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LIQUID CRYSTAL DISPLAY DEVICE

5
This invention relates to liquid crystal devices, and
more particularly to liquid crystal devices capable of
keeping-e defihite distance between transparent electrodes
thereof.
10

TECHNOLOGICAL BACKGRQUND

Liquid crystal display devices aré-being used widely as
display device in clock, computer, wqil television and the
like.._The liquid display device is a display device using a

15 1liquid crystal, the molecular arrangement of'ﬁhich changes
when only a slight voltage is applied tﬁereto; thereby
verying the direction of polarizatioh;-and the display device
ﬁsﬁally'comprises two electrodes and a liquid créstal layer
. held between sald electrodes.- |
20 : In the lquld crystal dlsplay device of the type

mentioned above, it 'is desxrable that the d1stance between
the electrodes, that is, a cell gap, is uniform

If the cell gap formed in liquid crystal dlsplay device
mentloned above is not uniform,  the electric fleld applied to

25 the liquid crystal layer comes to have partla} irreqularity
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usual | y“conprises two el ectrodes and a liquid crys er hel d between
sai d- el ectrodes. 20 ' In the liquid crystal display device e type

ment i oned above, A is desirable that the distance bﬁt‘%@nmmeT t rodes,
|

_that is, acell gap, is uniform If the cell gap for ' EES‘?‘stal
di spl ay device nentioned above is not uniform the el Mm plied
to 25 the liquid crystal |ayer cones to hate partial 1r7v I n

strength. On that account, the contrast -ratio of the inmage formed on the

di spl ay devi ce varies depending on the spot, whereby irregular density are

forned in the inmage, or
in strength. On that account, the contrast ratio of the

image formed on the display device vafigs depending on the
'spgt, whereby irregular densityigte forﬁed in the image, or
alternatively irregulai color 6§'§he image happens Qhen said
5 image is'fo;med by such a dispiéy syssgﬁ as STN. Further,
 the response speed of liquid cryst#l to an input signal
varies regularly according to the.cell gap and strength of
the electric field, but if the cell gap is not uniform, said
response speed varies irreqularly, failing to give clear
10 images.

For that_rgason; it was a common-practice in the field
of liquid crysfal display devices to form a uniform liquid
crystal layer between a péir of eleétrodes in a liquid
crystal device by charging a liquid crys;al into a space

15 betﬁeén.a pair of electrodes wherein a particulate spacer
composed of an insulator is:'lying. . |

For example, Japanese Patént L-O-P Publn. No.'73227/l989
proposes that the use as the above-mentioned spacer of

i

sbherical particles ha&ing a standard deviation of not more
_2() than 0.3 Um disﬁersed between a pair of electrodes in order-
to prevent discoloration from displayed image.
ngther, Japanese Patént L-0-P Publn. No. 269933/1987
discloses the use as a sﬁacer for a liqui§ crystal display
panel of silica particles having a coéfficient 6f variation '

25 {(CV value) of not more than 10.0%, said CV value indicating



drternarively i rregul ar color of the inmage happens when said 5 inmage is
f.ormed by such a display systemas STN. Further—4H¥;4Jﬁﬂxuﬁﬁijﬂ¥¥§1(ﬁ
I"i qui d crystal to an input signal varies regularly according to the cel
gap and strength of the electric field, but if the '@élshee Beeu&gfaceynl form
sai d response speed varies_irregularly,,falllng to g ges.
For that reason, it was a common practice i8 the f| ystal
di splay devices to forma uniformliquid crystal Iayer air
el ectrodes in a liquid crystal device by charging a I|qU|d crystal_lnto a
~space 15 between a pair of electrodes wherein a particulate spacer conposed
of an insulator js; 1 3ING JFOLaSlRR %ahBPENSE 23k Bl 1 ke R RYLs; Nna
78227/ 1989 ,
in the example of said patent publication, there are used
silica particles having a CV value of 8%.
When spacer particles having such standard deviation and
5. CV value as defined in the cited publications mentioned above
are used in liquid crystal display devices of the ordinary
type, it is possible to prevent displayed images from
irregular_density or irreguglar color to a certain extent
without:relying upon the length of the cell gap. However, in
10 the case of a liquid crystal display device using such a.
liquid crystal as a ferroelectric liquid crystal and having a
'small cell gap such'as 1 to 2 pum, the cell gap to be adoﬁted
therein is required to be smaller in gap irregularity.
Further, in the case of a liquid crystal display device using
15 st liquid crystal, if the cell gap is large in length, a
specific interference color is unobtainable, resulting in
displaying irregularities, hence the cell gap adopted therein
is required to be uniform all the more.
Extensive researches conducted by the present inventors
20 with the view of obtaining liquid crystal display devices
free from displaying irregularities have resulted in the
finding that such excellent liquid crystal display devices as
aimed at above are unobtainable by the use_of spherical
particles merely having a small CV value mentioned_abqve as

25 the spacer for liquid crystal display -cell.



propose§ that the use as the above-nenti oned spacer of spherical particles '
having a standard deviation of not more 20 than O. 3 [err[mdispersed—_

between a palr of electrodes in order to prevent di scoi-,,gsrﬂe rom

“di spl’ ayed i mage. Further, Japanese Patent L-O P Publ n.

di scl oses the use as a spacet. for a liquid crystal di sp ji] l'ica
particles having a coefficient of variati or25 (CV va

_than 10.0% said CV val ue i ndi cating 3 unlformty of partlcle di amater

‘'of said silica particles, and in the exarrpl e of -"sai-d patent publ i cation,
t here.are used -

That is, it has been found that:even when the spherical
particles used have a cv va;ue of not more than 10.0%, if the
-proportion of aggregated particles becones large, |
irregularities ef the cell gap'teke place and, at the same

5 time, cold bubbles are formed.

By cbld;bubbles as used herein are meant air bubble-like .

matters formed in the cell”gap in the following manner.
" That is, when a 1iqhid display device is exposed to a
temperature below the freezing point,'space portions are
10 formed between the transparent electrodes and substrates,
because the contraction of the substrates supportlng the
transparent electrodes is smaller than that of the liquid
crystal sandwiched between a pair of transparent electrodes,
and consequently these space portlons become low—temperature
15 air bubbles when the 11qu1d crystal display device is kept at
| room temperature.

The present invention is intended to solve suCh problems
associated with'the prior art as mentioned above, and an
object of the invention is to prbvide liquid crystal display

20 devices dn which irregular density and irregular color of the
'displayed images are inhibited_essuredly all the more and,

moreover, no cold bubbies occur.
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silica particles having a CV value of 8% When spacer particles haV| ng such -
standard deviation and 5 CV value as defined in'the cited ons -
~Trenti oned above are used in liquid crystal di spf”ﬁmégga‘mﬁordl nary
type, it is possible to prevent displayed inmages ffQReet His u:lR&pla?f nsity or
irregular color to a certain extent without relyin th of the
cell gap. However, in 10 the.case of a liqud. cry Mﬁ‘ﬂ VI ce using
such-a liquid crystal as a ferroelectric liquid cr aving a snmal |
cell gap such as 1 to 2 [err]m the cell gap to be adopted therein is
required to be snaller in gap irregularity. Further, . in the case of a

i quid stal display d id f_the cell
L erystal ol opl B RS USR8 Aoy BeIEhR Y B8, bl C°

resylting in invention comprising a pair of transparent sqbstrates haylng
formed'thereon a transparent electrode,_said transparent
substrates ﬁeing arranged so that said transparent electrodes
5 may be oppcsite to-each other through a spacer interposéd
between said cransparent electrodes, are characterized in
that the spacer is composed of spherical particles having a
coefficient of variation (CV value) in particle diameter of

not more than 2% and an aggfegation ratio of not more than

10 5%.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a sectional view showing schematically a
1iquid crystal display cell of the liquid crystal display

15 device of the present invention.

PREFERRED EMBODIMENT OF THE INVENTION
The liquid crystal display devices of the present

.1nvent10n are 1llustrated below in detail.

20 In the liquid crystal display cell of the llquld crystal
display devices of the invention, for examp;e, as shown in
Fig. 1, a pair_of substrates 2 each having thereon a
transparent electrode 2a are arranged so that the transparent
electrodes 2 may be opposed to each other through_spherical |

25 particles 1 interposed between'said-transparent electrodés 2.
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biéplayrng irregularities, hence the cell gap adopted therein is requir
A0 be uniformall the nore. Extensive researches conducted by the present

|nventors 20

free fron1d|splay|ng irregularities have resulted in themimﬁd

ed

with the view of obtaining Iiquid crystal display devi ce

excellent liquid crystal display devices as ainmed at abo
by the use of spherical particles nerely h#&ving a snal

above as 25

t he .spacer for liquid crystal display cel

has been found that even when the spherical particles used have a CV va
-of not nore than 10.0% if the

10

15

20

25

This transparent electrode 2 may be provided on its surface

. with an alignment film 2b. Further, a sealing resin 2c may

be provided on the peripheral portidns of the transparent
substrates 2, ahd a liquid crystal 2d is sealed up inside the
cell surrounded by the sealing ;esin 2c. |

According to the irnvention, a plurality of spherical
particles 1 having the folloﬁing characteristics are
dispersed in the liquid crystal Zd_thus sealed up. Such
spherical particles may also bé dispersed in the sealing
resin 2c.

The spherical particles used in the invention as the
spacer for liquid crystal display cell in the manner as
mentioned above have a coefficient of variation in particle
diameter (CV value) of noﬁ more than é%, preferably not more
than 1.5% and an aggregation ratio of not more than 5%
preferably not more than 3%.

The CV value as mentioned above may be calculated, for

‘example, on the basis of the following equation aftef_'

obtaining an average particle diameter D and a standard
deviation 8 of the spherical.particles by analyzing an
enlarged photographic image'of said sphericai particles by an
elegtron microscope using an image analyzer.
v = (8/D) x 100 |
The aggregation ratio may be calculated, for example, on

the basis of the following equation after counting the number
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: i)r"oport-i on of aggregated particl es becones | arge, i rregul arities of '
?tell gap take place and, at the same 5 tine, col QM By -
col d bubb_! es as used h_erel n are neant air bubbl e-11i _ke mat t ens, ﬁ&f,mﬂa@h f[he
cell gap in the follow ng manner. That is, when a Ilql'ﬂﬂﬁiﬁ‘t ceis
exposed to a tenperature below an ice point (O[err]C), “%\}“ 10
the liquid crystal sandw ched between a pai7 of transpa es,
void portions are.forned partially between at |east one of the transparent
el ectrodes and liquid crystal and these void portions renain as so-called
“col d- bubbl es” even when the liquid 15 crystal device is warmed to room
tenperature. The present LONENdA1che LRSALARS GeS NS U P RLELT
| joi;ed togetﬁer and the number N of all particles in the
.pgedetermined zone of an enlarged photographic image of the
spherical particies by méans of an electron microscope.
5 .Aggregation ratio = (n/Nf x 100
The spherical particles having éuch a specific CV value
and agéregation.ratio as defined'above may be obtained, for
example, by prepafing spherical particlés'acco:ding to the
follbwin§ procedure. In cases where thé spherical particleé
10 thus obtained have a CV value and an aggregation ratio
exceeding:thbse-és defined .above, said spherical particles
are subjecﬁed to eiiminatibn'of aggregated particles or
adjustment of particle size distribution by means of
centrifugal separétioh, sedimental separation or
15 clas%ificétion using a 5ieve, whereby desired spherical
) parfiéles are obtaihed.
| (1} A procédure wherein a metal alkoxide is hydrquzed
in a water/alcohol dispersion of a metal oxide or metal
hydroxide as a éeed particle, whiie keeping said dispersioh
2(1 under alkaline conditions, and fhe ﬁydrolyzate:of ;he metal
alkoxide is allowed to déposit on the seed particle presgnt
in the dispersion, thereby effecting the growth of the seed
particlé (Japanese Patent L-O-P Publn. No. 275005/1987).
'(2) A.procedufe wherein the éarticles grown by the

25 procedure (1) are separated from the dispérsion containing
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associated with the prior art as nentioned above, and an object of the
Jnvention iiS to provide liquid crystal display devices in which irregular
‘density and i rregul ar color of the 20 displayed i mages are inhibited
assuredly all the nore and, noreover, no cold bubbl es occur. DI SCLOSURE OF
THE | NVENTI ON 5 According to the present i nvention there is provided a

liquid crystal display device conprising a Bair of transparent substrates
(2) .each having formed thereon a transparent el ectrode (2a), said
t ranspar ent :

the same.and the separated particles are heat treated at a
temperatﬁre of at least 250°C to obtain black particles
(Japanese Patent L-O-P Publn. No. 89408/1988) .
| (3) A procedure wherein tetraethpxysiléne is hydrolyzed
5 in a water/organic solvent dispersion of a metal oxide or
metal hydroxide as a seed particle in-the presence §f
alkoxysilane represepted by the following formula
(CH30)pn . (C2H50)4-n . Si N ¢ 3
wherein n is 1 to 4, and the hydrolyzate of the .
10 tetraethoxysilane is allowed to deposit on the seed particle
o present in the dispersion, thereby effecting the growth of
thé seed particle (Japanese Patent Appln. No. 310023/1989) .
When épherical particies are'intended to prepare by this
procedure, it is preferable to use alkaxysilane of.the
15 formula ([I] in an amount, based on 1 mole of the
.tet:aethoxysilane, of 0.05 x 1072 to 6.0 x 10-2 mole (in terms
of $i03). ' '
(4) A proéeduré wherein tetraalkoxysilane and a silicic
acid solution.are added to a water/organic soivent dispersion
20 of a metal oxide or metal hydroxide as a seed particle, and
the resulting hydrolyzate of the tetraalkoxysilane and the
resulting silicic acid polymerizate are aliowed to deposit on
the seed particie, thereby effecting the growth of the seed

particle (Japanese Patent Appln. No. 122403/1990).
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5 stbstrates bei ng arranged -so that said.transparent el ectrodes may be
Lpposite to each other through a spacer i nt er posed between said transparent -
‘el ectr'odes, wherein said spacer is conposed of spherical particles (1)

having a coefficient of variation (CV value) in 10 particle dianeter of
not nore than 2% and an aggregation ratio of not nore than 5% and wherein
said spherical particles are obtained by: AP carrying out hydrol ysis of

tetraet hoxysi |l ane added to a water/organic sol vent di spersion of seed 15
particles in the presence of nethoxysilanes represented by the follow ng
formula [1] (CH[err]C»[err] (derr]Her]O [err] Si e R
wherein n is 1-4, th@f)eby\ deBesid i\ rBYAr @) YZalaRer/alcohol dispersion

of a metel oxide or metal hydroxide as a seed particle is
added an alkoxide of a metal different from the meta;
contained in the seed particle or a mixture comprising at

5 least two metal aikoxides, at least one of said metal
alkoxides containing a metai different from that of the seed
particle, and the resulting hydrolyzate ¢f the metal alkoxide
is allowe& to deposit on the.seed particle to form thereon
metal oxlde layers different in refractlve index. |

10 Subsequently, if necessary, spherlcal particles each coated
with the above—mentioned metal okide layers are used as a
seed particle; and the same procednre as above is repeated to
coat the seed particle with other metal oxide.layers
(Japanese Patent Appln. No. 80155/1§90).

15 . The "spherical particles obtained by the procedure (1),
2y, (3), (4)'or (Si_mentioned abqve may be used after
coating them on the surface with a synthetic resin. The
synthetic resin used in this case includes preferably those

"which will not prevent orientation of the liquid crystal

20 used, and such resins may. contain a.coupling agent or
surfactant for -improving adhesien of the resin to the.
particle.

.Such‘synthetic resins may be coated.on the surface of
the spnerical particles by the method known, per se.

25. Further, as described in Japanese Patent L-O-P Publn. No.
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of said tetraethoxysilane on said seed particles; 20 or B) adding
detraal koxysilane and silicic acid solution to a water/organic di spersion
of seed particles, and depositing a hydrolyzate of said tetraal koxysilane
and a polynerizate of said silicic acid on said seed particle. 25

Further, a nmethod of manufacturing a liquid crystal display device

' accordlng to the present invention is al sol ®rovi ded. BRI EF DESCRIPTICN OF
THE DRAW NG Fig. 1 is a sectional view show ng schematically a 30 'liquid

crystal display cell of the liquid crystal display device of the present
i nventi on. PREFERRED EMBODI MENT OF THE | NVENTI ON

94224/1988, particulate synthetlc resin hav1ng a particle
diameter d of not more than D/5 (wherein D is a part1cle
diameter of the spherical particlesf may be allowed to adhere
.to the surface'of the spherical particles. By appiying an
5 'impact force to the particles adhered with-;he pérticulate
synthetic resin by the above procedure, #t least a part of
the particuléte synthetic resin may be fixed to the particle
. by fusion along with connecting the particles to each other.
It is also possible to blacken_the sphelical ﬁarticles
10 obtained by the procedure (3), (4) or (5) by adopting the
*;fsame procedure with the procedﬁre (2).

The- spherical particleé thus subjectéd to the blackening
treatment as mentiéned above may be used as a seed particle
to obtain black spherical particles.

15 The procedure (3) mentioned above may be illustrated
more in detail herein after. | |

In this procedure, a water/organic solvent dispersion of

- a seed particles is used. The 6rganic solvent used as a
dispersion medium is not limited only to alcohol but may.be
20 organic solvents having good.miscibiliﬁy with water and
| alcobbl and also with alkoxysilane, or may be mixed solvents
- of such an organic solvent and alcohol.

The organic splvénts exhibiting such properties as

mentioned ébove include glycols Sﬁch as ethylene glycol,

25 esters such as ethyl acetate, and ketbnes such as methyl -
ethyl ketone.

-
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fhe liquid crystal display devices of the present invention are i |1 ustrat ed
velow in detail. In the liquid crystal display cell of the liquid crysta

di spl ay devices of the invention, for exanple, as shown in Fig. 1, -a pair
of substratés 2 each having thereon a transparent el ectrode 2a are arranged
so that the transparent -el ectrodes 2a may be 40 opposed to each other -

t hrough spherical particles 1-interposed betiween said transparent

el ect rodes 2a. 6 This transparent electrode 2 may be provided on its
surface .

In the procedure (3), tetraethoxysilané is hydrolyzed in
the seed particle dispersion maintained under alkaline
conditions, and the seed particle is allowed to grow by
depositing the reSultihg hydrolyzate of tetraethoxysilane on

5 . said seed particle.

At the time of hydrol&sis of tﬁis tétraethoxysilane, one
or two 6r more of methoxysilanes_represented'by the following
formuia [I] are allowed to coexist with said
tetratho#ysilane. .

10 (CH30) . (C2HSO) g-n.Si oo [I)
,wherein n is 1 to 4. |
The methoxysilaneé used herein are organosilicon
compaunds repfesented by the abovefmentioned formula [I] :
'including.condretely monomethoxytriethoxysilane,
15 . dimethoxydiethoxysilane, trimethéxymonoethoxysilané aﬁd.
tetramethoxyéilane. | |

The above-exemplified mefho#Ysilanes may be mixed in
~advance with tetraethoxysilane and the mixture is added to
the seed partiéle dispe;sion, or said methoxysilanes may be

20 added to the séed particle dispersion simultanebusly with
said tetraethdxysilane. The methp#ysilanes'are desirably
used in an amount (in terms of SiO2) of 0.05 x 10~2 to 6.0 x
10~2 mole, preferably 0.1 x 10~2 to 5.0 x 10-2 mole based on 1

mole of the tetraethoxysilane.

is Sheet Has Been Replaced
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v&th an alignnment film2b. Further, a sealing resin 2c may be provided on
¢ he peripheral portions of the transparent substrates 2, and a liquid _
crystal 2d is sealed up inside the 5 cell surrounded by the sealing resin
2c. According to the invention, a plurality of spherical particles 1 having

the follow ng characteristics are dispers in the liquid crystal 2d thus
seal ed up. Such spherical particles may aI be dispersed in the sealing 10
~resin 2c. The spherical particles used in the invention as the spacer for
liquid crystal display cell in the manner as nentioned above have a

coefficient of variation in particle dianeter (CV value) of not nore than
2% preferably not WorhelBmobah df Seamdthox psigheagst ugadr 48 besf than nore

t han 5%
0.05 x 1072 mole based on 1 mole of the tetraethoxy51lane, the

adoition effect of methoxysilanes is scarecely.observed and
seed particles newly formed are observed sometimes. On the
5 other hand, if the amount of the methoxysilanes used exceeds
6.0 x 10-2 mole based on 1 mole of the tetraethoxysilaue, the
hydrolysis of the tetraethoxysilane is accelerated
excessively, and prior to the deposition of the reeulting
hydrolyzates of the tetraethoxysilane on the seed particles,

10 said hydrolyzates come sometimes to form together new.seed
particles.

The methoxysilanes added to the reaction system are
hydrolyzed simultaneously with the tetraethoxysilane, and the
resultlng hydrolyzate is dep051ted onto the seed particle.

15 In the procedure ment ioned above, the tetraethoxysilane
is usually added continuously to the seed particle dispersion
at a predetermined rate, but portions of a predetermined
amount of Said'tetraethoxysilane may be added intermittently.

| When the tetraethoxysilane is added to the seed particle

20 dispersion, the dispersion varies in pH, owing to hydrolysis
of said tetraethoxysilane. It is not desirable that this
dispersion comes not to indicate alkalinity, because the seed
partlcles aggregate or new seed particles are formed in some
cases_and the particles obtalned eventually beccme broad_in

25 particle size distribution. On that account, the

\
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preferably not nore than 3% The CV value as mentioned above rmay be

gal cul ated,. for exanple, on the basis of the follow ng equation after _

obt ai ni ng an average particle diameter D and a standard 20 deviation [err]

_of the spherl cal particles by analyzing an enlarged photographic inage of

sal d spherical particles by an electron nicroscope using an i mage anal yzer.
= ([err]/D x 100 The aggregation ratiolmay .be cal cul ated, for exanple,

on 25 the basis of the follow ng equation after counting the nunber 7

tetraethoxysiiane.is added to the seed particle dispersion
maintained in such é manner as to'maintain the pH of the
dispersion in the fange of from 10 to 13. The dispersion may
‘be maintained under the alkaliné_condition by the addition of
5 alkali thereto, and the alkali used ﬂerein includes
concretely ammonia gas, ammonia water, amines; alkali metal
hydroxides and quaternary ammonium salts, either singly 6r in
combination.
The temperature at which the hydrolysis §f

10 tetraethoxysilane is conducted is not particulariy limited,
but if said temperature emﬁloyed is higher'than the boiling
point of water or alcohol,.it is desirable that the seed
particle dispersion is haintainéd under pressure so as to be
kept in a llquld state.

15 " In dep031t1ng the resultlng hydrolyzate of the
tetraethoxysilane dnto the seed particle, it is desirable
that the'conéentration of the alcohol in the reaction system
is maintained at 35 to 97% by weight. If the alcohol

. concentration is less than 35% by weight, the seed pa¥tiple‘

20 diséersion becomes poor in'misqibility with the
tetraethoxysilane to be added thereto ahd is emulsified;
whereby the seéd particles aggregate or particles of not
spherical but of an indeterminate form afé ligble to form.

On the other hand, if the alcohol cohcentration is in excess.

25 of 97% by weight, the'hydrolysis of the tetraethoxysilane

/
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n of aggregated particles conprising at |east two particles joined together
ﬁnd the nunber N of all particles in the predeterm ned zone of an enl arged
photographlc i mage of the spherical particles by nmeans of an el ectron

m croscope. 5 . Aggregation ratio = (n/N) x 100 The spherica
particles having such a specific CV value and aggregation ratio as defined
above may be obtained, for exanple, by preb4ring spherical particles
~according to the foll ow ng.- procedure. In cases where the spherical
particles 10 thus obtai ned have a CV val ue and an aggregation ratio
exceedi ng those as defined above, said spherical particles are subjected to

el imnation Oft@ﬁﬁ%eﬁatQgtxﬁﬁtéﬁﬂé%%leélﬁdjU&knﬁm50§$lFEHdddﬂt&a&haﬂ in
distribution by means of centrifugal separation, sedinmental separation or
the reaction system may be adjusted by addition to the
reaction system of water and alcohol together with the
tetraethoxysilane, and the-preferablg amoﬁnt, based on 1 mole
5  of the tetraethoxysilane, of alcohol added is not more than
10 moles énd that of wéter added.is 2.0 to 24.0 moles.
The procedure (4) as mentioned before is illustrated
.below in more detail.
In this procedure, a water/organié solvent dispersiph of

10 seed particles is used. The dispersion medium used herein is
not limited only to alcohol, but.may be organic solvents
having good miscibility_with watef and alcohol and also with
tetraalkoxysilané and silicic acid solution, or mixed
solvents comprising such organic solvents and alcohol.

15 The seed particle concentratioh in the seed particle
dispersion is desirably 0.05 to 20% by weight in terms of the
oxide. If the seed particle éoncentration as mentioned above-
is less than 0.05% by weight, new seed particles are formed
in the step of growing the seeq.particles as will be

20 mentioned later. in some cases and-the'silica particles

| 6btained eventually are liable to have irregula; particle
diémeters. On the other hand, if the seed particle
concentration exceeds 20% by weight, thé particles tend to
aggregate during the step of particle growth and the

25 particles thus.aggregatéd'come to exert an adverse influence
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.5 classification using a sieve, whereby desired spherlcal'partic[es_are
Dbtalned (1) A procedure wherein a netal al koxide is hydrolyzed in a
“Wwat er /'al cohol di spersion of a netal oxide or netal hydrOX|de as a seed
particle, while keeping said dispersion 20 under al Kk Pheet Hap)
t'he hydrol yzate of the netal alkoxide is allowed to de me!u rm

particle present in the dispersion, therepy effecting t
seed particle (Japanese Patent L-O P Publn. No. 275005/
procedure wherein the particles grown by the 25 procedure (1) are
separated fromthe dispersion containing ’

upon uniformity of particle diameter of the particles aimed"
at. | |

The tetraalkoxysilane and.silicic acid solution are
added to such a seed'particle dispersion as mentioned above,

5 ° while maintaining said disbersion under the alkaline

condition. |

The tetraalkoxysilene used herein may be represented by
the general formula Si(OR)4 wherein R is alkyl of 1-7 carbon
.atoms,.prefe;ably 1-4 carben atoms. Such tetraalkoxysilane

10 as mentioned above includes concéetely teﬁramethostilane

| (methyl silicate), tetraethoxysilane (ethyl silicéte),
tetraisdpropoxysilane, tetrabutoxysilane, etc.

The tetraalkoxysilanes may be used, as they are, or
after dilution with alcohol, etc.

15 . The silicic acid solution used herein is an aqueous
solution of-é low polymerizate of siiicic acid, which is -
obtained b§ subjecting an aqueous'solutiqn of alkali silieate

| such as sodium silicate to dealkalization treatment with a .
cation exchange resin.

20 The silicic acid solution used preferably includes those
having .the silicic acid COncentration'in terms of S$i0Oz of
about 0.1 to 10% by weight.

The tetraalkoxysilane and silicic acid solution as
mentioned above may be added to the above-mentioned seed

25 particle dispersion by any of such processes as (a) the



t he sane, and t he separated parti.cles are heat treate 2d at—a—tenperature of

at least 250[err]C to obtain black particles (Japanes tent L- O P Publ n.
No. 89408/1988). (3) A procedure wherein tetraethoxys Replacged 5
in a water/organi c solvent dispersion of a netal oxrde xi de
as a seed particle in the presence of al koxysil ane rep
following formula (CHerr]OJferr] . (Cerr]err]O [err] . Sr

[I] wherein nis 1 to 4, and the hydrolyzate of the 10
tetraethoxysilane is allowed to deposit on the seed particle present in the
di spersion, thereby effecting the growh of the seed particle (Japanese

Patent Appln. Neet3dQ0RS4J98Hne Whans spiwsid aalidpsélutilons azecabatended to be
prepared by this procedure, it is preferable to use al koxysilane of the
simultaneously to the dispersion, (b) these two compounds are

added alternately over a several times, and (c) the
tetraalkoxysileqe.is added alone first to the seed particle

5 dispersioﬂ, whereby the seedlparticles are allowed to grow,
and the silicic acid solution is added last of all.

of the'processes illustratea above, the process (b)
relying on the alternating addition is préferred, and by the
use o§ this process (b), it becomes possible to stabilize the

10 dispersioﬁ and the resulting pérticles. -

'In'practicing the process (b), the amount of the
.tetraalkoxysilane or the silicic aciq solution used at eaeh
alternating addition step is not particularly' limited, but

© any appropriate amount maj be used altefnately.

15 In the present invention, it is preferable that the
outermost layer of the silica particles.obtained ultimately
is formed from a polymerizate of silicic acid._ Accordingly,
it is preferable to use the silicic acid solution at the
final etage,of the addition. )

20 The addition to the seed'pafticle dispersion of the

tetraalkoxysilane and silicic acid solution in the manner .as

illustfated above brings about hydrolysis\reaction of the
tetraalkoxysilane and polymefization reaction 6f the silicic
acid, and the reaction products resulting therefrom deposit

25 on the seed particles which then grow in particle diameter.



15 formula [I] in an anpbunt, based on 1 nole of the tetraethoxysilane
0.05 x.10-2to 6.0 x 10-2 nole (in terns of SiC{err]),—fﬁf—ﬁrﬁTﬁﬁéaﬂ?EL—Li
Wherei.n_tetraal koxysilane and a silicic acid solution are,a ok Bee Replaced
wat er/ organi ¢ sol vent di spersion 20 of a netal oxide,oﬁhls e
as a seed particle, and the resulting hydrqglyzate of the t “‘“Ngﬂ e
and the resulting silicic acid polynerizaté re allowed to e

seed particle, thereby effecting the growh of the seed particle (Japanese
Pat ent Appl n. No. 122403/1990) 9 ' -

Further, when the pH of the reaction system decreases and:
approaches neﬁtrality,.not only the resulting seeds tend to
aggregate but also new seed particles are liable to form,
hence the silica'particleé.obtained ultimately tend to be
5 irregular in particle diameter. On that égcount, when the
tetréalkbxysilane and silicic acid solution are added to fhe
seed particle dispersion, it is-preferable:to maintain the
dispe?sion at the pH range of 9 to 14, pfeferably from 10 to
13. IF-is preferable that the:pH of the dispersiéon does not
10 undergo fluctuation, if possible, within the above-mentioned
rahgé. o |
The dispersion may be maintained under the alkaline
coﬁdition by the addition to the reaction system of alkali,
and concretely by the use of ammonia gas; ammonia watér,
15 amines, alkali metal hYdroxides, quaternary amﬁonium salts,
etc., either singly or in combination. |
The temperature of the reaction system to be employed in
the course of particle growth is not particulérly'limi;ed,
.but if a temperature above the boiling point of water or
20 alcohol is employed at that time, it is desirable that the
seed particle dispersion is maintained under pressure sb as
to be kept ﬁn a'liquid.stafe. |
In the above-mentioned process, it is preferable that
the alcohol concentration in the reaction system is 35 to 97%

25 by weight{ When the alcohol concentration employed: is less



1 : . .

(5) A procedure wherein to a water/al cohol dispersion of a netal oxide or
fretal hydroxide.as a seed particle is added an al koxi de_o

different .fromthe netal contained in ‘the seed particle or a n1§QH§£ﬂmmd

conprising at 5 least two netal al koxides, at |east onahigfhe
al koxi des containing a netal different fron1that of the and

the resulting hydrolyzate of the netal alkbfide is allo

the seed particle to formthereon netal oxide |layers different in
refractive index. 10 Subsequently, if necessary, spherical particles each
coated with the above-nentioned netal -oxide |ayers are used as a seed

particle, and thg,s3g% quseelﬁgtﬁte e ADPYELIS deREILEY 1P na%ab&m@t,?e@ﬁh

particle with other oxide | ayers (Japanese Pat ent
80155/ 1990). the tetraalkoxy51lane, whereby the seed partlcle dlsperSLOn

tends to undergo emulsification and the seed particles
aggregate or tends to fo;m particles of pot spherical but of
5 an indeterminate form are 1iabie to form. On the othgr hand,
if the alcohol concentration is in excess of 97%, the
hydrolysis of the tetraalkoxysilane tends to retard
excessively.
Tpe alcohol éoncentration in the reaction system may be
10 adjusted by the addition to said system of water and alcohol.
In that case, it is desirable that the gmount, based on 1
mole of the tetraalkoxysilane (in terms of SiQO3), of water is
2.0 to 24.0 moles and that of the alcohol is 0.4 to 1.1
~ moles. |
15 The silica particles obtained by adding the
tetraalkoxysilane and silicic acid'solption t6 the seed
péfticle dispersion in the manner now described are composed
of a metal oxide or metal hydroxide as a core, a hydrolyzate
of the tetraalkoxy31lane and a polymerlzate of the silicic
20 acid. This silica particle may have such a structure that a
mixture of the above—mentloned hydrolyzate and polymerlzate
is deposited as a layer onto the core so as to be coated
thereon, a layer of said hydrolyzate and that of said
polymeriiate are depoéited alternately on the core, or the

"25 core coated with a layer of said hydrolyzate is coated with a



15 - The spherical particles obtained by the procedure —(2), (3),
(4) or (5) nmentioned above may be used after coatin on the\agddrface-
W th a synthetic resin. The synthetic resin used-n thi S gusen udes
preferably those which will not, prevent ‘orientati om&iﬁ*’et \cir yst al
20 used, and such resins may contain a coupling ag %\ nt for
t mprovi ng adhesi on of the resin to the par]tycl e. Suc 'c resins may

be coated on the surf.ace of the"spherical particles by nethods known per
se. 25 Further, as described in Japanese Patent .L-O P Publ n. No.

layer of said polymerizate as the outermost layer. In any of
.the structures mentioned above, if is desirable that the
outermost'layer of the particle is a layer composed of the
polymerizate of silicic acid. |
5 The silica particles as mentioned above are sphérical,
have a sharﬁ particle size distribution, and are
monodispersed in the dispersion medium without being
aggregated. BAccording to the processes mentioned above,.
there may be obtained silica partiéles having any desireg
10 particle diameter such as those having a small particle
diaﬁeter of about 0.01 Hm or a large particle diameter of at
léast 1d'um. The concéntration in the dispersant of the
silica particlés.can be increased to such a high
concentration as about 20.0% by weight of in tgrms of SiO2z,
15 +thus this concentration is markedly higher than that obtained
in thé prior art érocesses; Accordingly, it is possible to
increase the production éfficiency of the silica particles
and also diminish the production cost. |
Thé dispe;sion having monodispersed therein the silica
20 particles obtained by the.above-menfioned processés according
to the present invéntion'may be concentrated to increase
further its particle concentration up to about 60.0% by
weight. *
By the addition of such a stabilizer as alkali to the

25 dispersion having monodispersed thereih the spherical silica



10 94224/ 1988, partlculate synthetlc resin having a-pa%%+e#e—dLanELﬁL__*of
not nmore than D)5 (wherein Dis a particle dianmeter of he spheri cal

particles)- may be all owed.to adhere to the surface of ﬁr lkédkmmmd

particles. By applying an 5 I npact force to the parti
the particulate synthetic resin by the above procedure, rt of

the particulate synthetic resin may be fixd® to the particle by u3|on
along with connecting the parti-cul ate synthetic resin to each other.

It is also possible to blacken the sphelical particles obtained by the
procedure (3), (4) or (5) by adopting the sane procedure-with the procedure:
(2). The spherigale f@dd Pyeenkhysesdtiti pebedsdds eRcibACHCMEEL, a higher

stability of said spherical particles in the dispersion can

be obtained, thus the particles in the dispersion will not
aggregate for a.long period of time owing to such aging as
.5_ mentioﬁed above. It is also possible to substitute~t£e
alcohol contained in the dispersion ﬁitﬁ another organic
éolvent. |
In the afotementioned proqedufe (5, hydrolysislof é
metal glkoxide contained in the seed particle dispersion is
10 carried out under the same conditions as in the
aforementioned procedure (1), (3) or (4). The particles
qbtained by this proéedure (5) are composed.of a seed
particle as a core and thereon a lamination layer of a metai
oxide different in kind of metal or in gomposition, that is,
15 a metal oxide layer different in refractive.index from the
core. .Further, on this metal oxide layer there may bé
laminated concentrically one or two or more metal oxide
layers in succession.
In the particles having Such a 1aminated structure as
20 comprising a single metal oxide layer or a plurality of me£al
oxide layers 6n the seed particle, wﬁeh this single metal
oxide layer has a refractive index higher than that of the
seed particle or one metal oxide layer laminated on an
arbitrary metal oxide layer has a refractive index higher

25 than that of said arbitrary metal oxide layer, light which



freatment as mentioned above may be used as a seed particle 15 to obtain
bl'ack.spherical particles. The procedure (3) nentioned above be :
illustrated nore in detail hereinafter. In this proceduﬁhs&@t ter/o I.c

sol vent di spersion of seed particles is used. The organi ee as a
- 20 -. dispersion nmediumis not limted only to al cohol b fed
sol vents having good niscibility with wate?land al cohol M

al koxysil ane, or may be nixed solvents of such an organi c sol ven

al cohol . The organi c sol vents -exhi biting such properties as 25 ment i oned
above include glycols such as ethylene glycol, esters such as.ethyl

acetate, and kelQnga $HER: apdFihe particles undergo irregular reflection,

thereby reducing the amount of light passing_through the

particles. On that account, when the particles having such a
laminated structure as.mentioned above are used as the spacer

5 for a liquid crystal dispiay device, a contrast of the
displayed images can be further exalted. . Further, when the’
particles having such a laminated'structure used ére black
 partic1es, darkness of the image qbtained by displaying a
positi_vé image becomes inconsp_icupus .

10 ' In the liquid crystal display devices of the present
invention, the particles for spacer obtaiﬁed by the processes
according to ﬁhe invention are'dispersed uniformly on a
transparent substrate for the conventional liquid crystal-
display device, for example, the transparent substrate

15 provided with a transparent electrode, an alignment f£ilm,
etc.

The particles for spacer may be'dispersed uniformly on
the transparent substrate by a éonvehtional metﬁpd such as
atomizing a dispersion of the.partiéles in a sblvent sucﬁ_as

20 alcohol or épfaying the particlés_together with a gas through

a spray nozzle over said transparent substrate.

EFFECT OF THE INVENTION
. ) In the liquid crystal display devices of the present
25 invention comprising a liquid crystal potted between a pair



I n the *procedure (3), t et r aet hoxysil ane is hydrolyzed in the-seed particle
di sper.si on nmi ntai ned under al kaline conditions, and the seed partic |

al lowed te grow by depositing the resulting hydrolyzate of This Sheet Has B
t et raet hoxysilane on 5 said seed particle. At the tine of hy & 75 Replaced
this tetraethoxysilane, one or two or nore of nethoxysil anesrym m

the following fornula [I] are allowed to c®@xist with'said :
t etraet hoxysil ane. 10 ‘ : (CHerr]O [err] .(Cerr]Herr]O [err]

S ...[I] wherein nis 1 to 4. The methoxysil anes used herein
are organosilicon : -
of transparent electrodes each formed on a transparent
substrate, because of using, as a spacer, specific sphe¥ica1
particles havihg a CV value of not more than 2% and an
aggregatioh.ratio of not more than 5%, thére are bfought
5 about such effects that‘irregulai'density and irregular color
of the displayed images.can be preveqtéd more assuredly in
comparison with the prior art liquid crystal dispiaQ devices
aqd, moreover, formation of the cold bubbles formed between
cell q§ps.of the liquid érystal display cell can be
10-_prevented. . | | |
| Fu;ther, there can be obtained a liquid crystal display
devite capable of displaying images having a further improved
.contrast wheﬁ the above-mentioned spherical particies-used as
a spacer are those individually laminated Qith a metal oxide
15 layer différent in refractive index from said sphericgl
particle.

The present invention is illustrated below Qith
rgference to examples, but it should be construed that the
inQentibn is in no way limited to. those examples!

20 Example 1
] - .
_ "In a mixture'comprising 3685.5. g of ethanol, 1365 g of
pure water and 921.5 g of 28% ammonia water was diépersed 249
g of Sbhericai silica having an average particle diameter of

25 5.0 pm (sphericél silica having CV: 1.4% and an aggregation



conpounds represented by the above-mentioned formula [I] including
concretel y nononet hoxytri et hoxysilane, 15  di net hoxydi et |

tri met hoxynonoet hoxysi | ane and tetranet hoxysil ane. The above:exenplified

nmet hoxysi | anes nmay be m xed in advance with tetraethoxysil S. 3sfeen Replaced
m xture is added to the seed particle dispersion, or said ne

may be 20 added to the seed particle dis@3¥sion sinultaneo uﬂ

t et raet hoxysil ane. The net hoxysilanes are desirably used in an anount

ternms of SiJerr]) of 0.05 x 10-2 to 6.0 x 10-2 nole, preferably 0.1 x, 10 2
to 5.0 x 10-2 nole based on 1 nole of the tetraethoxysilane.

ratio: 1.5% obtained by separatlng aggregaued par;icles of
SHiNSHIKYU SW—S;O.produced and sold by CATALYSTS & CHEMICALS
INDh Co. by means of a centrifugal separator), énd 161-g.of
an aqueous solution contalnlng 1% by welght of NaOH. The -
5 nmixture thus obtained was’ subjected to ultrasonlc wave
treatment to prepare a seed particle dispersion.
_This seed particle diepersion'was heated at 120°C in an
_autoclave and maintained_at'that temperature. To the |
dispegsion kept in the autoclave was added first 4 g of a
10 silicic acid solution (SiO2 concentfation: 5.0% by weight)
obtained by dealkallzatlon of an agqueous sodium 51llcate
solution by means of a cation exchange re51n, and were then
added simultaneously 131.5 g of a mixed solution of
ethanol/water/ammonia (weight ratio: 1.0/0.3/0.1) and 21 g of
15 ethyl silicate (28% by weight in terms of Si0O2). This
epe;ation was repeated so that the outermost layer of the
silica éarticle obtained could be a layer coﬁposed of a
- polymerizate resulted from the silicic acid solution, thus
there were added in 5 hours 120.5 g of the silicic acid
20 solution, 3937.5 g of the mixed solution of
ethanol/water/ammonia as mentioned_aboue and 625 g of the
ethyl silicate in all. To the mixtu}e'thus obtained was
added 117 g of an aqueous solutlon containing 1% by welght of

NaOH, whereby a dispersion 1n which the silica partlcles had



12 If the amobunt of the methoxysilanes used is.lesi;;ﬂig;geg?~§“;g;2fnble
based.on 1 nole of the tetraethoxysil.ane, the addi ti

nethoxy8|lanes is scarcely observed and seed particles nemA &mﬁdhqﬁe
observed sometimes. On the 5 other hand, if the am)uﬂtﬁm

met hoxysi | anes used exceeds 6.0 x 10-2 nDIe based on 1 %

tetraet hoxysil ane, the hydrolysis of the tk@raethoxy3|l erated
excessively, and prior to the deposition of the resulting hydrolyzates of
the tetraet hoxysilane on the seed particles, 10 said hydrol yzates cone
sonetinmes to formtogether new seed particles. The nethoxysilanes added to

the reaction S%@Eﬁ”&ﬁéﬁ%rsed was obtalned by holding said mixture at 150°C
for 1 hour.
The particles were-separafed from this dispersion
contaihing the same, and éhe separated particles were dried
5 at 200°C to obtain the particles for spacer consisting of
powdery silica particles. .
B. Evaluation of particles for spacer
The particles for spacer thus obtained were Measuréd for
average particle diameter, CV value and aggregation ratio
10 thereof.
-(1) Averége particle diametgr
The average particle diameter of the particles for
spacer was obtained by analyzing an enlarged photographic
image of said. particles for spacer by an glectron microéraph
15 with the use of an image analyier,
. (2) CV value |
The CV wvalue waé obtained from the average particle
diameter D obtained in (1) mentioned above and a standard
deviation 8 obtained by the same imagé analysis as in the
20 above-mentioned (1) on the basié of the following equation.
CV=(3/D) x 100
(3) Aggregation ratio
-The aggregation ratio_was calculated.on-ﬁhe basis of the

following equation after counting the number n of aggregated



hydr ol yzed simul taneously with the tetraethoxysilane, and—%he—%e3ﬂ+%fﬁg——————
hydrol yzate is deposited onto the seed particle. 15 he ure 4
‘ment i oned above, the tetraethoxy5|lane S usually added con

seed particle dispersion at ‘a predeterm ned rate, but portlo \”
predet ermi ned anmount of said tetraethoxysilane nmay be added

When the tetraethoxysilane is added to the2%®ed particle 20 di spersi on,
the dispersion varies in pH owing to hydrolysis of said tetraethoxysilane.
It is not desirable that this dispersion cones not to indicate alkalinity,
because the seed particles aggregate or new seed particles are formed in

some cases and %Qgr I,E’gL%é Cd &P %f%t ﬁhﬁﬁé’r Y gt Hﬂ!e' &/oéﬂaep%t@wé@l preRAt in

particle size di I on. at account,
a given region of the above—mentloned photographlc image.

Aggregation ratio = ( n / N ) x 100
Results obtained-are shown in Table 1.
5 c E ! !. E]. -’ I ] ’c ] ’ s
In 100 g of an epoxy resin for sealing was dispersed lg
of the powdery silica particles obtained above to prepare an
ink compositien. The iﬁk composition thus obtained was
applied to the periphery of an alignment film of a laminate

IQ having formed on a polished glass substrate for liquid
crystal display device a transparent electrode and an
alignmedt film by means of a screen printer to obtain a
substrate for ‘liquid crystal disblay'debice.

-Subsequently, a dispersion of 0.01 g of the above-

15 mentioned powdery silica particles in 1 liter of ethanol was
sprayed over a portien of the substrate for liquid crystal
display device otﬁer than the portion provided with the
above-mentioned seallng resin so that a dispersion den31ty of
said powdery silica particles could become about 2,500

20 pc./cm?. Thls substrate was then laminated with another
'substrate for llquld crystal display device prepared in the
same manner as above at a temperature of about 150°C so that
the transparent electrodes of these substrates could face

each other and a load of about 0.2 g could be applied to one



1§ tetraet hoxysilane is added to the seed particle di spersi on maintained in
such a manner as to maintain the pH of the dispersion in the range of from
10 to 13. -The di spersion may be maintai ned under the alkaline condition by
the addition of 5 alkali thereto, and the alkali usedmh@mﬁiﬂ“m@&

concretely anmoni a gas, ammoni a water, am pes, alkali and
quat ernary anmoni um salts, either S|ngly 0 6|n conblnatl Iu ﬂ Hlature
at which the hydrolysis of 10 t etraet hoxysilane is cond

particularly limted, but if-said tenperature ‘enployed is higher than the

boi I'i ng : _ . :
piece of the powdery silica particle, whereby 10 pieces of
cell for liquid .crystal display device Were'prepared.

Into the cell for'liquid crystal display device thus
obtained was injected STN liquid crystal (a product of Merck) .

5 to obtain a liquid crystal diéplay device.

Thelliquid crystal display device thué obtained was
e§aluated with respect to its cell gap, discoloration and
cold bubbles in the following manner.

10 .£a) Cell gap

Using a film thickness meter (TM-005, manufactured and
sold by Canon Inc.). celi gaps of a plurality of spots'were
measured to obtain an avérage cell gap and a dispersion (3 5)
of cell gap. |

15 (b) Discoloration

The presence of'the‘discoloration of displayed images

was judged by visual observation.

.(c) Cold bubble

. Ten (10) pieces of the cells'for-liqﬁid crystal display

-_2()- device as prepared above was cooled and maintained at -30°C,

and the température was réised to ordinary temperature. The.

cells thus treated were visually observed to find and count

the number of cells in which the cold bpbples.formed was

found. | .

25 . Results obtained are shown in Table 2.



gpint oT-mater or alcohol, it is desirable that the seed particle
i sper.sion-is mai ntained under pressure.so as to be kept in a liquid state:

5 - . In depositing the resulting hydrolyzate of the tetr
onto the seed particle, it is desirable that the concentration of the
al cohol in the reaction systemis maintained at 35 to 9This $hget

L

al cohol concentration is |ess than 35% by ﬁﬁ7ght, the se
di spersi on beconmes poor in mscibility with the tetraeth
added thereto and is enulsified, whereby the seed partic

i

aggregate or

particles of not spherical but of an indeterminate formare liable to form
On the ot her hapdampiethe al cohol concentration is in excess 25 of 97% by

wei ght ,- the hydrolysis of the tetraethoxysilanée

To.a. mixture comprising 487 g of ethanol, 256 g of 28%

ammonia water and 205 g of pure water was added 17.5 g of

ethyl silicate (28% by weight in terms of SiOz);with stirring

5 at 35°C. Thereafter, the stirring was continued for .

additionallz'hours to obtain a seed particle dispersion

containing silica particles in an amount corresponding to

0.5% by weight in terms of SiO3.

To 974 g of the seed particle dispersion obtained above

10 was first added gradually 2 g of the same silicic acid

solution (Si02 concentration: 5.0% by weight) -with stirring

at 35°C as in Example'l, and was then added gradually 47 g of

an ethanol/water mixed solution (weight ratio 1.0/0.8)

simhltaneously with 10.5 g of ethyl silicate (28% by weight

15 in terms of SiO3). 1In this case, the pH of the reaction

‘mixture was maintained at 11.5 by the addition of ammonia

gas.

The above-mentioned operation was repeated until the

predetermined amounts of the above-mentioned compounds were

20 - added over a period of 19 hours so that the outermost layer

of the silica particle could become a layer composed of a

polymerizate resulting from polymerization of the silicic

acid solution. The total amount of each compound thus added

included 117 g .of the silicic acid solution, 2698.5 g of the

25 ‘ethanol/water solution and 606 g of the ethyl silicate.



14 tends to retard excessively. The al cohol concentra[%gﬂ;l%ijEijgggJJMl
system may be adjusted by addition to the reaction systemof water and

‘al cohol. together with the tetraethoxysilane, and the prefgy g@&gmamawnmpmd
based on 1 nole 5 of the tetraethoxysilane, of alcohol a

than 10 nol es and that of water added is 2.0 to 24.0 nole mmmlm

(4) as nentioned before'is illustrated beRBv i n nore det ai

procedure, a water/-organi c sol vent dispersi.on of 10 seed particles is
used. The di spersion-nmediumused herein is :

After the completion of addition of the total  amount of
the compounds to the seed particle dispersién, 204 g'of‘an.
aqqeous.NaOH.solution (1 wt %) was added to the reaction
mixturé, and the resulting mixture was held fo; 2 hours at

5 70°C to obtain a dispersion in which silica particies were
monddispersed.

Subsequently, the silica particles were separated from
this dispersion, and the separated particles were dried at
200°C to obtain particles for spacer.

10 A llquld crystal display device was prepared by using
| the spacer partlcles thus obtalned was then evaluated in the
same manner as in Example 1.
Example 3
15 To 974 g of the silica particle dispersion obtained in
Example 2. were added siﬁultaneously while maintaining at 65°C
over a period of 19 hours 1103 g of an ethanol/watgr/ammonia"
mixed solution - (weight ratio 1.0/2.5/0.2) and 627 g of ethyl
silicate (28% by weight in terms of SiO3). The resulting
20 dispeqsion_was then maintained at 70°C for 2 hours. To this
- dispersion was added at 70°C over a period of 6 hours 1263 g
‘of the silicic acid solution of Example 1, whereby a
monodisperse silica particlé dispérsion was obtained..

Subsequently, the particles for spacer were prepared in the



not limted only to alcohol, but may be organic solvents having good
mscibility with water and al cohol and also with tetraal koxysil ane and
'silicic.acid solution, or mixed solvents conprising such organic solvents
and al cohol . 15 The seed particle concentration in the seed particle
di spersion is desirably 0.05 to 20% by weight in terns of the oxide. If the
seed particle concentration as nentioned ab8ve is | ess than 0.05% by

wei ght, new seed particles are formed in the step of growi ng the seed

particles as will be 20 mentioned |ater in some cases and the silica
particles Obtai ned eventually are liable to have irregular particle

di aneters. o a f eed panti.eke O{Wf@arnét EQQ EXCESHS
20% by wei ght m% |?:I gg A E at;hglé regﬁate ghr})g e step o paire(??cl e

growth and the a5 in Example 1.

In a mixed solution comprising 486.5 g of ethanol and
5 398 g of pure water was dissolved 71.7 g of ammonia gas with
_.stirring at 35°C. To the resulting mixture was added 17.4 g
of ethyl silicate and'stirred for 2 hours, to which was then
added 3.3 g of an aqueocus NaOH solution (l.wt %). The
mixture thus obtained was subjected to ultrasonic wave
10 treatment, whereby a seed particle dispersion was obtained.
To 974 g of the thus obtained dispersion.uas gradually
added with stirring at 35°C and controlling the pH to 11.5
.with ammonia gas a mixed solution of 1508.6 g of ethanol and
3006.8 g of pure water simultaneously with 2268 g of ethyl
15 silicate over a period of 19 hours. To the resulting
disper31on was added 204 g of an aqueous NaOH solution (1 wt
%), and the'mixture was aged for 2 hours by heating at 70°C:
Subseduently, to 46.3 g of the dispersion obtained in
the manner as mentioned above were added a mixture of 1356 ¢
20 of ethanol and 3377 g of pure water, and 2874 g of ethyl
silicate and the resultant nigture'Was aged under the same
conditions as above.
_Particles separated from.this dispersion were dried at

200°C to obtain the powdery silica particles for spacer.
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- :
%5 particles thus aggregated cone to exert an adverse influence 15
upon uniformty of particle dianmeter of the particles ained at. The

tetraal koxysilane and silicic acid solution are added to such a seed :
particle dispersion as nentioned above, 5 while maintaining said dispersion
under the al kaline condition. The tetraal koxysilane used herein may be
represented by the general formula Si (OR)4qgwherein Ris alkyl of 1-7
carbon atons, preferably 1-4 carbon atons. Such tetraal koxysilane

" The measurement of the thus obtained spacer particles
Qith respect to their aQerage particle diametef, CV value and .
aég;egation ratio was conducted in the.éame mahner as in
. Example 1.
5 Results obtained are shown in Table 1.
Further, the same liqpid_cryétal display device as in

Example 1 was prepared using as a spacer the poﬁdery silica
particles obtained above, which was then-méasured in the same
manner as in Example 1 with respect to its cell gap,

10 diécoloration and cold bubbles.

Results obtained are shown in Table 2.

Table 1

Average oo -
particle " CV Aggregation
diameter - value _ ratio
- (jm) - (%) (%)
Example 1 6.10 - 1.4 ‘1,7
Example 2 1.00 1.8 0.2
Example 3 - 1.40 1.9 0.9
Comparative :
Example 1 6.02 2.2 17.2

15
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10 as nentioned above includes concretely tetranethoxysilane (nethyl
silicate), tetraethoxysilane (ethyl silicate), tetrai sopropoxysil ane,
tetrabut oxysilane, etc. The tetraal koxysilanes may be used, as they are, or
after dilution with al cohol, etc. 15 The silicic_acid solution used
herein is an. aqueous solution of a |ow polynerizate of silicic acid, V\:hl ch
i s obtai ned by subj ecting an aqueous sol ution of alkal |TlssShbetHhs€Be
sodiumsilicate to deal kalization treatnmedtl with a catlo

20 The si-licic acid solution used.preferably incl MmJ Mum

the silicic acid concentration in ternms of SlCIerr] of abou A)by
wei ght. The tetraal koxysilane and sili ch%bQ(é‘l g sol ut I'on as

Cell Dispersion Irregular Cold
gap color bubble
(ftm) {Him) o _
Example 1 5.87 0.04 None- 0
Example 2 0.98 0.04 None ' -0
Example 3  1.37 0.05 None 0
Comp.Ex.1 5.85 0.12 Slightly 4
' - observed
5 Example 4
n V. i hereof

fo a mixed solution of 350.2 g of ethanol and 16.4 é 6f
tetraethoxysilane containing no methoxysilanes was added a
10. mixed solution of 350.2 g of éthanol,l78.0 g of 28% ammonia
water and 5.4 g of pure water,.and the resulting'mixture was
stirred for 2 hours to obtain a seed particle dispersion.
_During this operation,'the-temperatﬁre of the reaction
‘mixture was maintained at 15°C. The seed particles present
15 in the seed partiéle dispersion obtainéd had an average
particle diameter of 0.19 pm and a CV value of 0.5%, and the
'dispérsion had-a solids concentration of 0.59% by weight
(calculated as SiO3).
To 800 g of the seed particle dispersion obtained above.

20 was added a mixed solution comprising 842.5 g of



nenti oned above nmay be added to the above-nentioned seed 25 particle
di spersion by any of such processes as (a) the 16 tetraal koxysil ane and

'silicic acid solution are added si mul t aneously to thE%S%;BEL§L99L~Lb;”Lhese
two conpounds are added alternately over a period of and (c) the
-tetraal koxysil.ane is added alone first to the seed part cé et‘{;asgednkqpbpeél on,
whereby the seed particles are allowed to 32 ow, and t hE

solution is added last of all. O the processes iIIustri
process (b) relying on the alternating addition is.pref

A he
tetraethoxysiiane—B containing methoxysil;nes as shown in
Table 3, 318 g of 28% ammonia water and 767 g of pure
water over a period of 19 hours while maintaining the
reaction mixture at 35°C.

5 Successively, to this reaction mixture was added a mixed
solution of 1403 g of ethanol, 477 g of 28% ammdnia water and
17 g of pure water, and thereafter to the resultin§ reaction
mixturé was added while mdaintaining at 35°C a mixed solution
comprising 1047 g of the'tetraethoxysilane—B( 494 g of

10 ethanol, 395 g of 28% ammonia water and 954 g of pure
water over a period of 19 hours.

Furthermore, to 4110 g of the silica particle dispersion
obtained above was édded a mixed_solutioﬁ of 976 g of
ethanol, 527 g of.28% ammonia water and 19 g .of pure water,

15 and thereafter to the résulting dispérsion was added while
maintaining'at 35°C a ﬁixture of 853 g of the
tetraethoxysilane-B, 403 g of ethanol, 322 g of 28% ammonia
waﬁer and 777 g of_pure water over a pexiod of 15 hours.

~ The monodispersed'si;ica pérticles present in the silica

20 particle dispersion thus obtained had such properties as
shown.in Table 4.

The. average particle diameter of the monodispersed
silica particles was measured by means of .a particle size
measuring apparatus (CAPA-700, manufactﬁred_and sold.by

25 Horiba Seisaku-Sho K.K.).



use of this process (b), it becones possible to stabilize the 10
dispersion'and the resulting particles. In pract|C|ng the process (b), the
amount of the tetraal koxysilane or the silicic acid seluti-on—used—at—each
alternating addition step is not partlcularly limted, but an €$ (ﬁte
amount may be used alternately. 15 3 t he presen
preferabl e that the outernost |ayer of the’sSilica partlc
ultimately is formed from a pol ynmeri zate of silicic aC|d
is preferable to use the silicic acid solution at the final stage of the

addition. 20 ' The addltlon to the seed particle dlsper5|on of the
t et raal koxysi | ane and B i q i tsalngl %

above brings about hydrolysts reactlon ofrthe

Using the silica particles separated from the silica
particle dispersion obtained in the_above—mentioned manner as
5° a spacer, a liquid crystal display de&ice_was prepared by tﬁe
same manner as:in Example 1, and the display device thus
obtained was evaluated in the same manner as in ﬁxample 1
_with respect to the cell gap, diecoloration of the displayed
‘images and cold bubbles formed in the display section. |
10 Results obtained are shown in Table 5.
Examples 5 and 6
' A seed_particle dispersieh-was obtained in each example
by repeating Example 4 except that the tetraethoxysilane-a
was used in Eiample S and the tetraethexysilane—B was used in

15 Example 6. |

Subsequently; monodisfersed silica particleS'were
obtained by repeating the seme eperation as in Exampie 4
except that the above-mentioned seed particle dispersion and
the_tetraetho#ysilane—B were used.

20 ~Using the silica particles obtained above as a spacer,
1iqﬁid crystal display devices'were prepared by ehe_same
manner as in Example 1, and the display devices thus obtained
were evaluated in the same manner as in Example 1 with
respect to the cell gap, discoloration of the displayed

25 images and cold bubbles formed in the display section.



tetraal koxysi |l ane and pol ynerization reaction of the silicic acid, and the
~ reaction products resulting therefromdeposit 25 on the seed particles
Whi ch t-hen grow in-particle diameter. 17 Further, when the pH of the
reaction system decreases and approaches neutrallty, not only the resulting
seeds tend to aggregate but al so new seed 8 rticles are liable to form
hence the silica particles obtained ultinmat@y tend to be 5 irregular in
particle diameter. On that account, when the tetraal koxysilane and silicic
acid.solution are added to the seed particle dispersion, it is preferable
to maintain the '

Results obtained.are shown in Table 5.

Table 3
5 : Tetréethcxysilane containing methoxysilanes
Methoxysilanes/ [CH30] . [C2H50) 4-n.Si

tetraethoxysilane Added amount (SiO3 mol%)

(mol/mol) n=4 3 2 1
' 10 A 3.71 x 1072 0 0 0.36 3.22
B 2.43 x 1072 0 0 0.24 2.14
Table 4
15
Average .
particle cv Aggregation
diameter value . ratio
(pm) %) (%)
Example 4 2.42 0.6 1.0
Example 5 2.40 1.9 0.6
"Example 6 ~2.40 1.0 1.2
-
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3isper§ion at the pH range .of 9 to'14, preferably from10 to 13. It is:
referable that the pH of the dispersion does .not 10 wundergo fluctuation,

I f possible, within the above-nentioned range. The di spersion may he

mai nt ai ned under the al kaline condition by the addltlon to the reactlon
system of al kali, and concretely by the use of amm

15 am nes, al kali net-al hydroxides, quat%?nary annnnlu

ei t her singly or in conbination. The tenperature of the to
be employed in the course of particle growth is not partlcu ar I mted
but if a tenperature above the boiling peigie &f water or alcohol is

enpl oyed at that tine, it is desirable that the seed partlcle di spersion is
mai nt ai ned under pressure so as

Cell Dispersion Irregular Cold

gap . color bubble

(Hm) ({m) '
Example 4 2.40 0.06 : None 0
Example 5  2.41 0.07 ‘None o 0
Example 6  2.39 0.05 None 0

5 Exam 7
ration i r r

To a mixed Solution of 487. g-of ethanol, 256 g of 28%
ammonia water and 205 g of pure water was added 17.4 g of
efhyl silicate (Si0p: 28% by-weight)'with stirring at 35°C,

10 and the stirring was then continued for 2 hours to obtain a
seed particle dispersioh (A) having dispersed in a
water/alcohol mixture the seed particles in an amount
corresponding to 0.5% by weight in terms of SiO,.

.To 971 g of the seed particle dispersion thus obfained_

.15 were added simultaneously with stirring at 35°C a mlxed
solution of 57 g of ethanol 44 g of 28% ammonia water and 83
g of pure water, and 418 g of bisacetylacetonato-diisopropoxy
titanium (TiO2: 10% by weight) over a period of 6 hours.

The resulting dispersion was then heatéd aﬁ 70°C and

20 held at_that temperature to bbtéin'a dispersion containing

particles each formed by laminating SiO2 particle as a core



to be kept in aliquid state. In the above-nentioned process, it is
preferable that the al cohol concentration in the reach%ggyi%iggﬂLLs.35—%er—
97% 25 ° by-weight. \When the al cohol concentration e ed is |less 1%
t han 35% by wei ght, the al cohol decreases in mscibility ﬂg@e&hﬁsBeenReplace
t etraal koxysi |l ane, whereby the seed particle dispersion te MM\‘EM!
enul sification and the seed particles aggr%@ate or tends: t%mxa S
of not spherical but of 5 an indeterm nate formare |iable On the
other hand, if the alcohol concentration is in excess of 97% the

with a TiO2 layer. Tﬁe dispersion thus obtained was theh
dried at a temperature.of 110°C to obtain white powders.

Further, the white powders thus obtained were heated in -
an atmosphere of air at 200°C for 3 hours to obtain white

5 | spherical spacer particles.

Following the same procedufe as described in Example 1,
the average particle diameter and CV value of the spherical
spacer particle thus obtained were obtained. |

10 Further, the light coveragé of the above-mentioned
spherical spacer particles was.obtained in the following
manner.

- That is, the spheripal spacer particles are thoroughly
dispersed in an ééueous solution .of 40% by weight of glycerél

15 to obtain a diépersion haviné the conéentration of 1% by
weight of the partiéles. The thus obtained dispersion is

_placed into a quartz cell for measuring transmittance,
wherein the thickness of the tranémitting.layer is 0.5 mm, to
méasure a transmittance T; by means of a haze computer.

20 . The 6ptical absorbance Ii cbrrgsponding to the
transmittance T3 is given by the formula Iy = log(1l/T3)

Because optical absorbance is propértional to pafticle
concentration, the absorbance of the particles having the

particle concentration oflloo%, that is, the absorbance Iigg¢



hydrol ysis of the tetraal koxysilane tends to retard excessively. The

al cohol concentration in the reaction systemnmay be 10 _adjusted by the
addi tion t-o said systemof water and al cohol. In that éEEEL_?““s*deSFLahL
t hat the anount, based on 1 nole of the tetraalkoxy3|lan€hésmw;

Sigerr]), of water is 2.0 to 24.0 nol es and that of the Been q&“ﬂb
1.1 noles. 15 The silica particles 3Btained by add

tetraal koxysilane and silicic acid solution to the seed p |on

in the manner now descri bed are conposed of a netal oxide or netal
hydr oxi de as a core, a hydrolyzate of the tetraal koxysilane and a

pol yneri zate Ofoﬁrﬁhéﬂﬂdeheng théMEédvesThi§ éHﬂchQatédrém(ﬂHb mRAsigage such
a structure that a
the equation of Ijg¢ = 100 I = 100 log (1/Ty) .
Furﬁher, assuming that the spherical spacer particles to
be tested are charged into the display cell in such a manner
5 that the'transmitting,layers may be filled wiéh said
particles conneéted to one another in the direction of the
thickness of said transmitting layers, and taking an
absorbance of the particles having é particle diameter of d
pm as Ip and taking-a transmittance of said particles as Tp,
10 the following equations are derived therefrom, because the
" absorbance is proportionai to the thickness of'the
transmitting layer.

Ip = (d4/500) x Iigo

(@/5) x log (1/T1)
15 = log (1/Tp) and accordingly

Tp = (T1)4/5 .

From Tp obtained by utilizing the abovefequationé, the
light coverage of the spherical spacer particlés was
calculated:according to the follbwing equation.

20 Light coverage = 100 - Tp

A liquid crystal display device using the spherical

spécer particles thained above as a'spacer between the .

‘display electrodes was prepared in the following manner, and



m xture of the above-nentioned hydrol yzate and pol ynerizate i s deposited as
a layer onto the core so as to be coated thereon, a layer of said

hydrol yzate and that of said polymerizate are deposited alternately on the
core, or the 25 core coated with a layer of said hydrolyzate is coated
with a 19 |l ayer of said polynerizate as _the outernost |layer. In any of
the structures nentioned above, it is desiddble that the outernost | ayer of
the particle is-a | ayer conposed of the polymerizate of silicic acid. 5

The silica particles as nentioned above are spherical,

the display device thus prepared was evaluated with respect
to ité characteristics. .'
First, 1 g of the spacer particles wgre dispersed in 100
g of an epoxy resin f§r sealing (a product of Mitsui Toatsu
5 Chemiéals, Inc.) to obtain an ink composition.' Thé ink
_composition thus obtained was applied by means of a screen
-pfinter'fo the periphery of an alignment film of a laminate
comprising successively on a polished glass substrate, 2 cm x
2 cm, fér liquid crystal displa§ device a transparent
10 electrode and alignﬁent film to obtain .a substrate for liquid
crystal display device of large size display part.
Subsequently, in a spréy'booth'kept at 60°C and 3%'RH
wherein ﬁhe_substrate_for liquid crystal display device of
large size display part had been placed, a dispersion of 0.01
15 g of the same spacer particles as aSove in 1 liter of éthyl
“alcohol was sprayed over the portién of said substrate, to .
which no sealiné resin had been applied. The substrate thus
" . treated was. then predried at 90°C.for 30 minutes, and
thereafter this substrate and énother éubstrate having the
20 same structﬁre aé above were put on top of each other so that
the aiignment films thereof could face each other, aqd the
sealing resin was cured by.heating at 150°C for 1 hour under
a pressure of 3 kg/cm?, whereby a cell for liquid crystal

display device of large size display part was prepared. In
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v, ,
hlave a sharp particle size distribution,

and are nonodi spersed in the

di spersi on nedi um wi t hout bei ng aggregated. According to the processes

frent i oned -above,
10 particle dianmeter such as those having -a snal

there may be obtained silica particles having any desired

particle dianeter of

about 0.01 [err]mor a large particle di anster of at ﬂééb@etliﬁ eerRebla&edThe

concentration in the dispersant of the si

éﬁ partlcle

such a high concentration as about 20.0% by wei-ght of

15

thus this concentration is narkedly hi gher than that obta|

ne

Wi

prior art processes. Accordingly, it is possible to I ncrease the production
efficiency of thReSsdneandndietri abesbave] ahsoe dienaipslepaliedpt ddeistdesnofost .
The di spersion havi ng nonodi spersed therein the silica

the cells in all.

A liquid crystal display device was prepared by

injecting a liquid crystal into the portion of the cell for

5 liquid crystal'display device, to which no sealing resin had

been appiied.

The cell for the'liquid erystal display device thus

prepared-ﬁas'cut off at the central portion, right side

portion and left side.portion_by means of a diamond cutter,

10 "and the thickness of these three portions was measured by

means of an electron microscope. Table 7 shows the average

thickness and dispersion thereof (an average of values of

thickness of three portions (central, right and left sides)

of 10 cells and a standard deviation).

15 Example 8

To 970 g of the seed particle dispersion (A) obtained by

the same procedure as in Example 7 were gradually added with

stirring at 35°C a mixed solutlon of 58 g of ethanol, 45 g of

28% ammonia water and 101.g of pure water,'and 418 g of

20 bisacetylacetonato-diisopropoxy titanium (TiOz: 10% by

weight) over a perlod of 5 hours To the resulting

dispersion were added gradually a mixed solution of 480 g of

ethanol, 372 g of 28% ammonia water and 816 g ‘of pure water,

and 985 g of ethyl silicate (éiozz 28% by weight)_over a

25 period of 10 hours.



20 partlcles obt ai ned by the above-nmentioned processes according to the

present invention may be concentrated to increase further its particle—
concentration up to about 60.0% by wei ght. By the addition of such a

stabilizer as alkali to the 25 dlsperS|on havi ng nonobi @
the spherical silica 20 particles by th 0present proc
above, a higher stability of said spherical "particles |n can
be obtained, thus the particles in the dispersion mnll not aggregate for a

Iong period of time owing to such aging as
The dispersion thus obtained was heated at 70°C and kept
‘at that temperature for 2 hours to obtain a dispersion
containing particles formed byllaminating Si02 as a cofe with
TiO2 and S$i0O2 successively.
5 .~ This dispersion.was dried at a temperature of 110°C aﬁd
then heat treated in an atmosphere of air at a témperathre of
. 350°C for 3 hours to obtain such black spherical spacer
particles as shown in Table 6.
Qsing the sphefical spacer particles thus.obtained;.a
10 liqﬁid crystal display device was bfepafed in the same manner
as in Example 7, which was then evaluated in the same manner
és in Example 7.
Results obtained are shown in Table 7.
Example 9
15 To 500 g of the seed particle dispersion - (A) obtained in
" Example 7 were added gradually with stirring at 35°C a mixed
solution of 66 g of ethanol, 52 g of 28% aﬁmonia'water and.
154 g of pure water, and ethyl silicate (SiOz: 28% by weight)
over a period of S5 hours to obtaln a seed partlcle dispersion
20 (©) contalnlng grown SiOz partlcles
To 800 g of the seed particle dispersion (C) were added
349 g of ethénol, 97 g of 28% ammonia water and 279 g of pure
watgrQ To the.resulting seed particle.éispérsion {C) were
added gradually with stirring at 35°C a mixed solution of 67

25 g of ethanol, 52'g of 28% ammonia water and 144 g of pure



5 nmentioned above. It is also possible to substitute the al cohol contained:
in the dispersion with another organic solvent. In tW
procedure (5), hydrol ysis of a netal al koxide ‘contai In the s eplaced
particle dispersion is 10 carried out under t he sanme cm@l&;ﬁee t he
af orementi oned procedure (1), (3) or (4). g particles &‘g\‘\\s _
procedure (5) are conposed of a seed partlc as a core a

| am nation | ayer of a netal oxide different in kind of ne

conposition, that is, 15 a metal oxide layer different in refractlve I ndex -

fromthe core. Further, on this netal oxide |layer there may be | anm nated
concentri cal |y emeedf 130 Profimghe senaletdwildeil bgatres dsn abgyeednfol 9 of

the same zirconium complex as in Example 3 over a perlod of 3
-hours. .
The dispersion thus obtained was heated at_70°c and kept
5 at that temperature for 2 hours to obtain dispersion '
containing particles forméd'by.laminating Si0O2 as a core with
a mixturé of Si0O2 and 2rO2.
The dispersion obtainéd_in this manner was heated at
-110°C to remové the solvent therefrom; whereby such whife
‘10 spherical spacer particles as shown in Table 6-were_obtained.
Using the spherical spacer particles thus obtained, a
1i§uid crystal display device was prepared by the same
procedure as in Examplé 7, which was then evaluated in the

same manner as in Example 7.

15 Results obtained are shown in Table 7.
Table 6
.Average . .

. " particle . Light
Example diameter CV value coverage
(Lm) (%). (%)
7 1.01 1.98 22
8 S1.01 1.98 50

9 1.02 1.96 20



In the partiCIes havi ng such a |l am nated structure as 20 conprising a
single netal oxide layer -or a plurality of- metal oxide |ayers on the seed

particle, when this single netal oxide |ayer has a refrat++w%b++ﬁk»e4u{ﬂnﬂ__

than that of the seed particl'e or one netal oxide |ayer |a 'n ted on an .
arbitrary metal oxide layer has a refractiye index hi-gher Sheet gplagfd
"said arbitrary netal oxide |layer, |ight wift£h 21 is inci ﬂ
particles undergoes irregular reflection, are incident upon
undergo irregular reflection, thereby redUC|ng t he anmount of |ight paSS|ng
t hrough the
Table 7
. Cell gap Dispersion. .
Example ° (Hm) {lim)
7 : 1.05 0.05
8 0.98 0.04 *
9 1.05 ©0.05
5 | Visual observation was conducted so as to ascertain

whether or hot éggregated particles are present in the
dlspersed spacer particles in the display sectlons of the
-1liquid crystal dlsplay devices obtalned in Examples.7 to 9,
whereupon no aggregated particles were observed.

10 When images displayed by driviné theée liquid crystal
display devices obtainea above were inspected, no ifregular
density and irregular coldr were obServed in each device and

the contrast of the displayed images was excellent.



particles. On that accdun mm"ltuﬂﬂ I“'cl es having such a | am nated
structure as nmentioned ab he spacer 5 for a I|qU|d
crystal display device, a.con rast "of Sthé di spl ayed i nma urther

i mproved. Further, when the particles having such a |amnate h§§ tyﬂkqﬁmﬂi

used are bl ack partlcles darkness of theghmage obtained 59‘ e“m
positive i mage becones inconspicuous. 10 In the I|qU|

di spl ay devices of the present invention, the particles for ned
by the processes according to the invention are di spersed unlforniy on a
transparent substrate for the conventional liquid crystal display device,

~for exanple, tWat ignspaiepd Sbstrate 15 provided with a transparent

electrode, an allgnnent filquléacrystal dlsplay device comprising a palr

of transparent substrates gach hav1ng formed thereon a
transparent elecérode, séid transparent sub;tfates being

5 arranged so that said transparent electrodes may be opposite
to each other.through a spaée; interposed between said
transparent eléctrodes, and characterized in that said spacer
being composed of spherical particles having'a coefficient of
variation (CV value) in particie diameter of not more than 2%

10 and an aégregation ratio-of‘pot more than 5%.

2. The liqﬁid crystal display device as claimed in
claim 1 wherein the spacer is composed of spherical particles
having a CV value of ndt more than 1.5%:.

3. The liquid crystal display device as claimed in

15 claim 1 wherein the  spacer is composed of spherical particles
having an’ aggregatlon ratlo of not more than 3%.

4. The llquld crystal display dev;ce as claimed in
claim 1 wherein the spherical particles are those obtained by
carrying out hydrolysis 6f tetraethoxysilane added to.a_

20 water/organic solvent dispersion of seed bérticles in the
presence of methqusilanes reéresentéd by the following
fqrmula (1}

(CH30) (C2H50) g4-n Si p (1]
wherein n is 1-4, thereby depositing_; hydrolyzate of said

25 tetraethoxysilane on said seed particles.



The parft i'cles for spacer may be d|

' PR ey
substrate by a conventional method mﬂ mll lm a disp of the

parti.cl'es in a solvent such as 20

together with a gas through a spray nozzle over said transpare

" present 25

EFFECT OF THE I NVENTTON In the liquid crystal display devices ofm
I nvention conprising a liquid crystal conprised bet palr

22 of transparent el ectrodes each forned 4t a transparent substrate,
because of using, as a spacer, specific spheri cal

10

15

5. The liquid crystal display device as claiméd in
claim 1 wherein the spherical particles are those obtaihéd by
adding tetraalkoxysilane and silicic acid solution to a
watér/organic dispérsion of seed particles, and depositing a
hydrolyzaﬁe of said tetraélkoxysilane and a polymerizate of
said silicic acid on said seed particle.

6. The liquid crystal display device as claimed in
claim 1 wherein the sphgrical particles are-those obtained by
lamlnatlng a metal oxide layer on said spherical particles,

said metal oxide layer being dlfferent in refractlve index
from sald spherical partlcles.

7. ' The liquid crystal display device as claimed in any
of.claims 4 to 6 wherein the spherical particles are black
sphetical particles obtained by subjecting said spherical
particles to heat trgatment at a temperature of above 250°C.

8. The liquid crystal display device as claimed in ény
of claims 4 to 7 wherein the Spherical particles are those_
obtained by coating thé surface of said'spheriéal particlés

with a synthetic resin.
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particl®s having a CV value of not nmore than 2% and an aggregation ratio of
ot nore than 5% there are brought 5 about such effects that irregular
den5|ty and*irregular color of the displayed inmages can be prevented nore
assuredly i'n conparison with the prior art liquid crystal display devices
and, noreover, formation of the cold bubblgs formed between cell gaps of
the liquid crystal display ceII can be 10. prevented. Further, there can be

obtained a liq crysta dIS deV|ce capabl e of dlsplaylng i mages
. having a f_urthtx‘ﬂ?qqdi ET@&n LAYV IG above- menti oned spheri cal

- particles used as. a spacer are those |n§|¥=ggally | am nated with a netal
oxi de 15 |l ayer different in refractiv fromsai-d spherica

particle. In the liquid crystal display devices according to the

prgsent invention, the spacef used for deciding the cell gap
of fhe.diéplay cell comprises spherical particles having a Cv
5 - value of not more than 2% and an aggregation ratio of not
more than 5%, hence the occurfence of irregular density and
irregular color of the displayed images is inhibited and-élso
the formation of cold bubbles in the dispiay cell .is
inhibited. o

I —
10

eet Has Been Replaced
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FIGURE 1



The present invention is illustrated below with reference to exanples, but
~.i't shoul d be construed that the invention is in no way limted to those
exarples. 20 Exanple 1 A Preparation of spherical particles for spacer In
a..m xture conprising 3685.5 g of ethanol, 1365 g of pure water and 921.5 g
of 28% ammoni a wat er was di spersed. 249 g of spherical silica having an
-average particle dianeter of 25 5.0 [err]m (spherical silica having CV:

1. 4% and an aggregation 23 ratio: %:?@6obtained by separating aggregated
particles of : /
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SHI NSHI KYU SW5. 0 produced and sold by CATALYSTS & CHEM CALS IND. Co. by
means of a centrifugal separator), and 161 g of an aqueous sol ugion

contai ning 1% by weight of NaOH The 5 nmixture thus obtai ned %ﬁ]g‘é’t ed
to ultrasonic wave treatnent to prepare a seed particle dispersion. This
seed particle dispersion was heated at 120[err]C in an autocl ave and

mai ntai ned at that tenperature. To the dispersion kept in the autoclave was
added first 4 g of a 10 silicic acid fgiution (Si 2 concentration: 5.0% by
wei ght) obtained by deal kal i zati on of “an aqueous sodium silicate solution
by neans of a cation exchange resin, and were then added simultaneously
131.5 g of a mixed solution of ethanol/water/anmonia (weight ratio:
1.0/0.3/0.1) and 21 g of 15 ethyl silicate (28% by weight in ternms of
SiJerr]). This
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operatlon mas repeated so that the outernost |ayer of the si i B %?tlcle
obt ai ned’coul d be a | ayer conposed of a poliymeri zate resul ted fronlthe
si-licic,acid solution, thus there were added in 5 hours 120.5 g of the
silicic acid 20 solutlon 3937.5 g of the m xed sol ution of

et hanol / wg
all. To tHh

.u_a_..

¥ v___. S%%Em oned above and 625 g of the ethyl silicate in
5 t‘-,r#-e«-l tai ned was added 117 g of an aqueous sol ution

cont ai ni ng 1
particl es |hg
150[err] C

% by wei ght ‘of NaOH, PwBeCeByFaldCspelsiiof Nn which the silica

d 2 2 AR bigen fi Tpersed was obtai ned by holding said mxture at

LIQUID CRYSTAL DISPLAY DEVICE

10

15

20

25

This invention relates to liquid crystal devices, and
more particularly to liquid crystal devices capable of
keeping a definite distance between transparent electrodes

thereof.

TECHNOLOGICAL BACKGRQUND

Liquid crystal display devices are being used widely as
display device in clock, computer, wall television and the like.
The liquid crystal display device is a display device using a
liquid crystal, the molecular arrangement of which changes
when only a slight voltage is applied thereto, thereby
varying the direction of polarization, and the display device
usually comprises two electrodes and a liquid crystal layer
held between said electrodes.

In the liquid crystal display device of the type
mentioned above, it is desirable that the distance between
the electrodes, that is, a cell gap, is uqiform,

If the cell gap formed in liquid crystal display device
mentioned above is not uniform, the electric field applied to

the liquid crystal layer comes to have partial irregularity
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for .1 hour. The particles were separated fromthis dispersion containing
the sane, and the separated particles meradgried 5 at 200[err]C to obtain
the particles for spacer consisting of po ry silica particles. B.

Eval uation of particles for spacer The particles for spacer thus obtained
were neasured for average particle dianeter, CV value and aggregation ratio
10 thereof. (1) Average particle dianmeter The average particle dianeter of

the particlesyf Qi -8Rae8. Woh ehbai RREJMtaNankziceat 2Bsenkatged JEhemegr aphi c
i mage of said particles for spacer by an electron mcrograph 15 wth the
use of an i”ﬂﬂ@gé“@b&ﬁ@ﬁson the display device varies depending on the
spot, whereby irregular density are formed in the image, or
alternatively irregular color of the image happens when said
S5 image is formed by such a display system as STN. Further,
the response spegd of liquid cry;tal to an input signal
varies regularly according to the cell gap and strength of
thé electric field, but if the cell gap is not uniform, said
response épeed varies irreqularly, failing to give clear
10 images.

For that reason, it wés a common practice in the field
of liquid crystal display devices to form a uniform liquid
crystal layer between a pair of electrodes in a liquid
crystal device by charging a liquid crystal into a space

15 between a pair of electrodes wherein a particulate spacer
composed of an insulator is lying.

For example, Japanese Patent L-O-P Publn. No. 78227/1989
proposes that the use as the above-mentioned spacer of
spherical particles ha&ing a standard deviation of not more

20 than 0.3 pm dispersed between a pair of electrodes in order
to prevent discoloration from displayed image.

Further, Japanese Patent L-O-P Publn. No. 269933/1987
discloses the use as a spacer for a liquid crystal display
panel of silica particles having a coefficient of variation

25 (CV value) of not more than 10.0%, said CV value indicating
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(2) €V value The CV val ue was obtained fromthe average particle dianmeter D
obtained in (1) nentioned above and a standard deviation [err] obtained by
the sane inmge analysis as in the 20 above=nentioned (1) on the basis of
the follow ng equation. CV = ( [err] / D) x 100 (3) Aggregation ratio The
aggregation-ratio was cal cul ated on the basis of the follow ng equation
after counting the nunber n of aggregated 25 particles and the nunber N
of the total upakbr@lies PrePIHtidle diameter of said silica particles, and

in the example of said patent publication, there are used
silica particles having a CV value of 8%.
When spacer particles having such standard deviation and
5 CV value as defined in the cited publications mentioned above
are used in liquid crystgl display devices of the ordinary
type, it is possible to prevent displayed images from
irregular density or irregular color to a certain extent
withouF relying upon the length of the cell gap. However, in
10 the case of a liquid crystal display device using such a
liquid crystal as a ferroelectric liquid crystal and having a
small cell gap such as 1 to 2 Um, the cell gap to be adopted
therein is required to be smaller in gap irregularity.
Further, in the case of a liquid crystal display device using
15 STN liquid crystal, if the cell gap is large in length, a
specific interference color is unobtainable, resulting in
displaying irregularities, hence the cell gap adopted therein
is required to be uniform all the more.
Extensive researches conducted by the present inventors
20 with the view of obtaining liquid crystal display devices
free from displaying irregularities have resulted in the.
finding that such excellent liquid crystal display devices as
aimed at above are unobtainable by the use of spherical
particles merely having a small CV value mentioned above as

25 the spacer for liquid crystal display cell.
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a g[ven fegion of the above-nentioned photographi.-c i mage. Aggregation ratio
= ( n/ N) x 100 Results obtained are shoyn in Table 1. 5 C.
Preparation of liquid crystal display device In 100 g of an epoxy resin for
sealing was dispersed 1 g of the powdery silica particles obtained above to
prepare an ink conpositi-on. The ink conposition thus obtained was applied
to the periphery of an alignnment filmof a lamnate 10 having forned on a
pol i shed gl ass supgitate,f ot hhgubdenir gsuad thapl ayedevher ther apbpaienfl
el ectrode and an alignment filmby neans of a screen printer to obtain a
substrate fopattifoidscugetiahadesal ay welieeofSobtenoratthanalfi §fer ifokhef--
0.01 g of the above- 15 nentioned powdery silica particles in 1 |liter of
et hanol was proportion of aggregated particles becomes large,

irregularities of the cell gap take place and, at the same

5 time, cold bubbles are formed.
By cold bubbles as used herein are meant air bubble-like
matters formed in the cell gap in the following manner.

That is, when a liquid display device is exposed to a
temperature below an ice point (0°C), by shrinkage of
10 the liquid crystal sandwiched between a pair of
transparent electrodes, void portions are formed
partially between at least one of the transparent
electrodes and liquid crystal and these void portions
remain as so-called "cold-bubbles" even when the liquid

15 crystal device is warmed to room temperature.

The present invention is intended to solve such problems
associated with the prior art as mentioned above, and an
object of the invention is to provide liquid crystal display
devices in which irregular density and irregular color of the

20 displayed images are inhibited assuredly all the more and,

moreover, no cold bubbles occur.

DISCLOSURE OF THE INVENTION
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sprayed over a portion of the substrate for liquid crystal display device
ot her than the portion provided with the above-nentioned sealing resin so
that a dispersion density of said powdery sidica particles could becone
about 2,500 20 pc./cnferr]. This substrate was then lam nated with

anot her substrate for‘hEHHEQiﬁ§YEbakhQi%Qb%én@eihQ%dﬂfaﬁﬂﬁﬂéﬁé‘i@e sane
manner as above at a fenperature, of

abq¥t %SQéfrr] so that the transparent
el ectrodes of tREFEYIHAEF HBIDFF Feke TR herVahd &°T'84d“dfSalbout
0.2 g coul d be apEplr esf traomsparedt pilesterates hé2 posrlehyhaiinga fpamedc! e,
whereby 10 piecg$;faon a transparent electrode (2a), said transparent
5 substrates being arranged so that said transparent

electrodes may be opposite to each other through a

spacer interposed between said transparent electrodes,

wherein said spacer is composed of spherical particles

(1) having a coefficient of variation (CV value) in

10 particle diameter of not more than 2% and an aggregation
ratio of not more than 5%, and wherein said spherical
particles are obtained by:

A) carrying out hydrolysis of tetraethoxysilane added
to a water/organic solvent dispersion of seed

15 particles in the presence of methoxysilanes

represented by the following formula [I]

(CH.0), (C3HsO),, Si ... L1
wherein n is 1-4, thereby depositing a hydrolyzate
of said tetraethoxysilane on said seed particles;

20 or B) adding tetraalkoxysilane and silicic acid solution

to a water/organic dispersion of seed particles,
and depositing a hydrolyzate of said
tetraalkoxysilane and a polymerizate of said
silicic acid on said seed particle.

25 Further, a method of manufacturing a liquid
crystal display device according to the present
invention is also provided. '

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a sectional view showing schematically a
30 liquid crystal display cell of the liquid crystal
display device of the present invention.
PREFERRED EMBODIMENT OF THE INVENTION
The liquid crystal display devices of the present
invention are illustrated below in detail.
35 In the liquid crystal display cell of the
liquid crystal display devices of the invention,
for example, as shown in Fig. 1, a pair of substrates

-~

2 each having thereon a transparent electrode 2a ar

(D

arranged sc that the transparent electrodes2a mav be
40 opposed to each other through spherical particles

}et

interpcosed ketween said transparent electrodes 2a,.
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cell-for liquid crystal display device were prepared. Into the cell for
liquid crystal display device thus obtainedgwas injected STN liquid crystal
(a product of Merck) 5 to obtain a liquid crystal display device. D

Eval uation of liquid crystal display device The liquid crystal display
devi ce thus obtained was eval uated with respect to its cell gap,

di scol oration and cold bubbles in the follow ng manner. 10 (a) Cell gap
Usi ng a fil nFhikscknaaspaseat eIRCOTDdem@nimpacber egoxidesors B sCavarfaasc. ),
cell gaps of a plurality of spots were neasured to obtain an average cel
gap and a d|?bEgsPBnaGSQP@PPF)féﬂmbgpl gaprthsr. gppeapingorssidy g may

be provided on the peripheral portions of the transparent
substrates 2, and a liquid crystal 2d is sealed up inside the
5 cell surrounded by the sealing resin 2c.

According to the invention, a plurality of spherical
particles 1 having the following characteristics are
dispersed in the liquid crystal 2d thus sealed up. Such
spherical particles may also be dispersed in the sealing

10 resin 2c.

The spherical particles used in the invention as the
spacer for liquid crystal display cell in the manner as
mentioned above have a coefficient of variation in particle
diameter (CV wvalue) of not more than 2%, preferably not more

15 than 1.5% and an aggregation ratio of not more than 5%,
preferably not more than 3%.
The CV value as mentioned above may be calculated, for
~ example, on the basis of the following equation after
obtaining an average particle diameter D and a standard
20 deviation o of the spherical particles by analyzing an
enlarged photographic image of said spherical particles by an
electron microscope using an image analyzer.
- = (g/D) x 100
The aggregation ratio may be calculated, for example, on

25 the basis of the following equation after counting the number
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i .
The presence of the discoloration of displayed i mages was judged by visual
observation. (c) Cold bubble Ten (10) pieces7of the cells for liquid
crystal display 20 devi ce as prepared above was cool ed and nai ntai ned at
-30[err]C, and the tenperature was raised to ordinary tenperature. The
tells thus treated were visually observed to find and count the nunber of
cells in which the cold bubbles fornmed was found. 25 Resul ts

obtai ned are shom dgyrkdfdted partidlies comprising at least two particles

-joined together and the number N of all particles in the
predetermined zone of an enlarged photographic image of the
spherical:particles by means of an electron microscope.

5 Aggregation ratio = (n/N) x 100

The spherical particles having such a specific CV value
and aggregation ratio as defined above may be obtained, fo¥
example, by preparing spherical particles according to the
follow}ng procedure. In cases where the spﬁerical particles

10 thus obtained have a CV value and an aggregation ratio
exceeding those as defined above, said'spherical particles
are subjected to elimination of aggregated particles or
adjustment of particle size distribution by means of
centrifugal separation, sedimental separation or

15 classification using a sieve, whereby desired spherical
particles are obtained.

(1) A procedure wherein a metal alkoxide is hydrolyzed
in a water/alcohol dispersion of a metal oxide or metal
hydroxide as a seed particle, while keeping said dispersion

20 under alkaline conditions, and the hydrolyzate of the metal
alkoxide is allowed to deposit on the seed particle present
in the dispersion, thereby effecting the growth of the seed
particle (Japanese Patent L-O-P Publn. No. 275005/1987) .

(2) A procedure wherein the particles grown by the

25 procedure (1) are separated from the dispersion containing
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Exanple 2 To a m xturé conprising 487 g of -ethanol, 256 g of 28% anmoni a
wat er and 205 g of pure water was added 17.§ g of ethyl silicate (28% by
weight in terns of SiJerr]) with stirring 5 at 35[err]C. Thereafter, the
stirring was continued for additional 2 hours to obtain a seed particle

di spersion containing silica particles in an anount corresponding to 0.5%
by weight in terns of SiJerr]. To 974 g of the seed particle dispersion
obt ai ned abdize 1$eM@aand| ke a@ﬁ@nageddnartgkc?eg afet heatahwegitleidciac aci d
sol ution (S| 2 concentration: 5.0%
in Exanpl e ICCBRRCARETEheH %Eldé%laﬁﬁz aéégf’q:yt%?"]@t%%n alachandrriades m xed

solution (we ratio_1.0/0.8) sinu neousl of et hyl
silicate Ezgk)f IRARETEHpatent Bloh "BLEINONS! Ye¥hbE/18s8; ¢ y

(3) A procedure wherein tetraethoxysilane is hydrolyzed
5 in a water/organic solvent dispersion of a metal oxide or
metal hydroxide as a seed particle in the presence of
alkoxysilane represented by the following formulé
(CH30)pn . (C2Hs50)4-n . Si ... [I]

wherein n is 1 to 4, and the hydrolyzate of the

10 tetraethoxysilane is allowed to deposit on the seed particle
present in the dispersion, thereby effecting the growth of
the seed particle (Japanese Patent Appln. No. 310023/1989) .
When spherical particles are 'intended to be prepared by this
procedure, it is preferable to use alkoxysilane of the

15 formula [I] in an amount, based on 1 mole of the
tetraethoxysilane,.of 6.05 x 1072 to 6.0 x 102 mole (in terms
of Si03).

(4) A procedure wherein tetraalkoxysilane and a silicic

acid solution are added to a water/organic solvent dispersion

20 of a metal oxide or metal hydroxide as a seed particle, and
the resulting hydrolyzate of the tetraalkoxysilane and the
resulting silicic acid polymerizate are allowed to .deposit on
the seed particle, thereby effecting the growth of the seed

particle (Japanese Patent Appln. No. 122403/1990).
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15 in terms of SiJerr]). In this case,  the.pH of the reaction m xture
was mai ntained at 11.5 by the addition of agnonia gas. The above-nenti oned
operation was repeated until the predeterm ned amounts of the
above-nmenti oned conpounds were 20 added over a period of 19 hours so that
the outernost |ayer of the silica particle could becone a | ayer conposed of
a polynerizate resulting from polynerization of the silicic acid solution.

The total anmount ofStach PEARSUWES t WaRTaHR kP | hcaioe akorebfdisressiori ¢

acid solution, 2698.5 9 of ,the 25 ethanol/mg&er sol ution and 606 g of the
et hyl silicat%f a metal oxide or metal hydroxi

added an alkoxide of a metal different from the metal
contained in the seed particle or a mixture comprising at

5 least two metal alkoxides, at least one of said metal
alkoxides containing a metal different from that of the seed
particle, and the Eeéulting hydrolyzate of thé metal alkoxide
is allowed to deposit on the seed particle to form thereon
metal oxide layers different in refractive index.

10 sSubsequently, if necessary, spherical particles each coated
with the above-mentioned metal oxide layers are used as a
seed particle, and the same procedure as above is repeated to
coat the seed particle with other metal oxide layers
(Japanese Patent Appln. No. 80155/1990).

15 The spherical particles obtained by the procedure (1),
(2), (3), (4) or (5) mentioned above may be used after
coating them on the surface with a synthetic resin. The
synthetic resin used in this case includes preferably .those
which will not prevent orientation of the liquid crystal

20 used, and such resins may contain a coupling agent or
surfactant for improving adhesion of the resin to the
particle.

Such synthetic resins may be coated on the surface of
the spherical particles by methods known per se.

25 Further, as described in Japahese Patent L-O-P Publn. No.
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28 After the conpletion of addition of. the total ampbunt of the conpounds to
the seed particle di3persion, 204 g of an aqueous NaOH solution (1 w %
was added to the reaction mxture, and thejpesulting mxture was held for 2
hours at 5 70[err]C to obtain a dispersion in which silica particles were
nonodi spersed. Subsequently, the silica particles were separated fromthis
di spersion, and the separated particles were dried at 200[err]C to obtain
particles for spacer. 10 A liquid crystal -display device was
prepared by WRAZRAAIRBSpamert parkdted esyrithes iobtraisied heyvsiriden evad idted |n
the sanme manner as in Exanple 1. Exanple 3

diameter d of not more than D/5 (wherein D is a particle

diameter of the spherical particles) may be allowed to adhere

to the surface of the spherical particles. By applying an

5 impact force to the particles adhered with the particulate
synthetic resin by the above procedure, at least a part of

the particulate synthetic resin may be fixed to the particle

by fusion along with connecting the particulate
synthetic resin to each other.

10 It is also pdssible to blacken the sphelical particles
obtainéd by the procedure (3), (4) or (5) by adopting the
same procedure with the procedure (2).
The spherical particles thus subjected to the blackening
treatment as mentioned above may be used as a seed particle
15 to obtain black spherical particles.
The procedure {(3) mentioned above may be illustrated
more in detail hereinafter.
In this procedure, a water/organic solvent dispersion of
seed particles is used. The organic solvent used as a
20 dispersion medium is not limited oﬁly to alcohol but may be
organic soivents having good miscibility with water and
alcohol and also with alkoxysilane, or may be mixed solvents
of such an organic solvent and alcohol.
The organic solvents exhibiting such properties as
25 mentioned above include glycols such as ethylene glycol,

esters such as ethyl acetate, and ketones such as methyl

ethyl ketone. REPLACEMENT SHEET
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15 To 974 g of the silica particle dispersion obtained in Exanple 2
wer e added sinul taneously while maintaininglat 65[err]C over a period of 19
hours 1103 g of an ethanol /water/amoni a m xed solution (weight ratio
1.0/2.5/0.2) and 627 g of ethyl silicate (28% by weight in ternms of
Sigderr]). The resulting 20 dispersion was then maintained at 70[err]C for
2 hours. To this dispersion was added at 70[err] C over a period of 6 hours
1263 g of the sil ikl theiRressidntcor df EeiFpeenexyRidpresy 18 Ryds@lysadkdn
silica particle dispersion was gbtained. Subse%uent I ¥ the particles for
spacer were 558 iR le digpersion maint ined under alkaline

conditions, and the seed particle is allowed to grow by
depositing the resulting hydrolyzate of tetraethoxysilane on
5 said seed particle.

At the time of hydrolysis of this tetraethoxysilane, one
or two or more of methoxysilanes represented by the following
formula [I] are allowed to coexist with said
tetraethoxysilane.

10 (CH30) n. (C2H50) 4-n.Si ... [1]
wherein n is 1 to 4.

The methoxysilanes used herein are organosilicon
compounds represented by the above-mentioned formula [I]
including concretely monomethoxytriethoxysilane,

15 dimethoxydiethoxysilane, trimethoxymonoethoxysilane and
tetramethoxysilane.

The above-exemplified methoxysilanes may be mixed in
advance with tetraethoxysilane and the mixture is added to
the seed particle dispersion, or said methoxysilanes may be

20 added to the seed particle dispersion simultaneously with
said tetraethoxysilane. The mefhoxysilanes are desirably
used in an amount (in terms of Si0O3) of 0.05 x 1072 to 6.0 x
1072 mole, preferably 0.1 x 1072 to 5.0 x 1072 mole based on 1

mole of the tetraethoxysilane.




same -manner as in Exanple 1, followed by the sane evaluation as in Exanple
1. Conparative Exanple 1 In a m xed sol utijop conprising 486.5 g of ethano
and 5 398 g of pure water was dissolved 71.7 g of ammpnia gas with stirring
at 35[err]C. To the resulting m xture was added 17.4 g of ethyl silicate
and stirred for 2 hours, to which was then added 3.3 g of an aqueous NaCH
solution (1 w % . The m xture thus obtained was subjected to ultrasonic
wave 10 treat ment Ifwhbeebypoanseed phet mekBodyspéRBLENUARS éﬁtéﬁﬁédthﬁ@ 974
g of the thus obtained,di spersion was gradually added with stirring
35[err]C andoc%§t¥oﬂplngm?£

of 1508.6 ¢ of et hanol _and 3006. 8 g QEre wat er S|nultaneogsly W th 2268
g of ethyl dition effect of met oxys anes 1s gcarcely observed and

seed particles newly formed are observed sometimes. On the
5 other hand, if the amount of the methoxysilanes used exceeds
6.0 x 1072 mole based on 1 mole of the tetraethoxysilane, the
hydrolysis of the tetraethoxysilane is accelerated
excessively, and prior to Fhe deposition of the resulting
hydrolyzates of the tetraethoxysilane on the seed particles,

10 said hydrolyzates come sometimes to form together new seed
particles.

The methoxysilanes added to the reaction system are
hydrolyzed simultaneously with the tetraethoxysilane, and the
resulting hydrolyzate is deposited onto the seed particle.

15 In the procedure mentioned above, the tetraethoxysilane
is usually added continuously to the seed particle dispersion
at a predetermined rate, but portions of a predetermined
amount of said tetraethoxysilane may be added intermittently.

When the tetraethoxysilane is added to the seed particle

20 dispersion, the dispersion varies in pH, owing to hydrolysis
of said tetraethoxysilane. It is not desirable that this
dispersion comes not to indicate alkalinity, because the seed
particles aggregate or new seed particles are formed in some
cases and the particles obtained eventually become broad in

25 particle size distribution. On that account, the
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-15 silicate over a period of 19 hours. To the resulting di spersion was
added 204 g of an aqueous NaOH solution (3 s %, and the m xture was aged
for 2 hours by heating at 70[err]C. Subsequently, to 46.3 g of the
di spersion obtained in the manner as nentioned above were added a mi xture
of 1356 g 20 of ethanol and 3377 g of pure water, and 2874 g of ethyl
silicate and the resultant mxture was aged under the sane conditions as
above. Partitkesasepaxgisédahneordst biddedi tpetbeoneadrpagtiedeadispefeiepC to
obtain the powdery silica particles for spacer. . 30
maintained in such a manner as to maintain the pH of the
dispersion in the range of from 10 to 13. The dispersion may
be maintained under the alkaline condition by the addition of
5 alkali thereto, and the alkali used herein includes
concretely ammonia gas, ammonia water, amines, alkali metal
hydroxides and quaternary ammonium salts, either singly or in
combination.
The temperature at which the hydrolysis of

10 tetraethoxysilane is conducted is not particularly limited,
but if said temperature employed is higher than the boiling
point of water or alcohol, it is desirable that the seed
particle dispersion is maintained under pressure so as to be
kept in a liqgquid state.

15 In depositing the resulting hydrolyzate of the
tetraethoxysilane onto the seed particle, it is desirable
that the concentration of the alcohol in the reaction system
is maintained at 35 to 97% by weight. 1If the alcohol
concentration is less than 35% by weight, the seed particle

20 dispersion becomes poor in miscibility with the
tetraethoxysilane to be added thereto and is emulsified,
whereby the seed particles aggregate or particles of not
spherical but of an indeterminate form are liable to form.

On the other hand, if the alcohol concentration is in excess

25 of 97% by weight, the hydrolysis of the tetraethoxysilane
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The neasurenent of the thus obtained spacer particles with respect to their
average particle dianeter, CV value and agggegation rati o was conducted in
the sane manner as in Exanple 1. 5 esul ts obtai ned are shown in
Table 1. Further, the sanme liquid crystal display device as in Exanple 1
was prepared using as a spacer the powdery silica particles obtai ned above,
whi ch was then neasured in the sane nmanner as in Exanple 1 with respect to
its cell gaptetfls dbsceltarat exeeasdvedlyd bdbel edcoResdutbacehtabnednane
shown in Table 2. Table 1 Average particle cv Aggr egati on
the reaction system may be adjusted by addition to the
reaction system of water and alcohol together with the
tetraethoxysilane,” and the preferable amount, based on 1 mole
5 of the tetraethoxysilane, of alcohol added is not more than
10 moles and that of water added is 2.0 to 24.0 moles.
The procedure (4) as mentioned before is illustrated
below in more detail.
In this procedure, a water/organic solvent dispersion of

10 seed particles is used. The dispersion medium used herein is
not limited only to alcohol, but may be organic solvents
having good miscibility with water and alcohol and also with
tetraalkoxysilane and silicic acid solution, or mixed
solvents comprising such organic solvents and alcohol.

15 The seed particle concentration in the seed particle
dispersion is desirably 0.05 to 20% by weight in terms of the
oxide. If the seed particle concentration as mentioned above
is less than 0.05% by weight, new seed particles are formed
in the step of growing the seed particles as will be

20 mentioned later in some cases and the silica particles
obtained eventually are liable to have irregular particle
diameters. On the other hand, if the seed particle
concentration exceeds 20% by weight, the particles tend to

aggregate during the step of particle growth and the

25 particles thus aggregated come to exert an adverse influence
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di anet er val ue rati-o ([err]m (99 _ (%9 Exanple 1
6. 10 1.4 1.7 Exanple 2 15 1.00 1.8

0.2 Exanmple 3 1.40 1.9 0.9 Conparative Exanple 1
6. 02 2.2 17.2 15 31 Table 2 Cell Di spersion

I rregul ar Col d-

upon uniformity of particle diameter of the particles aimed
at.

The tetraalkoxysilane and silicic acid solution are
added to such a seed particle Qispersion as mentioned above,

5 while maintaining said dispersion under the alkaline
condition.

The tetraalkoxysilane used herein may be represented by
the general formula Si(OR)4 wherein R is alkyl of 1-7 carbon
atoms,‘preferably 1-4 carbon atoms. Such tetraalkoxysilane

10 as mentioned above includes concretely tetramethoxysilane
(methyl silicate), tetraethoxysilane (ethyl silicate),
tetraisopropoxysilane, tetrabutoxysilane, etc.

The tetraalkoxysilanes may be used, as they are, or
after dilution with alcohol, etc.

15 The silicic acid solution used herein is an aqueous
solution of a low polymerizate qf silicic acid, which is
obtained by subjecting an aqueous solution of alkali silicate
such as sodium silicate to dealkalization treatment with a
cation exchange resin.

20 The silicic acid solution used preferably includes those
having the silicic acid concentration in terms of Si0; of
about 0.1 to 10% by weight.

The tetraalkoxysilane and silicic acid solﬁtion as
mentioned above may be added to the above-mentioned seed

25 particle dispersion by any of such processes as (a) the
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gap ' C color - bubble ([err]m ([err]m Exanple
1

5. 87 0. 04 None 1 Exanple 2 0.98 0. 04
None 0 Exanple 3 1.37 0. 05 None 0
Conmp. Ex. 1 5.85 0.12 Slightly 4 observed 5 Exanpl e

4 A Preparation of nonodisperse silica particles and eval uation thereof To
a mxed solution of 350.2 g of ethanol and 16.4 g of tetraethoxysilane
cont ai ni ng n&eHEFRRGEEIY Hinanevand dtedieid @cid el wdlon jeore GfdB&D. 2 g of
et hanol, 78.0.,9 of 28% amonia water and 5.4 g of pure water, and the
resul ting m S tRneously to the dispersion, (b) these two compounds are ..
added alternately over a period of time, and (c) the
tetraalkoxysilane is added alone first to the seed particle
5 dispersion, whereby the seed particles are allowed to grow,
and the silicic gcid solution is added last of all.

Of the processes illﬁstrated above, the process (b)
relying on the alternating addition is preferred, and by the
use of this process (b), it becomes possible to stabilize the

10 dispersion and the resulting particles.

In practicing the process (b), the amount of the
tetraalkoxysilane or the silicic acid solution used at each
alternating addition step is not particularly limited, but
any appropriate amount may be used alternately.

15 In the present invention, it is preferable that the
outermost layer of the silica particles obtained ultimately
is formed from a polymerizate of silicic acid. Accordingly,
it is preferable to use the silicic acid solution at the
final stage of the addition.

20 The addition to the seed particle dispersion of the
tetraalkoxysilane and silicic acid solution in the manner as
illustrated abové brings about hydrolysis reaction of the
tetraalkoxysilane and polymerization reaction of the silicic
acid, and the reaction products resulting therefrom deposit

25 on the seed particles which then grow in particle diameter.




stirred for 2 hours to obtain a seed particle dispersion. During this
operation, the tenperature of the reaction i xture was maintai ned at
15[err] C. The seed particles present 15 in the seed particle dispersion
obtained had an average particle dianeter of 0.19 [err]mand a CV val ue of
0.5% and the dispersion had a solids concentration of 0.59% by wei ght
(calculated as SiJerr]). To 800 g of the seed particle dispersion obtained
above 20 wasrtdded whehxedespHubifobhheonmpattiog 8¥8té&mgdefreasd828 and
t et raet hoxysi |l ane-B cont ai ni ng net hoxysi |l anes as shown in
approaches neutrality, not only the resulting seeds tend to
aggregate but also new seed particles are liable to form,
hence the silica particles obtained ultimately tend to be
5 irregular in particle diameter. On that account, when the
tetraalkoxysilane and silicic acid solution are added to the
seed particle dispersion, it is preferable to maintain the
dispersion at the pH range of 9 to 14, preferably from 10 to
13. It is preferable that the pR of the dispersion does not
10 undergo fluctuation, if possible, within the above-mentioned
range.

The dispersion may be maintained under the alkaline
condition by the addition to the reaction system of alkali,
and concretely'by the use of ammonia gas, ammonia water,

15 amines, alkali metal hydroxides, quaternary ammonium salts,
etc., either singly or in combination.

The temperature of the reaction system to be employed in
the course of particle growth is not particularly limited,
but if a temperature above the boiling point of water or

20 alcohol is employed at that time, it is desirable that the
seed particle dispersion is maintained under pressure so as
to be kept in a ligquid state.

In the above-mentioned process, it is preferable that

the alcohol concentration in the reaction system is 35 to 97%

25 by weight. When the alcohol concentration employed is less
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Table 3, 318 g of 28% ammuoni.a water and 767 g of pure water over a period
of 19 hours while maintaining the reactiof gnxture at 35[err]C. 5
Successively, to this reaction m xture was added a m xed sol ution of 1403 g
of ethanol, 477 g of 28% ammoni a water and 17 g of pure water, and
thereafter to the resulting reaction m xture was added whil e maintaining at
35[err]C a m xed solution conprising 1047 g of the tetraethoxysilane-B, 494
g of 10 ettieml35Vy gveiglkB% tihenal aoal edeanca 8§84 in ohipoibidat@r wovar
a period of 19 hours. Furthernmore, to 4110 g of the silica particle

di sper si on dth&iteirabbvexwatlankledvhenelkedt kel se¢drpaft Ddbe gdbbpethanal |
527 g of 28% anmmonia water and 19 g of pure water, 1 5 and thereafter to
the resul ti fESFQ infer@e emybslfhepeion and the seed particles

aggregate or tends to form particles of not spherical but of
5 an indeterminate form are liable to form. On the other hand,
if the alcohol concentration is in excess of 97%, the
hydrolysis of the tetraalkoxysilane tends to retard
excessively.
The alcohol concentration in the reaction system may be

10 adjusted by the addition to said system of water and alcohol.
In that case, it is desirable that the amount, based on 1
mole of the tetraalkoxysilane (in terms of SiO2), of water is
2.0 to 24.0 moles and that of the alcohol is 0.4 to 1.1
moles.

15 The silica particles obtained by adding the
tetraaikoxysilane and silicic acid solution to the seed
particle dispersion in the manner now described are composed
of a metal oxide or metal hydroxide as a core, a hydrolyzate
of the tetraalkoxysilane and a polymerizate of the silicic

20 acid. This silica particle may have such a sffucture that a
mixture of the above-mentioned hydrolyzate and polymerizate
is deposited as a layer onto the core so as to be coated
thereon, a layer of said hydrolyzate and that of said
polymerizate are deposited alternately on the core, or the

25 core coated with a layer of said hydrolyzate is coated with a
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mai ntaining at 35[err]C.a mxture of 853 g of the tetraethoxysilane-B, 403
g of ethanol, 322 g of 28% ammonia water ang 777 g of pure water over a
period of 15 hours. The nonodi spersed silica particles present in the
silica 20 particle dispersion thus obtained had such properties as shown
in Table 4. The average particle dianeter of the nonodi spersed silica
particles was neasured by neans of a particle size nmeasuring apparatus
(CAPA- 700, maawkacodr e@ighgolghediyzal’e asHohiebauSersakt- Shgek. K. Jin anyB3%f
the structures mentioned above, it is desirable that the
outermost layer of the particle is a layer composed of the
polymerizate of silicic acid.

5 The silica particles as mentioned above are spherical,
have a sharp particle size distribution, and are
monodispersed in the dispersion medium without being
aggregated. According to the processes mentioned above,

there may be obtained silica particles having any desired

10 particle diameter such as those having a small particle

diameter of about 0.01 pm or a large particle diameter of at
least 10 pm. The concentration in the dispersant of the
silica particles can be increased to such a high
concentration as about 20.0% by weight of in terms of SiOj,
15 thus this concentration is markedly higher than that obtained
in the prior art processes. Accordingly, it is possible to
increase the production efficiency of the silica particles
and also diminish the production cost.
The dispersion having monodispersed therein the silica
20 particles obtained by the above-mentioned processes according
to the present invention may be concentrated to increase
further its particle concentration up to about 60.0% by
weight.
By the addition of such a stabilizer as alkali to the

25 dispersion having monodispersed therein the spherical silica
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B. Preparation of liquid crystal display device and eval uation ther eof
Using the silica particles separated from)gpe silica particle dispersion
obtained in the above-nenti oned manner as 5 a spacer, a |liquid crystal
di spl ay device was prepared by the sane nmanner as in Exanple 1, and the
di spl ay device thus obtained was evaluated in the sane manner as in Exanple
1 with respect to the cell gap, discoloration of the displayed i nages and
col d bubbl espfstiedesnbyh&hgi ppeagnteprrcasSsee mentionggdsabevepbfahngtiear e
shown in Table 5. Exanples 5 and 6 A seed particle, dispersion was obtained
in each exanpFabhyitypedt SAdIERRREIrdCAleRREPLCLARL 1RNERE B BREREAPE FaRe- A"
was used in ExanBIe,S and t he tetraethqxxsilane-B was used,in |
be obtained, thus the particles in the dispersion will not
aggregate for a long period of time owing to such aging as
5 mentioned above. It is also possible to substitute the
alcohol contained in the dispersion with another organic
solvent.
In the aforementioned procedure (5), hydrolysis of a
metal alkoxide contained in the seed particle dispersion is
10 carried out under the same conditions as in the
aforementioned procedure (1), (3) or (4). The particles
obtained by this procedure (5) are composed of a seed
particle as a core and thereon a lamination layer of a metal
oxide different in kind of metal or in composition, that is,
15 a metal oxide layer different in refractive index from the
core. Further, on this metal oxide layer there may be
laminated concentrically one or two or more metal oxide
layers in succession.
In the particles having such a laminated structure as
20 comprising a single metal oxide layer or a plurality of metal
oxide layers on the seed particle, when this single metal
oxide layer has a refractive index higher than that of the
seed particle or one metal oxide layer laminated on an

arbitrary metal oxide layer has a refractive index higher

25 than that of said arbitrary metal oxide layer, light which




15 ~ Exanple 6. Subsequently, nonodispersed silica particles were obtained
by repeating the sane operation as in Exarmple 4 except that the
above-nmentioned seed particle dispersion and the tetraethoxysilane-B were
used. 20 Using the silica particles obtained above as a spacer,
liquid crystas thoigeay dponcds wertiplepamdgrbges hier regmdanmaneiie s onn
Exanpl e 1, and the display devices thus obtained were evaluated in the sane
manner as i nAERakprédenyj fponedpec Pard iclescapregdp, iaregvlararedaest iohe

di spl ayed 25 | mages and .col d_bubbles formed in the display section.
thereby reducing the amount of light passing through the

particles. On that account, when the particles having such a
laminated structure as mentioned above are used as the spacer

5 for a liquid crystal display device, a contrast of the
displayed images can be further improved. Further, when the
.particles having such a laminated structure used are black
particles, darkness of the image obtained by displaying a
positiye image becomes inconspicuous.

10 In the liquid crystal display devices of the present
invenﬁion, the particles for spacer obtained by the processes
according to the invention are dispersed uniformly on a
transparent substrate for the conventional liquid crystal
display device, for example, the transparent substrate

15 provided with a transparent electrode, an alignment film,
etc.

The particles for spacer may be dispersed uniformly on
the transparent substrate by a conventional method such as
atomizing a dispersion of the particles in a solvent such as

20 alcohol or spraying the particles together with a gas through

a spray nozzle over said transparent substrate.

EFFECT OF THE INVENTION
In the liquid crystal display devices of the present

25 invention comprising a liquid crystal comprised between a pair
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34 Results -obtained are shown in Table 5. Table 3 5
Tetraet hoxysi | ane contai ni ng nmet hoxysi | anespy Met hoxysi | anes/
[CHerr]Q. [(err]Herr]Qferr].Si tetraethoxysilane Added armount (Si Q2

mol % (ol / nol ) n=4 3 2 1 10 A 3.71 x 10[err]
-0 0 0. 36 3.22 B 2.43 x 10[err] 0 0 0.24
2.14 Table 4 15 Average particle cv Aggr egati on di aneter

val ue ofrarapsparent electrodes each formed on a transparent
| substrate, because of using, as a spacer, specific spherical
particles having a CV value of not more than 2% and an
aggregation ratio 6f not more than 5%, there are brought
5 about such effects that irregular density and irregular color
of the displayed images can be prevented more assuredly in
comparison with the prior art liquid crystal display devices
and, moreover, formation of the cold bubbles formed between
cell gaps of the liquid crystal display cell can be
10 prevented.

Further, there can be obtained a liquid crystal display
device capable of displaying images having a further improved
contrast when the above-mentioned spherical particles used as
a spacer are those individually laminated with a metal oxide

15 layer different in refractive index from said spherical
particle.

The present invention is illustrated below with
reference to examples, but it should be construed that the
invention is in no way limited to those examples.

20 Example 1
A, p . £ ] ical icles f .

In a mixture comprising 3685.5 g of ethanol, 1365 g of

pure water and 921.5 g of 28% ammonia water was dispersed 249

g of spherical silica having an average particle diameter of

25 5.0 um (spherical silica having CV: 1.4% and an aggregation
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10

15

20

% (%9 Exanmple 4 2.42 0.6

5 2.40 1.9 3 0.6 Example 6
1.0 1.2 35 Tabl e 25 Cel | Di spersion
Col d gap col or bubbl e
([err]m Exanple 4 ° 2.40 0. 06 None -
2.41 0. 07 None 0

ratio: 1.5% obtained by separating aggregated particles of

SHINSHIKYU SW-5.0 produced and sold by CATALYSTS & CHEMICALS

IND.. Co. by means of a centrifugal separator), and 161 g of

an aqueous solution containing 1% by weight of NaOH. The

mixture thus obtained was subjected to ultrasonic wave

treatment to prepare a seed particle dispersion.

This seed particle dispersion was heated at 120°C in an

autoclave and maintained at that temperature. To the

dispersion kept in the autoclave was added first 4 g of a

silicic acid solution (SiO2 concentration: 5.0% by weight)

obtained by dealkalization of an aqueous sodium silicate

solution by means of a cation exchange resin, and were then

added simultaneously 131.5 g of a mixed solution of

ethanol/water/ammonia (weight ratio: 1.0/0.3/0.1) and 21 g of

ethyl silicate (28% by weight in terms of Si0O3). This

operation was repeated so that the outermost layer of the

silica particle obtained could be a layer composed of a

polymerizate resulted from the silicic acid solution, thus

there were added in 5 hours 120.5 g of the silicic acid

solution,

3937.5 g of the mixed solution of

ethanol/water/ammonia as mentioned above and 625 g of the

ethyl silicate in all.

To the mixture thus obtained was

added 117 g of an aqueous solution containing 1% by weight of

NaOH,

whereby a dispersion in which the silica particles had
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Exanple 6  2.39 0. 05 None 0 5 Exanple 7. A
Preparation of particles for spacer To a ij xed solution of 487 g of

et hanol, 256 g of 28% anmonia water and 205 g of pure water was added 17.4
g of ethyl silicate (SiQ2: 28% by weight) with stirring at 350C, 10 and
the stirring was then continued for 2 hours to obtain a seed particle

di spersion (A) having dispersed in a water/al cohol m xture the seed
particl es i rbean abspérsedr espondicagned BySkobyingi ghtdi mikenme ak 3i502C To
971 g of the seed particle dispersion thus obtained 15 were added

si mul t aneousffiaxr wl thowgri.rring at 350C a m xed solution of 57 g of ethanol,
44 g of 28% ammoni a water and 83 g of pure water, and 418 g of

bi sacet yl acet onat®Bheli Paspiepegywere separated from this dispersion

containing the same, and the separated particles were dried
5 at 200°C to obtain the particles for spacer consisting of
powdery silicg particles.
B. Evaluation of particles for spacer
The particles for spacer thus obtained were measured for
average particle diameter, CV value and aggregation ratio
10 thereof.
(1) Average particle diameter
The average particle diameter of the particles for
spacer was obtained by analyzing an enlarged photographic
image of said particles for spacer by an electron micrograph
15 with the use of an image analyzer.
(2) CV wvalue
The CV value was obtained from the average particle
diameter D obtained in (1) mentioned above and a standard
deviation o obtained by the same image analysis as in the
20 above-mentioned (1) on the basis of the following equation.
CV=(o/D) x 100
(3) Aggregation ratio
The aggregation ratio was calculated on the basis of the

following equation after counting the number n of aggregated
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titanium (‘Ti O2: 10% by wei ght) over a period of 6 hours. The resulting
di spersion was then heated at 700C and 205 held at that tenperature to
obtain a dispersion containing particles each fornmed by | am nating Si Q2
particle as a core 36 with a Ti2 layer. The dispersion thus obtained
was then dried at a tenperature of 110[err]C to obtain white powders.
Further, the white powders thus obtai ned were heated in an at nosphere of
air at 200[ parjt@dlers ZJrurlse troadbdaidh ofhitthe 5 oipie magdl i Sips geresent cles.
B. Evaluation of spacer particle for display device
a given region of the above-mentioned photographic image.
Aggregation ratio = (n / N ) x 100
Results obtained are shown in Table 1.
5 C. Preparation of liquid crystal display device
In 100 g of an epoxy resin for sealing was dispersed 1 g
of the powdery silica particles obtained above to prepare an
ink composition. The ink composition thus obtained was
applied to the periphery of an alignment film of a laminate

10 having formed on a polished glass substrate for liquid
crystal display device a transparent electrode and an
alignment film by means of a screen printer to obtain a
substrate for liquid crystal display device.

Subsequently, a dispersion of 0.01 g of the above-

15 mentioned powdery silica particles in 1 liter of ethanol was
sprayed over a portion of the substrate for liquid crystal
display device other than the portion provided with the
above-mentioned sealing resin so that a dispersion density of
said powdery silica particles could become about 2,500

20 pc./cm?. This substrate was then laminated with another
substrate for liquid crystal display device prepared in the
same manner as above at a temperature of about 150°C so that

‘the transparent electrodes of these substrates could face

each other and a load of about 0.2 g could be applied to one




1

Fol |l owi ng the same procedure as described in Exanple 1, the average
particle dianmeter and CV val ue of the sphezigcal spacer particle thus
obt ai ned were obtai ned. 10 Further, the |Iight coverage of the
above-nenti oned spherical spacer particles was obtained in the foll ow ng
manner. That is, the spherical spacer particles are thoroughly-dispersed in
an aqueous sol ution of 40% by wei ght of glycerol 15 to obtain a dispersion
havi ng t he ceieest Pdt ithie FowDRhy SAdiifiRt Rrtiid parhegedy 10T qenrss of
obt ai ned di spersion is placed into a quartz cell for neasuring

transnitt anc€eldhdea diavd < Fragteds BsrRIFY deHGs Me%sy BEaRAred- 0.5 nm

(o measur e @ L anS Ll e S ok,D8 AP O, % %R SATRMEL 2P cne
obtained was injected STN liquid crystal (a product of Merck)
S5 to obtain a liquid crystal display device.

The liquid crystal display device thus obtained was
evaluated with respect to its cell gap, discoloration and
cold bubbles in the following manner.

10 (a) cell gap

Using a film thickness meter (TM-005, manufactured and
sold by Canon Inc.), cell gaps of a plurality of spots were
measured to obtain an average cell gap and a dispersion (3 o)
of cell gap.

15 (b) Discoloration

The presence of the discoloration of displayed images

was judged by visual observation.

{c) Cold bubble

Ten (10) pieces of the cells for liquid crystal display

20 device as prepared above was cooled and maintained at -30°C,

and the température was raised to ordinary temperature. The

cells thus treated were visually observed to find and count

the number of cells in which the cold bubbles formed was

found.

25 Results obtained are shown in Table 2.
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transm ttance T[err] is given by the fornmula I[err] = log(k/T[err]).
Because optical absorbance is proportional27o particle concentration, the
absorbance of the particles having the particle concentration of 100% that
I's, the absorbance I[err] 37 of the particles thenselves, is calcul ated
on the basis of the equation of Iferr] = 100 I[err] = 100 log (I/T[err])

Further, assum ng_that the spherical spacer particles to be tested are
char ged intoEF%@ganglay cell in such a manner 5 that the transmtting

I fill it h ' I, Cl n n her in _th
|ayers may be fi1}ed wih said particles gegnected Lp ong aggther finthe

ammonia water and 205 g of pure water was added 17.5 g of
ethyl silicate (28% by weight in terms of SiO2) with stirring
5 at 35°C. Thereafter, the stirring was continued for
additional 2 hours to obtain a seed particle dispersion
containing silicé.particles in an amount corresponding to
0.5% by weight in terms of SiOj3.
To 974 g of the seed particle dispersion obtained above
10 was first added gradually 2 g of the same silicic acid
solution (SiOz concentration: 5.0% by weight) with stirring
at 35°C as in Example 1, and was then added gradually 47 g of
an ethanol/water mixed solution (weight ratio 1.0/0.8)
simultaneously with 10.5 g of ethyl silicate (28% by weight
15 in terms of Si0O2). In this case, the pH of the reaction
mixture was maintained at 11.5 by the addition of ammonia
gas.
The above-mentioned operation was repeated until the
predetermined amounts of the above-mentioned compounds were
20 added over a period of 19 hours so that the outermost layer
of the silica particle could become a layer composed of a
polymerizate resulting from polymerization of the silicic
acid solution. The total amount of each compound thus added
included 117 g of the silicic acid solution, 2698.5 g of the

25 ethanol/water solution and 606 g of the ethyl silicate.




thi ckness of said transmitting |layers, and taking an absorbance of the
particles having a particle diameter of dolgerr]mas I[err] and taking a
transmttance of said particles as TD, 10 the foll owi ng equations are
derived therefrom because the absorbance is proportional to the thickness
of the transmtting layer. I[err] = (d/500) x I[err] = (d/5) x log
(I/T[err]) 15 =log (I/T[err]) and accordingly TD = (T[err])[err]
From TD obt ai ned Afteant i thei ognp het bovet egldit oors, of hehd iwitta lc cvernage of
the spherical spacer particles was calculated according to the follow ng
equation. 2¢he compounds ¢ gihe coed aprri=iqbe disgersion, 204 g of an

aqueous NaOH solution (1 wt %) was added to the reaction

mixture, and the resulting mixture was held for 2 hours at

5 70°C to obtain a dispersion in which silica particles were

monodispersed.

Subsequently, the silica particles were separated from
this dispersion, and the separated particles were dried at
200°C to obtain particles for spacer.

10 A liquid crystal display device was prepared by using

the spacer particles thus obtained was then evaluated in the

same manner as in Example 1.

Ezsa_mglh_e_a

15 To 974 g of the silica particle dispersion obtained in
Example 2 were added simultaneously while maintaining at 65°C
over a period of 19 hours 1103 g of an ethanol/water/ammonia
mixed solution (weight ratio 1.0/2.5/0.2) and 627 g of ethyl
silicate (28% by weight in terms of SiO2). The resulting

20 dispersion was then maintained at 70°C for 2 hours. To this
dispersion was added at 70°C over a period of 6 hours 1263 g
of the silicic acid solution of Example 1, whereby a
monodisperse silica particle dispersion was obtained.

Subsequently, the particles for spacer were prepared in the
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C. -Preparation of display device and evaluation thereof Aliquid crystal
di spl ay device using the spherical spacer p@rticles obtained above as a
spacer between the display electrodes was prepared in the follow ng manner,
and 38 the display device thus prepared was evaluated with respect to
Its characteristics. First, 1 g of the spacer particles were dispersed in
100 g of an epoxy resin for sealing (a product of Mtsui Toatsu 5
Chenmi cal s, | eane trawit@aias ain iBlerpiposid tfolnlowlte biynkheospos tevenl udtuison
obt ai ned was applied by neans of a screen
as in Example 1. _
Comparative Example 1
In a mixed solution comprising 486.5 g of ethanol and
5 398 g of pure water was dissolved 71.7 g of ammonia gas with
stirring at 35°C. To the resulting mixture was added 17.4 g
of ethyl silicate and stirred for 2 hours, to which was then
added 3.3 g of an agueous NaOH solution (1 wt %). The
mixture thus obtained was subjected to ultrasonic wave
10 treatment, whereby a seed particle dispersion was obtained.
To 974 g of the thus obtained dispersion was gradually
added with stirring at 35°C and controlling the pH to 11.5
with ammonia gas a mixed solution of 1508.6 g of ethanol and
3006.8 g of pure water simultaneously with 2268 g of ethyl
15 silicate over a period of 19 hours. To the resulting
dispersion was added 204 g of an aqueous NaQOH solution (1 wt
%), and the mixture was aged for 2 hours by heating at 70°C.
Subseguently, to 46.3 g of the dispersion obtained in
the manner as mentioned above were added a mixture of 1356 g
20 of ethanol and 3377 g of pure water, and 2874 g of ethyl
silicate and the resultant mixture was aged under the same
conditions as above.

Particles separated from this dispersion were dried at

200°C to obtain the powdery silica particles for spacer.
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printer to the periphery of an alignnment filmof a |am nate conprising
successively on a polished glass substratg,02 cmx 2 cm for liquid crystal
di spl ay device a transparent 10 el ectrode and alignnent filmto obtain a
substrate for liquid crystal display device of |arge size display part.
Subsequently, in a spray booth kept at 60[err]C and 3% RH wherein the
substrate for liquid crystal display device of |arge size display part had
been pl aced, a di Sher seeorugknondlofsthg bhushebtaipedpaparepapeirtlied ess
above in 1 liter of ethyl alcohol was sprayed over the portion of said

substrate, t®@ilhi ERsRECSehPi hjeiespreragebpaRtappri edanshersubdt vadae apd - -

treated was then predried at 90[err]C for 30, mnutes, and thereafter this
substrate an894RBPAEACRUKEELSt HaRaGPREUCREG2HD tRENEARE, BEPARE &S dBove
were put on %ggmgﬁee%ch ot her so that

5 Results obtained are shown in Table 1.
Further, the same liquid crystal display device as in
Example 1 was prepared using as a spacer the powdery silica
particles obtained above, which was then measured in the same
manner as in Example 1 with respect to its cell gap,
10 discoloration and cold bubbles.

Results obtained are shown in Table 2.

Table 1

Average

particle cv Aggregation

diameter value ratio

([m) (%) (%)
Example 1 6.10 1.4 1.7
Example 2 1.00 1.8 0.2
Example 3 1.40 1.9 0.9
Comparative
Example 1 6.02 2.2 17.2
15
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the alignment filns thereof could face each other, and the sealing resin
was cured by heating at 150[err]C for 1 haid under a pressure of 3 kg/cng,
whereby a cell for liquid crystal display device of large size display part
was prepared. In 39 the same manner as above, there were prepared 10

pi eces of the cells in all. Aliquid crystal display device was prepared by
injecting a liquid crystal into the portTdn®f2the cell for 5 liquid
crystal display device, to which no sealing resin had been applied.

Cell Dispersion Irregular Cold
gap color bubble
(Hm) (pm) '
Example 1 5.87 0.04 None 0
Example 2 0.98 0.04 None 0
Example 3 1.37 0.05 None 0
Comp.Ex.1 5.85 0.12 Slightly 4
observed
5 Example 4
A. Pxr ration of monodi r ilica particles

n valuation thereof
To a mixed solution of 350.2 g of ethanol and 16.4 g of

tetraethoxysilane containing no methoxysilanes was added a
10 mixed solution of 350.2 g of ethanol, 78.0 g of 2E% ammonia

water and 5.4 g of pure water, and the resulting mixture was

stirred for 2 hours to obtain a seed particle dispersion.

During this operation, the temperature of the reaction

mixture was maintained at 15°C. The seed particles present
15 in the seed particle dispersion obtained had an average

particle diameter of 0.19 pm and a CV value of 0.5%, and the

dispersion had a solids concentration of 0.59% by weight

(calculated as SiOjp).

To 800 g of the seed particle dispersion obtained above

20 was added a mixed solution comprising 842.5 g of
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The cell for the liquid crystal display device thus prepared was cut off at
the central portion, right side portion and2 eft side portion by neans of a
di anond cutter, 10 and the thickness of these three portions was neasured
by neans of an el ectron mcroscope. Table 7 shows the average thickness and
di spersion thereof (an average of values of thickness of three portions :
(central, right and left sides) of 10 cells and a standard deviation). 15-
Exanpl e 8 To o7ergebhoxyiel beee-Papentr &0 NG PR SRR T2t Aheth oy the sane

procedure as in Exanple 7 were %raduall added with s7; rrlgg at. 35[err]C a
ni xed sol utldealb*eS%' g3b8 EtRANPT ABMGNHR WBGSLMARM L R#¥901 g of -

pure vter, and 416 g 0f 20 bisggely1ASst NGt 1 ASERT PR, AT U

reaction mixture at 35°C.

5 Successively, to this reaFtion mixture was added a mixed
solution of 1403 g of ethanol, 477 g of 28% ammonia water and
17 g of bure water; and thereafter to the resulting reaction
mixture was added while maintaining at 35°C a mixed solution
comprising 1047 g of the tetraethoxysilane-B, 494 g of

10 ethanol, 395 g of 28% ammonia water and 954 g of pure
water over a period of 19 hours.

Furthermore, to 4110 g of the silica particle dispersion
obtained above was added a mixed solution of 976 g of
ethanol, 527 g of 28% ammonia water and 19 g of pure water,

15 and thereafter to the resulting dispersion was added while
maintaining at 35°C a mixture of 853 g of the
tetraethoxysilane-B, 403 g of ethanol, 322 g of 28% ammonia
water and 777 g of pure water over a period of 15 hours.

The monodispe;sed silica particles present in the silica

20 particle dispersion thus obtained had such properties as
shown in Table 4.

The average particle diameter of the monodispersed
silica particles was measured by means of a particle size
measuring apparatus (CAPA-700, manufactured and sold by

25 Horiba Seisaku-Sho K.K.).
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wei ght) over a period of 5 hours. To the resulting dispersion were added
gradually a m xed solution of 480 g of etBd&nol, 372 g of 28% ammoni a wat er
and 816 g of pure water, and 985 g of ethyl silicate (Si Q2: 28% by wei ght)
over a 25 period of 10 hours. 40 The di spersion thus obtained was
heated at 70[err]C and kept at that tenperature for-2 hours to obtain a

di spersi on contai ning cartlcles for ' ' 2 as a core wth
Ti® and Si @ succe&si¥é ) s -eH€
tenperature of 110[err]C and

Using the silica particles separated from the silica
particle dispersion obtained in the above-mentioned manner as
5 a spacer, a liquid crystal display device was prepared by the
same manner as in Example 1, and the display device thus
obtained was evaluated in the same manner as in Example 1
with respect to the cell gap, discoloration of the displayed
images and cold bubbles formed in the display section.

10 Results obtained are shown in Table 5.

Examples S and 6

A seed particle dispersion was obtained in each example
by repeating Example 4 except that the tetraethoxysilane-A
was used in Example 5 and the tetraethoxysilane-B was used in

15 Example 6.

Subsequently, monodispersed silica particles were
obtained by repeating the same operation as in Example 4
except that the above—mentioned_seed particle dispersion and
the tetraethoxysilane-B were used.

20 Using the silica particles obtained above as a spacer,
liquid crystal display devices were prepared by the same
manner as in Example 1, and the display devices thus obtained
were evaluated in the same manner as in Example 1 with
respect to the cell gap, discoloration of the displayed

25 images and cold bubbles formed in the display section.
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then heat ‘treated in an atnmosphere of air at a tenperature of 350[err]C for
3 hours to obtain such black spherical spagar particles as shown in Table

6. Using the spherical spacer particles thus obtained, a

10 liquid

crystal display device was prepared in the same nmanner as in Exanple 7,
whi ch was then evaluated in the same manner as in Exanple 7. Results
obt ai ned are shown in Table 7. Exanple 9 15 To 500 g of the seed

particle dispersi & suAtosbdiaiadd pexshgvwe Anndedlgdded
stirring at 35[err]C a m xed solution of 66 g of ethanol,

gradually with
52 g of 28%

ammoni a water and 154 g of pure water, and ethyl silicate (Si(err]: 28% by---

wei ght) over a period of 5 hours to obtain a seed particl

e di spersion

Table 3
5 Tetraethoxysilane containing methoxysilanes
Methoxysilanes/ {CH30] . [C2H50] 4-n.S1i

tetraethoxysilane Added amount (SiO; mol$%)

(mol/mol) n=4 3 2 1
10 A 3.71 x 1072 0 0 0.36 3.22
B 2.43 x 102 0 0 0.24 2.14
Table 4
15
Average
particle Ccv " Aggregation
diameter value ratio
(1m) (%) (%)
Example 4 2.42 0.6 1.0
Example 5 2.40 1.9 0.6
Example 6 2.40 1.0 1.2
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20 (C containing grown Si Q2 particles. To 800 g of the seed particle
di spersion (C) were added 349 g of ethanoBS 97 g of 28% ammoni a wat er and
279 g of pure water. To the resulting seed particle dispersion (C) were
added gradually with stirring at 35[err]C a m xed sol ution of 67 25 g of
et hanol, 52 g of 28% anmmoni a water and 144 f pure 41 water, 127 g of
the sanme ethyl silicate as above and 70 b? g zirconi um conpl ex over a
period of 3 hours. The dispersion thus obtained was heated at 70[err]C and

kept 5 at that tenperaturééifr 2 g Qﬁéré ogbta|9r 8er3|on Cold

gap color bubble
(Hm) (Hm)
Example 4 2.40 0.06 None 0
Example 5 2,41 0.07 None 0
Example 6 2.39 0.05 None 0
5 Example 7
A, Preparation of particles for §Q§¢§r

To a mixed solution of 487 g of ethanol, 256 g of 28%
ammonia water and 205 g of pure water was added 17.4 g of
ethyl silicate (SiOz: 28% by weight) with stirring at 35°C,

10 and the stirring was then continued for 2 hours to obtain a
seed particle dispersion (A) having dispersed in a
water/alcohol mixture the seed particles in an amount
corresponding to 0.5% by weight in terms of SiO,.

To v71 g of the seed particlie dispersion thus obtained

15 were added simultaneously with stirring at 35°C a mixed
solution of 57 g of ethanol, 44 g of 28% ammonia water and 83
g of pure water, and 418 g of bisacetylacetonato-diisopropoxy
titanium (TiO2: 10% by weight) over a perlod of 6 hours.

The resulting dispersion was then heated at 70°C and

20 held at that temperature to obtain a dispersion containing

particles each formed by laminating SiOs particle as a core
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containing particles formed by lamnating SiO2 as a core with a mixture of
Sigerr] and Zrgerr]. The dispersion obta3ed in this manner was heated at
110[err]C to renove the solvent therefrom whereby such-white 10

spher.i cal spacer particles as shown in Table 6 were obtained. Using the
spherical spacer particles thus obtained, a liquid crystal display device
was prepared by the same_procedure as, . in Exang e 7, I ch s then

eval uat ed inwf%E 2ae ﬁaﬁﬁ@?ras THeEgéﬁﬁﬁgsi 15hus obtag & Htheithed
are shown in Table 7. Table Aver a |ght

€ rt
Exanpl e H?%ﬂe?@ra tempqg@tyg@u%f %ﬁ Cgvgpaﬁgtaln white powders

Further, the white powders thus obtained were heated in
an atmosphere of air at 200°C for 3 hours to obtain white
5 spherical spacer particles.
B. Evaluation of spacer particle for display device
Following the same procedure as described in.Example 1,
the average particle diameter and CV value of the spherical
spacer particle thﬁs obtained were obtained.

10 Further, the light coverage of the above-mentioned
spherical spacer particles was obtained in the following
manner.

That is, the spherical spacer particles are thoroughly
dispersed in an aqueous solution of 40% by weight of glycerol

15 +to obtain a dispersion having the concentration of 1% by
weight of the particles. The thus obtained dispersion is
placed into a quartz cell for measuring transmittance,
wherein the thickness of the transmitting layer is 0.5 mm, to
measure a transmittance Tj; by means of a haze computer.

20 The optical absorbance Ij corresponding to the
transmittance T3 is given by the formula I; = log(l/T;i).

Because optical absorbance is propértional to particle
concentration, the absorbance of the partigles having the

particle concentration of 100%, that is, the absorbance 1jqg
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([err]m
22 8

1.96
([err]m
0.98

10

15

20

(9% (% 7. 1.01 1.98
1.01 1.98 37 50 9 1.02
20 42 Table 7 Cell gap Di spersi on Exanpl e
([errlm 7 1.05 0.05 8
~ 0.04 9 1.05 0. 05

of the particles themselves, is ca;culated on the basis of
the equation of Ijgo = 100 I3 = 100 log (1/Ty).

Further, assuming that the spherical spacer particles to
be tested are charged into the display cell in such a manner
that the transmitting layers may be filled with said
particles connected to one another in the direction of the
thickness of said transmitting 1ayefs, and taking an
absorbance of the particles having a particle diameter of d
Mm as Ip and taking a transmittance of said particles as Tp,
the following equations are derived therefrom, because the
absorbance is proportional to the thickness of the
transmitting layer.

Ip = (d/500) x Ij00

= (d/5) x log (1/Tj})
=" log (1/Tp) and accordingly

Tp = (T1)4/5

From Tp obtained by utilizing the above-equations, the
light coverage of the spherical spacer particles was
calculated according to the following equation.

Light coverage = 100 - Tp

C. Preparation of display device and evaluation thereof
A liquid crystal display device using the spherical
spacer particles obtained above as a spacer between the

display electrodes was prepared in.the following manner, and
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5 Vi sual observation was conducted so as to ascertain whether or not
aggregated particles are present in the di $pgrsed spacer particles in the
di splay sections of the liquid crystal display devices obtained i n Exanpl es
7 to 9, whereupon no aggregated particles were observed. 10 When

I mages di splayed by driving these liquid crystal display devices obtained
above were inspected, no irregular density and irregul ar color were
observed in cHeh déspéavadavike &bhusr R¥ersrechragi spprayatefindits waspect

excel | ent. - 43 - Cainms | |
to its characteristics.

First, 1 g of the spacer particles were dispersed in 100
g of an epoxy resin for sealing (a product of Mitsui Toatsu
5 Chemicals, Inc.) to obtain an ink composition. The ink

composition thus obtained was applied by means of a screen
printer to the peripher§ of an alignment film of a laminate
comprising successively on a polished glass substrate, 2 cm x
2 cm, for liquid crystal diSplay device a transparent

10 electrode and alignment film to obtain a substrate for liquid
crystal display device of large size display part.

Subsequently, in a spray booth kept at 60°C and 3% RH

wherein the substrate for liquid crystal display device of
large size display part had been placed, a dispersion of 0.01

15 g of the same spacer particles as above in 1 liter of ethyl
alcohol was sprayed over the portion of said substrate, to
which no sealing resin had been applied. The substrate thus
treated was then predried at 90°C for 30 minutes, and
thereafter this substrate and another substrate having the

20 same structure as above were put on top of each other so that
the alignment films thereof could face each other, and the
sealing resin was cured by heating at 150°C for 1 hour under
a pressure of 3 kg/cmz, whereby a cell for liquid crystal

display device of large size display part was prepared. In
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5 1. © Aliquid crystal display device conprising a pair of transparent
substrates (2) each having fornmed thereon3® transparent el ectrode (2a),
sai d transparent substrates being arranged so that said transparent

el ectrodes may be opposite to each other through a 10 spacer interposed
bet ween said transparent el ectrodes, wherein said spacer is conposed of
spherical particles (1) having a coefficient of variation (CV value) in
particle di drite esamé WORNABr @St AAAVEL, BRETANYAERYrRERRITRA r 5P i BiefemoPLnor e
than 5% and wherein said spherical 15 particles are obtained by: A)
carryi ng outtH§d¥®td8i $Mofltetraet hoxysil ane added to a water/organic

sol vent dispersion of seed particl in th esence of neth si | anes
P A lgqugg cBystai Sgspfay geegce was preparegxgy

injecting a liquid crystal into the portion of the cell for
5 liquid crystal display device, to which no sealing resin had
been applied.

The cell for the liquid crystal display device thus
prepared was cut off at the central portion, right side
portiqn and left side portion by means of a diamond cutter,

10 and the thickness of these three portions was measured by
means of an electron microscope. Table 7 shows the average
thickness and dispersion thereof (an average of values of
thickness of three portions (central, right and left sides)
of 10 cells and a standard deviation).

15 Exam

To 970 g of the seed particle dispersion (A) obtained by
the same procedure as in'Example 7 were gradually added with
stirring at 35°C a mixed solution of 58 g of ethanol, 45 g of
28% ammonia water and 101 g of pure water, and 418 g of

20 Dbisacetylacetonato-diisopropoxy titanium (TiO2: 10% by
weight) over a period of 5 hours. .To the resulting
dispersion were added gradually a mixed solution of 480 g of
ethanol, 372 g of 28% ammonia water and 816 g of pure water,
and 985 g of ethyl silicéte (Si02: 28% by weight) over a

25 period of 10 hours.
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20 ‘ - represented by the following formula [I] (CHerr]OJerr]

(Cerr]Herr]O [err] Si T ... 1] Waegein n is 1-4, thereby
depositing a hydrolyzate of said tetraethoxysilane on said seed particles;
or B) adding tetraal koxysilane and silicic acid solution 25 to a

wat er/ organi ¢ di spersion of seed particles, and depositing a hydrol yzate of
sai d tetraal koxysilane and a polynerizate of said silicic acid on said seed
particle. 30 2The disppgaidncEysapPlpipedyvasvieated ataiftd apdckarm 1
wherein the spacer is conposed of spherical gartlcles having a CV val ue of

not nore tha®t1tB3% QemperﬂFPFaufﬂrc?yE?ﬁFsd QpPal2HRVE c18BeEFAPRed in 35

claim1 or Cé@ﬁ@égnﬁﬁgrSértlgfegp?%%&easb§0938§§9t9£g Si02 as a core with

TiO2 and Si0O2 successively.

5 This dispersion wés dried at a temperature of 110°C and
then heat treated in an atmosphere of air at a tempgrature of
350°C for 3 hours to obtain such black spherical spacer
particles as shown in Table 6.

qSing the spherical spacer particles thus obtained, a
10 1ligquid crystal display device was prepared in the same manner
as in Example 7, which was then evaluated in the same manner
as in Example 7.
Results obtained are shown in Table 7.
Example 9
15 To 500 g of the seed particle'dispersion (A) obtained in
Example 7 were added gradually with stirring at 35°C a mixed
solution of 66 g of ethanol, 52 g of 28% ammonia water and
154 g of pure water, and ethyl silicate (SiO2: 28% by wecight)
over a period of 5 hours to obtain a seed particle dispersion
20 (C) containing grown SiO; particles.
To 800 g of the seed particle dispersion (C) werc added
349 g of ethanol, 97 g of 28% ammonia water and 279 g of pure
water. To the resulting seed particle dispersion (C) were
added gradually with stirring at 35°C a mixed solution of 67

25 g of ethanol, 52 g of 28% ammonia water and 144 g of pure
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spherical "particles having an aggregation ratio of not nmore than 3% 4.
A liquid crystal display device as clainmedqgiin any of clains 1 to 3 wherein
the spherical particles are laminated with a netal oxide |ayer, said netal
oxi de |l ayer being different in refractive index fromsaid 5 spheri cal

particles. 5. A l'iquid crystal display device as clained in any one of
the preceding clainms wherein the spherical particles are black spheri cal

particles obtaitead By %shjacttiey seaied edgivdr iscidliqediet il @dave erad 10 eatofnt
at

a zirconium complex over a period of 3 hours.

The dispersion thus obtained was heated at 70°C and kept
5 at that temperature for 2 hours to obtain dispersion

containing particles formed by laminating Si0Os as a core with
a mixture of Si0O2 and ZrO».

The dispersion obtained in this manner was heated at
110°C Fo remove the solvent therefrom, whereby such white

10 spherical spacer particles as shown in Table 6 were obtained.

Using the spherical spacer particles thus obtained, a

liquid crystal display device was prepared by the same

procedure as in Example 7, which was then evaluated in the

same manner as in Example 7.

15 Results obtained are shown in Table 7.
Table 6
Average
particle Light
Example diameter CV value coverage
(pm) (%) (%)
7 1.01 1.98 22
8 1.01 ‘ 1.98 50
9 1.02 1.96 20
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10 -a tenperature of above 250[err]C 6. A liquid crystal display N
device as clained in any one of the precedipg claims wherein the spherical
particles are coated with a synthetic resin. 7. A et hod of
manufacturing a liquid crystal display 15 devi ce conprising a pair of
transparent substrates (2) each having fornmed thereon a transparent

el ectrode (2a), said transparent substrates being arranged so that said
transparent el ectrodes may be opposite tTabd&cl¥ ot her through a spacer

i nt erposed between said transparent 20 el ectrodes, wherein said spacer is

conposed of spherical particles wherein said spherl cal particles are

prepared by: A carryl ng out hydr olGesils P t et r R PBRY8iPANe added
xamp e (um) (“_m)
7 1.05 0.05
8 0.98 0.04
9 1.05 0.05
5 Visual observation was conducted so as to ascertain

whether or not aggregated particles are present in the
dispersed spacer particles in the display sections of the
liquid crystal display devices obtained in Examples 7 to 9,
whereupon no aggregated particles were observed.

10 When images displayed by driving these liquid crystal
display devices obtained above were inspected, no irregular
density and irregular color were observed in each device and

the contrast of the displayed images was excellent.
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25 to a water/organi c sol vent dispersion of seed particles in the
presence of nethoxysilanes represented by the followng formula [1]
(CHerr]Oferr] ((err]Herr]O [err] _Sg3 - _——fﬂﬁma%HLmle4,

t her eby depositing a hydrol yzate 30 of said ,m
said seed particles;- or B) adding tetraal koxysil ane IQW' m mf
solution to a water,/organic di spersion of seed particle$, andwdepositing a

hydrol yzate of S&PdMSetraal koxysilane and a pol ymerizate of said 35
silicic acid on said seed particle, and wherein said spherical particles

have a costficignt of yajatign (O, el yelyt0,PaLliake diameter of, not, mre

of transparent substrates (2) each having formed thereon
a transparent electrode (2a), said transparent
substrates being arranged so that said transparent
electrodes may be opposite to each other through a

10 spacer interposed between said transparent electrodes,
wherein said spacer is composed of épherical particles
(1) having a coefficient of variation (CV value) in
particle diameter of not more than 2% and an aggregation
ratio of not more than 5%, and wherein said spherical

15 particles are obtained by:

A) carrying out hydrolysis of tetraethoxysilane added
to a water/organic solvent dispersion of seed
particles in the presence of methoxysilanes

20 represented by the following formula [I]

(CH;0), (C,Hs0),, Si ... [1]
wherein n is 1-4, thereby depositing a hydrolyzate
of said tetraethoxysilane on said seed particles;

or B) adding tetraalkoxysilane and silicic acid solution

25 to a water/organic dispersion of seed particles,
and depositing a hydrolyzate of said
tetraalkoxysilane and a polymerizate of said
silicic acid on said seed particle.

30 2. A liquid crystal display device as claimed in
claim 1 wherein the spacer is composed of spherical
particles having a CV value of not more than 1.5%.

3. A liquid crystal display device as claimed in

© 35 claim 1 or claim 2 wherein the spacer is composed of
spherical particles having an aggregation ratio of not
more than 3%.
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aggregation ratio of not nore than 5%

10

i5

20

25

30

35

RO

4. A liquid crystal display device as claimed in any
of claims 1 to 3 wherein the spherical particles are

laminated with a metal oxide layer, said metal oxide
layer being different in refractive index from said
spherical particles.

5. A liquid crystal display device as claimed in any
one of the preceding claims wherein the spherical
particles are black spherical particles obtained by
subjecting said spherical particles to heat treatment at
a temperature of above 250°C. '

6. A liquid crystal display device as claimed in any
one of the preceding claims wherein the spherical
particles are coated with a synthetic resin.

7. A method of manufacturing a liquid crystal display
device comprising a pair of transparent substrates (2)
each having formed thereon a transparent electrode (2a),
said transparent substrates being arranged so that said
transparent electrodes may be opposite to each other
through a spacer interposed between said transparent
electrodes, wherein said spacer is composed of spherical
particles wherein said spherical particles are prepared
by:

A) carrying out hydrolysis of tetraethoxysilane added
to a water/organic solvent dispersion of seed
particles in the presence of methoxysilanes
represented by the following formula [I]

(CH.O)pn (C.HsO) 4o Si R & 4
wherein n is 1-4, thereby depositing a hydrolyzate
of said tetraethoxysilane on said seed particles;

Oor B) adding tetraalkoxysilane and silicic acid solution
to a water/organic dispersion of seed particles,
and depositing a hydrolyzate of said
tetraalkoxysilane and a polymerizate of said

silicic acid on said seed particle, and
wherein said spherical particles have a
coefficient of variation (Cv value) in
particle diameter of not more than 2% and an

aggregation ratio of not more than 5%. .
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ABSTRACT

In the liquid crystal display devices according to the
present invention, the spacer used for deciding the cell gap
of the display cell comprises spherical particles having a CV
value of not more than 2% and an aggregation ratio of not
more than 5%, hence the occurrence of irregular density and
irregular color of the displayed images is inhibited and also
the formation of cold bubbles in the display cell is

inhibited.

Figure 1 @ML}E :
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