LI QUI D CRYSTAL DI SPLAY CELL SPACER AND | LFQUID

CRYSTAL DI SPLAY CELL - 5 TECHNI CAL FI ELD

The .present invention relates to a liqpid crystal display cel |l spacer
witfi i nproved in coloring effect and I1ght shielding effect and to a
liquid crystal displayosehl crvishaiSeTsprav fe20iSPACER AND

BACKGROUND ART Wiile the Iiquid crystal display cell has been
used wi dely in a var LEQPIbr CRYSEALoRISPESY #8841 such as personal
conputers and portabl e el ectronic devices, there has been nuch 15 need
fer inproving its performance by increasing its display contrast of
I mges. Japanese Kokai Publi cafECHNIMAIOFIERSN 17 di scl oses such a

t echnol ogy which conprises di spgsing t tr.ans ent .
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each ot h@élﬁng?acbirqw_iﬂhc"i)hﬁk@'veﬂeﬁﬁebw@r'ihg effectanghd dhigthtbet wveen sai d
substrates, with particles of a 20 col ored spacer belnqhdlspersed on

the entishicldingesféectnand to aslierig exrvistiadn 12y syt (yge
l'iquid Cﬁﬁéfébfso as to prevent deterioration of the display contrast
of i mages. * The liquid crystal display cell spacer for such a

hi gh- 25 contrast liquid crystal display cell nust have been colored to
a

ep shade. Wile nmany product | t?ﬁ&i ve heretofore been
proposed for the fabrication pf_gﬁgﬁgﬁq ié# rystal di splay cel
spacer, they ggnjBerhaughlyid \ﬁ'r?%%aﬂl”ﬁﬁstﬂlﬁy cell HRENNRISDIEE ch

conprises dyeing polymer particlés previously manuf actured and the
t echnol ogjdemychncanyarietyvdpdi edestronic goipmentpaudiciass persdmakourse

of their cture, T t n [ ' '
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discloses such a technology which comprises disposing two
transparent electrode-carrying substrates with the respective

electrodes facing each other and a liquid crystal hermetically

I C
contrast of 1lmages. Japanese

sandwiched between said substrates, with particles of a

20 colored spacer being dispersed on the entire surfaces of the
substrates which are adjoining to the liquid crystal so as to
prevent deterioration of the display contrast of images.

The 1liquid crystal display cell spacer for such a high-

contrast liquid crystal display cell must have been colored to
a deep shade. While many production methods have heretofore
been proposed for the fabrication of such a liquid crystal

display cell spacer, they can be roughly divided into the
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technology which comprises dyeing polymer particles previously
manufactured and the technology which comprises dyeing
polymer particles in the course of their manufacture.

The technology which comprises dyeing polymer particles
previously manufactured includes the following processes.
Japanese Kokal Publication Hei-1-144429 describes a process
which comprises treating polymer particles with an acid and
then dyeing them. Japanese Kokai Publication Hei-1-207719
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then dyeing them Japanese Kokai Publication Hei-1-207719 '

2 discl oses a process which conprises subjecting pol yner .
partjcles to heat treatnment at 200 to 00[err]C to provide flane-

resistant sintered particles. Japanese Kokai Publication Hei- 5-165033
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or a salt thereof are d{gd mnth a basi c dye. Furt her nor e,

JapaneseP@@ﬁ%@ emblntat the sarfacgslayers Of QFgéPége?OAYEﬁ6cess whi ch
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acidic ol ve ure, while
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cohbri ses dlgg slng an oQi ution of an oily,dye uniformy in an
aqueous PRIYMY ¢PREALNINg aeégn Pnguﬁ951@Hﬂﬂ396ﬁuﬂﬁtHnaﬁ solutdemy si on of

pol ymer @antsfhPigSanasxiQigyRqt §eRf tbChBE. the oxidizing agent
adsorbed or impregnated, adding at least one member selected
from the group consisting of 5-membered heterocyclic compounds
20 and aromatic hydrocarbons, and causing the mixture to undergo
chemical oxidative polymerization. Disclosed in Japanese
Kokoku Publication Hei-4-27242 is a process in which
particles of a water-soluble polymer available upon
polymerization of an ethylenically unsaturated sulfonic acid
55 compound or a salt thereof are dyed with a basic dye.
Furthermore, Japanese Kokai Publication Hei-3-351639
discloses a process which comprises dyeing polymer particles
comprising amino resin with an acidic dye in the presence of
a solvent at high temperature, while Japanese Kokai
30 Publication Hei-4-363331 discloses a process which comprises
dispersing an oily solution of an oily dye uniformly in an
agqueous medium, mixing the resulting dye emulsion with an
emulsion of polymer particles so as to dye the particles.
However, this technology of coloring polymer particles
prepared beforehand not only entails high production costs but

also has the drawback that the performance and quality
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However, this technol ogy of col oring polyner parti'cl es 35 prépared

bef orehand not only entails high production costs but al so has the
drawback that the performance and qualgity charcteristics of
t her final product cannot be easily control | ed. The
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process liabld &o dix8elivg cutt quid crystal display cell spacer which
Japanese Kokoku Publication Hei-4-59321 discloses a

process for producing a liquid crystal display cell spacer

which comprises mixing a lipophilicity-imparted pigment with a

20
monomeric component comprising a polyfunctional vinyl

compound and an lipophilic vinyl compound and subjecting the
mixture to suspension-polymerization in an aqueous medium.
This process is conducive to improvements in the

,;  dispersibility of the pigment and solvent resistance but in
order to insure a substantial absence of the pigment on the
spacer surface, the vinyl compound must be subjected to a
suspension polymerization or emulsion polymerization as a
post-treatment. Since this process involves two stages of
polymerization, the production cost is high of necessity.

Japanese Kokal Publication Hei-7-2913 describes a process

for producing a liquid crystal display cell spacer which
comprises mixing a pigment uniformly with a (meth)
acrylonitrile~containing polyfunctional ethylenically
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unsaturated component and subjecting the mixture to suspension
polymerization in an aqueous medium. However, this
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conprises nmxing a pigment uniformy with a (neth) :
acrylonitrile-containing polyfunctional ethylenically 35 unsat ur at ed

conponent and subjecting the mxture tpo suspension pol ymeri zation in-
ﬁqueous medi um However, this 4
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relates, I1n a first aspect, to a urd c ystal dis ay cel |l spacer
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_ SUMMARY OF THE INVENTION
The present invention has for its object to solve the
above problems and accordingly provide a liquid crystal
display cell spacer with improved coloring effect and light
shielding effect and satisfactory electrical, physical,
chemical, and optical properties and a liquid crystal display
cell with use thereof.
The present invention relates, in a first aspect, to a
liquid crystal display cell spacer comprising surface-coated
carbon black. This liquid crystal display cell spacer can be
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advantageously applied to liquid crystal display cells.

The present invention relates, in a second aspect, to a
liquid crystal display cell spacer comprising a pigment

30 component comprising carbon black and at least one set of

organic pigments of dissimilar colors other than carbon
black. This liquid crystal display cell spacer can be
advantageously applied to liquid crystal display cells.

The present invention relates, in a third aspect, to a
liquid crystal display cell spacer comprising a pigment
component comprising surface-coated carbon black and at least
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organi ¢. pignents of dissimlar colors other than carbon bl ack. This
liquid crystal display cell spacer can be advant ageously applied to
liquid crystal display cells. 5 The present invention relates, in-a
thijyd aspect, to a 35 liquid crystal display cell spacer conprising a
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t he present i nvention; in which the reference nuneral 1 represents a

t r anspar@fRechRf (Bhe 1nventigheparent el ectrode, 3 an al i gnnent

| ayer, 4 a transparent substrate, 5 a transparent el ectrode, 6 an
orientation control film 7 a substrate, 8 a spacer, 9 a substrate, 10
a sealing nenber, 11 neBRIEE DESURIPTION OFySHEI BRAWIZNGSpol ari zi ng sheet,
ant®13 a pol URE, OF
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t he inventionn haswhichatbhd sefernencenhnumepadcludepresesdbuti on and 25

transparent substrate, 2 a transparent electrode, 3 an
alignment layer, 4 a transparent substrate, 5 a transparent
electrode, 6 an orientation control film, 7 a substrate, 8 a
spacer, 9 a substrate, 10 a sealing member, 11 nematic liquid
crystals, 12 a polarizing sheet, and 13 a polarizing sheet.

15

DISCLOSURE OF THE INVENTION

The first aspect of the present invention relates to a
liquid crystal display cell spacer comprising surface-coated
carbon black. _ |

The carbon black for use in this first aspect of the
invention has a coated surface which precludes dissolution and
diffusion of its impurities. By using this surface-coated
carbon black, the electrical resistance of the liquid crystal
display cell spacer can be prevented from reducing even if its
proportion is increased and, moreover, the dispersibility of
carbon black is improved so that sufficiently deep black
shading of the spacer can be achieved with a smaller amount
of carbon black. The coating can be applied'by, for example,
using a thermoplastic resin.

As used throughout this specification, the term
"impurities™ means the contaminants which are unavoidably
contained in ordinary carbon black and, if dissolved out and

20
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di ffusion of its inpurities. By using this surface-coated 'éarbon

bl'ack, tHe electrical-resistance of the Ii quid crystal di splay cell
spacer can be prevented from reducinggeven if its proportion is
i ncgteased and, noreover, the dispersibility of carbon black is
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not %qquat]e&)i] ‘nannel bl ack, roll black, furnace bl ack, and

thermal bl ackthe thermdpléré&é hesemp! B5thet fp&tﬂmﬁlé}@lypﬁéétﬁﬂb@éahn
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pol yest aresias, matprﬁa/hmemm-emdufm MnaalérmaaeldSresmsl fluma)piaeabydiene
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chl ori nd:t%eﬁillf ot rie e%s?%ﬁl%r cEOVBATONE ok eSIfpese
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resin, urea resin, etc. These resins may be used
independently or in combination.
The technique for coating the surface of carbon black
with the above-mentioned thermoplastic resin is not
restricted. A typical method comprises pulverizing carbon
black in the presence of a hydrophobic medium containing said
thermoplastic resin by means of a crusher such as a ball mill

20

or the like. An alternative method comprises mixing an
25 agueous dispersion of carbon black with a hydrophobic medium
containing said thermoplastic resin to prepare an emulsion and
removing water by heating. In a further alternative process,
a hydrophobic medium containing said thermoplastic resin is
heated beforehand,an aqueous dispersion of carbon black is
added with stirring, and the water is simultaneously distilled
off. The surface-~coated carbon black thus obtained can be

precipitated by mixing the system with a lower alcohol, e.q.

30

ethanol or isopropyl alcohol, which is miscible with the
hydrophobic medium, and recovered by filtration or
decantation.

35
The liquid crystal display cell spacer according to the



t hernmopl astic resin by means of a crusher such as a ball mll ° or the
| rke. An-alternative nethod conprises m xing an 25 aqueous di spersion of
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n-butyl mehUmEEethhtPehi! bachxkal ethdseiRkhi@ing stkwtairated
carboxylic acids such as acrylic acid, methacrylic acid,
maleic acid, maleic anhydride, fumaric acid, crotonic acid,
itaconic acid,etc.; acrylic esters such as methyl acrylate,

20 ethyl acrylate,n-propyl acrylate, isopropyl acrylate,

n-butyl acrylate, t-butyl acrylate, 2-ethylhexyl acrylate,
stearyl acrylate, etc.; methacrylic esters such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
n-butyl methacrylate, t-butyl methacrylate, 2-ethylhexyl
methacrylate, lauryl methacrylate, stearyl methacrylate,
dodecyl methacrylate, glycidyl methacrylate, B -hydroxyethyl

methacrylate, hydroxymethyl methacrylate, etc.; styrenic

25

monomers such as styrene, vinyltoluene, a -methylstyrene,
p-methoxystyrene, t-butylstyrene, chlorostyrene, etc.; diene
30 type monomers such as butadiene, isoprene, etc.; ethylene,
vinyl chloride, vinyl acetate, vinyl propionate, acrylamide,
methacrylamide, acrylonitrile, methylolacrylamide, vinyl
stearate, acryl acetate, diallyl adipate, dimethyl itaconate,

diethyl maleate, allyl alcohol, vinylidene chloride,

35
vinylpyridine, N-vinylpyrrolidone, N-hydroxyacrylamide,
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stearyl:.acrylate, etc.; nmethacrylic esters such as net hyl
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triethyl ene yco )yacryl at'e;
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Propor ti Q8uSburds deRChY BBALA TR fig ™ 8P holE vi%91 groups. The
preferred proportion of such crosslinking compounds is 0.005
to 100 weight percent based on the combined amount of the
crosslinking compound and the polymerizable monomer.

The proportion of said polymerizable monomer per 100
parts by weight of the aqueous medium is preferably .1 to 200
parts by weight. If the'proportion is less than 1 part by
weight, the production cannot be profitably carried out. On
the other hand, if the upper limit of 200 parts by weight is
exceeded, it will be difficult to remove the heat of
polymerization.

The proportion of surface-coated carbon black is
preferably 0.1 to 200 parts by weight relative to 100 parts by
weight of the polymerizable monomer. If the proportion is
smaller than 0.1 part by weight, the spacer can hardly be
colored to a deep shade. On the other hand, if the upper
limit of 200 parts by weight is exceeded, the mechanical
strength of the product liquid crystal display cell spacer
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ofl1@at er - sol ubl e mers such as polyvinyl al cohol, "starch,

, . poly :

net hyl cefestbieted in kiadipoxFhsny Ltemayl bee anky difopderyisedubliese,
pol y(sodi hagr tGq; Ri U |&.at ' te, 15
aIuninuﬂ?gg%w%¥%,sggﬁcggnﬁég&g%ﬂggeglggpgﬁdng%%%gp a?§#ﬁ2¥§§frdT8§g%Iay,
diaéogaaamnboxymehhyMEealumnéde hyﬂﬁexyethglce%luloSe, pﬁmy(aﬁﬁﬁ@nﬁion of
sai | sper.sin ent 1s,0.01 t0,20 wei % based .on the
poIynerﬂgﬁgm%cgﬁigﬁﬁs'cﬁﬁﬁoﬁehﬁFlum sulfate'Tﬁéﬁéﬂﬁ@bﬁﬁﬂﬁ@ﬁﬁhn1that can be
used is fﬁﬁ&i 2 t R Ki a be an
aglous éé]o ut'i on §Hlf&{%1’ ga&gtig@_ ggﬁ&%ﬁgt%r'ggﬁg(@%n@éﬁmaﬁ arﬂégl%'
pol yvi nyd¢lay, diatomaoceougokaathyl metadi doxidel powdeacr witicc aci d, gel atin,

The proportion of said dispersing agent is 0.01 to 20
weight % based on the polymerizable monomer component.

The aqueous medium that can be used is not particularly
restricted in kind and may for example be an aqueous solution
of a water-soluble organic compound such as polyvinyl
alcohol, polyacrylic acid, polymethacrylic acid, gelatin,

methylcellulose, polymethacrylamide, polyethylene glycol,

20

polyethylene oxide monostearate, sorbitan tetraoleate,
25 glycerin monooleate, dodecylbenzenesulfonic acid, etc., as
well as water.

In the above aqueous medium is in a microfine fashion
suspended a uniform dispersion of surface-coated carbon black
in said polymerizable monomer. This suspending operation can
be carried out using a homogenizer or the like.

The reaction temperature preferred for said suspension

polymerization is 20 to 100°C. 1If the temperature is below

30

20°C the polymerization reaction rate will not be acceptably
high. On the other hand, if the reaction temperature exceeds

35 100°C , the polymerization reaction can hardly be controlled.
The suspension polymerization time is preferably 1 to 50
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t he Ove Suspension pol ymerizatfon reaction can be separated by
filtration, c®herpblymerdigationt Aaitiater mhatedane beTsed in sadal at ed

lighid c tal displa | I _spacer ,is_rinsed, wt er. or the like
and dri counpeneloinbBYyiErigaRIER 1% not" Batptcul aryy. RIS AT Lt o
that canthasusaelufing But notsiiRgredoroPalzoreonpdunds isudholagparticul arly
restricted t hys |nclud|n%gbut not limted to azo conpounds such as

2, 2" - azoBi 8 seBObsdEPbBLyEONI T 180,  >aabls~2, 4diret hyl val eroni tril e,

> 5 2 onDebRiIVaRek eI, U2, 2 sabh s eSS, T €
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4,4-azobis-4-cyanovaleric acid, dimethyl-2,2'-azobis-
isobutyrate, etc. and organic peroxides such as acetyl
peroxide, decanoyl peroxide, lauroyl peroxide, benzoyl
peroxide, octanoyl peroxide, orthomethoxybenzoyl peroxide,

p~-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide,

20

diisopropyl peroxycarbonate, 2-ethylhexyl peroxydicarbonate,
acetyl cyclohexanesulfonyl peroxide, t-butyl
peroxyisobutyrate, t-butyl peroxypivarate, t-~butyl peroxy-2-
2> ethylhexanoate, di-~t~butyl peroxide, t-butyl cumyl peroxide,
dicumyl peroxide, methyl ethyl ketone peroxide, cumene
hydroperoxide, t-butyl hydroperoxide, etc.
The amount of said polymerization initiator is 0.01 to 30
parts by weight based on 100 parts by weight of the
30 polymerizable monomer. If the proportion is smaller than
0.01 part by weight, the rate of polymerization reaction will
be too low. On the other hand, addition of the initiator in
excess of 30 parts by weight is unnecessary. The preferred
range is 0.1 to 10 parts by weight.

5
3 The preferred liquid crystal display cell spacer
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aspect of the present invention has a mean particle diameter of 0.5 to
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sacrificed.. Nr refe he.coef Lent,of varia

o oat er RUEEETABLY 1 o€ oSt eYent BERELHFISN 1R ndELoPRaRER: TR,
greater 116%, For haiblobetter resulﬂs?rﬂﬁé é@eﬂfﬁéiéﬂﬁ ﬂssﬁétugtéatéﬂd
dif5usi on of ~ inpurities etc. (inclusive of the pignent itself) and

i npart than Hinterfacial chenical m)dlflcatlon to the surface of the 20

lTquid crystat, QrbAYeS%tecPAFE d168615LP6A" anll’ SREFUETSN EE

impurities etc. (inclusive of the pigment itself) and impart
an interfacial chemical modification to the surface of the
liquid crystal display cell spacer, the spacer surface may be
coated with a coating material such as a silane coupling

20

agent as necessary. The coating agent is preferably applied
in a monomolecular layer or as a thin polymer film.
The silane coupling agent that can be used as above is

. not particularly restricted, thus including but not limited to
amino silane coupling agents such as 7y —aminopropyltrimethoxy
silane, N-A -~(aminoethyl)~¢ -aminopropyltrimethoxysilane, 3~
[N-allyl-N-{2-aminoethyl) ]Jaminopropyltrimethoxysilane, 3-(N-
allyl-N-glycidyl)aminopropyltriethoxysilane, 3-(N-allyl-N-

30 methacryl Yaminopropyltrimethoxysilane, 3-(N,N-diglycidyl)
aminopropyltrimethoxysilane, etc.; amide silane coupling
agents such as N,N-bis[3-(methyldimethoxysilyl)propyllanine,
N,N-bis|3-(trimethoxysilyl)propyllamine, N,N-bis[3-
{methyldimethoxysilyl)propyl lethylenediamine, N,N-bisf3-
{(trimethoxysilyl)propyllethylenediamine, N-glycidyl-N,N-bis[3-

(methyldimethoxysilyl)propyl lamine, N~glycidyl-N,N-bis[3-
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coated. wth a coating material such as a sil ane cdupling égent as

necessary. The coating agent is preferably applied I n a nononol ecul ar
| ayer or as a thin polyner film 1 9 The sil ane coupling agent that -
can, be used as above is not particularly restricted, thus including
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nephacry$uem1@spvOﬁmethaaeyhoxygrppyéprSmeNthysgﬂaan¢t¢.; glycidyl
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(trimet hwxyigemamﬁmpyégﬁym@ﬁbamﬁiAéneNegpyci dyl - NN- bi s[ 3-

(met hyl di met hpxush! 1L~,>ﬁ&f@ﬁki&hmﬁfam&fs't%h- MY Rhel Aethod for

12 (trinethoxysi propy mne, etc.; vinyl silane coupling
agent s steveningi bhet siefaoeyof| the, liguyd- criystal display cell

meth il . h | i LI . | i . h
ey L8 S RCeo PR TSRS, 3 0B SR1PLIRA0 R ises 715",
coupl i NgnPERAG StRYCBoABLAGT Afent! wztﬁoxﬁmggmgh&ai[ g?‘?]aam- display ceng etc.;

and nercaptosilane coupling agents suc .
- ner captSPRGRY| 1R aBt hoeyganigeselvent such as wakes pr av pPagaNdg ar

limtati h t hqd in he.. CE.s qui d
cLystaJl%ﬁligéé §%€ﬁ Qg ai@%&?&( Qﬁgﬁiégigh%og%gﬁgkgg ﬁ?h Eiifybﬂ-é| met hod
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al t er natmizingt $aiid cooptingsagent wikhngheaildquadt cnystgdndiwpillayt he |i quid
crystal difpl @Y cer directly and heating the mixture.
The liquid crystal display cell spacer according to the
first aspect of the present invention comprises a surface-
coated carbon black and, therefore, is free from the
dissolution and diffusion of any impurities in the carbon

black, with the result that not only a uniform deep black

20

shade but also a high solvent resistance can be obtained.

25 Furthermore, the surface-coated carbon black is suppressed in
the loss of electrical resistance and improved in
dispersibility compared with the uncoated carbon black, with
the result that it is uniformly dispersed and imparts a higher

30 degree of darkness to the liquid crystal display cell spacer.

The second aspect of the present invention relates to a
liguid crystal display cell spacer which comprises a pigment
component comprising carbon black and at least one set of
organic color pigments of dissimilar colors other than carbon
black.

35
There is no particular limitation on the kind of carbon



cell- spacer directly and heating the m xture. The liquid crysta
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this secuaddaspect of the I nvention, at |east one such set of organlc

cokdr Pl oTent gk Scator Bi§flents constifufthy sR1ATEALS GEOREAY Bh1eg ¢
pigments of dissimilar colors other than carbon black are not
restricted in kind but can for example be selected from among
azo and condensed azo organic color pigments such as
Brilliant Carmine BS, Lake Carmine FB, Brilliant Fast Scarlet,
Lake Red 4R, Permanent Red R, Fast Red FGR, Toluidine Maroon,

Bisazo Yellow, Fast Yellow G, Bisazo Orange, Vulcan Orange,

20

Pyrazolone Red, etc.; organic color pigments in the
phthalocyanine series, such as phthalocyanine Blue, Fast Sky
Blue, phthalocyanine Green, etc.; lake series organic color
25 pigments such as Lake Yellow, Rose Lake, Violet Lake, Blue
Lake, Green Lake, etc.; oxazine series organic color
pigments; and quinophthalone series organic color pigments,
among others.
Referring to said one set of organic color pigments of
30 dissimilar colors other than carbon black, two or more of the
above-mentioned color pigments can be selectively employed.
The combination of said organic color pigments
constituting said one set of organic color pigments of
dissimilar colors other than carbon black is preferably such

35 \ . .
that when said at least one set of organic color pigments of
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pigments of dissimlar colors other than carbon black are not

restricted in kind but can for exanple be selected from anong - azo and
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14 tirapsmitdance vaduet ler ltdmtd:mdﬂn% arid itheudmddaln 1ight

cohp unctJFon with,said carbon .b] f?e?ﬂxl mum spectral transmttance
of the | FgAPEMEE ange Fadlieads according to the second

aspect of therhegaeql h@V@&tr*tQ.'&tﬂ\éQ’f llmltalﬁl%rﬁrﬁri 'RICH ToMIsE raRreN ot h
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uniformity of film surface, the organic pigments are
preferably not greater than 1 gm in particle diameter,
In the pigment component, the preferred proportion of

said carbon black is 5 to 60 weight % and the preferred

20

proportion of said at least one set of organic color pigments
of dissimilar colors other than said carbon black is 95 to 40
weight %. If the proportion of said carbon black is less
than 5 weight % and the j_aroportion of said at least one set
of organic color pigments of dissimilar colors other than
said carbon black is greater than 95 weight %, the excessive
amount of said at least one set of organic color pigments
other than said carbon black tends to detract from the
mechanical strength of the liquid crystal display cell spacer
according to the second aspect of the present inventiop.

If the proportion of said carbon black exceeds 60 weight

25

30

% and that of said at least one set of organic color pigments
of dissimilar colors other than said carbon black is less than
40 weight %, the excessive amount of carbon black leads to an
amplified influence of impurities dissolving and diffusing

35
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carbon black and at least one set of organic color pigments
of dissimilar colors other than carbon black, the necessary
amount of carbon black can be smaller so that the dissolution
20 and diffusion of impurities are decreased. Moreover, the
decrease in electrical resistance can be prevented and, at
the same time, sufficient darkness and satisfactory physical
-properties can be secured. |
The liquid crystal display cell spacer according to the
25 second aspect of the invention can be obtained by dispersing
said pigment component comprising said carbon black and said
at least one set of organic color pigments of dissimilar
colors other than said carbon black uniformly in a
polymerizable monomer and causing the mixture to polymerize.
30 There is no. particular limitation on the method of
polymerization. Thus, suspension polymerization and emulsion
polymerization can be mentioned by way of example but in order
to obtain a uniformly colored liquid crystal display cell
spacer, a suspension polymerization process is preferred.

35 . . ¥ L3
The suspension polymerization process comprises
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shade, while the mechanical strength of the spacer tends to

be sacrificed if the pigment component accounts for more than

180 parts by weight. The particularly preferred range is 3

to 160 parts by weight.

For dispersing said pigment component uniformly in

20

sald polymerizable monomer, the same machine as mentioned for
the first aspect of the invention, for instance, can be
employed. _

05 A dispersing agent may be added for improved
dispersibility of said pigment component. The kind of
dispersing agent and its amount may be similar to those
mentioned for the first aspect of the invention.

The aqueous medium may also be the same medium as

30 mentioned for the first aspect of the invention. |
A uniform dispersion of the pigment component in the

polymerizable monomer is suspended in a microfine fashion in

said aqueous medium. This suspending operation can be
performed using a homogenizer or the like.
The temperature of suspension polymerization may be

35
similar to that mentioned for the first aspect of the
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for the firs
of particle size of the liquid crystal display cell spacer

15 according to the second aspect of the invention may be similar
to those mentioned for the first aspect of the invention.
Where necessary, the liquid crystal display cell spacer
according to the second aspect of the present invention may
20 have been surface-coated with a coating material such as a
silane coupling agent. The silane coupling agent can be
selected from among the compounds mentioned for the first
aspect of the invention.
Since thé liquid crystal display cell spacer according to
the second aspect of the invention contains a pigment
25 component comprising carbon black and at least one set of
organic color pigments of dissimilar colors other than carbon
black, it not only assumes a deep black color despite the
small proportion of the pigment component but also has
10 satisfactory electrical resistance. Moreover, chances for
contamination of the liquid crystals due to the pigment
component are minimized.
The third aspect of the present invention is a liquid
crystal display cell spacer comprising a pigment component
comprising surface-coated carbon black and at least one set of

35
organic color pigments of dissimilar colors other than carbon
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according to the second aspect of the invention.

The mean particle diameter and coefficient of variation
of particle size of the liquid crystal display cell spacer
according to the third aspect of the invention are similar to
those mentioned for the first aspect of the invention.

Where necessary, the liquid crystal display cell spacer

20

according to the third aspect of the invention may have been
covered with a coating material such as a silane coupling
agent. The silane coupling agent may be selected from among

25 the compounds mentioned for the first aspect of the
invention.

Since the liquid crystal display cell spacer according to
the third aspect of the invention contains a surface-coated
carbon black, there is little dissolution and diffusion of

30 impurities into the spacer. This effect coupled with the
effect of concomitant use of at least one set of organic color
pigments of dissimilar colors other than carbon black results
in a black shade even if the smaller amount of carbon black
is used as compared with the first and the second aspect of
the invention and insures high solvent resistance, electrical

resistance and mechanical strength.

35
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The spacer 8 is disposed between the substrates 7 and 9

constituting said pair for the purpose of maintaining a

predetermined gap between the substrates 7 and 9. The

sealing member 10 is disposed around said pair of substrates

7, 9. The nematic liquid crystal line component 11 is sealed

in the space between said substrates 7 and 9. The polarizing

sheets 12 and 13 are bonded to the surfaces of the substrates

7 and 9, respectively.

20

Each of the substrates 7 and 9 comprises a transparent
glass substrate 1 or 4 with a transparent electrode 2 or 5
formed upon a pattern on one side thereof and an alignment

25

layer 3 or 6 (e.g. a polyimide film) coated on the surface of
the transparent electrode (2 or 5)-transparent substrate (1 or
4) essembly. The alignment layer 3 or 6 has been treated to
control alignment by rubbing.

30

The spacer 8 is a liquid crystal display cell spacer
according to the first, second, or third aspect of the
invention.

35
BEST MODE FOR CARRYING OUT THE INVENTION



| um-nescent spots in the dark or black area of the inage. - An

enbodi nent of the liquid crystal display cell 10 according to the
fourth aspect of the invention is noy described with reference to the
aCCﬁnpanylng dramnngs As shown |R Fig. 1, a liquid crystal display
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mixture was poured in 850 parts by weight of a 3 weight %
agqueocus solution of polyvinyl alcohol. After thorough
stirring, the mixture was suspended with a homogenizer so that
the diameter of droplets of the colored polymerizable monomer
would be about 3 to 10 g m to provide a suspension.

This suspension was transferred to a 2-L separable flask

20

equipped with a thermometer, stirrer, and reflux condenser and
heated at 85°C in a nitrogen gas atmosphere with constant
stirring. This polymerization reaction was carried out for 7
25 hours, at the end of whibh time the temperature was increased
to 90°C and the reaction mixture was maintained at that
temperature for 3 hours to carry the polymerization reaction
to completion. This polymerization reaction mixture was
cooled and the resulting colored particles were recovered by
filtration, rinsed well with water, and dried to provide 120

parts by weight of colored particles containing dispersing

30

pigment within the size range of 3 to 10 m. These colored
particles were subjected to classification to provide a liquid
crystal display cell spacer with a mean particle diameter of
5.55¢m and a coefficient of variation in particle size of
2.48%.

35



tet ranet hyl ol met hane triacrylate, 20 parts by wei ght of .

di vi nyl benzene, and 20 parts by weight of acrylonitrile was 10 added 12
parts by wei ght of polyethyl ene-coatgdycarbon bl ack and the carbon
bl agk was uniformy dispersed by neans of a bead m |l for 48 hours.
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t he spac®ts éﬂ ePBACPLcal 5 resistance of the spacer were eval uated
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Eval uati gn Met hods
display cell spacer
Ten (10) grams of the liquid crystal display cell spacer
20 obtained was put in 330 ml of a solvent mixture
(water/isopropyl alcohol = 7/3, v/v) with stirring and the
mixture was allowed to stand at room temperature for one week
(with stirring once a day). The mixture was allowed to stand
without agitation in the final 2-day period to let the liquid
crystal display cell spaeer settle. The supernatant was
recovered with a filter paper (0.2 g m thick), concentrated
to 30 ml, and analyzed. The analyses for sodium and
potassium ions were carried out with Jarrell-Ash SPQ8000

atomic absorption spectrophotometer. The analyses for

25

chloride and sulfate ions were carried out with Dionex 2010I
ion chromatographic analyzer.
(3) Electrical resistance of the liquid crystal display cell

30

spacer :
Using Toa Dempa Ultra Megohmmeter SM-8210, the liquid
crystal display cell spacer was filled into the accessory

35
liguid sample electrode and the electrical resistance of the
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A transparent electrically conductive indium oxide-tin
oxide film was formed in a thickness of about 500 Angstrom
units on a 0.7 mm—-thick glass sheet by the low-temperature
sputtering technique and a predetermined electrode pattern was
formed by photolithography. Then, the surface was coated
with an alignment material and heated to obtain an alignment

20

layer. This glass sheet was cut to 5 cm x 12.5 om to provide
glass substrates for a liquid crystal display cell.

25 The peripheral edge'of the glass substrate obtained was
then printed with a glass fiber spacer-mixed epoxy adhesive
in a breadth of 1 mm by the screen printing technique.

After this glass substrate was set in a horizontal
positién, the liquid crystal display cell spacer was scattered
over with the aid of pressurized nitrogen gas and allowed to
fall uniformly on the glass substrate. The scattering time
was adjusted so that the density of the liquid crystal display
cell spacer particles on the glass substrate would be about
150 particles/mm?.

30

After another glass substrate was superimposed on the
liquid crystal display cell spacer-scattered glass substrate,

35
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ﬁat(:)e(r)i :al lgﬁ(r?a%teé’ﬁgﬂlﬂ)t%?lﬁé?ﬁ%ﬂ g‘f’ﬁ”i%Jﬂt"m‘§ &l%ly%iiectr%@% E8sWaBeet was
t to 5 r é*ﬁnc? @#@é% f Liguid crystal
grspl gy gcel:q?édl%‘& lfrméLOTEEeéi}cl)beri %’?%?%%3%10 t %ﬁgﬁgsﬁé%%%?$§tu%§obt ai ned
was, 25 0.6 @@osphered Whe celyl ams fihen W-mx@cpmmyemh?edve )
[ b t-he scyeen, printing techni que. After this
érass gﬁgg%ﬁﬁﬁ%ﬁ&ﬂgygéﬁiii#%ﬁiéy?%&#ﬁ%ilreéhl?ﬂ@ﬁQF(ﬁﬁ RHRVIAQAd crystal
di spl ay ddinishesd dri s sosidteile@isplapv@s1 th the aid of pressurized
nitrogen gas and allowed to falﬁ) uniformy on the glass substrate. The

scattering tifge measyed gap halvgen the tt@@l@ib@tmmthq%t@?g@ﬁst al
di spl : |y 44 t 4 rate wou e about
12, thig oo Uikonpale e S

150 partic er "dho S Substrate was
super i np&yed uartitde methods qui d crystal display cell spacer-scattered gl ass
su r at

¢ s 2 3 \ | oad 1
kg/ cm [e?p']) WREVEINESS %.%ﬁm whthe bl Lystal d%ﬁfgls‘?y a‘t’%ﬁ)y
means of a preglarAlzitie shetd ivere i s ¥Bier surfd@s de: at a
tenperature qof 160 [err]C for 20 mnutes to cure 5 t he peri pheral epoxy
adhesi veliquid crystal display cell so that the color of the

reflecting light of the light projected against the TN liquid
crystal display cell would be olive. The olive color was

uniform all over without unevenness.

20

The following evaluation criteria were used.
© : no color unevenness
O : a practically acceptable degree of color unevenness
X : a practically unacceptable degree of color unevenness
(2) The light shielding effect of the cell spacer in the TN

25

liquid crystal display cell

The polarizing sheets bonded to the liquid crystal
display cell were set to the TN normally black mode and the
assembly was observed under a transmission microscope at x 200
magnification.

With the drive voltage OFF, the darkness in the center of
the spacer and the darkness of the spacer-free liquid crystal
area were compared visually by using a panel of 10 assessors.
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After a vacuum was established in the fabricated cell by aspiration,

the liquid crystal was. injected froma bore forned in a part of the
peripheral seal and the injection borg S cl osed up under a

subag nospheric intracellular pressure o 0.6 atnosphere. The cell was
Lhen heal od ! Oride PEGAPHEEIMAHa00 hen! EABCHARHBES P! abEBULEE! Yplb?
real i gnment to_provid nls crysta |sp ay cel

The neasuﬂ‘éig%pﬂb@tmbbﬂ daéknegsmm bhet cantebsofathe spacer washis |iquid

UrtvonneiSthe FF eqifpatedf fibtnited or, SYFHPLpORIPE He Baner, (D

golaE|2|ng:fhdums Mbr&cs@ﬁnbﬁdef?he?OstofEOG,OZXthhen it aﬁbqu?deﬁrfﬁtaL
i spPay at_the _color o ting, i of the Iight
proj ecte EQCZéQIH@“$Nﬁ|Yﬁ%H ;] acE?VQFQ@ g?g iﬁ?scghﬁgmggﬁd be ol i ve.
The ol ive col orheafiean cellllfl?éprﬁa%ésoaﬁd ﬁhéheééuyr!ﬂngnéﬁaluatmn of

Thefollovmng evaluation criteria were d. [err]: no col or
unevennes%o Or uneyenpness W@ci—lﬁﬁtl?Ma@l:@};ﬂﬁbﬁﬁfﬁﬁgr@éeoshewnoﬁ-nunevenness
ég cfically unacceptabl e degree of color unevenness (2)
The i ght rel'ding effect of the cell spacer in the TN l'iquid
crystal dixgpiplese2to 4 The pol ari zi ng sheets bonded to the |iquid

cryk@al 30 I s re set tp the TN normally bl ack node and _t he
assenmbly was %&%@édﬁ%ﬁe % ¢PHPRT S1PR% shevaseBptahiexlowere used,
magni fi catiiiid crystal di¥p a?h@eﬂi' éékéaéﬁ%qﬁglléhﬁe ér58§§§chgeﬁhe

center of t heé spacer and dar ess of e spacer-free |1 qul

crystal 3Bd ei\fdahlaﬁe@ onthe esane stanngr bys utnnBxampaeel . of The azesuitsrs.
24 1 The ion was [err] when the nunber of assessors who
j udged t R %O"Hb ﬁ?ﬁef%ﬂ‘%aihe center of the spacer was

Comparative Example 1
Except that uncoated carbon black was used and the
composition shown in Table 1 was used, a liquid crystal
display cell spacer and a liquid crystal display cell were
fabricated and evaluated in the same manner as in Example 1.
The results are shown in Table 1.

15

20
Comparative Example 2

Except that the composition shown in Table 1 was used
with omission of carbon black, a liquid crystal display cell
spacer and a liquid crystal display cell were fabricated and

- evaluated as in Example 1. The results are shown in Table 1.
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deeper . or equival ent accounted for 80% or nore of t he panel, 5- . [err]

when i't accounted for. 70 to 80% [err] when it accounted for " 50 to
70% and X when'it accounted for |esg ¢ han 50% - The nean cel |
gap ‘val ues and the results of evaluation of col or unevenness and
|'i ght sipabdld Mg effect are shown in Table 1. 10 Examples 2 to 4
Except that the corrp03|t|ons shown in Table 1 were used, liquid
crystal gef Feat-ee- and—evql uat ed
in the game manner as in Exanple 1. The|resul t Sympes are s IR fable 1.
15 Cogparative Exanple 1 Efeeptythattpe ~ ack was
us an —caonpasition shown in Tahlell gqjs A ' ystal
di splayfcel | $pacer | Zatrmeividingthng tolegrylebell @9 spl 8y [cefl |were| 6 | f@bfi cated
and eval uat ed Mipbh e OISGYBERANEr aS 1N xagrp exnl.l 2 50 1N€ad esu{ot< are
shown i Tab}s p rifable) § npar-attve Da@l 2= Except—t+Hat t he
conposi 18%#%.@EE%ﬂﬁﬂéiJMﬁLJﬁﬁﬂL_. t# gmi¥silorof farlpo® Bl ack, a
l'i quid L_wal di spl eyieelglyol direthagytater {are b H dui-d ¢ryet bl ~dijsptay cel |
were fa tBat §0 AN gy foce oW DR Dok | § GXAIPEE T35 [N, TFSW TS arg shown
in Tabl ¢ 1. 2%carkn 30 35
‘Carbon black - - - - 0 -
10 Mean particie size {pem) 5,55 | 3.59 ] 7421 45 | 6.05 | 578
Coefficient of variation 248 | 266 | 2.85 | 289 | 3.7 | 401
Spacer | of particle size {3}
quality
Degree of darkness (spectral 2.6 3.0 2.2 2,5 1.5 5.7
- transmittance) %)
Quatity
ardr Electrical resistance (1 +cam) | 10'* { 10t% | 10* | 10%' § <10® | 10%*
rorce Sodium ion (o) | 0,02 ] 0,00 ] 0.03 | 0,027 0.1 | 0.03
15 parame-
ters Izte\nals Totassium ion {rxm) 0,04 ] 0,03 ] 005 0.03 | 0.1 0.05
%iwri- Mioride ion {rpm) 0.1 0.1 0.2 0.1 0.9 0.3
Lles
Sulfate ion (e | 05 1 04 0.7 | 0.6 | 15 |05
aality | Everness of oolor ' © O (] o) x o
20 Light shdeling effect <] O S o X X
Example 5
25 Preparation of a liquid ¢rystal display cell spacer
To a uniform mixture of 60 parts by weight of
tetramethylolmethane triacrylate, 20 parts by weight of
divinylbenzene, and 20 parts by weight of acrylonitrile was
added 12 parts by weight of carbon black, 6 parts by weight
30 of Phthalocyanine Blue (blue pigment), and 6 parts by weight
of Dioxane Violet (violet pigment) as the black pigment
component and the black pigment component was evenly dispersed
by means of a bead mill for 48 hours.
This colored polymerizable monomer mixture in which said
35 black pigment component had been dispersed was evenly mixed

with 2 parts by weight of benzoyl peroxide and the mixture was



2.5 - .. Table 1 Conparative ‘
Exarrpl e Exanpl es ' 1

2 3 4 1 2 5 9 Tet r amet hyl onet hane
trigcrylate 60 60 60 ; € 60 Pol yne-

Di vi nyl be ‘ : 0 20
eited Jélo 850 parts %ﬁé’]ﬁl}% lzc%;]i:tar:??tgelghé s aqéfous 20

r+zabl e - nono
20 20 solution oﬂ(polyxzmyl alcoholi onAfter thoroughBEshitreinggl hel

ghﬁgggcbﬁé& mﬁtﬁ%%rkded with a%%mogeml%er S(gV\gflggtthe dlametgart)

Carbon dRdroplEtsiof the colored monomer would be about to 10 %pm -
10 5 Mean particle size ([err]m 5.55 .59 i 4.55

6.05 5tggprovide a suspension. Coefficient of variati on 2 48

2.66  2.85 ohi®) sdbphsidh Mas tr[%nsferr?d S9agesy, Qég&f‘éb;lél flé!sge

(%9 quality dar kness (spec
3.0 2. Equnjpr;@d wiith a Ahermometer, stlrrer, and trefituxt candehser and%)

1Q(.:;al ity Y jheatgg td %C ip a nltrogerbgﬁ%'rac’anosﬁﬁleféancﬁlg(éer rl:anjp 10"
Sodi Um ' %'tlrl(lﬁm This polymerﬁz&@mr@ Fdackide w&s OéarPJ.éd oﬁtoﬁor ? >

paﬂé)ma- ters Level s Pot assi um i on 1?
0.03 0. wurs, 03t dhe el gof which time thegtemperature was rahgadu to

ﬁhggrl de 9|0®@ and( KHHQ reactéucm é?]gxt?l%e Qﬂ&ﬁ F}B%&tal&e& at OBﬁ%t 0 4 0.7

0.6 1. iem;féx"ature for 3 hours to cadan ﬂ@élp@]ajaneritartid)m reaction5. 38
3.38 7.03 4.0 5.63 %F ’\{ Enenness of
col or o comp etl‘{rbr r ]T*Fe‘? rl?OJ[EF‘?II 1%%*?%?1'1 re;@ct{. rpixXtype was

Li %gt shicellie® #id &dle resulting [&51dré@ partElds [WeFé redovered by
filtration, rinsed well with water, and dried to provide 120
parts by weight of colored particles cotaining dispersing
pigment within the size range 'of 3 to 10 gm. Colored
particles obtained were subjected to classification to provide
20 a liquid crystal display cell spacer with a mean particle
diameter of 6.45 pxm and a coefficient of variation in
particle size of 2.88%.

The liquid crystal display cell spacer thus obtained was
evaluated in the same manner as in Example 1, ‘and a liquid
crystal display cell was- fabriated and evaluated in the same

25
manner as in Example 1. The results are presented in Table 2.

Examples 6 to 8 and Comparative Examples 3 and 4 -
Except that the compositions shown in Table 2 were used,
30 liquid crystal display cell spacers and cells were fabricated
and evaluated in the same manner as in Example 5. The results

are shown in Table 2.
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Exampl e, 5 25 Preparation of a liquid crystal di spl ay cel I spacer

To a unif.orm mixture - of 60 parts by weight of t et ramet hyl ol net hane
triacrylate, 20 parts by weight of 2 7 di vi nyl benzene, and 20 parts by
wei ght of acrylonitrile was added 12 parts by wei ght of carbon

bl ack, Babiet2 by wei ght 30 of Phthal ocyanine Blue (blue pignment),
and 6 parts by weight . of Di oxane Violet (violet p| gnent) as the
bl ack pijgnent conponent and t he [bl ack prgnent conp?r@%a&@es evenly
di sper sqd by neans of a bead mjl | for e@plsurs Bxanples Thi s
col ored poI yrrerl zabl e monomer mxture i AT EhgSal dy 3 | BlrafKprjgnent

cogponerpt—hadcbeen L . Wt 2—paf-t V4
Welgght qf benzoyl pe éj'fﬁq ’?’n‘?’@ﬁ NN FCE I e N )

2 6 pol %ﬁ;ﬂ oygglbpeee s by wei ghty &P § 20 wei Pht] Wagquadup 20
sol ution of pQlmivleny QiR . After thcrqugh g@l [ rwnd, 1he¢ 2 20 M xture

)

was suspgendediwi th O et +Rat—thetd aﬂJEL er1—5 of—d{-opt gt S of
t he col dig [nlnnmarﬁ\ e M’?ﬂn 10° [ gri] - 04 proji de fa
suspensi d{wei Surfafirpogted garbyn hiion s-tjansfprred to 2= Lj sepgrabl e
flask park? i Nsis S C&H,rm&xktﬁerrmrref er,f sl irgg. agﬂ’Jre‘gl X sgohdgnger and
h? ted tjo 85[ gr+-C-itr—a—nt+ogen—gas—at-Hosphere—wth—genst-frt—ito-
rrrind. Thils pol yr%ﬁlm‘!’%ﬁl"?eact i on raf?ipd3odt Yol 77 | B Hours,
at the gnd of jwhich tmgmjnbbm&errper aturq Ve s ra@sedstq 10 Q0[prs] ¢ and
t he reagt i on fitiaret ¢—wars lnuﬂu arred—at—t{trat " enp e—fol—3—tours to
carry tHe poI)rrerizef"?“;g‘ﬂ" JeH%on tlo Tolpl®t| off, ITHTs }pdT yhefd Fati on
reactiorp m xtyre wagoithecridneadl ed and tHe «+eguktihgiscdl ored parfied §s were
recoverquby Mo particle size  (um) | 6.45 | 4.07 | 8.63 | 5.29 | 7.03 | 6.72
Coefficlent of variation 2,88 | 3.10 | 2.75 | 2.58 | 3.54 | 4.05
15 Secer | of particle size )
quality
. [mfeecf darkress (mal 2.5 2,8 2.0 1.7 1.6 76.4
transmittance) 1t}
Quality
and[ Electrical resistance (Q « om) 10t { 10t | 10'' | 10'’ | <i0't| 10%*
erior-
hercn Sodium ien fpm | 002 0.02 ) 0,03 ] 0.02] 0.0 | 0.03
parone-
Lers t?vels Motassiun fon {rpm 0.05 | 0.02 ] 0.03 | 0.02 | 0.1 0.03
[s/
h‘gl[i" hloxide {on (m“) 0.1 0.2 0.2 0.2 0.8 0.3
20 ties
Sulfate ion {rom) 0.5 0.3 0.3 0.4 1.2 0.4
Ce
quality | BEverress of wolor © ¢ ] O @) x %
Light shielding effect <] o o O A X
25

Examples 9 and 10

Except that the surface-coated carbon black of
Example 1 and the compositions shown in Table 3 were
used, liquid crystal display cell spacers and cells were
fabricated and evaluated in the same manner as in Example 5.
The results are shown in Table 3.
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filtration, rinsed well with water, and dried to provide 120
wei ght of - col ored part.icles cotaining dispersing

parts by
pi gnent within the -

size range of 3 to 10 [err] m Col orgds particl es obtained were
subj ected to classification to provide 20 a li.quid crystal display cel
spacer Wable &E:[I partitre granmeter—of— 625 Terriy nrand
coefficient of vafiation in particle size of 2.88%p Damles The
liquid crystal dipplay cell spacer thus obtained was gevdlugjefl in the
same nmanner as in LLguid..25 crysi. | | was
fabriated and eval uated {n the $&weeamcthyloimtivee takacrylatedanpd e |1. 50Thg
results are presepted in Y S —Exanptes—6—to—g—ant—¢onparht i ve
Exampl es 3 and 4 %Lﬁ%@% conposi ti ond sﬁ?)w:1 i#’ Thbl e 2
were used, 30 iquid grystal {absRbayeiqe! | spacers and cepl g waye
fabri cated d eval ' ' ‘xaapL?_5~_Ine
results are phown i G;%gle Burface-oRffed carbon black 6 10
2 7 Tablpﬂﬂpﬁﬂ'
Conpar ati ve %ﬁ;;ht Carbon black - Exalmpl es
Exanpl es part Phthalocyanine bl 7 15 6
7 8 3 4 )5 i TeLLaneLﬂyLonaLhane_
triacryl ate 60 60 . 60 | Dioxazine violeB0 60 7 5
Pol yme- Di vi ny] Pigrent X - 20 20 20 —5P
20 20 r i| Zegipdoline yellow ndnoter>
égrylonltrlle i zr%dcmreczlo 20 - 202
Mean particle size (pm) 6.8 4.9
Ceefficient of variation 2,94 3.6
15 Spacer | of particle size (%)
cuality
Degree of darkness (spectral 2.9 2.7
transmittance) (%)
Quality
Electrical resistance (Q » aw) 10** | 10**
perfor-
mance Sodium ion (pom) 0.02 | 0.03
parame-
20 ters (I].;vels Potassium ion (prm) 0.02 | 0.01
impuri- | Chloride ion (o) 0.2 0.2
ties
Sulfate ion {pom) 0.4 0.5
Mean cell gap {4 m) 6.49 | 4.66
Cell
quality | Bvenness of color © O
25 Light shielding effect O ©
INDUSTRIAL APPLICABILITY
Its construction having been described hereinabove, the
liquid crystal display cell spacer of the present invention
30 is very satisfactory in coloring effect and light shielding

effect and has optimal electrical, physical, chemical, and

optical properties.

The liquid crystal display cell in

corporating this cell spacer shows a good display contrast of
the image with the spacer not visualized as luminessent points

in the dark area of the image.



Conposi « = h | ene gI ycol di net hacryl at e -

50 on Sur f ace- coat SHISCSHEEIhWHAS BEEN
S \i\l\\ Ill\\ \ﬂ\l e o B e DEEN |
pary) Car bdh Bl ack 12 1 Z0 =25

30 - 10 Pht kgAp@gani ne bl ue 6 10
5 10 - 15 : Di oxazi ne vi ol et

6 10 10 - 5 Pi grrent

IQSJIO'ngg?: :jgﬁey?]e V)S liquid crystal display &811 spaceLg comprising i
20 surface~coated carbonMsbackarticle size ([err]m 6.45 4.17
8.63 5.29 7.03 6.72 Coef ficient of
variation 2.88 3.10 2.75 2.58 3.54 4.05 15

Spacer of party o gxsid e displat % u I|ty
et of dapidact (s%tlac cfalrystal isp ag el] spacer ¢ comprlsm% ﬁ LY

transm tm@@nt component ygomprising ca:g;.laemtlylack and ataa;aast one

Eleregctl Clet ¥ %&%fﬁc e%ﬁﬁxﬁéﬁ@ of &g%:a}.xﬂ#%mcolc%gs othéf’ thafxégﬁ)rbo}xon

0.02 Omck 0.03 0.02 0.1 0. 03 par ane- ters Level s
Poi8ssi um i on (ppm 0. 05 0. 02 0.03 . 0.02 0.1 0. 03
of i mpuri - Chl oride ion (ppm 0.1

0.2 0.2 .2 : : Les f e

Sul fate ion P2a l'ﬂa‘"ﬁd c‘%{)%tn%P dl%‘.)]:}ay C%”?; P a%ég ComB?EISlngléz 0.4
Mean cel pigment component cdnfpri$ing 6s@rufacs-6dated. carbon. Blackcasd

6. 32 Cel . . gyality.,. Evenness of color
[ err] at[ éeﬁst one [%et;]o}. orgapig pigmegts of 3;(5519(111& ¢olors
ght Sh'cﬂilﬁrng:tﬁri &drbon black [err] [err] [err]
[err] Exanpl es 9 and 10
Except t hat the surf ace- coat ed car bon bl ack of Exanmple 1 and the

composi ti ons show, |1y FHN CrRMELP display c¥EEeohbihing" ¥ 1akudhsp! ay

cel | spacers and cel
crystal display cell spacer according to Claim 1, 2, or 3.

“ﬁﬁ’iit‘ti‘i:ﬁti"mtn
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fabri cated and evaluated in the sane manner as in Exanple 5. ' The
résults are shown in Tabl e 3. 35
2 8 Table 3

Exagples 30 ‘9

10 %?ﬁf hl ol met hane tricrylate 50 50
Pol yme- 5 riza vi nyl benzene 30 30
nononer Acrylonitrile

tS:JgLace-coat edﬂé[;%ﬁ%e?@ﬁ}wentmn rel&ges to a liquid crygegﬁfoaﬁgfg&bon

part) cell sﬁ%tﬁélalvmﬂarﬂ_mprwe@ in coloring é&ffect éﬁdlmlght

Di 0® | et t
|38, ﬁégrﬁqﬁ%%%effect and; opt15rga1 electrical, physical, cﬁgxtﬁgcal

Qui nacri depe };ﬁﬁcal propert?n_es aﬁ’é’ K liquid crystal display cell wibthan
particle size rym

Coef fi ci &@e dﬂiemqfat i o 1quJ.d ZCJ&MStaB digplay cell spacer Spacer

g;gfg;t 'Oﬂ ﬁ'g&{g@&g (%l%rfcqc;%-l-coafze% carl%oz} black; 8 fﬂ;ﬁ%fd crystal

transm t ddspdlay cel]( Ypacer comprlslng &ypd ghent component compgihging
El &8t ri cal reS|sr;t ar{(frr]ciz 10"
carbon blac ast one set of organic pigments of
dissimilar colors other than carbon black; and a liquid
crystal display cell spacer comprising a pigment component
conmprising surface-coated carbon black and at least one set of

organic pigments of dissimilar colors other than carbon

15
black. A liquid crystal display cell with use any of above
liquid crystal display cell spacers.

20

25
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per f or - mance Sodi um i on (ppm - 0.02

0.°03 par ame- 20 ters Level s Potassiumion
(ppm 0.02 0.01 of :
i mpuri- Chloride ion (ppm DRAWENG 0. 2 -

ties Sul fate ion (ppm 0.4
0°5 Mean cell gap ([err] m 6.49
4.66 Fig. 1 Cel | qual ity Evenness
of col or [err] [err] 25 Li ght

shi el ding effect [err] [err] | NDUSTRI AL
APPLI CABI LI TY AI ts construction having been descri bed

her ei nabove, the I-l-qw d cryst l3 di splay ce spacer of the present

i nvention act (0]74 | n coI or| g fect and light shielding
effect a 1 AV URNY fMpcal , and opti cal

corporatl ng this cell

propertie
$Qrage with the spacer not

oy W"&‘c‘i‘.ﬁ_ﬁ@mﬁz’w\
spacer 1A ‘.“.m, :
vi sual i zed7as’a( A W W

Dol &7 r=rrrrd-tes area of the ||Tage
29 CLAI M5 Amended) A liquid crystal
di splay cell space‘2 corrprasi ng gurface coat ed car on black with dispersing

uni formy. 2. Aliquid crystal display cell spacer conprising a
pi gment comnponent conprising carbon black and at | east one set of organic
pi gments of dissimlar colors other than carbon bl ack.

1 /1



3. A I|q y cel | spacer conprising a pignment conponent
‘conpr i Slll:; @ IH gl carbon bl ack and at | east one set of organic
pi grent s ors ot her t an carbon bl ack. 4. Aliquid

crystal display cell conprising a I|q id crystal display cell spacer
qccordlng to daim1l, 2, or 3. CTAIMS

1. (Amended) A liquid crystal display cell spacer
comprising surface-coated carbon black with dispersing
uniformly.,

2. A liquid crystal display cell spacer comprising a
pigment component comprising carbon black and at least one
set of organic pigments of dissimilar colors other than carbon
black.

3. A liquid crystal display cell spacer comprising a
pigment component comprising surface-coated carbon black and
at least one set of organic pigments of dissimilar colors
other than carbon black.

4., A liquid crystal display cell comprising a liquid
crystal display cell spacer according to Claim 1, 2, or 3.
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