefore,
some of these filaddpapenciPadligadiian N prlt )i 2 1l herrepesed ons g
el ectrode base, are not nonodi spersed, depending on the type of solvent, to
t hereby di sehabke ani fioterswlentizage 2paaen et | 1ispned gfrysiese ¢¢he
particles, when to be
silica fine particles prepared by first hydrolyzing a
hydrolyzable silicon compound such as tetraethoxysilane
to_thefeby-obtain fine particles of silica and
thereafter esterifying silanol groups present on silica
10 particle surfaces with an organic compound.
The silica fine particle prepared by this process
had appropriate hardness and mechanical recovery and
was suitable to an inter-electrode spacer of liquid
crystal cell. However, the mechanical recovefy thereof
15 was not highly satisfactory for use as an inter-
electrode spacer of liquid crystal cell.
These fine particles having commonly been employed
as spacer particles are composed of either an organic
substance such as polystyrene or an inorganic substance
20 such as silica and are substantially either hydrophobic
or hydrophilic. Therefore, some of these fine
particles, when to be spread in the wet state on an
electrode base, are not monodispersed, depending on the

type of solvent, to thereby disenable uniform spreading.

25 Further, some of these fine particles, when to be



SF-593 final 5 spread in the dry state on an el ectrode base, are
electrified to thereby disenable uniformspreading and invite such a

probl em t hat thg_gbggkeﬁrticles are likely to stick to parts other than the
el ectrode base. % As apparent fromthe above, even if a spacer fine
particle has uniformparticle dianmeters and excellent elastic properties,

it may occur that uniform spreading thereof cannot be attained to thereby
di senabl e satisfactory exertion of the effdécts based on their 10
characteristics. Japanese Patent Laid-open Publication No. 7(1995)- 140472

spoci {1 ed conpr sebfod FRGERG. 6P aPALH Brt sroglachEece RFoe diganos, | i con
15 conpound of the formula R [err]Si (OR err err], (wherein egch of R and
Rl err] represen?ée tEbiafﬁiéa %ESﬁ%EX §E§§B§%§ ﬂzgffnrggﬁﬁﬁ;§%%?9ﬁaQ¢to 3)
10007 er ] L. The RBhER cS4Phoa nBALPUEMoF haF PR peoPoRRa dpdode i ne 20
particle is controlled by the anpunt of residual organic groups renaining
after the pyroldskeluftaopbiek BPgRATESgPEDEE Bhaselhei g leles Hogee Mage of

particles during the heating steg. However, there exists such a prqblem
t hat, when %B parti e WpateREsinpm thef abene,f evaneafhaosbecert Hdne -

partiéle has uniform particle diameters and excellent
elastic properties, it may ocbur that uniform spreading
thereof cannot be attained to thereby disenable
satisfactory exertion_of the effects based on their
10 characteristics.
Japanese Patent Laid-open Publication No. 7(1995)-
140472 discloses obtaining a spacer fine particle for
liquid crystal cell having a specified compressive
modulus of elasticity by subjecting an organosilicon
15 compound of the formula R'mSi(OR2)4_m (wherein each of
R' and R? represents a specified orgapic group, and m
is an integer of 0 to 3) to ﬁydrolysié, cofidensation
polymerization and heating at 100 to 1000°C. The
compressive modulus of elasticity of the spacer fine
20 particle is contrblled by the amount of residual
organic groups reméining after the pyrolysis of some of
organic groups present in the interior of particles
during the heating step.
However, there exists such a problem that, Qhenl

.25 particle diameters are different from each other, the



SF-593 final 6 anobunt of organic groups remaining in the particle interior
after the heating step varies fromparticle to particle, so that control of
t he amount of r .gﬁil 0{ganic groups is difficult to thereby increase the
5 statistical diXpe?=fiBaAl of conpressive nodul us of elasticity from particle
to particle with the result that it is difficult to control the conpressive
nmodul us of elasticity of the spacer fine particle for liquid crystal cel

by the anmount of residual organic groups 10gremaining in the interior of
particles. Furthernore, there exists such a problemthat not only are the
surface and the interior_of particles differepnt, fromeach other in the

arount of resi dEHCBHgfE CTHRNs PRI B LRIRE tRetR8nBREEIFLE nodul us
of elasticity not 15 to be_ uniform throughout the whole body of particles,
but al so voi ds dARRTIAT Aigedi LR AR HHRY | BFRP | V¥ hes| frernaprpacieoto
particles thermally deconposed during the above heating step with the
result that the ReoHpradlssi a0 gt IOt rel ot i the yaméunbt af nedsigusér 20
fine particle for liquid crystal cell is |owered. Under these
ci rcunst ances, tdmyanhergrruprs oihdifticploduei tigenebyr ooopabgsthexane
fine particle froman organosilicon conmpound by a specified process enabl es
control | i ng $he staduirst iofa lordjicsper sraupst | conpeessive modulus of
elasticity from particle to particle with the result
that it is difficult to control the compressive modulus
of elasticity of the spacer fine particle for liquid
crystal cell by the amount of residual organic groups
10 remaining in the interior of particles. Furthermore,
there exists such a problem that not only are the
surface and the interior of particles different from
each other in the amount of residual organic groups to
thereby cause the compressive modulus of elasticity not
15 to be uniform throughout the whole body of particles,
but also voids occur at organic'group portions in the
internal part of particles thermally decomposed during
the above heating step with the result that the
compressive modulus of elasticity of obtained spacer
20 fine particle for liquid crystal cell is lowered.
Unde: these circumstances, the inventors found
that producing an organopolysiloxane fine particle from
an organosilicon compound bj a specified process

enables controlling the amount of organic groups in the

25 interior of fine particles, even if the above heating



25 interior of fine particles, even if the above heating SF-593 final 7
-step is not inplenented, so that an organopol ysil oxane fine particle of
uniforn1particIS qgﬁﬂﬁtér having a high elastic recovery can be obtai ned.
Thus, the inven gF B a proposal based on the finding 5 (Japanese Patent
Application No. 7(1995)- 213800) (Japanese Patent Lai d-Qpen Publication No.
9(1997)-59384). However, the obtained organopol ysil oxane fine particle was
hydr ophobi c, so that it was experienced to Z0 be unable to effect uniform
Spreadi ng thereof on a base, when the obtai ned organopol ysil oxane fine
particle was used as .an inter-electrode spacer. Therefore, depending on the
usage, it was négﬁﬁhlﬁoqd%uﬁﬂﬁiﬁﬂﬂnﬁﬁézté; %ﬁrﬁﬂi?ﬁﬂﬁ?ﬂﬂﬁi&%lfoxgne

or ganopol ysil oxane fine 15 _ particle hydrophilic. This necessitated

addi ti onal trea%ﬂﬁ@ SR G5 Qénﬂﬁ%§9€%tﬂﬂ¥?%Qk?rﬁ&%@%ﬂ%?k%%ﬁb%%i?ic,
etc., and, depending -on the treatnment, deterioratjon of the conpressive
strength of theldfHafdpatis IKBCATETY Rapie iRt ined exgdtisendde 20

The present invention has been nmade with a view toward sol ving the

f oregoi ng probl éRyepitomse Madep@ ANOPORM) dfaged on the ahimbirgt of the

present invention to provide fine particles for spacers which can be
(Japanese Patent Application No. 7(1995)-

213800) (Japanese Patent Laid-Open Publicatioﬁ No.
9(1997)-59384).

However, the obtained organopolysiloxane fine
‘particle Was hyd;ophcbic, so that it was experienced to

10 be unable to effect uniform spreading thereof on a base,
when the obtained.organopolyeiloxane fine particie was
used as an inter—eleetrode spacer. Therefore,
depending on the usage, it.was needed to render part of
the obtained hydrophobic organopolysiloxane fine

15 nparticle hydrophilic. This necessitated additional
treating steps for rendering the fine particle
hydrophilic, etc., and, depending on the treatment,
deterioration of the compressive strength of the
organopolysiloxane fine particle was exéefienced.

20 The present invention has been made with a view
toward solving the foreéoing problems of the prior art.
Therefore, it is an object 6f the present invention to
provide fine particles for spacers which can be
uniformly spread on an electrode base, has excellent

25 elastic properties and has uniform particle diameter.



uniformy spread on an el ectrode base, has excellent 25 elastic properties
and has uniformparticle dianeter. SF-593 final 8 It is another object
of the presentigpqgﬂ;hﬁglto.provide a process for producing the spacer fine
particle, and it is a tfurther object of the present invention to provide a
liquid crystal display having 5 the spacer fine particle interposed as
spacer between liquid crystal cell electrodes thereof. DI SCLOSURE OF THE

| NVENTI ON The. or ganopol ysi | oxane fine parti&l e of the present invention
conprises as a principal conponent a 10 pol ysil oxane having a hydrocarbon

group (a) directly jho Hek aok%;lréé'&%‘f alypdn é‘?%s@ﬁ&” N9y &0 £Bhorgup (b)

directly bonded to a silicon at wher el n: carbons contained in the
hydr ocar bon gro )4.C i 9 . t he i f the 15

or ganopol ysi oxg%eo(‘%dr?eoag?rﬁéc%% 5fa<§n]§ ‘?]??@8%%1%&&—&%%%0%5)%%%% n an anount
or ganopol ysi | oxBRE TS AP o b T r (it ) B Sob; Sbrpr E<BF S8eRbdul us of
or ganopol ysi | ox P ; 0 S ulus o
elasticity of 2Q 150 t.0 900 Kg/mjerr],. (iv)_ an average, coppressiye

def or mat | on_( L VPR kot e asiong L dania “ErPRERE 98 SETRY RavYRg

5 the spacer fine particle interposed as spacer between -

liquid crystal cell electrodes thereof.

CLOS RE _OF THE INVENTION
Tﬁe organopolysiloxahe fine particle of the
present invention comprises as a principal component a
10 polysiloxane having a hydrocarbon group (a) directly
bonded to a silicon atom and having an OH group (b)
directly bonded to a silicon afom, wherein:
(i) carbons contained in the hydrocarbon g:oup (a)
constitute 5 to 35% of the weight of the
15 organopoiysiloxane fine particle, and
(ii) the OH group (b) is in an amount of 1 to 8
meqg per g of the organopolysiloxane fine particle,
the organopolysiloxane fine particle having:
(iii) a 10% compressive modulus of elasticity of

20 150 to 900 Kg/mm2,

(iv) an averagé compressive deformation (Cr)m of

-

20 to 60%,

(v) an average elastic recovery (Rr)m of 60 to 90%,

and

25 (vi) an average particle diameter of 0.5 to 50 pum.



(v) an average elastic recovery (Rl err])[err] of 60 to 90% and 25

(vi) an average particle dianeter of 0.5 to 50 {err]m SF-593 final 9
The statlstlcalﬁﬁéégﬁéﬁ#Pn of the 10% conpressive nodul us of elasticity of

t he organopol ys ine particle is preferably in the range of 20%
based on an average of the 10% conpressive nodul us of elasticity. 5 A
process for produci ng an organopol ysil oxane fine particle according to the
present invention conprises the steps of: (%) subjecting a mixture of an
organosi |l i con conpound of the formula Si(OR[err])[err] (1) and an 10

or ganosi |l i con conpou the farmul a,.R_Si err rind2) 1o drolysrs
and condensation poI@%ﬁrF%&F%ﬁFﬁ mi eéﬁ r# L#% % W@E% SHRT an
organi c solvent to there bt ai.n ersion of seed ticles rovi ded
that, in the fofRAUd&s Qdcff %r ($W%eﬁ?ﬁaq?ﬁﬁ¥¥éﬁi%x%ﬁﬁ5flﬁ?drogen
atonror an organic group havi n g to 10 carbon atons sel ected fromanong an

al kyl' group, anPRkdE)& KA B dBR TRRH ol 49% Rapvedets an

organic group having 1 to 10 carbon atonB sel ected from anong substituted
or unsubstit ut e@nhpdesegeref e &r%r?sommtﬁs%'dtﬁ mpHnLes kaf ielastheity.

di spersion of seed
5 A process for producing an organopoly51loxane_f1ne

particle according to the present invention comprises
the steps of:

(a) subjecting a mixture of an organosilicon

compound of the formula Si(OR1)4 (1) and an .

10 organosilicon compound of the formula R‘Si(OR2)3 (2) to

hydrolysié and condensation polymerization in a solvent
of a mixture of water and an organic solvent to thereby
obtain a dispefsion of seed particles, provided that,
in the formulae, each of Rl and R? represents a
15 hydrogen atom or an organic group having 1 to 10 carbon
atoms selected from among an alkyl group, an
alkoxyalkyl group ‘and an acyl group; and R’ represents
an organic group having 1 to 10 carbon.atoms selected
from amoﬁg substifuted_or unsubstituted hydrocarbon
20 groups:; |
(b) adding an-alkali to the dispersion of seed
'particles to thereby stabilize the seed particle
dispersion; |
(c), adding at least one compound represented by

25 the following formula (3) or (4), optionally together



particles to thereby stabilize the seed particle dispersion; (c), adding at
| east one conpound represented by 25 the followng formula (3) or (4),
optionally toge%gg ﬁwﬁr-SQS final- 10 with a compound represented by the
foll owi ng formnul %%3 | e mai ntaining the seed particle dispersion at a
pH of 6 to 9, to the seed particle dispersion and perform ng a hydrolysis
and condensation polynerization 5 thereof so that the seed particles are
grown to thereby obtain a spherical fine pdalicle dispersion,
?;?i(CRgeEr])}e&a] ' " (3) R R'Si(OR[err])[err%) her i

, an err . in:
Rerr] and R arwelqg %e??%odlré%o@%?r??e?%%?e]%%n'fl%eaﬁo%)?’a‘ﬁﬁf‘g SPS{E‘BEﬁavi ng 1
"to 10 carbon atojs sel.ected from anong substi%uted or ugaubstituted
hydr ocar bon grou%@, g¥$é??ﬂn?%¢ﬁ%%%n?%ea$%? rBYER &L BT OPPERSPGafitc @

group having 1 tq 10 carbon_atons selected from anong an al kyl group, an

! 9 .
al koxyal kyl grod}! &fd &Faci R ot e RR2Febr LR A EPErpEBRYRANEr buty
group, Y represents an organic _group selected from anmong 20 a net hyl
group, a met hoxPFiningh thydreftis od apondensation polymerization

5 thereof so that the seed particles are grown to thereby

obtain a spherical fine particle digpersion,

R'Si(OR?) 4 (3)
R'R"Si (OR3), - (4), and
_O0=—C—Y
4 N\
(R O)y—M /CH
0—C——CH, /_
0 | (5

wherein:

R%? and R' are as defined above, R" represents an
organic group having 1 to 10 carbon'atoms selected from
among substituted or unsubstituted hydrocarbon groups,

15 R3 represents a hydrogen.étom or an organic group
having 1 to 10 carbon atoms selected from among an
alkyl.group, an alkoxyalkyl group and an acyl grbup,
and R4 represents a propyl or butyl groﬁp,

Y representé-an organic. group selected from among

'20 a methyl group, a methbxy group, an ethyl group and an

ethoxy group, and M represents an element selected from.



et hoxy group, and Mrepresents an el enent selected from SF-593 final 11
anong those of Goups 2 to 15 of the periodic table, and mis an integer of
0to 3 and n iSS% E?ﬁe%er of 1 to 4, provided that m+ n is an integer of
2to4;, 5 r53 A ting the spherical fine particle dispersion to
thereby effect aging thereof; and (e) treating the spherical fine particle
in a noist atnosphere at 100 to 600[err]C. Another process for producing an
10 organopol ysil oxane fine particle accordiltg to the present invention
conprise the steps of: (a) subjecting a nixture of an organosilicon

conpound of the fornul Sl( erJ] n or i 1icon conpound
of the fornul a R"SPE ul %;ﬁ‘;'%‘l?) é; to.L5 Iﬂ/’g %l%oﬁﬂ]%%gatl on
pol ynerization in a solvent of a mixture of water and an organi c solvent to
t her eby obtain én6§3persion of seed particles, provided that, in the
fornul ae, - each of R err] and R err] ZUPresents a hydrogen aton1or an

organi ¢ group havi ng™l 1o anQ 1E&IST e’ 1kt P fabirRIRE a@f al kyl
group, an al koxyal kyl . group .and an acyl group, and R represents an organic

‘group having 1 te #0 eaoyésies dhatsa ectred & raym aorge B udEt2 tie ed; or

unsubsti t ut ed- hydr ocar bon
5 (d) heating the spherical fine particle dispersion

.to thereby effect aging thereof; and
(e) treating thé spherical fine parficle in.a
moist atmosphere at 100 to 600°C.
Another processlfor producing an
10 organooolysiloxane fine particle according to the
present inventioﬁ comprise the-steps of: |

(a) subjecting a mixture of an organosilicon

compound of the formula Si(ORl)4 (1) and an

organosilicon compound of the formula R'Si(OR2)3 (2) to

15 hydrolysis and condensation polYmerization in a solvent
" of a mixture of water and an organic solvent to thereby
obtain a dispersion of soed particles, provided that,
in the formulae, each of Rl and R? represents a
hydrogen étom or an organic group haying 1 to 10 carbon
20 atoms selected from among an alkyl group, an
alkoxyalkyl.group aﬁd an-acyl group, and R' represents
ah organic group haviog 1l to 10 carbon atoms selected
from among substituted or uﬁsubstituted-hydrocarbon

groups;



' gr oups, SF-593 final 12 (b) adding an alkali to the dispersion of seed
particles to thereby stabilize the seed particle dispersion; (c) adding at

| east one conpogﬁgbiﬁfrﬁfented by 5 the following fornmula (3) or (4),
optionally togethe P a conpound represented by the follow ng formula

"(5) while maintaining the seed particle dispersion at a pHof 6 to 13, to
the seed particle dispersion and perform ng a hydrolysis and condensati on
pol ynmeri zation 10 thereof so that the seediparticles are grown to thereby
obtain a spherical fine particle dispersion, RS (ORerr])[err]

" (3) RR'SI(ORerr])[err] , . (4), and [err] 15
(5) wherein: Rerr] ard RIHNY A" &k taf'%)o 3 ‘#W%%ﬁ%%’én?g $%e9r gani ¢
group having 1 to 10 carbon atons sel ected from anong substituted or
unsubsti t ut ed hp@Sdslison G qlpEeiy shahitizeprRReteed PaYEEGY8N at om or
an organic gr ou%_havi ng 1 to 10 carbon atons selected from anong an
lspersion;

" (c) adding at least one compouﬁd represented by
5 the following formula (3) or (4}, optionally togefher
with a compound represented by the following formula
(5) while maintaining the seed pafticle dispersion at .a
pH of 6 to 13, to the seed_particle diépersion and
perfofming.a_hydrolysis and cbndénsatipn polymerization
.10 thereof so that the seed particles are grown to thereby

- obtain a spherical fine particle dispersion,

R'Si (OR2) 3 | (3)
R'R"Si(OR3)y) (4), and
_ oO—C—Y
. AN
(R*O)——M /CH
a 0—C—=CH; /,,
15 ' (5)
wherein:

R? and ﬁ' are as defined above, R" represents an
organic group having 1 to 10-carbon atoms selected from
among substituted or unsubstituted hydrocarbon groups,

20 R3 represents a hydrogen atom or én organic group

having 1 to 10 carbon atoms selected from among an



SF-593 final 13 al kyl group, an al koxyal kyl group and an acyl group, and R4
represents a propyl or butyl group, Y represents an organic group sel ected

from anong a ne &géﬂfﬁa a met hoxy group, an ethyl group and an 5 ethoxy
group, and Mre an el ement selected from anong those of Groups 2 to

15 of the periodic table, and mis an integer of O to 3 and n is an integer
of 1 to 4, provided that m+ nis an integer of 2 to 4; 10 (d)
heating the spherical fine particle disperdBon to thereby effect aging

t hereof; and (e') heating the spherical fine particle in a nitrogenous

basi ¢ gas at mosp The I| UI spl a he present 15

i nvention conpr|g§§ﬁaQ| %'rygﬁc %;5§i 5%0%% % A pary - of T2YBet r odes
bet ween whi ch the Qve nentlo ed Lorganono si.l oxane fine particles are

i nterposed as sf ?‘ fﬁpresennc qu%hﬁafy aj;ﬁrcﬂlﬁh: THE DRAW NG Fi g.

1is aviewfor explaining the elastic recover% d conpre55|ve

def or mati on. BEST NCﬁErﬁ SERRRY RE QFPAHE | %Eﬂmf?mE@g

a methyl group, a methoxy group, an ethyl group and an
5 ethoxy gfoup, and M represents an element selected from
among thqse of Groups 2 to 15 of-the periodic table,’
and |
m is an integer of 0 to 3 and n'is an integer of 1
to 4, provided that m + n.is an integer of 2 to 4;
10 (d) heating the spherical fine particle dispersion
~to thereby effect aging thereof; and.
(e') heating the spherical fine particle in a
nitrogenous basic gas atmbsphére.
The liquid crystal display of the present
15 invention comprises a liquid crystal cell fltted with a
pair of electrodes between which the above-mentioned
organopolysiloxane fine particles are interposed as

spacer.

20 BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a view for explaining the elastic

recovery and compressive deformation.

BEST MODE FOR CARRYING OUT THE INVENTiON



14 The organopol ysil oxane fine particle of the present invention and

processes for producing the sanme will be described bel ow
[C}ganopolysilogﬁﬂﬁgf'ﬁﬂ Particle] 5 ~First, the organopol ysil oxane
fine particle of't ﬁ sent invention will be described in detail. The

fine particle of the present invention is an organopol ysil oxane fine
particle conprising as a principal conponent a pol ysil oxane having a
hydrocarbon 10 group (a) directly bonded t#&4a silicon atom and havi ng.an OH
group (b) directly bonded to a silicon atom The silicon content, in terns

of SiJerr], of thesg,organopal ysilaxane fi articleds f.erably in the
rangeqof 5%) to 90% b?h\?elgéﬁta%ogt%ﬁlylslgroégfaélrea&evp%ﬁatrgul%l%d&f g'%}"?/vei ght. The
or ganopol ysi | oxane constituting this, fine particle is esunmed as having a -
TheaesPai hanst oRAESABEGRYSRIDe Are! PSAARRE S 0T MRS CEaf S EBfmonty

so termed. The hydrocarbpn %p up, (a). directly bonded to a 20 "silicon atom
is, for exaanerélsFSSHQﬁﬁ G stituted hydrocarbon group having 1
to 10 carbon atonms. Exanpl es of suitable unsubstituted hydrocarbon groups:
i nclude an al kyl (chain al k§¥garoRgtysalRyppe2Eing, Bagtighedl kenyl group,
an aral kyl %goup andF?Qs%rykhe organopolysiloxane fine particle of the
’
present invention will be described in detail.

The fine particle of the present invention ié an
organopqusiquane fine particle compriéing as a
principai cémﬁonent a polysiloxane havingla hydrocarbon.

10 Qrdup (a) directly bonded to a silicon atom and having
an OH group (b) difectly bondéd to a silicon atom.

The silicon content, in terms of Si0O, of these
org;nbpolysiloxane fine particle is preferably in the
range of 50 to 90% by weight, still preferably 60 to

15 80% by weight. The drganopoiysiloxane cohstituting
this fine particle is presumed as having a three-
dimensional-network st?ucture'based on the ladder
structure commonly so termed.

The hydrocarbon group (a) directly bonded to a

20 silicon atom is, for example, a substitﬁted or
unsubstituted hydrocarbon group having 1 to 10 carbon

.atoms.
Examples of suitable unsubstituted hydrocarbdn

| groups include an alkyl (chain alkyl or cycloalkyl)

25 group, an alkenyi group, an aralkyl group and an aryl



SF-593 final 15 group. The substituted hydrocarbon group is a group
obt ai ned by partly or entirely substituting hydrogen atons of the above

unsubstituted h _ﬂ§?§R§Q group with nonhydrocarbon groups or elenents

ot her than hydr dgen: anpl es of suitable substituted hydrocarbon groups
include CHerr]d, CHerr]F, [err]-methacryloxypropyl, [err]-

gl yci doxypr opyl, am nopropyl, 3, 4-epoxycycl ohexyl et hyl,

[err]-nmercaptopropyl and trifluoropropyl griBups. These hydrocarbon groups
(a) are groups attributed tothe R 10 and R' directly bonded to a silicon
atom which constltute ound .of the formula

nOS co
"R Si(ORerr])[ed°% SISP&F rﬁ%)e?jaﬂlﬁdﬁfscgd: ?)ﬁoétﬁ et €F i HFOYR the
production of t anppol ysi | axane fine, t|cIe e, or osi licon
conmpound Wi | | éﬁ¥§”85§£&i qéﬁzrorl?Pt a%Yg%ﬁ%%Bt %Ft%&aﬁ¥aFPﬁ8n
particle of the present_invention, the ampunt of carbons contained in the
organi ¢ group s@HPTs the nﬁuﬁQR%ﬁtHﬂF%F?ﬁ&F?ESddWY%E???r%%ﬂdgaoPB yith
silicon atomis |n the ran of 5 20 to 35% by weight, preferably 10 to 30%
by wei ght. Wen R Qﬁmﬁoq@l%set%ﬂ@m%‘yh%u@mn hydrpgen.
particle having satisfactory elastic properties cannot be obtained.
Furt her, the?obtEaiamed es Mn(f-b’ellty%hllQ))@l#ésﬂmt%rlwfét@cmohegbﬁ@péf | ow 25

0
average el astic., reﬁp%ﬁa Png;e @ %%é?§f8%¥££§§yl -

'glyCidoxypropyl, amlnopropyl, 3,4—epoxycyqlohexylethyl,
-y—mercaptopropyl aﬁd trifluoropropyl groups.' These
hydrocarbon groups (a) are groups attributed to the R'
10 and R" directly borided to a silicon atom, which
constitute part of the organosilicon compound of the
formula R'Si(OR2)3 or R'R"Si(OR3)2 used as a raw
material in the productibn of the organopolysiloxane
fine particle. The orgénosilicon cémpound will be
15 described later.
| In the organopolysiloxane fine particle of.the
present invention, the amount of carbons contained in
the organic group such'as the hydrocarbon group (a)
directly bonded to a silicon atom is in the range of 5
20 to 35% by weight, breferably'lo to 30% by weight.
When the carbon amount is léss than 5% by weight,
a fine particle having satisfactory elastic properties
cannot.be obtained. Further, the obtained
organopolysiloxane fine particle may be one of low

25 average elastic¢ recovery whose 10% compressive modulus



SF-593 final 16 of elasticity, described later, is high over 900 Kg/ m2. On
t he ot her hand, when the carbon anmpbunt is greater than 35% by wei ght, the
obt ai ned organo $§3*@ ane fine particle my be one of |ow average el astic
5 recovery vvhos éﬂpresm ve nodul us of elasticity is |ower than 150
Kg/mierr]. In the determnation of this carbon anount, it is generally
calculated fromthe anount of R and R' contained in the organosilicon
conmpound of the fornmula 10 R Si(ORlerr])[el6] or RR'Si (ORlerr])[err] used
as a raw material. Further, in the present invention, the anmount of O—I
group (b) directly bonded to a silicon atomis in the range of 1 to
preferably 2 tooé, eregtedty ofdases iheghdaicinysiioxuth fover p%@@l@émma5
When the anount of OH group (b) is less than 1 neqg/g, the dry spreadability
of the fine parfincitbei otetrehiamdat etherOthehecantbdor dmniht ilkerngtémt @anount  of
OH group (b) is greater than 8 neq/g, the elastic properties of the fine
particle may betbasaBbsf byt eeigh?) thee dotminmtedfoxdd iy {H)otane

- determ ned by neasuring the weight |oss of the organopol ysil oxane fine
particle at 100ftiae3pafreic]lé wiatyh besh@nes @ fOfl v dvidmrgentd ladsther nal

anal yzer and making a cal cul ation under the presunption that the weight :
| oss is attr5 buredowveriyha@hoenals Qﬂ‘on@:&e&m@ el eadi MG toswedeEpt { on of

wat er .
lower than 150 Kg/mmZ.

In the determination of this carbon amount; it ié
gene;élly calculated from the amount of R' and R"
contained in the organosilicon compound of the formula

10 R'Si(OR2)3 or R'R"Si(OR3)2 used as é raw material.

Further, in the present invention, the amount of
OH gfbup (b) directly bonded to a silicon atom is in
the range of 1 to 8, preferably 2.to 6; meq per g of.
.the organopolysiloxane fine particle.

15 _When the amount of OH group (b) is less than 1
ﬁeq/g, the dry spreadability of the fine particle is
deteriorated. On the other hand; when the amount of OH
group (b) is greater than 8 meq/g,.the'elastic
properties of the fine particle may be unsatisfactory.

20 The amount of OH group (b) is determined by measuring
the weight loss of the organopolysiloxane fiﬁe'particle
at 100 to 350°C with thé use of a differential thermal
analyzer and making a calculétion under the presumption

that the weight loss is attributed to the removal of OH

.25 groups leading to geheration of water.



SF-593 final 17 The loqbconpressive nmodul us of elasticity of the
or ganopol ysi l oxane fine particle of the present invention is in the range

150 to 900 Kg/ € referably 200 to 700 Kg/mferr]. 5 When t he
10@6conpressivg@%ggﬁiﬂgaof el asticity is |ower than 150 Kg/ m®, the fine

particle is so soft that it may be infeasible to uniformy maintain the
t hi ckness of the liquid crystal-layer in the liquid crystal cell. Further,
the pressure on individual 10 particles id7decreased to thereby restrict
the deformation of the particles, so that it is needed to increase the

product fvi ty may be Mhsersd, BibasEthde, ARl e o MBIt Hhsi ve
nmodul us of 15 elasticia% i.s hi Qgr.than 9qg§gﬂ%nn%err ; tgg a@prenentioned
col d bubbl i ng méy 9GECEP - ¥Edr SN Py 9 }ﬁgllQﬁL F2-is preferred
el asti ci ty of & HEVERGAREDaIy S SRmETIdR B0 Wardii e FRt n PHELPEAGYof
[err] 20% espegially [err] 10%, based on an average of the 10% conpressive
modul us of el as#08i 5. e st ati stical dispersion falls outside this
range, the degree of deformation under pressure varies fromparticle to
particle. Therefore, Wpsn the L0fuicemprpasdivedimasiuhns wivnelastielthove fine
' lower than 150 Kg/ﬁmz, the fine particle is so soft '
that it may be infeasible to unifermly maintain the
thickness of the liqﬁid erystal layer in the liquid
cfystal cell. Further, the pressure on individual_
10 particles is decreased to thereby restrict the
‘deformation of the particles, so thaé it is ﬁeeded to
increase ﬁhe number of spread particles. As a result,
the product quality and productivity may be lowered.
On the cher hand, when the 10% compressive modulus of
| 15 elasticity is.higher than 900 Kg/mm2, the
aforementioned cold bubbling may occur.

_Further, in the present invention, it is preferred
that the statistical dispersion of the 10% compressive
modulus of elasticity of the organopolysiloxane fine

20 particle be in.fhekrange of £ 20%, especially + 10%,
based on an average of the 10% compressive.modulus of
elasticity. When the statistical dispersion falls
outside this raﬁge, the degree‘of deformation under

pressure varies from particle to particle. Therefore;

25 the liquid crystal display in which the above fine



SF-593 final 18 particle is used as an inter-el ectrode spacer may suffer
fromcold bubblrng inage shadi ng, contrast deterioration, etc. The nethod
of eval uating t @npressive 5 nodul us of elasticity and the

statisti cal dlsperS|on hereof is as follows. In the neasurenent of the 10%
conpressi ve nodulus of elasticity, a mcro-conpression tester (nmodel MCTM
200 manufactured by Shimadzu Corporation) is used as a 10 neasuring
instrunent. Load is applied to one fine padBicle of dianmeter D as a sanple
at a fixed loading rate to thereby deforn1the particle unt|I t he

[ di-spl, t %P t hat
time, the |oad &9 %%%?ﬁ%r SO 2 B G e ot e RELEE, mﬂfh 10%
| conpressi ve m)dlé L4502 f‘?:o%lStéoC.L& d,{bsbllar‘l U|f}3n<§j bé’h aéltu“ SSI ﬁ

particle dlaneter and the measur e conpréssi o
di spl acenent at 10% di s Iacenent in the follomnng fornula 20 K =
(3/[err]) x F x9&L&EFP qﬂﬂﬁ%] rerein, K 10@6conpre55|ve nodul us of

S:g;f;g;;ﬁngK?ggyter&h) meth rfﬁ%éTﬁJé?%%(qu 1&% com géﬁﬁ?é@
| 5 modulus of elasticity and the statistical dispersion
thereof is as followé.
In the measﬁrement'of the 10%’compressive modulus
- of elasticity, a micro;compfession tester (model MCTM-~
200 manufactured by Sﬁimadzu Corporation) is used as a:
10 measuring instrument. Load is applied to one fine
particle of diameter D és.a sample at a fixed loading
rate to thereby deform the particle until the
'compression displacement becomes 10% of the particle
diameter. At that time, the.load and compression
15 ‘displacement (mm). are read. The iO% compressive
modulus of elasticity is calculated by substituting the
particle diameter and the measured.compression load and
compression displacement at 10% displacement in the
following formula:
20 K = (3/45_) x F x §73/2 x p~1/2
wherein,
K: 10% compressive quulus of elésticity (Kg/mmz),
F: compression load (Kg), |
'S; compression displacement (mm), and

25 D: particle diameter (mm).



25 - D. particle diameter (mm. SF-593 final 19 Herein, the 10%
conpressi ve nodul us of elasticity is determned for each of 10 particles,
and an aver age Epgf ﬁ #s calcul ated to eval uate the 10% conpressive
nodul us of el as |cﬁ % the fine particle. The 5 statistical dispersion
means the percentage of the remai nder of the 10% conpressive nodul us of
el asticity of each individual particle mnus the average based on the
average. Further, the average elastic recodBry (Rlerr])[err] of the 10
organopol ysi | oxane fine particle of the present invention is in the range
of 40 to 90% preferahly.70 9Q9 c ayer stdc v IS
il %,q%‘i% 9% ‘&n[héék%ﬁ)’e 1§Jsa St ?Iaeg&dg%%/ﬁ’a

| ess than 40% the giveén urd ¢rysta ayer canno e nai nt'al né

uni form thi ckness, and i mage adi ng.,15 occur.. On the other ‘hand,
“when the aver agéseldz?&eirgllrn% o?eg)rry ela%q]iogq]gfc}/t%%t%/%s‘t h%q(g 3 eh? e
probl em that indicatiagn.shading.is |jkely ta occur, for.exanple, when the
liquid crystal g' @anﬂ§ §ﬁ863§ﬂﬁﬁﬁdﬁiﬂtﬁ¥ﬁ itegithe #Qﬁt PI¢HRi %Wer age
conpressi ve deformation 20 (Cl.err])[err] of_ the orq?no ol ysi | oxane fine

particle of theMeAddast Gt EdRSHCLY i9f tiHe rHife RATREEIR- 6098 preferably

25 to 50% Wen the average conpressSive deformation is |ess than 20% the
particl es ar® s6tpidigtical dispersion means the percentage of the

remainder of the 10% compressive modulus of elasticity
of each individual particle minus the average based on
the average.
Further, the average elastic recovery (Rr)m of the
10 organopolysiloxane fine particle of the present
invention is in the fange of 40 to 90%, preferably 70 .-
.tq 90%. When the average elastic recovery is less thén
40%; the'givén liquid crysﬁal layer cannot be
maintained at a uniform thickness, and image shading
15 may occur. On the other hand, when the average eiastic
recovery is higher than 90%, there is such a problem
that indication shading is likely to occur,.for example,
when thé iiquid crystal. display is shocked and vibrated.
Still furfher, the average compressive deformation
20 (Ci)m of the organopolysiloxane fine particle of the
present invention is in the range of 20 to 60%,
preferably 25 to 50%. When the average compressi&e
‘deformatién is iess than-QO%, the particles are so hard
-that the aforementioned cold bubbling may occur. On

25 the other hand, when the average compressive



that the aforenentioned cold bubbling may occur. On 25 the other hand, when
t he average conpressive SF-593 final 20 deformation is higher than 60%
the particles asgs?gﬁﬁ it that it nmay be infeasible to uniformy maintain

t he thickness of tTie 1'i'quid crystal layer in the liquid crystal cell.
Moreover, the pressure on individual 5 particles is decreased to thereby _
restrict the deformation of the particles, so that it is needed to increase
t he nunber of spread particles. As a resul 20 the product quality and
productivity may be | owered. The average el astic recovery and the average

10 compressi ve defarmli,on e dehahmded, idhd ne ol om ng ganner . Jboad s
applied to one tine particlé o aneter as a sa e at a Tixed f%adlng

t t [ | Qad I . | o, | b f the 15
i or emont  oned HEEFo LEhprdsdn ot teA TN LR SR A FALE R ER by
Shi mad Co [ o th farmt.h ticle Ref ing to Fig. 1,
Che. di spl acemonEheo LAERAE T ch (T4 & HHI b ASRE S brke ¥er vh Aite Ltabfdance
with the increase of the Hgfd. ereafter, the load i,s renoved

20 T
until a given | GZ¥SF&uESddri gMREROVEEd §g9u8fe§§u5el&%ﬂ%@gﬁﬁﬁqﬂ?%ale

which is the sane as the above | oading rate. The S
5 particles is decreased to thereby restrict the

deformation of the particles, so that it is needed to

increase_thé number of spread\particles. As a result,

thg product quality and productivity may be lowered.
The average elastig reéovery and the average'

10 compréssivé deformation are determined in the following .
manner..

Load is applied to one fine particle of diameter D
as a sample at a fixed loading rate up to a given load
" value (reversal ldad value) by means of the

15 aforementioned micro-compression tester (model MCTM-200
manufactured by Shimadzu Corporation) to thereby deférm
the particle. Referring to Fig. 1, the displacement,
starting from 0, is increased along curve A in
accordance ﬁith the inc;ease of the load.

20 ' Thereafter,.the load is removed until a given load
value (original load value) ép a load removing rate
_which is the same as the above loading rate. The
displacement is siowly reduced along curve B in

accordance with the removal of the load.



di spl acenent is slowy reduced along curve B in accordance with the renoval
of the | oad. SF-593 final 21 Provided that L[err] represents the
di fference bet i splacenent at the original |oad value in the
| oadi ng st age 2ﬁﬁ£§$€ﬁﬂggplacenent at the reversal |oad value and that L2
represents the difference between the 5 displacenent at the original |oad
value in the | oading stage and the di splacenent at the original |oad val ue
in the | oad renoving stage, the elastic re@dvery Rr and conpressive
deformati on of the sanple are cal culated by the fornulae: 10 Rl err]

L[err] - L[err])/L[err]. 0 nd err] = (Llerr x 100. ] n the
H e[sent] i nventi on, V\,iPtrl?V]P‘é%ei)ée(]:tt%a{toaL@ac%porfe%eerhtspatrl-k{? C?Je.’és’%]f%%c%l kégJvaen
recovery and conpressive deformation are determ ned according to the above
15 fornul ae undéhe d spdsaggmeron dthathe herpyinahaloddavabwel ieveheal | oad
values. are 0.1 g and 1.0 g, respectively. The averages thereof are referred
to as the aver ad®aaliagt istagr aret \trendii del svemage onphesséversdel ol sadi on
of the fine particle. 20 Further, the | oad value which is exhibited
when the |oad i ¥ iadd Ghat the zaRRRseierise dbhference bekweas the
‘particle is crashed is referred to as the : :

5 displacement at the original load value in the loading

stage and the displacement at the original load value
in the load removing stage, the elastic recovery R,
and compressive deformation of the sample are

calculated by the formulae:
10 Rp = [(L; - Ly)/Li] X 100, and

C, = (L1/D) x 100.

In the present invention, with respect to each of
ten partiéles, the elastic recovery and compressive
deformation are determinea according to the above

15 formulae under the éssumption that the original load
aﬁd reversal ldad vaiues are 0.1 g and 1.0 g,
réspectively._ The averages thereof are referred to as
;he aVerage elastic_recovéry and the average
compressive deformation of the fine particle.

20 Further, thé load value which is exhibited when

'. the load is applied over the above reversal load wvalue
and the particle is crashed is referred to as the
compressive strength.

The average particle diameter of the

25 organopolysiloxane fine particle of the present



conpressive strength. The average particle dianeter of the 25

or ganopol ysil oxane fine particle of the present SF-593 final 22
invention is in§ﬁ1§9§"ﬁﬂgf3 of 0.5 to 50 pm preferably 1 to 20 pm The
average particle dianeter of the organopol ysil oxane fine particle is
selected with taking into account the type of liquid crystal display, 5
required thickness of liquid crystal |layer and el astic properties. The
average particle dianeter is neasured by olXervation of a scanning el ectron
m crograph. Furthernore, for the fine particle, it is preferred that the
variation coefficient of partjcle 10 dianmeter CV be 5% or |ess, especially
in the range of MMYERN Wl R nepaF?Ret 8 Amet bP QrFﬁtiBﬁegﬁéPgﬂgiént
exceeds 5% it nmay occur that the thickness of the liquid crystal- | ayer
cannot be mai nt dihedld Mt £ oy AVE TS SR tdaiise JipmpEhafi g€ etc. This 15
vari ation coefficient CVis calculated by the formula: CV = (standard

devi ati on of pardiganeRRBAEtexqnerfine /payreiale parseteetddawdthr (Dn)) x
100 standard deviation of particle dianmeter (a) 20 n [err] |D - Dn| /
(n-1) x Dn taking into account the type of liquid crystal display,

5 required th}ckness of liquid-cryStal layer and elastic
propertiés. The average particle.diameter is measured
by observation of a scanning eiectron micrograph.

Furthermore, for the fine particle, it is
préferred that the variation cdefficient of particle
10 diameter CV be 5% or less, especially in the range of 1
to 3%. When_the particle diameter variation
coefficient exceeds 5%,—it may occur that the thickness
of the iiquid crystal layer cannot be maintained
uniformly to thereby cause image shading, etc.l This
15 variation coefficient CV is calculated by the formula:
CV = (standard deviation of particle diameter (o)

/ averége particie diameter (Dn)) x 100

standard deviation of partiéle diameter (o)

20
n
Y |pi - Dnl / (n-1) x Dn
Di: diameter of each individual particle
n: number of measured particles.
25 Still further, it is preferred that the

aggregation ratio of the organopolysiloxané fine



Di: dianmeter of each individual particle n: ‘nunber of neasured particles.
25 Still further, it is preferred that the aggregation ratio of the

organopolysilox&&ggggﬁﬁ SF-593 final 23 particle be 5% or |ess,
especially 3% ofr | . ?jhe aggregation ratio is defined as the percentage

of particle aggregates based on a total of 100 particles wherein each
aggregate consisting of a plurality of 5 particles is counted as one
particle in the observation of scanning el @3tron m crograph (SEM. Wen the
aggregation ratio is greater than 5% it may occur that uniform spreadi ng

is difficult to_ther.ehy lLo t he eading efficiency with the fesult that
the cell of 10 & &cﬂ\egfﬁmﬁ%nn% %gésdbtezﬁ ec.aj[|£—¥o§(;%s%rf ?sf)ro ?ng

or ganopol ysi | oxane fine ,Particle]l A process. for producing an

o Sanonol yei | ox BRGHAGHE 5t (10 9 A IS HOPd A1 e AN FRGRAPFon wi I
now be 15 descri bed., The organopol ysil oxane fine particle of the, present

i nvention can b@3¥FdFieRIFF ?%F‘?%W Phrace’lsal (b HepreeEipteparing

seed particle dispersion 20 In the present invention, first, a
m xture of an Wherein each aggregate consisting of a plurality of

5 particles is counted-as one particle in the observation
of scanning electron micrograph (SEM). When the
aggregétion ratio is greater than 5%, it may occur.that'
uniform spreading ié difficult to thereby lower thé
spreading efficiency with the result that the celi of

10 uniform gap cannot be obtainéd.
[Proceés for producing organopolysiloxane fine
Particle]
A process for_prodﬁcing an organopolysiloxane fine
particle according to the present inﬁention will now be
’15 described.
The.organopolysiloxane fine particle of the
present invention can be produced by the following
process. |

(a) Step for preparing seed particle dispersion

20 In the present invention, first, a mixture of an

organosilicon compound (a-1) of the formula Si(OR1)4

(1) and an organosilicon compound (a—2f of the formula

R'Si(OR2)3 (2) is subjected to hydrolysis and

condensation polymerization in a solvent of a mixture



organosi |l i con compound (a-1) of the fornmula Si(OR1)4 (1) and an
organosilicon conpound (a-2) of the formula R Si(ORerr])[err] (2) is
subjected to hyggoéqliﬁs and condensation polymerization in a solvent of a
mi xt ur e SF- 598~ Pabs of water and an organic sol vent to thereby
obtain a dispersion of seed particles. Conventional techniques can be
enpl oyed in the preparation of such seed particles. 5 In the above
formul ae, each of Rlerr] and Rlerr] repres@dts a hydrogen atom or an
organi c group having 1 to 10 carbon atons sel ected from anong an al kyl

group, an al koxyal kyl group, and an acyl group. It i referred that R err]
and Rlerr] repr Q?eﬁ%{:‘tte%e aé’éirré'brodiﬁ?qlrcbnﬁgﬂjéf%)% R e%’f%y oPPERHlI faneousl y
hydrol yzi ng an organosilicon conpound (a-1) and an organosilicon conpound.
(a-2) in a sol vEAEPersian aiysesst RAfECRtr an organi ¢ sol vent and
performng a condensation polynerization of the hydrolyzate. 15 -
‘Further, in the abovEonyemiignad teghndsBins GamhRi cRRbredrbupthving 1
to 10 carbon atons sel ected from anong substituted or unsubstituted '

hydr ocar bon gr opgepapadmeine® fofsuall tsaad raristes ut ed hydrocar bon 20

groups include an al kyl group such as chain al kyl or
' 5 In the above formulae, each of Rl and R?

represents a hydrogen atom or an organic group having 1.
to 10 carbon atoms selected from among an alkyl group,
an alkoxyalkyl group_and an acyl group. It is
preferred that Rl and R? represent the séme group from

'10 the viewpoint of simultaneously hydrolyzing an |
organosilicon compound (a-1) aﬁd'an organosilicon
compound (a-2) in a solvent of a mixture of water'and.
an organic solvent and performing a condensation
polymerization_of the hydrolyzaté.

15 Further, in the above formula, R' represents a
hydrocarbon group having 1 to 10 carbon atoms selected
from among substituted .or unsubstit'uted l;lydrocarbon
groups.

Examples of suitable uﬁsubstituted hydrocarbon

20 groups include an alkyl group such as chain alkyl or
cycloalkyl, an alkenyl group, an aralkyl group and an
aryl group. The.sﬁbstituted hydrocarbon group is a
group obtained by partly or'entirely substituting
hydroéen atoms of the hydrocarbon with nonhydrocarbon

25 groups or elements other than hydrogen. Examples of



cycl oal kyl, an al kenyl group, an aral kyl group and an aryl group. The
substituted hydrocarbon group is a group obtained by partly or entirely
substituting hyg#ggg? g%PnB of the hydrocarbon with nonhydrocarbon 25
groups or elene ﬂ t han hydrogen. Exanples of - SF-593 final 25
sui tabl e substituted hydrocarbon groups include CHerr]d, CHerr]F,

chl oronet hyl, [err]-nethacryl oxypropyl, [err]- glycidoxypropyl,

am nopropyl, 3, 4-epoxycycl ohexyl ethyl, [er25 mercaptopropyl and

trifluoropropyl groups. 5 Exanpl es of the organosilicon conpounds
(a-1) include tetranmethox | ane aet hoxysi | ane, tetrapropoxysil.ane
{et 1 amet hyl met ho%&viﬁ% H T TseA o %ﬁ&%? G GRAUPEL FAGLEHEX G ERFdne.
Exanpl es of the or i con coqgfunds (a-2 10 |ncluq'

met hyl tri met hoxy<ia %ﬂﬁQWﬁth RoXAGH 1G%fRARY: 4 I6pr opoxysi | ane,

nethyltris(nethoxyethoxy)5|Iane ethyltrlnethoxy5|lane

vi nyl tri met hoxysjlaniejospherypY ;i netioxysopphe, 3| £repexycyclohexylethyl,
chl oropropyl tri met hoxysilane, [err]- 15. gl yci doxypropyl trimethoxysi.l ane,

net hyl tri acet oxysmkagapaopd ey laivd acdtfoysidompyl idigpstiep (a), with
respect to the mxing ratio of the organosilicon conpounds (a-1) and
organosi | i cop conpoundanigded .of ttHs ¥iress £k dhatcdndolfds. Pamp) of
include tetramethoxysilane, tetraethogysilane,-
'tetraprbpoxysilane,_tetfamethylmethqusilane,'
tetraethylethoxysilane aﬁd tetraacetoxysilane.
| Examples of ghé organosilicon compounds (a—2)
10 include methyltrimethoxysilane, methyltriéthoxysilane,
| methyltriisopropoxysilane,.
meﬁhyltris(methoxyetthy)silane, ethyltrimethoxysilane,
vinyltrimethoxysilane, phenyltrimethoxysilane, y—'
chloropropyltrimethoxysilane, y-
15 gl&cidoxypropyltrimethoxyéilane, methyltriacetoxysilane
and phenyltriacetoxysilane. |
In fhe step (a), with respecﬁ té the mixing ratio
of the organosilicon compounds (a-1) and organosilicon
compounds (a-2), it is breferred that 0.1 té 3.0 mol of
20 the organosilicon compounds (a-2) be mixed with 1 mol
of the organosilibon compounds {(a-1).
In the step (g), use is made of a solvent of a
mixture of water and an orgénic-soiveﬁf. It is
preferred that 10 to 100 parts by weight of water be

25 contained in 100 parts by weight of an organic solvent.



20 the organosilicon conpounds (a-2) be mxed with 1 nol of the
organosilicon conpounds (a-1). In the step (a), use is nade of a sol vent of
a mxture of ma%ﬁisggﬁ Sp organic solvent. It is preferred that 10 to 100
parts by wei ght “Or 8% be 25 contained in 100 parts by wei ght of an

organic solvent. = SF-593 final 26 The organic solvent is not particularly
limted as long as it is mscible with water. Exanples of the organic
sol vent include al cohols, glycols, glycol @bhers and ketones. 5 In

the step (a), it is preferred that an alkali such as anmonia as a catal yst
conpound (4.2) be adglF b RE o b Dttt Rt S B ORR Bt PR nesso
or ganos | | con CORSBUATS LETHS SRRSO cERtRmd SRREL St brgihos | | con
X ur o of -l e i SR MY T HrPaTR [GHFEPhSa L URBbr goos 15

~copol ycondensation so that seed particles are formed. These-reactions are
accel erat ed whe®HESsANFeAEt R sting of a mixture of water and an

or.gani c solvent is held alkaline. . . :
5 In the step (a), it is preferred that an alkali

such as ammonia as a catalyst for hydrolysis of.the

organosilicon compound (a-1) and organosilicon compound

(a—2) be added.to the mixture of water and an organic

solvent so that the solvent is held alkaline dﬁring-the
10 hydrolyéis of the organosilicon compounds.

The ofganosilicon compound (a-1) and organosilicon
compound (a-2) are simultaneously hydrolyzed in the
solvent consisting of a mixtufe of water and an organic
Solvent,.and the hydrolyzate undergoes

15 copolycondensation so that seed particles are formed.
These reactioné ére accelerated when.thé solvent
consisting of a mixture of.water and an organic solvent
is held alkaline.

The reaction temperature is preferably in the

20 range of about 10 to 20°C.

The concentration of seéd-particles of the

resultant seed particle dispersion is preferably in the

range of about 0.05 to 5% by weight in terms of S$iO,.



The reaction tenperature is preferably in the 20 range of about 10 to
20[err] C. The concentration of seed particles of the resultant seed
particle disper%%p§%$ g eferably in the range of about 0.05 to 5% by

wei ght in terms f @P SF-593 final 27 It is also preferred that

t he average di aneter of the obt ai ned seed particles be in the range of 0.05
to 2.0 [err]m (b) Step for stabilizing seed particles 5 In the
present invention, an alkali is added to tI¥ seed particle dispersion
obtained in the step (a) to thereby stabilize the seed particles (herein,

t he di spersion of se particles t bili by the addition of an
alkali may be referrgg: ég'?uﬁﬁﬁék 3‘ § d&h AYRERIG fhpReger of

stabilization of the dISp i on by the dd|t|on of an al kali enables
preventing the dépo %ﬁt?? tRACEEC19R Byt RgERFoR2BEesBEIOP Pt 6 es.
When seed pqrtlcles are aggregated, a 15 hydrolyzate of organosilicon
conpound may adrfer® HRy joining portion of the aggregated particles in the
subsequent step (c) with the result that partlcles are grown fromthe
joining portion. Thus, i Jotca e.fel Q0 L0 g chedi anmet er
cannot be obgalned '

In the present invention, an alkali is added to'
'the seed particle dispersion obtained in the step (a)
to thereby stabilize the seed particles (herein, the

dispersion of seed particles thus stabilized by the
addition of an alkali may be referred to as."healed
10 sol™).

The fhus attained stabilization of the dispersion
by the addttion ef an alkali enables preventing the
deposition attributed to the aggregation of seed
particles. When seed.particles are aggregated, a

15 hydrelyzate of orgenosilicon compound may adhere td
joining portion.of the aggregated particles in the
subsequent step (c) with the result that particles are
grown from the joining portion. Thus, it may occur |
that particles 6f uniform diameter cannot be obtained.

20 Examples of the alkaiis added for the
stabilization of the dispersion include ammonia gas,
agueous ammonia, an alkali.metal hydroxide such as
sodium hydrokide, a quaternaiy ammonium salt and an
amine. 'These can be used either individually or in

25 combination. Further, an ultrasonic may be applied to



20 Exanpl es of the alkalis added for the stabilization of the

di spersion include amoni a gas, aqueous ammoni a, an al kali netal hydroxide
such as sodi um Ippds@xFAg, a quaternary ammoni um salt and an ami ne. These
can be used either individually or in 25 conbination. Further, an
ultrasonic may be applied to . SF-593 final 28 the dispersion in order to
stabilize the dispersion. Still further, the stabilized dispersion is
preferably brought into contact with a cat i28n exchange resin to thereby
reduce the anmount of alkali and ammonia. It is 5 preferred that the anount

of alkali be regueedispdiilod i dikli coRcEmIpiionnl 41 gLy ght al ned

fine particles is 100 ppmor |ess, especially 50 ppmor |ess, till

CEEF 1 17 PREAD, ) SRR 0 S0 01 L8ty

al kali and at |east one organo I con conpoun presen _
o el poectbusl i i oot L AL A b
ol ot e S YRALEP o) sgffin S VSO R SRR P O
glr’ gm’]r ;?yt gieéaﬁg 5% te%irréda t%ia%:p%rhsei Oarlgnocl)lfntspohfe'raiﬁ<aallj]c ibnee eaé&ci:eccli escg)f.that / |
the alkali concentration of finally obtained fine
'particles is 100 ppm or lese, especielly 50 ppm or less,
and still especially 10 ppm or lees.
c | e owir seed par 'el
10 An alkali and at least one organosilicon compound.
represehted by the following formula (3) or (4),
eptionally together with an acetylacetonato chelate
cempound represented by the following formula (5), are
edded to the healed sol obtained in the ‘above step (b),
15 and a hydrolysis and condensation polymerizatioe |
thereof are carried out. As a result, the seed
particles are grown to thereby obtaie a dispersion of
spherical fine particle of arbitrary diameter.
Formula (3): R'Si(OR2)3
20 wherein R? and R' are as defined in the above step
(a). The organosiliéon compounds repreeented by this
.formula (3) are referred to as organosilicon compound

(c-1) in the step (c).
~ Formula (4): R'R"Si(O0R3),



Formula (3): RSi(ORlerr])[err] 20 wherein R err] and R are as
defined in the above step (a). The organosilicon conpounds represented by
this fornul a (3)SF’;_1 rﬂﬁggred to as organosilicon conmpound (c-1) in the
step (c). Forrrula%%: R'SI (ORerr])[err] SF-593 final 29 wherein R
and R" may be identical with or different fromeach other and each
represent a group having 1 to 10 carbon atons sel ected from anong
substituted or unsubstituted hydrocarbon gr8ups, and Rl err] 5 represents
the sane group as the above R(1). The organosilicon conpounds represented
by the formila (4) anmdial i ed dfs % Yipnpe 4o compoung fe-2). Formila
(5): 10 ) [erT erein représents a propyl

or butyl group; X esent s an_or.gani,c group selected from anong a mnet hyl
group, a net hoxyd{gfrfgeﬂlfoe,nscanfre?%y?a%}?o E)h%%aa%‘ﬁ S8R heRGCEFBEp? GhaUR |
represents an elenent selected frgm anong those of ups 2 to 15 of the
periodic table; BaVGT |S]s th ]i(ﬂt%ag;"gt?o%fa L) %eig%cat%ggr PHPBEer of 1 to
4, provided that + Nis an inte %g of 2 to 4. As the nunber of cafbog
atons is incr easgé@%%tr’ﬂtﬁﬁ ‘?reé'b’b%{ Tl Rted RYRAreryEheRi 9FeBRS cofPEUR

c-2) and _
( ) 5 represents the same group as the above R(1). The

organosilicon compounds represented by the formula (4)
are referred to as organosilicon compound (c-2).

Formula (5):

10
O—C—Y
. AN
(R O)m—M /CH
' O—C—CH;, n

wherein RY represents a propyl or butyl group; Y
represents an organic group selected from among a
| methyl group, a methoxy group, an ethyl group and an
15 ethoxy group; and M représents an element selected from
among those of Groups 2 to 15 of the periodic table;
and m is an integer of 0 to 3 aﬁd_n is an.integér of 1
td 4, provided thatim + n is an integér of 2 to 4.
As the number of carbon afoms is increased'with
20 respect to R" of the organosilicon cémpound (c-2) and
R' of the organosilicon compounds (c-1) and (c-2) used

in the step (c), the seed particle dispersion is likely



R of the organosilicon conmpounds (c-1) and (c-2) used in the step (c), the
seed particle dispersionis likely SF-593 final 30 to gel, and growth of
seed particles q§g9g§?ngjfficult, at the time of addition of the _
organosi |l i con conpound c-1) and/or (c-2) to the seed particle dispersion.
Therefore, it is preferred that both R and R' be 5 groups with a smal
nunber of carbon atons, such as nethyl, vinyl, trifluoronethyl and
phenyl am no groups. The organosilicon conpd@@d (a-2) used in the

-af orenentioned step (a) can be used as the organosilicon conpound (c-1). 10

Exanpl es of the g ar{Zi-Aﬂd.f%‘ﬁ'@%%ﬁd&é‘?ﬁ%rwg%&gfﬁﬁf rln%fhgiffir:ult,

di net hyl di net hoxysi , i et hoxysiTane, die XySi ane,d
phenyl et hyl di ngt Si e, y- | doxypr | met hyl di net hoxysil ane .an
di met hyl acet oxgg¢gegg? ‘Jl%r']e of a%%% esggf&%eoﬁg% ?/?égg?gﬂaf!SmEﬁgpg‘t e

conpounds represgnt.ed by. fhe abaye formla (5) inc)ud . :
di but oxy( bi sacet JSet Aok e iEﬁn{%g sée& par{;gfe dispersion.

tri but oxy(nonoacet yl aget onat o) zi r.coni um : . N
triisopropoxy(nnndacgﬁﬁﬁﬁﬁaﬁému%ﬁt%ﬁeﬁﬁ?ﬁﬁrﬁﬁﬂ that both R' and R" be
di but oxy(bi sacetyl acetonato)titanjum bisacetyl acetonat ol ead, -
trisacetyl ac toééﬂﬂﬂﬁnﬂlﬁﬂtﬁﬂ%ﬂ@k%ﬂ%&ﬁkﬁ?l%%e@%ﬁ%?%)%%@%$un$aﬁh as

methyl, vinjl, trifluofomethyl and phenylamino grdups,

The organosiliqon compound (a-2) used in thé
aforementioned step (a) éan-be used as the
organosilicon compbund (c-1).

10 Examples of the organosilicon compounds (c-2)
include dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldiethoxysilane, phenYlmethyldimethoxysilane, Y-
glycidoxypropylmethyldimethbxysilane and
'dimethylacetoxysilane.

15 Examples of the gcetylacetonato chelate compounds
represented by the above formula (5) include
dibutoxy(bisacetylacetonafo)zirconium,
tributoxy(monoécetylacetonato)zirconium,
triisopropoxy(mohoacetylécetonatO)titanium,

20 dibutoxy(bisacetylacetonato)titanium, |
bisacetylacetonatolead, trisacetylacetonétoiron,
dibutoxy(bisacetylacetonato)hafnium and
tributoxy(monoacetylacetonafo)hafnium.

In the step (c), although only the organosilicon

25 compound (c-2) can be added to the seed particle



tri but oxy(nonoacetyl acet onato)hafnium In the step (c), although only the
organosilicon 25 conpound (c-2) can be added to the seed particle SF- 593
final 31 disperg#p 'h Ls preferred that al so at |east about 50 nol % of
the organosilic '@%%ﬁ fhd (c-1) be added thereto. Further, in the step
(c), a small anpbunt of the 5 organosilicon conpound represented by the
formula Si(OR[err])[err] (1) nay be added besi des the above conpounds (3)
to (5). At the tine of adding the above co®ounds to the healed sol in the
step (c), too rapid addition of the 10 conpounds may |ead to the

aggregation of sged particles in the heale ol, or_ nonuni form growt h of
seed particles &ﬁﬁﬁ O Pesutt thdrTHeE LT éﬁ%%%l?%??o?%nie??ﬁeabgPFigpe
havi ng a sharp articleéﬂ%gneter di stribution cannot be finally qbtained.
Therefore, it 1%0%%5 [FPARRT 1R AARIURGA(ETbh B¢ 28dRdof the
conpounds be regulated so as to fall wthin the range of 0.001 to 0.05 g/hr
per g of water r&%%ed in the di spersion medium In the step (c) of the

present invention, the 20 above conpounds are added while maintaining the
pH of the seed parti éM&Etéicdperidi dhatsteRr ol + ¢ t3alebyanpwwe of the

5 organosilicon compqund represented by the formula
Si(OR1)4 (1).may be édded besides the above compounds
(3) to (5).
At the time of_adding the abbve compounds to the
healed sol in the step (c), téo rapid addition of the
10 compounds may lead to thé aggregatidn of seed particles
.in thé healed sol or nonuniform growth of seed
particles with the result that the organopolysiloxane
fine particle having a sharp particle diameter
distributiqn cannot be finally obtained. Therefore, it
15 is preferred that the rate of addition of each of the
compounds be regulated so as.to fall within the'range
of 0.001 to 0.05 g/hr per g of water contained in the
dispersion medium.
In the step (c) of the pfeseﬁt inveﬁtion, the
20 abdve compounds are added.while maintaining the pH of
the seed_pafticle dispersion at 6 to 9 to théreby grow
the seed particles. When the pH of the dispersion is
.less than 6 or higher than 9, the sﬁreadability of the

obtained fine particle may be deteriorated.



the seed particles. Wien the pH of the dispersion is |less than 6 or higher
than 9, the spreadability of the obtained fine particle nay be

det eri or at ed. é$:%2% Iinal 32 CGenerally, an alkali such as ammonia is
used in the reg&?a ? 8t the pH. I n the present invention, in particular,
it is preferred that the pH variation during the stage of seed particle
gromh fall in the 5 range of 30% especially [err] 10% based on the pH
“at the initiation of the addition of the c@®ound. Therefore, it is
preferred that, at the tine of adding the above conpounds to the seed

particle dispersion, an a us al kalj_splution_be_ added_ sinultaneously and
10 -cont i nuousl y. VangéﬂFéﬁﬁigﬁ %ﬁmﬁi&afﬁai?c%nﬁsc%ﬂ%ﬁﬁﬁ? 1 8plas nggd by
t he above fornmulg (3) or. (4), optignally tagether with the conmpoun _
represent ed by_.t"ﬁ“ée f’%ﬁq%]vﬁ‘?%érf&%u‘?%e(%%(; g'?‘b RF S he BB 1Rt i EPe

Py of yzate or BAOMHAC I corters T re DO HErFo ot PorBs VA ARBEgBat €5
"~ hydrol yzate or . c a n ates
under goes condensation polynerization on the surface of seed particles to

thereby effect IHHIE it StREe ehesedPpuEiFLeegrogthafelyr banthehe

reaction tenEerature of the step (c) is |ower
range .of * 30%, especially + 10%, based on the pH at

the initiation of the addition‘of the compound.
Therefore, it is preferred thét, at -the time of adding
the above compounds to the seed partigle.dispgrsion(_an
équeous-alkali solution be added simultaneously and

10 continuousiy.

When an alkali and at least one compound
represented by the_above formula (3) or (4), optionally
together with the compound represented by the following

o~ forﬁula (5), are added to the seed particle dispersion
15 in the above manner, the éqmpounds are hydrolyzed and
the hydrolyzate or produ¢t of condensation
polymerizatioh of hydrolyzates undergoes condensation
polymerization on the-surface.of seed particles to
thereby effect lamination. ‘Thus, the seed pafticles
20 are grown. |

The reaction témperature of thg step (c) is iowe;

than that of the above step (a) and is preferably in -

the range of about -10 to 20°C.

(d) Aging step



than that of the above step (a) and is preferably in the range of about -10
to 20[err]C. (d) Aging step SF-593 final 33 The fine particle dispersion
obtained in thes?gﬁ%fﬁﬁ%pp (c)y is heated at the sanme tenperature as that of
“the step (c) or “tenperatures higher than the sanme so that the spherical
fine particle is aged. This step 5 renders the dianeters of obtained fine
particle nore uniform Wth respect to the aging tenperature and tine, it
is preferred that the fine particle be nai 38ai ned at about 20 to 90[err]C,
especially 50 to.80[err]C, for about 0.5 to 24 hr. 10 When t he agi ng

tenperature is | ower ar . r1.G At Jx ur_t J i f_ypute
diiameters are newy F%:éner}&?’%g%rasﬂﬁqﬁcclae cd(}%oenesf#gn c%aoq?%% ngjzla'?;&é?a% O?Iél| y
precipitated with th% mount_ of,_ di ssol ved and 'n%ng

resul t that.the e
silica corrponentsge!ps icr%crlesafsheec?&aéﬁ a[%etr eebysarné%ate?l?%egralnil_l%?fﬁ c{ﬁl%@t% obtain
 Gher Ehan: 0f HE] EtRy gt e JThar fo e o SRTF uShd.
particles may occur.g}?s aged s eg{cal fine particle is sepagrated from 20
the spherical fithé% & Qﬁ%§£; 13 AT Tl XA d cedtVis FJaP

separation %Qd heated in_a npi st atnosphere. ] )
renders the diameters of obtained fine particle more

uniform. With respect to the aging temperature and
time, if is preferred that the'fine.pa:ticle be
maintained at about 20 to 90°C, especially'SO to 80°C,
for ébopt 0.5 to 24 hr. |
10 When the aging temperature is lower than 20°C, it
may occur that particles of minute diameters are newly
formed, or silica components cannot be satisfactorily
precipitated with the result that the amoﬁnt of
dissolved and remaining silica compoﬁents is increased,
15 thereby rendering it difficult to obtain monédispersed
particles. On the other hand, when the aging .
temperature is higher than‘90°C, aggregation of
particles and formation of fused particles may occur.
| Ihe aged spherical fine particle is separated from
20 the spherical fine particle dispefsion by, for example,
centrifugél sepafation and heated in a méist atmosphere.
e) Step of treating in moist atmosphere
The fine particie is heated at 100 to 600°C,

preferably 150 to 500°C.



(e) Step of treating in noist atnosphere The fine particle is heated at 100
to 600[err]C, preferably 150 to 500[err]C. SF-593 final 34 Wen the
tenperature is kg ggﬁﬁg[err]c, the elasticity of the fine particle may be
| owered. On the other hand, when the tenperature exceeds 600[err]C, the
spreadability of the fine particle may be deteriorated. 5 Moi st air
and/or inert gas is used as the noist atnosphere. The noisture content in
terns of relative hunmidity is preferably i @t he range of 20 to 90% stil
preferably 50 to 80% In the treatnment in the noist atnosphere, for 10

promoting and conpl etg, the pAlycondensat] onof ol heo @ @anepel ysi | oxane
contained in the spherical fine particle, the spherical fine particle may

optional ly be fiéleé%tj%jswyopet%:Ouéﬁtﬁﬁg%%fe%g?a%éO%g?e?édOt &t the

el ectromagneti c wave. T _ N ove steps to (e), thefe
i nci pal conporHic T e i e agr e Ee RThe of PR P OlR T af i r ect 1y
i1 con at om  wHERAAEART 1L OarEh nee oY EF ot hC LREPRY ah B aPbBALar bR )
5 - Moist air and/or inert gas is used as the moist
atmosphere. The moistﬁre content in terms of relative
humidity is preferably in the range of 20 tol90%, still
preferably 50 té 80%. .
.In the treatmént in the moist atmosphere, for
10. promoting and completing the polycondensation of the
organopolysiloxane contained in the sbherical fine
particle, the'épherical'fine particle may optionally be
fired, of may be irradiated_with ultraviolet or other.
electromagnetic wave.
15 Through the above.steps (a) to (e), there can be
produced the organépolysiloxane fine particle
comprising as a principal component a polysiloxane
having a hydrocarbon group (a) directly bonded to a
silicon atom and having an OH gfoup (b) directly bonded
20 to a silicon atom, whereih: | |
(i) carbons ‘contained in the hydrocarbon groﬁp (a)
constitute 5 £o 35% of the Qeight of the
organdpolysiloxane fine particle, and
(ii).the OH group (b) is in an amount of 1 to 8

25 meq per g of the organopolysiloxane fine particle,



constitute 5 to 35% of the wei ght of the organopol ysil oxane fine particle,
and (ii) the OH group (b) is in an anmount of 1 to 8 25 meq per g of the

or ganopol ysi | ox article, SF-593 final 35 the organopol ysil oxane
g %e pgrt?/cl e h?\y/i:??légjﬁ Pllol) a 10% conpressi ve nodul us of elasticity of 150
to 900 -Kg/mferr], (iv) an average conpressive deformation (C[err])[e_rr] of
20 to 60% (v) an average elastic recovery (Rr)mof 60 to 90% and (vi) an
average particle dianeter of 0.5 to 50 [er3m The above step (e) of _

treating in the noist 10 at nosphere may be replaced_.by step (e') of heating

in a nitrogenous basi nltrogenous
basi ¢ gas gt rmsphereéﬂle m%aatr ogent}%e]ba%ﬁg g%ﬁgsgc%%cggédﬁg‘“ng h d

exanpl e, ammoni a, any,.af. vari anoni um salts en, az yd ra2| ne,
hyd?gxyl anine, a hydr(&xyﬁ) 13)%13”% DHEHE AT g‘% ?Jg %W%%%jr)f) : Luch as
pyridine. Ar a cont ai ni ng the above 20 nitrogenous basic
gas is used as t r‘flotrg{é)t r{%@“‘ba’m c

(iv) an average compressive deformation (Cr).m of

5 20 to 60%,
(v) an average elastic recovery (R,)™ of 60 to 90%,
“and
(vi) an. average particle_diameter of 0.5 to.50 pm.
The above step (e) of treating ih the moist
10 atmosphere may be replaced by step (e') of heatihg in a
| nitrogenous basic gés atmosphere.

(e') Step of treating in nitrogenous basic agas

atmosphere

The nitrogenous basic gas is composed of, for
15 example, ammonia, any of various ammonium salts,

K hydrogen azide, hydrazine, hydroxylamine, a
hydroxylammonium salt or a-nitrégenous hydrocarbon such
as pyridine.

Air and/or inert gas containiné the above
20 nitrogenous basic gas is used as the nitrogenous basic
gas atmosphere. Tﬂe content of nitrogenous basic gas
in the nitrogenous basic gas atmosphere is in the range
of 10 to 100% by voiume, preferably 50 to 100% by
volume. Heating in the nitrogenous basic éas

25 atmosphere enables obtaining the organopolysiloxane



gas at nosphere. The content of nitrogenous basic gas in the nitrogenous
basi c gas atnosphere is in the range of 10 to 100% by vol une, preferably 50
to 100% by vol urgg. %@ﬁhépg in the nitrogenous basic gas 25 atnosphere
enabl es obt ai ni ng ? e organopol ysi | oxane SF-593 final 36 fine particle
characterized by a small dispersion of 10% conpressive nodul us of
elasticity. The reason for the reduction of the dispersion of the
conpressi ve nodul us of elasticity by the hé8ting in 5 the nitrogenous basic
gas at nosphere, although not elucidated, would be that the dehydration

reaction of sil Hidle Y dr | dHU MU0 Ped NSy Ealnlith | 85 £PE- 81 b OgENOUS

basic gas atnos ~thereby prevent rapi hydration Teaction wWth the
an be suppressdd HtieFEE MR ot e B basi ¢ gas
fo 5000 or 1] C. hen tAL SRFETR T | L bdl SWAS DA or e AtREETEER 6Ty of
e e Bor ol T b Lotedo £ L 2P R0 e e, Lepperatyure
deteriorateds The A0S SYerdoul IAS PHAS B iDL el £ fBgn not |
elucidated, would be that the dehydration reaction of
silanol group is inhibited by the heating in the
nitrogenous basic gas atmosphere to thereby prevent
rapid dehydration reaction with the resul? that the
10 straiﬁ generation and void formation within particles
cén be suppressed.

In thehtfeatment in the nitrogenous basic gas
atmosphefe, the fine particle is heated at 100 to 600°C,
preferably 150 to 500°C. When the temperafure is below

15 -1CO°C, the elasticity of the fine particle may be
lowered. On the other hand, when the_témperature
exceeds 600°C, the spreadability of the fine particle
may be deteriorated.

The above nitrogenous basic gas atmosphere may

20 contain steam. The treatment in the nitrogenous basic
gas atmosphere'containing steam enables obtaining the
fine particle whose spreadability is excellent.

In the heating in the_nifrogenous basic gas
atmdsphere, for promoting and completing the

25 polycondensation of the organopolysiloxane contained in



20 contain steam The treatnent in the nitrogenous basic gas atnosphere
cont ai ni ng steam enabl es obtaining the fine particle whose spreadability is
excellent. In t@ﬁ%@%?bh o in the nitrogenous basic gas atnosphere, for
pronoting and c a t he 25 pol ycondensati on of the organopol ysil oxane
contained in SF-593 final 37 the spherical fine particle, the aged
spherical fine particle may be subjected to calcination or irradiation with
ultraviolet or other el ectromagnetic wave. 3fhis treatnent may be perforned
in a nitrogenous basic gas 5 or a gas containing a nitrogenous basic gas.

Thr ough the abov a her duced_t he .
organopolysiloxa éﬁaéf%% lne F%?ﬁ% 5? c?%@?régﬁ%oﬁéﬂF a

pol ysi | oxane havin droc bon ou CtI bonded to _a .10 silicon
at om and havi ng P’ éﬁgéﬁﬂ§¥ é&ﬁﬁﬁ?é%%n %??i%ﬁnlafaﬂfaﬁﬁBPein
(i) carbons contained.in th drocar gro constitute 5 to 35% of

t he wei ght of tﬁﬁiﬁidamﬂﬁﬁi '%kﬁﬁép? %@ ?%ﬁ%%é@%ag%ﬁﬁl§5wave ¥hi5 the
OH group (b) is in an anount of 1 to 8 neq g of the organopol ysil oxane

fine particle, HEAMPAToPRYHT d&@i’r@#m% mrai%i*ér%@mn@s baFLy €230%

conpressive podulus of elasticity of
or a gas containing a nltrogenous basic gas.

Through_the above steps (a) to (e’ ), there can be
produced the organopolysiloxane fine particle
comprising as a principal component a polysiloxane
having a hydrocarbon group (a) directly bonded to a

10 silicon atom and having an OH group (b) directly bonded
to a silicon atom, wherein:

(i) carbons contained in the hydrocarbon group (a)
constitute 5 to 35% of the weight of the |
organopolysiloxane fine particle,.and

15 (ii)ithe OH group (b) is in an amounf of 1 to 8
meq per g of the organopolysiloxane fine particle)

the orgahopolysiloxané fine particle having:

(iii) a 10% cqmpressive modulus of elasticity of
150 to 900 Kg/mm2, | |

20 (iv) an average compressive deformation (C,)™ of |

20 to 60%,

(v) an average elastic recovery (Rr)m of 60 to 90%,

(vi) an average particle diameter of 0.5 to 50 um,

and



150 to 900 Kg/mierr], 20 - (iv) an average conpressive deformation
(err])lerr] of 20 to 60% (v) an average elastic recovery (Rerr])[err]
of 60 to 90% (\gp-oedfigyerage particle diameter of 0.5 to 50 [err]m and
SF-593 final 38 {;II a statistical dispersion of the 10% conpressive
nmodul us of elasticity which is in the'range of [err] 20% based on an
average of the 10% conpressive nodul us of elasticity. 5
Liquid crystal display Finally, the quuid3§rystal di spl ay of the present
invention will be described in detail below. The liquid crystal display of
the present inventionGanprd Setd i STyt Adi &elds fifgd efog th a 10 pair
of el ectrodes between which the above organopol ysil oxane fine particles are
i nterposed as s : t f 1,S: Li.qui stal;ce [

p RAGE s iR HIHAW &P eaggct;ﬁi,ﬁgx@le%y °18! if°the! 8ah08

sane as that of t common 1 quid cryst

or ganopol ysi | ox fi rii gl f 1 esent. .l nv. ion are so _
i.nterposed that %t éh iz@%e%?aseeicgc%qfoa&e ad%hgﬁao eceOf(;ft}i%eﬁ%q%?%&éﬁ/%}‘é? cell is
hel d unlfornlth%ﬁ§¥§ius of elasticity. -

5 Liguid érygtal display
| Finally, the liquid crYstal-display of the present
invention will be described in detail below.
The liquid crystal display of.the present
invention comprises a liquid crystal cell fitted with a
10 pair of electrodes befween which the above
organopolysiloxane fine particles are interposed as
spacers.
The structure of.this liquid crystal cell is the
same as that of the common liquid crystal cell, except
'15 that the orgénopolysiloxane fine particles of the
present invention are so interposed that the inter-
electrode distance of the liquid crystal cell is held
uniform thereby.
In the liquid crystal display Qf the present
20 invention, thg organopoiyéiloxane fine particles may be
interposed as spacers between the electrodes of the
liquid crystai éell in such a manner that the’
organopolysiloxane fine_pértiqles lie all over.the
surfaces of the elecﬁrodes. Alternatively, the

25 organopolysiloxane fine éarticles may be mixed in



In the liquid crystal display X the present 20 invention, the

or ganopol ysi l oxane fine particles nay be interposed as spacers between the
el ectrodes of t@ﬁ;k?gﬁhglcrystal cell in such a manner that the

or ganopol ysi | oxane™fine particles lie all over the surfaces of the

el ectrodes. Alternatively, the 25 organopol ysil oxane fine particles may be
m xed in SF-593 final 39 adhesive |ayers applied to peripheral parts of
the el ectrodes. The use of the organopol ysi3%xane fine particles of the
present invention as spacers between the 5 electrodes of the liquid crystal

Ceducing the darsaie THCH can o F n@tiSR FRE PELEP TR, ©1 o

Furt her nore, thejg%%ég the organopol ysi | oxane fine particles of the
present 10 i nvention enabl ‘es reduci ng not only the nonuniformalization of
the thickness of the ]iquid crystal |ayer inside the liguid crystal cel
which is attributed tTIJS‘et S |‘Hbess°’c§/afi%° Bt LR L HaE PREELBREBf t he
spacer particleséﬁu al so the cold 15 bubbling which is attributed to the
di fference bet w& tE“r‘f’e RYFSTSRE BXPHst Oh 2DetRFcentRebreenetiequid crystal

| ayer and spacer .inside the liquid crystal cell.
4 .pg electrodes of the liqggd crystal cell enables not only

decreasing the number of spread particles but also
reducing the démaging of the eleétrode surfaces or
-protective films. Furthermore, the use of the |
organopolysiloxane fine particles of the present

10 invention enabies reducing not only the
nonuniformalization of the thickness of the liquid
crystal layer inside the liquid crystal celi which is
attributed to the smallness of.the compressive
deformation of the spacer particles but also the cold

15 bubbling which is attributed to the difference between
the thermal expansion coefficients of the liquid
crystal layer and spacer inside the liquid crystal cell.

When the organopolysiloxéne fine particles of the

present iﬁventioﬁ are uSed as spacer between the

20 electrodes ofithe liquid crystal cell, generally, the
particle diameter and CV value of the
organopolysiloxane fine particles are selected taking
into account the required cell gap magnitude,
uniformity, etc. 1In the use of the ofganopolysiloxané

25 fine particles as inter-electrode spacers, the



When t he organopol ysil oxane fine particles of the present invention are
used as spacer between the 20 electrodes of the liquid crystal cell,
general ly, the - E¢ Fianeter and CV val ue of the organopol ysil oxane
fine particles are selected taking into account the required cell gap

magni tude, uniformty, etc. In the use of the organopol ysil oxane 25 fine
particles as inter-electrode spacers, the SF-593 final 40 uniformty of-
particle dianeter is especially inportant. 4& is preferred that the CV

val ue as an index of uniformty of particle dianter be 5% or |ess,

especially in thﬁl#%ﬁi’[@tcﬁgtﬁiﬁ?ﬁe diametdf 1Feeéﬁgekgﬂ},oamgkr%autﬁui d

crystal display ce t he organopolysitoxane fine particles

of the present e/ ion.As.alyi (el chLechro0e,acely hisk oEhe

or ganopol ysi | oxane € particleS are uniforny Spread on one electrode
surface 10 (the surface. of the profective filmin se_a,protective filmis
formed on the(ﬂ%ﬁﬁﬁ?ﬁﬁ?%ﬁr?gd%gr%h%%$d%%@mt%rth% &gtoﬁrlgﬁ§’nethod.
Subsequently, counter, el ectrode surface é%hﬁ surégce of the protective film
in case a prot eGIRREFIHY i 2 1 HRe P 197 t het@l 2Etrode surface) is

superi nposed,.on the organopol ysi] oxane fine particles spread . on one
P np -5 Iéythé)%g%ricatikn of apliquid crystal display

cell with the use of_the organopolysiloxane fine
parficles of the present invention as an inter-
electrode spacer, fifst, the organopolysiloxane fine
particles are ﬁniformly spread on one electrode surface

10 (the surface of the protective film in case a
protective film is formed on the electrode sﬁrface)
according to the wet or dry method. Subsequently,.
counter electrode surface (the surface of the
protective film.in case a protective film is formed on

15 the electrode surface) is superimposed on the
organopolysiloxane fine particles spread on one
electfode surface'(the'surface'df the protective film
in case a protectiﬁe filﬁ is formed on the électrode_
surface). The resultant cell gap is charged with a

20 liquid crystal material, and peripheral parts of the
two electrode surfaces are stuck to each 6ther and
sealed with the.use of a sealing resin. The
organopolysiloxane fine particles of the pfésent

invention may be mixed in this sealing resin.



el ectrode surface (the surface of the protective filmin case a protective
filmis fornmed on the el ectrode surface). The resultant cell gap is charged
with a 20 Iiqui cglﬁ_gg§tfﬁ|5 material, and peripheral parts of the two

el ectrode surfaces are sluck to each other and sealed with the use of a
sealing resin. The organopol ysil oxane fine particles of the present
invention may be mxed in this sealing resin. SF-593 final 41
Alternatively, the liquid crystal cell for 4lse in the |liquid crystal

di splay of the present invention can be fabricated in the foll-owi ng manner.

di spl ay of the p in ng T
matorial . of one ol eeroHe KRRl (The STk Chystt CeBt cEORL o i

tecti fidlmis,f t he. el f i ted with
cealing resin | iR SrEEmbo Rt Xane PRReharert] 16%sReEhE sRasent
i nvention are m.xe 10. Subseqguent|y funt er el ectrode_surface (the
It sl

surface of the protRiiRe RY bR APFRREF | B S%ormed on the

el ectrode surfagg%,iiisu eriq$05ed t hereop. Thereafter, a_liquid crystal
material is inj RAEPIHOUFHIIR | FPeRR ol PRFEIOR POHHI Af ct§Ival naterial
15 and the igj ection port of |liquid crystal material is sealed with the use
of a sealing reSGhystal meterlal, of one electrode surface (the surface

of the protective film in case a protective film is
formed on the electrode surface) is coated with a
eealing resin in which the.orgapopolysiloxane fine
particles of the present invention are.mixed.

10 Subsequently, counter electrode surface (the surfaoe of
the protective film in case .a protective film is formed
on.the electrode surface) is superimposed thereon.
‘Thereafter, a liquid crystal material is injected
through the injection port of liquid crystal material,

15 end.the injection port of liquid crystal material is
sealed with the use of a sealing resin.

As apparent from the foregoing, the present
invention provides the organopolysiloxane fine particle
which exhibits a low aggregation and an extremely sharp

20 particle size distribution and has high compressive
modulus.of elasticity, elastic recovery and.compressive
deformation, and whose compressive deformation
dispersion_is small. |

Theee.organopolysiloxane fine particle has not

25 only hydrophobic groups but also hydrophilic groups, so



As apparent fromthe foregoing, the present invention provides the

or ganopol ysi | oxane fine particle which exhibits a.low aggregation and an
extremely sharp gflsgp ﬁh%i0|e size distribution and has hi gh conpressive
nodul us of elast|C| el astic recovery and conpressive deformati on, and
whose conpressive defornation di spersion is small. These organopol ysil oxane
fine particle has not 25 only hydrophobicfeéoups but al so hydrophilic
groups, so SF-593 final 42 that, in par ul ar, the organopol ysil oxane
fine particle can uniformy be dispersed.in a solvent containing water or

the like as welly T{)erﬂ&g;}& gﬁ gf,g gog)izinop%?ﬂgslflwgaﬂgrgfllﬁges have

excellent 5 sprea i 1Tt e org oxane fine particle

has hydrophi | i c G Qus e S0 el ¢ ﬁn%eséraigggr:gga ph L1 B&1Ranti cl es

comonl y experi e tine can be suppressed.
Therefore, the: 10 r anopol ysi | ox ne. f|n artic sent nventlon
is hard to stickK® ' o ?&EP ﬁ% ?%ef%F%c??oﬁ% waih:féﬁéfiw %%tlve

10 T gl nare e b4 o, U prgson | ent o

only ES the 5 spreadability.

Further, the organopolysiloxane fine particle has
hydrophilic groups, so that the electrification of fine
particles commonly experienced at the time of dry
spreading can be supbressed. Therefore, the

10 organopol?siloxane fine particle éf the present
invention ié hard to stick to parts other than thé
electrode surface and protective film.

When the organopolysiloxane fine particles of the
present invention are used as the inter—electrodé-

15 spacer in the.liquid crystal cell, not only is the
particle size distribﬁtion of the fine particles“sharp
but also the statistiéal dispersion of the compressive
modulus éf elasticity is small, so that the thickness
of the liquid cr?stal layer formed between the

20 electrodes of the liquid crystal cell can be held
uﬁiform. Moreover,_the-cqmpressive modulus of
elasticity is so high'that the number of.spread
particleé per area can be reduced. Further, the

elastic recovery and compressive deformation of the

25 organopolysiloxane fine particles are so high that the



particle size dirstribution of the fine particles sharp but also the
statistical dispersion of the conpressive nodulus of elasticity is small

so that the thi%#ﬂ?iffﬂé the liquid crystal |ayer forned between the 20
el ectrodes of tHhe IQUIJ crystal cell can be held uniform Mreover, the
conpressive nodulus of elasticity is so high that the nunber of spread
particles per area can be reduced. Further, the elastic recovery and
conpressi ve deformation of the 25 organopoMdsi | oxane fine particles are so
hi gh that the SF-593 final 43 occurrence of cold bubbling in the liquid

crystal cell candigRieventad And: LloRRer S o aRICE: biaT drglyat alegh 5Pl &Y

free frominage s ing, etc. can be provide

EXAVMPLE The presgnt .invention w Il be further illustrategd bel ow w t
reference to t h&FoloRity r%ae\rgblaéls%) IHPEH TR HOWISPTS ﬁthq‘Hfg gﬁ%ﬁga& t he
i nvention. Exanpl.e 10 . Preparati on of seed particles] 8 g
of ot hyl £ 1 ot FORPAYafE esn a9 1R dh (AR Toox R T arh e T QEbASRd | o
350 g of ethanol to thereby obtain solution A. On the other hand, 6 g of

pure water, 78 g of 28% aqueous ammoni a and 350 g of 15 ethanol were m xed
together to éhereby obtain solution ' '
EXAMPLE

The present invention will be further illustrated
:below'with reference to the following Examples, which

in no way limit the scope of the invention.

Example 1

10 - [Preparation of seed particles]
8 g of methyltrimethoxysilane and 8 g of
tetramethoxysilane were dissolved in 350 g of ethanol
to fhereby obtain-solutiOn A. On the other hand, 6 g
of pure water, 78 g of 28% aqueous amﬁonia and 350 g of
15 = ethanol were mixed toéether to theréby obtain solution
B.

The solution A and the sbiution B were mixed
together and agitated at 20°C for 3 hr to thereby
effect hydrolysis and éondensation polymerization of

20 the alkoxysilaﬁes. Thus, a seed particle dispersion
was obtained.

3.3 g of a 1% by weight aqueous.solutién of
potassium hydroxide was added to the obtained seed
particle dispersion to;thereby effect stabilization of

25 seed particles (conversion to healed sol). The pH



B. The solution A and the solution B were m xed together and agitated at
20[err]C for 3 hr to thereby effect hydrolysis and condensation .
pol yneri zati on Qfr 283 hQF al koxysilanes. = Thus, a seed particle dispersion
was obt ai ned. 3.§Lg or a 1% by wei ght aqueous sol ution of potassium

hydr oxi de was added to the obtained seed particle dispersion to thereby
effect stabilization of 25 seed particles (conversion to healed sol). The
pH SF-593 final 44 value of the dispersi4dn was 12. The average particle
size of the seed particles of the seed particle dispersion was neasured by

means of centrif ty I | Sk oyt on /st er, ( ';?%8[5
manuf-act ured by V:%ﬂebgﬁfsgi}géaﬁ?g#og ,gia??;l:l Y%)y\/\i/aés)'foyndé{vgij%ép%._l le?JT E1 g
[Gowth of seed ti The ne ed-p icle rsion was heate
and concentr at ech% ﬁ(%t e V\%eleg(ﬁ?é%%cglo Sev\gfs %%u%%%dléggf%c%%o g.
Thereafter, theéﬁrmunt of alkali and a nia was reduced th the use of 10

cc of a cation éxchange TesIH BOHT G O pdFe Wat @ %%l_atﬁjé “g7of but anol
\é\/iegge?g:jgﬁ &gstg%(ﬂscgefqt asgl'tzlegclr(f]é%s eftsié)r{]'tgsht%éh gA&'\lé’éSd seed particle
5 manufactured by Horibg Seisakushoj, and it was found to
be 0.15 pm.
[Growth of seed particlesi
The obtained seed parficle dispersion was heated
énd_concentrated until the weight thereof was réduced
10 to 160 g. Thereafter, the émount of alkali and ammonia
was reduced with the ﬁse of 10 cc of a cation exchange
resin. 5000 g of pufe water and 250 g of butanol were
added td the seed barticle dispersion. The thus
diluted seed particle dispersion was cooled to 0°C, and,
15 while maintaining this temperature, 500 g of |
methyltrimethoxysilane was dropped into the seéd
particle dispersion at-an addition rate of 0.005 g/g.of
pure water per hr. Simultaneously with the addition of
methyltrimethoxysilane, 0.028% aqueous ammonia was
20 added at an additibn.rate of about.0.012 g/g of pure
water per hr. While maintaining the pH of the seed
particle dispersion at 8.5, hydrolysis and condensation
polymerization of methyltrimethoxysilane were carried
out on the seed particles so that the seed particles

25 were grown.



15 while maintaining this tenperature, 500 g of nethyltrinmethoxysilane was
dropped into the seed particle dispersion at an addition rate of 0.005 g/g
of pure mater'pg#;$§3ﬁﬁ%pultaneously with the addition of

met hyl t ri met hoxysiTane, 0. 028% aqueous amoni a was 20 added .at an addition
rate of about 0.012 g/g of pure water per hr. While maintaining the pH of
the seed particle dispersion at 8.5, hydrolysis and condensati on

pol ymeri zation of methyltrinmethoxysilane wdbe carried out on the seed
particles so that the seed particles 25 \viere grown. SF-593 final 45 The

obt ai ned di spersion \;ﬁ% %?{ttazh%gjr a%lh IesrirJnCv{%ge zfqir\faté&]eé‘t hf@&@dfég 5

80[err] C and aged fo agl ng, ne particles wer
separated fromthe dispersiqn., The rated fine.parti.cles was 5 dried and
heat ed at 250[e?1r;c]’c%\/}\}%91 élefag_‘e%dil ngo a ofar’a‘gt%qeé?aﬁ) eéﬁﬂﬁ:d dity. Wth -
respect to the thus ain or ganopol ysi | oxane fine particles (P-1), there
were determined the &t ??)t?f %%rbi)'od%‘ed rbearwjd?]ree%t"f?/rﬁﬁéﬁ%’a%ﬁe%o
silicon, the avg;gﬁf @Fr%%Fle size, the CV value, the 10% conpr.essive
modul us of el astitOft & Fd SREFHSHIGR el 286 SSPELHHE TARCe AFMTIELSS RF t he
aver age conpressjve deformation (Cerr err]. ' )
5
dried and heated at 25 while feeding air of 50%
relative humidity.
With respéct to the thus obtained
organopolysiloxane fine particles (P-1), there were
determined the amounts of OH group and carbon directly

10 bonded to silicon, the average particle size, the CV

value, the 10% compressive modulus of elasticity, the

average elastic recovery (Rr)m and the average

compressive deformation (Cr)m.

The amountléf.OH group, as aforementibned,.was

15 determined by measuring the 100 to 350°C weight loss in
a differential thermal aﬂélysis and calculating from
"the weight }oss. As a result;.the amount of OH group
was 6% by weight (5;3 meq/qg) based'on the fine
particles.

20 The carbon amount, because accurate quantification
thereof by measuring éeans such as chemical analysis-
was not feasible, was calculated from.the amount of
alkoxysilanes used in production in the following

manner. .



The anmount of OH group, as aforenentioned, was 15 determ ned by measuring

‘the 100 to 350[err]C weight loss in a differential thermal analysis and

cal cul ating fro@%igggrm'ght |l oss. As a result, the anobunt of OH group was

6% by wei ght (5.3 neq g? based on the fine particles. 20 The carbon

anount, because accurate quantification thereof by neasuring neans such as

chem cal anal ysis was not feasible, was cal cul ated fromthe anount of

al koxysi | anes used in production in the f 0460w ng manner. SF-593 fina

46 For exanple, in Exanple 1, with respect to al koxysilanes, 8 g of

met hyl tri met hoxysi | ang,and: £, Of {etE.amihoxysi| ang égeggegoin the stage
) SR !

of producing seed particles, and 500 g of methyltrime ysi |l ane was 5
used 10 Lhe otagn ph peridele, o Wi ndbte e{plRerhie, co1000 aHRUS! cog0 be
bonded, (05111 CQALNDINL SR80 AL LSS0 R0 01 S St (SRS o )
St 12 3 S MLIRAENZD, I o o Yol RO e SRR 52

5 used in the étage of particle growth. Therefore, the

carbon amounf can be calculated as follows:

(1) Carbon. amount of hydrocarbon group directly
bonded to silicon atom in seed particles:

8 g of CH3-Si-(OCH3)3 is equivalent to 3.94 g in

10 terms of CH3-Si03/5, and the carbon amount is

3.§4x12/(15f28+24)=0.71 g..

8 g of Si~(OCH3)y is equivalent to 3.16 g of SiO,,
and the carbon amount is 0 g.

(2) Carbon amount of methyltrimethoxysilane used

15 din the stage of particle growth: o
500 g of CH3-Si-(OCH3)3 is equivalent to 246.32 g

in terms of CH3—SiO3/2, and' the carbon amount is
246.32x12/(15+28+24)=44.1i'é.
The tétal carbén amount-is the sum of the carbon
20 émount of seed particles and the carbon amount of
methyltrimethoxysilane used in the growth, which is

0.71+44.11=44.82 g. The total carbon amount is 17.7

oe

by weight based on the total fine particle weight
(3.94+3.16+246.32=253.42 g). Taking into account the

25 above determined OH group content (4.8% by weight in



(2) Carbon amount of nethyltrinmethoxysi I' ane used 15 in the stage of
particle growmh: 500 g of CHerr]-Si-(OCH err])[err] is equivalent to

246.32 g in ter?;:_ 3f‘{§g|err]-8iqerr], and the carbon anmount is
246. 32x12/ (15+28+24)=44"11 g. The total carbon amount is the sum of the

carbon 20 anount of seed particles and the carbon anount of

met hyl t ri net hoxysi | ane used in the gromh, which is 0.71+44.11=44.82 g. The
total carbon amount is 17.7 % by weight ba$dd on the total fine particle
wei ght (3.94+3. 16+246. 32=253.42 g). Taking into account the 25 above

determ ned OH gy tny( 4.89 ' [ - L gl r of
Herr]O, the gr‘r-%ulﬂ’ﬂétscg‘}'I g%%)(()'nst%c/ﬁ lr)%%qﬁtgrt}%%d%adﬂ?%%i ??%%#?g ?ﬁéd%:d;ngg
particles is (1-0.048)x0.177=0.169, i.e., 16.9% b?/ Weief?ht . Furthernore, the
average particl 8idiigompfin Hdres Himpamprotiztevxbhel F1hel Rt %0 1 ¢8=0at69,

deterni ned by observation of a scanning el ectron nicrograph. The CV val ue

was cal cul at ed fir-&mst Heb -BRetayavgiaghiticl e size. . The 10% conpressi ve nodul us

of elasticity, average elastic recovery (Rlerr])[err] and average

conpressi ve 10 def or itritdve nird{uer,r [Oheeranvje neeyee mhatteralienexli by ¢hethe

aforenenti oned nethods. The results are given in Table 1.

' 5 organopolysiquane fine particles was determined by

observation of a scanning electron micrograph. The CV
value was calculated.from the average particle size.

The 10% compressive modulus of elasticity, average

elastic recovery (Rr)m and average compressive

10, deformation (C,)™ were determined by the aforementioned

methods.
The resulté are given in Table 1.
Example é
[Preparation of seed particles]

15 The solution A and solution B preparéd in Example
1 were mixed together and agitated at 25°C for 3 hr to
thereby effect hydrolysis and condensation
polymerization of the alkoxysilanes. Thus, a seed
particle dispersion was obtained. Furthér, to the

20 ‘obtained seed particle dispersion, 3.3 g of a 1% by
-weight aqueous solution of potassium hydroxide was

-added and an ultrasonic was applied for 10 min to
"thereby effect stabilization.qf the seed'particles.
The pH value of the dispersion was 12. The average

25 particle size of the seed particles of the seed



Example 2 [Preparation of seed particles] 15 The solution A and
solution B prepared in Exanple 1 were m xed together and agitated at

25[err] C for squﬁémeﬁﬁeby ef fect hydrol ysis and condensati on
pol ynmeri zati on O e al'koxysi |l anes. Thus, a seed particle dispersion was

obt ai ned. Further, to the 20 obtained seed particle dispersion, 3.3 g of a
1% by wei ght aqueous sol uti on of potassi um hydroxi de was added and an
ultrasonic was applied for 10 min to theredg effect stabilization of the
seed particles. The pH value of the dispersion was 12. The average 25

particle size of ed,. t - 59 i particle
di spersi on was r?gélsq:ﬁr%% gjyl%?{]%fscciecﬁ? r?%%g@%a%gf ?cﬁ’%s&s:kﬂ%eé%{]g??%%ﬁg}on
measuri ng met hod nd.it was found to be 0.15 [errlm owt h_of seed
particleqy e o Barthnld 0 SO ASEOR Aee b I anerPidls nBd 26 “iRs
concentrated untj| t i thereof was reduced to 160 g. Thereafter, the
anount of aIkalﬁ*ﬁﬁﬁpjﬁﬁgﬁgg}ﬁﬁg‘F%ﬁuced with the use of 10 cc of a cation
exchange resin. 5000 g of pure _water. an of hutanqgl were 10 added to

gzsog
the seed particle dispersion. FTREOWRDsOdi S§EEdPaEEdSh&Sli cl e di spersion was

cooled to 0[§rr]C, and, . ) ) )
o - The obtained seed particle dispersion was heated

and concentrated until the weight thereof was reduced
to 160 g. Thereafter, the amount of alkali and ammonia
was reduced with the use of 10 cé of a cation exchange
resin. 5000 g of pure water and 250 g of butanol were

.10 added to the seed particle dispersion. The thus
diluted seed parficle dispersion was cooled to 0°C, and,
while maintaining thié temperature, a solution
consiéting'of a mixture of 400 g of
methyltrimethoxysilane and 100 g of

15 vinyltrimethoxysilane was dropped into the seed
particle dispersion at an addition rate of 0.005 g/g of
pure water per hr. During the period, 0.028% aqueous
ammonia Was added at an addition rate of about 0.012
g/g of pure water per hr so that the pH of the seed

20 particle dispersion was maintained at 8.0 and that
hydrolysis and condensation polymerization of
methyltrimethoxysilane and vinyltrimethoxysilane were
carried out on the seed particles to thereby effect

growth of the seed particles.



while maintaining this tenperature, a solution consisting of a m xture of
400 g of nethyltrinmethoxysilane and 100 g of 15 vinyltrinethoxysil ane was
dropped into thSFS%%jﬁPﬁI”i cle dispersion at an addition rate of 0.005 g/g
of pure water per hr. ring the period, 0.028% aqueous anmoni a was added
at an addition rate of about 0.012 g/g of pure water per hr so that the pH
of the seed 20 particle dispersion was maintained at 8.0 and that
hydrol ysi s and condensation pol ymeri zati on49f nethyl tri net hoxysil ane and
vinyl trimet hoxysilane were carried out on the seed particles to thereby

et oot o e aRbEl e R L AT R RATR

di spersion was agitated at 20[err]C for

aged for 5 hr. Apftern,the Hploh gdﬁegd&@earp@réé%gf?%\ﬁg 8, separ at ed fromthe

di spersion. The séparate Ine particles were and’ heat ed at

220[err] C whil e feedi ir.of 6Q%relative humdity.. Wth respect _to the
t hus obt ai ned organop])%qu?i I)‘:(?)(E)ear‘i’1 qI‘nlgde tE)}laert lcrfeespa(ﬁ%l,eﬁ HeTes V\£$%arateé

Si 11 con the amBaRl of e RSHS BHitded "o SEPRTARRY CHE L PEIREISR T
size, the CN% _dried and heated at 220°C while feeding air of 60%
relative humidity.

With respect to the thus obtained
organopolysiloxane fine particles (P-2), there were
determined the carbon amount of hydfocarbon group

' 10 directly bonded to silicon, the amount of OH group

bonded to silicon, the average particle size, the cv

value, the 10% compressive modulus of elasticity, the

average elastic recovery (Rr)m and the average

compressive deformation (C,)™.

15 The resﬁlts are given in Table 1. .
Example 3
The fine particles obtained in the same manner as
in Example 1 were separated from the fine particle
dispersion. The separated fine particles were dried
20 and'heated at 400°C while.feeding air of 70% relative
humidity, Thus, there were obtained orgénopolysiloxane
fine particles.
With respect to the thus obtained
organopolysiloxane fine particles (P-3), there were

25 determined the carbon amount of hydrocarbon group



val ue, the 10% conpressive nodul us of elasticity, the average el astic
recovery (Rlerr])[err] and the average conpressive deformation
(derr})[err]. %%; aﬂhe results are given in Table 1. Exanple 3 The
fine particles t%?%g'a in the -sane manner as in Exanple 1 were separ ated
fromthe fine particle dispersion. The separated fine particles were dried
20 and heated at 400[err]C while feeding air of 70%relative humdity.
Thus, there were obtained organopol ysil oxab8 fine particles. Wth respect
to the thus obtai ned organopol ysil oxane fine particles (P-3), there were 25
determ ned the carbo C. on grou SF f|n 50
directly bondedqi§%iﬁli3§§% éa%ﬁgg} fH#h grd%%ml rec?ly b%n%ea to
silicon, the ave c i,ze, the CV value, the 10%co essive
Todul us of ol asdlh h’é’"ef%éfaté’e PG | %feﬁrmmﬁ”@iﬁsaﬁarme

average 5 conpressiye orna Clerr])[err esulis re giyen in
Tabl e 1. Conpar zﬁﬁe\/@ E>Y Lk[qﬂr rOE it bt C‘P’é §-% Bfty'

hyl tri h d | ved
Techy| 1 et hoxsld A %&&Jﬁ%é&&&mt mxw'metw@r&gﬁag ved in

5 compressive deformation (Cr ym,

The results are given in Table 1.

mparative Exam le_
[Préparation qf_seed'particles]
8 g of methyltrimethoxysilane and 8 g of
10 tetramethoxysilane were dissolved in 350 g of ethanol
to thereby obtain.solutibn A. On the.other hand, 6 g
of pure water, 78 g of 28% aqueous ammonia and 350 g of"
ethanol were mixed together to thereby obtain solution
B.

15 The solution A and the solution B were mixed
together and agitated at 20°C for 3 hr to thereby
effect hydrolysis and éondensation polymerization of

" the alkoxysilanes. Thus, a seed particle dispersion
was obtained. The averége particle size of the seed

20 particles of the seed particle dispersion was measuréd
by means of the centrifugal particle size distribution
measuring method, and it was found to be 0.15 um.

[Growth of seed particles]’
The obtained seed particle dispersion was heated

25 and concentrated until the weight thereof was reduced



to thereby obtain solution AA. On the other hand, 6 g of pure water, 78 g of
28% aqueous anmoni a and 350 g of ethanol were m xed together to thereby
obtain soluticn1$ﬁ_é§f”l| The solution A and the solution B were mi xed

t oget her and agi a?ed a@ 20[err]C for 3 hr to thereby effect hydrolysis and
condensati on polynerizati on of the al koxysilanes. Thus, a seed particle

di spersi on was obtained. The average particle size of the seed 20 particles
of the seed particle dispersion was nmeasuréd by neans of the centrifugal
“particle size distribution neasuring nethod, and it was found to be 0.15

G ow h ' [ : : i Cl i rsion
Lo heated 95 nid cléﬁdéian{’?giﬂee?eﬁaﬁ—%ﬁﬁ@?h@%ﬁ!%ﬁff N 4 a?%%lﬁ%@ g |
SF-593 final 51 t0.160 qg., Th f 00 ur ter_an

but anol :/vg?e adc?e%l l?lgc“irg%l c%%%egﬁ?é%%dé e%(’igggl??gﬁzgr%fggeﬁgf nlpafﬁgcgeof
0.2896aqueous amoni a was adﬂ&@ to %Qﬁtkgﬁf i luted see article

di . Th BE 5119 & & fdl.%e.ouﬁmé"“&%&f 3§ gdded
d:EB:;E:SR aft:r t he ad it?o ,OP agueous ammohi a was cooIéE to -5[err]C
Wi | e mai nt ai ni @ t %ﬂ'@ﬁé&a]t‘b? 1 32 PRF et fyfli sPaEshoRysi ThmdPhas

dropped into_the seed particle dispersion at an addition rate of 0.005
' 5 of the dispersion was 10.5. The seed particle

dispefsion after_theladdition of aqueous ammonia was
cooled to -5°C. While maintaining this temperature,
500 g of methyltrimethoxysilane was dropped into the
seed particle dispersion at an addition rate of.0.005
10 = g/g of pure water per hr, so thatlhydrolysis and
condensation polymerizafion of methyltrimethoxysilane
were carried out on the seed particles to thereby grow
the seed pérticles. The pH after the completion of
dropping was 8.5. |
15 The dispersion after the completion of dropping
was heated tOIGOfC'and agitated for 5 hr while
maintaining the temperature to thereby age tﬁe grown
seed particlesQ
After the aging, the fine particles were separated
20 from the dispersioﬁ. The separated fine pérticles were
dried and heated at 300°C in air.
With respect to the thus obtained
organopolysiquqne fine parficles (P-A), there were
determined the carbon amount of hydrocarbon group

25 directly bonded to silicon, the amount of OH group



10 g/ g of pure water per hr, so that hydrolysis and condensation
pol yneri zation of methyltrimethoxysilane were carried out on the seed
particles to thggg%x;q@QM/the seed particles. The pH after the conpletion
of dropping was 3.5. _ The di spersion after the conpl etion of
droppi ng was heated to 60[err]C and agitated for 5 hr while maintaining the
tenperature to thereby age the grown seed particles. After the aging, the
fine particles were separated 20 fromthe Zspersion. The separated fine
particles were dried and heated at 300[err]Cin air. Wth respect to the
t hus obtai ned o L \SiqligX% fi I {R-A)p o t

i ey s ey iy P4 reet Ty Bonced 1o

determ ned the carbon anount o arbon graoup 2
silicon, the a of AU, - f] o.sllic t he
average parti crgggihzeé, tﬂ%eq&? \F/&aﬂmﬁe, st%%ld%@&n%%e@@%g&n%%f%’ O‘?Re

el asticity, theaa¢ehage Qlattiicc deeeanary () rdnd aiHd Adkdde average
conpressive deformation (Cr)m The resultsare given 5 in Table 1.

Conpar ative Exaph®réss@vende rfrniadpafd |)o esknkhe e384 sPaldd Gifren
di spersion obtained in o

5 in Table 1.

Comparativ a e 2
[Growth of seed particles]
The seed particle dispersion.obtained in
Comparative Example 1 was heated and concentrated until
10 the weight therépf wés réduced to 160 g. Thereafter,
5000 g of pufe water and 250 g of butanol were added to
the céncentrated seed part;cle dispersion. 10 g of
0.28% aqueous ammonia Waé-added to the.thus diluted
seed particle dispersion. The pH of the dispersion was
15 13. The seed particle dispersion after the addition of
aqueous ammonia was cooled to -5°C. While maintaining
this temperature, a solution consisting of a mixture of
450 g of methyltrimethoxysilane and 50 g of
dimethylmethoxysilane was drépped'into the seed
20  particle dispersion at an addition raﬁe of 0.005 9/9g of
pure water per hr, so that hydrolysis and condensation
polymerization of methyltrimethoxysilane and |
dimethylmethoxysilane were carried out on the seed
particles to thereby grow the seed particles. The pH

25 after the completion of dropping was 10.



Conparative Exanple 1 was heated and concentrated until 10 the wei ght

t hereof was reduced to 160 g. Thereafter, 5000 g of pure water and 250 g of
but anol were adgpgggg)ﬁﬁg\e concentrated seed particle dispersion. 10 g of

0. 28% aqueous ammornla was added to the thus diluted seed particle

di spersion. The pH of the dispersion was 15 13. The seed particle

di spersion after the addition of aqueous amonia was cooled to -5[err]C.
Wiile maintaining this tenperature, a sol ubBon consisting of a nixture of
450 g of nethyltrinmethoxysilane and 50 g of dinethyl net hoxysil ane was
dropped into the see 041 1 Gl i i addi t : 0. 005
g/ g of pure water pe?‘h%r dl% e?ﬁgto ?ro%?h?ﬁ“@%nﬁgﬁgaéf%f@éﬁlﬁé

pol ymeri zati on of t hyl tri et ysilane. . | et hy, ysil ane were
carried out on 1?’ esng‘\leeréjiclﬁ‘e|c<)j<21rttr£:3c%bgﬁsE tsa(gl(flhr}’1 e &egdf %{]héergég@{%%ti cl es.
pH 25 after the_conpleti.on qof dropping. was 10. SE-593 final 53 The
di spersion af t eP3EAE 3dSBI%sh tﬁf‘%(ﬁ"%&ﬂﬁ?g%%st}heeﬁ% 19 691%r9 ¢ and
agitated for 5 hr gCile mai.nt ai ning the tenperature to thereby age the
grown seed partPEFEsPAFLICLESThe asyltant fine particles were separated
from the dispersion.
300[err]Cinair.

The

The separated fine particles were dried and heated at
The resultant fine particles were separated from

the dispersion. The separated fine particles were
dried and heated at 300°C in air.
: With respect to.the thus obtained
organopolysiloxane fine'particles (P-B)} there were
10 determined the carbon amount of hydrocarbon_group
directly bonded to silicon, the amount of OH groué

bonded to silicon, the average particle size, the CV

value, the 10% compressive modulus of elasticity, the

averége elastic recovery (Rr)m'and the average

15 compressive deformation (Cr)m.

The results are given in Table 1.

Table 1
20
Exam. | Exam. | Exam. | Comp. | Comp.
1 2 3 Ex Ex
1 2
carbon amt. 16.9 | 18.3 17.3 19.3 19.4.
(wt.%)
amt. of OH group 3.3 7.3 2.4 0.8 0.4
(meq/g) _
10% compressive 270 205 450 390 340
jmodulus of elasticity
(Kg/mm?)




Wth respect to the thus obtai.ned organopol ysil oxane fine particles (P-B),
there were 10 determ ned the carbon anmount of hydrocarbon group directly
bonded to silic unt of OH group bonded to silicon, the average
particle size, 3%25%£ﬁ0§r3 the 10% conpressive nodul us of elasticity, the
average el astic recovery (R[err])[err] and the average 15 conpressive
deformation (CJerr])[err]. The results are given in Table 1. Table 1 20

Exam Exam Exam Conp. Conp. 1 2 54 3 Ex Ex 1 2
carbon ant. 16. 9 18 3 17 3 19.3 19.4. (w.% ant. of ©H
group 5 3 al A £ ”_’nln) 1004 o0 rnnn A
270 205 450 mer%%t%”fﬁ)dm us lof 381 abt it ty] (Igg'?mTQ) -5
final 54 av. conp 36 - 40- | . 25 32
forma-tion (9 =
defo ! (% av. elastic recovery 75 72 81 78 83
(%) '
particle diam. 7.2 | 7.6 7.2 7.4 6.8
(pm) '
var. coefficient 1.5 1.8 1.5 2 2.3
(%)
_Example 4
5 [Preparation of seed particles]

The solution A and solution B prepared in Example
1 were mixed together and agitated at 20°C for 3 hr to
tﬁereby_effect hydrolysis and condensation
polymerization of the alkoxysilanes. Further, 3.3 g of
10 a 1% by weight'aquéous solution of potassium hydroxide
was added to thereby effect stabilization of the seed
particles. The pH value of the dispersion was 12. The
average particle size of the seed particles of the seed
particle dispepéign was measured by means of
15 centrifugal particle size distribution tester (CAPA-500
manufactured by_Horiba Seisakusho}, and it was found to
be 0.15 pm.
[Growth of seed particles]
The obtained seed partiéle dispersion was heated
20 and concentrated until thé weight thereof was reduced

to 160 g. Thereafter, the amount of alkali and ammonia



av. elastic recovery 75 72 g1 . 78 83 (% particle diam

7.2 7.6 7.2 7.4 6.8 ([err]m var. coefficient 1.5 1.8
1.5 2 2%?{3 @E{gl Exanple 4 5 o [ Preparation of seed
particles] The §gl A and solution B prepared in Exanple 1 were m xed

together and agitated at 20[err]C for 3 hr to thereby effect hydrolysis and
condensati on polynerization of the al koxysilanes. Further, 3.3 g of 10 a
1% by wei ght aqueous sol ution of potassi ungBydroxi de was added to thereby
effect stabilization of the seed particles. The pH value of the. dispersion
was 12. The average

article si of the articles of the seed ,
particle disper&f&n r\f/gl O ¥t 4‘%&? rlrlesa?nso%ﬁ%ggc c%tlmar i Gyt p%??‘fsl'i‘?:rl“éaesi ze
distribution tester, ( - 500 nuf act ured by ri_ba Sei sakusho), and it
was found to ber6.51§'i:2€$\? g[goﬁk‘ﬁeo’f"agéédaﬂgﬂzﬁgl SstTﬁéltéﬁtoéi M Sseed
particle dispersion was heated 20 and concentrated until the weight

t hereof was red@e8§dt §016hy sepiePadtiGle HeRaRIAN (ﬁft&ﬁlkd’rhe and ammoni a
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reduction of the amount of alkali and ammonia. The

5 thus diluted seed particle dispersion was cooled-to 0°C,
and, while maintaining this temperature, 500 g of
methyltrimethoxysilane waé dropped into the seed
particle dispersion at an addition rate of 0.005 g/g of
nure water per hr. During the period, simultaneously’

10 with the addition of methYltrimethoxysilane, 0.028%
aqueous amménia was added at an addition raté of about
0.012 g/g of pure water per hr so that the pH of the
seed particle dispersion was maintained'at 8.5 and that
hydrolysis and cnndénsation polymerization of

15 methyltrimethoxysilane were carriéd out on the seed
particles to thereby effect growth of the seed
particles.

Thereafter, the disperéion was agitated at 20°C
for 2 hr, heated to 80°C and aged for 5 hr.

20 - After the aging, the fine particles were separated
from the dispersion. The separated fine particles wére
dried and heated at 300°C while feeding a gas.
consisting of a mixture of ammonia gas and steam (60%

by volume of ammonia and 40% by volume of steam).



was reduced wi'th the use of 10 cc of a cation exchange resin. 5000 g of
pure water and 250 g of butanol were added to the seed particle dispersion
after the reduc;téfgs- gff. %Ee amount of al kali and ammonia. The 5 thus

di l uted seed parti ? @ persion was cooled to O[err]C, ~and, while

mai ntaining this tenperature, 500 g of nethyltrinmethoxysilane was dropped
into the seed particle dispersion at an addition rate of 0.005 g/g of pure
water per hr. During the period, sinmultane®@gly 10 with the addition of

met hyl tri net hoxysi | ane, 0.028% aqueous anmoni a was added at an addition

rate of about 0.012 g/g.of pure ter,_per_hr so that the pH of the seed
particle di spersion %M%%?#g}%tt% SR %ﬁ?lﬁﬂ? rol ysis and
condensati on pol ynmeri zatjon, of 15 nfth Itrinetfoxyiilgge were carried out
on the seed par tJIFCRIITEI AR FERE BrBut RloF (hed secbPpLrt WEFSS.
‘Thereafter, the dispersion was agitated at 20[err]C for 2 hr, heated to
80[err] C and agéltfeymingg the amountsgyeh Of hgragp nandt garbpRedpapeitdes
were separated fromthe dispersion. The separated fine particles were dried

and heated at 300]eted Gahsikice@ed HRe savesageocrarsichg 8iza, ntheuf¥ of

ammoni a gas and steam (60% by vol une of ammoni a and 40% by vol une of
st eam) . sb- somlueyg|tiss 10% compressive modulus of elasticity with

its statistical dispersion, the average elastic

recovery (Rr)m and the average compressive deformation
(Cp) ™. | |
The results are given in Table 2.
10 Comparative Example 3

The same procedure as ih Example 4 was repeated
except that, after the seed particle growth, aging,
fine particle separation from the reaction mixture and
drying, the heating at 300°C was performed while

15 feeding air in place_of the gas of a mixture of ammonia
and steam.

Wifh respect ﬁo the thus obtained
organopolysiloxane fine particles (P-C), there were
determined the carbon amount of hydrocarbon group

20 directly bonded to silicon, the amount of OH group
bonded to silicon, the average particle size, the CV
value, the 10% compressive modulus of elasticity with

its statistical dispersion, the average elastic

recovery (Rr)m and the average compressive deformation

25 (cp)m.



Wth respect to the thus obtai ned organopol ysil oxane fine particles (P-4),
there were determ ned the anmounts of OH group and carbon directly bonded to
si'licon, the av?f_ ﬁa#ticle size, the CV 5 value, the 10% conpressive
nodul us of el as lFiﬁa?S/ h its statistical dispersion, the average elastic
recovery (R[err])[err] and the -average conpressive deformation
(Cerr])[err]. The results are given in Table 2. 10

Conpar ati ve Exanple 3 The same procedure a$§7i n Exanpl e 4 was repeated
except that, after the seed particle gromh, aging, fine particle
separation fromthe action.m xture and dryi t he, heating at 300[err}C
vvag performed while irgef é:ee(%ur%'g@saiarrel rﬁﬁ?eancelno?&%lee Sza‘s of a m xture of
anmoni a and steam Wth respect to the #hus fbtgjned or ganopol ysi | oxane
fine particles (P-C), there were deter carbon anount of

hydr ocarbon group 20 direct]y bonded to silicon, the appunt of OH group
bonded to silicon, the aver ddFRATAHF LS qhPHFAeR! the 10%
conpressive nodulus of elasticity with its statistical dispersion, the
average el astic recov&fy SCRMELOD) Perdnd St WHOm R RERP rigs sExample

def ormati on 25 (derr])ferr]. SF-593 fi nal
' 5 1 were mixed together and agitated at 25°C for 3 hr to

thereby effect hydrolysis and condensation
polymerization of the aikoxysilanes. Thus, there was
obfained a'seed particle dispersion. Further, to the
obtained seed particle dispersion, 3.3 g of a 1% by

10 weight aqueous solutién of potassium hydroxide was
added and an ultrasonic-was applied for 10 min to
thereby effect stabilization of the seed particles.
The pH value of the dispersion was 12. The average
particle size of the seed particles of the seed

15 particle dispersion was measured by the éentrifugal
particle size diétribution measuring method, and it was
found to be 0.15 pm.

| [Growth of seed particles]
Thé obtained séed.particle dispersion was heated

20 and concentrated until the weight thereof was reduced
to 160 g. Thereafter, the amount of alkali and ammonia
was reduced with the use of 10 cc of a cation exchange
resin. 5000 g of pure water and 250 g of butanol were
added to the seed particle dispersion. The resultant

25 seed particle dispersion was coodled to 0°C, and, while



57 The results are given in Table 2. Exanple 5 [Preparati on of seed
particles] The solution A and solution B prepared in Exanple 5 1 were m xed

t oget her and agidsa %j @% 25[err]C for 3 hr to thereby effect hydrolysis and
condensati on polﬁ § Eon of the al koxysil anes. Thus, there was obtai ned

a seed particle dispersion. Further, to the obtained seed particle

di spersion, 3.3 g of a 1% by 10 weight aqueous sol ution of potassium
hydr oxi de was added and an ultrasonic was &Bplied for 10 nin to 'thereby
effect stabilization of the seed particles. The pH val ue of the dispersion

was 12. The aver rtidc I d i o]
particle disper g%%%t\%é.gl%itﬁié%%ﬁ@%%%@ﬁ%r i%ﬁ%‘% &%)%?rtli%: %lesggﬁg %§
di stribution measur,i net hod nd i found ta be 0.15 [err G owt h
of seed particl é'as]ml'l"aﬂ'”:oeot‘%’on"eoq[?s‘w;se(%]£ 6&%%?36? AR ?’éY%Jni_@\%% AR {18 28 and
concentrated untiJ the weight thereof was reduced to 160 g.. Theregfter, the
amount of al kal i©ZarVd i Gy o W ‘f‘?%p?fgel%?o%h%csﬁ?ga cati on
exchange resin. 5000 g of pure water and 250:g of butanol were addzd to the
seed particle dipéﬁé?lﬁ%r%.dl'ﬁ&err%’ﬁﬂ tahtan R ILEH Parfde? 0 fi SpkPei 8AIvas

cooled to 0[§rr]C, and, while ] .
pure water per hr. During the period, 0.028% aqueous

ammonia was added at an addition rate of about 0.012
g/g of pure water per h; so that the pH of the seed
particle dispersion was méintained af 10.and that
hydrolysis and condensation polymerization of

10 methyltrimethoxysilane and vinyltrimethoxysilane were
carried out on the seed particles to thereby effect
growth of the seed particles.

Thereafter, the dispersion was agitated at 20°C
for 2 hr, heated to 80°C and.aged for 5 hr.

15 After the agihg, the fine par£icles were separated
from the dispersion. The separated fine particles weré
dried and heated at 3b0°c while feeding a gas |
consisting of a mixture of ammonia gas and steam (60%
by volume of ammonia and 40% by volume of steam).

20 With respect to the thus obtained

| organopolysiloxane fine particles (P-5), there were
determined the carbon amount of hydrocarbon gfoup
'directly bonded to silicon, the amount of OH group-
bonded to silicon, the average particle size, the CV

25 value, the 10% compressive modulus of elasticity with



SF-593 final 58 maintaining this tenperature, a solution consisting of a
m xture of 400 g of nethyltrinmethoxysilane and 100 g of
vinyltrinethoxyﬁkgﬁgg s dropped into the seed particl e-dispersion at an
addition rate o y Eﬂgllg of 5 pure water per hr. During the period,

0. 028% aqueous ammoni a was added at an addition rate of about 0.012 g/g of
pure water per hr so that the pH of the seed particle dispersion was
mai nt ai ned at 10 and that hydrol ysis and c&8densati on pol ynerization of 10
met hyl tri met hoxysi | ane and vinyl trinet hoxysilane were carried out on the

seed particles t.q_therehy.effect,.arowh t.he se t] , .Thereafter,
t he di spersion \t/}/gss rz%g-'lat%a Sé_‘g'ééat?l fol[%(frérl%%?q{o’r tgl%ra,‘ %%%(?éedéf%ggbferr] C and
aged for 5 hr. Yacovery AR 9M tdif atidhvd Ayd idBinpaed 4 Ch&Sdues emsepahat ed
from the dispersion. The séparat ed fine particles were dried and heated at
300[err] C while (legding a gas consisting of a mxture of anmonia gas and

st eam (60% by vol tme ‘of anmoni a and 40% by vol une of steanm). 20 Wth
respect to the thus obtai ned _organopolysil oxane fine particles (P-5), -

t herewer e deter mi ned 1f'Re I&SPHF &RSuMIE AT dr group . directly bonded
to silicon, fhe anount of OH group bonded to con, the average particle
size, the 25 value, the 10% co 2 ’ pleytd el asticity with

. The same procedure as in Example 5 was repeated
" except that, after fhé seed particle growth, aging,
fine partiple separation from the reactiop mixture and
drying, the heating was perfofmed at 400°C whiie
10 feeding air in place of the gas of a mixture of ammonia
and steaﬁ.-

With respect to the thus obtained
'orgénopolysiloxane fine particles (P-D), there were
determined the amount of carbon directly bonded to

15  silicon, the amount of OH group bonded to silicon, the
average particle size, the CV value, the 10%
compressive modulus of elasticity with its_statistical.

dispersion, the compressive strength, the average

elastic recovery (Rr)m and the average compressive

20 deformation (Cp)m.

The results are given in Table 2.



SF-593 final 59 its statistical dispersion, the average el astic recovery
(Rlerr])[err] and the average conpressive deformation (Clerr])[err]. The
results are givgﬂ;5@3ﬁﬁgie 2. 5 Conpar ati ve Exanple 4
The sane procedure as i1 n Exanple 5 was repeated except that, after the seed
particle growth, aging, fine particle separation fromthe reaction m xture
and drying, the heating was perforned at 400[err]C while 10 feeding air in
pl ace of the gas of a mixture of ammnia a® steam Wth respect to the

t hus obt ai ned organopol ysil oxane fine particles (P-D), there were

determ ned the anmobunt of carbon directly bonded to 15 silicon, the anpbunt
of OH group bonded to silicon, the average particle size, the CV value, the
10% conpressi ve nodul us of elasticity w | ts,statistical dispersion, the
conpressive strength, the average elastic recovery (Rerr])[err] and the
average conpressive 20 deformation (CJerr])[err]. The results are given in

. - 2 final a0
Table.2. SF- 59p—H-hal—60 Exam. | Comp. | Exam. | Comp.
' 4 Ex 5 Ex
3 4
carbon amt. 17.0 | 17.6 15.1 19.5
(wt.%)
amt. of OH group 4.2 0.9 2.8 0.3
: - (meq/g '
)
10% compressive 330 380 480 620
modulus of elasticity
(Kg/mm?2)
dispersion of 10% 15 38 17 40
compressive modulus
of elasticity
(%) S
av. compressive 31 28.5 23.5 19.8
deformtion
(%)
av. elastic recovery 78 75 81 85
(%)
particle diam. 7.2 7.2 | 7.4 7.4
(pm) |-
var. coefficient 1.5 1.5 1.8 1.8
(%)
5 ‘ Example 6 -

A pair of transparent substrates with transparent
electrode for use in a liquid crystal céll of a liquid
crystal display were provided. Each of the transparent

substrates with transparent electrode comprised a glass
10 pléte and, superimposed on its one side in éequence, an

ITO thin film as a transparent electrode and an

alignment coating for aligning molecules of a liquid-



Tabl e 2 Exam Conp. Exam Conp. 4 Ex 5 Ex 3 4 carbon ant.

'17.0 17.6 19.1 19.5 (m.% ant.. of OH group 4.2 Odgl '2]; 8
0.3 (nmeqg/g ) 10% ive 330 380 480 620 nodul us o

el asEi city (Kg/ rﬁ*ﬁg?g%:@égr sion of 10% - 15 38 17 40 _
conpressive nodulus of elasticity (% av. conpressive 31 28.5
23.5 19.8 deforntion av. elastic recovery 78 75 81 85 (%
particle diam 7.2 7.2 7.4 617.4 ([err]m var. coefficient
1.5 1.5 1.8 1.8 (% 5 Exanple 6 A pair of

_ . pi e 6 A pai
crystal el of FTan & e M S e I L ullg SEekfad ok da

t.ransparent subsfr{aat egsi_‘ygrg hdff@@éf@ﬁ?nt el _ect rode conprised a gl ass

Subsequently, the organopolysiloxane:fine
particles obtained in Example 1 were spread on the
5 alignment coating of one of thé transparent substrates
with transparent electrode. The spreading was
performed in fhe following manner. The
organopolysiloxane fine particles obtained in Example 1
were dispersed, at a concentration of 1% by weight, in
10 a solvent consisting of a mixture of 350 cc of pure
water, 120 cc of isopropyl alcohol and 30 cc of ethyl
~alcohol under agitation while applying an ultrasonic
thereto. Thué, a spread dispersion was obtained. This
spread dispersion was spread by spraying through a
15 spray nozzle of 0.5 mm diameter (Luhina PR-10) arranged
at'a distance of 70.cm from the alignment coating under
a pressure of 3 Kg/cmz.‘
The average particle spread density was 130

2

particles/mm*, the maximum spread density 147

2

20 particles/mm, the minimum spread density 114

2, and the statistical dispersion 13%. In

particles/mm
- each plane on which the spread density was measured, no
aggregate of a plurality of particlés (adhering

particles) was observed. The spread density was

25 measured by means of liquid crystal spacer counter



10 plate and, superinposed on its one side in sequence, an ITOthin film
as a transparent electrode and an alignnment coating for aligning nol ecul es
of a liquid §ﬁ;§§§ﬁhgpal 61 crystal conpound contained in a liquid _
crystal material” iTma grven direction. Subsequently, the organopol ysil oxane
fine particles obtained in Exanple 1 were spread on the 5 alignnent coating
of one of the transparent substrates with transparent el ectrode. The
spreadi ng was perforned in the following mb2ner. The organopol ysil oxane
fine particles obtained in Exanple 1 were dispersed, at a concentration of

1% by wei ght, i vant qﬁnﬁi ' ] re_of c. of re

wat er, 120 cc of"%g%%H§%§| a(%o 0 %%@ﬂgﬂgiég%?éééﬁjﬁ°a1dgﬁgrguiﬁeFRg
agitation while | yi.ng an ul trasqnic .thereto. é&ys. sprea i spersion
was obtai ned. THi H§%P‘ HEpersi oF Wds - ﬁﬁéﬁh §BF§%4&]tgrough a 1? o
spray nozzle of .0.5, i anet.er (Lum R- 10 ranged at_a distance of 7
cmfromthe ali &ﬂ?&h@”&gﬁﬁqﬁ&%ﬂﬁ%rmﬁfy’r‘&%%ﬂ%’; %%V%ﬂ{%}?ﬁ YfESaver age
particle spread density was 1301P rticles/ err], the maxi num spread

Cdensity 147 20 REHIASS Mg Iuat HERTT LT Spridil IRFRI ySuakace,

particles/nn%err], and the statistical dispersion 13% In
and the spread density was measured at 100

intersections. The average particle spread density.was
an average of the measured'spread'density values. The
statisticai dispérsion of spread,density was calculated .
from the above average particle spread density.

10 Then, the pair of transparent substrates with
transparent electrode were piled one upon the other so
that the alignment coating of the counter transparent
substrate with transparent electrode was brought.into
contact with the spread organopolysiloxane fine

15 particles. |

The gap between the.alignment coatings of the thus
formed assembly of the pair of transparent substrates
with transparent electrode was charged with a liquid
crystal maferial. Peripheral parts of the substrates

20 were stuck to each other and sealed with the use of a
sealing resin to thereby obtain a liquid crystal cell.;
The obtained liquid crystal cell was arranged so as to
be driven in STN mode.

The thus obtained liquid crystal cell was

25 subjected to ten cycles of cooling from room



each plane on which the spread density was neasured, no aggregate of a
plurality of particles (adhering particles) was observed. The spread
density was 25 @E%?¥gﬁ apy means of |iquid crystal spacer counter SF- 593
final 62 (nodel manuf actured by Edec Co., Ltd.) in the follow ng
manner. Specifically, 10 virtual longitudinal lines and 10 virtual |ateral
lines were provided with equal intervals on the spread surface, 5 and the
spread density was measured at 100 interse®Bions. The average particle
spread density was an average of the neasured spread density val ues. The

statistical disper 'e%&__qj&ee'rslg_roea_dmz?.si Y %}%@ﬁ%ﬁlét eIt apove

average particle sprea Ity. . e 'palr of transparent
FhbeLy e o S o SR RS I Lo SO MR RSP
siecirode vas DAL LR PaNacl, WAL L1, Sprgar oraanepel yoIl oxane (e
aosertbly of L e PalT ook WaIRALeN, SRS e Ll | atpparent. Sleetode
substrates 20 were SUUCK P SAt Y TN Soam gt s dlfa 88, Sl g
display was driven. No_shading of display image was
observed. |
Example 7
The same procedure as in Example 6 was répeated
10  except that the organopolysiloxane fine particles
obtained in Example 2 were“spread on_tﬁe alignment
coating of one of the transparent substrates with
transparent electrode.
The average particle spread density was 125
15 particlés/mmz, the-méximum spréad density 135
particlés/mmz, the minimum spread_density 114
particles/mmz, and the statistical dispersion 9%.. In
each plane on which the spread density ﬁas measured, no
aggregate.of é plurality of particleé (adhering
20 particles) was observed.
Then, the pair of transparent substrates with
transparent electrode were piled one upon the other so
that the alignment coating of the céunter transparent -

substrate with transparent electrode was brought into

25 contact with the spread organopolysiloxane fine



sealing resin to thereby obtain a liquid crystal cell. The obtained I|iquid
crystal cell was arranged so as to be driven in STN node. The thus obtained

liquid crystal %?L §|25 subj ected to ten cycles of cooling fromroom
SF-593 final 63 epel Ature to -40[err] C. At each cycle, observation was

conducted for any bubbling at -40[err]C. No cold bubbling was observed
inside the liquid crystal cell. The thus obtained liquid crystal cell was
mounted 5 on a liquid crystal display, and6dhe liquid crystal display was
driven. No shading of display image was observed. Exanple 7 The sane

b1 ganopol ya | ox KA e ar 161 SE0gL PR ARASh IR & Vil S edPon ¢ he

organopolysiloxghe fine particl s Obtal

al i gnnent coating.af one, of the transparent substrates with transparent

el ectrode. The 531 BT e&a%ﬁ HE S NI RS 4R Eeom
particles/mierr], the maxi mum spread density 135 particles/mjerr], the
mi ni mum spread FEASSERHRER 54 798 ds/ nifte el % SYELene oOspLvaLion was

di spersion 9% In each plane on which the spread density was neasured, no
aggregate of a FERANGEEF Jopany Qudblintheat 0 C. No cold bubbling

5 was observed inside the liquid crystal cell.

The thus obtained liquid crystal cell was mounted
on a liquid crystal display, and the liquid crystal
display'was driven. No shéding of display image was
observed.

10 ample 8

The same procedure as in Example 6 was repeéted
except that the organopolysiloxane fine particles
obtained in Example 3 were spread on the alignment
coating of one of the transparent substrates with

15 transparent electrode.

The average particle spread density was 123

particles/mmz, the maximum épread density 143

2

particles/mm“, the minimum spread density 105

particles/mm?

» and the statistical dispersion 16%. In
20 each plane on which the spread density was measured, no
aggregate of a plurality of particles (adhering
parﬁicles) was observed.
Then, the pair of transparent substrates with

transparent electrode were piled one upon the other so

25 that the alignment coating of the counter transparent



20 particles) was observed. Then, the pair of transparent substrates with
transparent electrode were piled one upon the other so that the alignnent
coating of the %ﬂﬂgﬁfﬁ %fansparent substrate with transparent el ectrode was
brought into 25~ c PE' with the spread organopol ysil oxane fine SF-593
final 64 particles. The thus obtained liquid crystal cell was subjected to
ten cycles of cooling fromroomtenperature to -40[err]C. At each cycle,
observation was conducted for any bubbling6st -40[err]C. No cold bubbling 5
was observed inside the liquid crystal cell. The thus obtained liquid
~crystal cell was

nted on.a liquid crystal. display, and the |jqu
crystal display ssq-‘dﬁ'a\ et %aaara?%%r .taﬁ?ls%(fﬁgoﬁ?%aﬁ%sgggoﬁ%étr%ﬁg? 1ﬁ
Exanpl e 8 The sane prqcedyre as in Exanple 6 was. repeated except that the
organopolysionéﬁ@q%éﬁe%£#Qi€h%ﬁ§Qﬁﬁ rﬁﬁﬁ??PQg%ﬁﬁiikﬁﬁﬂﬁrélggread on the
al i gnment coati rent substrates with 15 transparent

f, qne of the transpa
el ectrode. The %&%@éep%rt T Fe't%’ﬁlsez?%t&é?ﬁdt VAR EF YRR Gelsh Ma®rr],

t he maxi num spread density 143 particles/mferr], the m ni num spread
density 105 subjected to tep cycles of cooling from room

5 temperature to -40°C. At each cycle, observation was
conducted for any bubbling af -40°C. No cold bubbling
was observed inside the liquid crystal celi.

.The'thus obtained liquid crystal cell was mounted
on a.liquid crystal display, and the liquid crystal
10 display was driven.. No shading of display image was
observed.
Comparative Example 5
The same procedure as in Example 6 was repeated
except that the organopolysiloxane fine particles
15 obtained in Comparativé Example 1 were spread on the
alignment coating of one of the transparent substrates
with transparent electrode.
.The average partiéle spread density was 128
particles/mmz, the maxiﬁum spread density 173
20 particles/mmz, the minimum spread density 90
particles/mmz, and the statistical dispersion 36%. 1In
each plane on which the spread density was measured,
there were aggregates of a plurality of particles.
Then, the pair of transparent substrates with

25 transparent electrode were piled one upon the other so



| particles/m®2, and the statistical dispersion 16% In 20 each plane on
whi ¢h the spread density was nmeasured, no- aggregate of a plurality of

particles (adherdm | cles) was observed. Then, the pair of transparent
substrates with $€§%§3@H§ﬂt el ectrode were piled one upon the other so 25

that the alignment coating of the counter transparent SF-593 final 65
substrate with transparent el ectrode was brought into contact with the
spread organopol ysil oxane fine particles. Bfe thus obtained |iquid crystal
cell was subjected to ten cycles of cooling fromroomb5 tenperature to

- . A , 4 s _copducted for any bubbling, at
AOLerTIC A LS PSSR | e, CRROLEL oLt ATy BUBDL L0, A
fi'spl oy, and tnG IS YEThl CTO R LPrSy SLECOFPOBrea RoDSAHA Ry LFo

i i b d. ti Ex |l e 5 The sane procedure as in
Ecanp & 6 was 1 SRR ebi TP IE PR o7 BARRP L KPt LREREST FABSpar (i ol o5 15
obtai ned i n Conparat, ve Exarl}pl e 1 were spread on the alignnment coating of

one of the trandfhteftiSubstng &SUR ARtaiaRgdriani diwuisiode cell was

5 subjected. to ten cycles of cooling from room
temperature to -40°C. At each cycle, observation was
conducted for any bubbling at -40°C. Cold bubbling was
observed inside the liquid crystal cell at the 8th and
subsequent cooling cycles. |

10 _' The thus obtained liquid crysfal cell was mounted
on a liquid crystal diéplay, and tﬁé liquid crystal

display was driven. Shading of display image was

observed.
Comparative Ekample 6
15 The same procedure as in Example 6 was repeated

except that the orgénoéolysiloxane fine particles
obtained in Comparative Example 2 were spréad on.the
alignﬁént coating of oné of the transparent substrates
with transparent electrode.

20 ' Thé average particle spread density was 120
particleS/mmz, the maximum spread density.166
particles/mmz, the minimum spread density 78
particles/mm?, and the statistical dispersion 38%. In
each plane on which the spread density was measured,

25 there were aggregates of a plurality of particles.



The average particle spread density was 128 particles/mierr], the maxi num
‘spread density 173 20 particles/mierr], the m ni num spread density 90
parti cl es/r‘m{er%#,_ %yﬁ Ihe statistical dispersion 36% In each plane on
whi ch the sprea d5 09 was nmeasured, there were aggregates of a plurality
of particles. Then, the pair of transparent substrates with 25 transparent
el ectrode were piled one upon the other so SF-593 final 66 that the
al i gnment coating of the counter transpareb? substrate with transparent
el ectrode was brought into cont act vvith t he spread or ganopol ysi | oxane fine

particles. The thus %t%l ned d gﬂl aq,{s Lﬁ%énema%bS %c&e to ten
eac

cycles of cooling from St dom erat u
observati on was conducted.faor be in err C ld b be i ng was
obser ved | nsi de SCRE IREFHF erlysc[n%/rio el'C% ﬁquh]e %t bsaqu@ Eoﬁgl

cycl es. The ceII was nounted on a

liquid cryst al &heh %Lphus L m?id ll ujlrf?‘i/g‘fr%ﬂ}b‘? SAURE STt TR PSRAL e -hadi ng
o ocedur o as. | SERRYIRE % ED r%%%ﬁﬁeaq%dﬁ w%a%r%%%{‘iﬁﬁ‘%‘iane
fine particlfs contact with the spread. organopolysiloxane fine
particles. The thus obtained liquid crystal cell ﬁas
subjected to ten cycles of cooling from room
temperature to -40°C. At each cycle, observation was
conducted for any bubbling at -40°C. Cold bubbling was
10 observed inside the liquid érystal cell at the 5th and
subsequent cooling cycles.

The thus obtained liquid crystal cell was méunted
on a iiquid crystal display, and the liquid crystal
display was driven. Shading of display image was

15 observed. |
CEx le

The same procedure as in Example 6 was repeated
exceét that the organopolysiloxane fine particles
obtained in EXamplel4 were spread on the alignment

20 coating of oné of the transparent substrates with
_transparent electrode.

The average particle spread density was 124

particles/mmz, the maximum spread density 144

particles/mmz, the minimum spread density 107

25 particles/mmz, and the statistical dispersion 16%. 1In



obtained in Conparative Exanple 2 were spread on the al i gnnment coating of
one of the transparent substrates with transparent el ectrode. 20 The

aver age particI%%§ ﬁﬁ pensity was 120 particles/mierr], the maxi mum
spread density 6§%§ ?cles/nn{err], the m ni num spread density 78

particles/mierr], and the statistical dispersion 38% In each plane on
whi ch the spread density was neasured, 25 there were aggregates of a -
plurality of particles. SF-593 final 6768hen, the pair of transparent
substrates with transparent el ectrode were piled one upon the other so that
nt substrate w th transparent

t he alignnment coating .of t untier, .t ranspar

el ectrode was bregalféhg)llan % g’%ln ar%:tt}émetﬂ) %%gs ?ré%ﬂé%r‘&%%orﬁ%?§gfﬁ xaftl€"
fine particles. The thys obtained |liquid crystal, cell subjected to ten
cycles of cool i AFFHA %xéﬁtﬁﬂélﬁﬁﬁ{h t -9ﬁfi&?§%f Q?g%%ﬁh Bycle, -
observati on was condugkﬁﬂ for a bubbling at -40[err]C. Cold bubbling was

10 observed i nsiF®& qifaP B{€<ell at the 5th and subsequent
cooling cycles. The thus obtained |iquid crystal cell was nounted on a

liquid crystal di spl d&yelandhen®aigRid tranirarens piulsvkates iweah Shadi ng

of displ ay igage was 15 observed.
' transparent electrode were piled one upon the other so

that the alignment coating of the counter transparent
substrate with transparent electrode was brought into
contact with the spread organopqusiloxane fine
particles.

10 The gap between the alignment coatings of the thus
formed assembly of the pair of transparent substrates
with transparent electrode was charged with a liquid

~crystal material. Peripheral parts of the substrates
were stuck to each other and sealed with the use.of a

15 sealing resin to thereby obtain a liquid crystal cell.
The obtained liquid crystal cell was arranged so as to
be driven in STN.ﬁode.

The thus obtained liquid crystal cell was
subjected to ten cycles of cooling from room

20 temperature to -40°C. At each cycle, observation was
conducted for any bubbling at -40°C. No cold bubbling
was observed inside the liquid crystal cell.

The thus obtained liquid crystal.cell was mounted

on a liquid crystal display, and the liquid crystal



Exanpl e 9 The sane procedure as in Exanple 6 was repeated except that the
or ganopol ysi l oxane fine particles .obtained inh Exanple 4 were spread on the
al i gnnent 20 Cgﬁﬁ*ﬁ%ﬁﬁﬁ] one of the transparent substrates with transparent
el ectrode. The avérage particle spread density was 124 particles/mjerr],

t he maxi num spread density 144 particles/mferr], the m ni mum spread
density 107 25 particles/mierr], and the statistical dispersion 16% In
SF-593 final 68 each plane on which the sp62ad density was neasured, no
‘aggregate of a plurality of particles (adhering particles) was observed.

Then, the pair Qqt S ent.. strgte Lt h 5 krack nt ctrqQde were

pi |l ed one upon @%Sb%?Regg%oE%ﬁgggfheﬁél?Bﬁﬁéﬁg 8%a§?%§§%§ éﬁgbgo&ﬁ%er

transparent subsirate gﬁth transparent electrode was brought into contact
o]

with the spread®8rgaN6pol ysil oxane fine particles. 10 The gap between
the alignnment coatings of the thus forgfd aiseggly of the pair of
transparent substrates with transparemt® e was charged with a liquid
crystal material. Perjpheral parts of the substrates re stuck to each
other and seal ed wit RRPEh&a€cPgpcgdure as in Example was repeated

5 except that the ofganopolysiloxane fine particles
obtained in Example 5 were spread on the alignment
coating of one Qf the transparent substrates with

_transparent_electrode.
| The average particle spread density was 126

10 particles/mmz, the maximum spread density 151
particles/mmz, the minimum spread density 98
particles/mmz, and the statistical dispersion 22%. 1In
each plane on which the spread density was measured, no
aggregate of a plurality of particles (adhering

15 particles) was observed. -

Then, in the same manner as in Example 6, the pair
of transparent substrates with transparent electrode
were piled one upon the other so that the alignment
coating of the counter transparent substrate wiﬁh

20 transparent electrode was brought into contact.with the
spread organopolysiloxane fine particles. The thus
obtained liquid crystal cell was subjected to ten
cycles of cooling from room temperature to -40°C. At

each cycle, observation was conducted for any bubbling



15 sealing resin to thereby obtain a liquid crystal cell. The obtained
liquid crystal cell was arranged so as to be driven in STN node. The thus
obt ai ned liqUidéﬁ£$§§ﬁlaFell was subjected to ten cycles of cooling from
room20 tenperature 8 -40[err]C. At each cycle, observation was-
conducted for any bubbling at -40[err]C. No cold bubbling was observed
inside the liquid crystal cell. The thus obtained liquid crystal cell was
mounted on a liquid crystal display, and ti@8 liquid crystal SF-593 fi nal
69 display was driven. No shading of display i mage was observed. Exanple 10

The sane procedure d aml r.epeat ed except. t hat_ the

or ganopol ysi | ox&te ¥ e&pa i &Oggpg\éﬁ%lﬁé% iwﬁ%?}ﬁpqrgeg\%}selieprtgé% on the
al i gnnent coati of, pne of the transparent substrates with transparent

el ectrode. The QséPgégﬁﬁﬁﬁq%ﬂef ead density was 126 10 '

particles/mierr], the maxi mum spread density 151 particles/mierr the

i ni mum spread densi th*&NRF 9 %%9§Hﬂ¥&Qﬁ%gdﬁﬁV§ _s?%}}sY?%aT°H$E%€rsion
22% | n each plane on which the spread density was neasured, no ag?regate
of a plurality & parkietic qufett r§isplay, and the liquid crysta

5 display waé driven. No shading of display image was
observed. |
Comparative Example 7
The same procedure as in Example 6 was repeated .
.except that the organopolysiloxane fine particles
10 obtained in Comparative Example 3 wefe spread on the
alignment coating of one of the transparent substrates
with transparent electrode.
The  average pafticle,spread density was 121
particles/mmz, the maximum spread density 161
15 pafticles/mmz, the minimum spread density 79
particles/mmz, and the statistical dispersion 35%. In
planes on which the spread density was measured, there
were aggregates of a plurality of particles.
Then, in the same manner as in Example 6, the pair
20 of transparent substrates with transparent electrode
were piled one upon the other éo that the alignment
coating of the counter transparent substrate with
transparent electrode was brought into contact with the
spread organopolysiloxane fine particles. The thus

25 obtained liquid crystal cell was subjected to ten



15 particles) was observed. Then, in the sane manner as in Exanple 6, the
pair of transparent substrates with transparent -el ectrode were piled one
upon the ot her gg_% élhe al i gnnent coating of the counter transparent
substrate with tr %sparent el ectrode was brought into contact with the
spread organopol ysil oxane fine particles. The thus obtained Iiquid crystal
cell was subjected to ten cycles of cooling fromroomtenperature to
-40[err]C. At each cycle, observation was ébnducted for any bubbling
SF-593 final 70 at -40[err]C. No cold bubbling was observed inside the

liquid crystal g?lgh.fag-r%% S l(’ﬁi?x%I 3 a0 ﬂ&o%it%nﬁ?%tglpﬁeceéc! _\/@@oé’mu%teﬂbon a.

liquid crystal plray, "and the”iquidccryst ay was drTven.
shadi ng of display,inmge was,observed. Conparatjv | e 7 The .sane

o ocedur o as | nCELATIVEIE ARk P TRIeR SAL RN e T Il TSR Fiane
fine particles 10 tained in Co rative EX le 3 were spread.an th

i | gnment | conti 76 5 Oohe ool AORPBLLRY URe SOBBEPatesnaich ritn

el ectrode. The average particle %pr%a% denSiR&)mas 121 partjcles/nnlerr],
t he naxinunlspfgéﬁsaéﬁsp?}llef the 8th and subsequent cooling cycles.

5 Also, shading of display image was observed.
c rativ ample 8

The same procedurefas in Examplé 6 wés repeated
except that thg organopolysiloxane fine partiqles
obtained in CoﬁparatiVe Exaﬁble 4 were spréad on the

10 alignment coating of one of the transparent substrates
.with transparent electrode.

The avérage particle spread density was 123
particles/mmz; the maximum spread density 175
particles/mmz, the minimum spread density 74

| 15 particles/mmz, and the statistical dispersion 42%. 1In
planes on which the spread density was measured, there
were aggregates of a.plurality of particles.

Then, in the same manner as in Example 6, the pair
of transparent substrates with transparent electrode

20 were piled one upon .the other so that the alignment
qoating of the counter transparent substrate with
transparent electrode was brought into contact with the
spread organopolysiloxane fine particles; The thus :
obtained liquid crystal cell was subjected to ten

25 cycles of cooling from room temperature to -40°C. At



15 particles/mierr], the m ninmum spread density 79 particles/mierr], and
the statistical dispersion 35% In planes on which the spread density was
measur ed, theresﬁggg regates of a plurality of particles. Then, in the
sanme manner as i aﬁ%ﬁe 6, the pair 20 of transparent substrates with
transparent el ectrode were piled one upon the other so that the alignnment
coating of the counter transparent substrate with transparent el ectrode was
brought into contact with the spread organdol ysil oxane fine particles. The
thus 25 obtained liquid crystal cell was subjected to ten SF-593 final

71 cycles of coqling r rature to -40[Lery] {.eac cl

observati on V\B.S%ggﬁdl?&{cg?'f %(r%@ftﬁy%ﬁb% :‘I“’r’]ags a On-djﬁ%teé;({]%r éoq}g%ﬁlgbkﬁ) THY was

observed inside_the lLi.quid.crystal cell at the 8th and subsequent .coal | ng

cyles. 5 A so?z:shél(gi % o?zéfﬁs%ré?iftHgga’aﬁaggfjsigf%@eavtse%ﬁpt ; t%f%h R e
e sanme procedure as i anmpl.e 6 was repeated excep a e

or ganopol ysi | ox&ﬁé(sftiaﬁec gnlt il eogtsgi r?élﬂieﬁﬂﬁ@cﬁ%% ISR BOI e her e

spread on the 10 _alignnment coating of one of the transparent substrates

wi th transpar enfléPecthaddnaried pRg M S ARsR tWehsity was 123
particles/mierr], the maxi num spread density 175



particles/mierr], the mninum spread density 74 15 particles/mierr],

di spersion 42% In planes on which the spread density was

measur ed, therespggg regates of a plurality of particles. Then, in the
anp

the statistical

sane manner as

in e 6, the pair of transparent substrates with

transparent el ectrode 20 were piled one upon the other so that the

al i gnnent coati

ng of the counter transparent substrate with transparent

and

el ectrode was brought into contact with th& spread organopol ysil oxane fine

particles. The
cycl es of cool
72 each cycle,

Col d bubbling was obferﬁﬁg

subsequent cool

10

15

20

25

thus obtained liquid crystal cell was subjected to ten 25

ng fromroomtenperature [err]C. At SF-593 fi nal

observation was conducte or any bubbling at -40[err]C.

i ng cycles

PRRBSREy o2y 1 10REnE ks

hydrocarbon group (a) directly bonded to a silicon atom
and having an OH group (b) directly bonded to a silicon
atom, wherein:

(i) carbons contained in the hydrocarbon group (a)
constitute 5 to 35% of the weight of the
organopolysiloxane fine particles, and

(ii) the OH group (b) is in an amount of 1 to 8
meq per g of the organopolysiloxane fine.partiéle,

said organopolysiloxane fine particle.having:

(iii) a 10% compressive modulus of elaéticity of
150 to 900 Kg/mm?,

(iv) an average compressive deformation (Cr)m of

20 to 60%,

(v) an average elastic recovery (Rr,)m of 60 to 90%,

and
(Qi) an average particle diameter of 0.5 to 50 um.
2. The organopolysiloxane fine particle as
claimed in claim 1, wherein the 10% compressive modulus
of elasticity of the organopolysiloxane fine particles

has a statistical dispersion'falling in the range of %

20% based on an average of the 10% compressive modulus

of elasticity.

A
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hydrocarbon group (a) directly bonded to a silicon atom5 and having an OH
group (b) directly bonded to a silicon atom wherein: (i) carbons contai ned
in the hydrocargg%g%qﬂ%ﬂ (a) constitute 5 to 35% of the weight of the
or ganopol ysi | oxanefine particles, and 10 (ii) the OH group (b) is
in an anmount of 1 to 8 neq per g of the organopol ysil oxane fine particle,
sai d organopol ysil oxane fine particle having: (iii) a 10% conpressive
nmodul us of elasticity of 150 to 900 Kg/ m{é#r], 15 (iv) an average
conpressive deformation (Clerr])[err] of 20 to 60% (v) an average elastic

recovery (Rr)m of 603EOng%#ﬁgggs(¥5}p§F$§¥?%§ eaRaggégénggggg&g§ag% 0.5

to 50 [err]m 20 e organo ne frn as clai nmed
inclaim, whetein the, 10% conpressi ve ulus of elasticity of the

or ganopol ysi | ox ﬁgefPﬁgtbgi%rnggpﬁéflggg%gﬁié%%ﬁﬁ q&?spersion falling in
the range of [err] 2?W basgd og.an aver.age of the 10% co nﬁfsive modul us
25 of elasticity. lg&-gg IFFRaRd7a 81 P5F08555nf8FgﬁPg%&'ﬁﬁann -
organopol ysi | oxagfpbliRg B2l the! eork@TRr isiidk1Hhe GheRuLl:an |

5 organosilicon compound of the formula R'Si(OR2)3 (2) to

hydrolysié and condensation polymerization in a solvent
of a mixture of water and an organic soivent to thereby
obtain a_dispersioh of seed particles, provided that,
in the formulae, each of Rl and R2 represents a

10 hydrogen atom or an organic group having 1 to 10 carbon
atoms selected frqm among an alkyl group, an
alkoxyalkyl group and an aéyl group, and R' represents
an organic group having 1 to 10 carbon atoms selected
from among substituted or unsubstituted hydrocarbon

15 groups:;

(b) adding aﬁ alkali to the dispersion of seed
particleé to thereby stabilize the seed particle
dispersion;

(c) adding at least one compound represented by

20 the following formula (3) or (4), optionélly together
with a compound represented by the following formula
(5) while maintaihing-the seed particle dispersion at a
pH of 6 to 9, to the seed particle dispersion and

performing a hydrolysis and condensation polymerization

I



(a) subjecting a mxture of an organosilicon conpound of the fornula
Si(ORerr])[err] (1) and an 5 organosilicon conpound of the formula

R Si(CR[err])[eg#J éfé t,0 hydrol ysis and condensati on polynerization in a
solvent of a m E|$ lf"‘“vvat er and an organic solvent to thereby obtain a
di spersion of seed particles, provided that, in the formul ae, each of
Rlerr] and R err] represents a 10 hydrogen atom or an organi ¢ group having
1 to 10 carbon atons sel ected from anong ai5al kyl group, an al koxyal kyl
group and an acyl group, and R represents an organic group having 1 to 10
carbon atons sel ect edffromt&l%ocln substi t ut eq}.or unsubstit ut ed hyd%oc bon
15 groups; (b) &A&TFGTaFCai4Y HE FEEUIRPT G AL S L Part? cHas 8y
thereby stabilize the seed particle dispersion; ( addi hg at | east one
conpound repr es@REd P SPNST Ifd\ﬂ%é’aflﬁ?lrf{}]tea ‘Qﬂpeo‘?sj( s optionally
together with a compgurgd (rO%]Qresent ed by the fol I(gévi ng formula (5) while
mai ntai ning the seed partic 33dispersion at a pHof 6 to 9, to the seed
particle dispersion and.,Rer ing a hydrolysis d cqndensati on

pol ymeri zati on SF?BS(B%%(TQ%W?S t hereof so tha t’heaq{s%{ejed particles are
grown to thegeby obtain a spherical fine particle dispersion,

O—C—Y
. . \
RO—my . ,CH
/
O—C—CH;,

n

(5)

wherein:

R? and R' are as defined above, R" represents an
organic group having 1 té 10 carbon atoms selected from

10 among substituted or unsubstituted hydroéarbon groups,
R3 repfesents a hydrogen atom or an organic group
having 1 to 10 carbon atoms selected from among an
alkyl group, an alkoxyalkyl g?oup and an acyl group,
and R? represents a propyl or butyl group,

15 Y représents an organic group selected from among
a methyl group, a methoxy group, an.ethyl group and an
ethoxy group, and M represehts-an element selected from

~ among those of Groups 2 to 15 of the periodic table,
and

20 m is an integer of 0 to 3 and n is an integer of 1

to 4, provided that m + n is.an integer of 2 to 4;

_

AR



RSi(ORerr])[err] (3) RR'Si(OR[err])[err]

(4), and 5 [err] wherein: R err] and R are as defined above, R’
represents an oggggbc roup having 1 to 10 carbon atons selected from 10
anong substi tut ubstituted hydrocarbon groups, R3 represents a
hydrogen atom or an organic group having 1 to 10 carbon atons sel ected from
anong an al kyl group, an al koxyal kyl group and an acyl group, and R4

represents a propyl or butyl group, 15 .76 Y represents an organic group

sel ected from anong a net hyl group, a met hoxy group, an ethyl group and an

et hoxy group, and M, ts a nt .select.ed from.among,.t hose .of

G oups 2 to 15 of th Sgeﬁ gﬁggt n§ﬁ61 1°%1%e PﬁFF&%Q%gﬁh%&ﬁﬁs%ﬁno to

3 and nis an |nte E 1t g prQV|de that. m+ n.is an integer of 2 to
4: SF- 593 fi hal 98rﬁ Yy RELEChgePREIs Shereod: Fl particle dispersion to
thereby effect aging thereof: and treatln% t he spheri,cal fine particle

in a noist atnnspheréeéttIGBtﬂ896@8FeFPP€r1§a flne4p3£tﬁF8€b§§‘Fbr

roduci ng an or ganopol ysi |l oxane fine particle, co ri sing the steps of:
P J 3013 %mosphere at 10% to 600° P g P

5 4. A process for producing an organopolysiloxane
fine particle, comprising the steps of:

(a) subjecting a mixture of an organosilicon

compound of the formula Si(OR1)4 (1) and an

organosilicon compound of the formula R'Si(OR2)3 {(2) to

10_ hydrolysis and condensation polymerization in a solvent
of a mixture of water and an organic solvent to thereby
obtain a dispersion of seed particles, provided that,
in the formulae,'each of R:.l and R2 represents a
hydrogen atom or an organic group having 1 to 10 carbon

15 atoms selected from among an alkyl group, an
alkoxyalkyl group and an acyl group, and R' represents
an organic group'having 1 to 10 carbon atoms selected
from among substituted or'gnsubstituted hydrocarbon
groups; |

20 (b) adding an alkali to the dispersion of seed
particles to thereby stabilize the seed particle
dispersion;

(c) adding at least one compound represented by
the following formula (3) or (4), optionally together

25 with a compound represented by the following formula

HIIIIII IRV A0 L




(a) subjecting a mixture of an organosilicon conpound of the. fornula
Si(ORerr])[err] (1) and an organosilicon conpound of the fornula

o0 10 hydrolysis and condensation pol ynmerization in

RS (ORerr])[egkl:
a solvent of a EF S%fﬁn%f wat er and an organic solvent to thereby obtain a

di spersion of seed particles,

Rlerr] and R err]

to 10 carbon 15 atons sel ected from anong7&n al kyl

group and an acyl

provided that, in the fornul ae, each of
represents a hydrogen atomor an organic group having 1
group, an al koxyal kyl

and R represents an organic group having 1 to 10

group,
fronta

carbon atons se%g§te

groups; 20
to thereby stabi
conmpound repres

¥ &&& g ah

see

AV s d.Pané’fé s Rt

spersron 0]

together 25 with a conpoun
final 77 (5) whPe&Iifgmits

il d parti.cle di ersro addln at_l. east one
ot 6% 1 Tend Folthita, Fep %sterep 5 tiry
dr resented b the ollomrn nula F- 593
N ﬁ@P tGEL Qﬁ%ﬁﬁﬂ ¥ReE&%ﬁFt@n6 to

13, to the seed

article dlsper5|on and performng a hydrolysrs and

t hereby 5 obéar n a spherical

condensat i on poltglﬁéfrerozfatsroor?htaﬁertetﬁ s88d RATGiRleaT R HHFETE ° ab e ERRYN to

fine particle dispersjon,

obtain a spherical fine partlcle dlsper51on,

R'Si (OR?) 3

R'R"Si (OR3),

(R*O)—

10

wherein:

(3)

(4), and

O—C—Y
CH
- 0O—C—CH3

n

(3)

RZ and R' are as defined above, R" represents an

organic group having 1 to 10 carbon atoms selected from

among substituted or unsubstituted hydrocarbon groups,

R3 represents a hydrogen atom or an organic group

15

alkyl group,

having 1 to 10 carbon atoms selected from among an

an alkoxyalkyl group and an acyl group,

and R4 répresents a .propyl or butyl group,

Y represents an organic group selected from among

a methyl group,

20

ethoxy group,

a methoxy group, an ethyl group and an

and M represents an element selected from

among those of Groups 2 to 15 of the periodic table,

and

A



RS (ORerr])[err] ' (3) RR'SI(OR[err])[err] '
(4), and [err] (5) 10 wherein: Rerr] and R are as defined above, R
represents an qﬁgggbgvﬁﬁoup having 1 to 10 carbon atons sel ected from anong
substituted or Wnsdk ut ed hydrocarbon groups, R err] represents a
hydrogen atom or an organic group 15 having 1 to 10 carbon atons sel ected

. fromanong an al kyl group, an al koxyal kyl group and an acyl group, and
Rlerr] represents a propyl or butyl group,78 represents an organic group
sel ected from anong a. nethyl group, a nmethoxy group, an ethyl group and an

20 ethoxy group, and Mre $rese ts an gl ngnt sel ected from.ano g% th %_of
B oﬁ & &t

Groups 2 to 15 of tHB HBriBdiE-Fdbfe © 35eNEoB fSnaR F8LRY
integer of 0O to 3 and nis aH Bteger to 4, %rOV|de% that m+ n is an
integer of 2 tot@;4¢dPrpBadrgtpAt ?pﬁepléélapl A8 CFIFE Ofe dF§béVS|on to
t hereby effect aging thereof; and e' heatln% t he spherical fine
particle in a ni t r ogédbuBedbing 55§ §Pﬁﬁ§bﬁéﬂef196 PRE 6Fé@egésﬁ§ﬁﬁ%ﬁqnuj
in claim3, wherein the
to thereby effect aging thereof; and
5 (e') heating the spherical fine particle in a

nitrogenous basic gas atmosphere.

5. The process as.claimed in claim 3, wherein.the
produced organopolysiloxane fine particle has the
propertiés recited in claim 1.

10 6. The process as claimed in claim 4, wherein the
produced orgénopolysiloxane fine particle has the
Ipropérties recited in élaim 2.

7. .A liquidlcrystal display comprising a‘ liquid
crystal cell fitted with a pair of electrodes between

15 which the organopolysiloxané fine particles élaimed in

claim 1 or 2 are interposed as spacers.

—_—
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produced organopol ysil oxane fine particle has the properties recited in
claim1. 10 6. The process as clainmed in claim4, wherein the

pr oduced organog b%ﬁgﬁo ane fine particle has the properties recited in
claim2. 7. A I'g' ?@stal di splay conprising a liquid crystal cel
fitted wth a pair of electrodes between 15 which the organopol ysil oxane
fine particles clained in claiml1l or 2 are interposed as spacers.

79
AB T .
An organqgpolysiloxane fine particle comprising as
a principal component a polysiloxane having a
hydrocarbon group (a) directly bonded to a silicon atom
5 and having an OH group (b) directly bonded-to a silicon
atom, wherein: |
(i) carbons contained in the hydrocarbon group (a)
constitute 5 to 35% of the weight of the
organopolysiloxane fine particles, and
10 (ii) the OH group (b) is in an amount of 1 to 8
meq per g of the organopolysiloxane fine particles,
| the organopolysiloxane fine particles having:
(iii) a.10% compreseive modulus of'elasticity of -
150 to 900 Kg/mm?,

15 (iv) an average compressive deformation '(Cr)m of

20 to 60%,

(v) an average elastic recovery (Rr)m of. 60 te 90%,
and

(vi) an average particle diameter of 0.5 to 50 pm.

20 With respect to this organopolysiloxane fine

particle, besides the requirements.(i) to (vi), it is
preferred that the statistical dispersion of the 10%
compressive modulus of elasticity of the

organopolysiloxane fine particle fall in the range of +



10
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20% based on.an average of thé 10% comﬁressive modulus
of elasticity. -

The prdduced ordanopolysiloxane fine particle
exhibits a low aggregation-rétio and an extremely sharp

particle diameter distribution. The compressive

‘modulus of elasticity, elastic recovery and compressive

deformation thgreof.are high, and the statistical
dispersiog of cpmp;essive,defqrmation is small.
Moreover, thé orgénopolysiloxane fine particle is
excellent in the spreadability on a base. Therefore,
the organopolysiloxane fine particles are suitable for
use as a spacer fine particle to be incorporated in,

for example, a liquid crystal cell.



