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RESI 'N COMPOSI TI ON FOR SEALI NG FI LM MADE LI QUI D CRYSTAL CELLS . qé@m N
Thi & . invention relates to a novel resin conposition F?OQ

RESIN COMPOSITION FOR SEALING FILM-MADE LIQUID CRYSTAL

CELLS

This "invention relates to a novel resin composition

to be suitably used for sealing liquid crystal displays of

\ a variety of.types developed in recent years and to be
10 reliably'operated in severe environments. It also relates
to a film-made liquid crystal cell realized by using such

a resin composirion.

In recent years, liquid crystal displays have become
markedly popular in response to the rapld development of .

15 down-sized personal computers, audlo equlpment
instruments, . color television sets and.other electrohic
appliances. A liquid crystal display consumes less'energy

and requires less drive force than a cathode ray tube (CRT)

so that it allows’ reduction of size, weight and cost, while

20 it can produce clear ;ha sharp 1mages better than a CRT'
even in the sunllght.: Because of these advantages, the

scope of. appl:.cation of l:.quld crystal display (hereinafter
referred -to as‘ LCD) has been constantly expanding.
'Partlcularly, tremendous efforts have been paid to develop

25 LCDs comprising a film substrate that are thin and
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to be suitably used for seal i ng [iquid crystal - displays of a variety of -
types devel oped in recent years and to be reliably operated in severe
envirganents. It also relates to a filmmade liquid crystal cell realized

by using 'such a resin conposition. In recent years, liquid crystal.
di spl ays have beconme narkedly popuIaF%11 response to the rapid devel opnent
of down-sized per sonal conput ers, audi o equi pnent, instrunents,

color television sets and other electronic appliances. Aliquid cuﬁstal
di spl ay consuldghteaiaiie gl rotddpEggrfegversit (F2vRled it & RaFket &thode

ray tube (CRT)a jacket. * As known glass-made LCDs, film-made LCDs are

required to have outstanding physical properties. For
instance, the components of the cell of the LCD need to be
S fifmly_bonded together to provide an enhanced degree of
hermetidity. Thereforé, they must be physicaily and

chemically stable and resistant against moiéture and heat.

. : ‘Currently, a cell comprising glass substrates and
10 © liquid cfystal is prepared typically by bonding upper and

lower substrates by means of é-one-liquid hot-cure type_
epoxyfadhesive, injecting liquid crystal in a bighly'vacuum

condition and sealing the remaining holelby means of'a uv
_(ultraviolét)élight—cure type or two-liquid cold-cﬁre'type

15- resin. Iﬁproved and highly efficient one-liquid hot-cure
typeladhesives are currently available and, therefore,

thei:e are practically no teéhnol_ogical trodbles. for bonding

glass substrates.

e

On the other hand, one-liquid hot—curé type or

20 ‘two-iiquid tYpe epoxy adhesive are used for bonding film
subst;ates;_ However, a one-liquid hot—cufe type epoxy
adhesive is originally designed to bond glass substrates

and, once.cured, it becomes so hard that it is scarcely
capable of withstanding bending force and adapting itself

25 to thermal deformations of the bonded substrates and it is
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so that it allows reductions of- size, weight-and-cost, while it can
pr.oduce clear and sharp inmages better than a CRT even in the sunlight.
Because- of these advantages, the scope of application of liquid crystal

di spl ay (herelnafter referred to as LCL) has been constantly expanding.
Particalarly, tremendous efforts have b&en paid to develop LCDs conprising
a filmsubstrate that are thin and

rather poorly adhesive to the substrates. A-two—liquid
type epoxy adhesive is disadvantageous in that it has a-
relatlvely .short pot life and does not have satisfactory
physical and chemical stability to the moisture and the
5 heat of the prepared cell. Sealing materials containing
flexible epoxy resin as a principal ingredient such as a
polyol type epoxy resin or a urethane tfpe epoxy resin,
have been studied, although such materials are not
pafficularly adhesivs to ﬁilm and, to some extent, lack
10 physical and chemical stability to the moisture and the
heat of tﬁe cells prepared by using such materials. Thus,
no satisfactory adhesive has been developed so far for film
substrates.
A number of adhesive have been proposed for sealing
15 film-made. liquid crystal - cells, 'including one. using
thermoplastic resin varnish for dissolving the surface of.
substrates and bonding them by applying heat and pressure

thereto (Japanese Patent Application Laid-open No. Shou

i,

57-32669), one using a double bonding technique, -‘where
20 substrates are bonded togethe;'by'mesns of a silicone resin
.type 'substancs on the .inside and an. epoxy resin type
substance on the outside (Japanese Patent Application
Laid-open No. Shou 60-69634) and one that cures with heat
snd light (Japanese Patent Application'Laid—open No. Hei

25 1-129232). None of these, however, has been found
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- 2- I ightwei ght and not damaged even if carried in a pocket of a-jacket.
As-&¥nown gl ass-nmade LCDs, filmmade LCDs are required to have outstandi ng

physi cal properties. For instance, the conponents of the cell of the LCD -
need to be firmy bonded together to provide an enhanced degree of
hernmeticity. Therefore, they nust be“’p‘hysi cally and chemically stable
and resistant against noisture and heat. . Currently, a cell

conpri sing gl ass sub,st{g;etsegsni _l_PLI quid crystal is prepared typl cally .by

bondi g uppercdHpreLa

In view of the above déscribed circumstances, it is
therefore an object of the present invention to provide a
5 resin composition for sealing liquid crystal cells that is

relatively easy to use, adhesive to film substrates and

flexible so that it may be adapted to thermal deformétions '
of the substrates, yet which may be physically and cﬁemically stable
. to the moisture and the heat of the substrates. )

10 ' Aﬁoth.er obj ect.of the present invéntion is to provide

a film-made liquid crystal cell used the resin cpmpc_jsition.
"As a result of intensive. research efforts of the

inventors of the present invention, the above ob J ect and
other 6bj ects of the invention are achieved by providing

15 a resin composition comprising epoxy ‘resin that contains
a polysglfide modified epoxy resin having a polyéulfide
structure where a plurality of sulfur atoms are directly

P linked to chain units in a molecule and an epoxy group is

present at each end of the molecule.

20
A resin composition acéording to the present.j.nvent_ion
comprises as principal -ingredi_ents epoxy resin containing
a polysul'fide' modified epoxy resin, at least one of
hydrazidél Compounds and at least one of fillers, to ‘which
25 | rubber may be added 'Eo improve the bond strength and the
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| oner substrates by neans of a one-liquid hot-cure type epoxy adhesive,
|njétt|ng liquid crystal in a highly vacuum condition and sealing the
remai ning hole by neans of a W (ultraviolet)-light-cure type or
two-liquid cold-cure type resin. Inprovgg and highly efficient one-liquid
hot-cure type adhesives are currently available and, therefore, there are
practically no technol ogi cal troubles for bonding glass substrates.

On the ot her nd,, one-li d, hot - cure t e_or type e QX
adhesi've are E@ HP5H BN H% t??|ﬁPm§88 g&?e§“’ ?Bﬁk%g}nga ffe-T %ﬁ

hot -cure typ gggégted in it when it is cured along with a cure
accelerator that re_du"ces the time required for curing at
iow temberature. |
5 Now, the specific formulations | of the resin
composition according to the invention will be described
below. | |

Preferably, epoxy resin to be used for the purpose of

the invention contains a polysulfide modified epoxy resin

10 exﬁressed by general formula (1)
CH -CH- R —R -R -CH~- CH ' (1)
\./ \\/

(where each of R' and R’ represénts at 1eas£ one organic .
group selected from. a group consisting of bisphenol
15 structures, aliphatic oxyet‘her structures and aliphatic
thiocether structures énd 'ﬁz represents a polysulfide
structure expressed by -(C,HOCHOCMHS, ) ~, wherein m
g represents the average number of sulfur atoms contained in
a polysulfide structure, which is 1 or '2, and n represents
20 - the average number of polysulfide structures contained in
the above formula, which is betvqeen 1 and 50) by 20 to 100%
by wéight, preferably 50 to 95% by weight, and two or more
than two epoxy groups in a molecule, and the average
molecular weight of the entire epéxy resi.x-l is preferably

25 between 300 and 3,000.
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adhesive is originally designed to bond gl ass. substrates and, once cured,
it Pecomes so hard that it is scarcely capable of withstanding bending
force and adapting itself to thernmal defornmations of the bonded substrates
and it is : _ G- " 3" rat her poorly adhesive to
the substrates. A two-liquid type epoxy adhesive is disadvantageous in
that it has a

) Organic groups selected from a group.of bisphenol
structures for R' and R’ in formula (_1) may inclu-g'le, but
not limited to, bisphenol A, bisphenol F, bisphenol AD,
bis_phefxol S as well as al_kylatéd, allylated, acylated and

5 halogenated compounds of them. If. the organic groups
represented by R' and R .do not comprise a bisphen'ol
structure, they comprise either an aliphatic oxyether

. . structure or an aliphatic thioether structure.
£ ' Additionaily, a polysulfide modified epoxy resin to
10 be preferably used for the purpose of the present invention
is a disulfide having epbxy groups at the ends .and
expressed by general formula (2)
CH,CHCH,S~( C2H460H20C2H4SS )p~C.H,0 ’ (2)

\/

o - CH,CHCH,SCH, OCH,
15 \/
wherein P répresents the average number of disulfide
structures comprised in a molecule, whiqh is between 1 and
‘ ' 15. |
'_ Examples of polysulflde mod:.f:.ed epoxy resin expressed
20 : by general formula (1) above include, if m=2, FLEP-10,
FLEP-—SO, FLEP-60 and FLEP-80 (tradenames: all available
from- ‘I‘oraf Thiokol- Co., Ltd.)
In addition to polysulfide modified epoxy resins,
epoxy resins fhat can be used for the purpose of the preé_ent

25 invention include:
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relatively short pot |life and does not have satisfactory physical and
chemi cal stability to the noisture and the heat of the prepared cell
Sealing materials containing flexible epoxy resin as a principal

i ngredi-ent such as a polyol type epoxy I;§in or a urethane type -epoxy
resin,* have been studied, although such naterials are not particularly
adhesive to filmand, to sone extent, |lack physical and chem cal stability

to the noisturecand thsoipesiddisdtintel | seBifBar ebgbaitddg S¥Rbough
materi'al s. Thus, -no satisfactory adhesives have been devel oped so far for
film substrpbe§condensation .of a compound selected from groups
consisting 6f <1> bispheﬁols .such as bisphenol A and
bisphenol F, <2> novdlak -resin obtained by addition
5 condensation of .phenol or crescl and formaldehydé, <3>
hYdroxy compounds such as tefrahydrokyphényl methane and
resorcinol, <4> amines such as diaminodiphehyl methane,
aniline and xylilenediamine, <5> polyhydric alcohols such
"as glycerol and pentaerythritol, <6> carboxy compounds such
10 ‘as phthalic acid and hekahydrophthalid acid and <«7>
polyalkylene.ether such as ethyleneglycol and its polymers
and propyleneglycol and its polymers, and an epihalohydrin
such as epichlorohydrin or epibromohydrin 'aﬂd resins
obtained through halogenation of such polycdndénsation
15 resins as well as a polycondensation resins obtained,
. through polycohdensation of a cémPOUnd selected from the
groups <1> through <7> above and a methylepihalohydrin such
L. as methylepichlorohydrin "and resins obtained through
halogenation of such polycondensation resins, .
20 '(2) époxidated aliphatic aéids such as epoxidated soy
bean oil and its derivatives, '
(3) -epoxidated diene polymers such as epoxidafed
polybutadiene and epoxidated polyisoprene,
(4) alibhatic epoxy resins such és 3, 4-epoxy-6-

25 methylcyclohexylmethyl-3, 4-epoxy-6-methylcyclohexane
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A nunber of adhesive have been proposed for sealing filmmade |iquid
crystal cells, including one using thernoplastic resin varnish for

di ssolving the surface of substrates and bondi ng them by applyi ng heat
pressure thereto (Japanese Patent Application Lai d- open No. Shou

'57-23669), one using a double bonding tec

fi que, where substrates are

and

bonded together by neans of a silicone resin type substance on the inside

and an epoxy Ribbriate anwm@@@-rggg:?%y@lw&&yﬁ»w@&sanaatent

Appl i cati on

Lai d- open No. Shou 60- 34) and one that cures with heat

light (Japanese (B3t eapoApP| t681heN ratic- gpeRible Hehrough addition of

- 10

15

20

25

methylene bis(4-phenylisocynate),. tolylenediisocyanété,
hekaméthylenediisocyanate or ischolondiisocynate.

Any of these resins may be wused alone or in
combination with at least one of_the'remaining_candidate
resins.

When the polysﬁlfide modified epoxy resin occupies
less than 20% by weight of the total weight of the entire
epoxy resin contained in a composition accdrding to the
invention, the cured product to be obtained may be too
har@ or, if not too hard, poorly adhesive to film
substrates with markedly reduced physical and chemical
stability. .

The .reason why the average molecular weight of the
entire epoxy resin is preferably held between 300 and 3,000
is that, if it is below 300, the cured product-to be
obtained pay g’e too hard and poorly adhesive to the
cbmponents of the cell to acquire a _désired level of
physical and chemical étability. |

If, on the other hand, the average molecular weight

- of the entire epoxy resin exceeds 3,000, it may becomé

poorly resistive to heat and lose any physical and chemical
stability. Preferably, the average indlecular weight of 'f:he

epoxy resin is between 700 and 2,000.
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1-129232) . " None of these, however, has béen found
-4-3 - commercially feasible. . - In view of the above
~described circunstances, it is

-9

For the purpose of the present i-nvenj;ion, at least one

of hydrazide compounds may be selecte!d for use from (1) .
monobasic acid hydrazide compounds such as salicylic acid
hydrazide, p—oxyﬁenzoic acid hydrazide,
5 phenylaminopropionie acid hydrazide, lauric acid hydrazide
and the like, '(2) dibasic acid 'hydrazide compbunqe_ such as
succinic acid - dihydrazide, adipic acid dihydrazide,

isophthalic acid dihydrazide, dodecanoic diacid

R \

dihydrazide, carbohydrazide, sebacic acid dihydrazide,

10 thiodipropionic acid dihydrazide, furandicarbonic acid

dihydrazide, cyclohexanedicarbonic acid dihydrazide and tﬁe

like. Of these, dibasic acid hydrazide compounds are
particularly: suited -for the present invention.

Any of these hydrazide compounds works as a curing

15 agent for epoxy resin ané., when mixed with epoxy resin, the.

mixture serves as a dne—]_.iquid type epoxy. adhesive because

it cen.be stably stored at room tempereture, Nevertheless,

these hydrazide compounds can start curing a one-liquid

type epoxy adhesive at lower temperature and show a better

20 resistivity against_heat, cold and moisture than any other

curing agents that' are cepventionally used for a one-l;'.quid

type epoxy adhesiwve such as dicyanodiamide and boron

tfifluo;:ide. . At least one of these hydrazide eompounds are

| preferably used at a ratio of 1/3 to 2/3 mols of hydrazide

25 grodp to a mol of epoxy group of the epoxy resin contained

This Sheet Has Been Replaced

LD R

" THIS SHEET A

S BEE
REPLADAS BEEN

ED




~

therefore an object of the present invention to provide a 5 resin
composition for sealing liquid crystal cells that is relatively
easy to use, adhesive to filmsubstrates and flexible so that it
may be adapted to thernal defornmations of the substrates, yet
whi ch ‘may be physically and chemically stibre to the noisture and
the heat of the substrates. 10. Anot her object of the present

nvention is 4o BRYIdgent.  rof hiHiARICAL AU CTySALafElLaUSI 4o the

resin’conposition, aTres ensi research efforts

o ooy cce B THEES 5 Snfhakof BEEREABHE ML ol o HEaabg L
mixture in order to .evenly and finely disperse the
hydrazide compound or compounds that are normally soiid.

5 . Fil.lers. that can be. used for the purpose of the

present invention include (1) inorganic fillers including

.carbonates. such as calcium carbonate and_ mégnesium

( : cérbonate, sulfates such as barium sulfate, mégnesium

sulfate, Silicafes such as aluminum silicate and zirconium

10 silicate, oxides such as iron oxide, titanium oxide,

aluminum oxide (alumina), silicon oxide (silica) and zinc

oxide, and kadlin, talc, asbestos powder, quartz powder,

mica and glass fiber and the like (2) organic fillers such

as polyethylene powder, polypropylene poﬁder,

15 polyvinylchloride powder, pélystyrene pdwder,

polyvinylacetate _powder, polystyrene-polyvinylacetate

-~copolymer powder, polymethacrylate powaer, polyuféthane

v powder, polyester powder, urea. resin powder, pheﬁol resin

powder, epoxy resin powder and the.like. For the purpose

20 of thg invention, at least one of these fillers may be
seleeted for use.

While the rate af which at least one of the above

listed fillers are added varies depending on the chemical

constifutiqn of the resin composition to be prepared and

25 the type of the fillers to be used, typically they are used
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15 a resin conposition conprising epoxy resin that contains . :

a polysul fide or polythioether nodified epoxy resin having a polysul fide or
pol yt hi oet her structure where a plurality of sulfur atons are - directly
linked to chain units in a nol ecul e and an epoxy group is *  present
at each end of the nolecule. 20 -11- A resin conposition
according to the present invention conprises as princi pal

ngredient s ) ALARN S o1 AW Heibns by wesdlPYdd dB:Rions

polythloether epoxXy resin razi npoun (3)

cure aCCE'erQﬁf"wéiﬁh(46fftﬁéeéﬁtlfé epoxy re¥fhCh fi¢bhee @ailgésa@&%ﬂ to
|nprove the bond sttength and t

below 1 weight portion, the prepared product might not be

) smoothly applied and, if applied, the screen-printed

' 5 patterns pjpht not always be desifable and become

inoberative. If, on the other hand, it exceeds 100 weight

portions, applying by means. of screen-printing can be

[ obstructed. For mixing fillers with a mixture of epoxy

resin and at least one of hydrazide compounds, a

10 triple-roll mixer may preferably be used for kneading the

mixture and pulverizing the fillers to fine particles in

order to avoid clogging a screen at the time_éf screen-
printing operation.

Any rubber tbat can be graft-copolymefized -with epoxy

15 ' resin of the above identified. type so that rubber particles

are dispersed in the resin layer formed and can have a

so-called sea/islands structure when a resin compoéition

(‘“ fdrVgealing liquid.crystal.cells according to the invention

is cured may be suitably used for the purpose of the

20 invention. | ‘ |
For the purpose of the present invention, rubber
particles may be dispersed _i'nto epoxy 'resin or,

alternatively, they méy be dissoived into epoxy resin and

thereafter deposited when the latter is cured. Still
25 alterﬁatively, rubber particles may be produced in the
-1
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flexibility of the corrp'os'ition by relievi ng the stress

generated in it when it is cured along with a cure ' accel erator
reduces the tinme required for curing at | ow t enper at ure.

t hat

Now,

t he

10

15

20

25

specific fornmulations of the resin

-12-

presence of a graft-copolymer or a copolymer | of ‘epoxy
resin. Preferably, particles are produced in the presence.
of a graft-copolymer or a copolymer of epoxy resin because
tﬁe particle size of rubber particles can be\ controlled
with such a technique. However, any of these techniques
can disperse rubber particles in a stable manner as they
cause rubber and epoxy résin to interact with each other
at the interface. If rubber and epo.xy resin do not
interact at the interface, the former is apt to agglomerate
after having l_aeen cured and damage the reliabiiity' of the
product. If, on the other hand, rubber is appropriately
cross~linked, rubber particles are highly resistive against
defbrmation that may be given rise to by the curing stress.
Rubbef to be suitabl‘y used for the purposé of the
invention is preferably of a-i:rylester, -silicone, conjugated
diene, olefin, polyester or uref:hane type and md_re

preferably of acrylester, silicone or conjugated- diene

typ‘e. Rubber of any of these types may be used alone or

in combination with rubber of any other types. .

Acrylester type rubber pay be used for the purpose of the
invention in the form of particles that can be prepared by .
drying core shell emulsion of _the rubber or by means of a
method of manufacturing an acrylic ac.fui ester polymer as
disclosed in Japanese Patent Apblication Laid-open No. Shéu

55—16053 or a method of manufacturing a graft-copolymer of
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conp05|t|on according to the invention wi 'l be described - bel ow.
Thevepoxy resin to be used for the purpose of the . I nvention

contaips the nodified epoxy resin in an amount of 20
preferably 50 to 95% by wei ght. The nodified 10 epoxy resin is

wei ght,

expresSed by general fornula (1) [ert]3-
and Rlerr] represents at Ieast one organi c
group consi st
struct'ures an

represents a

(Cerr]lHerr]

.

10

15

20

25

to 100% by

(where each of R err]
group selected froma

of bispheno structures, aliphati r.
Jﬁ*‘% #ggng Pesin’ 31 o%tﬁ%?ygt PRLYlIREs I&% éf Rer r%&? in
t I ucd, d by -
3¢ r]L, RSP PBPHSPIR R [ b W GHEE S305PA85
of which the latter method is preferable in terms of
dispersion technigque aqd the viscosity after dispersion.

Methods that can be used to prepare silicone type

rubber for the purpose of the invention include those

utilizing fine particles of silicone rubber (Japanese
Patent Applications Laid-open Nos. Shou 60-72957 and Hei

3-170523). According to one of the methods, double bonds

are formed in epoxy resin and the epoxy resin is caused to

react with silicone containing active hydrogen atoms
capable §f r‘eacting' with double bonds _' to form a
graft-polymer, and then in the presence of the | graft~
polymer silicone monomers are polymerized. Whereas, with
the ofher method, double bonds are -formed in .epoOXy resin
which is caused to react with silicone monomers having
vinyl groups that are active for polymerization to produce
a graff~po].ymer, aﬁd then in the presence of the graft-
polymer silicone rubber monomers are polymerized. Howeirer,
methods that produce grafted products without utilizing
fine silicone rubber particles and prepare rubber particles

after the production of grafted products -a're preferable

 because such methods can control the size of xrubber

particles and prevent any unde_sir_ed rise 'in the viscosity

of the product obtained after dispersing fine particles.
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wherein mrepresents the_averége nunber of sul fur atons - cont ai ned

in the structure, which is 1 or 2, . and n represents 20 t he average
nunber, of pol ysul fide or polythioether structures contained in the
above formula, which is between 1 and.50). The epoxy resin
preferiably has two or nore than two -14-  epoxy groups in a nol ecul e,
and the average nol ecul ar wei ght of the epoxy resin is preferably

betme?n 300 %ﬂgss g%%h me%%ods are advantageous for screen- prlnting a

resin composition according to the invention. 'With,these
methods, rubber particles and epoxy resin-ihteract with
each other at the intefface thereof to disperse the former
5 in a well stabilized manner. If, to the contrary, rubber
particles and epoxy resin do not interact with each other
at the interface thereof, the former is apt to agglomerate

after havinQ been cured and to damage'the reliability of

Lo

the product. Additionally, it is desired to be selective
10 in the use of.mgnomers because rubber particles are highly
resistive against deformation thét may be given rise to by
the curing stress if.thé rubber is appropriately gelled.
The above ‘description aléo holds true for acryl ester type
rubber and, therefore, it is preférable to use monomers
15 'having glycidyl groups or polyvinyl groups to an
appropriate proportion,
Conjugatéd.diene'type rubber may be produced through
L. . polymerization or copolymerization of' monomers  of
1,3-but?diene, 1,3—pentadiené, isoprene, 1,3-hexadiene oxr -
20 chloroprene. Rubber articles of this type are also
commercially available. A copolymer of butadiene and
acrylonitrile which has carboxyl groups or amino groups at
the ends of the molecule is particu;arly ad&antagqous in
that it can dissolve in epoxy resin and rubber is<depoéit§d

25 at the time of curing so that particles of the produced

-4
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-6-

Organi ¢ groups selected froma group of. bi sphenol

structures for Rlerr] and Rlerr] in formula (1) may include, but are

not limited to, bisphenol A bisphenol F, bisphenol AD, bi sphenol

as wel |

of them

do not conprise a bisphenol structure, they conprise either an

al i phatic oxyg&ﬂ

PR

10

15

20

25

te>rer can be held under control. However, 1
noted that it is difficult to control the particle size of
the produéed rubber with thié technique when compafed with
the two methods described above (using .acryl ester typé
rubber and silicone type rubbefj and the obtained product
may be- shért of satisfactory performénce.- |

For the purpose of the present invention, rubber

particles preferably have an average diameter be._twéen 0.01

and 5 .pm, more preferably between 0.0l and 2 pm and are

dispersed throughout the product to shdw a so-—called.

sea/islands si:ruc‘ture_. If the average particle size is '

found out of the above defined range, the obt_ai'ne,d product
may be short of reli;biiity and -satisfactory performance.

Rubber is contained in the entire epoxy resin (containing

rubber) normally by O to 30% by weigh’c -and preferably by

2 to 15% by weight. If the rubber content falls below 2%

by weight, the final product may not show satisfactory

bond strength in a humid atmosphere, whereas °'if the content

exceeds 30% by weight, the prepared resin .composition may show

an inappropriately high level of viscosity to reduce the

. efficiency with which the composition is screen-printed

and, in some cases, degrade its bond strength after a
preliminary drying process. Rubber of any of the above
described types may be used alone or in‘combination with

rubber of any other types.
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A rmodi fi ed epoxy resin which nmay be used for. the "10 pur pose of the

present invention is a disulfide having epoxy groups at the ends
and expressed by general fornula (2). [err] : wherein
p. .. represents t he average nunber of disulfide structures
conprissed in a nolecule, which is bet weté~-1 and 15.

Exanpl es of pol ysul fide nodified epoxy resin expressed
¢ A cure accelerat'or which may be used for the purpose qf the

present invention ié 3-phenyl-1, 1-dimethylurea or
3-p-chlorophenyl—1, l—dimethylurea and expressed by general
: formula (3) below. ' :
5 x—@-nn-co-u( cH,), (3)
(where X is a hydrogen or chlor:i;ne atom). |
For thé purpose of the invention, the cure accelerator
may be contained in a resin composition according to ehe
invention by 0 to 5% by weight and preferably by 0.2 .to 3%
10 " -by weight. I~'f the content of the cure accelerator falls
| below 0.2_% by weight, the composition may be cured very
slowly so that enormous heat and time are consumed. If,
- on the other hand, the content of | -the cure accelerator
exceeds 5% by weight, it can quickly cure the composition,
15 but it may ad-versely affect the moisture resistivity and the
reactivity with liquid crystal of the composition.
for the purpose of thé invention, any known additivés
ST may be used with a resin co_mppsition according to the
| invention if they do not adversely affect the effect of the
20 composition. Additives that can be used with a resin
composition according to the inveﬁtibn include coupling
agents, solvents, thixotropic agents,  pigments, dyes,
'plasticizers, _ levelihg agents, defoaming agents and
reactive diluents. _ ..

25 _ A typical method of manufacturing liquid crystal cells
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(7]

20 - by general formua (1) above include, if me2, FLEP-10,

FLEP-50, FLEP-60 and FLEP-80 (tradenanes: all available froanoray
Thi okql Co., Ltd.) I'n addition to the polysulfide or

pol yt hi oet her nodified epoxy resin, _epoxy resins that can be used in
t he conp05|t|on of 25 the present invé&dtion incl ude:

-7-

by using a resin composition acéording to the invention

will be described below. |
Cell sﬁbstrates.to be used with a resin compbsition
according to the invention are made of a material selected
S from (1) crystalline thermoplastic resin materials such aé
polyethyleneterephthalate(PET),polybutyleneterephthalate
(PBTj,_. nylon (e.g., 6-6 Ny), polyacetal (roM),

polyphenylenesulfide (PPS), polyetheretherketone (PEEK),

-

{ | 1iquid~crystallihe polyester '(LCP) and thermoplastic
10 fluorine resin, (2) non-crystalline fhermoplastic resin
| “materials . such as polycarbonate (PC), modified
polyphenyleneoxide (modified PPO), polyaryléte (PAR),
polysulfone (PSF), polyethersulfone (PES), polyetherimide
(PEI) and polyamideimide (PAI) and (3) non-thermoplastic
15 resin materials such as polytetrafluoroethylene (PTFE),
polyimide (PI), polyaminobismaleimide and triazine resin.
The upper and lower substrates, are normally made of the
{:.- : same kind of resin materials, although they may be made of
different resin materials if such materials are feasible
20 - for the operation of the produced liquid crystal cell. The -
surfaces of the substrates may be treated by a surface
treating ‘agent -such as a silane coupling agent.
Additionally, their surfaces to be used for thelliguid .
.cryétal cell may be attached with the tfansparent
25 electrodes and the orientation films. '

- 17 -
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(1) pol ycondensati on resins obtained through polycondensation of a
conpound sel ected from groups consisting of <1> bi sphenols such as

bi sphenol A and bi sphenol F, <2> novol ak resin obtained by addition
condensation of phenol or cresol and fornmal dehyde, <3> hydroxy conpounds
such as tetrahydroxyphenyl nethane and-18esorcinol, <4> ami nes such as

di am nodi phenyl nethane, aniline and xylilenedi am ne, <5> polyhydric

al cohaol s such as glycerol and pentaerythritol, .<6 > carboxy conpounds such
as phthal ic acid anf FERRyCPBRAEALLPR CRIRF LFAPL PPORTFESIY CORESLDABES

such as Ethy'6269$8f§£uf99d£t%méﬁi%i@ﬁfsepoxy resin, at least one of

hydrazide compounds and at least one of fillers agents, .to
which a gapping ager}t (spacer) is added to provide a
5 desired gap, is applied to one of cell.substratee to a
thickness approximately'two to three times greater than the
intended thickne.ss of the composition by means of screen-

printing, relief printing or a dispenser and precured in

L

L : a dryer. Thereafter, another substrate to be ueed for the
10 cell are bonded togefher and then the aggregate is heated
‘and cured by means of a dryer, a hot plate, a heater block.
or an infrared heater wh:i_.l-e- applying pressure to the
substrates by a collet or a vacuum pin.
A precuring procese which may be used for the purpose of the
15 ~ present iﬁyention comprises steps of evaporating eny
solvents and moisture contaiﬁed in the resin coﬁposition
and subsequently carrying out a leveling operation so_that
__;‘: K the resin composition may fit well on the adhesion areas
of the substrate to be bon;‘ied together. The precuring
20 process is typically conducted in constantly flowing air
at temperature between room temperature and 130°C for a
period of time between 5 minutes and 6 .hqufS', although’ _it
is preferably conducted at ténperature between 60 and 110°C
for .a period of time' between 10 and 60’ minutes from tﬁe

25 viewpoint of cost effectiveness.
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and propyl eneglycol and its polyners, and an epi hal ohydrin such as
epi.ehl or ohydrin or epi bronohydrin and resins obtained through hal ogenati on
of such pol ycondensation resins as well as pol ycondensati on resins _
ohtained. through pol ycondensation of a conpound selected fromthe groups
<1> t ht ough <7> above and a net hyl epi RdBehydrtn such as

met hyl epi chl orohydrin and resins obt ai ned t hrough hal ogenati on of such
pol ycondensation resins, (2) epoxidated aliphatic acids such as

epoxi dat ed soy bedn RRF-GHEE | {ROBEFPTEY| RIOCESS (39 dfoxPEsfedF ehBe

ol ymers such as epoxi dat
P y purpose o% ge present invention is des::.gned to cause the

epoxy resin and the hydrazide compounds of a resin
compos:.tlon to sufficiently react with _ each ot;her for
5 curing and to bor-ld. the cell substrates together by the
resin composition. The hot-cure process is typically
con&ucted in constantly flowing air at temperature between
90 and 150°C for a period of time between 5 and 180 minutes
L and preferably at temperature between' 100 and 130 C for a
10 period of tlme between 30 and 120 minutes.
Examples .

Now, the preseot invention will be described further
by_ referr._i.ng_ to a number of examples where resin
oompositiorvs according to the invention were prepared- and

15 liqgquid crystal cells were prepared by using the resin
composition. Note that “porfion" and "¥" in the following
describtioﬁ are those expressed in terms of weight.

do The prepared. specimens of resin composi'tion- for
| sealing liquid crystal ce_lls and those Of. liquid crystal

20 panels were evaluated for the following four properties.
(1) operability: This represents an aspect of -a' resin
composition according to the invention required to adapt
.itself to the entire .operation of preparing a liquiq-
crﬁrstal panel including screen printing, precuring, bonding

25 and postcuring.  The following three ratings were used.
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pofybutadiehé and epoxi dat ed polyisoprene,. (4) al i phatic epoxy resins
such as 3, 4-epoxy-6-" net hyl cycl ohexyl net hyl - 4- epoxy- 6- et hyl cycl ohexane
carbonate and bis(2, 3- epoxycyclopentyl)ether and (5) epoxy resins. made
erX|bIe t hrough additi on of _
-20-
5 ' | X...poorly operable, a...operably but not
satisfactorily, o0...excellently operable
(2) bond strength: This property of each specimen was
détermined as folloﬁs. Each specimen was applied on a
5 first £ilm substrate (PET, 100mm(width)x100mm{length)x0.lmm
(thickness)) by screenlprinting, precured at 90°C for 20
minutes and then cooled to ambient temperature. A second
film substrate (PET;.O.lmm thick) was bonded thgreto and
the two substrates were pressed against each other by a
10 presé jig and postcured at 120°C for 90 minutes. The
combined substrates were then cut to produce ten 10mm wide
test pieces (100mm(length)x1Omm(width)). The screen
printing was ¢onducted in such a way that the specimen was
applied to‘eadh test pieces to occupy an area of lmmxS50mm
15 with a thickness of 5 pm at the centéf. Immediately affer
preparing the test pieces and after they were immersed in
. boiled water for 3 to 5 hours, they are tested for T-peel
tést accdrding to JIS-K-6854.
(3) flexibility: Each of the above pieces was bent and
20 loaded with a 1lkg weight for 10 seconds to see if any
breaking was . observed at the bent section. If not, the
pieces was bent to the reverse side ané éubjected to a
-#ecoﬁd load test. The above procedures were r;peated.
| whenever necessary. The following five ratings were used.

25 X...broken at the-first test, x~A...broken at the

[ —
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“met hyl ene bis(4-pheny|isocyénate),._tonIenediisocyanate,

hexanmet hyl enedi i socyanate or isophoronedii socyanate. Any of these
resins may be used alone or in conbination with at |east one of the
remai ni ng candi date resins. ' When the nodified epoxy resin occupies

| ess than 20% by weight of the total welght of the entire epoxy resin
contained in a conposition according to the invention, the cured product
to be obtained may be too hard or, if not too hard, poorly adhesive to
fil msubstrates mﬁsbcumd«xﬁestxeduqad.physkeal artd ctremi cthisdabitestty.
A~O. ..broken at the fourth test, o...not broken
before the fifth test
(4) -electric property: Immed:.ately after preparing liquid
5 crystal panels and after-they'were exposed to en.atmosphere
of 80°C and 953%RH for 500 hours, an electric current was
made to run between the terminals of eech specimen to see
( | its rate of change (coefficient). |
. Synthesis Example 1
10 A . following rubber substance was synthetically
prepared as an ingredient of a specimen.
A 12 port:.ons of acryl:.c acid and a 1 portion of
tr:.ethylamine were added to a 600 portions of blsphenol F
type epoxy resin prepared frgm bisphenol F and
15 . epichlorohydrin (EPICI;.ON 830S: tradename, available _from
DAINIPPON INK AND CHEMICALS, INC.), which were then caused
to react mutually by heating to 110°C for 5 hours to

prodﬁce a 613 portions of epoxy resin containing acrylic.

Fa T

group. Subsequently, a 350 portions of buty_laczyl'ate, a
20 20 por‘i:i-ons -of - gl;'rcizdylmethacrylate, a 1 portion of
divinylbenzene, a 1 portion of azobisdimethylvaleronitri1e
and a 2 portions of azobisisobutylonitrile are added fo the
above product and a polymerization process was carried out
on the mixture.at' 70°C for 3 hours and.then 'at 90°C for an

25 hour to produce a graft-polymer of epoxy resin and
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The reason why the average nol ecul ar weight of the epoxy resinis
preferably held between 300 and 3,000 is that, if it is below 300, the
cured product-to be obtained may be too hard and poorly adhesive to the
conponents of the cell to acquire a desired |evel of physical and chem cal
stabil-ity. |f, on the other handr2ghe average nol ecul ar wei ght of
.the epoxy resin exceeds 3,000, it may becone poorly resistive to heat and

| ose any physical _.and chemical stability. Preferably, the average
mol ecull ar wei Qﬁpyé,,estqeé:. Fine particles of the polymer (A-1) had an

average particle size of 0.05 ym and presented a so-called
sea/islands structure. The epoxy equivaleht and the rubber:

content of the polymer were respectively 305g/eq and 37.9%.

5 . Sjnthes:i_.‘s Example 2
A 613 portions of epoxy resin containing acryl-ic group *
were prepared, following the former half procedures of

Synthesis . Example 1. Subsequently, a 5 'portions of

.-..‘——.‘!

} . hydroxj(ethylacrylete, a 10 portions of butylacr.ylate and
10 a 2 portioqs of aiobisisobutylonitrile were added to the
abqve epoxy res:in and a polymerization pi:ocess was carried

out on the mixtu:;:e at 70°C for 3 hours and then at 90°C for

an hour to produce a graft-polymer of epoxy resin _and
acrylester. Then, a 70 portions of a silicone intermediate

15 having a methoxy -group in each mole'eule and a 300 portions

of a 1:1 mixture solution ef a two-liquid cold-exire type

silicone rubber were added to the graft—polymer and the

éé' s mixture was stirred for 3 houfs fdr_ reaction to prod:uce a
silicone modified epoxy resin. Fine particles of the

20 obtained polymer (A-2) had an average particle size of
3_. Sﬁm and presented a so-called sea/islands structure. The

epoxy equivalent and the Tubber eontent of the polymer were

. respectively 28lg/eq and 33.0%.

Examples 1 through 9

25 : The ingredients as listed in Table 1 were mixed in a

-_
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epoxy resin is between 700 and 2, 000. . :

- 9- . For the purpose of the present invention, at |east one of
hydrazi de conpounds nmay be selected for use from (1) nonobasic acid
hydr azi-de conmpounds such as salicylic acid hydrazide, p- oxybenzoi c
acid , hydrazide,  phenyl am nopropi oni-23aci d hydrazide, lauric acid
hydr azi de ' :

- Henschel or Dalton mixer or a ball mill and then kneaded
in a ceramic triplefroll-mixer for each example until the
particles of the fillers-and'curing agents became smaller

' than 10pm in diameter. Then, a 100 pertions.of the kneaded

5 material and a 3 portions of a spacer agent (milled fiber
with a particle diameter of Spm) were mixed well at toom
temberature to obtain a specimen of resin composition'for

'sealing liquid crystal cells. Each specimen was applied

——

. " on a first f£ilm sﬁbstrate (PET, O.lmm {(thickness)) by
10 screen printing, precured at 90°C for 20 minutes and then
cooled to ambient temperature. A second film substrate
(PET, O.lmm thick) was. bonded thereto aﬁd the two
substrates were pressed against each other by a press jig
and postcured at 120°C for 90 minutes to:produde a blank
15 -pahel (liquid crystal cell). Then, biphenyl type liquid
crystal was poured into the blank pahel throughfa sealing
hole, which was subsequently sealed with STRUCT BOND ES-302
‘;" ' S ( tradename: two—liquia cold-cure type epoxy resin available .
from‘MITSUI TOATSU CHEMICALS,_INC.) to produce a finished
20 film—made crystal panel. |
The obtained specimens of resin composition for
sealing liquid crystal ceils and the liquid crystal panels
were evaluated by the above described ‘tests. .Table 3 shbws-

‘the results of the tests on these speclmens and panels.

25 ' Comparative Examples 1 through 8

- Lo
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and the like, (2) dibasic acid hydrazi de conpounds such as -succinic acid,
di hydrazi de, adi pic acid di hydrazide, isophthalic acid di hydr azi de,
dodecanoi ¢ di acid dihydrazi de, carbohydrazi de, sebacic acid dihydrazide,
t hi odi'propi oni ¢ aci d di hydrazi de, furandicarboxylic acid dihydrazide,
cycl ohexanedi carboxylic acid di hydrazidde and the like.. O these, dibasic
aci d hydrazi de conpounds are particularly suited for the present '
i nvention. Any of these hydrazi de conpounds works as a curing agent
for epoxy resin andompheatmmabemidremmwreemrcozﬁ;msnmoﬁtfm sealtngas a
one-liquid type epoxy adhesive because '

ligquid crystal cells and liquid crystal panels were

prepared by using ingredients as listed in Table 2 and the
process as described above for Examples 1 through 9. The
5 | obtained specimens and panels were evaluated by the above
described tests. Table 3 aléo shows the'results of the

tests.

rhong
.'I A
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1t can be stably stored at roomtenperature. .Neverthel ess,
t ype epoxy adhesive at

hydrazi de conpounds can start curing a one-liquid

| ower tenperature and show a better

noi sture than any ot her
one-l.iquid
trifluoride. At

at aratio of ‘1/3 to 2/3 nols of hydrazide

of the iy ¥ esin contained

" epoxy resin
‘epoxy resin A (*1)
epoxy resin B (*2)
-epoxy resin C (*3)
epoxy xesin D (*4)

{ polysulfide modi-

E fied epoxy resin
A (*5)
B (*6)
C (*7)

rubber A-1
A-2

average molecular
weight

curing agent
DDH (*8)
PAA (*9)
polythiol (*10)

REE Tk

cure accelerator

A (*11)
B (*12)
filler
“alumina
thixotropic agent
AEROSIL  (*13)

t hese °

resistivity against heat, cold and
curing agents that are conventionally used for a

t ype epoxy adhesive such-as-di cyanodi am de and boron

| east one of these hydrazi de conpounds are  préferably used
group to a nol of epoxy group .

unit: portion

Examples

1 2 3 4 S

80

100 . 50
100

100 50 20

720 660 1000 860

14 16

10 10
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500

10 12 24

10 10 10

6 7 8 9

40
40
35 45 100
20
35 45
10
30

920 2100 1070 - 720

16 14 13 14

10 10 10 10 -




-10- -

triple-roll
to evenly and finely disperse the
normally solid.

as

in -the agent.. For
m xer

"Table 2

m xing the

-may preferably be used for

and magnesi um

1 .2
_epoxy resin
epoxy resin A (*1) 85
epoxy resin B (*2)
.epoxy resin C (*3) 85
epoxy resin D (*4)
poiysulfide modi-
fied epoxy resin
A (*5) 26.
B (*6)
C (*7) 15
rubber A-1l
A-2
average molecular 470 660
weight '
curing agent .
DDH’ (*8) 25 16
PAA , . (*9)
polythiol (*10)
- cure accelerator
A (*11) 2 2
B (*12)
filler .
alumina 10 10
thixotropic agent
AEROSIL (*13) 5 )
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I ngredients, a

kneadi ng the
hydr azi de conmpound or conpounds that are
Fillers that can be used for the purpose of the

present invention include (1) inorganicdillers including
cal ci um carbonate

m xture in order

Comparative Examples

3

85

15

580

25

10

4

100

500 1250 1330

17

10

carbonates such
unit: portion
5 6 7 8
85 85
70 55
15 15 15
30 30
470 470
17 16 -
117
214 .
2 2
10 10 10

10

I THIS SHEET Hag qu |

. PFHLA ’-r-‘\

——t



carbonate, sulfates such as bariumsulfate, nmagnesium sulfate, silicates
such as alum numsili.cate and zirconium silicate, oxides such as iron
oxide, titaniumoxide, alunm num oxide (alum na), silicon oxide (silica)
and zinc oxide, and kaolin, talc, asbestos powder, quartz powder, 'mica
and glass fiber and the |ike (2) organi c-274+l ers such as pol yet hyl ene
powdér, pol ypropyl ene powder, polyvinylchloride powder, = '
po:ystyrene Ipowder pol yvi nyl acetate powder,
po y§ty; ne-p | ac % a a er,
polyuret ane By é@ﬁg% ol % g ggglggg &gﬁh ngg?ggﬁﬁﬁggﬂﬁéﬁ €9E%ngﬁo$22?n
.tradename. EPICLON 830S, avallable from DAINIPPON INK
AND CHEMICALS, INC. '
average molecular weight 380
epoxy equivalent 185~195g/eq
*2: bisphenol A/eplchlorohydrln polycondensation type epoxy
resin
tradename: Epikote 1004, available from Yuka Shell
Epoxy Co., Ltd.
average molecular welght 1,600
epoxy equivalent 875~9759/eq
- %3 chain epoxy resin
_ tradename: Adeka Resin EP-4000, available from ASASHI
[ DENKA KOGYO K.K. :
B average molecular weight 650
epoxy equivalent 310~340g/eq
*4: urethane modified epoxy resin
tradename: Adeka Resin.EPU-11, available from ASAHI
DENKA KOGYO K.K.
average molecular wéight 500
epoxy equivalent 285~335g/eq
*5: polysulfide modified epoxy resin, FLEP-10
available from Toray Thiokol Co., Ltd.
average molecular weight 720
epoxy equivalent 330~390g/eq
*6: polysulfide modified epoxy resin, FLEP—SO‘
available from Toray Thiokol Co., Ltd.
average molecular weight 660
epoxy equivalent 300~360g/eq
*7: polysulfide modified epoxy resin, FLEP-80
available from Toray Thiokol Co., Ltd.
average molecular weight 1,000
oo epoxy equivalent 450-~550g/eq
;o8 *8: dodecanoic diacid dihydrazide
' *9: polyamideamine
tradename: Versamid 125
available from Henkel Hakusui Corp.
amine value 330-~360mg-KOH/g
*10: polythiol (mercaptan)
tradename: ATO CX-1, ATCHEM JAPAN
SH value 6.70 mg-KOH/g - :
*11: 3-p-chlorophenyl-1,1l-dimethylurea
- available from Tokyo Kasei Kogyo Co., Ltd.
*12: 3-phenyl-1,l-dimethylurea :
available from ACI Japan Ltd.
*#13: AEROSIL #200 (tradename), available from Nlppon
Aerosil Co., Ltd.
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powder, epoxy resin powder and the like. For the purpose of the invention
at |l east one-of these fillers may be selected for use. Wil e the 1
rate at which at |east one of the above |listed fillers are added varies
dependi'ng on the chem cal constitution of the resin conposition to be
prepared and the type of the fillers tajge used, typically they are used

Table 3
opera- bond strength (kg/10mm) f£flexi- electric
bility : bility property"
Ohrs 3hrs S5hrs (coeffi-
2 cient)
Example 1 o 2.4 2.4 2.2 o 1.72
' 2 o 2.2 2.1 1.6 o 1.82
3 o 2.3 2.0 1.5 le) 1.91
4 o 2.9 2.7 2.7 o 1.78
: 5 A 1.4 1.3 1.2 A~O 2.23 .
6 A 1.2 1.3 1.1 A~O 2.19
7 o 3.7 3.4 3.1 o ©~ 1.58
8 o 3.1 3.0 . 2.6 o 1.64
9 o 2.5 2.3 2.2 le) -1.83
Compara- -
tive
Example 1 o .0.8 0.5 0 X~A -
2 o 0.7 0.6 0.2 X -
3 e 0.4 0.2 0 x -
4 A 0.1 0 0 X -
5 o 0.5 0.3 0.3 X 5.89
6 o 0.3 1.2 1.0 X~A 3.65
. 7 x 0.3 0 0 x -
L 8 x 0.4 0 0 x -
B.N.: "-" denotes a test impossible status due to breaking after

keeping for 500 hours in atmosphere of 80°C and 95%RH.
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at* a ratigwa 1 to 100 portions by weight to 100 porti-ons—by weight of tﬁi)

y resin. If the fillers are below 1 wei lﬂ
oduct m ght not be snoothly applied an(ﬁ "ﬂ ;"ﬂgu I E
econe

entire epox
prepared pr
screén-prin
i noper at i ve CRAINY
appl yi ng_ by
with a m xt
a triple-r

ted ﬁatterns m ght not alwwys be desirtablie man

n the other hand, it exceeds 100 wei ght portions,

B L A
Oéél f% X EEmgQ‘XSRESf' e b;LJ).(irl?gipasf d 1L8£‘e598g%|s ”Q 1t)h eepoxy
resin containing .a polysulfide modified epoxy resin,
(2) hydrazide coiupouhds_ and (3) fillers. I .
2. A resin composition according to 'claim 1,

wherein the entire epoxy resin contains said

polysulfide modified epoxy resin by 20 to 100% by

10

15

20

25

weight.

3. A resin composition according to claim 1 or claim

ing fillers

conmpounds,

2, wherein said polysulfide modified epoxy resin is-

expressed by g'enerai fofm_ulé (1)

CH,-CH-R'-R?-R’-CH-CH, | ' | (1)

\0/

wherein each 6f R' and R’ represents at least one
‘organic group . selected from a group cqnsisting. of
bisphenol structures, aliphatic oxyether structures
and aliphatic thioether structures and R? represents a
polysulfide structure expressed by ;(CZH,OCHZOCZH4S,)n—,
where ‘m represents the number of sulfur | atoms
contained in a polysulfide stfucture, which is 1 or 2,
and n represents the average number of polysulfide
structﬁres_contained in the above formula, which is
between 1 and 50.
4. A resin composition according to any one of the
preceding claims, wherein the éverage moleculér weight
of the entire epoxy resin is between 300 and 3,600.

5. A resin composition according to any preceding

I
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m xture and pulverizing the fillers to fine particles

c:oggl ‘ng a screen ;'at ! the ti me. of screen-. printi .ng opelrmmlmm"m(ﬂlllﬂﬂlfi

rubber. .t hat can be graft-copol ymeri zed38i-t h epoxy resin of %bove

i dentified tyg&aﬁglbﬁ@&eleQﬁFegsrtgf%g;éggégldrﬁce@%%% Inw% %hre3|n'layer

formed and can have a So-ca o 2
0 r%%%J ¥ﬁh§! S according to the i nvention
g for t urp4

is cured may be SU|tany us

COHDDSItIOﬂ

ure en a resi

ose of the invention.

the purpose of.theapkageft cbRPE8LEL98n éHQQP&lng to claim 5, wherein

10

15

20

fine particles of rubber of an acrylester type, a

thereof having a particle diameter of 0.01 to 5um are

dispersed in the epoxy resin. .

7. A resin composition according to. claim 5 or claim
6, wherein the epoxy resin containé rubber by 2 to 30%
by weight.

8. A resin composition according to any preceding
claim further containing a cure accelerator that is a
urea compound.

9. A resin composition according to 9laim 8, wherein
the cure accelerator is expressed by general formula

(3)
x—<(:j_>--m1-co-1~z(cn3)2 B C(3)

(where X is a hydrogen or chlorine atom).
10. A resin composition according to claim 9
containing 0.2 to 5% by weight of the urea compound.

1l. A film-made 1liquid crystal cell prepared by

applying a resin composition according to any one of

the preceding claims. to film-made cell substrates,

precuring the resin composition and thereafter hot-

For

silicone type, a conjugated diene type or a mixture -

curing it to bond the substrate.
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particles may be di spersed into the epoxy resin or, alternatively, %ﬂey
“may be dissolved into epoxy resin and thereafter deposited when the latter

ulscwed
+- 17"

Still alternatﬂE@W%CTrubber partlcles may be .produced in the

presence of raft- co ol ynmer or copol ner ‘of epoxy resin.

Preferably, partiREP Bé MRO R WLIWE%M

10

15

20

LIQUI CRYSTAL CELLS

A resin composition. for sealing liquid crystal cells
comprising as principal ingrédients epoxy resin containing
a '-po_lysulfide modified epoxy resin, hydrazide compounds and
fiilers. |

Sa.id epoxy resin may contain a polysulfide modified epoxy
resin expressed by the general formula (1) by 20 to 100%
bj weight in the entife epoxy resin and thé average
molecular welght of  the entlre'epoxy resin 1s;ueﬂnably
between 300 and 3000. '

CH,-CH~R'-R’~R’-CH-CH, | (1)

\ / '- \/

where each of R' and R? represents at 1eést one organic
group selected from al group consisting of bisphenol
structures, aliphatic ogyether structures and aliphatic.
thioether structures and R’ rep:esents a polysulfide
structure expressed by -(C,H,0CH,O0CHS ) -, wherein m
represents the number of sulfur atoms contained in a.
polysulfide.structure, which is 1 or 2, and n represents
thé average number of polysulfide structurés contained in
the above formula, which is between 1 and 50.

A film~-made liquid crystal cell made by using éhe-
resin composition is excellent in adhesion, flexibility,

electric properties and.has high reliability.

-
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size of rubber particles can be controlled wth such a technique.
any of these techniques can disperse rubber particles in a stable nanner
as they cause rubber and epoxy resin to interact with each other
I nterface. | f rubber and epoxy resin do not interact at the interface,
the fornmer is apt to agglonerate after having been cured and damage the

reliability of the product. |If, on the other hand, the rubber

is

at the

appropriately cross-I|inked, rubber partlcles are hlghly resi stive agai nst

deformati on that may be given rise to bylthe curing stress.

RESIN COMPOSITION FOR SEALING FILM-MADE LIQUID CRYSTAL

CELLS

This ‘invention relates to a novel resin composition
to be suitably used for sealing liquid crystal displays of
a variety of types developed in recent years and to be
reliably'operated in severe environments. It also relates
to a film-made liquid crystal cell realized by using such
a resin composition.

In recent years, liquid crystal displays have Eecome
marked;y popular in response to the rapid developﬁent of

down-sized personal computers, audio equipment,

instruments, color television sets and other electronic’

appliances. A liquid crystal display consumes 1éss'énergy
and requires less dfive forcefthan.a cathode ray tube (CRT)
so that it allows reduction of size, weight and cost, while
it can produce clear and sharp iﬁéges better than a CRT
even in the sunlight. Because of these advantages, the
scope of application of liquid crystal display (hereinafter
referred -to as LCD) ‘has been constantly expanding.

Particularly, tremendous efforts have been paid to develop

LCDs comprising a film substrate that are thin and
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Rubber to be suitably used for the purpose of the invention is preferably
of acrylester, silicone, conjugated diene, olefin, polyester or urethane
type and nore preferably of acrylester, silicone or conjugated- diene
type. Rubber of any of these types may_be used alone or in conbination

wi th rubber of any other type. ?%Tylester type rubber may be used for
the purpose of the invention in the formof particles that can be prepared
by drying a core/shell enulsion of the rubber or by neans of a nethod of

manuf act ur i nd-ighteight ard ks damaged, pvengd £ grseiededni d RPRERE

Pat ent | i catjon Laid-qpen No. Shou’
ApP a jacket. ﬂ%rknown glass-made LCDs, film-made LCDs are

required to have outstanding physical properties. For
instance, the components of the cell of the LCD need to be
firmly bonded together to provide an enhanced degree of
hermeticity. Therefore, they must be physically and

chemically stable and resistant against moisture and heat.

Currently, a cell comprising glass substrates and
liquid crystal is prepared typically by bonding upper and
lower substraﬁes by means of a one-~liquid hot-cure type
epoxy adhesive, injecting liquid crystal in a highly vacuum
condition and sealing the remaining hole by means of.a uv
(ultraviolet)-light-cure type or two-liquid cold-cure type
resin. Improved and highly efficient one~liquid hot-cure
type adhesives are currently available and, therefore,
there are practically no technologicai troubles for h'onding
glass substrates. ‘

On the other hand, one-liquid hot-cure <type or
two-liquid type epoxy adhesive are used for bonding film
substrates. However, a one-ligquid hot-ciure type epoxy
adhesive is originally designed to bond glass substrétes
and, once cured, it becomes so hard that it is scarcely
capable of withstanding bending force and adapting itself

to thermal deformations of the bonded substrates and it is




55- 16053 or a nethod of manufacturing a graft-copol yner of

-13- thernosetting resin and a vinyl polynmer as disclosed in Japanese
Pat ent -Application Laid-open No. Shou 55-21432, of which the |atter nethod
is preferable in terns of
di sper si on.

di sper si on tgchnlque and the viscosity after

rather poorly adhesive to the substrates. A two-liquid
type epoxy adhesive is disadvantageous in that it has a
relatively short pot life and does not have satisfactory
physical and chemical stability to the moisture and the
heat of the prepared cell. Sealing materials containing
flexible epoxy resin as a principal ingredient such as a
polyol type epoxy resin or a urethane type epoxy resin,
have been studied, although such materials are not
particularly adhesive t§ film and, to some extent, lack
physical and chemical stability to the moisture and the
heat of the cells prepared by using such materials. Thus,
no satisfactory adhesive has been developed so far for film
substrates.

A number of adhesive have been proposed for sealing
film-made liquid drysfal cells, 'inéluding ~one. using
thermoplastic resin varnish for dissolving the surféce of
substrates and bonding them by applying heat and pressure
thereto (Japanese Patent Application Laid-open No. Shou
57-32669), one using a double bonding technique,'where
substrates are bonded together by ine_ans of a .silicone resin
type substance on the inside and an epoxy resin type
substance on the outside (Japanese Patent Application
Laid-open No. Shou 60-69634) and one that cures with heat
and light (Japanese Patent Application Laid-open No. Hei

1-129232). None of these, however, has been found
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Met hods that can be used to prepare silicone type rubber for the purpose
of the invention include those wutilizing fine particles of silicone rubber
(Japanese Patent Applications Laid-open Nos. Shou 60-72957 and He
3-170523). According to one of the methods, double bonds are formed in
epoxy resin and the epoxy resin is caud®d to react with silicone
containing active hydrogen atons capable of reacting. with double bonds to
forma graft-polyner, and then in the presence of the graft- polynmner
silicone nofO¥ERE bIiRASHPASH. Whereas, with the other method, double
bonds are fornmed in epoxy resin

In view of the above described circumstances, it is
therefore an object of the present invention to provide a
resin composition for sealing liquid crystal cells that is

relatively easy to use, adhesive to film substrates and

flexible so that it may be adapted to thermal deformations
of the substrates, yet which may be physically and chemically stable
to the moisture and the heat of the substrates.

Another object of the present invention is to provide
a film-made liquid crystal cell: used the resin compositioh.

As a result of intensive research éfforts of the
inventors of the présent invention, the above object and
other objects of the invention are achieved by providing
a resin composition comprising epoxy resin that contains
a polysulfide modified epoxy resin having a polfsulfide
structure where a plurality of sulfur atoms are directly
linked to chain units in a molecule and an epoxy group is

present at each end of the molecule.

A resin corhpgsition according to the present invention
comprises as principal ingredients epoxy resin containing
a polysulfide modified epoxy resin, at least one of
hydrazide compounds and at least one of fillers, to which

rubber may be added to improve the bond strength and the

REPLACEMENT SHEET

This Sheet Has Been Re placed

T

3 1 JAN 1997




which is caused to react with silicone nonomers having vinyl groups that
are active for polynerization to produce a graft-polyner, and then in the
presence of the graft- polynmer silicone rubber nononmers are pol ynerized.
However, nmethods that produce grafted products without utilizing fine
silicone rubber particles and prepare r aer particles after the
production of grafted products are preferable because such nethods can

control the size of rubber particles and prevent any undesired rise in the
viscosity. SteFARIIAGHURE oG RAMRASIEFLCR sB¥r Jeidaving phhei Steess

generated in it when it is cured along with a cure
accelerator that reduces the time required for curing at
low temperature.

Now, the specific formulations of +the resin
composition according to the invention will be described
below.
| Preferably, epoxy resin to be used for the purpose of
the invention contains a pblysulfide modified epoxy resin
expressed by general formula (1)

CH,~CH-R'-R’~R’-CH-CH, (1)

\/ \/
o o
(where each of R' and R represents at least one organic .
éroup selected from a group consisting of bisphenol
structures, aliphatic oxyether structures and aliphatic
thioether structures and R’ represents a polysulfide
structure expresséd by -(CHOCH,OCHS ) -, wherein m
represents the average number of sulfur atoms contained in
a polysulfide structure, which is 1 or '2, and n represents
the average number of polysulfide structures contained in
the above formula, which is between 1 and 50) by 20 to 100%
by weight, preferably 50 to 95% by weight, and two or more
than two epoxy groups in a molecule, and the average
molecular weight of the entire epoxy resin is preferably

between 300 and 3,000.
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~-14- Thus, such nethods are advantageous for screen-printing a resin
conposition according to the invention. Wth these nethods, rubber
particles and epoxy resin interact wwth each other at the interface
thereof to disperse the former in a well_ stabilized manner. [f, to the
contrary, rubber particles and epoxy resin do not interact with each other
at the interface thereof, the fornmer is apt to aggl onerate

Organic groups selected from a group o©f bisphenol
structures for R' and R’ in formula (1) may include, but
not limited to, bisphenol A, bisphenol F, bisphenol AD,
bisphenol S as well as alkylated, allylated, acylated and
halogenated compounds of them. If the organic groups
represented by R' and R’ do not comprise a bisphenocl
structure, they comprise either an aliphatic oxyether
structure or an aliphatic thioether structure.

Additionally, a polysulfide modified epoxy resin to
be preferably used for the purpose of the present invention
is a disulfide having epoxy groups at the ends and

expressed by general formula (2)

CH,CHCH, S~ (C,H,0CH,0C,H,SS ) -C,H,0 (2)
\/ N\
0 CH,CHCH,SC,H,0CH,
\ '/

wherein p represents the average number of disulfide
strucjt:ures comprised in a molecule, which is betweenn 1 and
15.

Examples of polysulfide modified epoxy resin expressed
by general formula (1) above include, if m=2, FLEP-10,
FLEP-50, FLEP-60 and FLEP-80 (tradenames: all available
from Toray Thiokol Co. , Ltd.)

In addition to polysulfide modified epoxy resins,
epoxy resins .that can be used for the purpose of the present

invention include:
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after having been cured and to damage the reliability of

Additionally, it is desired to be selective in the use of
rubber particles are highly resistive against deformation
given rise to by the curing stress if the rubber is appro
The above descrlptlon al so holds true fof-acryl ester type

t he product.
nonomers because
that may be

priately gelled.

rubber and,

t herefore,

is preferable to use monomers having glycidyl groups or

pol yvi nyl grou

(@) d_di
Fubber rmy be rotucoBotRERDGRPRELTRer | FATO or CREBFURG  oailorar

nonomer s of

polycondensation of a compound selected from groups

consisting of <1> bisphenols such as bisphenol A and

“bisphenol F, <2> novolak resin obtained by addition

condensation of .phenol or cresol and formaldehyde, <3>
hydroxy compounds such as tétrahydroxyphenyl methane and
resorcinol, <4> amines such as diaminodiphenyl methane,
aniline and xylilenediamine, <5> polyhydric alcohols such
as glycerol and pentaerythritol, <6> carboxy compounds such
as phthalic acid and hexahydrophthalic acid and <7>
polyalkylene ether such as ethyleneglycol and its polymers
and propyleneglycol and its polymers, and an epihalohydrin
such as epichlorohydrin or epibromohydrin and resins
obtained through halogenation of such polycondensation
resins as well as a polycondensation resins obtained_
through bolycondensation of a compound selected from the
groups <1> through <7> above and a methylepihalohydrin such
as methylepichlorohydrin and resins obtained through
halogenation of such polycondensation resins,

{(2) epoxidated'aliphatic acids such as epoxidated soy
bean oil and its derivatives,

(3) epoxidated diene polymers such as epoxidated
polybutaéiene and epoxidated polyisoprene,

(4) aliphatic epoxy resins such as 3,4-epoxy-—-6-

methylcyclohexylmethyl -3, 4-epoxy-6-methylcyclochexane
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1, 3- but adi ene, 1, 3-pentadi ene, isoprene, 1, 3-hexadiene or chloroprene.
Rubber articles of this type are also comercially avail able. A

copol ynmer of butadiene and acrylonitrile which has carboxyl groups or
amno groups at the ends of the nolecule is particularly advantageous in
that it can dissolve in epoxy resin and-Bubber -is deposited at the time of
curing so that particles of the produced

carbonate and bis(2,3-epoxycyclopentyl)ether and

(5) epoxy resins made flexible through ad_dition of
methylene bis(4-phenylisocynate),. tolylenediisocyanate,
hexamethylenediisocyanate or isoholondiisocynate.

Any of these resins may be used alone or in
combination with at least one of the remaining candidate
resins. |

When the polysulfide modified epoxy resin occupies
less than 20% by weight of the total weight of the exzxtire
epoxy resin contained in a composition according to the
invention, the cured product to be obtained pay be too |
hard or, if not too hard, poorly adhesive to £film
substrates with markedly reduced physical and chemical
stability.

The reason why the average molecular weight of the
entire epoxy resin is preferably held between 300 and 3,000
is that, if it is below 300, the cured product-to be
obtained may g‘e too hard and poorly adhesive to the
components of- the cell to acquire a desired level of"
physical and chemical stability.

If, on the other hand, the average mélecular weight
of the entire epoxy resin exceeds 3,000, it may become
poorly'resistive to heat and lose any physical and chemical
stability. Preferably, the average mc;lecular weight of the

epoxy resin is between 700 and 2,000.
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-15- rubber can be held under control. However, it should be noted that
it. is-difficult to control the particle size of the produced rubber with
this techni que when conpared with the two nmethods descri bed above (using
acryl ester type rubber and silicone type rubber) and the obtained product
may be short of satisfactory perfornmance. For the purpose of the
present invention, rubber particles préferably have an average di aneter

e O O e he B Eohe ¢4 Uhe LSRGl 208, 2t B
of hydrazide compounds may be selected for use from (1)
monobasic acid hydrazide compounds such as salicylic acid
hydrazide, p-oxyﬁenzoic acid hydrazide,
phenylaminopropionib acid hydrazide, lauric acid hydrazide
and the like, (2) dibasic acid hydrazide coﬁpbun@s such as
succinic acid dihydrazide, adipic acid dihydrazide,
isophthalic acid dihydrazide, dodecanoic diacid
dihydrazide, carbohydrazide, sebacic acid dJdihydrazide,
thiodipropionic' acid dihydrazide, furandicarbonic acid
dihydrazide, cyclohexanedicarbonic acid dihydrazide and the
like. Of these, dibasic acid hydrazide compounds are
particularly suited for the present invention.

Any of these hydrazide compounds works as a curing
agent for epoxy resin and, when mixed with epoxy resin, the
mixture serves as a one-liquid type epoxy adhesive because
it can be stably'stbred at room temperature. Nevertheless,
these hydrazide compounds can start curing a one-liquid
ltype epoxy adhesive at lower temperature and show a better
resistivity against heat, cold and moisture than any other
curing agents that.are.conventionally'used for a one-liqguid
.type epoxy adhesive such as dicyanodiamide and boron
trifluo;:i.de. At least one of these hydrazide compounds are
preferably used at a ratio of 1/3 to 2/3 mols of hydrazide

group to a mol of epoxy group of the epoxy resin contained
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seal/islands structure. |If the average particle size is found out of the
above defined range, the obtained product mnay be short of reliability and
satisfactory performance. Rubber is contained in the entire epoxy resin
(containing rubber) normally by O to 30% by weight and preferably by 2 to
15% by weight. If the rubber content fatl@-below 2% by weight, the final
product may not show satisfactory bond strength in a hum d atnosphere,
whereas if the content exceeds_30% by weight, the prepared_resin
conposi ti on Hay E@w 288t nappr BpFi AE¥ing| ghhe evEYO of 199ERELERYSE 0 Peduce

the efficl ooy Y oy Al onSy BoSE L 1y *oS UEES Bot bCading the
mixture in order to evenly and finely disperse the
hydrazide compound or compounds that are normally solid.
Fillers that can be used for the purpose of the
present invention include (1) inorganic fillers including
carbonates such as calcium carbonate and mégnesium
cérbonate, sulfates such as barium sulfate, magnesium
sulfate, silicates such as aluminum silicate and zirconium
silicate,. oxides such as iron oxide, titanium oxide,
aluminum oxide (alumina), silicon oxide (silica) and zinc
oxide, and kaolin, talc, asbestos powder, quartz powder,
mica and glass fibef and the like (2) organic fillers such
as polyethylene powderx, polypropylene powder,
polyvinylchloride powder, pdlystyrené powder,
ﬁolyvinylacetate powder, polystyrene-polyvinyiacetate
-copolymer powder, polymethacrylate powder, polyuféthane
powder, polyester powder, urea resin powder, pheﬁol resin
powder, epoxy resin powder and the like. For the purpose
of the invention, at least one of these fillers may be
selected for use.
While the rate at which at least one of the ébove
listed fillers are added varies depending on the chemical
constitution of the resin composition to-bé prepared and

the type of the fillers to be used, typically they are used

REPLACEMENT SHEET

3 1 JAN 1997




and,

pr ocess.

in some cases, degrades its bond strength after a prelininary dryi ng

Rubber of any of the above described types may be used al one or

in conmbination with rubber of any other types.

-16-

A cure accel erator which may be used for the purpose of the
-11-~

at a ratio of 1 to 100 portions by weight to 100 portions
by weight of the entire epoxy resin. If the fillers are
below 1 weight portion, the prepared product might not be
smoothly applied and, if applied, the screen-printed
patterns pjght not always be 'desirable and beéome
inoperative. If, on the other hand, it exceeds 100 weight
portions, applying by means. of screen-printing can be
obstructed. For mixing fillers with a mixture of epoxy
resin and at least one of hydrazide compounds, a
triple-roll mixer may preferably be used for kneading the
mixture and pulverizing the fillers to fine particles in
order to avoid clogging a screen at the time of screen-
printing ope;ration.

Any rubber that can be graft-copolymerized with epoxy
resin of the above identified type so that rubbef"particlés
are dispersed in the 'resin layer formed and can -have a
so-called sea/islands structure when a resin composition
for sealing liquid crystal cells according to the invention
is cured may be sﬁitably used for the purpose of the
invention. |

For the purpose of the present invention, rubber
particles may be: dispersed into epoxy resin or,
alternatively, they .. may be dissolved into epoxy resin and
thereafter depositea when the latter is cured. Still

alternatively, rubber particles may be produced in the
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present invention S 3-phenyl -1, 1-di met hyl urea or :
3-p-chl orophenyl -1, 1-dinethylurea and expressed by general fornula (3)
bel ow. [err] (where X is a hydrogen or chlorine aton). For the

pur pose of the invention, the cure accelerator nmay be contained in a resin
conposi tion according to the inventionfy O to 5% by weight and preferably

by 0.2 to 3% by meight If the content of the cure accelerator falls
el on 0.2 DY et S £OIRELL OB BLLD" G789 ASihynal oY Syt
resin. Preferably, particles are produced in the presence .
of a graft-copolymer or a copolymer of epoxy resin because
the particle size of rubber particles can be controlled
with such a technique. However, any of these techniques
can disperse rubber particles in a stable manner as they
cause rubber and epoxy resin to interact with each other
at the interface. &= If rubber and epoxy resin do not
interact at the interface, the former is apt to agglomerate
after having been cured and damage the reliability of the
product. If, on the other hand, rubber is appropriately
cross-linked, rubber particles are highly resistive agair_xst
deformation that -méy be given rise to by the curing stress.
Rubber to be suitabl‘y used for the purpose of the
invention is preferably of aﬁrylester, silicone, conjugated
diene, olefin, polyéster or urethané type and more
preferably of acrylester, silicone or conjugated- diene
type. -Rubber of any of these types may be used alone or
in combination with rubber of any other types. |
Acrylester type rubber pay be used lfor the purpose of the
invention in the form of particles that ;:an be prepared by
drying core shell emulsion of the rubber or by means of a
method of manufacturing an acrylic acid ester polymer as
disclosed in Japanese Patent Apblication Laid-open No. Shou

55-16053 or a method of manufacturing a graft-copolymer of
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on the other hand, the content of the cure accelerator exceeds 5% by _
wei ght', it can quickly cure the conposition, but it may adversely affect
the noisture resistivity and the reactivity with liquid crystal of the
conposi tion. For the purpose of the invention, any known additives
may be used with a resin conposition acg@-ding to the invention if they do
not adversely affect the effect of the conposition. Additives that can be
used with a resin conposition according to the invention include coupling
agents, sol Fogrgosettiing repstnageft & vinyhepelyregyas, digiclesed s,

| evel i ng agents, defoam ng agents_and
Japanese Patent Application Laid-open No. Shou 55-21432,

of which the latter method i; preferable in terms of
dispersion technique and the viscosity after dispersion.
Methods that can be used to prepare silicone type
rubber for the purpose of the invention include those
utilizing fine particles of silicone rubber (Japanese
Patent Applications Laid-open Nés. Shou 60-72957 and Hei
3-170523). According to one of the methods, double bonds
are formed in epoxy resin and the epoxy resin is caused to
react with silicone containing active hydrogen atoms
capable of reacting. with double bonds to form a
graft-polymer, and then in the presence of the graft-
polymer silicone monomers are polymerized. Whereas, with
the other method, double bonds are'formed in epoxy resin
which is caused to rééct with silicone monomers haviné
vinyl groups that are active for polymerizafion to produce
.a graft-polymer, and then in the presence of the graft-
polymer silic:one rubbef monomers are polymerized. However,
methods that produce grafted products without utilizing
fine siliconé rubber partiglés and prepare rubber parti_cles
after the production of grafted products are preferable
because such methods can control the size of rubber
particles and prevent aﬁy undesired rise 'in the wviscosity.

of the product obtained after dispersing fine particles.
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reactive diluents. A typical nethod of manufacturing liquid crysta

cells

-17- by using a resin

conposition according to the invention wll be described bel ow.

substrates to be used with a resin conposition

are nade of a material sel ected -14-~

Thus, such methods are advantageous for screen-printing a
resin composition according to the invention. With these

methods, rubber particles and epoxy resin interact with

each other at the interface thereof to disperse the former

in a well stabilized manner. If, to the contrary, rubber
particles and epoxy resin do not interact with each other

at the interface thereof, the former is apt to agglomerate

after having been cured and to damage the reliability of

the product. Additionally, it is desired to be selective
in the use of monomers because rubber particles are highly
resistive against deformation that may be given rise to by
the curing stress if the rubber is appropriately gelled.
The above description also holds true for acryl ester type
rubber and, therefore, it is preferable tb use monomers
having glycidyl groups or polyvinyl groups to an
apprbpriate proportion.

Conjugated.diene type rubber may be produced through
polymerization or copolymerization of monomers of
1,3-butadiene, 1,3-pentadiene, isoprene, 1,3-hexadiene or
chloroprene. Rubber articles of this type are also
commercially available. A copolymer of butadiene and
acrylonitrile which has carboxyl groups or amino groups'at
the ends of the molecule is particularly advantageous in
that it can dissolve in epoxy resin and rubber is deposited

at the time of curing so that particles of the produced

Cel |

according to the invention
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from (1) crystalline thernoplastic resin materials such as
pol yet hyl enet er epht hal ate (PET), pol ybutyl eneterephthalate (PBT), nylon
(e.g., 6-6 Ny), pol yacet al (POM), polyphenyl enesul fide (PPS),
pol yet her et her ketone (PEEK), liquid-crystalline polyester (LCP) and
thernoplastic fluorine resin, (2) non=gsystalline thernoplastic resin
materi al s such as pol ycar bonat e (PG, nodified polyphenyl eneoxide
(nodi fied PPO, polyarylate (PAR), polysulfone (PSF), polyethersulfone
(PES), pol yetduyber dean (Bl headdupaeyagbeeiroiide EHoMeweand i(t3)should be
non-t hernopl astic resin materials such as pol ytetrafl uoroethyl ene (PTFE)
noted that it is difficult to control the particle size of
the produced rubber with this technique when compared with
the two methods described above (using acryl ester type
rubber and silicone type rubber) and the obtained product
may be short of satisfactory performénce.
For the purpose of the present invention, rubber
. particles preferably have an average diameter between 0.01
and é.pm, more preferably between 0.01 and 2 pﬁ and are
dispersed throughout the product to show a so-called'
sea/islands structure. If the average particle size is
found out of the above defined range, the obtained product
may be short of reliability and satisfactory performance.
Rubber is contained in the entire epoxy resin (containing
Lok rubber) normally by 0 to 30% by weight-and preferably by
2 to 15% by weight. If the rubber content falls below 2%
by weight, the final product may not show satisfactory
bond strength in a humid atmosphere, whereas °‘if the content
exceeds 30% by weight, the prepared resin composition gay show '
an inappropriately high level of viscosity to reduce the
efficiency with which the compositidn is screen-printed
and, in some cases, degrade its bond strength after a
preliminary drying process. Rubbexr of any of the above

described typés may be used alone or in' combination with

rubber of any other types.
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polyimde (Pl), polyani nobisnaleinde and triazine resin. The upper and
| ower substrates, are normally made of the sane kind of resin materials,
al t hough they nay be nade of different resin materials if such materials
are feasible for the operation of the produced liquid crystal cell. The
surfaces of the substrates may be treafléd by a surface treating agent
such as a silane coupling agent. Additionally, their surfaces to be
used for the liquid crystal cell may be attached with the transparent

el ectrodes and thék awreavicalénayorfvhisch may be used for the purpose of the

present invention is 3-phenyl-1, l1-dimethylurea or
3-p-chlorophenyl-1, 1-dimethylurea and expressed by general
formula (3) below.

x—@—NH-CO-N( CH,), (3)
(where X is a hydrogen or chlorine atom).

For the purpose of the invention, the cure accelerator
may be contained in a resin composition according to the
invention by 0 to 5% by weight and preferably by 0.2 to 3%
-by weight. - I-'f the content of the cure accelerator falls
below 0.2% by weight, the composition may be cured véry
slowly so that enormous heat and time_are.consumed. If,
on the other hand, the content of the cure accelerator
exceeds 5% by weight, it can quickly cure the composition,
but it may adversely affect the moisture resistivity and the
reactivity with liquid crystal of the domposit;i.on.

For the purpose of thé invention, any known additives
may be used with a resin composition according to the
invention if they do not adversely affect the effect of the
composifion. Additives that can be used with a resiq
composition according to the invention include coupling
agents, solvents, thixotropic agents, pigments, dyes,
plasticizers, levelihg agents, defoaming agents and
reactive diluents.

A typical method of manufacturing liquid crystal cells
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cont ai ni ng

| east one hydrazi de conpound, a cure accel erator and at | east one
filler, to whi ch a gappi ng agent (spacer) is added to provide a
5 desired gap, is applied to one of-te+l substrates to a

A resin conposition conprising epoxy resin

a polysul fide or polythioether nodified epoxy resin,

t hi ckness approxinmately two to three tinmes greater than the

by using a resin composition according to the invention
will be described below.

Cell subétrates to be used with a resin composition
according to the invention are made of a material selected
from (1) crystalline thermoplastic resin materials such as
polyethyleneterephthalate(PET),polybutylenetérephthalafe
(PBT), nylon (e.g., 6-6 Ny), ' polyacetal (POM),
polyphenylenesulfide (PPS), polyetheretherkétone ( PEEK),
liquid-crystalline polyester (LCP) and thermoplastic
fluorine resin, (2) non-~crystalline thermoplastic résin
materials  such as polycarbonate {PC), modified
polyphenyleneoxide (modified PPO), polyaryléte (PAR),
polysulfone (PSF), polyethersulfone (PES}, polyetherimide
(PEI) and polyamideimide (PAI) and (3) non-thermoplastic
resin materials such as polytetrafluoroethylene {(PTFE),
polyimide (PI), polyaminobismaleimide and triazine resin.
The upper and lower substrates, are normally made of the
same kind of resin materials, although they may be made of
different resin materials if such materials are feasible
for the opei:ation of the produced liquid crystal cell. The
surfaces of the substrates may be treated by a surface
treating agent such as a silane coupling agent.
Additionally, their surfaces to be used for the liguid
crystal cell may be attached with the tfansparent

electrodes and the orientation films.

at
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I.nt ended thickness of the conposition by nmeans of screen-

printing, relief printing or a dispenser and precured in a dryer
Thereafter, another substrate to be used for the 10 cell are bonded
toget her and then the aggregate is heated and cured by neans of a
dryer, a hot plate, a heater block -18- or an infrared heater while
appl ying pressure to the substrates by a collet or a vacuum pin.

A precuring process which nmay be used for the purpose of the 15 =
present invention?® &SN SOBPOSLEASN SERMRLEPHRGUTRRKY HfFin contalinddlg ent s
and noi sture contained_in the resin conposition |, and subsequent|ly
carrying out & IBVéV?Héféﬂéra??gﬁféﬁdtrﬁﬂoxy resin, at least one of

hydrazide compounds and at least one of fillers agents, to
which a gapping aget}t (spacer) is added to provide a
desired gap, is applied to one of cell substrates to a
thickness approximately two to three times greater than the
intended thickness of the composition by means of screen-
printing, relief printing or a dispenser and precured in
a dryer. -Thereafter, another substrate to be used for thee
cell are bonded together and then the aggregate is heated
and cured by means of a dryer, a hot plate, a heater block
or an infrared heater while applying pressure +to the
substrates by a cdllet or a vacuum pin.

A.prgcuring proéesé vhich may be used for the.purpose of the
present im_rention comprises steps of evaporating any
solvents and moisture contained in the resin composition
and subsequently carrying out a leveling operation so that
the resin composition may fit well on the adhesion areas
of the substrate to be bon;ied together. The precuring
process is typically conducted in constantly flowing air
at temperature between room temperature and 130°C for a
period of time between 5 minutes and 6 .hours, although it
is preferably conducted at temperature between 60 and 110°C
for a period of time between 10 and 60 minutes from the

viewpoint of cost effectiveness.
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the resin conposition may fit well on the adhesion areas of the

substrate to be bonded together. The precuring 20 process is
typically conducted in constantly flowi ng air at tenperature

bet ween room tenperature and 130[err]C for a period of tine
between 5 m nutes and 6 hours, althougholt I's preferably conducted
at tenperature between 60 and 110[err]C for a period of tine

bet ween 10 and 60 minutes fromthe 25 vi ewpoi nt of cost

ef fecti veness. A hot-cure (postcure) process to be used for the

purpose of the present invention is designed to cause the
epoxy resin and the hydrazide compounds of a resin
composition to suffiéiently react with each other for
curing and to bOl;ld the cell substrates together by the
resin composition. The hot-cure process is typically
conducted in constantly flowing air at temperature between
90 and 150°C for a period of time between 5 and 180 minutes
and preferably at temperature between 100 and 130°C for a
period of time betv;veen 30 and 120 minutes.

Examples

Now, the preseﬁt invention will be described further
by 'referring. to a number of examples where resin
compositions according to the invention wére prepared and
liquid crystal cells were pzfeparéd by using the resin
composition. Note that "portion® and """ in the followihg
describtion are those expressed in terms of weight.

The prepared specimens of resin composition- for
sealing liquid crysiéal cells and those of liquid crystal
panels were evaluated for the following four properties.
(1) operability: This represents an aspect of a resin
composition according to the invention required to adapt
itself to the entire .operation of preparing a liquid
crystal panel including screen printing, precuring, bonding

and postcuring. The following three ratings were used.
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-.19- A hot-cure (postcure) process to be used for the purpose of -
the present invention is designed to cause the epoxy resin and the
hydr azi de conpounds of a resin conposition to sufficiently react with each
other for curing and to bond the cell substrates together by the resin
conposi tion. The hot-cure process is dppcally conducted in constantly
flowng air at tenperature between 90 and 150[err]C for a period of tine
between 5 and 180 m nutes
X...poorly operable, a...operably but not
satisfactorily; 0...excellently operable
(2) bond strength: This property of each specimen was
determined as follows. Each specimen was applied on a
firstfilﬁsubstrate(PET,100mm(width)x100mm(leﬁgth)xo.lmm
(thickness)) by screen printing, precured at 90°C for 20
minutes and then cooled to ambient temperature. A second
film substrate (PET, O.lmm thick) was bonded thereto and
the two substrates were pressed against each other by a
press jig and postcured at 120°C fdr 90 minutes. The
combined substrates were then cut to produce ten 10mm wide
test piecgs (100mm( length)x10mm(width)). The screen
printing was conducfed in such a way that the specimen was
applied to each test pieces to occupy an area of lmmx50mm
with a thickness of 5 pm at the centér. Immediately after
preparing.tﬁe test pieces and after they were immersed in
boiled wéter for 3 to 5 hours, they are tested for T-peel
test according to JIS-K-6854.
(3) flexibility: Each of the above pieces was bent and
loaded with a 1lkg weight for 10 seconds to see if any
breaking was observed at the bent section. If not, the
pieces was bent to the reverse side and subjected to a
éecond load test. The above procedures were r;peated

whenever necessary. The following five ratings were used.

X...broken at the first test, x—~a...broken at the
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and preferably at tenperature between 100 and 130C for a

period of tine

‘bet ween 30 and 120 m nutes. Exanples Now, the present invention wll
be described further by referring to a nunber of exanples where resin

conpositions according to the invention were prepared and
cells were prepared by using the resinzjconposition. Note

liquid crystal
that "portion"

and "% in the following description are those expressed in terns of

wei ght .

The prepared speci nens of resin conposition for sealing

liquid crystal celdescordl tbese, of |igui bkt alat the third test,

[

A~0...broken at the fourth test, 0...not broken
before the fifth test
(4) electric property: Immediately after preparing liquid
crystal panels and after they were exposed to an atmosphere
of 80°C and 95%RH for 500 hours, an electric current was
made to run between the terminals of each. specimen to see-
its rate of change (coefficient).

§vnthesis Example 1

A following_ rubber substance was synthetically
prepared as an ingredient of a specimen.

A 12 portions 6f acrylic acid and a 1 portion of
triethylamihe were added to a 600 portions of bisphenol F
type epoxy resin prepared from bisphenol F and
epichlorohydrin (EPICLON 830S: tradename, available from
DAINIPPON INK AND CHEMICALS, INC.), -which were then caused
to react mutually by heating to 110°C for 5 hoﬁrs to
prodﬁce a 613 portidns of epoxy resin containing acrylic
group. Subsequently, a 350 portions of butylacrylate, a
20 portions of glycizdylmethacrylate, a 1 portion of
divinylbenzenel, a 1 portion of azobisdimethylvaleronitrile
énd a 2 portions of azobisisobutylonitrile are added to the
above product and a polymerization process was carried out
on the mixture at 70°C for 3 hours and then .at 90°C for an

hour to produce a graft-polymer of epoxy resin and
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panel s were evaluated for the follow ng four properties. (1) operability:
This represents an aspect of a resin conposition according to the
invention required to adapt itself to the entire operation of preparing a
liquid crystal panel including screen printing, precuring, bonding and
postcuring. The follow ng three rating22were used.

-20-

acrylester. Fine particles of the polymer (A-1) had an
average particle size of 0.05 pm and presented a so;-called
sea/islands structure. The epoxy equivalent and the rubber
content of the polymer were respectively 305g/eq and 37.9%.

Synthesis Example 2

A 613 portions of epoxy resin containing acrylic group
wexre prepared, following the former half procedures of
Synthesis . Example 1. Subsequently, a 5 portions of
hydroxyethylacrylate, a 10 portions df butylacrylate and
a 2 portions of azobisisobutylonitrile were added to the
above epoxy resin and a polymerization pi‘ocess was carried
out on the mixtufe at 70°C for 3 hours and then at 90°C for
an hour to producé a graft-polymer of epoxy resin and
acrylester. Then, a 70 portions of a silicone intermediate
having a methoxy group in each molec;ule and a 300 portions
of a 1:}. mixture solution of a two-liquid cold-cure type
silicone rubber were added to the graft-polymer and the
mixture was stirred for' 3 hours fo'r. reaction to produce a
silicone modified epoOxXy résin. ‘Fine particles of the
obtained polymer (A-2) had an average particle size of
3.5um and presented a so-called sea/iélands structuré. The
epoxy equivalent and the rubber content of the polyxnér were
respectively 28lg/eq and 33 .0%.

Examples 1 through 9

The ingredients as listed in Table 1 were mixed in a
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X.. .poorly operable, [err]... operable but not satisfactorily,
0...excellently operable (2) bond strength: This property of each

speci nen was determ ned as foll ows. Each speci nmen was applied on a

first filmsubstrate (PET, 100nm(w dt h) x100m( | engt h) xO. 1nm (t hi ckness))
by screen printing, precured at 90[err]4zfor 20 minutes and then cooled to
anbi ent tenperature. A second filmsubstrate (PET, 0.1mmthick) was bonded
thereto and the two substrates were pressed agai nst each other by a press

jig and postguped,al %@[ﬂf&o&mﬁ%’ﬁe& WiEs11 mie aRATRNARD KHAIAL €S

were then cut to produce t
in a ceramic' triple-roll mixer for each example until the

particles of the fillers and curing agents became smaller
than 10pm in diameter. Then, a 100 portions of the kneaded
material and a 3 portions of a spacer agent (milled fiber
with a particle diameter of 5um) were mixed well at room
temperature to obtain a specimen of resin composition for
sealing liquid crystal cells. Each specimen was applied
on a first film substrate (PET, O.lmm (thickness)) by
screen printing, precured at 90°C for 20 minutes and then
cooled to ambient temperature. A second film substrate
(PET, O.lmm +thick) was bonded thereto and the two
substrates were pressed against each other by a press jig
and pqstcured at 120°C for 90 minutes to produce a blank
panel (liquid crystal cell). Then, biphenyl type liquid
crystal was poured into the blank panel through a sealing
hole, which was subsequently sealed with STRUCT BOND ES-302
(tradename: two-liquia cold-cure type epoxy resin available
from MITSUI TOATSU CHEMICALS, INC.) to produce a finished
film-made crystal panel.

The obtained specimen; of resin composition for
sealing liquid crystal cells and the liquid crystal panels
were evaluated by the above described tests. Table 3 shows
the results of the tests on these speciméns and panels.

Comparative Examples 1 through 8
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fest pieces (100m( | ength)xl Onmm({w dth)). The screen printing was
conducted in such a way that the specinen was applied to each test pieces
to occupy an area of I mx50mm with a thickness of 5 pmat the center.

| medi ately after preparing the test pieces and after they were i mrersed
in boiled water for 3 to 5 hours, th24-are tested for T-peel test
according to JI S-K-6854. (3) erX|b|I|ty Each of the above pieces was
bent and |oaded with a | kg weight for 10 seconds to see if any breaking
was observed at tlgniritaticsd specimehsnef ,retém compeelwsnbm& slea 1filiey

reverse side and subjected to a
liquid crystal cells and llqgld crystal panels were
prepared by using ingredients as listed in Table 2 and the
process as described above for Examples 1 through 9. The
obtained specimens and panels were evaluated by the above

described tests. Table 3 also shows the results of the

tests.
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second | oad test.

The above procedures were repeated whenever necessary.

"The following five ratings were used. X... broken at the first test,
[err]... broken at the -21- second
test, [err].. .broken at the th2%€d test, [err] ..... br oken at
the fourth test, 0... not broken

Table 1

epoxy resin

-epoxy resin A (*1)
epoxy resin B (*2)
epoxy resin C (*3)
epoxy resin D (*4)

polysulfide modi-

fied epoxy resin
A (*5)
B (*6)
C (*7)

rubber A-1
A-2

average molecular
weight

curing agent

PDH (*8)
PAA (*9)
polythiol (*10)

cure accelerator

A (*11)
B (*12)

filler

alumina

. thixotropic agent

AEROSIL (*13)

100

720

14

10

unit: portion

Examples
2 3 4 5 6 7 8 9

80 40
40
50 35 45 100
100 ' 20
100 50 20 35 45

10
30

660 1000 860 500 920 2100 1070 720

16 10 12 24 i6 14 i3 i4

70 10 10 10 10 10 10 10
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before the fifth test
‘liquid crystal

(4) electri

80[err] C and 95%H for 500 hours,

between the term nals of each specinmen_jg_see
Synt hesis Exanple 1

(coefficient).

C property:

an .electric current was

synthetically prepared as an ingredient of a specinen.

of acryli ¢aBted2and
portions ©f bl sphenol

1 portion of
F

triethylam ne were added to

| medi ately after preparing
panel s and after they were exposed to an at nosphere

of
made to run

its rate of change
A follow ng rubber substance was

12 portions
600

unit: portion

Comparative Examples

1 2 3 4 5 6 7 8
epoxy resin
epoxy resin A (*1) 85 85 85
epoxy resin B (*%*2)
epoxy resin C (*3) 85
epoxy resin D (*4) 85 100 70 55
polysulfide modi-
fied epoxy resin
A (*5) 26
B (*6)
C (*7) 15 . 15 15 15 15
rubber A-1 30 30
A-2
average molecular = 470 660 580 500 1250 1330 470 470
weight
curing agent
DDH’ (*8) 25 16 25 17 17 16
PAA (*9) 117
polythiol (*10) 214
cure accelerator
A (*11) 2 2 2. 2 2 2
B (*12)
filler -
alumina 10 10 10 10 ;0 10 10 10
thixotropic agent
AEROSIL (*13) 5 5 5 5 5 5 5 5
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type epoxy resin prepared from bisphenol F and epichlorohydrin
"(EPI CLON 830S: tradenane, available from DAI N PPON | NK AND CHEM CALS,
INC.), which were then caused to react nutually by heating to 110[err]C
for 5 hours to produce 613 portions of -@@exy resin containing acrylic
group. Subsequently, 350 portions of butylacrylate, 20 portions of
gl yci zdyl net hacryl at e, 1 portion of divinylbenzene, 1 portion of
azobi sdi nethy| vabesgirenoll IFYepdtil droRydtin palilycandbhsbsnbiit yy e époxe are
added to the abosssimproduct and a pol ynerizati on process was carried out
on the m xture gerddgname:CEPICLONNEBOS, aanhiledaleatf rO@] BALNTPPON ENK
AND CHEMICALS, INC.
average molecular weight 380
epoxy equivalent 185~195g/eq
*2: bisphenol A/eplchlorohydrln polycondensation type epoxy
resin
tradename: Epikote 1004, available from Yuka Shell
Epoxy Co., Ltd.
average molecular weight 1,600
epoxy equivalent 875~975g/eq
- %33 chain epoxy resin
tradename: Adeka Resin EP-4000, available from ASASHI
DENKA KOGYO K.K.
average molecular weight 650
epoxy equivalent 310~340g/eq
*4: urethane modified epoxy resin
tradename: Adeka Resin.EPU-11l, available from ASAHI
DENKA KOGYO K.K.
average molecular weight 500
epoxy equivalent 285~335g/eq
*5: -polysulfide modified epoxy resin, FLEP-10
available from Toray Thiokol Co., Ltd.
average molecular weight 720
epoxy equivalent 330~-390g/eq
*6: polysulfide modified epoxy resin, FLEP-50
available from Toray Thiokol Co., Ltd.
average molecular weight 660
epoxy equivalent 300~360g/eq
*7: polysulfide modified epoxy resin, FLEP-80
available from Toray Thiokol Co., Ltd.
average molecular weight 1,000
epoxy equivalent 450~550g/eq
*8: dodecanoic diacid dihydrazide
*9: polyamideamine
tradename: Versamid 125 :
available from Henkel Hakusui Corp.
amine value 330~360mg-KOH/g
*10: polythiol (mercaptan)
tradename: ATO CX-1l, ATCHEM JAPAN
SH value 6.70 mg—KOH/g-
*11: 3-p-chlorophenyl-1,l-dimethylurea
available from Tokyo Kasei Kogyo Co., Ltd.
*12: 3-phenyl-1,l-dimethylurea
available from ACI Japan Ltd.
*13: AEROSIL #200 (tradename), available from Nippon
Aerosil Co., Ltd.
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hour to produce a graft-polymer of epoxy resin and

- 22- acrylester. Fine particles of the polyner (A-1) had an average
particle, size of 0.05 [err]mand presented a so-called seal/islands
structure. The epoxy equival ent and the f2dbber content of the polyner were
respectively 305g/eq and 37.9% Synthesis Exanple 2

Table 3
opera- bond strength (kg/10mm) flexi- electric
bility bility property
Ohrs 3hrs - Shrs (coeffi-
cient)
Example 1 o 2.4 2.4 2.2 o 1.72
2 o 2.2 2.1 1.6 o] 1.82
3 o 2.3 2.0 1.5 o 1.91
4 o 2.9 2.7 2.7 o - 1.78
5 A 1.4 1.3 1.2 A~O 2.23
6 A 1.2 1.3 1.1 A~O 2.19
7 o 3.7 3.4 3.1 o 1.58
8 o 3.1 3.0 2.6 o 1.64
9 o 2.5 2.3 - 2.2 o 1.83
Compara-
tive .
Example 1 o) 0.8 0.5 0] X~A -
2, o 0.7 0.6 0.2 x -
3 o 0.4 0.2 0 x -
4 A . 0.1 0 0 x -
5 o 0.5 0.3 0.3 x 5.89
6 o 0.3 1.2 1.0 X~A 3.65
7 X 0.3 0 o x -
8 X 0.4 0 0 x -

B.N.: "-" denotes a test impossible status due to breaking after
keeping for 500 hours in atmosphere of 80°C and 95%RH.
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613 portions of epoxy resin containing acrylic group ~ Were preparet;

Lopioung, he former et procedures o etrineaesy cee NEMCAMI BN
butylacryl ate and

2 portions of azobisdsobutylonitrile veré added to the

above epoxE£LAEMS) and a pol ynerization process was carried out on the
m xture at 70C for 3 hours and then at 90[err]C for an_hour to_ produce a
graft-pol yder of RpER§ipresprrasdtiger fossis@alinthehiquid) epystadhs of a

silicone internediate

stelld : SOMPXEFiRgs At PHHNGEP

portions

havi ng a net hoxy grqup in . each mol ecule and 300
!

t WOOFPgdestsol -k #ROXY pe

resin contaiﬁing a polysulfide modified epoxy resin,
(2) hydrazide compounds and (3) fillers.

2. A resin composition according to claim 1,
wherein the entire epoxy resin contains said
polysulfide modified epoxy resin by 20 to 100% by
weight.

3. A resin composition according to claim 1 or claim
2, wherein said polysulfide modified epoxy resin is
expressed by general formula (1)

CH,-CH-R'-R*-R*-CH~-CH, (1)

wherein each of R' and R® represents at least one
organic group selected from a group consisting of
bisphenol structures, aliphatic oxyethe_r structures
and aliphatic thioethér structures and R’ represents a
polysulfide structure expressed by -(C,H,0CH,0C,H.S ). -,
where m represents the number of sulfur | atoms
contained in a polysulfide structure, which is 1 or 2,
and n represents the average number of polysulfide
structures contained in the above formula, which is
between 1 and 50.

4. A resin composition according to any one of the
p;:‘eceding claims, wherein the average molecular weight
of the entire epoxy resin is between 300 and 3,600.

5. A resin composition according to any preceding
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silicone rubber-—?-‘§HH§6“TU‘rhe~gwaft-poIyner and the m xture was
stirred for 3 honﬁﬂ'!u"mjmﬂuﬂrﬂw produce a silicone nodified epoxy
resin. Fi ne part'iy ai ned polyner (A-2) had an average
particle size of 3.5pn1and"pr%sehted a so-called seal/islands structure.

The epoxy equival ent and the rubber coupent of the polynmer were

respectively 281g/eg and 33.0% Exanples 1 throygh 9 The i ngredi ents
as Fisted i% Tab$£§§k\m?ﬁ§eﬁpxgkpiq?qggpresin contalgs rubber whlgh 1sg

a graft-copolymer of epoxy resin.

6. A resin composition according to claim 5, wherein
fine particles of rubber of an acrylestér type, a
silicone type, a conjugated_diene type or a mixture
thereof having a particle diameter of 0.01 to 5um are
dispersed in the epoxy resin.

7. A resin composition according to. claim 5 or claim
6, wherein the epoxy resin contains rubber by Z’to 30%
by weight.

8. A resin composition according to any preceding
claim further containing a cure accelerator that is a
urea compound.

9. A resin composition according to claim 8, wherein
the cure accelerator is expressed by general formula

(3)
X_@—NH—CO—N(CH3)2 (3)

(where X is a hydrogen or chlorine.atom).

10. A resin composition according to claim 9
containing 0.2 to 5% by weight of the urea compound.

11. A film-made 1liquid crystal cell prepared by
applying a resin composition according to any one of
the preceding claims to film-made cell substrates,
precuring the resin composition and thereafter hot-

curing it to bond the substrate.
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- 23- Henschel or Dalton mxer or a ball mll and then kneaded in a
ceramic triple-roll mxer for each exanple until the particles of the

fillers and curing agents becane snmaller than 10[err]min dianmeter. Then,
100 portions of the kneaded material and 3-portions of a spacer agent

(mlled fiber with a particle diageter of 5[err]m were m xed well at
tenperature to obtain a speci nempsiRacESi n conposition for

RESIN COMPOSITION FOR SEALING FILM-MADE
LIQUID CRYSTAL CELLS

A resin composition for sealing liquid crystal cells
comprising as principal ingredients epoxy resin containing
a polysulfide modified epoxy resin, hydrazide compounds and.
fillers.

Said epoxy resin may contain a polysulfide modified epoxy
resin expressed by the general formula (1) by 20 to 100%
by weight in the entire epoxy resin and the average
molecular weigt;t of the entire tepoxy resin jg preferably

between 300 and 3C00.

1 2 3
CH,~CH-R'-R’-R’-CH-CH, (1)

where each of R' and R represents at least one organic
group selected from a group consisting of bisphenol
structures, aliphatic ox_yether structures and aliphatic
thioether structures and R’ represents a polysulfide
structuré expressed by ~( CZH‘OCHzéJCzH‘S.)n-, ’ wherein m
represents the number of sulfur atoms :contai'net.i_' in a
polysulf:i..de structt;tre, which is 1 or 2, and n represents
the average number of polysulfide structures contaiﬁed in
the above formula, which is between 1 and 50.

A film-made 1liquid crystal cell made by using 1;he
resin composition is excellent in adhe_sion, flexibility,

electric properties _and--haé high reliability.

room
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sealing liquid crystal cells. Each specinmen was applied on a first ﬁé;ﬁ@i?fjr‘
substrate (PET, 0.1mm (thickness)) by screen printing, precured at

90[ err for 20 m nutes and then cooled to anmbient tenperature. A second

fil fSubstrate (PET, 0.1nmthick) was bonded thereto and the two

substrates were pressed agai nst each other by a press jig and postcured at
120[err]C for 90 m nutes to produce a blank panel (liquid crystal cell).

Then, biphenyl type liquid crystal was poured into the blank panel through

a sealing hole, which was subsequently sealed with STRUCT BOND ES- 302
.(tradenane: two-liquid cold-cure type epd&y resin avallable

RESIN COMPOSITION FOR SEALING FILM-MADE LIQUID CRYSTAL

CELLS

This ‘invention relates to a novel resin composition
to be suitably used for sealing liquid crystal displays of
a variety of types developed in recent years and to be
reliably-operated in severe environments. It also relates
to a film-made liquid crystal cell realized by using such
a resin composition.

In recent years, liquid crystal displays have become
marked;y popular in response to the rapid development of
down-sized personal computers, audio equipment,
instruments, color télevision sets and other electronic -
appliances. A liquid crystal display consumes less energy
and requires less dfive force than a cathode ray tube (CRT)
so that it-allows reductions of size, weight and cost, while
it can produce clear and sharp images better than a CRT
even in the sunlight. Because of these advantages, the
scope of applicat-ion of liquid crystal display (hereinafter
referred -to as LCD) lhas been consfantly expanding.
Particul_ariy, tremendous .efforts have been paid to develop

LCDs comprising a film substrate that are thin and
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fromMTSU TOATSU CHEM CALS, INC.) to produce a finished filmnade
crystal panel. The obtai ned speci nens of resin conposition for
sealing,liquid crystal cells and the liquid crystal panels were eval uated
by the above described tests. Table 3 shows the results of the tests on

t hese speci mens and panels. Conparative Exanples 1 through 8

rather poorly adhesive to the substrates. A two-liquid
type epoxy adhesive is disadvantageous in that it has a
relatively short pot life and does not have satisfactory
physical and chemical stability to the moisture and the
heat of the prepared cell. Sealing materials containing
flexible epoxy resin as a principal ingredient such as a
polyol type epoxy resin or a urethane type epbxy resin,
have been studied, although such materials are hot
particularly adhesive t6 film and, to some extent, lack
physical and chemical stability to the moisture and the
heat of the cells prepared by using such materials. Thus,
no satisfactory adhesives have been .developed so far for film
substratas{

A number of adhesive have been proposed for seéling
film-made liquid crysfal cells, idincluding one using
thermoplastic resin varnish for dissolving the surface of
substrates and bonding them by applying heat and pressure
thereto (Japanese Patent Application Laid-open No. Shou
57-23669), one using a double bonding technique,'where
substrates are bonded together'by'means of a silicone reé;n
type substance on the inside and an epoxy resin type
substance on the outside (Japanese Patent Application
Laid-open No. Shou 60-69634) and one that cures with heat
and light (Japanese Patent Application Laid-open No. Hei

1-129232). None of +these, however, has been found
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- 24- Conpar ati ve specinmens of resin conpositions for sealing Iliquid
crystal cells and liquid crystal panels were prepared by using ingredients
as listed in Table 2 and the process as described above for Exanples 1
through 9 . The obtained speci nens and panels were eval uated by the above
described tests. Table 3 also shows the results of the tests.

- 4 -

commercially feasible.

In view of the above described circumstances, it is
therefore an object of the present invention to provide a
5 resin composition for sealing liquid crystal cells that is

relatively easy to use, adhesive to film substrates and

flexible so that it may be adapted to thermal deformations
of the substrates, yet which may be physically and chemically stable
to the moisture and the heat of the substrates. _ -

10 Another object of the present invention is to provide
a film-made liquid crystal cell using the resin composition.

As a result of intensive research efforts of the

inventors of the present invention, the above object and
other objects of the invention are achieved by providing

15 a resin éomposition comprising epoxy resin that contains
a polysulfide or polythiocether modified epoxy resin having a polysulfide ox
polythioether structure where a plurality.of sulfur atoms are direéctly

linked to chain units in a molecule and an epoxy group is

present at each end of the molecule.

20
A resin composition according to the present invention
comprises as principal ingredients (1) an epoxy resin containing
a polysulfide or éolythioether modified epoxy resin, (2) a
hydrazide compound, (3) a cure accelerator and (4) fillers, to
25 which rubber may be added to improve the bond strength and tE?
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-25--- Table 1 unit:

portion Exanpl es

1 2 3 4 5 6 7 8 .9 epoxy resin epoxy resin A (*1)
80 « 40 epoxy resin B (*2) 40 epoxy resin
C (*3) ‘epoxy resin D (*4) pol ysul fi de nodi - fied epoxy resin
A (*5) 100 50 §5 45 100 B (*6)
100 20 - T (*7) 100 50 20

35 45

flexibility of the éomposition by relieving the stress
generated in it when it is cured along with a cure
accelerator that reduces the time required for curing at
low temperature.

5 Now, the specific formulations of the resin
composition according to the invention will be described
below.

The epoxy resin to be used for the purpose of the
invention contains the modified epoxy resin in an amount of 20
to 100% by weight, preferably 50 to 95% by weight. The modified
10 epoxy resin is expressed by general formula (1)

CH,~CH-R'-R*~R’~CH-CH, (1)

\O/ \ 0/
(where each of R' and R® represents at least one organic
group selected from a group consisting of bispher.xol

15 structures, 'aliphatic oxyéther struéture,s and alipt;atic

thioether structures and R? represents a polyéulfide
or polythioether structure expressed by - (C,H,O0CH,0C,H,S,)l.,-,
wherein m represents the average number of sulfur atoms
contained in the structure, which is 1 or 2, and n represents

the average number of polysulfide or polythioether

20
structures contained in the above formula, which is between 1
and 50). The epoxy resin preferably has two or more than two
epoxy groups in a molecule, and the average molecular weight of:
the epoxy resin is preferably between 300 and 3,000.

25
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rubber . A-1 | 10 A-2-

30 average nolecular 720 660 1000 860 500 920 2100 1070 720
wei ght curing agent DDH ) . (*8) 14 16 . 10 12 24 16
14 . 18 14 PAA (*9) pol yt hi ol (*10) cure accel erator
A (*11) 2 2 2 2 2 2 2 2 _ B (*12)
2 feller al um na 10 10 10 10 10 10 10 10
10

-6 -

Organic groups selected from é group of bisphenol
structures for R' and R’ in formula (1) may include, but are
not limited to, bisphenol A, bisphenol F, bisphenol AD,
bisphenol S as well as alkylated, allylated, acylated and

5 halogenated compounds of them. If the organic groups
represented by R' and R’ do not comprise a bisphenol
structure, they comprise either an a_.'l.iphatic oxyether

structure or an aliphatic thioether structure.

-

A modified epoxy resin which may be used for the

10 purpose of the present invention is a disulfide having

epoxy groups at the ends and expressed by general formula

(2)

CH,CHCH,S-(C,H,0CH,0C,H,SS) ~C,H,0 (2)
CH,CHCH,SC H OCH,
15 \o/ '
whérein p.. represents’” the average number o: disulfide
structures comprised in a molecule, which is between-1 and
( 5. . |
Examples of polysulfide modified epoxy resin expressed
20 by general formula (1) above include, if m=2, FLEP-10,
FLEP-50, FLEP-60 and FLEP-80 (tradenames: all available
from Tdray Thiokol Co., Ltd.) '
In addition to the p-olysulfide or polyti’xioether modified
epoxy resin, epoxy resins that can be used in the composition of
25 the present invention include:
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t hi xotropic agent °~ AEROSIL (*13) 5 5 5 5 5 5

5 5 - 26- Table 2
uni-t: pertion ‘ Conpar ati ve Exanpl es
1 2 3 4 5 6 7 8 epoxy resin epoxy resin A (*1)
85 85 85 7 .
(1) polycondensation resins cbtained through

polycondensation of a compound selected from groups
consisting of <«1> bisphenbls such as bisphénol A and
bisphenol F, <2> novolak resin obtained by addition
condensation of .phenol or cresol and formaldehyde, <3>
hydroxy compounds such as tétrahydroxyphenyl methane and
resorcinol, <4> amines such as diaminddiphenyl methane,
aniline and xylilenediamine, <5> polyhydric alcohols such
as glycerol and pentaeryth;:itol, <6> carboxy compounds such
as phthalic acid and hexahydrophthalic acid and <7>
polyalkylene ethers such as ethyleneglycol and its polymers
and propyleneglycol and its polymers, and an epihalohydxin
such as epichlorohydrin or epibromohydrin and resins
obtained through halogenation o0of such polycondensation
resins as well as polycondensation resins obtained_
through polycondensati'on of a compound selected from the
groups <1> through <7> above and a methylepihalohydrin such
as methylepichlorohydrin and resins obtained through
halogenation of such polycondensation resins,

(2) epoxidated aliphatic acids such as epoxidated soy
bean oil and its derivatives,

(3) epoxidated diene polymers such as epoxidated
polybutadiene and epoxidated p_olyz_’.soprene,

(4) aliphatic epoxy resins such as 3,4-epoxy-6-

‘methylcyclohexylmethyl-3, 4-epoxy-6-methylcyclohexane
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epoxy resin B (*2) epoxy resin C (*3) 85 epoxy resin D (*4)

85 100 70 55 pol ysul fi de nodi - fied epoxy resin

A (*5) 15 B (*6) C(*7). 15.

15« 15 15 15 rubber A1 -

30 30 ° A-2 aver age mol ecuT & 470 660 580 500 1250 1330
470 470 wei ght curing agent DDH (*8) 25 16 25
17 17 16 carbBRbte and bis(’8)epoxycyclopentyl)ether and 117
pol yt hi ol (*10) 214

(5) epoxy resins made flexible through addition of
methylene bis(4-phenylisocyanate), tolylenediisocyanate,
hexamethylenediisocyanate or .isophoronediisocyanate.

Any of these resins may be used alone or in
combination with at least one of the rémaining candidate
resins.

When the modified epoxy resin occupies less than 20%
by weight of the total Weight of the entire epoxy reéin
éontained in a composition according to the invention, the
cured product to be obtained may be too hard or, if not
too hard, poorly adhesive to film substrates with markedly
reduced physical and chemical stability.

The reason why the average molecular weight of the
epoxy resin is preferably held between 300.and 3,000 .
is that, if it is below 300, the cured product-to be
obtained may be too hard and poorly adhesive to the_a
components of . the cell to acquire a desired level of
physical and chémical stabiliéyi

If, on the other hand, the average molecular weight
of the epoxy resin exceeds 3,000, it may become
poorly resistive to heat and lose any physical and chemical
stability. Preferably, the average.mdlecular weight of the

epoxy resin is between 700 and 2,000.
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cure accel erator ' A (*11) 2 2 2 2 . 2

B (*12) filler al um na '10. 10 10 10 10 10
10 t hi xpt+opi c agent AERCSI L (*13) 5 5 5 5 5
5 5 ' -27-

-9.

For the purpose of the present invention, at least one
of hydrazide compounds inay be selected for use from (1)
monobasic acid hydrazide compounds such as salicylic acid
hydrazide, p—oxyﬁenzoic acid hydrazide,
phenylamin_opropiénié acid hydrazide, lauric acid hydrazide
and‘the like, (2) dibasic acid hydrazide. compbun@s_ _such as
succinic acid dihydrazide, -adipic acid dihydrazide,
isophthalic acid dihydrazide, dodecanoic diacid
dihydrazide, carbohydrazide, sebacic acid dihydrazide,
thiodipropionic acid dihydrazide, furandicarboxylic acid
dihy@razide, cyclohexanedicarboxylic acid dihydrazide and the
like. Of these, dibasic acid hydrazide compounds are
particularly suited for the present invention.

Any of these hydrazide compounds works as a curing
agent for epoxy resin and, when mixed with epoxy resin, the
mixture serves as a one-liquid type epoxy adhesive because
it can be stably stored at room temperature. Nevertheless,
these hydrazide compounds can start curing a one-liquid
type epoxy adhesive at lower temperature and show a better
resistivity against heat, cold and moisture than any other

curing agents that are conventionally used for a one-liquid

type epoxy adhesive such as dicyanodiamide and boron

trifluo;:i_de. At least one of these hydrazide compounds are
preferably used at a ratio of 1/3 to 2/3 mols of hydrazide

group to a mol of epoxy group of the epoxy resin contained
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*1: bi sphenol F/ epi chl orohydrin pol ycondensati on type epoxy resin
tradenanme: EPI CLON 830S, avail able from DAI Nl PPON | NK AND CHEM CALS,

I NC. . aver age nol ecul ar wei ght 380 epoxy equi val ent 185-195¢g/ eq
*2: ¢ bisphenol A/ epichlorohydrin polycondensation type epoxy resin
tradename: Epikote 1004, available from ypka Shell Epoxy Co., Ltd.
aver age nol ecul ar weight 1,600 epoxy equi val ent 875~975¢g/eq *3:

chai'n epoxy resin tradenane: Adeka Resin EP-4000, available from
ASAHI BENKATHEEYOoK. K. to 100 pertigasnblyevelightwsioghPO6Bg9rtions epoxy
equi val ent 310- 3409/ eq *4: uret hane nodified epoxy resin tradenane:
Adeka Resin PPUveighiy f dfie enEineASuexy resimpenkAf kBofklkers are

aver age nol ecul ar wei ght 500

below 1 weight portion, the prepared product t nhot be

migh
smoothly applied and, if applied, the screen-printed
patterns pjght not always be .desirable and become
inoperative. If, on the other hand, it exceeds 100 weight
portions, applying by means. of screen-printing can be
obstructed. For mixing fillers with a mixture of epoxy
resin and at least one of the hydrazide compounds, a
triple-roll mixer may preferably be used fof'kneading the
mixture and pulverizing ‘the fillers to fine particles in
order to avoid clogging a screen at the time of screen-
printing Qpefationg
Any rubber that can be graft-copolymerized with epoxy
resin of the above identified type so that rubber particles
are dispersed in the'resin=1ayer formed and can.have a
. so-called sea/islands structure when a resin composition
for sealing liquid crystal cells according to the invention
is cured may be suitably used for ’the purpose of the
invention. |
For the purpose of the bresent invention, rubber
particles may be dispersed into the epoxy resin or,
alternatively, they may be dissolved into epoxy resin and
thereafter depositea when the latter is cured. Still

alternatively, rubber particles may be produced in the
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epoxy equi val ent 285-335¢g/eq *5: pol ysul fi de modi fi ed epoxy resin,

FLEP- 10 avai l abl e from Toray Thi okol Co., Ltd. aver age

nol ecul ar wei ght 720 epoxy equi val ent 330-390g/ eq *6: pol ysul fi de
nodi fied epoxy resin, FLEP-50[err] avai l abl e from Toray Thi okol Co.

Ltd. average nol ecul ar wei ght 660;5. epoxy equi val ent 300- 3609/ eq
*7: pol ysul fide nodified epoxy resin, FLEP-80 avai |l abl e .from Tor ay
Thi okol Co.,

. | ' -
Tl b, o OO AL 4 e o o
pol yami deani pggin.  plbaden i ?%8—%3?&%51%%%‘/ gr?%;ééa'i bisge IR dkakel

Hakusui Cor p. am ne va pol yt hi ol (mer capt an)

Lradenare: ABR QherATOLHENARRAN: & copStinkek!Se Ceddey b beddise
the particle size of rubber particles can be controlled
with such a technique. However, any of these techniques
can disperse rubber particles in a stable manner as they -
cause rubber and epoxy resin to interact with each other
at the interface. If rubber and epoxy resin do not
intergct at the interface, the forme:_c' is apt to agglomerate
after having been cured and damage the reliability of the
product. If, on the other hand, the rubber is appropriately
cross-linked, rubber particles are highly resistive against
deformation that may be given rise to by the curing stress.

Rubber to be suitabiy used for the purpose of the
invention is prefexably of a-crylester, silicone, conjugated
diene, olefin, polyester or urethane type and more
preferably of acrylester, silicone or conjugated- diene
type. Rubber of any of these types may be used alone or
in combination with rubber of any other type .

Acrylester type rubber pay be used for the purpose of the
invention in the form of particles that ﬁan be prepaxred by

drying a core/shell emulsion of the rubber or by means of a
method of manufacturing an acrylic acid ester polymer as
disclosed in Japanese Patent Apblication Laid-open No. Shou

55-16053 or a method of manufacturing a graft-copolymer of
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avai | abl e from Tokyo Kasei Kogyo Co., Lf d. : *;_312:, 3- phenyl -1, 1-di net hyl ur ea

avai | abl e from ACl.- Japan Ltd. *13:  AEROSI'L #200 (tradename), available
from N ppon Aerosil Co., Ltd.

-28- " Table 3
« =15-

=

rubber can be held under control. However, it should be
noted that it is difficult to control the particle size of
the produced rubber with this technique when compared with
the two methods described above (using acryl ester type
rubber and silicone type rubber) and the ‘obtained product
may be short of satisfactory performénce.

For the purpose of the present invention, rubber
particles preferably have an average diameter between 0.01
and 5.pm, more preferably between 0.01 and 2 pm and are
dispersed throughout the product to show a so-called
sea/islands structure. If the average particle size is
found out of the above defined range, the obtained product
may be short of reliabiiijt:y and satisfactory performance.
Rubber is contained in the entire epoxy resin (containing
rubber) normally by 0 to 30% by v«_reight and preferably by
2 to .15%. by weight. If the rubber content falls below 2%
by weight, the final product pay not show satisfactory
bond strength in a humid atmosphere, whereas "if the content
exceeds 3(;% by weight, the prepared resin composition may show '
an inappropriately high level of visc.:osi{:y to reduce the
efficiency with which the composition is screeh—printed
and, in some cases, degrades its bond strength after a
preliminary drying process. Rubber of any of the above
described typés may be used alone qr'in'combination with

rubber of any other types.
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oper a-
bility
(coeffi-
cient)’
1.

coooonwo

72

10

15

20

25

bond strength (kg/l Om) ?.if'-l-:exi=j- . electric

5

bility
property - Chrs 3hrs 5hrs
Example 1 o] 2.4 2.4 2.2 o]
2 o] 2.2 2.1 1.6 o] 1.
(o} 2.3 2.0 1=518 _ (o} 1.91 s 4
2.9 2.7 2.7 o 1.78 5
1.4 1.3 1.2 [err] 2.23 6
1.2 1.3 1.1 [err] 2.19 7
3.7 A regimn comp@sition comprising epokxys8esin contagning o
3.0 2.6 (o} 1.64 9 0 2
2. 2a polysulfidé or polythio8therCRo¥iridd dgoke £§§iﬂp|ét least one O
8 ghydra21qé)fompound a Aéggriccelerator and at 1q;st one fblléi, to 0.4

0. . . L rl ., 0.1
Owhlch a gg(pplng age_n‘l; (spacerg is adg d to prqy_lge agag

X 5. 89

desired gap, is applied to one of cell substrates to a

thickness approximately two to three times greater than the

intended thickness of the composition by means of screen-

printing, relief printing or a dispenser and precured in

a dryer. Thereafter, another substrate to be used for the

cell are bonded together and then the aggregate is heated

and cured by means of a dryer, a hot plate, a heater block

or an infrared heater while applying pressure to the

substrates by a collet or a vacuum pin.

A precuring process which may be used for the purpos of the

present invention comprises steps of evaporating any

solvents and moisture contained in the resin composition

and subsequently carrying out a leveling operation sp that

the resin composition may fit well on the adhesion areas

of the substrate to be bonded together. The precuring

process is typically conducted in constantly flowing air

at temperature between room temperature and 130°C for a

period of time between 5 minutes and 6 hours,

although it

is preferably conducted at temperature between 60 and 110°C

for a period of time between 10 and 60 minutes from the

viewpoint of cost effectiveness.
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6 0 0.3 1.2 - i.:l.O_. ;'”- [err] 3.65 7

X 0.3 0 _ 0 X - 8 ' X
0.4 . 0 0 X - B.N.: "-" denotes that the test
was i'npossible due to breaking after hol di ng for 500 hours in

at nosphere of 80[err]C and 95%=H. -20- CLAI M5 ' - 29-
1. A resin conposition for sealing liquid crystal cells conprising-as

“principal ingredients (1) epox
P pal 1hg x...pgoélypopérable, A...operable but not

satisfactorily, o...excellently operable

(2) bond strength: This property of each specimen was
determined as follows. Each specimen was applied on a
first film substrate (PET, 100mm(width)x100mm( length)x0.1lmm
(thickness)) by screen printing, precuréd at 90°C for 20
minutes and then cooled to amﬁient temperature. A second
film substrate (PET, O0.1lmm thick) was bonded thereto and
the two substrates were pressed against each other by a
press jig and postcured at 120°C fdr 90 minutes. The
combined substrates were then cut to produce ten 10mm wide
test piecgs (100mm( length)x10mm{width)). The screen
printing was conducted in such a way that the specimen was
applied to each test pieces to occupy an area of lmmx50mm
with é thickness of 5 uym at the cent;r. Imqediately-after
preparing tﬁe test pieces and after they were immersed in
boiled water for 3 to 5 hours, they are tested for T-peel
test according to JIS-K-6854.

(3) flexibility: Each of the above pieces was bent and
loaded with a 1lkg weight for 10 seconds to seé;if any
breaking was observed at the bent section. If not, the
piece was bent to the reverse side and subjected to a
second load test. The above procedures were répeated
whenever necessary. The following five ratings were used.

x...broken at the first test, x~A...broken at the
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resin containing a potysulfide nodified epoxy resin, (2) hydrazide
conpounds and (3) fillers. 2. A resin conposition according to claim
1, wherein the entire epoxy resin contains saitd polysulfide
modi fi ed epoxy resin by 20 to 100% by weight. 3. A resin conposition
according to claim1 or claim 2, wherenn said polysulfide nodified epoxy

resin is expressed by general formula (1) [err]
second test, A...broken at the third test,
a~0...broken at the fourth test, o...not broken

before ’;he fifth test
(4) electric properfy: Immediately after preparing liquid
crystal panels and after they were exposed to an atmosphere
of 80°C and 95%RH for 500 hours, an electric current was
made to run between the terminals of each specimen to see-
its rate of change (coefficient).

Synthesis Example 1

A following rubber substance was synthetically
prepared as an ingredient of a specimen.

12 pqrtions of acrylic acid and 1 portion of
triethylamine were added to 600 portions of bisphenol F
type epoxy —resin -preparéd from bisphenol ¥ and

- : epichlorohydrin (EPICLON 830S: tradename, available from
DAINIPPbN INK AND CHEMICALS, INC.), which were then caused
to react mutually by heating to 110°C for 5 hours to
produce 613 portions of epoxy resin containing acrylic

- group. Subsequently, 350 portions of butylacrylate,
20 "portions of glycizdylmethacrylate, 1 portion of
divinylbenzene, 1 portion of azobisdimethylvaleronitrile
and 2 portions of azobisisobutylonitrile are added to the
above produpt and a polymerization process was carried out
on the mixture at 70°C for 3 hours and then .at 90°C for an

hour to produce a' graft-polymer of epoxy resin and
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wherein each of Rlerr] and Rlerr] represents at | east one organic group
selected froma group consisting of bisphenol structures, aliphatic
oxyether structures and aliphatic thioether structures and R2 represents a
pol ysul fide structure expressed by
-(Cerr]Herr]OCHerr]OJerr]Herr]S[erdd~-, where mrepresents the nunber
of sulfur atons contained in a polysul fide structure, which is 1 or 2,

and n represents the average nunber of polysulfide _structures contained in

the above for3RF¥LeSEPEnh | & iSRS Al ehPBothe 4PolxXmeLs; (R doh Pt PBn

according to é‘&‘é’ré’é‘ee Sgréngle. size of 0.05 pm and presented a so-called

sea/islands structure. The epoxy equivalent and the rubber

content of the polymer were respectively 305g/eq and 37.9%.

Synthesis Examplé 2
613 porticsns of epoxy resin containing acrylic group

were prepared, following the former half prdcedures of
Synthesis Example 1. Subsequently, 5 portions of
hydroxyethylacrylate, 10 portions of butylacrylate and

2 portions of azobisisobutylonitrile were added to the
above epoxy resin and a polymerization pi'ocess was carrxried
out on the mixtufe at 70°C for 3 hours and then at 90°C for
an hour to produce a graft-polymer of epoxy resin and
acrylester. Then, 70 portions of a silicone intemediate
having a methoxy group in each molec;ule and 300_ portions
of a 1:1. mixture solution of a two-liguid cold-cure type
silicone rubber were added to the graft-polymer and the
mixture was stirred for 3 hours for reaction to produce a
silicone modified epoxy resin. Fine particles of the
obtained polymer (A-2) had an average particle size ';of
3.5pm and presented a so-called sea/islands structure. The
epoxy equivalent and the rubber content of the polymer were
respectively 28lg/eq and 33.0%.

Examples 1 through 9

The ingredients as listed in Table 1 were mixed in a
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preceding clainms, wherein the average nol ecular weight of the entire epoxy
resin is between 300 and 3,000. 5. A resin conposition according to any
preceding . ) -30- claimwherein the epoxy '
resi.n contains rubber which is .a graft-copolyner of epoxy resin. 6. A
resin conposition according to claimb5,;yherein

Henschel or Daiton mixer or a ball mill and then kneaded
in a ceramic' triple-roll mixer for each example until the
particles of the fillers and curing agents became smaller
than 10pm in diameter. Then, . 100 portions of the kneaded
material and - 3 portions of a spacer agenﬁ (milled fiber
with a particle diameter of 5pm) were mixed well at room
temperature to obtain a specimen of resin composition for
sealing liquid crystal cells. Each specimen was applied
on a first film substrate (PET, O.lmm {(thickness)) by
screen printing, precured at 90°C for 20 minutes and then
cooled to ambient temperature. A second film substrate
(PET, O.lmm thick) was bonded thereto and the two
substrates were pressed against each other by a press jig
and postcured at 120°C for 90 minutes to produce a blank
panel (liquid crystal cell). Then, biphenyl type liquid
crystal was boured into the blank panel through a sealing
hole, which was subsequently sealed with STRUCT BOND ES-302
(tradename: two—liquia cold-cure type epoxy resin available
from MITSUI TOATSU CHEMICALS, INC.) to produce a finished
film-made crystal panel.

The obtained specimen; of resin composition for
sealing liquid crystal cells and the liquid crystal panels
were evaluated by the above described tests. Table 3 shows
the results of the tests on these speciméns and panels.

Comparative Examples 1 through 8
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fine particles of rubber of an acrylester type, a silicone type, a
conjugated diene type or a mxture thereof having a particle dianeter of
0.01 to S5pmare dispersed in the epoxy resin. 7. A resin conposition _
according to claimb5 or claim 6, wherein the epoxy resin contains rubber
by 2 to 30% by weight. 8. A resin-@drposition according to any preceding
claimfurther containing a cure accelerator that is a urea conpound. 9.

A resin conposition according to claim8, wherein

Comparative specimens of resin compositions for sealing

liquid crystal cells and liquid crystal panels were
prepared by using ingredients as listed in Table 2 and the
process as described above for Examples ; through 9. The
obtained specimens and panels were evaluated by the above
described testé. Table 3 also shows the results of the

tests.

REPLACEMENT SHEET

13 AUG 1999




the cure accelerator is expressed by general fornmula -(3) [err] (where X

I's a hydrogen or chlorine atom.

claim9

10.

A‘resin conposition according to

containing 0.2 to 5% by wei ght of the urea conpound. 11. A

filmmade |iquid crystal cel

according to any one of-

prepared_dy. applying a resin conposition

the preceding clainms to fil mnmade cell substrates,

precuring the resin conposition and thereafter hot- curing it to bond the
substrat epable 2 :

epoxy resin
epoxy resin A (*1)
epoxy resin B (*2)
epoxy resin C (*3)
epoxy resin D (*4)

polysulfide modi-
fied epoxy resin
A (*5)
B (*6)
C (*7)
rubber A-1
A-2

average molecular
weight

curing agent

DDH (*8)
PAA (*9)
polythiol (*10)

cure accelerator

A (*11)
i B (*12)
filler
alumina
thixotropic agent

AEROSIL (*13)

85

15.

470

25

10

unit: portion
Comparative Examples
2 3 4 5 6 7 8
85 85

85
85 100 70 55

15
15 15 15 15

30 30

660 580 500 1250 1330 470 470

16 25 17 17 16
117
214

10 10 10 10 10 10 10
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*1: bisphenol F/epichlorohydrin polycondensation type epoxy
resin
tradename: EPICLON 830S, available from DAINIPPON INK
AND CHEMICALS, INC.
average molecular weight 380
epoxy equivalent 185~195g/eq
*2: bisphenol. A/epichlorohydrin polycondensation type epoxy
resin
tradename: Epikote 1004, available from Yuka Shell
Epoxy Co., Ltd.
average molecular weight 1,600
epoxy equivalent 875~975g/eq
- *3: chain epoxy resin
tradename: Adeka Resin EP-4000, available from ASAHI .
DENKA KOGYO K.K.
average molecular weight 650
epoxy equivalent 310~340g/eq
*4: urethane modified epoxy resin
tradename: Adeka Resin. EPU-11l, available from ASAHI
DENKA KOGYO K.K.
average molecular weight 500
epoxy equivalent 285~335g/eq
*5: polysulfide modified epoxy resin, FLEP-10
available from Toray Thiokol Co., Ltd.
average molecular weight 720
epoxy equivalent 330~390g/eq
*6: polysulfide modified epoxy resin, FLEP-50'
available from Toray Thiokol Co., Ltd.
average molecular weight 660
epoxy equivalent 300~360g/eq
*7: polysulfide modified epoxy resin, FLEP-80
available from Toray Thiokol Co., Ltd.
average molecular weight 1,000
epoxy equivalent 450~550g/eq
*8: dodecanoic diacid dihydrazide
*9: polyamideamine
tradename: Versamid 125
available from Henkel Hakusui Corp.
amine value 330~360mg-KOH/g
*10: polythiol (mercaptan)
tradename: ATO CX-1, ATOCHEM JAPAN
SH value 6.70 mg—KOH/g '
*11: 3-p-chlorophenyl-1l,l-dimethylurea
available from Tokyo Kasei Kogyo Co., Ltd.
*12: 3-phenyl-1,l-dimethylurea
available from ACI Japan Ltd. :
*13: AEROSIL #200 (tradename), available from Nippon
Aerosil Co., Ltd.
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Table 3
opera- bond strength (kg/10mm) flexi- electric
bility bility property
Ohrs 3hrs S5hrs (coeffi-
cient)
Example 1 o 2.4 2.4 2.2 o] 1.72
2 o 2.2 2.1 1.6 o 1.82
'3 o 2.3 2.0 1.5 o 1.91
4 o 2.9 2.7 2.7 o 1.78
5 A 1.4 1.3 1.2 A~O 2.23
6 A 1.2 1.3 1.1 A~O 2.19
7 o 3.7 - 3.4 3.1 o 1.58
8 o] 3.1 3.0 2.6 (o} 1.64
g o) 2.5 2.3 - 2.2 o 1.83
Compara-
tive
Example 1 o} 0.8 0.5 0 X~A -
2 o 0.7 0.6 0.2 x -
3 o 0.4 0.2 0 x -
4 A 0.1 0 0 x -
5 o 0.5 0.3 0.3 x 5.89
6 o) 0.3 1.2 1.0 X~A 3.65
7 x 0.3 0 0 x -
8 x 0.4 0 0 x -
B.N.: "“-" denotesthat the test was impossible due to breaking after

- holding for 500 hours in atmosphere of 80°C and 95%RH.

-

REPLACEMENT SHEET

13 AUG 1999




