2157452 Liquid Crystal Display Devices The invention relates to liquid
crystal display devices. 5 Li-quid crystal display devices are generally
priodyced, by interposing “liquid crystal bet ween t wo transparent

el ect r odes. Since the el ectrooptical effect of the liquid crystal di sp
devi ce hinges heavily on the thickness of 10 the |liquid cryai Ia er,
andi\the wuniformty of that thickness, the control of that f g

i mportant. As liquid crystal display deV|ceslhave becone | arger the control
of accurate uniformthickness of the liquid crystal has becone
increasingly difficult. ' Vari ati ons in 15 wuniformty are liable
to i nduce interkbdavideCeystadsDisplayePevigiespl ays. Various materials have
been tried as spacers which serve to keep the two transparent el ectrodes at

a fixed distanege 20, fromeach ot her. Faor exanpl e, spacers which are nade
of chopped gl as$ FlbPESntﬁﬂPaFeéﬁFﬁﬁstQUéHqgédfFﬁgﬁﬁaél9#&9&@%|9ﬂW%9°3'

particles, sand the thernoplastic resins such as spherical polystyrene
particles have
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control of accurate uniform thickness of the liquid crystal
has become ~ increasingly difficult.. = Variations in

15 uniformity are liable to induce interference colours and
uneven displays.

.Various materials have been tried as spacers which serve to

keep the two transparent electrodes at a fixed distance

20 from each other. For example, spacers which are made of

' chopped glass fibres, metal oxides such as finely divided

alumina particles, and the thermoplastic resins such as

spherical polystyrene particles have been developed

A (Japanese Patent Laid-open Nos. 70522/1982, :210323/1%882,
25 40809/1981 and 64945/1976).

These spacers, however, do not always keep the 1liquid
.c:ystal'layer uniform in thickness. .In the case of spacers
made of glass fibres, for example, there is the possibility
30 that the pressure exerted on the spacers when the
‘substrates on which the electrodes are formed are pressed
against each other will crush the glass fibres, and the
spacers will'conséquently be deprived of their function.
In the case of spacers made of metal oxide particles having



and, in an extrene case, destroy the transparent el ectrodes forned on the
subf'!ates. In the case of spacers nade of 5 t her npl astic resin, ‘when.

wopl astric resin is used as mxed in an adhesive sealing agent such .
poXy resin and polyimide resin or when it is subjected to a heat -
treatnment for adhesion, there is the possibility that the spacers will be
attacked by the adhesive agent or the heat 10 and prevented from v,
keeping the liquid crystal |ayer,constant in thickness. The invention
provides, a liquid crystal display d%VICE conprising two transparent
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a afﬂﬁppaﬁ?{%vfﬁl tedi ghf"’af EEEPZBEan &he ‘-‘! ‘g tSr¥Btads t 1aB§ruei ght of

nelamluonstanzuin\mhicﬁnemmJdehyde at a 35 ratio of 1 nol of: \J

benzoguanam ne or the m xture thereof to = - 3 - 1.2 to 3.5 nols of

formal dehyde until the reaction product is rendered hydrophobic, addi ng
t he reg&ﬁ‘onqgeo@d@m.tprgvides a liquid crystal display device -

comprising two transparent substrates facing each other,
15 two transparent electrodes one on the inner face of each
substrste, a liquid crystal and a mixture of - an adhesive
sealing agent and fine spherzcal cured particles of an
amino-formaldehyde resin obtained from formaldehyde and at
‘least one of benzoguanamine, melamine and urea, the mixture
20 being applied to the"periphery of the substrates to space
" them one from the other and to seal the 11quld crystal'
therebetween.

The fine spherical cured particles of amino-formaldehyde A

25 resin used in the invention are obtained from: formaldehyde |
and at least one amlno compound selected from
benzoguanam1ne, melamine and urea. They may be.produced by
"“any of the methods previously proposed by us and now
"'proposed in this 8pec1fioation. Representat1ve of these

30 methods are the following. ' ' '

~'l. - Fine spherical cured resrn part1c1es are obtained by a
‘method which comprises causing benzoguanam1ne or a mixture
of 100 to 50 parts by weight of benzoguanamine with 0 to 50
~ parts by weight of melamine to react with formaldehyde at a
'35 ratio of 1 mol of benzogﬁanamine or the mixture thereof to



stirred aqueous protective coll.oid solution, polynerizing the resultant

emul sikon in the presence of a curing 5 catal yst, separating the

resul tant fi'ne spherical " cured resin fromthe suspension, washing it(

watef, drying it and crushing it into fine spherical particles (see B |sh

Patent Speci fication No. 1433183). 10 These reactions are carried out at a
Qt%fromS to 10 at a tenperature of from[err] to [err]. The curing

of the reaction product in its enulsified=-stdate is effected by heating the

enulsion 11 the Bf 4a9ns o Oholts CUE! ?a:@atab §taeahnhtlera@ Hedck B [Prsdyde
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is effectivel Y phith rﬁﬁeéb icﬁf N Oh 4338y ts by weight, preferably
0.2 to 2 parts by welig ased on 100 parts by weight of the reaction
product. 30 2. The. fine spherical .cured resin particles are otherw se

obt ai ned byga nEHduwl mmmteeeazmd ngutt ateaspHoM #riamo 5 dnpolhdat
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Staratioof EnbrRbpiaruze.¢b EERRC AU, YoTAEE T Cup PhgTIGEINAE
f oyl dehyde, arhhctgidis ptrbéuctacin odter oe.m:tsxﬁeﬂ sst:an:ed ey uesfecteds Ry
active agent sqldild A %yEﬁhté'iBa tﬂle £he I:é‘QEnéQ“b%' @ dy¥ring -datalyst

presence of a cUring yst separaén% eéesult
at a temperature of 50 o 100 The curing catalyst

15 can be suitably selected front a host of polymerrzation
curing catalysts used for amino type resins. Examples of
the catalyst include mineral acids such as hydrochloric
ac;d, sulphuric acid and phosphoric ac1d, carboxylic acids
such as benzoic acid, phthalic acid, acet1c acid, propionic

20 acid and salicylic acid, ammonium salts such as ammonium

"~ chloride and ammonium phosphate, benzenesulphonic acid,
p-toluenesulphonic acid, dodecyl benzenesulphonic acid and
various other 1latent curing catalysts. Among other

~catalysts, sulphonic 'acids prove particularly desirable.

25 The polymerization coring catalyst is effectively used in
an amount of 0.01 to 5 parts by weight, preferably 0.2 to 2
parts by weight, based on 100 parts by weight of the
reaction product.

30 2. The fine spherlcal cured resin partzcles are otherwise
' obtained by a method which compr:.ses causing at least one
amino compound. selected from benzoguanamme, melamine and
urea to react with formaldehyde at a rat1o of 1 mol of the
amino compound to 1.3 to 6.0 mols of form_aldehyde,_ adding

35 the reaction product'to'_a stirred aqueous surface active
agent solution, polymerizing the resultant emulsion in



fine spherical cured resin fromthe suspension,. washing it wth water,
drying.it and crushing it into fine spherical particles. 5 These reactions
‘are g@nried out at a pHof from5 to 10 at a tenperatiure of from([err] to
[err@ The curing of the reaction product in its enulsified state is ~
effe d by heating the emulsion in the presence of a curing catalyst 10

at a tenperature of [err] to [err] "~ The curing catalyst can be suitably

sel ected froma host of polyneri zatlgn curing catalysts used for am no type

resins. Exanples of the catal yst incl ude nineral acids such as
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particlthe catalyst 1nc1ude mineral acids such as hydrochloric
acid, sulphuric acid and phosphoric acid, carboxylic acids
15_ such as benzoic acid, phthalic ac:.d, ' acetic ac1d,
propionic acid and saliylic acid, ammonium salts such as
amonium chloride and ammonium phosphate, benzenesulphonic
 acid, p-toluenesulphonic ac'.id, dodecyl benzenesulphonic
acid, and various other latent curing catalysts. "Among
20 other catalysts, - sulphonic acids prov:.de particularly
" desirable. The ' polymerization 'c'u'r'ing' catalyst is
effectively used in an amount of 0.01 to 20 parts by
weight, preferably 0.2 to 10 parts by weight, based on 100

25
' The methods described above give insoluble, mfusrble fine
spherical cured particles' having a narrow particle
distribution and having so surface irregularity. In order

to obtain uniform spherical cured particles havrng a more
30"_ narrow particle distribution, it is’ preferable to classzfy'
" the particles by a method such as wet classification or
"pneumatic classification. By this method, the spherical
cured ‘particles can be easily prepared 'in a desired
'diameter.' For use in liquid crystal display devrces
35 according to the invention, fine spherical cured particles

parts by weight of the reaction product. o A



- 5 -"having a dianmeter falling-in the range of 1 to 15 [err], preferably 2
to 12 {err], can be obtained with accuracy of 0.5 [err]. 5 The parti

t hus obtalned are insoluble and infusible and are capabl e of resisting %
action of the adhesive sealing agent, retaining rigidity intact under
harsh heat treatnments and w thstandi ng vari ous processing conditions. They
are~{pugh so that when the two transparent substrates 10 are pressed

agai nst each other across the cured particle$, =the cured particles are
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6 The fine spherical cured particles of benzoguanamine-
15 formaldehyde resin or benzoguanamine-melamine-formaldhyde

resin, particularly, are excellent in resistance to

chemicals and solvents, and capable of very easy production

in a desired particle diameter. Optionally,
) benzoguanamine, melamine and urea may be partially
20 substituted by p-toluenesulphonamide. . The amount of

p-toluenesulphonamide must be carefully selected as an
excessive amount may degrade the resistance of the
particles to solvent.

25 From the fine spherical cured particles of amino-
formaldehyde resin the spacers in a liquid crystal display
device are produced by_é method which comprises dispersing
the fine spherical cured particles in an adhesive sealing

- agent such as epoxy resin or polyimide'resin, applying the

30 resultant dispersion on the sealing portion of a given
liquid crystal display device by means of screen printing,
and thermally curing_the dzspersxon or by a method which
comprises dispersing the fine sphe:icai cured particles in

~a solvent or in a solution of film-forming high



mol-ecul ar substance in a solvent, applying the. resultant di spersion on a
qrent el ectrode substrate, thermally drying-the applied | ayer of the
§i-on thereby converting the solution into a fil'mand, at the sane
2 fastening the particles on the transparent electrode '
substrate and giving rise to spacers. This invention does not discrimnate
t he spacers for liquid crystal display devices by the nethods used for '

t hei-r production. 10 The adhesive -s@ald ng agent keeps the liquid crystal
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transmtt nce o _ nd el e trlc resi st ance 'S vulnera to acids.
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and bi phenyl conpounds, smectic liquid crystals such as terephthal -bis- 30

(416‘ b&gx' aahles1vk s‘éa‘i:.n %?‘i‘:”i%‘ Q'ilfxti?"cer?secral ‘aikplay -
di~n-d ecy 0XY- azoxyb enz [err.
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such astBenedéyice; Gard sﬂ@@rﬁatzhgxythberlzidufaane)ry@eallohexamﬁrﬁble
2- (4 netgg !?enzyéhg ng aéents 1361ude ‘those of thermosetting
resin type, preferably epoxy type or polyimide resin.
15 . : e _ , T
Tin 6xide, indium oxide or a mixture thereof can be used as
the material for the electrodes.  The transparent
electrodes are obtained by depositing this material on a
glass substrate by vacuum deposition or 'by spattering.
20 Indium oxide excels tin oxide in t:ansmzttance of light and
electric resz.stance but is vulnerable to acids. In the
case of a ‘transparent electrode using indium oxide,
therefore, due care should be given when the substrate is N
washed. | ;;Q
Examples of the liquid crystal material include nematic
liquld crystals such ' azomethine compounds, - azo
compounds, azoxy compounds, ‘ester compounds and biphenyl
compounds, smectic liquid crystals Sﬁéh'aé"terephthal-bls-
30':—(4-n-buty1aniline), 4, 4'-azoxybenzo1c ‘acid dl—ethylester,
'Y 4'-di-n-dodecyloxy-azoxybenzene, 4-g_substituted-“
-benzylidene-amlnocinnamic ester ' compounds, - chloesteric
liquid crystals such as 3-methyl-2,6-bis-(4-methoxy-
benzylidene)-cyclohexanone, ~2-(4-methoxybenzylidene)-6-(4-



-anytoyl oxy- benzyl i dene) - cycl ohexanone and heptyl-[err]-

(et hoxybénzyl | dene am no)-cinnamate, and mxed liquid crystals K
thereof. Désired sealing of such liquid crystal in the opposed panel gfgln
be atconplished by utilizing 5 surface tension or pressure differen é
The invention is illustrated with reference to the draw ng, of which:

" Figure 1 is a cross sectional viewillustrating a liquid 10 crystal

di spT‘ay devi ce according to the invention= &neé Figure 2 is a cross

sectional view_il]| LN [l oy AU | %} according
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to the desired thickness of a liquid crystal layer 5 in oportio .
falling in theipantheofoPPqged M%%ﬁﬂt b%ﬁéﬁ’&"&ﬁ%‘%‘% g% b'ﬁ/t%;aéjrwg
with an adesi g@rZacestensionivanpréssuye Wiffddencesul tant mxture to the
peri phery portion of one of two transparent substrates 1 provided with a
~transparent el ectrode 2 by neans of screen printing, for exanple; pressing
the ot her trangher dnventiion dse il lsistidated, witdy i rrfierence Lo rthe fiFawing,

el ectrode 25 éﬁag@h@i{) the applied layer of the m xture; keeping the
-opposed transpalent substrates 1 pressed against, each_otber w,th

proper .
pressure and, XRigure shrbst iaeCroRst PRGLARBALaVieY cibiRgELALIRE ﬁeff%‘h’g%,
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0 t0-30 60 mnutes thereby th |y, curi.ng . the adhesi
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constructed as illustrated - 8- 1in Figure 2 is obtained by dispersing
m nut e spherical ‘cured am no-fornmal dehyde resin particles in_a solvent or
in With reference to Figure 1, a liquid crystal display device

15 is obtained by thoroughly mixing the aforedescribed fine
spherical cured amino-formaldehyde resin particles having a
diameter equal to the desired thickness of a liquid crystal
layer 5 in a proportion falling in the range of 1 to 110% by

. weight, preferably 2 to 8% by weight, with an adhesive

20 sealing agent 3; applying the resultant mixture to the
periphery portion of one of two transparent substrates 1
provided with a transparent electrode 2 by means of screen
printing, for example; pressing the other transparent

s substrate 1 similarly provided with a transparent electrode
25 2 against the applied layer of the mixture; keeping the
opposed tranéparent substrates 1 pressed against each other
~ with proper pressure and, at the same time, heating them at
a temperature in the;range of 50° to 300°C,_ preferably
100° to 150°C, for 10 to 90 minutes, preferably 30 to

30 60 minutes thereby thermally curing the adhesive sealing
agent as deposited; a_nd' sealing liquid crystal in a space
formed between the transparent electrodes 2.

A liquid crystal display device constructed as illustrated



a solution of a filmform ng high nol ecul ar substance such as _
I n oI vent; applying the resultant 5 di spersion by neans of the:

spin

transparent el ectrode 2;

epoxy

met hod on one of two transparent substrates " 1 provided wth

the transparent substrate 1 thereby drying the high nolecul ar substance
into afilm6 and, at the same tine, 10 fastening the particles 4a on thg
transparent substrate 1; subsequentlyg applying a dispersion of other
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transpgrent substrdte 1; combining the other'transparent

- substrate 1 similarly provided with a transparent electrode

15.'
20
25 |
30

35

2; Keeping ‘the opposed transparent ‘'substrates 1 pressed
against each other with proper pressure and, at the same
time heating them at a temperature in the range of 50° to
300°c, ‘preferably - 100° to 150°%, for 10 to 90
minutes, preferably 30 to 60 minutes thereby thermally

curing the adhesive sealing agent as deposited; and sealing

liquid crystal in a space formed between the transparent
‘electrodes 2. ' : - : -

”'The_following:Examples further illustrate the invention.

Example 1 _ _

75 parts of benzoguanamine, 75 parts of melamine, 290 parts
of formalin ‘(formaldehyde content 37%) and 1.16 parts of
108 aqueous sodium carbonate solution were mixed in a

four-necked flask provided with a stirrer, a reflux

condenser and a thermometer. The resultant mixture was

adjusted to pH 8.0 and was stirred and heated to 85°C.

It was held at this temperature for 1.5 hours to induce
reaction and afford a soluble resinous solution having a
degree of water tolerance of 200%.
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i s a~nmeasure which indicates the affinity for wat er of the foregoing
soluble and fusible resin. It can be deternined by addi ng water dropw se to
2,grams of dn aqueous redction 5 product of formal dehyde and at |east ™ one
am no conpound sel ected from benzoguanam ne, nel am ne and urea, while

hol di ng the tenpérature of the solution at [err]. The anmount of water ;)
gra{@) required to cause the solution to becone turbid is neasured, and t
degree of water tol erance (x) is then -czﬂ cul ated as foll ows: [ERR] 15

7.5 parts of a nlonlcsrfa q%
Chem cal Kabust#?ﬁ Li°|5b?@()e%ttéﬁfﬂ ene ol eﬁm%}‘r was di-sso vecfl n

2455 parts of vis ex. meaihee swhichoindicatessthet 8% 1Dé#ﬂe Egrumater of r‘}he

and stirred. Tff]‘o éa# R Ssoninid %@rfeaisﬂeabessn\a/as IROWart betde tdwened
solution of t oni‘'onic surface act|v§ alEgent under stirri
a

n
obtain a white byusaddingwatenodpapPYisses tgo B85 oo At \Aqueous Feadtion
benzenesul ghonigr st SEEUti¥nARTelyay ednantat t heastsmansi aninohi csmpasnd

d f |
il Uted by 25 %équ"gteﬁo zoR ¢ b e”km&&o&%ﬁs& s dniBE Pana, Grff7 'L
separation by tsolidirg athen. tediperatsire ©fSt &hebt aohuuiey skl 3nCat i orThe
_ Separation was ﬁa“gé{@'ﬂ: t8f3gg?e8a3?sdniu%‘%()l f’eéﬁ’i‘ré’é £0° cadseS e o W€ion

430 and 4.5 par dodecy nicracid_ in water and dlipersed
using 30 an ulto abecomed tpcbid, is msﬁ%@@ur caffds the degres jof water

tenper at ur g gof Q0 & ANEET (B) | {d I ¥R Eh XXk 6D ad ewiyow- obtain a
suspension of fine cured resin particles, which were filtered fromthe

su§pensi on i n vacuo. The resul t ant fllter cake was dried in a hot air drier
at ¥’ tenperature - 1 [err] 6 4 hours to obtain 120 parts
of a congl onerate of f’fne c-bi-ed % % gé)rtlcl es. This congl onerate was

disintegrated in a ball mll
7.5 parts of a nonionic surface active agent (Emulgen 430,
product of Kao Chemical 'Kabushiki Kaisha, polyoxyethylene
oleil ether) was dissolved in 2455 parts of water. The
solution was raised to a temperature of. 50°C and stirred.
The resinous solution prepared above was poured into the
solution of the nonionic surface active agent under
stirring to obtain a white suspension. 90 parts of 5%
aqueous dodecyl benzenesulphonic acid solution .was poured
into the suspension, which was maintained at a temperature

- of 50° to 60°C for 3 hours. It was then diluted by
adding 2000 parts of cold water and was subjected to
separation by sedimentation. The resin paste obtained by
sedimentation separation was added to 3000 parts of a
solution of 7.5 parts of Emulgen 430 and 4.5 parts of
dodecyl benzenesulphonic acid in water and dispersed using
an ultrasonic disperse:. " The mixture was raised to a
temperature of 90°C under stirring and cured completely
to obtain a suspension of fine cured resin particles, which
were filtered from the suspension in vacuo. The resultant
filter cake was dried in a hot air ‘drier at a temperature

- 15

20

25

30



5 obtain fine white cured resin particles. By a test with a particle
size distribution tester (product of Coulter Electronics Inc. " of the
USA, keted wunder trademark designation of Coulter Counter, Mde

TALl § 0"), the fine cured resin particles were found to be spheres 8.07
[err]-T0O 0.5 [err] in diameter. This result was confirnmed by scanning

el ectron mcroscopy. The fine cured resin particles showed absolutely no? \‘
si gn of smelllng or solution in varigus organi c sol vents including 15

met hanol , etha& but anol , et hyl tate, butyl acetate, nethyl

cel | osm:lf\'/e 15@ Oyl foczel Idvsollw&;rs actdbonebtalimet hpo keges t ggueng and
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or solution. 20 Exanple 2 150 parts of benzoguanam ne, 130 parts of
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carbonat e solutlon m xed ask as

vwas us&Ph ’Exfa’lfﬂﬁewﬁlteTﬁBngsﬁpﬁéﬁt Hﬁfﬁiﬁl@%s Byj asteatt wigh & 0 and
was St@ﬁﬁﬂidﬂHifkiﬁéﬂidléﬁkiﬁhﬂionltt@@ﬁebe|@ Bbdhbts beP e et for four

hours . duc rea |on a ai sal ubl e usi-hl e re5|n havi ng a
degr ee 8"25‘?0 %5?'105‘%‘&(%% Los $iralematl ce of
modi f i dtsmnatitaﬂ eoﬁnd’e(:qu]asemseduheecl,n Modseh m&urelm‘th,l gdlecat es the

o111 ehoy IBEES Bhabhe SN SELYCENRAS UL SAERLL. 1, b's0 %"

det er m ne 'OpwW se
netBan®.Sok: “2 bﬁaﬂ%a’@?taﬁ-aqﬂ'&l@ﬁs resadit orasreontirmed obyf ecaahdalgyde and
at | eagll et ol iMiC roBBYPNd sel ected of benzoguanam ne, nelamne and
urea, while holding the tenperature of the solution at 25 C. The annuﬁf
of water - '

. The fing cured resin particles showed absolutely no sign of

~swelling - or solution in various organic solvents including
15 methanol, ethanol, butanol, ethyl  acetate, butyl acétate,
" methyl - éellosolve, ethyl cellosolve, acetone, dimethyl.
ketone, toluene and xyiene. When the fine cured resin
‘part;cles were heated to temperatutes exceeding 250 c,
- they showed no discernible sign of fusion or solutlon.
20
Examgle 2 N _ : L _
- 150 . parts of benzoguanamine, 130 parts of  formalin
(formaldehyde content 37%) and 0.52 part of a 10% aqueous
sodium carbonate sblution- were mixed in the same ~4
25 four-necked flask as was used in Example i. The resultant
mixture was adjusted to pH 8.0 and was st;rred and heated
. to 95°¢, It was held at this temperature for four hours
- to induce reaction and obtain a soluble, fusible ' resin
having a degree of modified water tolerance of 100%.
30 _ . . _ L . :
The expression “degree 6f- modified water tolerance", as
used -herein, is a measure which indicates the affinity of
water of the -foregoing soluble and fusible resin. Ii can
be determined by add1ng water dropwise to a solution in 5
- 35 grams of methanol of 2 grams of an aqueous reaction product



([errﬂ grans) required to cause the solution to becone 5 turbid

is measured, and the degree of modi fied water tolerance (Y) is then
calculated as follows: [ERR] 10 8 parts of partially saponified pol yvi nyl.

al cohol having a pol ynerization degree of 500 (product of Kuraray Co. Lt (?’
mar ket ed under trademark designation of Kuraray Poval 205) was dissol ve ;
750=parts of cold water. The solution was 15 heated to 90 C and

stirred in a mixer (product of TokushuRd - Kako Co. Ltd., marketed

under, trademr bedgsiasiioRtad’ andouRTK At BeMethe) Anphuid Ydididled of

speed of 3000r fusible resin prepare ve was
t he Kuraray Povaﬁnégguéﬁﬁﬂﬂﬁ@n k@glamine o@nd r‘Féﬁast aY'bllanthIlériégwa§he

obt ai ned a whit gefipélratate b tmhammowaat @5fled The 4fioGnt of water?
parts of dodecxh enzene ul phoni,c wer e added,to thg Qal ed enuIS|on
2s

in an anchor ty t?FP@F THEM &€ re s CFRRE y the | BY %R &% oPeSES
hours, and §hentatbidedigormeasu2&d,hoand cthé adegre¢erof modified twater

cure the resin. (Jhgranias (99! 3NEHed 241081A G Eolaciped resin

particles. The e of e suspensi on was poured 400 parts of
wat er, honogeni zed and cooled to roon1tenperature Cl assification by
natural sedi nentati on was 30 rep@éted Flne cured resin particles
classified fromthe suspen5|gn=weae_ilﬁtépgd i¥n vacuo and the resultant
filter cake was washed with water.2 The whole filter cake was dried in a
hot air dri¥g at a tenperature of 80C for 2 hours, and then heated at .a
tenperature of Bepajrtborof3 pbrt iailly sapohlﬁieGS@opyvlanyaacohnglmﬂnﬁagea

o e ey -ALyhER RaRTb, BeShee, S S0 APEhauttPoB REPUFRY. Bo5 uect.,
partlcl es.  Scmarkeged| sndesn trnagemanipydesigration of Kuraray Poval 205)
was dissolved in 750 parts of cold water. The soluticon was

15 heated to 90°C and stirred in a mixer (product of
Tokushuki Kako Co. Ltd., marketed under trademark
désignatidn ‘'of "Homomixer" HU-M type) at a rotational
speed of 3000rpm. The soluble, fusible resin prepared
above was added to the Kuraray Poval 205 solution kept in a

.20 stirred state, and there was obtained a white emulsion.
The emulsion was cooled to 40°cC. 2 parts of
dodecyl benzenesulphonic acid were added to the cooled
emulsion in an anchor type stirrer. The mixture was gently
stirred at_40 C for two hours, and then stirred for two

25 hours each at 50°c, 60°C and 90°C to cure the resin.
There was obtained a suspension of fine cured resin
particles. The whole of the suspen51on was poured into
3400 parts of water, homogenized and cooled to room
temperature. Classiflcatlon by natural sedimentation was

30 ‘repeated. ' Fine cured resin particles classified from the
suspension were filtered in vacuo and the resultant filter

cake was washed with water. The whole filter cake was
dried in a hot air drier at a temperature of 80°C for 2
hours, and then heated .at a temperature of 140°C for 3

35 _hours to obtain 50 parts of a conglomerate of the fine
cured resin particles. With finger tip pressure this



fine cured resin particles to be spheres 10 [err] 0.5 [err]

in di aneter.

The fine cured resin particles showed absolutely no. sign of swelling or

I sopf,
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ol, butanol, ethyl acetate, butyl acetate, nethyl"
ve, et hyl cell osolve, 10 acetone, nethyl ethyl ketone,

-SO|UZ§§§§ln various organic solvents including netharol, ethanol,

and xylene. Wen the fine cured resin particles were heated to
t enper at ures exceedi ng 250 C, the¥6 showed no discernible sign

fusion or solution. 15 "Exanple 3 1
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15

20

25

fus;on‘or solution.

Examgle 3 - : | B '

150 parts of melamine, 290 parts of formalln (formaldehyde
content 37%) and 1.16 parts of a 10% aqueous sodium
carbonate solution were mixed in the same four-necked flask
ds was used in Example 1°and the resultant. mixture was
adjusted to pH 8.0. The mixture was stirred and.heated to

'70°C.. It was held at this temperature for one hour to

induce reaction and afford a soluble resinous solution

‘having degree of water tolerance of 180%.

13 parts of an-anionic surface active agent (Neopellex 05

- powder, product of Kao Chemical Kabushiki Kaisha, sodium

30
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dodecyl benzenesulphonate) was d1ssolved in 2241 parts of

~water. The solution was raised to a ‘temperature of 40 °c.

and stirred. The resinous solution prepared. above . was
poured into the anionic surface active agent solution under

stirring and 30 parts of 10% ~agqueous solution, of dodecyl
- benzenesulphonic acid was added to obtain a . white

suspen51on. The suspension was mainta1ned at a temperature
of 40° C for 1 hour, then raised to a temperature of
90°% at a_ rate of 10°C/hr and cured to obtain a
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The whol e suspension of the fine cured resin particles was poured into 2800
parts -of water, honpgeni zed, -and cooled to 5 room tenperature. -
Chassification was repeaf ed by the nethod described in Exanple 2. mﬁ)
cured resin particles were separated by centrifugation fromthe susp ron -
of classified fine cured resin particles. The whol e of a paste of fine
cured,resin particles obtained by the 10 centrifugal separation was

di spersed into 1000 parts of 0.1 N aqueous fpgdcochloric acid, washed by

ul trasoni cs and_separ at ed bg gentri fugs. Thi s %ggr,ahl on was repeated three
times. The whol BUBRERFLOR| Ak ELRBICPESPNEFELPPRESLEHER *di spersed into 1000
parts of water, washed by ultrasonics 15 and separated by centrifuge.

Thi s operation LEBgat gqsb%gqan o}h #}ﬁ?é)fcﬁp a k@glﬁugggtlgé

particle paste aiter wash arr drier-a
of 160 C_ for pewsedhbnkte 2800 pe:hSnofssatpar,tbomesenazednglamemodedf to

fine Cured§es'fb&ﬂ”£éﬂ1§‘ératu¥¥th f'é‘ﬁés?@xci&ibﬁ”%”eréﬂééted by the

congl onerate was di s nte rat ed (ia ford fine white

particles. Rethed degreibed, %hov%ﬂ“?hﬁ“??&e@ﬁi&d%&iﬁles
particles to bewgpéespatratddr by %&xﬁﬁfﬁgaﬂi@haw the dilispénsion UbEd

Var oub or gani CLORVERHET RN (Fngeao Fintr  PReAdIRA - SHEe (Best e @
but anol , et lpastectef e, fmeutquredaceeam partib}les obltladsmldveby the
ethyl cel {/\%%l ﬁen?f‘f?ﬁ@gf seﬁwﬂone&deig%QE‘éﬁ ihﬁh“%%o %’é t%oof

xyl ene. en t I'ne cured Tesin part erat ur
exceedl ng 250 Y taguedHHwRydrech i Beddsi gwaghed,sbyn '-t;rt%iﬁqni% and

Ml e 4 35 Rpatéd by beeresseage] nerhisooga&hhaﬁ Waga repated threke
- 14 - formalin { or mal gﬁ‘%ge cont eralt tim uregarrtessicxzxf aasi(:)gﬁ)% ge%lsén
sodi um car bonat ©*Bef ut i yho %nﬁ p
d:.spersed into 1000 parts of water, washed by ultrasonics
15 and separated by centrifuge. This operation was repeated
' twice. The whole of the fine cured resin 'part_icle paste
after washing was dried in a hot air drier at a temperature
of 160°C for ~two hours. to obtain 80 parts _of a
conglomerate of fine cured resin particles. With finger
20 tip pressure this conglomerate was disintegrated to afford
fine white cured resin particles. Scanning election
mciroscopy showed the fine cured resin particles to be
sp_heres 3.0 0.5 uym in diamete'r.

25 The fine cured resin particles showed absolutely no sign of
ewell_ing or solution in various organic'solvents, including
methanol, ethanél, isopropanol, | butanol, : ethyl
acetate, butyl acetate, methyl cellosolve, ethyl

~ cellosolve, acetone, methyl ethyl ketone, toluene and

30 xylene. When the fine cured resin partxcles were heated to
temperatures exceeding 250 C, they showed no discernible
sign of fusion or solution. |

35 120 parts of benzoguanamine, 30 parts of urea, 266 parts of



f our - ne

"hour ¢
of m
pol 'y
Kur ar ay
Poval 1
“heat ed

cked flask as was used in Exanpl e 1. The resultant m xture
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Yi‘led water tolerance of 150% 8.5 parts of conpletely saponified

adjustid to pH 8.0. The mxture was stirred 5 and held at 85 C for three
)

1yl -al cohol having 10 a polynerization degree of 1700 (product of

Co. Ltd., nmarketed -under tradenark designation of "Kuraray
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-15- besopbeign G2 [leated. bo[ @0°C iandliseirted in the same mixer
as was used in’ Example 2 at a rotational speed of 300 rpm.
The soluble, fusible resin ‘prepared above was added to the

15

Kuraray Poval 117 solution kept in a stirred state to

obtain a vhite emulsion. The emulsion was cooled to

40°%. 3 parts of dodecyl ‘benzenesulphonic ‘acid were

added to the cooled emulsion and the whole was gently

20

‘stirred in an “anchor type stirrer at 50°% for 1.5 hours;

It was then held for two hours each at 60 C, 70°c and
90°c to obtain a. suspension of fine cured resin
particles. The whole of this suspension was poured into

4600 parts _of. water, homogenized, cooled to room

25

:temperature” and repeatedly classified by the method

described in Example 2;' The classified fine cured re31n
particles were filtered from the suspension in vacuo and

" the resultant filter cake was washed with water. The whole

30

filter cake was dried in a hot air driér at a temperature

'of 80°C for two hours and then heated at a temperature of

150°C for ‘three hours to obtain 75 parts of a

ate was
annlng
to

' congolomerate of fine cured resin particles.' With finger

35

tip pressure the conglomerate was disintegrated to afford
fine white cured resin particles. Scanning e1ectron
microscopy showed the fine white cured resin particles to

&



The fine cured resin particles.showed absol utely no sign of swelling or
solution in the same organic solvents as tested 5 in Exanple 1. Wen the

fine cured resin particles were heated to tenperatures exceeding err],
t hey showed no discernible sign of fusion or solution. Exanple @ '
Referring to Figure 1 of the draw ngs fine cured spherical parti 4,

preRared as described in Exanple 1, were thoroughly mxed in a
proportion in the range of 1 to 10% by wei Qi§t i n epoxy resin 3 as an

adhesive seali t.  _The 5" €S | a s applied on one of the
t.-ranspar ent 15?%“%%?1?&5 s I prgoy gg&\m%#‘ﬂ‘ﬁ‘?%s‘parent el ectrode 2 by
nmeans of screen printing.. The remaining transparent substrate 1 was

superposed on ipha e %ﬁzbay%gah ga%gmw Rholidd lab3d) Tt to‘f’gryjs

hel d under suitabl e pressure_an at a tenperature

20 for 30 to GUeﬂﬂlﬁHﬂeQIt §odytdopndn the same organicygodvents As defke
poured intg th&nsmnﬂﬁ ned bywhés wefﬁ'l@ebﬁ?@ﬂ t s DPP aeglbléﬂswwt

substrates to a_liquid cr stal_di ay. [devi particl

were not corro 39 t hR q'p %‘fﬁe%s&f%fsé/q gﬁggg 3¥| ‘b%it no
not softened V\/dé.scemné.blleysligat oﬁgfusnidnnotr esolaltddnunder appl i cat i on of
pressure. They served to keep the space between the transparent substrates
accurately in a fixed thickness. 30 The exanpl e represents t he

i nvention eompde 3dvantageously in a small liquid crystal display

devi ce. EXQ(W' Qeﬁe%?ln@“t'& T RIRICE &P Eh@”&?aalﬁést gengr %Wr@ﬁs’ gﬁie"ﬁcal
cured - pheri Cal part’ cl es 4a ar eﬂpga described in

&% di sper sedPPﬁt&cgﬁlsuthn Rrepared ﬁ&r nﬁPec%*%’FP%ﬁstt'ané'@"
such as epoxy thoroughly xdixedtin Tdileproportion in the range of 1 to 10%

by weight in epoxy resin 3 as an adhesive sealing agent.
The resultant mixture was applied on one of the transparent

15 substrates 1 provided with a transparent electrode 2 by
means of screen .printing., The remaining transparent
substrate 1 was superposed on the applied layer of the
mixture. The resultant composite was held under su1tab3e
pressure and heated at a temperature of 100° to 150° C .

20 for 30 to 60 minutes to cure the mixture. The 1liquid
crystal 5 was poured into the space fofmed. by the spacers
between the opposed transparent substrates to obtain a
liquid crystal display device.

25 The particles 4 were not corroded by the epoxy resin used
as the adhesive sealing agent, not softened when cured by
heating, and not crushed under application of pressure.
They served to keep the space between the transparent

. substrates acéurately in a fixed thickness. .

30 o ) _ ) . _

The  example  represents the invention embodied

advantageously in a small liquid crystall display device.

Example 6 _
35 wWith reference to Figure 2 of the drawings, fine cured



resul tant di spersion was applied on one of two transparent 5
provided with a transparent electrode 2 by means of -screen printing.

appl i ed spersion was thermally dried to convert the solution of high,
nmol ecul ubstance into a film®6 and, at the sane time, fasten the
partic 4a on the transparent substrate 1. Thereafter, 10 the
particl 4 were dispersed in epoxy resin as an adhesive sealing

agent 3. The resul tant dispersignjgas applied on the periphery of the
transparent substrate 1. The two transparent substrates are conbi ned and
hel d unsphepicpirpprticies Aa,aprepanes &<

substrates~1
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The two transparent substrates are combined and held under

"proper pressure at a temperature ' of 100° to 150°C for

15

30 to 60 minutes to cure the dispersion. Then,- liquid
crystal was poured into a space formed between the opposed
transparent substrates to afford a liqu;d crystal display

. device.

20

25

30

The resin particles 4 and 4a were not corroded by either
the epoxy resin as the adhesive sealing agent or the high
molecular substance, not softened when heated, or not
crushed or caused to eat into the 'transparent substrate
under applied pressure. They served to keep the space

' between the transparent substrate accurately at a uniform

thickness.
In this example, the resin particles control the space not
merely in the sealed portion of:the-liquid crystal display
device but also in the entire area of the transparent

‘electrodes. Thus, this example represents the invention

embodied advantageously in a large liquid crystal ‘display

device.
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and Tine spherical cured particles of an-ani -f or mal dehyde resin obtained
from formal dehyde and at :| east one of benzoguanam ne, nelam ne and urea,

the 4mi xture being applied to the perip mm nﬂ ")ﬂnrates to zoe them
10 one fromthe other and to seal the m* Jﬂ"ﬂ' uﬁr er ebet welgp A
liquid crystal display device according to“claim1swherein the

am Qo- f or mal dehyde resin is benzoguananm ne- 15 formal dehyde resin or

benzoguanam ne- el am fi e-formal dehyde resi 17 3 A liquid crystal display
device accordi ggalymsil @i m1 or claim2 wherein the fine spherical particles
have an 20 ave@rage particle diameter of from1 to 15 [err]. 4. A

liquid crystal di spl & dbl@eidacesyaray tdisp}ayr cdeviice clcomprisdng n tuee
adhesi ve seal i Rtangpaicent asﬁmmtfaeiﬁgp%aw'm?&ﬂes %8 %sgﬁin%
any of cla o] rein

A liquid crystal displ.ay device according to I m 1t

the thernosett PhﬁcFégPﬁ%t yﬂ%eacﬂﬂssitg‘é aﬁgﬂFri sf ePSxyerebi rsubgkratmesiave

agent. 30 56. 1liduidi @uybtaly sired d} mh&u:ﬁe\qﬁ:eﬁumcsahgsmeet _b@a@;[ihgf agent

precedi ng cl ai u r i Skn i ne_spheri.ca re rticles e

anino-fornaldegbgeEﬁggiﬁgﬁggigéh gHée?mBaFFgﬁéﬁéreﬁgaeu 3b§g#idéhyde

non- peri pher al rpednt i ohtained £from formaldehyde and at least one of
benzoguanamine, melamine and urea, the mixture being

- applied to the periphery of the substrates to space them

10 one from the other and to seal the liquid crystal

therebetween. '

2. A liquid crystal display device according to claim 1
wherein the amino-formaldehyde resin is benzoguanamine-

15 formaldehyde resin or benzoguanamine-melamine-formaldehyde
resin. ' '

3. A liquid crystal displaylgevice according to claim 1
or claim 2 wherein the fine spherical particles have an
20 average particle diameter of from 1 to 15 um.

4. A 1iqﬁid crystal display device according to any
preceding claim wherein the adhesive sealing agent is a
gﬁ; _ thermosetting type resin adhesive agent.
25 | -
5. A liquid crystal display device according to any of
claim 1 to 3 wherein the thermosetting resin type adhesive
agent is an epoxy resin type adhesive agent.

30 6. A 1liquid crystal display device according to any
preceding claim further comprising fine spherical cured
particles of the amino-formaldehyde resin between the two
transparent substrates at non-peripheral positions




