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DESCRIPTION
ORGANOPOLYSILOXANE FINE PARTICLE, PROCESS FOR

PRODUCING THE SAME AND LIQUID CRYSTAL DISPLAY |

'TECHNICAL FIELD
The present invention relates to an.
organbpélysiloxane fine particle, a process for
producing the same and a liquid crystal display having
the organopolysiloxane fine particles interposed as
spacers between liquid crystal cell electrodes thereof.
More particularly, the présent invention is concerned
with an organopolysiloxane fine particle which is
excellent in spreadability and elastic properties, a
pfoéess for producing the same and a liquid crYstal
displéy having the organopolysiloxane fine particles
interposed as spacers between liquid crystal cell
electrodes thereof.
BAQKGROUND ART
It is common practice to interpose a spacer and
seal a liquid crystal substance between a pair of
eiectrodeS'disposed in a liquid crystal.cell for liquid
crystai display so that a iiquid'crystal layer is
formed therebetween. When the thickness of this liquid

crystal layer is not uniform, the image displayed on

the liquid crystal cell may suffer from color shading
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(mottle) and contrast degradation at the lighting time.
Therefore, it is required that the thickness of the
liqﬁid crystal layer inside the liquid.crYStal cell be
uniform. Further, when the displayed image is chapged
over at a high speed or when an imége 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
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.

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
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

as polystyrene-are used as the inter-electrode spacers
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of the liquid crystal cell, the problem is encountered
such that the organic resin particles are so soft that

it is difficult to maintain the uniformity of the

‘thickness of the liquid crystal layer'inside the liquid

crystal cell. For example, if nonuniform pressure is

applied to the liquid 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
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
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,

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
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cell, the thermal expansion coefficient of the liquid
crystal layer is different from that of the spacers.

For solving the above problems, Japanese Patent
Laid-open Publication No. 6(1994)—250193 proposed using
as an inter-electrode spacer of liquid cryétal cell
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
particle surfaceé 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
cryétal cell. However, the mechanical recqvefy thereof
was not highly satisfacfory 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
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 moﬁodispersed, depending on the
type of solvent, to thereby disenable uniform spreading.

Further, some of these fine particles, when to be
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spread in the dry state on an electrode base, are
electrified to thereby disenéble uniform spreading and
invite such a problem that the fine particles are
likely to stick to parts other than the electrode base.

As apparent from the above, even if a spacer fine -
partiélé 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
characteristics.

Japanese Patent Laid-open Publication No. 7(1995)f
140472 discloses obtaining a spacer fine particle for
liquid crystal cell having a specified compressive
modulus of elasticity by subjecting an organosilicon
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
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

particle diameters are different from eaéh other, the
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amount of organic groups remaining in the particle

interior after the heating step varies from particle to

particle, so that control of the amount of residual

organic groups is difficult to thereby increase the
statistical dispersion of compressive modulus of
elasticity from particle to particle with the:result
that it is difficult to control the compressive modulus
of élasticity of the spacer fine particle for liquid

crystal cell by the amount of residual organic groups

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

to be uniform throughout the whole body of particles,

but also voids occur at organic'group portions in the
internal part of particlés thermally decomposed during
the above heating step with the result that the
compressive modulus of elasticity of obtained spacer
fine particle for liquid crystal cell is lowered.
Unde: these ciréumstances, the inventors found

that producing an organopolysiloxane fine particle from

an organosilicon compound by a specified process

enables controlling the amount of organic groups in the

interior of fine particles, even if the above heating
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step'is not implemented, so that an organopolysiloxane
fine particle of uniform particle diameter having a
high elastic recovery can be obtained. Thus, the
inventors made a preposal based on the finding
(Japanese Patent Application No. 7(1995)-

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

However, the obtained organopolysiloxane fine

‘particle was hydrophobic, so that it was experienced to

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
particle 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.

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

elastic properties and has uniform particle diameter.
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It is another object of the pfesent invention to
provide a process for prédﬁcing the spacer fine
particlé, and it is a further object of the present
invention to provide a liquid crystal display having
the spacer fine pafticle intefposed as spacer between
liquid crystal cell electrodes thereof.

DI&CLOSURE OF THE INVENTION

Tﬁe organopolysiloxahe fine particle of the
present invention comprises as a principal component a
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
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
150 to 900 Kg/mm?2,

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

20 to 60%,

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

and

(vi) an average particle diameter of 0.5 to 50 um.
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The  statistical dispersion of the 10% compressive
moduius of elasticity of the organopolysiloxane fine
particle is preferably in the range of * 20% based on
an average of the 10% éompressive modulus of elasticity.

A process for producing an'orgahopolysiloxane_fine
particle according to~the bresent invention coﬁprises
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

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
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 aﬁoﬁg substifuted_or unsubstituted hydrocarbon
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

the following formula (3) or (4), optionally together
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nith a compound represented by the following formula
(5) while maintaining the seed particle dispersion at a
pH of 6 to 9, to the seed particle dispersion and
performing a hydrolysis and condensation polymerization
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 AN
(R*O)i—M /CH
O—C—CH; /,
(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,
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 gronp,

Y representé-an organic. group selected from among
a methyl group, a methbxy group, an ethyl group and an

ethoxy group, and M represents an element selected from.
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among those of Groups-Z'to_ls of the periodic table,

and
m is an integer of 0 to 3 and n is an integer of 1
to 4, providéd that m + n is an integer of 2 to 4;

(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
organooolysiloxane fine particlo 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

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! 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, and R' represents

ah organic group having 1 to 1Q-carbon atoms selected

from among substituted or uﬁsubstituted-hydrocarbon

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

" (c) adding at least one compouﬁd represented by

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

with a compound represented by the following formula

(5) while maintaining the seed particle dispersion at a
pH of 6 to 13, to the seed_particle diépersion and

performing.a hydrolysis and condensation polymerization

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)y—M /CH
- 0—C—CH; /,
(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,
R3 represents a hydrogen atom or én organic group

having 1 to 10 carbon atoms selected from among an
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alkyl group, an alkoxyalkyl group ana an acyl group,
and R? repreSents a propyl or butyl group, |

Y represents an organic group sélected from ambng
a methyl group, a methoxy group, an ethyl group and an
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;

(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
invention comprises a liquid crystal cell fitted with a’
pair of electrodes between which the above-mentioned
organopolysiloxane fine particles are interposed as

spacer.

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
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The organopolysiloxane fine particle of the
present invention and processes for producing the same
will be.described below.

[Organopolysiloxane Fine Particle]

First, the 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.
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
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
silicon atom is, for example, a substitﬁted or

unsubstituted hydrocarbon group having 1 to 10 carbon

atoms.

Examples of suitable unsubstituted hydrocarbon

| groups include an alkyl (chain alkyl or cycloalkyl)

group, an alkenyi group, an aralkyl group and an aryl
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group. The substituted hydrocarbon group is a group
obtained by pa;tly of entirely substituting hydrogen
atoms of the above unsubstituted hydrocarbon group with
nonhydrocarbon groups of elements other than hydrogen.

Examples of suitable substituted hydrocarbon groups

‘include CH,Cl, CHyF, y-methacryloxypropyl, y--

glycidoxypropyl, aminopropyl, 3, 4-epoxycyclohexylethyl,

-y—mercaptopropyl and trifluoropropyl groups. These

hydrocarbon groups (a) are groups attributed to the R'
and R" direcply 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 compound will be
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
to 35% by weight, breferably'lo to 30% by weighp.

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

average elastic¢ recovery whose 10% compressive modulus
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of elasticity, déscribed later, is high over 900 Kg/mmz;
On the other hand, when the carbon amount is greater
than 35% by weight, the obtained'organopolysiquane
fine particle may be one pf low éverage elastic
recovery whose 10% coﬁpressive modulus of élasticity is
lower than 150 Kg/mmZ.

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

. 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.
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 weightllOS; is attributed to the removal of OH

groups leading to geheration of water.
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The 10% chpressive modulus of elasticity of fhe.
organopolysiloxene_fine particle of the present
invention is in the range 150 to 900 Kg/mmz, preferably
200 to 700 Kg/mm2.

When the 10% compressive modulus of elasticity is
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_

particles is decreased to thereby restrict the

‘deformation of the particles, so that it is needed 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
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
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 te particle. Therefore;

the liquid crystal display in which the above fine
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particle is used as an inter-electrode spacer may
suffer from cold bubbling, image shéding, contrast
deterioration, etc; |

The method of evalﬁating the 10% compressive
modulus of elasticity and the statistical dispersion
thereof is as followé.

In the measurement of the 10% compressive modulus

- of elasticity, a micro-compression tester (model MCTM-

200 manufactured by Shimadzu Corporation) is used as a:

measuring instrument. Load is applied to one fine
particle of diameter D as 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

displacement (mm) are read. The 10% 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:

K = (3/V§_) 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

D: particle diameter (mm).
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Herein, the 10% compressive modulus of elasticity
is determined for each of 10 particles, and an avérage

thereof is calculated to evaluate the 10% compressive

modulus of elasticity of the fine particle. The

statistical 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

organopolysiloxane fine particle of the present

invention is in the range of 40 to 90%, preferably 70 .-

to 90%. When the average elastic recovery is less than

40%; the'givén liquid crysﬁal layer cannot be
maintained at a uniform thickness, and image shading
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
(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

deformation is less than-QO%, the particles are so hard

-that the aforementioned cold bubbling may occur. On

the other hand, when the average compressive
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deformation is higher than 60%, the parficles are so
soft that it may be infeasible to uniformly maintain
the thickness of the-liquid,cryétal-layer in the liquid
crystal cell. . Moreover, the preséure on individqal

particles is decreased to thereby restrict the

deformation of the particles, so that it is needed to

increase the number of spread\particles. As a result,
the product quality and productivity may be lowered.
The average elastig reéovery and the average'
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 load value) by means of the

aforementioned micro—éompression 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.
Thereafter,.the load is removed until a given load

value (original load value) ét a load removing rate

which is the same as the above loading rate. The

displacement is slowly reduced along curve B in

accordance with the removal of the load.
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Provided that Lj represents the difference between

the displacemént at the original load value in the
loading stage and the displacement at the reversal load
value and that L, represents the difference between the
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:

R [(L; - Ly)/Ly] X 100, and

r=

c (L1/D) x 100.

r
In the present invention, with respect to each of
ten partiéles, the elastic recovery and compressive

deformation are determined according to the above

formulae under the assumption that the original load

aﬁd reversal load vaiues are 0.1 g and 1.0 g,
réspectively._ The averages thereof are referred to as
the aVerage elastic_recovéry and the average
compressive deformation of the fine particle.

Further, the load value which is exhibited when

- the load is applied over the above reversal load value

and the particle is crashed is referred to as the
compressive strength.
The average particle diameter of the

organopolysiloxane fine particle of the present
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invention is in the range of 0.5 to SO'pm, preferably 1

.to 20 pym. The average particle diameter of the

organopolysiloxane fine particle is selected with

taking into account the type of liquid crystal display,

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
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
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 diamgter (o) =

n
Y |bi - Dn| / (n-1) x Dn

Di: diameter of each individual particle
n: number of measured particles.
Still further, it is preferred that the

aggregation ratio of the organopolysiloxané fine
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particle be 5% or less, especially 3% or less. The
aggregation ratio is defined as the percentage of
particle aggregates based on a fotal_of 100 particles
Qherein each aggregate consisting of a plurality of
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
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
described. |

The.organopolysiloxane fine particle of the
present invention can be produced by the following
process. |

(a) Step for preparing seed particle dispersion

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
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of water and an organic solvent to thereby obtain a

~dispersion of seed particles.

Conventional techniques can be employed in thé
preparation of_such-seed.particles..

In.the above formulae, eaéh'of Rl aﬁd R2
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
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.

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
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

groups or elements other than hydrogen. Examples of
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suitable substituted hydrocarbon groups include CH,Cl,
CHyF, chloromethyl, y-methacryloxypropyl, y-
glycidoxypropyl, aminopropyl, 3,4—epo§yc§clohexylethyl,
y—mercaptoprdpyl and trifluoropropyl groups. |
Examples of the organosilicon compounds (a-1)

include tetramethoxysilane, tetraethoxysilane, -

'tetraprbpoxysilane, tetramethylmethqusilane,'

tetraethylethoxysilane and tetraacetoxysilane.

Examples of ghé organosilicon compounds (a—2)
include methyltrimethoxysilane, methyltriéthoxysilane,
methyltriisopropoxysilane,.
meﬁhyltris(methoxyetthy)silane, ethyltrimethoxysilane,
vinyltrimethoxysiiane, phenyltrimethoxysilane, y—'
chloropropyltrimethoxysilane, y-
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
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

contained in 100 parts by weight of an organic solvent.
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- The organic solvent is not particularly limited as
long as it is miscible with water. Examples of the'.
organic solvent include alcohols, glycols, glycol |
ethers and ketones.. |

In the step (a), it is pfeferred thét 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
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
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
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,.
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It is also preferred that the average diameter of
the obtained seed particles_be in the range of 0.05 to
Z.O.pm.
ep fo a i izing seed particles

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 particlés thus stabilized by the
addition of an alkali may be referred to as."healed
sol™).

The fhus attained stabilization of the dispersion
by the addition Qf an alkali enables preventing tﬁe
deposition attributed to the aggregation of seed
particles. When segd.particles are aggregated, a
hydrélyzate of organosilicon compound may adhere to
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.

Examples of tﬁe alkaiis added for the
stabilizatioﬁ 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

combination. Further, an ultrasonic may be applied to
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the dispersion in order to stabilize the dispersion.
Still further, the stabilized dispersion is preferably
brought into contact with a cation exchange resih to
thereby reduce the amount of alkali and emmonia. It is
preferred that the amount of ‘alkali be reduced eo.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 less.
c | e owir seed par 'el

An alkali and at least one organosilicon compound.
represehted by the following formula (3) or (4),
optionally together with an acetylacetonato chelate
cempound represented by the following formula (5), are
edded to the healed sol obtained in the ‘above step (b),
and a hydrolysis and condensation polymerizetion |
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 |

wherein RZ and R' are as defined in the above step

(a) . The organosilicon compounds represented by this

formula (3) are referred to as organosilicon compound

(c-1) in the step (c).
~ Formula (4): R'R"Si(O0R3),
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wherein R’ and R"IMay be identical with or
different from ééch other and each represent a group
having 1 to 10 carbon atoms selected from among
substituted.or unsubstituted hydrocarbon groups, and R3
represents the same group as the above R(1). The
organosilicon compounds repreéented by the formula (4)
are referred to as organosilicon compound (c—2);

Formula (5):

O=—C—Y
4 N\
(R O)m M / CH
O—C—CH;, n

wherein R4'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

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
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
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to gel, and growth of seed particles becomes difficult,
at the time of addition of the 6rgahosilicon compound
(c-1) and/or (c-2) to the seed particle dispersion.

Therefore, it is preferred that both R' and R" be

| groups with a small number of carbon atoms, such 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).
Examples of the organosilicon compounds (c-2)
include dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldiethoxysilane, phenYlmethyldimethoxysilane, Y-

glycidoxypropylmethyldimethoxysilane and

'dimethylacetoxysilane.

Examples of the gcetylacetonato chelate compounds
represented by the above formula (5) include
dibutoxy(bisacetylacetonato)zirconium,
tributoxy(monoécetylacetonato)zirconium,
triisopropoxy(mohoacetylacetonatO)titanium,
dibutoxy (bisacetylacetonato)titanium, |
bisacetylacetonatolead, trisacetylacetonétoiron,
dibutoxy(bisacetylacetonato)hafnium and
tributoxy(monoacetylacetonafo)hafnium.

In the step (c), although only the organosilicon

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



10

15

20

SF-593 final

31

dispersion, it is preferred that also at least about 50
mol% of the organosilicon.compound (c-1) be added
thefeto.

Further,.in the step (c), a small_amount of the
organosilicon compqund represented by the formula
Si(OR1)4 (1).may be édded besides the above compounds
(3) to (3).

At the time of_adding the abbve compounds to the
healed sol in the step (c), téo rapid addition of the

compounds may lead to the aggregation of seed particles

in the 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
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
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 spreadability of the

obtained fine particle may be deteriorated.

L



10

15

- 20

SF-593 final

32

Generally, an alkali such as ammonia is used in

the regulation of the pH. In the present invention, in

_particular, it is preferred that the pH variation

during the stage of seed particle growth fall in the
raﬁge.of + 30%, especially i.10%, based on thé 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
continuousiy.

When an alkali and at least one compound
représented by the_above formula (3) or (4), optionally
together with the compound represented by the following
forﬁula (5), are édded to the seed particle dispersion
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
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
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The fine pa;ticle dispersion obtained in the above
step (e)'is heated at the éame temperature as that of
the step (c) or temperatures_higher than the same so
that the spherical fine particle is aged. This step
renders the diameters of obtained fine particle more
uniform. With respect to the aging tempefature and
time, if is preferred that the'fine.pa:ticle be
maintained at about 20 to 90°C, especially'SO to 80°C,
for ebopt 0.5 to 24 hr. |

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,
thereby fendering it difficult to obtain monedispersed
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
the spherical fine particle dispefsion by, for example,
centrifugel sepafation and heated in a meist atmosphere.

(e) Step of treating in moist atmosphere

The fine particle is heated at 100 to 600°C,

preferably 150 to 500°C.
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When the temperature is below 100°C, the

elasticity of the fine particle may be lowered. On the

other hand, when the temperature exceeds 600°C, the

spreadability of the fine particle may be.deteriorated.

- 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
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.

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
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

meq per g of the organopolysiloxane fine particle,
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the organopolysiloxane fine particle having:
(iii) a 10% compressive modulus of elasticity 6f
150 to 900 Kg/mmZ,

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

20 to 60%,

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

“and

(vi) an. average particle_diameter of 0.5 to 50 pm.

The above step (e) of treating in the moist

atmosphere may be replaced by step (e') of heatihg in a

nitrogenous basic gas atmosphere.

(e') Step of treating in nitrogenous basic agas

atmosphere

The nitrogenous basic gas is composed of, for

example, ammonia, any of various ammonium salts,

K hydrogen azide, hydrazine, hydroxylamine, a

hydroxylammonium salt or a nitrogenous hydrocarbon such
as pyridine.

Air and/or inert gas containiné the above
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

atmosphere enables obtaining the organopolysiloxane
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- fine particle characterized by a small dispersion of

10% compressive modulus of elasticity.

The reason for the reduction of thé dispersion.of
the compressive modulus of elasticity by the heating in
the nitrogenous basic gas atmésphere, although hot
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
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 temperature is below

-100°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
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

polycondensation of the ‘organopolysiloxane contained in
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the spherical fine particle, the aged spherical fine
particle may be subjected to'calcination or irradiation
with ultraviolet or other electromagnetic wave. This
treatment may be performed in a nitrogenous basic gas
or a gas containing a nitrogenous basic gas.

Through_the above-steﬁs (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
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

(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% compressive modulus of elasticity 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%,

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

and
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(vii) a statistical dispersion of the 10%
compressive modulus of elasticity which is in the range
of £ 20% based on an average of the 10% compressive
modulus of elasticity.

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
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
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
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

organopolysiloxane fine éarticles may be mixed in
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adhesive layers applied to peripheral parts of the
electrodgsi

The use of the organopdlYSiloxane fine partiéles
of the present invention as spacers between the
electrodes of the liquid crystal cell enables not only
decreasing the number of spread particles but also

reducing the damaging of the eleétrode surfaces or

" protective films. Furthermore, the use of the

organopolysiloxane fine particles of the present
invention enabies reduding 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
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
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. In the use of the ofganopolysiloxané

fine particles as inter-electrode spacers, the
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uniformity of particle diameter is especially important.

It is preferred that the CV value as an index of

uniformity of particle diamter be 5% or less,

especially in the range of 1 to 3%.

In the fabrication of a liquid 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
(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
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
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.
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Alternétively, the liquid crystal cell for use in
the liquid crystal dispiay of the present invention can
be fabricated in the folléwing manner. First,
periphery, except for an injection port of liquid
cryétal ﬁaterial, 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
éealing resin in which the.orgapopolysiloxane fine
particles of the present invention are.mixéd.
Subsequently, counter electrode surface (the surfaée 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,
énd.the injection port of liquid crystal material is
sealed with the use of a sealing resin.

As apparent from the foregoing, the presént
invention provides the organopolysiloxane fine particle
which exhibits a low aggregation and an extremely sharp
particle size distribution and has high compressive
modulus.of elasticity, elastic recovery and.compressivé
deformation, and wh§se compressive deformation
dispersion_is small. |

These.qrganopolysiloxane fine particle has not

only hydrophobic groups but also hydrophilic groups, so



10

15

20

25

SF-593 final

42

that, in particular, the organopolysiloxane fine

particle can uniformly be dispersed in a solvent

organopolysiloxane fine particles have excellent
spreadability.

Further, the organopolysiloxane fine particle
hydrophilic groups, so that the electrification of
particles commonly experienced at the time of dry
spreading can be supbressed. Therefore, the
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
present invention are used as the inter—electrodé-

spacer in the liquid crYstal cell, not only is the

- containing water or the like as well. Therefore, the

has

fine

the

particle size distribution of the fine particles“sharp

but also the statistical dispersion of the compressive

modulus of elasticity is small, so that the thickness

of the liquid cr?stal layer formed between the
electrodes of the liquid crystal cell can ‘be held
uﬁiform. Moreover,_the-cqmpressive modulus of
elasticity is so high'that the number of.spread

particles per area can be reduced. Further, the

elastic recovery and compressive deformation of the

organopolysiloxane fine particles are so high that

the
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occurrence of cold bubbling in the liquid crystal cell
can be prevented and a high-performance liquid crystal

display free from image shading, etc. can be provided.

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

[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
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
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

seed particles (conversion to healed sol). The pH
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value of the.dispersioh was 12. The average particle
size of the seed particles of the seed particle
dispersion was measured by means of centrifugal
particle size distribuﬁion tester (CAPA-500
manufactured by Horibg Seisakushoj, and it was found to
be 0.15 pm.

[Growth of seed particles]

The obtained seed parficle dispersion was heated
énd_concentrated until the weight thereof was réduced
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,

while maintaining this temperature, 500 g of

methyltrimethoxysilane was dropped into the seed

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
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

were grown.
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The obtained dispersion was agitated at 20°C for 2
hr, then heéted to 80°C and aged for 5 hr.

After the aging, the fine particles were separated
from_the dispersion. The separated fine pafticles was
dried and heated at 250°C while féeding air of 50%
relative humidity. | |

With respéct to the thus obtained
organopolysiloxane fine particles (P-1), there weré
detérmined the amounts of Oﬁ group and carbon directly
bonded to siliéon, 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 aforementioned, was
determined by measuring the 100 to 350°C weight loss in

a differential thermal anélysis and calculating from

"the weight loss. As a result, the amount of OH group

was 6% by weight (5;3 meq/qg) based'on the fine
particles.

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. .
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For egample, in Example 1, with respect to
alkoxysilanes, 8 g of methyltfimethoxysilane and 8 g of
tetramethoxysilane were used in the stage of producing
seed particles, and 500.g-of methyltrimethoxysilane was
uéed in the étage of particle growth. Therefore, the
carbon amounf can bé 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
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

in the stage of particle growth:

500 g of CH3-8i-(OCH3)3 is equivalént to 246.32 g
in terms of CH3—SiO3/2, and' the carbon amount is
246.32x12/(15+28+24)=44.11-g.

The tétal carbén amount-is the sum of the carbon
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 %
by weight bésed on the total fine particle weight
(3.94+3.164246.32=253.42 g). Taking into account the

above determined OH group content (4.8% by weight in
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terms of HZO), the amount of carbons directly bonded to

silicon in the fine parficles is (1—0t048ix0.177=0.169,
i.e., 16.9% by weight.

Furthermore, the average particle_size of the
organopolysiquane fine particles was determined by
obse;vation of a scanning electron micrograph. The CV
value was calculéted.from thelaverage particie $ize.

The 10% compressive modulus of elasticity, average

elastic recovery (Rr)m and average compressive

deformation (Cr)m were determined by the aforementioned

methods.

The resulté are given in Table 1.

Example 2
[Preparation of seed particles]

The solution A and solﬁtion 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. Further, to the

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

particle size of the seed particles of the seed
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particle dispersion was measured by the centrifugal
particle size distribution measuring method, and it was
found to be-0.15 pm.

[Growth of seed pafticles]

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
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
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
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.
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The obtained dispersion was agitated at 20°C for 2

‘hr, then heated to 80°C and aged for 5 hr.

After the aging, the fine particles were separated

from the dispersion. The separated fine particles were

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
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,)™.

. 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
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

determined the carbon amount of hydrocarbon group
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directly bonded to silicon, the amount of OH group
directly 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,)™M.

The results are given in Table 1.

ngéaragive Exgmple_l
[Préparation qf_seed'particles]

8 g of methyltrimethoxysilane and 8 g of
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.

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
particles of the seed particle dispersion was measured
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

and concentrated until the weight thereof was reduced
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to 160 g. Thereafter, 5000 g of pure watef-and 250 ¢
of butanol were added to the concentrated seed particle
dispersion. 100 g of 0.28% aqueoﬁs ammonia was added
to the thus diluted seed particle dispersion. The pH
of the disperéion was 10.5. The seed particlé
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 #ate of.0.005
g/g of puré 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. |

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
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

directly bonded to silicon, the amount of OH group
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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 results are given

in Table 1.
| Comparative Example 2
[Growth of seed particles]
The seed particle dispersion.obtained in
Comparative Example 1 was heated and concentrated until

the weight thereof was reduced to 160 g. Thereafter,

5000 g of pufe water and 250 g of butanol were added to

the concentrated 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
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
particle dispersion at an addition rafe of 0.005 g/g 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

after the completion of dropping was 10.
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The dispersion after the completion of dropping
was heated to 60°C and agitated for 5 hr while
maintaining the temperature to thereby age the grown
seed particles.

The resultanﬁ 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
determined the carbon amount of hydrocarbon_group
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

averége elastic recovery (Rr)m'and the average

compressive deformation (Cr)m.

The results are given in Table 1.

Table 1
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?)




10

15

20

SF-593 final

54
av. compressive 36 40 25 27 32
deforma-tion
(%) - :
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
(%)
Eamrm

[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
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
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

and concentrated until the weight thereof was reduced

to 160 g. Thereafter, the amount of alkali and ammonia
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was reducgd with the use of 10 cc of a cation éxchange
resin; 5000 g of pnre water and 250 g of butanol were
added to the seed particle dispersion after tne
reduction of the amount of alkali and_ammonia. The
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’
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
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.

- 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).
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With respect to the thus obtained
organopolysiloxane fine particles'(P—4), there were
determined the amounts of OH group and carbon directly
bonded to silicon, the average particle size, the CV
value, the 10% compressive mddulus 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.
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
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
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

(Cp)™.
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The results are given in Table 2.

Ex )
[ﬁreparétion of seed particles]

The solution A and solution B prepared in Example
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
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
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
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

seed particle dispersion was coodled to 0°C, and, while
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maintaining this temperature, a solution consisting of
a mixture of 400 g of methyltrimethoxysilane and 100 g
of vinyltrimethoxysilane was dropped into the seed
partigle 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 h; so that the pH of the seed
particle dispersion was méintained af 10.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.

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

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).

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

value, the 10% compressive modulus of elasticity with
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its statistical dispersion, the average elastic

recovery (Rr)m-and the average ‘compressive deformation
(cp)™m.

The results are given in Table 2.

5 _ Compgré;ivg Example 4
| . The séme procedure as in Example 5 was repeated
" except that, after fhé seed particle growth, aging,
fine particle 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.
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Table 2
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 -1 330 380 480 620
modulus of elasticity
(Kg/mm?)
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
(%)
Example 6 -

A pair of transparent substrates with transparent
electrode for use in a liquid crystal cell of a liquid
crystal display wefe provided. Each of the transparent
substrates with transparent electrode comprised a glass
pléte and, superimposed on its one side in éequence, an
ITO thin film as a transparent eiectrode and an

alignment coating for aligning molecules of a liquid-
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crystal compound contained in a liquid crystal materiél
in a given direction.

Subsequently, the organopolysiloxane:fine
particles obtained in Example 1 were spread on the
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
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
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
particles/mmz, the maximum spread density 147
particles/mmz, the minimum spread density 114

particles/mmz, and the statistical dispersion 13%. In .

- each plane on which the spread density was measured, no

aggregate of a plurality of particlés (adhering
particles) was observed. The spread density was

measured by means of liquid crystal spacer counter
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(model ED-7510 manufactured by Edec Co., Ltd.) in the
following manner. Specifically, 10 wvirtual
longitudinal lines and 10 virtual lateral lines were
provided with equal intervals on the spread surface,
and the spread density was measured at 100
intersections. The.average particle spread density.was

an average of the measured'spread'density values. The

statistical dispérsion of spread. density was calculated.

from the above average particle spread density.

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

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
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

subjected to ten cycles of cooling from room
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temperature to -40°C. At each cycle, observation was
conductéd for any bubbling at -40°C. No cold bubbling
was observed inside the liquid crystal cell.

The thus obtained liquid crystél cell was mounted
on a liquid crystal display, and the liquid crystal
display was driven. No_shading of display image was
observed. |

Example 7

The same procedure as in Example 6 was répeated
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

2

particlés/mm , the maximum spread density 135

particles/mmz, the minimum spread density 114

particles/mm2

, and the statistical dispersion 9%.. In
each plane on which the spread density ﬁas measured, no
aggregate.of é plurality of particleé (adhering
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

contact with the spread organopolysiloxane fine
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particles. The thus obtained liquid crystal cell was
subjected to ten cycles of cooling from room
temperature to ;40°C. At each éycle, 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
display'was driven. No shéding of display image was
observed.

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
trénsparent electrode.

The average particle spread density was 123
particles/mmz, the maximum épread density 143
particles/mmz, the minimum spread density 105

2, and the statistical dispersion 16%. In

particles/mm
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

that the alignment coating of the counter transparent
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substrate with transparent electrode was brought into
contact with the spread organopolysiloxane fine
particles. The thus obtained liquid crystal cell was
subjected to tep cycles of cooling from room
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
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
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
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

transparent electrode were piled one upon the other so
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that the alignment coating 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 cycles of cooling.frqm room
temperature to -40°C. At each cycle, observation was
conducted for any bubbllng at -40°C. Cold bubbling was
observed inside the liquid crystal cell at the 8th and
subsequent cooling cycles. |

The thus obtained liquid crysfal cell was.mounted
on a liquid crystal dieplay, and tﬁe liquid crystal
display was driven. Shading of display image was
observed.

C arative EXam le 6

The eame procedure as in Example 6 was repeated
except that the orgénopolysiloxane fine particles
obtained in Comparative Example 2 were spread on the
allgnment coating of one of the transparent substrates
w1th transparent electrode.

The average particle spread density was 120

particles/mm?

» the maximum spread density 166
particles/mmz, the minimum spread density 78
particles/mm?, and the statistical dispersion 38%. 1In

each plane on which the spread density was measured,

there were aggregates of a plurality of particles.
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Thén, the pair of transparent substrates with
transparent electrode were piled one upon the other so
that the alignment coating of the counter trgnsparent‘
substrate with 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 at -40°C. Cold bubbling was

observed inside the liquid crystal 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
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

coating of one of the transparent substrates with

_transparent electrode.

The average particle spread density was 124

2, the maximum spread density 144

particles/mm
particles/mmz, the minimum spread density 107

particles/mmz, and the statistical dispersion 16%. 1In
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each plane on which the spread density was measured, no-
aggregate of a plurality of particles (adhering
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 countér transparent
substrate with transparent electrode was brought into
contaét with the spread organopqusiloxane fine
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 material. Peripheral parts of the substrates

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.ﬁode.

The thus obtained liquid crystal cell was
subjected to ten cycles of cooling from room
temperature to -40°C. At each cycle, 6bservation 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
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display was driven. No shading of display image was
observed.
Ex le 10
The same procedure as in Example 6 was repeated
except that the ofganopolysiloxane fine particles
obtained in Example 5 were spread on the alignment

coating of one of the transparent substrates with

~transparent electrode.

The average particle spread density was 126
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
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
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
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at -40°C. No cold bubbling was observed inside the
liquid crystal cell. |

The thus obtéined liquid-crystal cell was mounted
on a liquid crystal display, and the liquid crystal
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

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

2

pafticles/mm , 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
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

obtained liquid crystal cell was subjected to ten
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cycles of cooling from room temperature to -40°C. At
eaéh 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.

5 Also, shading of display image was observed.
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20

25

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

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
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
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

cycles of cooling from room temperature to -40°C. At
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each cycle, observation was conducted for aﬁy bubbling
‘at -40°C. Cold bubbling was observed inside the liquid
crystal cell at the 1lst and subsequent cooling cycles.

‘Also, shading of display image was observed.
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CLAIMS

1. An organopolysiloxéne fine pafticle comprising
as a principal component a polysiloxane having a
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.

s
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3. A process for producing an organopolysiloxane
fine particle, comprising the steps of:

(a) subjecting a mixture of an organosilicon

compound of the fqrmula Si(OR1)4 (1) and én

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 solvent 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
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thereof so that the'éeed particles are grown to thereby

obtain a sphefical fine particle dispersion,

R'Si (OR?) 5 | (3)
R'R"Si (0R3), | (4), and
5
O—C—Y
4 ' N\
(R O)yp—M . /CH
O—C—cCH; /,
(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;

_
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(d) heating the spherical fine particle dispersion
to thereby effect aging thereof; and
| (e) treating the spherical fine particle in a
moist atmosphere at 100 to 600°C.
4. A process for producing an organopolysiloxane
fine particle, compriéing 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

hydrolysis and condensation polyﬁerization 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
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; |

(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

with a compound represented by the following formula
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(5) while maintaining the seed particle dispersion at a
pH of 6'to_13, to the seed particleldispefsion and

performing a hydrolysis and condensation polymerization
thereof so that the seed particles are grown to thereby

obtain a spherical fine particle dispersion,

R'Si (OR?) 3 | (3)
R'R"Si (OR3), (4), and
O—C—Y
) N

(RO)m—MY_ /CH

- 0—C—=CHz /

(5)

wherein:

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 #epresents 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,
and R4 répresents a .propyl or butyl gfoup,

Y represents an organic group selected from among
a methyl group, a methoxy group, an gthyl group and an
ethoxy group, and M represeﬁts an element selected.from
among those of Groups 2 to 15 of the periodic table,

and

I
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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;

(d) heating the spherical fine particle dispersion
to thereby effect aging thereof; and

(e') heating the spherical fine particlelin 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.

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

“which the organopolysiloxane fine particles claimed in

claim 1 or 2 are interposed as spacers.
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