9 June 2005 A LEAF COATER AND METHOD FOR PRODUCI NG LEAF TYPE COATED
SUBSTRATES BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to a | eaf coater and a nethod for produd.ngel2ees type
coated substrates. In nore detail, it relates to a |leaf coater and a

met hod for producr ng | eaf type coat ed substrates, which allow the

- producti on,gf; &%O@Aeﬁ %ﬁ? '?1%{85 FOE%@D%FE&GS@A&‘%W&&%#B Eﬁng‘Ri film

‘t hi-ckness of coating mate scription o rt A
| eaf coating refers to a method for coating a blank substrate in such a
process that the bl ank substrate having a limted length in the coating

direction - i utl supplied one by one to a coater; each
suppl i ed bﬁgﬂ%}g‘ﬁ% ?%t g% i@@%ﬁ@% with the coating solution in a

pr edet er m ned fg the coated substrate conpletely coated with the
coating sof?ﬁ'f’]r‘ono |t§1et REABI™ of the coater; and the next blank substrate
is supplied to the coater and coated_as before to produce a coated
substrate. CoatiT§ PEPSRIEPYeRHANT THLANKS SR LA SCHEH A & Petfth  of
less than 2 min the coating direction with a desired coating material,
i.e., al eﬁ?rmqq?gnﬁsl%%ot&m? Fredat eSHrstates suﬁbﬂ%ﬁegegﬁrlop‘tq cal
filters, glass substrates for liquid stal display devices and gl ass
substrat esTebrtevlof fqafieqater anpd Qé‘ﬁéhéé§@§ Pliotdqcénﬁllﬁﬂfytiﬁ@n%ﬁﬂi‘é{ﬁ t hat

the coated substrates 1 9 June 2005
substrates, which allow the production of coated substrates

excellent in the uniformity of the f£ilm thickness of an applied
coating material.
Description of Related Art

A leaf coating refers to a method for coating a blank
substrate in such a process. that the blank substrate having a
limited length in the coating direction of a coating solution are
supplied one by cone to a coater; each supplied biank substrate
is coated with the coating solution in a predetermined length;
the coated substrate completely coated with the coating solution
is taken out of the coater; and the next blank substrate is supplied
to the coater and coated as before to produce a coated substrate.

Coating relatively small blank substrates having a length
of less than 2 m in the coating directioﬁ with.eroesired ceoating
material, i.e., a leaf coating is used to produce plastic
substrates for optical filters, glass substrates for liquid
c:ystal display devices and glass substrates for color filters.
In some cases, it is highly demanded that the coated substrates
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produced by | eaf coating are thin and uniformin the coating thickness of
the.coating solution applied to the substrates. Known | eaf coating nethods
i nclude spin coating nethod, roll coating nmethod, bar coatd nghetRIgBOd, die
coating nethod and conbinations of these nethods. In the spin coating

met hod, a coating solution is dropped onto the center of the surface of a

rotating substrate, ,and the . dropped,coating solutiaon i.s spread on the
. s_ur'fac-e%oﬁo%tbuﬁgdsh%s%?%geco %llnrfb at[)]:lk%ec'i:rr%f1 aft anu% ]Jf?lﬁme 1&63%%% g?l’f’% forma
-coating filmon the surface of the substrate.. A device used for producing
coat ed ?ﬁﬁ%‘f‘?ﬁ?egpbgp? HEBpi"d 882‘1‘%@’ r‘?é’fpa&&di §°g§‘?\ rséﬁ‘ﬂ%ré&?Fed a spin
coater. Spin goaters e wdely used for phqto resist coating, of
~ seni conductor%{?\%‘l’%rjs‘?a%Acc?ﬁéngf mEERAY 4TS ecﬁ%f‘érccfaotrlr’tghg'e%ﬁ?%ducti on of
color filters is disclosed in JP-63107769-A. -The coating_film obtained by
a spin CHtlePoREPDEEPY - RAUFIEELYI MATIPGr nttP iGoEARY I RHe@8 over t he

entire range of the substrate, if the rheol ogical property of the coating
sol uti off IO1REGEOI Nt dhess, "8P8fScl osed in JP-06348023- A and
- JP-07261378-A. In the case where the.coating solution is non-New onian or
‘has a high viBcdd$ £9pinLeaiiqe reErebort FBRATTRI SOlHEHOR iis HECRRe I al
portion of rotation, to degrade the uniformty of the filmthickness. B
Fur t her foYte, the siintegoaf ebha sangace i SobetHgLbFUPFBR TSy &ndetle .| arge
amount for obtaining.a predetermined coating filmthickness, to raise the
pr oduct idsiPPpedcagitdag aniivddenus sprendondhe ppgRce of the substrate . .
 using the rotation of the substrate, to form a coating £ilm on -
the surface of the substrate. A device used for producing coated
- substl_‘at-es by the spin coating method is generally called a spin -
‘coater.
Spiﬁ coaters are widely used for photo resist cbating of -
"semiconductor wafersr. A case of using a spin coater for the
' production of color filters is disclosed in JP-63107769-A. -The-
coating f£ilim obtainéd by a spin coater can be very accurately
uniformed in the thickness over the entire range of the substratre',
~ if the rheological property of the coating solution is made
: I@_Iewtorii-ar:l-, ,as disclosed in JP-06348023-A and JP-07261378-A..- In - .
the.cas_efv&here the coating solution is'noh—Neﬁvtonian or has a high o
| viscosity, a thick film portion is formed in the central pbrtion
of rotation, to degrade the uniformity of the film thickness.
Furthermore, a spin co‘atér-s_pends the coating solution'in a very
' -lafge amournt for obtaining a predetermined coating film thickness,
to raise the production cbst diéadvantaéeously.
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In the roll coating nethod, a rotating application roll is interposed

bet ween a coating solution pan containing a coating solution and-a bl ank
substrate, and the coating solution deposited -on the appligC ngtnla% gfoll is
transferred onto the blank substrate. A device used for producing coated
substrates by the roll coating nethod is generally called a roll coater.
Roll coaters are often used in the case where Iong!L bl ank subst_rat es are
coated or whéRethe BPahicaatdas g tdafoud FoLetdnptRPLicetigadl 4fd they are
al so used for a leaf coating. Since the coating solution is transferred
from t HO'EFROPRE BOTHRG DR ﬁaﬁt%ftg SPHBtéBbIQ%HOBﬁaFBng % FQathBA to the

bl ank .substrate, the coating solution is exposed to air for a |ong period
of ti mesandiog qq%wanwuas‘smben@n@ftupéwr’fdnﬁcﬁ%lta@ﬂ@ﬁpeﬁaic@@ ahd
furthermore, the ingress of objects is |likely to occur during the period
of timeon dhsaiﬂréd@agégusﬂ%ll In treasberredanitagtifebhanl sabisaratenprising a
rod having thin wire wound around thereon is used to coat the substrate
with & gesiee usedefidrprodeciipropratisobagratest bu télﬁb@@lhtcegtbygthe bar
coating nethod is generally called a bar coater. A bar coater is disclosed
i n JP- 02338@8isAgeherda hky caddedod moblarcoadetrer, since the wire wound around
the rod is kept in direct contact with the bl ank substrate, the leveling
is poor in Rbheloaseamereet ittagoatiedgisoths icasei sheon-INagt bhamk or has a
high viscosity, and the marks of wire remain on the coated substrates

di sadvanitageatiskyars3 cBale@er29b&re a blank substrate wound as a roll

is coated, and they are alsoc used for a leaf coating. Since the
coating solution is transferred from the coating solutioh pan to
the application roll, and then to the blank sﬁbstrate, the coating
_ solutionr is exposed to air for a.long period of timé and is likely
to absorbr moisture and to be deteriorated, and furthermore, the
ingress of objects is likely to occur during the period of time
disadvantageously.

In the bar ceoating method, a bar comprising a rod having
thin wire wound around thereon is used to coat the substrate with
a paste, A device used for producing coated substrates by the
bar coating method is generally calied a bar coater.

A bar‘ coater is disclosed in JP-02258081-A. In the case
of a bar coater, since the wire wound around the rod is kept in
direct contact with the blank substrate, the leveling is poor in
the case where the coating solution is non-Newtonian or has a high

viscosity, and the marks of wire remain on the coated substrates

. disadvantageouély.




In the die coating nethod, the coating solution is extruded froma slit
formed in a die onto the substrate in opposite to the slit with a

cl earance kept between them and the slit and the substratgeJL@lg%OHyved
relatively to each other, to forma coating filmon the substrate.

device used for producing coated substrates by the die coating nethod IS
generally called a die coater. A method of using a spray instead of the
slit of the dnethe §igsoRAing meffbodpridp eertinSathioth 1af&Ft&ufethod of
using a nozzle instead of the slit of the die is known as the nozzle
coat i ngEromeehelit Boemeddinen ligr entp dbpyswetrater 1k WPeRSLEE T 8L ng and
continuous coating of a coating material having a high viscosity. Cases of
usi ng asdite widdt er clearanwe epdubetwrrnftheol.oanfli therslitgeaddithel osed in
JP-05011105-A, JP-05142407-A, JP-06339656-A, JP-08229482-A and

JP- 0822949 tel are hwvedsee higively toatagigothem fosfponmedcoasing a die
coater, the coating solution can be supplied to the blank substrate by the
curt ai nffirovwwmethedsuextrats.on A nthies arseieadtbmatwdideiag desteidbed in

US- 4230793- A, US- 4696885- A and US-2761791-A. In the bead nethod, a coating
mat er i adubbeg@tesi by cld €deacogoiaty mgthmteis gereeradly scdoratee Bétween t he
slit and the blank substrate, and the coating material is drawn fromthe
slip wd¢datdihe mmeaientodfustihe hbpnky sinssendtef ahetdla thoferentiief the die,
to forma coating filmon the bl ank substrate. According to the bead

- met hod, isknA6en bbecheositaygedmt ity id t1asl , nunhaas thhd ocfoatimyga néz891dune 2005

instead of the slit of the die is known as the nozzle coating
mgthod.

Die coaters are widely used for thick £film coating and
continuous coating of a coating fnaterial having a high viscosity.
Cases of using a die coater for the production of color filters.
are disclosed in JP-05011105-A, JP-05142407-A, JP-06339656-A4,
JP-08229482-A and JP-08229497-A. In the case where acoating film
is formed using a die coater, the coating solution can be supplied
'Eo the blank substrate by the curtain flow method, extrusion
method or bead method, as described in US-4230793-A, US-4696885-A

‘and US-2761791-A.

In the bead method, a coating material reservoir called a
coating material bead is formed between the slit érid the blank
substrate, and the coating material is drawn from the slip with
the movemént of the blank substrate or the movement of the die,
to form a coating film on the blank substrate. According to the

: bead method, since the coating material as much as the coating
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material spent for the formation of the coating filmis supplied fromthe
slit, the formed coating filmis very good in, the wuniformty of the film
t hi ckness. The coating material is little wasted, and sin%ﬁhﬁg?oggating
material feed passage till the coating material is discharge romthe
slit is closed, the deterioration of the coating material and

contam nation of objects can be prevented. So, the qualit f the obtained

coat i ng"2¥§14Alc ERehk BegpthitgRma kot Pér the SoFLdEdi ihs 482- A and
JP-08229497- A, it is very difficult to forma further nmpre uniform coating
film usFFP at®f eStidat efhe Tormedr FoRtDAt fdd®ndfe VERYT 8PAfCORtTRG film the
coater becones conplicated. For formng a further nore uniformcoating
film Jroifgadiyset shpfddasdsicknesss rogting neteTid hAildftttBe coating
met hod for applying a coating solution in a straight direction by the rol
coat i ngwatetbd anidasiagat thy eeatHow grtgrdatofeedigPasdIodild &&8bined with
a method of applying a coating solution by the spin coating. However, also
i n t hi sceaising teategdnpl iisatiiopharxded Waraaiitr Hdiindts Bdogedi ddde At
present, a technique that allows a further nore uniform coating filmto be
formed dstemiaratdss ednpitiecatedt iogate@tearnsaleiang wrigndedtion e
production of color filters for color liquid crystal display devices. If a
col or fobjerts can heqaleventedui o . crhesqadlidisef dhelpddainpdsioading
projections on the surface of the coating filmthat nust-be flat, the
col or ffilrercasubst kebe higlQ June 2005
However, as described in JP-08229482-A and JP-08229497-
A, it is very difficult to form a further more uniform coating
film using a die coater. To form a further more uniform coating
£ilm, the coater becomes complicated.
For forming a further more uniform coating f£ilm, JP-
08332436-A proposes a leaf coating method, in which the coating
method for applying a coating solution in a straight direction
by the roll coating method, bar coating method or die coating
method is combined with a method of applying a coating solution
by the spin coating. However, also in this case, the complication
of the coater cannot be avoided.
At present, a technique that allows a further more uniform
coating film to be formed using a less complicated coater is being
demanded for the production of color filters for color liquid 
crystal display devices. If a color filter for a color liquid
crystal display has any abnormal projections on the surface of

. the coating film that mist be flat, the color filter substrate
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contacts the opposite board, to cause conduction, and a phenonenon called
comon shorts occurs, to cause display failures such as |um nescent.
points and |ines or black points and lines. To avoid such VepLSgost 1S
necessary to develop a leaf coater that can prevent the formation of
projections to cause comon shorts on the coated substrate. A |eaf coater

i nt ende i.nhi,bi ' p i i rojpections on
t he sur-(fd%%ée)adg% k%rﬁeeé%%og%t];?gﬂ?%sdm @iﬁé@%&aégg‘?}%{‘%@# g%g%f(r:‘gﬁ ﬁ%’ﬁons of the
coating.splution in the coating. filmiformung.step.i roposed_in

3P 080 oo 0B <l ORI o e Pl R Bl T 8RR ARy sour ce,
a predeferm ned coatjng solution quantity intermittent. supply neans, a
Cont | ng S TG  aBBt Y h e dREoT of AP RY RTEoRHS g ™S80l Ut on to each
bl ank substrat e, eH%irsHh%pating sol ution flow igﬁ%; e connecting said
coating sol utPoRVHPHIY mEXRB M tht s RFeOFFEREY et M IRYECBafi h§25ol uti on
quantity intermttent supply neans, a second coating solution flow

pi pel i nl Qﬁﬁ$h§@FFn@a%eﬁ¥fveﬁxe33?e??ﬁWﬂ£}QP03FiHﬁo%%ﬂqhqq§nt8u8ﬁPF?y
intermttent supply neans and said coating solution applying neans, and a
filter CPMRA F8ATTH <hitder icreted oY HFaLS-ution flow pipeline. In this

| eaf coater, the filter renoves _the objects contained in the coating

sol ution. Typiteaf 6BpEeY $ndepded iy LARLPES c 85t T 28 FUTIdH S-.nEP®ide the
objects straying into the coating solution in the coating solution

pr oduct FIPGPPAeBLLSDTO jait i9Bp et Bhe 6HEF3F¢ R W¢Te eoPeingErlm 6avsgdine 2005

depending on the conditions of the coating solution in the coating

film forming step is proposed in JP-08229497-A.

Theleafcoatercompriseszicoatingsolutionsupplysource,

a predetermined cecating solution guantity intermittent supply

means, a coating solution applying means for applying a coating
solution to each blank substrate, a first coating solution flow
pipeline connecting said coating solution supply means with said
predetermined coating solution quantity intermittent supply
means, a second coating solution flow pipeline connecting said
predetermined coating solution quantity intermittent supply
means and said coatieg solution applying means, and a filter
pfovided in said first coating solution flow pipeline. In this
leaf coater, the filter removes the objects con£ained in the
coating eolution.
Typical objects existing in the coating solution include
the objects straying into the coating sclution in tﬁe coating
, selution production process., the objects eonsisting'of a polymer
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gel and insol ubl e nononer residues in the case where the coating solution
is a polynmer solution or polynmer precursor solution, or the objects
consisting of cohering particles and a binder resin (polyngj, B8l yner
precursor, and a photosensitive binder precursor if a photosensitive

bi nder is used) in the case where the coatlng solution is a slurry.

Convent b0alad LhL 1S SRLNAR0O0:MANER DL Gelle L 81 cdmiane 1 fers

made of “pol ypropylenée ene or ene tetra e resin, and

f the fil ' d
i neli ng™® %ﬁt'%t?é%rh% RS By P SRR B GRREEILs o

fabric r nenbra e fil made of .a fluorine resin_is suitably used

si nce i% éﬁﬂ?&ES RS ER © %e5|sf§ﬁ epaqthﬁhg %%@e b %?%Ftﬁ$51@0at|ng

solutlon is a polyner_solution or o pr rsor_.sal uti

cont ai ni R E;f er‘{) %’%[ego %“eﬂe%?%"rﬁés %}rrde vPﬁ S‘?fcﬁ%léﬁ zepll et’:he range of

0.05to 3.0 amis used. In the case wher e the oating solution contains
agefore?

partlcIBEeC%F§EﬁF$%®éﬁmFQSFPﬁlttY?e¥“HEF| diFeCagdieSsondi ng to

‘the size of the particles intended to be reaned is used for the purpose
of renpVPALCTHING FLEBEPR el D& Fi8FEE- destined to be coating defects. In
the case where a pignent-di spersed color paste slurry for color filter use

desi gned to W@e&tb?%ﬁtllﬁaﬁ|161°éu§PzIe°1b‘f"’°VGnlf%Hﬁld’r £REEeTF @n4pplied-to

have a filmthickness of 2.0 am 7 9 June 2005
membrane filters made of polypropylene polyethylene or ethylene

tetrafluoride resin, and any of the filters is formed into a d:J.sc,
pleated or processed as a winding, and accommodated in a
filtration device. |
Especially a non-woven fabric filter or membrane filter
made of a fluorine reein is suitably used since it is good in
solvent.resistance.
In the case where the coating sclution is a polymer solution
or polymer precursor solution not containing particles, a
m.embrane filter having a pore size in the range of 0.05 to 3.0
. #m is used. In the case where the coating solution contains
Iearticles, a non—weven fabric filter having a pore size
cerresponding to the size of the particles intended to be removed
is used for the purpose of removing only the coafee particles
destined to be coating defects.
In the case where a pigment-dispersed color paste slurr.y
for color filter use designed to have a pigment particle size of
i _0.1 ,ttm or less is applied -to have a film thickness of 2.0 Um,
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it was thought that renoving coarse particles of 2.0 ,umor nore was ideal
and that the use of a non-woven fabric filter having a pore size of 2.0 9m
coul d achi eve the purpose of rempving coarse particles. Hywygrsgokt was
found that even when a |l eaf coater wwth a filter having a pore size

adapted as above was used for coati ng, If the filter used had a filter
medi um yade of. a resin, | soft materi ai havi ng. a small Young's
modul ustt é’?ﬁe‘&l?%ﬁquﬁ Itﬁf"Bere“tf’é'&Pgec?ﬂﬁiﬁrBF‘rbé‘F epsarotfl %t%s“‘&nocf B85Fse coheri ng

partlcles C g rfectly renmoved and E n q'sas glﬁl ects in the
coati ng” d‘l%ﬁf‘ ofi® pt;ﬂai egg é’%bﬁaﬂ‘ﬁns‘ﬂ%‘éet“r e §lcT‘ﬁ’r LR BREAPEm i s
estimated to be as descri bed beI ow. A case of l|eaf coating using said
pi gent3 BPEPEIIEPL S} Briim F88LR ACH ¥R o RYTRASE USECTSVHRECO38EE bel ow.
Let's assune that a coating solution having pignent particles of 0.1 am or
|l ess R&PSI€E-in a photosensitive pol ymer precursor sol ution or
non- phot osensi tive pol yner solution used as a binder is applied by nmeans
~of a leaf coHPERVeRi dd v¥Ae LPind ebatisipmwhABER 1eaif coger Midhndt hod, bar
coating nethod, die coating nethod or a nethod conprising these net hods in
conbi nafilgier having @ perd sesatadaptedhon-ahovenvialssed f9T coptinde of a
resin designed to catch coarse particles of 2.0 /.gymor nore is wused in
t he coatf fresdl ks iseobadipEilher pedigannede doat Faginsdl-gt-i-od supply
tank and the coating head (this is called differently depending on the
coat er sfddmateriakdipliag atsnall Joogng (HancZidss, especially large
coarse polymer gel particles and coarse c¢ohering particles could
not be perfectly removed and remained as objects in the coating
. solution applied to the blank substrates. This mechanism is
estimated to be as described below.
A case of leaf coating using said pigment-dispersed color
paste for color filter use is discussed below. Let's assume that
a coating solution having pigment particles of 0.1 (m or less
dispersed in a photosensitive polymer precursor solution or
non-photosensitive polymer solution used as a binder is applied
by means of a leaf coater using the spin coating methoed, roll
coating method, bar coating method, die coating method or a method
comprising these methods in combination.
In this leaf coater, a non-woven fabric filféﬁ made of a
resin designed to catch coarse particles of 2.0 £m or more is
used in the coating solution flow.pipeline between the coating
solution supply tank and the coating head (this is called

différently depending on the coater used; for example, it is
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call ed a discharge nozzle in the case of a spin coater or a die in the case
of die coater), to filter the coating solution. Because of |eaf coating,
the coating solution is supplied intermttently to the fildgr. -aps the
supplied coating solution is filtrated by the filter. The intermttent
supply of the coating solution to the filter brings change of pressure
acting the filter receiv m the coating sol ution. esti mat ed
That T reS el 8 e OTds RORTME dh g B8R 9 %r?lmeé <216 DOE size of

t he soff n n woven bric filter made of  a res n er than 2.0 ,um to
br' g cHbUiie G St RRtethe EORELFHE"  HRrEaRt I (IELony sol i 1 ed
pignent drs ersed col or paste particles or the coarse partrcles of pol yner
gel or SGol ¥F bﬁ6f0§8ﬁ§?T$vetB%I?ﬁé?lb9e58F§B%°%f1ﬁDﬁ%¢PH&ﬁ 2.0 U m
pass the filter, and that this phenonenon degrades the uniformty of the
coat i N Fi9GRILSERESY oiP the TidteEceaRf thResBPRIMed Gt BT SOLUSLWMVARY OF THE
| NVENTI ON A | eaf coating is characterized in that at every change from a
coat ed ubkt¥tdadedo byhdhgefilied subkt riteedH tdeasac8PPLEuppl ¥hag of a
coating solution froma coating solution supply source to a coating

sol ut i oHPaFFIgy FAEY Feh $0i sh%léﬁgtﬁﬁtbérlrﬁ% ghinge ofhpressyreoAcsingspended and
re-started. So, it has peculiar problens. As described above, one of the
problenﬁlrsh%hﬁ%lﬁﬁé éegﬁikagsﬁﬂqm|E#ﬁfFP@¥%RQ(ﬁP%4%ﬁQ?|rlihel%oatrng
solution filtration device provided in the coating solution flow pipeline
bet weereti@atgdgtipinghe qu® ssygppiarigit icheaeidad ery té)@l ftlor malies he

application of the
the pore size of the soft non-woven fabric filter made of a resin

larger than 2.0 m, to bring about a phenomenon that the cohering
pigment particles or solidified pigment-dispersed color paste
particles or the coarse particies of polymer gel or insoluble
photosensitive polymer precursor of more than 2.0 (m pass the
filter, and that this phenomenon degrades the uniformity of the

coating film formed on the surface of the blank substrate,

~ SUMMARY OF THE INVENTION
A leaf coating is characterized in that at every change from
a coated substrate to ehe nex't new substrate on a coater, supplying
of a coating solution from a coating solution supply source to
a coating solution applying means is done intermirfently, that
is once suspended and re-started. So, it has peculiaf'pfoblems.
As described above, one:of the problems is that the coating
solution filtratioh state in the coating solution filtration
. device provided' in the coating 'solution flow pipeline be_tween the
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coating solution is affected by the intermttent flow of the coating
solution. The object of the present invention is to provide a |eaf coater
and a nmethod for producing | eaf type coated substrates, wf &me¥0be the
probl em The invention provides coated substrates substantialgy free from
t he object_defects. caused by. the cpat.ing solut] he coated_substrates
-honngeLeou§P§ Xoé%%dgbﬁtﬁo%g%%%t??é?%%ﬁﬁ JFF% ?o?PH %ﬁﬁ%%“f??tégg f or

di spl ay dendatésgorototiom idi spifaytdevbgeshbavhngrigicadnperiiowmanceneA | eaf
coat er of og%lg§egsk invention conprises (a) a coating solution supply
source, determ ned coating solution quantity intermttent supply
nmeans, (c) a coatlng sol ution applylng nmeans for applying a coating
solution to agh b Qgt &P%{ ?bs% % lngéﬁgﬁ coatkg sol%ﬁlon flgw

pi pel i ne connectlng ald coa ion suppPy Soar

pr edet er masetier oatd reg meghati (ﬁnrq;amﬁucuygl htef m;tgeewbatsﬁlpqgmstma!as, (e) a
second coghi:ng SO iR ékgﬁ&éﬂ peline connecting said predeterm ned
coating solution quantit intermttent supply neans with said coating

sol ution applying neans, and (f) a coating solution filtration neans
provided in sahd st E&‘El&ga?reglé é“%b?’c‘e '%‘(YbQJcPaeéés”ef %!Ha%*h%? rises a
housi ng having an in t an outlTet o e coatin

coati ng Séﬁ@?i§ﬁ0$lFh?aP$IﬁPqﬁﬁﬂﬁ§C@©W§©§é@dObYath¢|CQﬂtlﬂﬁﬂﬁQJWIpDOVIded in
the passaggeolcd i@ OfllNg 20LUIAREASAL Ll RBUELAT Hherel NoGo)

Young's nodulus of the filter medium 1n said coating sol ution fil ratlon
nmeans i s BELUEER pPRapideoQocolor filters for display devices or color

display devices having good performance.

A leaf coater of the present invention comprises {a) a

coating solution supply source, (b) a predetermined coating
solution quantity intermittent supply means, (¢) a coating
solution applying means for applying a coating solution to
each blank substrate, (d) a first coating solution flow
pipeline connecting said coating solution supply source with
said predeterminéd coating solution quantity intermittent
supply means, (e) a second coating sclution flow pipeline
connecting said predetermined coating seolution quantity
intermittent supply means with said coating solution applying
means, and {(f) a coating solution filtration means provided in
said second coating solution flow pipeline, which comprises a
housing having an inlet and an outlet of the coating solution
and a coating soclution filtration means composed of a filter
medium provided in the passage of the coating solution in said
housing, wherein {g) the Young's modulus of the filter medium
in said coating solution filtration means is not less than 200
Mpa and (h) the pore size of the filter medium is in the range
of 0.05 pm to 100 pm, and wherein (i) a pressure gauge and a
valve are installed in said second coalting solution flow
pipeline in this order along the flowing direction of the
coating soluticn and (3j) said valve is closed at supplying the

coating solution to said coating solution filtration means to
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Mpa and (h) the pore size of the filter nediumis in the range of 0.05 m
to 100 m and wherein (i) a pressure gauge and a valve are installed in
said second coating solution flow pipeline in this order 9altt51ﬁd209ﬁe fl ow ng
direction of the coating solution and (j) said valve is closed at

. supplying the coating solution to said coating.solution filtration neans
to 10 99{?&% b5t g inélg ?ﬁ%sﬁﬂﬁeer‘ﬁFe% e‘-é%':{]r%l?hé’?%% an usdz’ad%&h%al ve is
suddenl y opepenedisrentiide ppeessik e ddececé@d Hyy saidl pressure gauge reaches

a set value to dischar the air_ remain i nsi d i coatjn | ution
filtrati dveERsT TN t"%guFeg? Vst 96t lcF%eallrnvref?%ltai%%ﬁfy@' ijtnsiais?fepr%él?gr abl e

t hat saidbakihyesolmediounti tisaiidncoatnang sol ution filtrati on neans
conprises a sintered netal. In the |leaf coater of the invention, it is
preferable that said passage of the coating solution in said coating
solution filtration nmeans has, a shape of snoothly expanding fromsaid

inl et towar disBi® et @2 tfed Plnt i dPIPNEABBL Hithy® MEGGETAG L r B tsai d

filter mediumtoward said outlet, and that the expandingiand/or reduci ng
rate cotdiot nsilitent Rediemainofabl epet i |BWidtdoPofriF B2 T¥9Y) Befhor (1)
0.025 G h2N (dFrr - dIN 1.0 (I ) O . 15 ho'rr/ (dl,, - dour 1. O ( Il )
“where didepBeres of siheevel éePAni - doN,.: Bore of the outlet [nmi dFIT:

D ameter actually used for filtration in the filter .
: In the leaf coater of the invention, it is preferable that

said passage of the coating solution in said coating solution
filtration means has a shape of smoothly expanding from said inlet
toward said filter medium and/or smoothing reducing from said
filter medium toward said outlet, and that the expanding and/or
reducing rate conforms to the relation of the following formula
(1) and/or (II):
0.025 = hp/(dpy - dg) = 1.0 (1)

0.1 = hgy/ (deyz ~ doye) = 1.0 (D
where d.,: B_ore of the inlet [mm]

d,;r: Bore of the outlet [mm]

d.,: Diameter actually used for filtration in the 'filter
medium [mm]

h,,: Distance. from the inlet to the filter medium [mml]

hom: Distance from the outlet to the filter medium [mm]

In the leaf coater of the invention, it ié preferable that
a screen is provided adjacently to said filter medium in said

coating solution filtration means downstream of said filter
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medium [mm] hIN:. Distance. fromthe inlet to the filter medium (m _hOUT:
Di stance fromthe outlet to the filter nedium[nmi |In the |eaf coater of
the invention, it is preferable that a screen i.s provided %djugg%@g)éy to
said filter mediumin said coating solution filtration neans downstream of
.said filter 11 9 June 2005 nedium and that the rate of hole area of said

screen oy gt LS&Snakall 60% JAnbie lsabe GALELOlod e doWaRLLON, it i

pref er a screen’Is provi adj acently to sai ter mediumin
said ¢ a%ir%g)%sol ution filtration neans upstreamof said filter nedium
and tha 'her"ste of hole area of said screen is not less than -60% In the
| eaf coater gﬁéhe in;ﬁzenti on ref.erabl e _t.hat seal is

d

ltis | _
provi ded aro b def tceoraéclerc?lr:z%{r?fséﬁ‘é%ﬂlﬁn' thé Bfegé]ur%b elultgrgF medi umin

said coating solution filfration ns, t. revent the faqrmatiQn of any
doad SpACKHAEERBEOT IS ARIAEPRELT CHT S HEbRT bR At 8811 ¢ he
‘invention, in which substrates are coated one by ope with a coating

- sol uti dTPH TN PN Fil fradiop iaads WSWEIW%%?]}@ SALtPE M5Ad8lee coat ed
substrates, wherein the viscosity of the coating solution supplied from
sai d ctd igadolhe it s epph9te ARSde OfsSAbYE SR%EETt hanob deessodPAPa s. In
the nmethod for producing | eaf type coated substrates of the invention, it
is prefét®able that said coating solution is a

In the leaf coater of the invention, it is preferable that
an annular seal is provided around the lateral circumferential
face of said filter medium in said coating solution filtration

- means, to prevent the formation of any deéd space.

A method for producing leaf type coated substrafes of the
invention ,- in which subétrates are coated one by one with a coating
solution by means of the leaf coater of the invention, to produce
coated substrates, wherein the viscosity of the coating solution
supplied from said coating sclution suppii};'éource is not more than
100,000 mPa - s.

In the method for producing leaf type coated substrates of.
-the invention, it is ﬁreferable that said coating solution is a
slurry.

In the method for producing leaf type coatestﬁbstrates of
the invention, it is preferable that said slurry is a pigment
dispersion.

In the method for producing leaf type coated substrates of

_ the invention, it is preferable that the filtration rate of the
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slurry. In the method for producing |eaf type coated substrates of .. the
invention, it is preferable that said slurry is a pignent dispersion. In
the method for producing |leaf type coated substrates of theyjawgpsion, it
is preferable that the filtration rate of the 12 9 June 2005 coating
solution through said filter nediumin said coating solution filtration
devi ce | I .han S .had .t or,.Qro I | eaf type
coated (st%b@t%lt'gatsg)g?t&!a? Fégg?%é esr%agd[ eh?h%!t}e dr&%l@gls&frne S&Q&ggﬂ’%ﬁggg val ve are
. provided ., in this order in the coati sol ution W_pi petine conmuni cati ng
Dion creuiherng T BF e oh YrdPer P81 ES T s I e R 1T Cracon
device, that with the.val ye closed,. the ¢ i_ng ti i.,s.supplied to
the coating 281 1% SR LR, Ko bbipbatost Funt s frd 'eiarRafdh esour o
sai d coati,ng _soluti.an filtration device, and that _when the pressure
ot ect oif Dy PREFAER, Fheb Ags2onutS 4 4P AR IvEI TR WRet0Eive |
suddenl y opened to discharge. the_air r i ning.i.nside the coating solution
FiltrattbRRUROFEET THEPEROBELRk PO P LPHE HARESHIMIRIFAting {| owchar t
of a coating solution in an exanple . of the | eaf coater of .the invention
usi ng a'idife it EPatiRg. solklal {puhktar Pf of24%c GGG s SR n anot her
exanpl e of the | eaf coater_ of the inventign using a die coater. Fig. 31is
“a f1 owchiartTadfion C6¥trRg $BREt FORRI A8 M@ VReC18PREr &REGMTCELLRTIt he | eaf

coater of the invention usin% a die . . . .
_ solution is supplied to The coating solution filtration device,

to raise the internal pressure of said coating solution £iltration
device, and that when the pressure detected by the pressure gauge
~ has reached a set value, the valve is suddenly opened to discharge

the air remaining inside the coating solution filtration device.

BRIEF DESCRIPTION OF THE FIGURES

rFig. 1 is a flowchart of a coating solution in an example
of the leaf coater of the invention using a die coater.

Fig; 2 is a flowchart of a coating solution in another
example of the leaf coater of the invention using a die coatér.

Fig. 3 is a floﬁchart of a coating sclution in a further
other example of the leaf coater of the inveﬁtion using a die
coater.

Fig. 4 is a vertical sectional view shoWing an example of
the coating solution filtration device qéed in thewleaf_coater

of the invention.
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coater. Fig. 4 is a vertical sectional view show ng an exanple of the
coating solution filtration device used in the |eaf coater of t he
invention. 13 9 June 2005 Fig. 5is a vertical sectional \élﬁﬁ/ &s{\n ng
anot her exanple of the coating solution filtration device Used in the |eaf
coater . of the invention. Fig. 6 is a vertical sectional view of a
conventional coating solution filtration device. Fig. 7 is-an_expanded
sectional vi &hdsHol Agrertd cadateGig-ongdrTivhsbevite aBo R PFERRI® coat i ng
solution filtration device of Fi 6. Fig. 8 is a plan view show ng an
exanpl ebitheeaiisgredmtion fdditn éénlq@"tlﬁé Rt ingheoleat 6A2FFFtrati on
device of the |leaf coater of the invention. Fig. 9 is a plan view show ng
an examfl &hgf inMendbethstream screen used in the coating solution
filtration device of the leaf coater of the invention. DETAILED
DESCRI PTI ON BEgTIHE 9 AVERTIGN Fadpotiinmentsed of acmyvipnigonat cohtingvention are
~ descri.bed below. Since the |leaf coater and the nethod for producing |eaf

type coatledispnbftiibtretiayf delfécenvention relate to a technique of coating
" bl ank substrates one by one as descri bed above, the nethods of coating the
coating sol uFign 7 hist acaexirndssiedebéienal nclewdehtwWengpile sealimg net hod,
roll coating nethod, bar coating

portion of the conventional coating solution filtration device

of Fig. 6.

Fig. 8 is a plan view showing an example of the upstream

screen used in the coating solution filtration device of the leaf

coater of the invention.

Fig. 9 is a plan view showing an example of the downstream
screen used in the coating solution filtration device of the leaf

coater of the invention.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments for carrying out the invention are described
below. Since the leaf coater and the method for producing-leaf
type coated substrateé of the invention relate te a technigque of
cdating blank substrates one by one as described above, the
methods of ccating the coatihg solution thét caﬁﬂﬁé used here
- include the spin coating method, roll coatiné method, bar coating
method, die coating method, spray coating method and nozzle

coating method.
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met hod, die coating nethod, spray coating nethod and nozzle copating

met hod. 14 9 June 2005 The continuous coating and the |eaf coating can be
di stingui shed as described below. In the fornmer coating, aftgn.-g8dting
off. the non-steadily coated region of the coating film upstrean10f t he
steadily coated region, the steadily coated region only is continuously

used. 10 theqh3t Laf190abh00 cobREng Nt ¢ égilegfr%eggfffﬁantﬁs begi nni ng

of coati ng to the en coati ng IS used as one e invention

rel atesy g%ls%&eés dﬁ@f:s};ﬂf O%E:L@Qd "l bRd £ rpEQQ%L‘HSgIg?I E’Eg% type

coat ed su tes.  In t W n t he |nvent|on 1S

f t d I
the  coamtg SaFafionoioaror i & 'g§a§é’$f‘°‘I oFneht e fi’imﬁf;? yine
I ted t d t | ut
exampl PG ST E47 ?%3%#398?%%%“ e A e L
h t I t 12 ti .sol uti t ank
11, a e 3 r%%aﬁa'ﬁélﬁsf 6 ut rﬁﬁt%&%???%‘%%%ﬁ%ﬁ EUEHRSI y neans 16

first ch I d d tit I

Sy B FERSLEN Y £sd SRRl S SR S L v
means 20 conpris die 17 having a coatlng solution extruding slit 17a

and a §Fh§58993ﬁoﬁﬂgéﬁﬂﬂqqla.blank substrate 18, a first coating solution

fl ow pi peline 21 connecting the coating solution tank
_ The invention relates to the Iatter leaf coater and method

for producing leaf type coated substrates.
In the following, the invention is described in reference
. to a leaf coater using a die coater as the méthod.of applying the
coasting solution, but the leaf coater of the invenfion is not
limited to a die coatér.

Fig. 1 is a flowchart of a coating solution in an example
of thé leaf coater of the invention. In Fig. 1, a leaf ccater
1 has a coating solution supply source 12 comprising a coating
solution tank 11, a predetermined coating sqlution quantity
intermittent supply means 16 comprising a first changeovér valve
13, a predetermined' quantity supp.ly pump l4 and a second
changeover valve 15, a coating solution applying means 20
comprising a die 17 having a coating solution exti‘ﬁding slit 17a
and a stage 19 mounted with a blank substfate 18, a first coating
solution flow pipeliﬁe 21 connecting the coating solution tank

11 with the first changeover wvalve 13, and a second . coating
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11 with the first changeover valve 13, and a second coating.-15 9 June 2005
solution flow pipeline 22 connecting the second changeover valve 15 with
the die 17. The predeterm ned quantity supply punp 14 is agSyflBggs Punp,
and the coating solution gateway 14a of the punp is connected wt t he
first changeover valve 13 and the second changeover valve 15. The second
coal n b dyl BYRLIBR! 9% oRfeke 1Rl Pedithontl bRafy &R 91901 ULT O

fi Itra%og'%lt?r"%gns 2438 & %o%?%r?g Sol ﬁtel’ione I c3tnr at?%l?lg means 23 conprising a
housi ng 2 ayi t inlet 23a and outlet 23b of the coating solution
and a |5I g’gfcgngld[ggdrﬁ{?ﬁt er) 24 provided in the coating solution passage

coating sol tre ERorPl Trkies FndYSemy nif A b fRObER 50" a0

d ize in th f.0.05 9mto 100 L.t hi
oxampt &7 B PrEt AL salhiSu SREPTSR AR ah BroeifRe st tTiba w i n

- buffer tank 25. Fig. 2 is a flouch of a cqating solutian in_ another

~ exanpl &86f THE pgagg%%%ﬁreya%\fe 3&&%5}8&%‘388” sthﬁﬁ‘%goéﬁag ‘Eag]aﬁeers‘ The | eaf
coater 2 shown in Fig. 2 is different fromthe_leaf_coater 1 shown in Fig.
1, only in thBe iR GPROHT KA UAR oWt RgPeLtP et oS PFEYAEEdn neans 23
in the leaf coater 1 showm in Fig.. 1 is provided in the first coating

sol ut i &t 2GEPRHRT FoakuBien ik P aRSiFer TRANKCIEIAAGOLREPR edet er ni ned
coating solution quantity intermttent supél% means 16 in Fig. 2. Since

the ot el trashphmesPrs ot copRr ety adeusing Siowvind EPg§.ine 32 he sane as

and outlet 23b of the coating solution and a filter medium {(filter)
24 provided in the coating solution passage in the housing .23.c.
In the leaf coater 1, the filter medium 24 in the coating
solution filtration means 23 has a Young's modulus of 200 MPa or

more and a pore size i‘n the range of 0.05 Um to 100 [im.
| In this example, the first coating solution flow pipeline

21 is 'provided with a buffer tank 25. |

Fig. 2 is a flowchart of a coating solution in another
example of the leaf coater of the invention using a die coater.
The leaf coater 2 shpwn in Fig. 2 is different £from the léaf coater
1 shown in Fig. 1, o;lly in the constitution that the coatir;g
solution filtration means 23 in the leaf coater 1 shown in Fig.
1 is provided in the first coating solution fl.o-v& ;pipeliné 21
between the buffer tank 25 and the predefemined coating solution
quantity intermittent supply means 16 in F:i.g.' 2. Since the other
components of the leaf coater 2 shown in Fig. 2 are the same as
those of the leaf coater 1 shown in Fig. 1, the same components

16




those of the leaf coater 1 shown in Fig. 1, the sane conpenents 16 9 June
2005 in the |eaf coater 2 shown in Fig. 2 are given the sane synbols as
those used in the |eaf coater 1 shown in Fig. 1. Fig. 3 isga,fl9g art of a
coating solution in a further other exanple of the | eaf coater of the
invention using a die coater. The |eaf coater 3 showmn in Fig. 3 is

di ffereny dioRbbeJd sl SORHR 1h FIOWY bBeFfent tnaNlind RymBgigonst i tut i on

that the coating olution tiltration neans 23 in the | eaf coater 1 shown

N F G0 L d s DLOKded ik Ua el LESLofORNGmsohUELGN {1 oW pi pel i ne 21

bet ween t hé coati ng Sol Ution supply source 12 and the buffer tank 25 in
- Fig. 3. Since.the,other t f PEEEY Iy in Fig. 3
. ﬂgﬁ%&eﬁ' ol%%.ad:ﬁ 1_3 a %2119‘ r
. are the sane%é“g t?’lolsse aoff(i? e eafosfcgafég%lll(‘ghom rn Frg. ,Wﬁﬁe sanme
conmponents of the |eaf, cater 3. sho in Fig. .3 are given the sanme synbols
o hoceh Rt FaEfcegseare] SL A o) Py HER JolE PR
'solution filtration nmeans 23 is pro iddg_gE in %fkgfi rst . coating solution
flow pi Tt HRBE SPABEFVBEROThen Edghi hgS BESEPBR LEaPLTE 488F 62215 and t he
buffer tank 25, the frequency  of intermttently filtering the coating
‘sol uti oh BV heMdédfeadedon vﬁht%ﬂfed’d’é’isﬁt‘dﬁjrognﬂi‘ﬁtev@hﬁf %PI%:LBBj ect
renoving effect of the coati ngl solution reaching the die '17F‘i t is
pr ef er aBBrtivoa FLhErattedt PRERS Lt PoRR e itPeraf PR MeaiiBo¥8 % FhPovi ded in
the second coating solution flow pipeline 22 between the predeterm ned
coat i ngt sb¥ Lﬂﬁ%ﬁd@%aﬁﬂi thei FeTthi AN gs EpPr MR dn O @R5d PRe?ldi e 17.
Wil e the coating solution stays in the buffer tank 25
between the coating solution supply source 12 and the buffer tank
25 in Fig. 3. Since the other components of the leaf coater 3
shown in Fig. 3 are the same as those of thé leaf coater 1 shown
in Fig. 1, the same components of the leaf coater 3 shown in Fig.
3 are given the same symbols as those used in the leaf coater 1
shown in Fig. 1.
If the coating solution filtration means 23 is proﬁided in
the first coating solution flow pipeline 21 between the coating
- solution supply source 12 and the buffer tank 25, the frequency
' of intermittently filtering the coating solution can be decreased
advantageously, but in view of the object removing effect of the
coating solution reaching the die 17, it is preferable that the
coating solution filtration means 23 is provided:iﬂ the second
coating scolution flow pipeline 22 between the predetermined
coating solution guantity intermittent supply means 16 and the
die 17. While the coating solution stays in the buffer tank 25

- and the predetermined coating solution quantity intermittent
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and the predeterm ned coating solution quantity intermttent 17 9 June
2005 supply neans 16, it can happen that objects unpreferabl e for coating
filmformation as described before are generated or that Egtzg Stray in
‘fromthe external environnment. These objects can be rermve e coating
solution filtration means 23 i mredi ately before the coating sol ution is
di schar fr e a i ns 23 is
provi de gly ﬁn}élﬁgejé%n d coa |%Jg&% oﬁuﬂigﬁ ??%évjéﬂpslom |Ijr?t£ géb%l]'hgglgoatl ng
sol utign | S suppl

he_buf f
coat i nézogollugl 5 rr{ aﬂgﬁ%ﬁfer\e/\ﬁs UEI erm%%&“bqe%%r%yaré’%%ﬁﬁ%f %%?:dtlflé m-t he

eterni ned quan st p y punp
' th t f buf tank 25, th
(7ot " BhaRgER a7 diy 29 o Reneel Pt hectdn es&éa%ié?t%‘& ve 15 i

closed. The quantity suck d by t redet antlt suppl y
punp (S % dlg gt)hd’e N dngn Srogiuﬁg%n%w?l["ﬁa?%oé‘q? S%I?( n2) and

t hi ckness t % rrlp{of the coating filmfornmed on_th bl apk substrate 18 and
the soligeddntehy RefGReoFRoC n@oﬁ?%‘h@"“h&ﬁu??‘%&‘?ﬁﬁ?ﬂ’ T i ng t he
coating film |If the specific,. l_gra_wt][‘}y of the coating film.is (err)

( g/ crByiier haf Siha sqatinmhsiony tepn L ke td8Rt TR S 6P utT ST ovafietet®
theoretically obtained fromthe follow ng formula: Q= St x 10-6. p X
106/ ( c TRe16899NAf $AT e SLORET PRy HAUPEBALLRS stcked by a predet ermi ned

amount, the first changeover valve 13 is closed and si rrultaneously t he
second chang®ef &oafaRgesalitionohs rutprligd E%aﬁhena%ﬁ%ﬁaa# |

pressure feed from the coating solution tank 11. When the
predetermined quantity supply pump (syringe pump) 14 sucks the
, coating solution from the buffer tank 25, £he first'changeover
valve 13 is opened and the second changeover valve 15 is closed.

The gquantity Q (g) sucked by the predetermined quantity
suppiy pump (syringe pump) 14 is decided in relation with the area
s (mzi'and thickness t (tm) of the coating £ilm formed on the
blank substrate 18 and the solid content ¢ (wt%) of the coating
solution used for forming the coating film. If the specific
gravity of the coating film is 0 {(g/cm’), the suéked guantity Q
Qf the coating solutign can be theoretically obtained from the
following formula:

Q =St x 10° 0 x 10°/(¢c x 107%)

After the coating solution‘is sucked by a predetermined
amount,thefirstchangeovervalve13iscﬂpsedandsimultaneously
the second changeover valve 15 is opened. The coating solution

frcontained in the predetermined quantity supply pump (syringe
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contained in the predeterm ned quantity supply punp (syringe 18 9 June
2005 punp) 14 is fed through the filter nmedium 24 of the coating sol ution
~filtration nmeans 23 to the die 17 by the coating solution Ghegde 28641 on of
the predeterm ned quantity supply punp (syringe punp) 14. The coating
solution fed to the die 17 is discharged from the slit 17a and forns a
liquid reservoir (head) between the sljt 17a d the.bl an ubstrate 18 on
the st&REProlé Sﬁtﬁ%&qt&é}ﬁflﬁi} thed 1 ldierge 401 gﬂﬁﬁ\‘?ﬁﬁbn?ﬁOEH 8P rection of
arrow 26, to forma filmof the coatin ol ution on the surface of the
bl ank SUBSERAHER TEAnETato sths it of PR e SRRFIRY (ITHIHZE BEER 1 or med,
the stage 19 stops noving, and the second changeover valve 15 is closed.
Then, tadicgaprEdheuBEeieidmiined TR tidat FREPHY P oh EEsy PURB} med i s
taken out of the stage 19, and the taken-out coated substrate is usually
sent td-% drying step. Since the time T (s) during which the coating
solution is discharged fromthe slit 17a to the bl ank substrate 18 is
deci ded sinBhy extimet spHet AR & WhectieiheistFeshafged fEQ rate v
(g/s) of the predeterm ned quantity supply punp (syringe punp 14 can be
obt ai nedhef pbit tiTa 4wl Forrag 1HawAd é??s%'r‘fo%# Topad| hetippa rids égai‘ar ea of the
filter 24 is St (nR), the filtration rate of (g/snB) can be obtained from
t he f oll7ewing thieobhaniasulfteaty & on the stage 19. Subsequently the

'_ stage 19.starts moving in the direction of. arrow 26, to form a
£ilm of the coating solution on the surface of the blérik substrate
18. Aftera predeterminéd coating £filmhas been formed, the stage

- 19 stops moving, and the second changeoverAi valve 15 is closed.

Then, the coated substrate with the coating film completely
formed is taken out of the stage 19, and the taken-out coated
substrate is usually sent to a drying step.

Since the time T (s) during which the coating solution is
discharged from the slit ‘17a to the blank substrate 18 is decided
simply to meet the demand of tact time, the liquid feed rate v
(g/s) of the predetermined quantity supply pump {syringe pump)
14 can be obtained from the following formula.

Vv = Q/7T

If the filtration area of the filter 24 1s éf (m®), the
filtration rate v, (g/s'm’) can ‘be obtained from the following
formula.

Ve = V/S;
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19 9 June 2005 The leaf coater 1 of the invention js characterized in that

the filter (filter medium) 24 is installed upstreamof the die 17, and

that the. Young's nodulus of the filter medium.24 is 200 @E@ngg &ﬁée' | f

the filter nmedium 24 used has a Young' s nodul us of less than 8 a, the

sudden change of filtration pressure caused when the coating solution is

internittentlg fed changes the pore size of the filter nedium 24, and the
e

desired filtFaeiledfgeaegcy oficlimdnvBRtIPR dBfatprasterized it thaki d vari ous
obj ects cannot be caught, and it becones difficult to prevent the '
degr addtieofithert el lieif Beddey) o dhelpdatliled PPEETRYUPpIsEdrydtaused by
them It is nore preferable that the Young's nodulus of the filter nedium
24 is 500 kR4 thatdhe. Youne spmefletad|af ithe 1fD0OvRaddem Jfoié. 209 the filter
medi um 24 used has a high Young's nodulus, the pore size of the filter
medi umMPA icg motechanged even if the filtration pressure changes suddenly
during intermttent liquid feed. So, the filter medium 24 can reliably
catch obj ect §f @rdfiltendeidtiuon4 tseddrds enYoundglisspedsbuand tessh a pol yner
‘gel,. cohering pignent particles and their m xture described | ater can
al so betmdit 2000 8a, ThessuddeafcHanue cdat btrstust pe¢ssitragamgpdwheégh  grade
coating filmfree fromthe defects caused by objects can. be produced. On
t he ot hgfe baatlind bolhei@oaki hgteamlitttieonly Sedetbamets thbnemeabsizein the
‘region where the coating solution is likely to
' of the filter medium 24, and the desired filtration accuracy
cannot be obtained. As a result, said various objects cannot be
caught, and it becomes difficult to prevent the degradation in
. the uniformity of the coating film supposedly caused by them.
It is more preferable that the Young's modulus of the filter
medium 24 is 500 MPa or more. More preferable is 1,000 MPa or
more.
If the filter medium 24 used has a high Young's modulus,
the pore size of the filter medium 24 is not changed even if the
filtration pressure chénges sﬁddenly' during intermittent liguid
feed. So, the filter medium 24 can reliably catchobjects, and
in addition, the action to disperse and crush a polymer ggl..
. cohering pigment particles and their mixture described later can
also be obtained. Thus, leaf type coated substrates having a high
grade coating film free from the defects caused bjr objects can.
be produced.
On the other hand, if the coating solution is retained

abnormally in the region where the coating solution is likely to
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20 9 June 2005 be retained in the coating solution passage between the
inlet 23a of the housing 23c of the coating solution filtration neans 23
and the filter medium 24, it can happen that the cohering BR@H@QPO
particles and a polyner gel are generated. Also in this case, i ?he
“Young's nodul-us of the filter nedium?24 is 200 MPa or nore, the generated
.cohering pignent particles and | can be rel

j get BRHE

: ) : abl caught I? is
preferd RaRef HE YURGRE DS 1Ot PRABAYT Ibteg?qgeﬁe%ﬁeumlﬁlt 22hj gher. The
Young's nodul us of the filter nmedium 24 js neasurgd taccording 50 t he
met hod Yeddts BeEsiRI A3S REe1 GFHRE FPHYEOMEdi-GRPtE" $aAREdEé3of a resin,
or according to the nethod described in JIS R 1602 if it is ceramc, or
usi ng a@R@AER| Bl test e Waehi id YR BAPPER thétetRe CRRFEIPAPIOBEPE if it is
made of a metal or any other material. The materials having such a Young
s nodul earigvdecapadl @ RFLYMEE Yl e 988eFAESE | féFondl HhS FeFfde gl ass
fibers, porous ceramcs and sintered netals, though not limted thereto. A
si nt er edf rebeafoung 'srieddirlals ef dihgchlltergardiugbe4cdent &P MPaQT BPKaki net al
likely to be dissolved out. As the netal material, it is preferable to use
st ai nl eslve geeerated vobwr bhg migmepk avvartticdas and gehtwmrele metlabbly|ter can be
obtained by sintering a fibrous netal or a powdery netal, and either of
t he materughits cah isepusheialille thet cheeYownar's npdubwaringhsdiidteon cont ai ns
charged particles like a pignment dispersion, the friction between the
filter mestiiuwm224iandigiwer charged particles caused in the |ayer
The Young's modulus of the filter medium 24 is measured
according to the method described in JISK 6911 if the filter medium
24 is made of a resin, or according to the method described in
JIS R 1602 if it is ceramic, or using a tensile testing machine
used for general material tests if it is made of a metal or any
other material.
The materials having such a Young's modulus and capable of
being used as the filter medium include glass fibers, porous
ceramics and sintered metals, though not limited thereto. A
sintered metal is preferable since it does not contain any alkali
metal likely to be dissolved out. As the metal material, it is
preferable to use stainless steel in view of rust prevention. A
sintered metal filter can be obtained by sintering a £ibrous metal
or a powdery metal, and either of the materials can be used.
In the case where the coating solution contains charged
particles like a pigment dispersibn, the friction between the

- filter medium 24 and the charged particles caused in the layer
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21 1 9 June 2005 of the filter medium 24 during_liquid feed increases the
electrification, and the particles cohere together. So, an electrically
conductive nmetallic filter, especially sintered netal fil tgejunieﬁ Béeferab'l e
since it acts to discharge the electrification. In the [|eaf 08408 of the
‘invention, the pore size of the filter medium24 is in the range of 0.05
Jimto 100 Jim _|If the filter medium 24_used has a pore size of |ess than
0.05 Ji?F the fridfssr araddem dfe forine HofEt AEERUMNSEeRERBNEES t oo high
and liquid feed becones difficult. If the filter nedium 24 used has a pore
si ze of el &g t100. JpRd the BAFEteles T ARARNSEss BRe APIter. In
the case of a polyner solution or polyner precursor solution w thout
parti cl ebegiritalded dopdupblco arating 1961 FEiLERT - | SPe1pkler crigededhat t he
pore size is smaller. A nore preferable range is from0.05 Amto 5 Jim 1In
t he caseeiwher itter coat prgfexilst | ineoniti astpatei dlisshargei £hpreferabl e
to select a filter nedium 24 having a pore size suitable for optim zing
the fi¢lectrigiicaddonacy depending on the target particle size to be
achi eved, for the purpose of renoving only the coarse particles destined
to be coatingndéhectenf Eoatexafpkbe invdnidopasthefpare pigaeri tesper sed
color paste for color filter use, since the pignent has a particle size of
0.1 (erfimtex ne@Sem a4fid tiey tMedrdfye @ ingsa pore dioveuim the range of 0.2
Jimto 20 Jimis preferable, : ‘

If the filter medium 24 used has a pore size of less than

0.05 #m, the pressure loss due to the filter medium 24 becomes
too high and liquid feed becomes difficult. If the filter medium
24 used has a pore size of more than 100 uim, the objects to be
caught pass the filter.
In the case of a polymer solution or polymer preéursor
solution without particles contained in the coating solution, it
is éreferable that the pore size is smaller. A more preferable
range is from 0.05 im to 5 4m. In the case where the coating
solution contains particles, it is preferable to select a filter
medium 24 having a pore size suitable for optimizing the
filtration accuracy d,epending on the target particle sizg to be
achieved, for the purpose of removing only the coérse particles
destined to be coating defects. FO# example, in‘-tl-:;e case of a
pigment-dispersed color 'paste for co_.lor filter use, since j:he ‘
pigment has a particle size of 0.1 m dr less, a filter medium

having a pore size in the range of 0.2 m to 20 tm is preferable,
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22 9 June 2005 and a filter medium having a _pore size in the range of 0.5
(err)m to 10 4mis nore preferable. The pore size of the filter nediumis
obtai ned by the neasurenent method described in JIS K 383%Ji rqe&&gf)erence to
the bubble point. The coating solution preferably used in t'Hes Favent | on is
a polyner solution or polynmer precursor solution without containing the
particles in the coating solution, or a slurry containing particles in the
coat i nga8é| atfbken median {RFHEY daBere tHigvlifeths E2E®H P 2 Hdl yner gel
and insoluble nononer residues can be renoved as objects by neans of
filtratitonlOatié ip moke |Referabh®e, the obj ects caused by cohering
particles and a binder resin (a polymer or polynmer precursor, or a

phot osensi t i VENDiRRTEr Siéc@fsdPei FLAtpRoPedEMR| 1§ VP RIS BYs thesed) can be
renoved, to obtain a high grade coating filmin either case. It is

prefer aBBéSPﬁ%}?enﬂw@eﬂ@gdﬁﬁt%ﬁ@ﬁdt pe %%atlﬁ A§33otutiedsrense 190,80 nPa s or
|l ess. If the viscosity is nore than 100,000 nPas, the pressure |oss during
filtratpohbbecerisst.l arge, and it becones difficult to feed the solution
through the filter nedium24. Furthernore, if the pressure | oss becones
excessive, tHe destirg gordionzprofenaielyf Leedr inddieudnzantirhgess
unpreferably. The viscosity is neasured using E type visconeter (conical

r ot at i opal pedwEgnes@lytion aor owoly®essiREEqUERGE dfoluddent Ha-out200

containing the particles in the coating solution, or a slurry
containing particles in the coating solution.

In the former case, the objects caused by a polymer gel and
insoluble monomer residues can-be removéd z;s objects by means of
filtration, and in the latter case, the objects caused by cohering
particles and a binderl resin (a polymer or polymer precursor, or
a pﬁotosensitive binder precursor if a photosensitive binder is
used)j can be removed, to obtain a high grade coating film in either
case.

It is preferable that the viscosity of the coating sclution
is 100,000 mPa * s or less. If the visﬁosity is more than 100,000
mPa * s, the pressure'loss during fiitration_ becomes ;Large, and

- it becomes difficult to feed the solution through the filter
medium 24. Furthermore, if the pressure loss bec’drﬁéé excessive,
the desired pore éize of the filter medium 24 chagges

‘unpreferably. |

The viscosity is measured using E type viscometer (conical

- rotational viscometer) in a.low viscosity range of less than 1,200
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23 9 June 2005 nPas, and a Brookfield type visconmeter (cylinder rotational
visconeter) in a high viscosity range of higher than it. It is preferable
that the filtration rate of the coating solution in the c%ﬁiingtaﬁlution
filtration device 23 is 100 g/s n2 or nore. Though the detald¢*8%nknown,
it was surprisingly confirnmed that when a hard filter (filter medium
havi ng an especially high Young's nodul us was used, the action_of

di sper STRRy" San@neradIRkiaedd tine ChIramet§TpArY LRy FOtaH 883110 exhi bi t
this action nore effectively, a filtration rake of %99 gkﬁﬁﬂ is
pr ef er abHEEOMGTETI0B" oF POV IFEPELFE TR OfePePRDY et PoFhd filtration rate
can be obtained fromthe above-nentioned formula. In_the case where the
filter medi ukt2dsnrefier@bdraplert 4l fihieatron, ragsi ot thi OALEBE medi um 24
is lowin pressure resistance because of the material and shape. In this
case, isolwtigesin sbeeoatsnprentlation fildsatien degise A% 1pLAPI/sstreen)
havi ng Qpating sol ution through hol es adjacently to the back face of the
filter mhedi uare4. Thpyoh | the Wedaddses Uknay® .f Lt €8s nBHRFHSAAE1LE Young' s
~modulus of less than 200 MPa, the filter mediumis conELessed on the
pr essureonfigimedarthap| ahen( gchesd) fidper t (el ldem imeglissl) ub@gangsanapnor mal |y
retained inside the filter medium As a result, the coating solutionis
| i kel y ¢spdysiaddlyitdiohi ¥l sinfedulins fad gegd. beelirgiior pfidiepeaséndghere t he
coating solution is a polymer precursor solution, the objects caused by a
pol yneramklcrastiing res gelbdmd wohereng megitdgdss egaidrelde| yr'e @xbébgenerated. In
t he _
this action more effectively, a filtration rate of 200 g/s‘'m’
is preferable, and 300 g/s *m’ or more is more preferable. The
filtrationratecanlﬁaobtaiqedfrmntheabove~mentionedformula.
In the case where the filter medium 24 is disc-shaped and
made of a resin, the filter medium 24 is low in pressure resistance
because of the material and shape. In this case, it is desirable
to install a pressure resistant plate (screen) having coating
solution through holes adjacently to the back face of the filter
medium 24.
Also in this case, if the £filter medium has a Young's modulus
of less than 200 MPa, the filter medium is compressed on the
pressure resistant plate (screen), and the coating solution is
abnormally retained inside the filter medium. As*adresult, the
coating solution ié likely to be golidified inside the filter.
medium. In the case where the coating solution is a polymer
precursor solution, the objects caused by a polymer gel and

insoluble monomer residues are likely to be generated. In the
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24 9 June 2005 case where the coating solution is a slurry, the objects
caused by cohering particles and a binder resin (a polymer or polyner
precursor, or a photosensitive binder precursor.if a phot %s‘ﬁmgizbb\%e bi nder
is used) are likely to be generated. Therefore, even in the case ere a
pressure resistant plate (screen) is used together with a disc-shaped
filter medium 24, the Yqung's nodul us of _the filter nedium_24 st be 200
MPa or CRADT &ReER tihe CERERIMRHETION thé GABEThheE PREC ﬁ&‘ugeﬁ})‘dul us of
the filter nedium?24 is 1,000 MPa or. nore, . it isS not necessar to install
a presshY CHETIDEARETHIateS e88radRdsh LR8I ha Gk PPagBet gt tpﬁ’gY%FFt er nedium
24 even if the filter medium?24 is shaped  like a disc, and in this case,
the proBFRFREICR. 108 cdat iRRPteseETbIVe | PIISFE ndTSFUFEPhi ndll af the
interface between the filter nedium 24 and the pressure resistant plate
(scr eenpheterans idigpdbindamelc §8eRhga s Mitkiedy P PRa¥¢tiTahedns 23 using a
di sc- shaped filter medium 24 is described belowin nore detail. Fig. 4 is
a vertical sd&erefiarevesandmoiineIhvaEgplREesFurReeSasFAREPIBIAt I on
filtration neans used in the |leaf coater of the invention. In Fig. 4, the
passage(otredrd desansed weeaiheswithg désehehansnst fadtenInadicwm £eltrati on
device 30 has a straight form Fig. 5is a vertical sectional view show ng
anot her tex afming ' somodhtus ot ithg Solten gadiumt3amiveh heatt? ¥¥adorn t he | eaf
coater of the invention. In Fig. 5 the passage of the coating solution

i nsi de méee colni tige sdhetri band.i Lor thé orsgevihere 4Mehigurg cumeddlugor m

of the filter medium 24 is 1,000 MPa or more, it is not necessary
to install a pressure resistant plate (screen) on the back face
of the filter medium 24 even if the filteﬁ medium 24 is shaped
like adisc, and in this case, the problem that the coating solution
is abnormally retained .at the interface between the filter medium
24 and the pressure resistant plate (screen).can be avoided.

The coating solution filtration means 23 using a disc-
gshaped filter medium 24 is described below in more detail.

Fig. 4 is a vertical sectional view showing an exaﬁple of
‘the coating solution filtration means used in the leaf coater of
the invention. 1In Flg 4, thg passége’ of the coating .solution
inside the coating solution filtration device 30 has a straight
form. Fig. 5 is avertical sectional view showing agoéher example_
of the coating soiution filtration means used in the l_eaf coater
of the invention. 1In Fig. 5, the passagé.of the coating s,olutio_n
inside the c.:oat'ing éolution filtration device 40 has a curved

- form,
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25 9 June 2005 The coating solution filtration device 30 of Fig. 4 or the
coating solution filtration device 40 of Fig. 5 has an annular seal 32 or
42 around the lateral circunferential face of the disc- shgpﬁg f2 4)5 er
medi um 31 or 41 used for arresting the objects in the coating Ssolution, to
ensure that no substantial dead space is forned. The di sc-shaped fllter

‘medi um 31 or (Al ééa&%Jgdsaf&a/ﬁﬁnflﬁ&wﬁﬁ QRYLEE REPE IB Or 445k and a

downstream screen 34 or 44. The upstream screen 33 or 43 and the

downst (rjc? Jﬁj}é%‘aﬂugfor?rflﬁ%%'ﬁq:fon'Ml@el ad LP @y URShaSaN howsiag 36 or 46

“and a am screen or 47 through an annul'ar packing 35 or 45

T d 34
sa Tunctioh’33 S 42 BRPLRRCLRE) R R bpPtel e e B B Vi ew

is a plan view

showt g, AL SXAIRC ﬂftérhrﬁe&’fu%ag%mﬁ 528k P arlbe ustiedn sargen 38 1S o

metal | i NUIMerous for a gati ng sol ution
to pass, a

fre ssi bl I f
e dovioEPe i aahgaRe %e&ds&;ﬁ%w 3&#&2‘% BuR A% 18,80 CURCPI € ©
havi ng t hrough_porti on 34 e eI rge for_allow n
t he cga’ﬁ ﬁﬁrgﬁflgtl %‘ﬁ qlggcpas @gflﬁ'g#ﬁ‘ é’%uﬁ‘o{ﬁs"ﬁl 3 £ i %gg’ﬁécﬁ@gam sc\rMee% 33
shown in Fig. 8 can al so be used as the .downstream screen, 34, On the
contrar§® uPﬁErﬁWﬁ&Féﬁrﬁas‘&FéérF%a BT SeA G o8 i‘gﬁ’r ‘quo BIB used as the
upstream screen 33. In Fig. 4, the coating solution | fromthe

Su
inl et WESTSIFECrACE hB aﬁs%% &&fh Fof JMNG 3 eBnFERey W?’E 4t4h8 Bir st

coating solution flow pipeline 21 and passes throu%h- t hean[.l)assa
installed in an upstream hou51ng 36 or 46 and a downstream screeén

37 or 47 through an annular packing 35 or 45 respectively. The
upstream screen 33 or 43 and tl_ze downstream sdreen 34 or 44 function
to support the filter medium 31 or 41.
Fig. 8.is a plan‘ view showing an example of the upstream
screen 33; The upstream screen 33 is a-metallic disc having
. numeréus holes 33a for allowing the coating solutien to pass as
freely as possible. Fig. 9 is a plan view showing an example of.
the downstream screen 34. The downstream screen 34 is a metallic
disc having through portiocns 34a respec‘tively with a large area
for aliowing the co-ating solution to pass as freely as possible.
The upstream screen 33 shown in Fig. 8 can also be used as the
downstream screen 34. On the contrary, the downs‘c-i“e'é.rn screen 34
shown in Fig. '9 can also be used as the upstream screen 33.
In Fig. 4, the coating solution ié supplied from the inlet
38 formed in the upstream housing 36 connected with the first
| . coating solution flow pipeline 21 and pasées through the passage
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26 9 June 2005 38a conically expandi.ng toward the filter nedium 31, being
filtered by the filter nmedium 31. Then, it passes through a conically
reduci ng passage 39a forned in the downstream housi ng 37 ag%uﬁégwéathrough
the outlet 39 into the second coating solution flow pipeline connect ed
with the outlet 39. The coating solution filtration device 30 is fixed by
means of_a bracket. (nqt i llustr ) d.nstal ing _ftrame (not
%?aédjzpnl%{llt expandilgg %3%%93 t Q tﬂlkg? ﬁx(g)dfm{lmglﬂ, %e}.ﬁ?

dllustr Wi he out urned upwar ensure’tha he coating

lutiop, . fl d fil . Fi [ ti ti | vi
of the LR S8 SEPORLFOT (A, hean@tleot ¥t iar G T oar
ter. Th i ff ! bet th t] I ti | uti
i1 7 ai SORLCHIN EGXSOEBRRTIE B0g. L8 St LOrE € SRCTAG: SOF BECBAP1 | rati on

device 30 or. 40 preferably used in the invention_are that the. inside
passages’ 884 fRysggroyphy ‘ﬂﬁgﬁ$é§h?ﬁ8ﬁ§¥ﬁ§g§§“§ﬁﬁaFﬁﬁgﬁ tPBam housi ng
57 of the conventional coating solution filtration device 50 have a

cyl i ndrfEeif ?%ﬂQ%NNPtﬁ&uFoéﬁﬁﬁgﬂ@nﬁlEﬁ FRARIFTE e t AR CREIRBnvent i onal
coating solution filtration device 50 does not have the annul ar seal for
prevent otk FHLHRATION $ViRead0 diFaEtxed PYUMRATHET G PrRFRSRedPrai 51, while
the sealing between the downstream screen 54 and _the downstream housing 54
i s achi &/ taadiedy i talipdposdachisecterwst (pok BARGFEREYACKEEE. The ot her
conponents of both the coating solution filtration devices are identical.
27 the outlet 39 turned upward, to ensure that the coating solution

 flows upward when filtered.

Fig. 6 is a verticai sectional view of the coating solution
filtration means used in a conventibnai leaf coater. The
differencesbetweenthecmnventionalcoatingsolutionfiltration
device 50 shown in FiQ. 6 and the coating solution £iltration
device300r409referablyusedintheinventionarethattheinside
_passages 58a and 59a of the upstream housing 56 and the downstream
housing 57 of the conventional coating solution filtration device
‘50 have a cylindrical formwithout expanding or reducing, and that
‘the conventional coating soiution filtration device 50 does not
have the annular seal-for preventing'the formation of dead space
aroundlthe filter medium 51, ﬁhile the sealing between the
downstream screen. 54 and the downstream houSing'Eﬁ'is achieved
using an ) fing 55a, instead of the annular packing. The other
components of both the coating solution_filtration deviqes are

identical.
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9 June 2005 Fig. 7 shows the sealing state in the conventional coating
solution filtration device 50 showi in Fig. 6, in which a |amnate
consi sting of the upstream screen 53, the filter nedium51 %59926
downst.ream screen 54 are held between the 0 ring 55a and tﬁe annul ar
packing 55. In the conventional coating solution filtration device 50,

- because of the capstitution dead . space is forned 0 .the filter
o'h e b

‘medi um 51, bdt-9r gvE S8 REPEBILCEENS 1 FPRA9RSTREE0M e or 240

preferably used_jn t inyentio sFomn. in Fig. 4 ar, t.he .dead space B is
not f or%‘éﬁ?tﬁc’t" #Js{l?ﬁ'pzéoﬁr el’vé"rca?b?%s R4 Jlnhlgl%'ogt ilr?g"%yo(f%u?il@ﬁ“ & FI%F ration
device 30 or 40 used .in th% i nvention i? consggx ted aﬁ,de§ﬁ£ib§d bel ow
for t heCPFFTSR9PE dEtG ERSTEAGET RCTE Rt oh*Df TeBEETHY >8P Gtion in the
- inside conpared with that of the conventional coatjgg solutjon filtration
devi ce HtF IPHBSEDRT fGTS6P U Srerittd RetBReH%R BPSRoMPIN YRRy, 4 s
referred to in the follow ng_description. The passage 38a of the coating
sol ut i OB aFePIFIEiNge The upBt rie&m FIETTGO38 1 0fCoF N c B4 OBol ut i on
- filtration device 30 has a formof snoothly expanding fromthe inlet 38
towar d Fheraticer dewkReudP310ecaioPt Hhfe CRREEARA YUY 81 9%3HE SPESEI ng
-solution fornmed inside the downstream housing 37 has a form of snoothly
reduci g ipfemrefaroppiitde fddied et Wotlar % B thGtqoxt 189 Solutignpr ef er abl e
t hat the.expaqdiqgaand/or reducingerate confornms to the follow ng fornula
(1) andib¥tmatipn devizs ) RIENQ @FefeT ala]}m)lsed IL._DOﬂQe 1“)’311280“ shown
in Fig. 4 or 5, the dead space B is not formed. - ‘
It is more preferable that the coating solution filtration
device 30 or 40 used in the invention is conétituted.as_described
'below for the purpose of decreaéing the retention of the coating
solution in the inside compared with that of the conventional
coating solution filtration device 50.
The ceoating solution filtration device 30 shown in Fig. 4
is referred to in the following description. The passage 38a of
the coating solution formed inside the upstream housing 36 of the
coating solution filtration device 30 has a form of smoothly
expanding from the inlet 38 toward the,filter medium 31, and/or
thé passage 3%a of the coating solution formed inside the
downstream housing 37 has a form of smoothly redﬁbing from the
filter-médium 31 toward the outlet 39.
It is preferable that the expanding and/or reducing rate
conforms to the following formula () and/or ([I).

0.025 = hy/(dgy - dy) = 1.0 (1)
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9 June 2005 0:1 5 hur/(dFLT - dour) S 1.0 (Il ) where dIN: Bore of the
inlet 38 [mm] dOUT,: Bore of the outlet 39 [nmm dFLT: Dianeter actually
used for filtration in the filter medium31 [m] hIN D sbqjﬂﬁ$2{)(§§mthe
downstream portion of the inlet 38 (the border between thérnle 8 and
t he passage 38a) to the filter nmedium31 [nm hQUT.i.: D stance from
.upstream portion_of the outlet 32 (the border hetween the outlet 39 and
t he passage :99&)%0300‘@41@?#11 [t Sque) %eo‘i't?m 31 [mrfﬂ$he passage in this case

means a passage havin i nl et d an outlet, in which the space between
the inl e%%xﬁh&%ﬁtﬁ?’%ﬁq’% §n§ﬁFr§€n[dr5'B] by an inner wall and is filled with
the coating _solution kept flow ng. T(rge gi aneter actually used for
filtration i RoerhePd5q O&r hietithiBF2coMPésponds to the dianeter of the area
effectively used for filtration in the filter nedium 31. For exanple, even
in the case%merRianeded; anbidrlotsedet o7 IR rRedPONt Bt ef14ESFs | ar ge,

if the annul ar packing 35 and the annul ar seal 32 narrow t he passage of
t he codtehigmsFlulm®h, the diameter actually used for filtration becones
“smaller. In Fig. 4 or 5 the dianeter of the portion not covered by the
annul ar packibag Bisbanas fapm; Bee onetriali RAREPIOPL 4G S8E 38 anet er
actually used for-filtration. 29
{the border between the inlet 38 and the passage 38a) to the filter
- medium 31 [mm]
hor: Distance from upstream portion of the oﬁtlet 39 (the
border between the outlet 39 and the passage 39a} to the filter
medium 31l[mm] |
The passage in this case means a passage having an inlef
and an outlet, in which‘the space between the inlet and the outlet
is éurrqunded by an inner wall and is filled with the coating
Solution kept flowing.
The diameter actually used for filtration in the filter
medium 31 corresponds to the diameter of the area effectively used
for £filtration in the filter medium 31. For example, even in the
case where the diametér of the filter medium 31 per se is large,
iftheannularpacking35andtheannularseal32narrowthepassage
thhecoatingsolution,thediameteractuallyusedfoffiltration
beqomeé smaller.
In Fig. 4 or 5, the diameter of the portion not covered by
the ahnular.packing 35 or 45 of the filter medium 31'0; 41 is the

diameter actually used for filtration.
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9 June 2005 It is preferable that the perpendicul ar sectional formof the
coating solution filtration device 30 or 40 (the sectional form obtained
by cutting the filtration device along a pl ane . perpendicubaunggoége
‘upstream downstreamdirection) is alnost circular, but as’ttie ' Case may be,
ellipsoidal or like a closed curve. In this case, the diameter (the

di anet er of. e.inlet_or, .outlet or the diane C i-n the
filter nedi urLﬁQ &f (Pre)feriagl?h%'ag;l Eﬁ%tpeerrp(%n d?‘ﬁgag%r%cg%géé%v#a?entﬁt o the

" perpendicul ar _ sectional] faormin_ are I.f t oS ti of t.he _apeni ng of
the inl BRei9PAHRY fifert i Fﬂﬁ%@l‘?ﬂ ad[eﬁ’éc pgﬁrgarﬁohég@? ng oél,aet he
position of the upstream face of t filter diumis b thﬁ' osition of

t he dowkQFT e2ithaimede b¥f CPREIRY | the THTPE SRR tHEWod BIGRSf t he
opening of the outlet in the inner wall face of the downstream housing is

d, the BPERMUHHEUIGE [KPNERHERFGUFANaFRVRHE S HFEETHRR heldh PGSt ons  a and

b and the distance between positions ¢ and d neasured in the direction of
fluid pPEEPELET.oRUENaE N 6868 MRS deut RoR1PFPIdGL O ohilR\A G ostre
“longitudinal direction of the coating solution filtration device and the
t hi ckneg8r + e&bi Yrivrashe thie fiane iy Ghp. digmeatrE PadbsgbRlidt °Fhe coating
solution in the coating solution filtration device are fornmed |ike this,
the retewntleiori the Héapobes Bgtyol Ly Ueedf P tthe FHhtARRPEEWBO €5°-40 can be
greatly decreased, since there are few portions where flow does not occur
(r et ai ningtlpordianespr| pRetheheirelai eawtvpomt dos the apeinpndigygdsr 30

sectional form in area.

If the position of the cpening of the inlet in the inner

wall face of the upstreamhousing is a, the position of the upstream

face of the filter medium is b, the position of the downstream

face of the filter medium is ¢ and the position of the opening

of the outlet in the inner wall face of the downstream housing

is d, the distances of h; and h,,, are the distance between positions

a and b and the distance between positions ¢ and d measured in

the direction of fluid progression in the coating solution

filtration device (the longitudinal direction of the coating

solution filtration device and the thickness direction of the

filter medium).

If the passages of the coating solution in the coating

solution filtration device are formed like this, the retention

ih the coating solution filtration device 30 or 40 can be greatly

decreased, since there are few portions where flow does not occur

j'(retéining portions) like the retaining portions A at the edges
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9 June 2005 of the upstream and downstream housi ngs 56 and 57 of the
conventional coating solution filtration device 50. It is preferable that

t he passage expanding or reducing rate in the coating solgg%ggzgéétration
device is 1.0 or less. More preferable is 0.3 or less. If the expandi ng or
reducing ratio is nore than 1.0, since the inside passage vol une becones

| ar ge, he time pecessary for perfectl]y r.eplacing e.coatd n olution in
t he c-oaﬁﬁt n‘é‘%o}lg?f‘l%%a“f [ W%afi?%’ﬁg e‘?/é}mceh%lff)sz"orgs40é d;ya§‘$:e52e%f cg% ing
sol ution i ncreases unpr.eferabl [t _.i referable that the expandi ng or
reduci MTVERELBAAT HPLWHpS: Fggﬂj\r/%?rﬂgjilgzrg%% ‘g‘?v%er g.%‘wbr e preferable is
0.1 or nore, _.and further nore preferable is Q.15 or %$ref | t Ls preferabl e
that the expahdfRFSErRBYBIPAY RAFIAIEHFP ARSI S FeE ST Y T359. 1 or nore.
More preferable is 0.15 or nmore. |f the expanding or reducing rate is |ess
than 0.325b8nCeHeNGHEPFEEIRS FddtERELIRISVERSN DL P BF 1958 -dMPER r eam si de,
the coating solution is less likely to flowuniformy in the passages. The
ef f ect RHefekpblpaksfyé PorhesH dEEr iqa@aflﬁénse%rﬁq%ﬁiaﬁ ¥aBlocoati ng
~solution can be confirmed if the flowis visualized. The coating sol ution
filtratisonodevihea 400 sisénaeitheripgside ppgspge vOdNEeREIMEscHA¥ePg sol uti on
filtration device 30 shown in Fig. 4, except that the passages in the
upst r edhehbise mpcs6 saanE athpenfrpishty sgrAGIRT ffesoarianeelebhtal , but
have a conical face and a radius face in conbination. Like the coating
sol uti dm thiel cratimn shdwitden30ilttaticgadengcs ol ltdrodOf birt Ehei ®#W devi ce 50
31 ' : '

coating seolution increases unpreferably.

It is preferable that the expanding or reducing rate on the

~ upstream side is 0.025 or more. More preferable is 0.1 or more,

and further more preferable is 0.15 or more.
It is preferable fhat the expanding or reducing rate on the
downstream side is 0.1 or more. More preferable is 0.15 or more.
va the expanding or reducing rate is less than 0.025 on the
upstream side and less than 0.1 on the downstream side, the coating
solution is _less likely to flow uniformly in the passages. The
. effect of this passage form in decreasing the retention of the
coating solution can (be confirmed if the flow is visualized.
The coating solution filtration device 40 shown .in Fig. 5
is the same as the coating solution filtration de;iriée 30 shown
in. Fig. 4, except that the passages iln the upstream housing 46
and thé downstream housing 47 are not conical, but have a conical
face and a radius face in comﬁination. Like the coating solution
_ fil,tr'ation device 30, the coating solution filtration.c.lev.ice '5_0
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9 June 2005 is also suhbstantially free fromthe portions where the flow of
the coating solution does not occur at all, and so the retention of the
~coating solution does not substantially occur. .In this spegL&hggB&Qn of the
invention, being snooth nmeans being substantially free from ad space.
The dead space in this case refers to a portion in a housing where a gas
or coating solution is likely to be retained. As a particular exanple, in
a sect i bn adfsot hubdban tieldlyofnee i frdri ghe4pert®ns Whesecthaoflowt afned by
cutting the device along - a plane parallel to the upstream downstream
~directidm cortinefsylaitibn dGdsonat comstr attadd .bynd wo Week Ireftgpsdonn bot h
sides of one angle (including a curve having a radius of 3 mmor |ess).
Even i not hthe caséinpes@luthieomne doss amyt dadc tspacelly fodadwar.angl e f or med
between two wall faces nmeasured in the inside of a housing is 150 to 1800
(preferably IROtHizs $800ididatioh dhehkehgtdntdbnt Heishosthestlomeantd the two
"wal | faces on both sides of an angle is 1 p.mor less (preferably 0.1 9m

“or | esspsiddenbktantltalie, sakd thai 4 kiend spacsubThandéad Igpane drad space.
In the coating solution filtration device used in the invention, it is

pref er abl s that @airdreassd acpéieron N8 41pSUEEATIWHREESAGAsOsr iddatdaynst r eam
passage has a snoothly expanding form or a snoothly reducing form as

-descr i begh ahiowe 1 5Ol i KOLF 30 bet retsig@f erabl e that both the upstream and
downst ream passages have a snoothly expandi ng or reducing form

respectivel yAaSacts%&&rlbeQr ahee , Honey gect ey theiddiericdparsage has such

aform it is 32 :
in Fig. 4 or 5 (the section obtained by cutting the device along
a plane parallel to the upstream-downstream direction), it refers
to a form constructed by two wall faces dn‘béth sides of one angle
(including a curve having a radius of 3 mm or less). Even in the
case where there is any dead space, if the angle formed between
two wall faces measured in the inside of a housing is 150 to 180°
(preferably 170 to 180° ) or if the length of the shorter one of
the two wall faces on both sides of an angle is 1 Um or less
(preferably 0.1 £m or less), then it can be said that there is
substantially no dead space.

In the coating solution filtration device used in the
iﬁvention, it-is preferable that at least either the upstream
passage or the downstream passage has a smoothly-égéanding form
‘or a smoothly reducing form as described above. Of course, it
is preferable that both the upstream and downstream passages have
a'smoothly'e#panding or reducing form respecFively_as described

. above. However, even if either passage has such a form, it is
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9 June 2005 effective. In this case, considering that objects generated
due to retention can be renoved by filtration, it is preferable that the

" downstream passage only has a snoothly reducing formrat herg,juhg'?_ﬁ' hat the
- upstream passage only has a snoothly expanding form The formao ? e filter
medium 24 (Fig. 1), 31 (Fig. 4) or 41 (Fig. 5) in the coating solution
filtration device used in the invention is not especiall IA ited, and can
be pol ygbkrgtivee| | Ihdbiggass: ensiferdPachatupRisr %Pﬁ?e’é%/%‘? E:Bﬁ/ever, in
view  of uniformfiltration in_the entire surface of the filter medium 24,
31 or 440 TRTEPELON LT B REreVER e fAbFEAt it AEAToPESIF AP ARBle, if the
coating solution filtration device is the coating solution filtration

devi ce Bre dowpsityedp gragsagr o abad e sPReEhby Heslueinpco AffBeHownst r eam
~screen 34 installed adjacently to the downstream side of the disc-shaped
filter Heah GhpBrhefunsideapassgorialyhaon sHe9tReY 3FPRRALRYFSE™- nore. More
preferable is 85%or nore. If the rate of hole area is 60% or nore, the
cont act ar ea Theofoxupfoithe nfikttes peeswurZ4z&81ig; |1)er Shetiiom 3 BEcones
required mninmum So, the retention of the coating solution on the contact
face betWwd@dgt e fn|ther comtiingselubin: fhbtiiin devhrsesedniBihecan be
prevented fromoccurring. |If the rate of hole area is less than 60% the
coat i ngimoinitiiopn iss Bitketspacdadayr diigiied. opndheanc st lyaeal. To keep the
rate of hole area larger to keep the <contact area smaller, it is

pref er abl Binspided ar suT esw ¢tHes theve@FoImjuekc 2088wever, in view

of uniform filtration in the entire surface of the filter‘medium
24, 31 or 41, a circular form is preferable.

Furthermore, for example, if thé ceating solution
filtration device is the coating solution filtration device 30,
itispreferablethatthérateofholeareaofthedownstreamscreen
34 iﬁstalled adjacently to the downstream side of the disc-shaped
filtef medium 31 of the coating filtration device 30 is 60% or
more. More preferable is 85% or more.

If the rate of hole area is 60% or more, the contact area
for supporting the:pressurized.filter'mediunlél becomes required
minimum. So, the reténtion of the coating solution on the contact
face between the filter medium 31 and the downstream screen 34
can be prevented from occurring. If t_he rate'of hoi&e ':area is less
than 60%, the coating solution is likely to be retéined on the
contact face. To keep the rate of hole area larger to Keep the

contact area smaller, it is preferable to use a screen like the
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downstream screen 34, (Fig. 9) in which through portions 34a surrounded by
1 mmor |less wide threads 34b are forned. It is. preferable that the
upstream screen 33 and the downstream screen 34 are nade qf st%i éess
steel in viewof rigidity and rust prevention. However, '%’J[”ﬁg 8§ e where
a highly rigid filter medium such as a sintered netal filter nediumis
used as the filter medium 31, it is not necessar t he_downst ream

y . ; to use
scr een SOANSTREAROFEFRRP st utih 1)) t%twwrﬁéiﬂreé‘ggugﬂrgéo?ﬂe‘o’ Ddat i ng
solution filtration device 30 used in_the invention allow easy air
vent i nFurFQuedad ppevemt tfelens iTideatiginasds At 3HROSTES de, ~conpared
with the conventional coating solution filtration device 50, because of
t he fol | owi n§t céaspireteranle | thathetheavPHbreds 15N i3 r3d o %evi ce 30,
since the annular seal 32 for substantially precluding the formation of
‘the demwnspgaeami scoeemnibdany dipde tdfe FHaindesfedre®d 34 YHeY dehd space B
(Fig. 7) where air remains, of the conventional coating solution
filtratiigiddéyiand B0 pesvendtioaxi sHowamen.tix fhe saspaireaetd pightevent ed t hat
the air in the dead space B infiltrates into the filter medium31. In the
case wheirgs daf sl treremediiymesath fisla einbergdinetsl fédfer yedine ¥9 need nmedi um 31,
the circunferential edge of the filter nedium 31 can be pressed to
el i m natsethdEigapr neddimatl ol t usi myt nehesaarwitarussetiie gewpgkreghst antial ly
precluding the formation of the dead space. 34 9 June 2005
screen 34.
The coating solution filtration device such as the coating
solution filtration device 30 used in the invention allows easy
~ air venting and can prevent the infiltration of air from outside,
compared with the conventional coating solution filtration device
50, because of the following constitution.
In the coating solution filtration device 30, since the
annular seal 32 for substantially precluding the formation of the
dead space is arranged around the filter medium 31, the dead space
B (Fig. 7) where air remains, of the conventional coating solution
filtration device 50 does not exist and it can be perfectly
prevented that the air in the dead space B infiltrates into the
filter medium 31.
In the case where a sintered metal filter medium is used
as the filter medium 31, the circumferentiai edge of the filter
medium 31 can be pressed to eliminate the gap, instead of using
the annular seal 32 for substantially precluding the formation

- of fhé dead spéce._
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In this case, the.annular seal for substantially precluding the formation
of -the dead space refers to an annul ar seal for precluding the formation
of any gap since the annular seal 32 is Kkept in close cogégpt 6 t he
other nenmbers it contacts (housings, screens and filter quﬁ;ﬁb or this
purpose, the annular seal 32 nust have a form adapted to the space form
into which it _ig fitted and_hav i ESREG y it is

i mport ant thél[trl THE SR glFe géa f%%gﬁg?ot%hse&%?s%rﬁtﬁgﬁ%g I'n f.i %éﬁh anet er
directign to absorb the . error in the size of the filit i 31. In the
di anet eﬁa‘%i Oé:E"tal'stﬂiﬂfl % % 95PEr BPEBT er'?%eérts ;% e ?narl\%[!?ujfag:(r:és og' %ﬂ”}é annul ar
seal 32 recedes to 5. M aon_the outer cirtcunference si fromthe

i nner  FRERSEFIG R ﬁge %ﬁﬁﬂf‘ﬁ’rorbz?%k?%sga:?fl?cfe tthg %ffqt*l&reﬁﬁgii%? f8ss than the
lower Iimt of the range, it may happen that sone of the flyid comng from
the upsteRiaHR S-88° LPBRECWIE HR (e RASSF AP MPRE S USSR and | { t he
difference is nore than the upper limt of the range, air may remain in
the ci riGhffededPlafipti® M5418M)t he annul ar seal 32. In the coating
solution filtration device 30, since the passage 39a_of the downstream
housi ng .37 i §oFoithbd RWRAfSot Fbe aPreBLRe /AR MSH PRESf Al £8F nedi um 31
toward the outlet 39, the air passing the filter nedium 31 gathers at the
out | et BAnfigd o thespapadpancintendhtahibd sehkiiad rSbA%E yedesatei de t he
coating solution filtration device 30. 35 9 June 2005 1In the above
const i txadiddengyr iBspegdpliy ditsthdmpegtapfdthat the annular seal 32

has the resiliency in the diameter direction to absorb the error
1in the size of the filter medium 31. In the diameter direction,
it is preferable that the inngr face of the annular seal 32 recedes
By 2 to 5 mm on the outer circumference side from the inner faces
of the annular packingé 35. If the difference is less than the
lowér limit of the range, it may happen that some of the fluid
cominé from the upstream side flows without passing the filter
medium 31, and if the difference is more than the upper limit of
the range, air may remain in the circumferential portion of the
annulaf seal 32.

In the coating'sqlution filtration device 30, since the
passage 39a of the downstream housing 37 is formed to smoothly
reduce upward from the filter medium 31 toward.theréuflet 39, the
air passing the filter~medigm 31 gathers at the outlet 39 due to.
its buoyancy and can be easily discharged outside the coating

solution filtration device 30.
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no air comes in.fromoutside. So, it does not substantially happen that
air remains in the coating solution filtration device. As a result, the
di scharge responsi veness at the beginning and end of coati ng, g\@@&the
pressure variation is |arge beconmes good since it is not di'sturbed by the
remai ning air, and coated substrates having uniformfilmthickness and

hi gh grade fil msurface can be roduced., Furthermore, for efficient

di scharge of 18ithe tar?é"'lenﬁ?‘é‘?ﬁ%r?tplr?@w §4F i+ e‘taﬁéiyg&n%?rhaor F %ﬁét alling a
pressure ‘gauge and a valve (not jllustrated) in this,order downstream of

the codt® AgE §8MEE AFFTM 1145 %on %‘é‘\/#‘ngoﬁg isdlgsf)a?%%gégﬁ' hﬁpPﬁré coati ng

~solution with the valve closed to raise the internal pressure of the
coat i ngthatoR&T Eanains; Fatthen cgatine seiuting Suddetiynoperiofy tH2 val ve when
the pressure detected by the pressure gauge reaches a set value_is very
ef f ect i ¥ ey tdi Grhdigrharan&eappnsbvensishgti the #e9iRRINE &4 ABsol ution
filtration device 23. The above constitution is described bel ow
parti cubarpgting vheh dhermessyrFiverigtian gisekanfeceeAitRes 4oed §108fve are
~installed in this order between the coating solution filtration device 23
and t heidiie 13t dmdturhedcduntthrgradiningnals. faad aheked mabgirages cl osed as
descri bed above. \Wen the pressure detected by the pressure gauge reaches
a specitawichgvahiBorn e lmathiskness sadtbablhy Juadentdln syripgemmrgbet he air
remai ning inside the coating solution filtration device 23 at a tine
t oget hegrodudedt.he coating solution. , 36 9 June 2005 In this case, it is
preferable that the valve is opened : -
Furthermore, for efficient discharge of air, the inventors

newly f£ind that a method of installing a pressure gauge and a valve

(not illustrated) in this order downstream of the coating solution

filtration device 23 (Fig. 1), feeding the coating solution with

the valve closed to raise the internal pressure of the coating

solution filtration device 23, and suddenly opening the vaive when

the pressure detected by the pressure gauge reaches a set value

is very effective for discharging the air remaining inside the

coating solution filtration device 23.

The above constitution is described below particularly in

reference to Fig. 1. A pressure gauge and a valve are installed

in this order between the coating solution filtration device 23

and the die 17, and the coating solution is fed w\ifh the valve

closed as described above. When the press'ure detected by the

pressure gauge'reaches a specified value, the valve is suddenly

opened, to discharge the air remaining inside the coating solution

, ‘fili':ratj.on device 23 at a time together with the coating solution.

36




automatically with its action interlocked wth the pressure gauge, but the
val ve can al so be nmanual | y opened while the operator watches the pressure
gauge. In the case of automatic operation, the air discharqp agbbgn can be
easily carried out plural times while the predeterm ned qgaHF?ty suppl y
punp 14 discharges once. In this case, if the time taken after once
carrying out the air discharge_act.i.on 'I{ osi_ng .t he, val ain in

: Hhet; S S

pr epar attt ohti§ oP3FRe rdxtt%i PTaTSTHNY REWRITE °t he” pr érm ned

quantity supply._ punp 14 dischar%%% tge ﬁo%tngt %IUEQOQris %e t as short
as posstpiamatifally wifhdERAdCRIMER L EERCHE Ear T STt Y i nes.  whil e
t he punp di scharges the coating sol ution once éguiéll air vgnting wor k
time cdmthehenFrldRedan TRIFHHDIMEN RS ARPREE I i SPFE2HPR to the
abnormal retention of the coatin% solution downstream of the coating
sol ut i oratabess Bee Pregeyre gapge. i tIn the GasecPhFUEOPtL e RBFELHR  pressur e
gauge and the valve installed between the coating solution filtration
devi ce 18 gig dhechingel7ctign ERNCRAAELIECHIT AT SPERIHFL FLMP] desirabl e
that the annular seal 32 for substantially precluding the formation of
dead sp#ivds the aredagerainethaeppttty SHEPD PP bt ALFANITERF BRCBhe adhesi on
~to the housing 36, and it is preferable that the material of the annular
seal 32 is rad thsid feome 16rthe GoRe fakeastft9spee Garery e it in
chem cals resistance and unlikely to be swollen. 37 9 June 2005 Filter
medi a prief éiathyrasedtaen ttid 1f ¢lasdndgrll TRi3e a9rdirude BRSPERaEAPR I cs and
non-woven fabrics conposed of pol ypropyl ene, -

for the next air discharge action while the predetermined quantity

supply pump 14 discharges the coating solution is kept as short

as possible, the air discharge action can be carried out many times

while the pump discharges the coating solution once, and the air

venting work time can be shortened. To inhibit the generation

of objects due to the abnbrmal retention of the coating solution

downstream of the coating solution filtration device 23, it is

preferable to remove the pressure gauge and the valve installed

between the coating solution filtration device 23 and the die 17

after completion of air venting.

It is desirable that the annular seal 32 for substantially

‘precluding the formation of dead space is rectangular in cross

sectional form in view of the adhesion to the housing 36, and it

is preferable that the material of the annular seal 32 is red

silicone or fluorine resin respectively excellent in chemicals

resistance and unlikely to be swollen. -
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pol yet'-hyl ene, ethylene tetrafluoride and glass fibers, porous ceram cs and
sintered netals, but any other material can also be wused if it has
satisfactory filtration performance. The nost _preferable %R;terogigiun1is
a filter made of a sintered stainless steel as described Bet8F &'

particul ar case of applying the invention for coating blank substrates

ith pi t-di d | t I f A i bed
bel onl As. { nELLEPORRRLE EoaPGRRTEY BEghan: S Lt Bahr 3 shEafds L ",

used. In view of chromaticit h r.esi st ance,. chem.cal s | stance and
|i ght reafed dpbLics ta‘}dsPoﬂég%/‘?eafbl%gltoﬁicﬁs%m%ﬁoﬁfﬁi 8T Be% rr?lpgigﬁﬁft her nor e,

various additives such as an U|tr§ﬁ%0|%ﬁg Iighﬁ abgg{ber, disBersing agent
and | e RAHEFYIERE - cOHP IS BETTE 148 7RG 91HRS° t o S o8EPRE di spersi on
stability of the pignents and to lower the yield value, it is desirable to
add a QREPECS BRI SHAHPFES detaks (i PPYREREE BN T ag8ht® 4y Pfe bl ack
~paste, for exanple, carbon black, netal oxide _powder of titani um oxide,
titani utseskilde 1thbepi Rt HIEGTORYL ELLBRIHT RETIPTERNE? de THEWHEFY net al
powder or a mixture of red;, blue and green pignents can be used. Anpng
them Regdsnietdieatid iey Be@ian af 13 Thl EFase O st Fda tPreRsLadReEFFent | ght
'screening capability. Since carbon black having a grain size excellent in
di sper sitsdl tap Hgscaiprdwsitometone, it is preferable 38 9 June 2005 to

m x a pignent of a color conplenenting that of carbon black, for making

t he car bon bRapkrittrlamitase of applying the invention for coating

blank substrates with pigment-dispersed color pasi‘:-es for color
filter use is described below.

| As the colorants, org;mic pigments or inorganic pigments
can be used. Inview of chromaticity, heat resistance, chemicals
resistaﬁce and light resistance, it is desirable to use organic
pigrﬁents . Purthermore, various additives such as an ultraviolet
'light.absorber, dispersing agent and leveling agent can also be
added. Especially to improve the dispersion stability of the
pigments and to lower the yield value, it is desirable to add a
dispersion stabilizer.

As the light-sc:.;eening agent in the black paste, for example,
carbon black, metal oxide powder of titaniumoxide, titanium oxide
nitride or iron tetroxide, metal sulfide powder, rr;étél powder or
amixture of red, blue and green pigments can be used. Among them,
carbon_blé.ck is especially preferable since it has exﬁellent light
screening cépability. Since carbon Black having a grain size
excellent in dispersibility has a brownish tone, it ié éreferable
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For the black paste for color filter use used in a liquid crystal device
driven in an electric field parallel to the substrate, it is preferable to
use titaniumoxide nitride for enhancing the volune resi sgl Vi té o the
black matrix. The black pasté can also contain various additf$é8"%uch as
‘an ultraviolet [1ight absorber, dispersing agent and |eveling agent as in
the case of color pastes. EspeC| ally to inprove the dispersiqQn stability
of thetp gh¥- %@ﬂé@ﬂ‘ﬂﬁd’faeeﬁ*ﬂl%ﬁl&"fﬂalP’B%ch%§h9F iR C\?&Pﬂg b}gcks  desirabl e
to add a dispersion stabilizer. The matrix resin used for a paste is not
especi &orympking ethe caghor drlaskafsbeomgtifot osensitive or

non- phot osensitive material such as an e oxy resin, acrylic. resin,

uret hane resFor el Yratlepastestor qedioyi f 5 gspnusebiiyoretighidsin or
gelatin can be preferably used. It is preferable to disperse or dissolve a
col or amrystali geviser éeivery Hyeatr pheotmity Hfelitharaldsilngof dihe col ori ng.
Types of photosensitive resins include photo-deconposable resins,

phot o- subssirah&abl e isepratenail ot gspokypaniumiskdder aitpsde Bypecial ly a
phot osensitive conposition containing a nononer, oligonmer or- polyner

havi ng eahhykéng chensatwreateshi dioindsy afdhanbliavk natoix cafakl®lastk generati ng
radicals with ultraviolet |ight, or a photosensitive polyamc acid
conposiphiste can dleo suittadbl yaubek a8gifivemeuzb0ss afsulhraviolet

non- phot osensitive resin, a resin that can be devel oped by any of said

var i ougighkyamiosbean diepprefey aheyt andd,eveling agent as in the case

of color pastes. Especially to improve the dispersion stability

of the light-screening agent and to lower the yield value, it is
" desirable to add a dispersion stabilizer. |

The matrix resin u_sed for a paste is not esp'ecially limited,
and for example, a photo‘sensitive or non-photosensitive material
such as an epoxy resin, acrylic resin, urethane resin, polyester

‘resin, polyimide resin, polyolefin resin or gelatin can be

preferably used. It is preferable ‘to disperse or dissolve a
colorant or light-screening agent into any of thesre resins for
coloring.

Types of photosensitive resins .include photo-decomposable
re-sins., photo-crosslinkable resins and photo-polymerizable
resins. Especially a photosensitive compositionwcéntaining a
monomer, ¢ligomer or polymer having e.thylenic unsaturated bonds -
and an ini.tiator capable of generating radicals with ultraviolet
light, or a photosensitive polyamic acid composition can be

o suiﬁably used. |
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and a resin having heat resistance that can withstand the_heat applied in
the transparent el ectroconductive filmformation process and in the liquid
crystal device production process is preferable. Furtherngr sin
havi ng resi stance to the organic solvent used in the |qu?dE8??g§§|
- display device production process is preferable. So, a polyimde resin or
. acrylic resin can be especially preferably used. | n the case ﬁhere t he
matrix resi ASi $hg poPyPhPEeseREItive T&HPantd THED cERPHe®qRi PSbly used
i ncl ude am de-based pol ar solvents such as N-methyl -2-pyrrolidone
( her eidryfeloped Ny agy PPyaid Nard anFPChymaEeCaR br PRdeRAREAYTELhy| f or mani de,
and | actone- based pol ar solvents such as T-butyrol actone (hereinafter
cal | ecandq @ r¥8LY) hamiagpbegt nFeristescs tRahorre¥pEBrhRrrY Thnie8d, but
usually a resin obtained by imdating a polyimde precursor (n =1 or 2)
havi ngrpdid est rimc ttiveal tugrisparept e séacbroenduRl ive| 1T GEFEEAR  f or nul a
(') as a main conponent, by neans of heating or any adequate catal yst
can bepmdesabhydusedhe 1fQDid RystalOpvicRprodNHEion graqess geOOH) n (where
"n =1o0r 2) 40 9 June 2005 Furthernore, the polyim de resin can al so
cont aiprefidreblbondFutrhharnoree bomdsisubhvasgamedésboemeks, tgulthene bonds,
et her bonds and carbonyl bonds in addition to i mde bonds. _
organic solvent used in the ligquid crystal display device

production process is preferable. So, a polyimide resin or
acrylic resin can be especially preferably used.

In the case where the matrix resin is a polyimide resin,
.solvents that can be suitably used includé amide-based polar
solvents such as N-methyl-2-pyrrolidone (hereinafter called NMP),
N,N-dimethylacetamide and N,N-dimethylformamide, and lactone-
basedpplarsolventssuchau;T—butyrolactone(hereinaftercalled
T BL).

The polyimide resin is not especially limited, but usually
a regin obtained by imidating a‘polyimide precursor (n = 1 or 2)
haﬁing the structurgl unit represented by the folloﬁing general
formula (II) as a main component, bf means of heating or any
adéquate catalyst éan be sultably used. |

- [CO - Rl - CONH - R2 - NH] -
| (D
(COOH)n '

(where n = 1 or 2)
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In the above general formula (I111), Rl denotes a trivalent or tetravalent
organi c group having at least two or nore carbon atons: In view of heat
resistance, it is preferable that RL denotes a trival ent gnlgﬁbbgyalent

. . . . . u .
group containing a cyclic hydrocarbon, aromatic ring or aronafic
het erocycl e and having 6 to 30 carbon atons. Exanples of Rl include a

phenyl group, bi phenyl oup, . _ter-phenyl grou napht hal en roup,
peryl ene grgﬂ"ﬁ‘fh yl%li’eegﬂ%}”r@{%‘%pr,e ' p%@ﬂyglﬁul YRy 8%8,%]':
di phenyl propane group, benzophenone_ group, biphenyl trifl uQropropane
gr oup,PAAS %‘Eﬂ%ldﬁrlb?fﬁisaﬁﬂc Yasi Sﬁé‘ﬁ‘gﬁor’@ﬁo ‘?qu{%‘uﬁﬂn%%t el%ﬁ"ﬁgt ed thereto.
R2 denotes a dival ent organic_grogg_having at | east two or nore carbon
at ons.Pangisy @a¢h GRTPYRYL Mgdst 4R caddifiqns tor dpdfgpPRNdshat R2 denotes a
di val ent group containing a cyclic hydrocarbon, aromatic ring or aromatic
het er ocycl eInnthabong generadofoampba (B ondl deraisses totivRlenficl ude a
phenyl group, biphenyl group, ter-phenyl group, naphthal ene group,
peryl et tgitoapalehploagpnicegtmiir §avbpg ali pRaay| tYulCFoRer ¢ IcGdpon
di phenyl propane group, benzophenone group, biphenyl trifl uoropropane
gr oup,atagisphefiyl mbehape hpaduremidtdanege| bheky| Peefruidigr &gt Rhough not
~limted thereto. 41 9 June 2005 |In the polyner having the structural unit
r epr estmod@shy daiidagemered femavadefpk| groap ¢omtadiing @yyeeAt, Rl and R2
respectivel y-can consi st of one group selected fromthe above
hydrocarbon, aromatic ring or aromatic heterocycle anq having 6
to 30 carbon atoms.
Examples of Rl include a phenyl group, biphenyl group,
‘ter-phenyl group, naphthalene group, perylene group, diphenyl
ether group, diphenyl sulfone group, diphenylpropane group,
benzophenone group, biphenyl trifluoropropane group, cyclobutyl
group and cyclopentyl group, though not limited thereto.
R2 denotes a divalent organic group having at least two or
more carbon atoms. In view of heat resistance, it is preferable
that R2 denotes a divalent group containing a cyclic hydrocarbon,
aromatic ring or aromatic heterocycle and having 6 to 30 carbon
atoms.
Example.s of R2 include a phenyl group, biphenyl group,
Vter-phenyl group, naphthalene group, perylene groﬁp”', diphenyl
ether group, diphenyl sulfone group, diphenylpropane dJroup,
benzophenone group, biphenyl trifluoropropane group,
diphenylmethane group and dicyclohexylmethane group, though not

limited thereto.
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groups, but can also be a copol yner group con5|st|ng‘of two or nore of the
groups. Furthernore, to inprove the adhesiveness to " the substrate, it is
preferable to copol ynerize a diam ne conponent. such as

. . . June 2005

bi s(3-am nopropyl)tetranethyl di siloxane having a siloxane struéture to
such an extent that the heat resistance is not |owered. Exanples of the
pol yner containing the structural unit represented by said general fornula

(111) as t hérnhhf ROIPEHFeREVIRG el € LEBFYRTR 1 @dte EEPERTE thPHesi zed from

one or nore carboxylic dianhydrides selected froma group consisting of
pyr ome$did | gentizadhyidamgéa 3 BY) asq theherpiopnampeaeaty aBar Boty Ri2c
di anhydri de, 4,4 -oxydlphthallc di anhydride, 3,3 ,4,4"-
b|phen9¢$96qﬂhm@ﬁﬁp¢®@aﬁﬁﬁﬁﬂﬂia@érBéﬁy9$QﬁRh%%¥?FGPﬁd§r°m the above
3,3" 4, 4' -bi phenyl sul fonet et racar boxyl i ¢ di anhydri de and
2,3, 5-g:r¢tm,b@sa§zc9@mchmt PE di cotmldmiede guadp frandishangrofdiw® odi anmi nes
.selected froma group consisting of paraphenyl enedi am ne,
3, 3' - dhare eddilphenyiipet h&urthenmoxk apnogdigsiventihe @dheslvgnelss to
dlanlnodlphenyl et her, 3,3'-di am nodi phenyl sul fone, 4,4'-
di ami ok peebhaytsid f one ig, zﬁredeanbh@drtcyciqplwémbnemane diamine
_ 4,4'-dianinodiphenylnethane and 4, 4' -di am nobenzanilide, though not
| i m t econygrereetto. -sukhy @fs t fdsd 3pehyhopxepyrdedrsoe Shy U@L Pl 1pxe@e2005 can be
synt hesi zed by a publicly known nethod, i.e., by letting a tetracarboxylic
di anhyltkvidey s ds i cdiaaki Beru65mttae$grclse¢rec¢:anbnvdamt wibeh hea¢h ot her in a
sol vent .
resistance is not lowered.

Examples of the polymer containing the structural unit

.represented by said generél formula () as the main component
include polyimide precursors synthesized from one or more
carboxylic dianhydrides selected from a group consisting of
pyromellitic dianhydride, 3,3°,4,4"-
benzophenonetetracarboxylic dianhydride, 4,4'-oxydiphthalic
‘dianhydride, 3,3',4,4"-
biphenyltrifluoropropanetetracarboxylic ~ dianhydride,
3,3'4,4 -biphenylsulfonetetracarboxylic dianhydride and
2,3,5-tricafboxycyclopentyl dianhydride and from one or more
diaminesselectedfromeagroupconsistingofparaphenylenediamine,

- 3,3'-diaminodiphenyl ether,'4,4'-diaminodiphenyl ether, 3,4°-
diaminodiphenyl ether, 3,3'—diaminodiphenylsulfone, 4,47 -
diaminodiphenhylsulfone, 4,4' -diaminodicyclohexylmethane,

4,4 '-diaminodiphenylmethane and 4,4'-diaminobenzanilide,

though not limited thereto.- Any of these polyimide precursors
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A paste for color filter use can be produced, for_ exanple, by a nmethod of
m xing a resin and a colorant or |ight-screening “agent in a solvent and
di spersing the mxture in a dispersing machine such as a gejﬂge%&éwer,
ball mlIl or sand mlIl. A nethod for producing a color filteéer USing pastes
for color filter use is described below That is, said pastes for color

filter use are used t roduce..a color filter., Particularly. a transparent
subst r‘?ﬁ’e%fass%’b%}eeg&ze%iﬁ% BSQPglb‘g]s¥ KBSt T"i'Ft’e(r:b gg,t)é%rslgcol or pastes
and/ or bl ack aste, to produce a color filter. A color filter production
ot hot TeC ety L6 LoRrr AT L iR And i sty I 0edinaeae sEpa’t e
invention, a color filter has plural color layers of three primary colors
ar r ang&Rn ¥ thr aah AT 4808t PR color filter neans a filter
consisting of many picture elements, with the pixels forned_ by the
respective AoPaite A9Br0lor FhEERYX Usei GRlr Pedutucesds Bk §5aBPhfe el enent. In

the case where the three colors are expressed by the additive color
procedy amebleopofnaiyieglooressr e a(flogpidefT LEYRIRPISLNANEB) are
selected, and in the case where they are expressed by the subtractive
col or guegdedd, at apkeerpy iangr 16ppHFLENT dhec PARTLLY 1N mgEPETEMIand yel | ow
(Y) are selected. Each elenment 43 9 June 2005 containing these three
pri mamaddingr sugh as uhisandagrpader piteldy @ilé| erepandMiddi-or di splay. The
transparent substrate is not especially limted. For
A method for producing a color £ilter using pastes for colox
filter use is described below.
That is, said pastes for color filter use are used to produce
a color filter. Particularly, a transparent substrate is coated
with said pastes for color filter use, as color pastes and/or black
paste, to produce a color filter.
A color filter production method is described below further
in reference to examples.
In the invention, a color filter has plural color layers
~of three primary colors arranged on a transparent substrate. A
color filter means a filter consisting of many picture elements,
with the pixels formed by the respective color layers of three
' primary colors as one picture element.
In the case where the three colors are expressed by the
additive color process, .three primary colors of red (R), green
(G) and blue (B) are selected, and in the case where they are
expressed by the subtractive color process, three primary colors

of cyan (C), magenta (M) and yellbw (Y) are selected. Eachelement
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exanpl e, an inorganic glass such as quartz glass, borosilicate glass,
alumnisilicate glass or soda-line glass coated on the surface with

silica, or an organic plastic filmor sheet can be preferg?lg z(?&d A
color |ayer can be forned, for exanple, by coating a tran 4r'e substrate

directly with a color paste or after formng a black matrix, drying and
patterning. A black paste or col or paste can be applied by such a nethod
as t heeapdiaindpatthage Ebree godrpny, cHrscaatd H§Libroan Secd@LChY ement i oned
before, though the nethod is not limted thereto. The die coating can be
pr ef erealisimengs ef. cakex tdigpdgarent substrate coated with a paste to forma
wet filmis heated and dried (sem -cured) using an oven or hot plate. The
sem - cur i ngThe ondinspensntepdistrenet ik nogsespericrlddl vénitededFand t he anount
of the paste applied, but it is preferable to heat at 60 to 200 C for 1 to
60 m rexaampleThen pastryandat ghgsd isuchobs ajusedt-4 okesshilyprasidigeted and
devel oped after formng a positive photoresist coating filmon it in the
case Wierss,t heéunbsisiliicagenglaphotnsensi-lline gesss, caated onedhately or
after formng an oxygen-screening filmin the case where the resinis a
phot osansddeveitiedinick) éoran argasic phlaatkc fifltni ior sheeblaan bayer. As

- required, the positive photoresist f ilm 44 9 June 2005 or the
oxygernprssiegabifguééd mi s renoved, and the remaining lamnate is heated and
dried (cured) again. The curing conditions depend on the resin used, but
in the caseaotoobt aidydly carPWeyifBrfled, for example, by coating a

transparent substrate directly with a color paste or after forming

a black matrix, drying and patterning.

A black paste or color paste can be applied by such a method

-as the spin coating, roil coatihg, bar coating or die coating

mentioned before, though the method is not limited thereto. The

die coating can be preferably used. The transparent substrate

coated with a paste to form a wet film is heated and dried

(semi-cured) using an oven or hot plate. The semi-curing

conditions depend on the resin and solvent used and the amount

of the paste applied, but it is preferable to heat at 60 to 200°C

for 1 to 60 minutes.

The paste coating film obtained like this is exposed and

developed after forming a positive photoresist coating £ilm on

it in the case where the resin is a non-photosensitive resin, or

immediately or after forming an oxygen-screening £ilm in the case

where the resin is a photosensitive resin, to form a resin black

matrix or color lé.yer . As required, the positive photore_sist_film_
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resin froma polyimde precursor, heating usually at 200 to 300 C for 1 to
60 mnutes is carried out. The thickness of a cured color layer is decided
based on the required color property and the col orant/matr j( ratio
of the color paste. It is preferable that the col orant/rrat ix"e ?éggn ratio
by weight is in a range from5/95 to 70/30. A nore preferable range is

10/90 to gg/ 40. this ratio igLﬁ'ltess thaorgv r% tgchl ckness .of the coating
film r@qui 8d°i‘89‘8‘6t%‘f-’"rﬁe§wﬂ of 8¢ i t3P%Detes® Taajrrblél to make the
| evel flfferenge be% pi X Is | ar, and sych a roble oor liquid
ryst al G S PROhE A EeaE (S dardhy o B ir e Remdtrorte
adhesi veness of the pixels tends to. be poor since the natrlx resin becones
i nsuf f 1¢PeRf o0 the Resthyactndd ’t‘héh&ﬂa(f’reaﬂf/"rl?ﬁtailpkng PRI is in the
above preferable ratio range, it is preferable that the thi ckness of the
coat ed* &P EGPBHR PP%HW@%PEGC‘E%SQF'Oh%%F%‘}WS’tlBl%lﬁtaél Y& IU5I% col or
property. A thickness of 0.2 amor nore is preferable in view of color
purityfornd @ 6hmiRAE’S BY RIFigmh 8Ptiess is preferable in view of |ight
transmttance. In the black matrix, usually openings of 20 to 200 amx 20
to 300 am arkhef shiacknesthiprurared sicdior agees f depidedpbased wn colors are
arranged to at |east cover the openings. The pattern 45 9 June 2005 of
ar r angtlge ttegmd rpdi erelror pobpesty gndbkhenyodicrarypeatrid gaghe nafde,  stripe
type, or four pixel arrangenent type and the |like, and any of the types can
be usedf sthd alollprf paseachIpuipasmeierable that the colorant/matrix
resin ratio by weight is in a range from 5/95 to 70/30. A more
- preferable range is 10/90 to 60/40. If this ratio is less than
5, the thickness of the coating film required to obtain sufficient
" color purity becomes large, to make the level difference between
pixels large, and such a problem as poor liquid crystal
orientation may occur. If the ratic is more than 70, the
adhesiveness of the pixels tends to be poor since the matrix resin
becomes insufficient. In the case where the colorant/matrix
resin ratio is in the above preferable ratio range, it is
preferable thaf the thickness of the coated and cured £ilm is 0.2
to 4.0 Um, to obtain desirable color property. A thickness of
0.2 {m or more is preferable in view of color purity, and a
thickness of 4.0 4m or less is preferabler in viéw of light
transmittance.
In the black matrix, usually openings ¢f 20 to 200 Um X
20 to 300 ¢m are formed, and plural color layers of three primary

.colors are arranged to at least cover the openings. The pattern
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In the above production nethod, at least either of a color paste or black
paste can be used. In the case where a color paste is used, the black
matri x can also be an inorganic material, for .exanple, a %hbﬂe 6@1 film
of C, Al or N (about 0.1to0 0.2 A ﬁ]thICk) or a multi-layer chrom um
filmwith a chrom umoxide or chromumoxide nitride fornmed between
chrom um and the transparent substrate. The light-screening capability of
t he blaft&rrangedktisee primagsedldys cime bODosalicdypeormmimngdgdiviehm of i nverse
nunber of transmttance). To inprove the display grade of the liquid

cryst adtuigspteye devi tmir pixes aprehgend e typatanthth€D ksl vand eng. 5 or nore.
More preferable is 3.0 or nore. The filmthickness of the black matrix
deci desf tihe wppes -tamibe afseldheubavhy uBnr leachhpucpese of a resin bl ack
matrix using a black paste, it is preferable that the filmthickness is
0.5 to 1.5 Amtie abbre groEfertabhanatange &8 IRadtt @ither Aha Aofliolrm t hi ckness
of less than 0. 5 Amis unpreferable in view of |ight-screening

capabigddte or M achepLsecahdecuddie. f thrHahbakoamnsre s ooLer thatel. 5 Am the
flatness of the color filter is likely to be sacrificed and a |evel

di ffergnggetsS tH&8hYck nd1e isassedlsbheuigh 1herdd gl nacseedn NgorCapability
can be ensured..|If a surface level difference is caused, the |evel

di ff erengs, féanab@hid blli@1desifRasedreVeD df M (4608 ~BJflet30952 franspar ent
el ectroconductive filmor liquid crystal orienting ilmis formed on the

col or f ithtigk) AE hber 1QN19BL-AshYh il 8L IR Wi tof atdiﬁ:olmlqw skide/slal orienting
filmby rubbing becomes uneven,
chromium oxide nitride formed between chromium and the
transparent substrate.
The light-screening capability of tﬁe black matrix is
expressed by the OD value (common logarithm of ihverse number of
'transmittance). To improve the display grade pf the liguid
cfystal display device, it is preferable that the OD value is 2.5
§r more. More preferable is 3.0 or more. The film thickness of
the black matrix decides the uﬁper Jimit of the OD value.
In the case qf a resin black matrix using a black paste,
'it is preferable that the film thickness is 0.5 to 1.5 i4m. A
more preferable range is 0.8 to 1.2 #m. A £ilm thickness of less
than 0.5 Umisunpreferable in view of 1ight- screenlngcapablllty
In the case where the film thickness is more than 1.5 Lm, the
flatness of the color filter is likely to be sacrificed and a level
difference is likely to be caused, though the light-screening
capability cén be ensured. If a surface level difference 1is

caused, the 1evei difference can be little decreased even if a
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to.lower the display grade of the liquid crystal display device. To |essen

‘the surface level difference, it is effective to form a transparent

- protective filmon a color layer. As for the refl ectance OBtEF§2B&?Ck :
matri x, to decrease the influence of the light reflected at € interface

between the pixels and the |ight screening region for enhancing the

di spl a rade of the liquid stal. display device, ref erabl e that
Fatt 3

| [ t
the re Rireatcet el qdﬁmg:ér?\;ﬁsfjolfm PEm- et frlyééfllﬁro’!fjrs'F 08 sibl e

region-of 400 to 700 nm (Y valuel is 2%or less. More preferable is 1% or
| ess. FilRpAE fumedcenibe 99l t4anandthe peletidtdod Yetd@eatiton | ght
lowers the display contrast. A color liquid crystal display device using
past esOf dhecdigrid fpyespl RelentingsEiiméy BRPRIRY ReCOMEF WISHAYM cryst al
di splay device has a_liquid crystal |ayer held between a transparent
el ect r bl oygsthendd sRAAY FTEGIeoPT fihiet bt PRYS trhitdFRLeHtdewl%ct r odes, and
can be any color liquid crystal display device having the color filter
- produc®e kesiseg the durdecesievrl ddfsprence + dit L8 eIfpFEYS| B9 99 er can have
~a transparent protective layer on the color |ayers as required, and, for
exanpl @, tzangpr@enti pretect braned 1as opr arapared@dyéect r odes on the col or
filter, to oppose the transparent electrode substrate. 47 9 June 2005 The
t r anspar ent Asl £er tbdasfilesttaace Qgoshe ibdacH narwppote delrreade dibef i [t er has,
for exanple, patterned transparent electrodes forned as an ITOfilmon the
t r anspantlnemghboffr fhe, lighid fafilelvsedort, tife dntexdapkebetwren fihem t r ansi st or
(TFT) el enents, ' :

pixels and the light screening region for enhancing the display

grade of the liquid crystal display device, it is preferable that
~the reflectance corrected in terms of luminosity factor in a
visible region of 400 to 700 nm (¥ value) is 2% or less. More
.preferable is 1% or leés. If the reflectance is more than 2%,
the éurface reflection light lowers the display contrast.
Acolorliquidcrystaldisplaydeviceusingpastesforcolor
filter use is described below. A color liquid crystal display
device has a ligquid crystal layer held between a transparent
electrode substrate and a colof filter having transparent
electrodes, and can bé any color liquid crystal display device
'having the color filter produced using.said_pastes for color
filter use. The color filter can have a transparé;t”protective
layer on the color-layers as required, and, for example, an ITO
film is formed as transparent electrodes on the color filter, tq

oppose the transparent electrode substrate.
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thin filmdiode (TFD) el ements, scanning.lines and signal lines can be
provided to suit each purpose in additioen to the transparent electrodes on
the transparent el ectrode substrate, to prepare a TFR I|i q;éiﬁng%gé al

-di splay device or TFD liquid crystal display device. A color Tiquid
crystal display device can be produced by formng the color filter having
transparent el ectrodes and a i quid crI}_/staI orienting filmon the

I
t r anspar ent TBP ctIFRATER he AR SPPHHRYE D ROSH AL A T PPPPESt ment for
exanpl e by rubbing, scatteri nﬁ%spacers such as Igsti c beads, bonding the
col or ¥4t EP13Rd oFr dishar Pt EFEEPLBde RAIFETPEe YFEREABther using a
sealant, injecting a liquid cra/st_al froman inlet forned in the sealed
porti oh-edt@desafrHeed B& ARl EYC fHdm AR R £T28sPRELRL i SHUFFLFtae i s bonded
to the outside of the substrate and, for exanple, 1C drivers are nounted
to conpleferthersntice. fommex anpdre - Fhdm § brebrans bitay iFY eksmamdis di spl ay
device can be used as a display screen of an apparatus such as a personal
conput@rin ddld GrasteedTBP) adiegienser i srpnndagsidnes endnaiynit ildaesst ati on,
~liquid crystal television or video, and can also be suitably used for
| i qui dcar e pabvpdel dotdudit. e NRIIRG e4Bn 9dd ko g0 heThanspagsniton i s
descri bed below in nore detail in reference to exanples, but is not |imted
t her etolesrtrodesedy theFknandnareht- e eclinpdeoapbs brd e ErappirasFela- 3. The
.pol yi mi de precursor A-1, oligoam c acid dispersing
. TFR liquid crystal display device or TFD liquid crystal display
device.
A color liquid crystal display device can be produced by
forming the color filter having transparent electrodes and a
ligquid crystal orienting film on the transparent electrode
substrate, carrying out orientation treatment for example by
rubbing, scattering spacers such as plastic beads, bonding the
color £filter and the transparent electrode substrate to each other
using a sealant, injecting a liquid crystél from an inlet formed
in the sealed portion, and sealing the inlet. Furthermore, a
polarizing plate is bonded to the outside of the substrate and,
for example, IC drivers are mounted to complete a module.
The above-mentioned color 1iquid crystal display device can
be used as a display screen of an apparatus such as a personal
" computer, word processor, engineering workstation, navigation
station, liquid crystal television or video, and can alsc be
suitably used for liquid crystal projection.

EXAMPLES
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agent A-2 and pignment-di spersed red paste for color filter use
respectively used in the exanples were produced according to the follow ng
nmet hods.” A: Method for producing polyimde precursor A-1 9 June 2005 :
3,3 ,4,4" -bi phenyl tetracarboxylic dianhydride, 4,4 - diam nGdi phenyl et her
and bi s(3- am nopropyl) tetranethyl disiloxane were caused in react with
each other in a m xed sol yent consi S%I?v?%g()f T£%F%Bd NVP, to obtain a

sol ution of 15§ ¥R P Erdpeoribedbe M6& rOHERF S goami ¢ aci d
- dispersing agent A-2 3,3 ,4,4' -di phenyl sul fonetetracarboxylic di anhydride,
anhydr bAsSHRRRAS /| PRtcidi 2thydmided sharety;omithsdeBKeny! sul fone and bi s(3-
am nopropyl) tetranethyl disil oxane were caused to react with each other in
7 BL sBreEmtes dnd ©thENBnERMRERAE 1Y EEERIeH ©-- ai noant hr aqui none, to
obtain a solution _of oligoam c acid  dispersing agent A-2. C. Method for
produci ng pi%teMolyighde SBECRIPISt A flor TGIAMLE| fEEd dEPEFEEHI ents were
stirred at 7000 rpmfor 30 minutes using a honogeni zer.g_produced by N ppon
Sei ki Saeshildughendaptengiirglispereed jwrd 206%e §PaswivEadslteEBA3R produced by
- Toshi ba Barodieni) to obtain a pignment dispersion, and it was diluted to
obt ai nrespetiiveiasueedfint tiee fFRhDhe f Ferenpoedudeghaceerdinedatdm 5.1 w9 .
The viscosity of this red paste was 23 nPas.
following methods.
A: Method for producing polyimide precursor A-1
3,3',4,4"' -biphenyltetracarboxylic dianhydride, 4,4'-
 diaminodiphenyl ether and bis(3-
aminopropyl) tetramethyldisilo:éane were caused in react with each
other in a mixed solvent consisting of 7BL and NMP, to obtain
a solution of polyimide precursor A-1l.
B: Method for producing oligoamic acid dispersing agent A-2
3,3',4,4'-diphenylsulfonetetracarboxylic dianhydride,
anhydrous pyromellitic dianhydride, 3,3"-
diaminodiphenylsulfone ‘ and bis(3-
aminopropyl) tetramethyldisiloxane were caused to react with each
other in 7 BL solvent, and the ends were sealed with 2-
aminoanthraquinone, to obtain a sclution of oligoamic acid
dispersing agent A-2.
C: Method for producing pigment-dispersed R paste for color filter
use
Ingredients were stirred at 7000 rpm for 30 minutes using

a homogenizer (?roduced by -Nippon Seiki Seisakusho) and using
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Red pignent 1: Pignent Red 254 0.8 wt% Red pignent 2: Pignent Red 177 0.3
w % Yell ow pignent: Pignent Yellow 138 0.3 wt% Dispersing agent:
-Adigoamc acid A-2 0.1 m% Resin: Polyindide precursor A- b Rir8 2%%)
Sol'vent: NMP, T BL 94.9 wt % The | eaf coater (die coater) shown in Fig. 1
using the die coating nethod was used to coat 100 cl ean gl ass substrates

par i PR BeafeokBhran Wiopnne” B Freb it MeeMRR Cte "Rl i< shown

in Table 1. 5Q.9 June 2005, Tabl e 1, .Coher.i Materi al Young' Filtration
part oo Eaeng i RpetEfod T ng, Lo S TRarE B PR o veR Bt || 1y
medi um I\/Pa% %ﬁ/irr),(Note 1 _(t(Ni;(ogte 2) ;/s n2) substrate) (Note 4) (Note
3) Exafpl £Ma ERLIOWH sComreeitdssy (sed srplcé’nfeéﬁ ?-80#tF3 - 5002 Good
Exanpl e. 3 SUS 200, 000 3 500 0 Good Exanple 4 SUS 200,000 3 300 2 Good
Exarrplﬁél@%Yzeé,%Bs FehPastepygs 23 mbPars.

Red pigment 1: Pigment Red 254 0.8 wt¥
Red pigment 2: Pigment Red 177 0.3 wt?
Yellow pigment: Pigment Yellow 138 0.3 wts
Dispersing .agent.: Oligoamic acid A-2 0.1 wt%
.Resin: | Polyimdide precursor A=1 3.6- wtd
- Solvent: NMP, 7 BL 94.9 wt%

The leaf coater (die coater) shown in f‘ig. 1 using the die
coating method was used to coat 100 clean 'glass substrates (0.62 '
mx0.75m), and the chanlge in the number of polymer gel particles
and cohering pigment particles was examined. The result is shown

‘in Table 1.
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Exanpl e 6 SUS 200,000 10 500 5 Good Conparative Exanple 1 PTFE 25 4 500 50
-Poor Conparative.PTFE 254 300 89 Poor Exanple 2. Conparative - PP 30 5
500 30 Poor Exanple 3 Note 1. GF: d ass fibers. SUS: SUSSl@ﬁ%gI%OO t hyl ene
tetrachl oride Note 2: The value of a resin was neasured according to JIS K
6911, and the value of GF or SUS was neasured using a tensile testing
‘machi ne. Note .3: The total number of polyner gel particles and cohering

pi gment_parti c]1 es of 10 /Imor _nore in projection height on the first
substrnate after start, of chnagtsi;ng was cqunt ed. tCehedingThe | ncredse of the
parti ¢l es stated I n was exam ned |afttestioonbdrruwaes| ycoe0at iing 100

substfates. (Godd:™THE mUBBEF® | tt1e i ngreasad. [PoRb.AN| appalept tendency
of in¢rease was db&erved. Y¥5B31 9 Juitem20( S54/L NFonpar.ative gx@ gs 1 to 3
where|filter nedifathavi|ngvae¥Young' s nodyl Us o ' lless t han| 200 a fwere used,
the total nunber of pdlyner ge| particlles and dof®&FFrid pi gment particles
(expr eBseddedi npl y & "dohérdong partécles” ixethg table) pf dddau [mor nore
~in pr opERECOT e gl WaS ey AT g8, So iyt e ndjvirdpat _partiicl es are
renoved using.any publilcly known proje¢tion renopving technique such as a
pol i shfnepiedpe) i t5U% akgs 200.000 3 500 0 Good
Example 4 SUs 200,000 3 300 2 Good
Example 5 SUs 200,000 5 ~ 500 2 Good
Example & - . 503 240,000 10 500 5 Good
Comparative -
PTYE 25 4 500 50 . Poor
Example 1
Cémparative
PTFE 25 4 300 89 Poor
Example 2. :
Comparative : '
PP 30 5 500 30 Poor
Example 3

' Note 1: GF: Glass fibers SUS: SUS316 PTFE: Ethylene tetrachloride
i Note Z: The value of a resin was measured according to JIS K 6911, and the value of
" GF or SUS was measured using a fensile testing machine.

Note j: The total number of polymer gel particles and cohering pigment particles of
10 fmor more in projection height on the first substrate after start of coating
was counted,

Note 4: The increase of the particles stated in Note 3 was examined after continuously
coating 100 substrates. (Good: The number Iittle increased. Poor: An apparent

tendency of increase was observed.)
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a long time for renoving the projections, to substantially |ower the
production yield of color filters. If such a substrate is used for a color
filter without renoving the projections, the cohering par%iﬁ}géoﬁfntact
the opposite transparent el ectrode substrate, to nake pixel'ae ects in
~the liquid crystal display elenment. Since the nunber of cohering particles
in the continuous coating of 100 substrates apparently tended to increase,
it was necdssépypavaekchixgeples I idd érwhere fileguemefiya Mawvitdge ot her

hand, in Exanples 1 to 6 where filter nmedia having a Young's nodul us of
200 MPa Youngds enoterlesusdess handdieHPa ofereolssyd ngheaptat|msnheas smal |, and
the individual particles can be renoved using a publicly known projection

renovi of) tpediniegUege Bugiarascaepoldmhi pgheapeg Edpgeenal |yartidheanpl e 3 where
a filter medium nmade of sintered stainless steel and having the small est

pore Siéﬁpﬁ%ﬁ%edU§Eﬂ%1§*a% genesBinOPapti604LT HAGIABbEL§Soflild pot occur at
all. 52 9 June 200 Exanples 1 to 6 did not show a tendency of increase

~in themngpbreref i60peblBgt PoH thl @ iwhd RA160MdryeQUs seQatiitngf 100
substrates, and the frequency of exchanging the filter can be |ow. Exanple

7 On aifaifidnaini g iie1@sk adie ghasSvaUbEbing € aal JRD1Ec4§5 kdvwn formed was
a 1l umthick black matrix filmhaving a lattice having a pitch of 456 um

i'n t hepteded@londi-&@6F i t8End Nfues UHSh I & pANEnaAngi tede Of t kakedm in the
longi tudi nal direction of the

a long time for removing the proj.gctions, to substantially lower

the production yield of color filters.

If such a substrate is used for a color filter without
removing the projections, the cOhering particles contact the
opposite transparent electrode substrate, to make pixel defects
in th_e liquid crystal display element.

Since the number of cohering particles in the continuous
coating of 100 substrates apparently tended to increase, it was
necessary to exchange the filter more frequently.

On the other hand, in Examples 1 to 6 where filte;‘ media
having a Young's modulgs of 200 MPa or more were used, the number
of cohering particles was small, and the individual particles can
be removed using a publicly known projection removing technique
such as a polishing tape. B

E;specially in Example 3 where a filter medium made of

" sintered stainless steel and having the smallest pore size was

used, the generation of cohering particles did not occur at all.
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‘substrate, a line wdth of 30.u m 1920 RGB pixels in the |ongitudinal

“.direction of the substrate and 480 RGB pixels in the l|ateral direction of

the substrate, and an overall diagonal length .of 14.4 incheg (2485 in

‘the lateral direction of the substrate and 292 nmin the I'ongrtud nal

direction of the substrate). The black matrix filmused titanium oxide

nitride as the light- screening ggfnt and gol am_ c acid as the binder. The
£ e

coating sol JFIRIES 1k Potita %4 anhgn ¥ @EninEreastonht theFig. 8
havi ng numerous hol es 33a having a dianeter of 0.5 mmto have a rate of
hol e aP®BPYF FHFCIET PPt TIeEMisc tBenconsinuous: coahing folPin Fig. 9
having scope-shaped through portions 34a denmarcated by 0.8 nmmthick
t hr ead§UBABC T TradRd NP frequshcy S s Wnoddw fhktemEaBAMLeY eam scr een
34, and a sintered stainless steel filter nedium having a pore size of 4
om andEBamRfleanket er of 90 nmas the filter nedium 31. The coating sol ution
filtration device 30 was a coating solution filtration device as shown in
Fig. 4, in Wi @0tReum 5higkjpneadoosl dlgissr aubspostragd 368 expdded
conically at a rate of 0.07 from the inlet 38 toward the filter nmedium 31
whi | e he fornedhakspaskage th3ed biacikechtodm Calhyhating natattofcd. 22 from
the filter nmedium 31 toward the outlet 39. In the |eaf coater (die coater)
shown haviiga fditwvofgsthen iabdweletatahgisettiorontftitd sabstrnidevi ce 30,
the buffer tank 25 was filled with an R paste prepared using polyamc acid
as t heandi adpttcla of X152 ez @onsi tthiend oafyitedirabudiretbicirons tharet hyl - 2-

substrate, a line width of -30 LU m, 1920 RGB pixels in the

longitudinal direction of the substrate and 480 RGB pixels in the

lateraldirectionofthesubstrate,andaﬁoveralldiagonal1ength

of 14.4 inches (219 mm in the lateral direction of the substrate

and 292 mm in the longitudinal direction of the substrate). The

black matrix f£ilm used titanium oxide nitride as the light-

screening agent and polyamic acid as the binder.

The coating solution filtration device 30 had a screen as

‘shown in Fig. 8 having numerous holes 33a having a diameter of

0.5 mm to have a rate of hole area of 60%, as the upstream screen

33, a screen as shown in Fig. 9 having scope-shaped through

portions 34a demarcated by 0.8 mm thick threads 34b to have a rate

of hole area of 90%, as the downstream screen 34, and a gintered

stainless steel filter medium having a pore size of 4 #4m and a

diameter of 90 mm as the filter medium 31.

The coating solution filtration device 30 was a coating

~.solution filtration device as shown in Fig. 4, in which the
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pyrrolidone and 3-net hyl - 3-.net hoxybut anol as the solvent, and further 10%
as solid content, of Pignent Red 177 as the pignent and having a viscosity
of 50 nPa s, and the coating solution was fed by the predefgLihped
quantity supply punp 14 at a discharge rate of 8,000 411s for a discharge
time of 3 seconds and at a suction rate of 3,000 IL 1/s for a suction tine
of 8 seconds from the buffer tank 25 to the die, while discharging air.
Under &RESERAL ®RESEPBNEBA {9XPRFIRA1OPTGRIEs atod peatee®f| §- 8 Bt ge air. The
die 17 used had a slip 17a having a gap of 100 9mand a width of 220 m
and t hEhelaARt S§uawasdetigf i1 Fepinanl e 3p aitilel e inksxnalepigatcy wet

washi ng, was coated uniformy on the entire surface with the coating

sol ut i ehaaredicedarPpgcabie adf a3rateriaf Ot.@2hfiven dheo il hgrtidd&kmess of 20
9m with the gap between the substrate 18 and the die 17 set at 100 9m
The coal etowansstthat eutdst d3%ed at 100 C for 20 m nutes using a hot plate
as a dryer. 54 9 June 2005 |In succession, it was coated wth a resist

sol uti on havinngha Iseifi dogbet didti eofod} Jantown Vvirs#bgi tly hatriBgotiteo have a
thickness of 10 am dried at 90C for 10 m nutes using a hot plate, was
exposedbanel cdevehgpsad uisiongf Al ot imnmaskicdad ,t hiee dadtfiergténk M5 renoved to

| eave the R pixel portions only, and was heated and cured at 260C for 30
m nut esasisiiiged woth pdatRe paStai prdpatedcaatihggpdliyars cohclxiaing thecol ors were
also formed wuniformy on the entire surface using the die coater, and

patterpegadd, & piigdarer sbRetsidld idfe 7 -butyrolactone, N-methyl-2-
' pyrrolidone and 3-methyl-3-methoxybutanol as the solvent, and
further 10%, as solid ceontent, of Pigment Red 177 as the pigment

and having a viscosity of 50 mPa *s, and fhe coating solution was

fed by the predetermined quantify supply pump 14 at a discharge

‘rate of 8,000 ul/s for a discharge time of 3 seconds and at a
suction rate of 3,000 #£1/s for a suction time of 8 seconds from

~the buffer tank 25 to the die, while discharging air. Under these
. conditions, it took 10 minutes to perfectly discharge air.
The die 17 lus-‘.ed had a slip 17a having a gap of 100 4m and
a width of 220 m, and the blank substrate 18, from which particies
were removed by wet washing, was coated uniformly on the entire
surface with the coating solution at a coating raﬁe of 3 m/min
to have a coating thickness of 20 M-m, with the gap between the

substrate 18 and the die 17 set at 100 fm.

The coated substrate was dried at 100°C for 20 minutes using -

a hot plate as a dryer.
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In this case, as the G color solution, used was a solution prepared using
Pi gnent Green, 36 to have a solid content of 10% and a viscosity of 40
nPas, and as the R color solution, used was a solution prepgaedoysi ng
Pigment Blue 15:6 to have a solid content of 10% and a viscosity of

nPas. Finally, 1TO was sputtered for vapor deposition, to produce a color
filter. The filmthicknesses of the produced color filters and the nunbers
of forned pdit PeressHikile Heda§ eertehvikh § rpagat olubhaprRIAER I egi ons
fornmed at the beginning and end of coating, the average thickness was 9.5
mm  and scdddageritrpet alindr abd pristestly off84. Im laversrdigknedSsubst rat e.
Conparative Exanple 4. Color filters were produced as described for Exanple
7, excepto thmt diiedatvent ot Ho ktinateomsdeng aehbb mbstaisedisas t he
filtration device. The fil mthicknesses of the produced color 55 9 June
2005 éxpasd aadddehelopsbersingf a fpiratedmpakt itddesheeceatiasfiidch sim |l arly.
‘In the irregular thickness regions forned at the beginning and end of

coat i ngemdvedl aveilageetthec Rnpsse Wasordts ome) onBnd driie was eliegesdwmder of
particles of 4 u mor nore was 7/substrate. 56 9 June 2005 CLAIMS 1. A

. | eaf coated £OPBIOP €€For 30 minutes using a hot plate.

Similarly, coating films of G and B colors were also formed
uniformly on the entire surface using the die coater, and
patterned in a predetermined lattice.

In this case, as the G color solution, used was a solution
prepared using Pigment Green 36 to have a solid content of 10%
and a viscosity of 40 mEa's, and as the R color solution, used
was a solution prepared using Pigment Blue 15:6 to have a solid
content of 10% and a viscosity of 50 mPa‘'s.

Finally, ITO was sputtered for vapor deposition, to produce
a color filter.

The film thicknesses of the produced color filters and the
numbers of formed particles were measured. In the irregular
thickness regions formed at the beginning and end of coating, the
average thickness was 9.5 mm, and the average number of particles
of 4 /m or more was 3/substrate.

Comparative Example 4:

Color filters were producéd as described for Example 7,

except that the conventional filtration device 50 was used as the

filtration device. The film thicknesses of the produced color

55




(a) a coating solution supply source, (b) a predeterm ned coating solution
quantity.intermttent ~supply neans, (c) a coating solution applying neans
for applying a coating solution to each blank -substrate, d),,a8o-bbht st
~coating solution flow pipeline connecting said coating solution supply
source with said predeterm ned coating solution quantity intermttent
supply neans, (e) a second coating solution flow pipeline connecting said
pr edetferitiensd awat thg sumbersnofudivrimed ipamddgilesewersupptasunsgans with said
coating solution applying neans, and (f) a coating solution filtration
‘means gimoMiagdd -i nIsatbe $ecandagodhiicgnest utregivrdd dpmpiggelatneghenni ch
conprises a housing having an inlet and an outlet of the coating solution
and a lgainoiggsehdt emd ofi kbattapn theansecagpodedkobssawds | 1&mmedi um
provided in the passage of the coating solution in said housing, wherein
(9) themdrotng' avepdygé usu@bet hesf iphtc@ficlesi o i gad dor cadicengrasol uti on
~filtration neans is not |less than 200 Mpa and (h) the pore size of the
filter7migtnaite.in the range of 0.05 pmto 100 m and wherein (i) a
pressure gauge and a valve are installed in said second coating solution
flow pipeline in this order along the flow ng direction of the coating
solution and (j) said valve is closed at supplying the coating solution to
said coating solution filtration means to raise the
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internal pressure thereof and said valve is suddenly opened when the
pressure detected by said pressure gauge reaches a set value to discharge
the-air remaining inside said coating solution filtration nBdage 205 A | eaf
coater according to claimi1, wherein said filter mediumin said coating
solution filtration means conprises a sintered netal. 57 9 June 2005 3. A
| eaf coat'@*¥Ecording to claim1l or 2, wherein said passage of the coating
solutioni.n sai c_[eg@a&d,angarsgbﬂpkpgbs fi I trati on neans has a shape of snoothly
expandi ng from said inlet toward said filter medi um and/ or snoot hing
reduci ng from ‘3ai & FPREERY REDUGAPE oW YsSPUE SRt | et, and the expandi ng
and/ or - reduci@mg rat reastormdo doheikgl aiien oaf qw@tiftq) | i@ RG: £ irul a
(1) and/or (IIS) 9 025 < hIN (dFLT - dIN) : 1.0 (I) 0.1 hoUT/ (dpLT -
dour) S 1.0 (ITFPL¥HE?¥SAI N Bore of the inlet [nm] dour: Bore of the
outlet [mj dRkT: a aﬂe&ﬂn@ctsuahtyomsagptginéh [ |:r]Icelé1lﬂtsl Of i S_abb@%mim% I taﬁrour
medi um hl N: t ance to the filter medium
Di stanc[en?]r omctoﬁélﬁ%ﬁ utignt ha Eféiciht g)rlaﬁlécﬁ‘iﬂ"ﬁ “CPhif 4. A leaf coater
according to cldai mal fi2sorcdtinierseilat Bos CTIeN pibsl pioaedcadiaceend y to
said filter rn%%%%gkén §%Iu 180at| é%ly source with said predetermined
coating selution guantity intermittent supply means,

(e) a second coating solution flow pipeline connecting

said predetermined coating solution quantity intermitten
supply means with said cecating solution applying means, and

{f) a coating solution filtration means provided in said
second coating solution flow pipeline, which comprises a
housing having an inlet and an outlet of the coating

solution and a ceating solution filtration means composed of

a filter medium provided in the passage of the coating
solution in said housing, wherein

{g) the Young’s modulus of the filter medium in said
coating sclution filtration means is not less than 200 Mpa
and

(h) the pore size of the filter medium is in the range of
0.05 pm to 100 um, and wherein

(i) a pressure gauge and a valve are installed in said
second coating solution flow pipeline in this order along
the flowing direction of the coating solution and

(}) said valve is closed at supplying the coating solution
to said coating solution filtration means to raise the
internal pressure thereof and said valve is suddenly opened
when the pressure detected by said pressure gauge reaches a
set value to discharge the alr remaining inside said coating

solution filtration means.
2. A leaf coater according to claim 1, wherein said filter

medium in said coating solution filtration means comprises a

sintered metal.
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solution filtration neans downstreamof said filter nedium and the rate
of hole area of said screen is not |less than 60% 5. A |leaf coater
~according to any one of the preceding clains, wherein a saf@gR dgssprovi ded
adjacently to said filter mediumin said coating solution filtration neans
“upstreamof said filter medium and the rate of hole area of said screen

. is not less than 60% 6. A leaf coater according to any one of the
precedi Ag cl & Meat whetd™ afcaiimbartsealains provf déd arfuednt hedddat er al

~circunf geeptgal Jracenef s:ab@uﬁahl tenoredhumin said coatiing solwien
- filtration neans, to prevent the formation of any dead space. 58 9 June

2005 7 EIACFREIGD FRmSpr BRRICANG IPEST Gy pEietdtled SECiagesEromn SHidch

substratgsear eofat egdaaner byt anandituhy aeoati @gloaehmdj Of'echl)’cﬂﬁgarﬁonpf t he
| eaf coater as set forth in ang one of clainms 1 through , to produce

coat ed §8bSt Fut'ed, WIS ForAe vPatdsTty oF e téSaﬁXﬁ@ngb%t%W%upm i ed

from Salréd@@{g r}gat%0|dd>'&1lf6ﬁm§uﬂ@| Yhe SOl L6 onS JTOtL O IR 11 Bannd 08: 8RR anPas. 8.
A et hoq L {19 | eaf type coated substrates according to claim?7,
wher ei n ‘$ai Y é’ét Y solution is a slurry. 9. A nethod for producing | eaf

type coated subst ba@§§ DGO ( @hqg_ 4,9 d ai ;m 8, whereinrpaid slurry is a
pi gment di spersion. 10.=A nethod for producing | eaf type coated substrates
according to claPni 7 MBurdrd9; wWierei® tWe filtratioflfate of the coating

sol utiop, thr gﬁgh sa-d f4 lter . nedi u[rrpmi]n sai d coating solution
dopr: Bore of the outlet [mm]

Appr: Diameter actually used for filtratiorn in the

filter medium [mm]
hiy: Distance from the inlet to the filter medium [mm]

hegyr: Distance from the coutlet to the filter medium

[mm]

4. A leaf coater according to claim 1, 2 or 3, wherein a screen
is provided adjacently to said filter medium in said cocating .

solution filtration means downstream of said filter medium, and
fhe rate of hole area of said screeh is not less than 60%.
5. 1A leaf coater according to any one of the preceding claims,
_wherein a screen.is provided.adjacently'to said filter medium in
said coating seolution filtration means upstream of said filter
medium, and the rate of hole area of said.screep ;s not less than
60%.
6. A leaf coater according tb any one of the preceding claims,
wherein an annular seal is provided around the lateral
circumferential face of said filter medium in said coating
solution filtration.meané, to prevent the formatibn[of any dead

space.
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filtration device is not less than 100 g/s n2. 59 A LEAF COATER AND METHOD
FOR PRODUCI NG LEAF : TYPE COATED SUBSTRATES ABSTRACT A IeagJﬁg bggs 1N

whi ch a constant quantity of a coating solution is supplied  intermttently
froma coating solution supply source through a predeterm ned coating
solution quantity intermttent supply neans and a coating sol ution

appl yi ng, means 0 bl ank substrate,_ for coatin suhst r at.as: gne by
one Wi t% - t %“@%ﬁdﬁﬁogﬁﬂ?(?‘b%l,n%ﬂ‘frafc fez%%a%%gt%ﬁ%@a%acs%%ﬁ %g o) él}?i on
filtration nmeans is provided in the coat] solution fl ov¥.pirpgl [ neeangrom
sai d coatPPRtEdref iadre SAPHES ¥oRMeOPs Y HeT CoaPPhyPe iUt B Byt hy
means, and the Young's nodulus of the filter medium.in, the coatin

sol uti onofiFhe ateah FRAFRY iaS Rt TR Hah 2800 OfBa°f ﬁA]IF‘F’é‘-Stfﬁie‘%b’B?'gg}%i ze of

the filter mediumis in the range of 0.05 (err)mto 100 éerr m _and a
met hod f6r peodueingeceartadsabReraprEsSusvhgreddi Bhrekiseoattl T Hdtre 1.

coating solution supplied from said coating solution supply
‘source is not more than 100,000 mPa - s.

8. A method for producing leaf'type coated substratres according
to claim 7, wherein éaid coating solution is a slurry.

9. A method for produciﬁg leaf type coated substrates acchding
to claim 8, wherein said slurry is a pigment dispersion.

10. Alnethod.for'ﬁroducing'leaf type coated substrates according
to claim 7, 8 or 9, wherein the filtration rate of the coating
solution -through said filter medium in said coating solution

" filtration device is not less than 100 g/s - m’.
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9 June 2005

A LEAF COATER AND METHOD FOR PRODUCING LEAF.TYPE COATED SUBSTRATES
ABSTRACT

A leaf coater, in which a constant quantity of a coating
solution is supplied intermittently from a coa£ing solution
- supply source through a predetermined coating seclution guantity
intermittent sﬁpply'means and a coating solution applying means
to a blank substrate, for coating blank substrétes one by one with
" the coating solution, chafacterized in that a coating solution
filtrationmeansisprovidedinthecoatingsolutionflowpibeline
from said coating solution supply source to the coating solution

applying means, and the Young's modulus of the filter medium in

the coating solution filtration means is not less than 200 MPa,

while the pore size of the filter medium is in the range of 0,05

Mm to 100 Lm; and a method £for producing coated substrates using

said leaf coater.

- Figure 1.
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