[ NAME OF DOCUMENT] SPECI FI CATI ON
[ TITLE OF THE I NVENTI ON] I nk Conposi tion For

Hi gh-Quality/H gh-Definition ScreenPrintingwithDurability
and Fl exibility, PrintedMatter Producedbythe ScreenPrinting
I nk Conposition, and Met hod For Producing the Printed Matter
[ Techni cal Field]

[ 0001]

The present invention relates to an ink conmposition for
hi gh-quality/ high-definitionscreenprintingwithflexibility
and durability that is widely used for i mage pattern formati on
inthe field of graphics and the field of display panel name
plates, or infieldsrelatedtoelectric and el ectronic parts,
and particularly that can print inmage coating filnms having
excellent flexibility and durability onto printed nmatter that
is to be shape-worked into three-dinensional shapes in
post - wor ki ng of the decorativeprintedmatter for use as di spl ay
panel partsor packageparts, andal sot hat al | ows hi gh- preci si on
printing of fine patterns such as fine dot patterns and fine
linepatterns, aswel | asw de-areasolidpatterns, bythescreen
printingsinultaneouslyinasinglestep, andrelatestoprinted
matter produced by the screen printing ink conposition and
relates to a nethod for producing the printed natter.

[ Background Art]



[ 0002]

Inrecent years, infieldsrelatingtographic decorative
printed matter such as vehicleinterior device control panels,
househol d el ectrical appliance | abels and desi gns on tabl et
devi ce frames and encl osures, denands are i ncreasi ng for nore
conveni ent and | ow cost production of printed matter with
greater diversity of design and increasingly highdefinition,
having both fine patterns (for exanple, dot patterns with
diameters of about 100 uym, or fine line patterns), and wide-area
solid patterns. It is requestedto attain higher quality and
hi gher definition of the visibility of printed inmges that
conprise both fine patterns and solid patterns, by inproving
t he shar pness of t he i nage edge sectionsinsolidpatternswhile
al so obtaining a satisfactory |eveling property.

Moreover, in the fields of black stripe or black matri x
printing, as a type of graphics decoration in electric or
el ectronicfields, thereisadenmandfor obtainingahighdegree
of definition that provides sharpness to the printed i mages
wi t hout bl eeding or spreading, inadditionto stable printing
of finelines, andit is desiredto acconplish highdefinition
printing with satisfactory visibility in a single step
regardl ess of the size of the printedarea, for cost reducti on.

Al sorecently, wi thadvanci ngdi versityof product shapes,



andespeciallyfor printedmatter printedonthernoplasticresin
substrates such as plastic, it has become cormon to carry out
t hr ee- di nensi onal shape nol di ng by post - wor ki ng such as cur vi ng,
fol ding, or vacuum form ng or pressure form ng.

For thisreason, itisdesiredtoacconpli shanevengreater
| evel of precision of printed natter before shape worki ng, or
in other words need for increased high quality and high
definition, and thereis a strong desire for anink for screen
printingthat canproduce printedmatter havingbothdurability
and flexibility in order to foll ow shape working.

[ 0003]

In conventional screen printing, when printing a dot
pattern or fine line pattern of approximately 100 um, printing
is usually performed using a high-viscosity screen printing
i nk of about 10 to 200 Pa-s, with a reduced fl ow property, but
printing of solid patterns with such hi gh-viscosity screen
printing inks cannot avoid creation of |eveling defects or
printing abnormalities in the solid patterns due to the poor
fl ow property, and as a result the visibility of the printed
matter isinpaired. Furthernore, when al ow viscosity screen
printingink of several Pa-sis usedfor satisfactory printing
of solid patterns, it has been i npossi ble to avoi d spreadi ng

of ink that may exceed about 50 to 100 uym at the solid pattern



i mage edge sections, or enl argenent, spreadi ng or bl eedi ng of
finepatterns, that inpairthevisibilityof theprintednmatter.
Thus, screen printing of fine patterns and solid patterns is
performed separatelywithdifferent i nks suitably preparedfor
each, and it has been considered difficult to produce printed
matter by screen printing of asingle step conprisingboththe
fine patterns and solid patterns nmenti oned above, as well as,
for exanple, solid patterns with sizes of about 100 nm square
that are adjacent across fine spacings of about 100 um.

In addition, it has been consi dered even nore difficult
toinpart performance for shape workingto suchinks for screen
printing that can produce high quality and high-definition
printed matter in a single step.

[ 0004]

Here, ink jet printing is considered to allow
hi gh-precisionprintingof printedmtter conprisingbothfine
patterns and solidpatternsinasinglestep, and nany attenpts
have been nmade to acconplish high-quality/high-definition
printing by ink jet printing, however, since ink jet printing
i nvol ves sprayi ngi nkdropl etsfromaheadnozzl ewi thadi aneter
of about 30 um, which spread out to about 50 uym at minimum when
the dropl ets i npact with the object being printed, it has been

the case that such printing | acks sharp linearity especially



at i mage edge secti ons.

Furthernore, inks for ink jet printing is requested to
have | ow vi scosity of about a few nPa-s due to the printing
mechani smt hat i nj ect s dropl ets as descri bed above, whi |l e maj or
restrictions onthe materials remain for using such i nks, and
fatal difficultiesregardingthemterial sremainforinparting
suitability for shape processingw thexcellent durability and
flexibility.

[ 0005]

I naddition, offset printingisestimtedtobeaprinting
systemthat allows creation of high-quality/high-definition
printed nmatter. However, since the structure of the printing
plate is mesh-state, resultinginthe printed inmges that are
aggregated prints of halftone dots, it is inpossibleto avoid
alack of sharplinearity at i mage edge sections as i s the case
of inkjet printing. Inaddition, theprintingfilmthickness
is narrow at about 1 to 2 um, and when compared with screen
printed matter, they areinferior to screen printed matter in
ternms of high filmthickness, high durability, high weather
resi stance, high chem cal resistance, strong adhesi on onto a
vari ety of objects to be printed and high functionality, as
wel | assuitabilityfor shapeworking, andsotheyareunsuitable

for creation of printed matter with curves, folds and shape



wor ki ng, for which greater durability and functionality are
desi red for designs onvehicleinterior device control panels,
househol d el ectri cal appli ance di spl ay panel s, tabl et term nal
frames and packages, and bl ack stripes or black matrices for
l'ight nmodul ation in electrical and el ectronic parts.

[ 0006]

Prior Patent Docunment 1 (Japanese Unexam ned Patent
Application Publication No. 2010-047716) and Prior Patent
Docunent 2 (Japanese Unexam ned Pat ent Appl i cati on Publicati on
No. 2010-047649) each di scl ose a conductive i nk conposition
and conductive coating fil mfor screen printing that can form
hi gh-definition patterns, but techniquesrelatingtothe flow
property of ink for printingw th both fine patterns and solid
patt erns have not been pursued, and so whil e fine patterns can
be obtained with satisfactory printing precision, inthe case
of solid patterns, the |l eveling property is poor and printing
abnornmalitiesaregenerated. Furthernore, thetechnical scope
of Prior Patent Docunent 1 is restrictedto printing of fine
patterns with t he conductive i nk conposition, and it does not
di scl ose technol ogy relating to an i nk conposition for screen
printingthat i s suitablefor shapewrkingandisprintedwth
hi gh precision onto thernoplastic resin substrates.

[ 0007]



In addition, in Prior Patent Docunent 3 (Japanese
Unexam ned Pat ent Appli cati onPublicationNo. 2003-238876) and
Pri or Pat ent Docunent 4 ( Japanese Unexam ned Pat ent Appl i cati on
Publ i cati on No. 2003-294930), ink conpositions for screen
printing allow ng formati on of high-definition patterns are
di scl osed, and sim lar to Prior Patent Docunent 1, technol ogy
for highly preciseprintingof finepatternsis disclosed, but
foll ow ng technol ogi es are not disclosed.:
technology relating to ink conpositions for simultaneous
printing of fine patterns and solid patterns in a single step,
andtechnol ogyrel atingtoani nkconpositi onfor screenprinting
that is suitable for shape working and is printed with high
preci sion onto thernoplastic resin substrates.

[Gtation List]

[ Pat ent Docunent ]

[ 0008]

[Prior Patent Docunent 1] Japanese Unexam ned Patent
Application Publication No. 2010-047716

[Prior Patent Docunent 2] Japanese Unexam ned Patent
Application Publication No. 2010-047649

[Prior Patent Docunent 3] Japanese Unexam ned Patent
Application Publication No. 2003-238876

[Prior Patent Docunment 4] Japanese Unexam ned Patent



Application Publication No. 2003-294930
[ SUMWWARY OF THE | NVENTI ON]

[ Problens to be Sol ved by the Invention]
[ 0009]

The present invention has been acconplished in |light of
the problens described above, and it relates to an ink
conposi tion for high-quality/high-definitionscreenprinting
that has both durability andflexibility whichallows printing
of both fine patterns such as fine dot patterns or fine line
patterns, and wi de-area solid patterns, simultaneously in a
single step by screen printing, which has been consi dered
i npossi bl et oachi eve by conventi onal screenprinting, andal so
that makes it possibletoobtainprintedmatter that i ssuitable
for shape working, as well as to printed matter produced by
thescreenprintinginkconpositionandtoanethodfor produci ng
the printed nmatter, and especially to printing onto
t hernopl astic resin substrates.

[ Means for Sol ving the Probl ens]
[ 0010]

The invention relates to an i nk conposition for screen
printing to be used onto a thernopl astic resin substrate that
canproduceprintednmatter conprisingbothasolidinagepattern

and a fine image pattern with the spreading width of no nore



than 10 um from the image design dimensions of the printing
pl ate at the edges or outlines of any section in the printed
i mage, when producing printed matter by screen printing onto
athernopl asticresi nsubstrateusi nga360-neshscreenprinting
pl at e f or med by a hi gh- strengt h, non-def orm ng st ai nl ess st eel
mesh with a filament diameter of 25 um,

wherein the neasured flow radius value of the ink
conpositionis 13.0to 24.0 mmafter 1 minute fromthe start
of measur enment by afl owproperty neasuri ngnet hodusi ngaspread
nmeter at 25°C according to JI'S K5701-1: 2000,

theinequality"F60" - "F45" =1. 0nmmi ssati sfied, wherein
"F60" i sdefinedastheneasuredflowradi usvalueafter 1 mnute
and "F45" is defined as the neasured fl ow radi us val ue after
45 seconds fromthe start of neasurenent by the fl ow property
nmeasuri ng nmet hod using the spread neter,

the viscosityis 5to 180 Pa-s as neasured with a BHtype
rotating viscosineter at 25°C,

the thixotropic index (Tl value) is 2.0 to 8.0,

t he conposition contains a solvent with a boiling point
of not |less than 170°C at not | ess than 70 mass%of the tot al
sol vent and

a thernopl asti c pol yner wi th a wei ght - average nol ecul ar

wei ght of not | ess than 4000 and with a Tg (softeni ng point)



of 20 to 95°C at not |less than 10 nass%w th respect to the

total ink conposition, and that can produce printed nmatter,
whereinthe printedimge coating fil mhas an el ongati on

per cent age of not | esst han 250%under vacuumf or m ng or pressure

f orm ng.

[Effect of the Invention]

[0011]

According to the ink conposition for screen printing
grounding on to the invention, it has becone possibleto form
printed matter conprising conbinations of fine patterns and
| arge-areasolidpatternswi thhighqualityandhighdefinition
by screen printingw th asinglescreenprintingstep, form ng
printedcoatingfilnms having sufficient adhesion, durability,
flexibility and shape working suitability on thernoplastic
resin substrates.

[ Best Mode for Carrying Qut the Invention]
[0012]

As is nentioned above, the invention relates to an ink
conmpositionfor screenprintingtobeusedontoathernoplastic
resinsubstratethat can produce printedmtter conprisingboth
asolidimagepatternandafineimgepatternw ththespreading
width of no more than 10 um from the image design dimensions

of the printing plate at the edges or outlines of any section
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inthe printed inmage, when producing printed matter by screen
printingontoathernoplasticresinsubstrate usinga 360-nesh
screen printingplatefornedby ahigh-strength, non-deform ng
stainless steel mesh with a filament diameter of 25 um,

wherein the neasured flow radius value of the ink
conpositionis 13.0to 24.0 mmafter 1 minute fromthe start
of measur enment by afl owproperty neasuri ngnet hodusi ngaspread
nmeter at 25°C according to JI'S K5701-1: 2000,

theinequality"F60" - "F45" =1. 0nmmi ssati sfied, wherein
"F60" i s definedastheneasuredflowradiusvalueafter 1 mnute
and "F45" is defined as the neasured flow radius value after
45 seconds fromthe start of neasurenent by the fl ow property
nmeasuri ng nmet hod using the spread neter,

the viscosityis 5to 180 Pa-s as neasured with a BHtype
rotating viscosineter at 25°C,

the thixotropic index (Tl value) is 2.0 to 8.0,

t he conposition contains a solvent with a boiling point
of not | ess than 170°C at not | ess than 70 mass%of the total
sol vent and

a t hernopl asti c pol yner wi th a wei ght - average nol ecul ar
wei ght of not | ess than 4000 and with a Tg of 20 to 95°C at
not | essthan 10 mass%w t hrespect tothetotal i nk conposition,

and that can produce printed nmatter,
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whereinthe printedimge coating fil mhas an el ongati on
per cent age of not | esst han 250%under vacuumf or m ng or pressure
f orm ng.

As conpati bl e state of solidimge patterns andfinei mge
patterns according to the invention, it nmay be exanpl ed for
printed images that are dot patterns of about 50 to 100 um,
fine line patterns of about 50 to 100 uym, any of various solid
patterns with an area of about not |less than 25 cnf, and
conbi nat i ons of t heset hat ar e adj acent acr oss spaci ngs of about
30 to 150 um.

[0013]

The invention is also an ink conposition for screen
printing wherein the solvent with a boiling point of not |ess
t han 170° Ci ncl udes i sophor one and/ or a di al kyl adi pate ester.
[ 0014]

The invention is still further an ink conposition for
screen printing wherein the wei ght-averaged Tgis 45 to 90°C,
when the Tg of a single or of multiple thernoplastic polyners
present in the ink conposition for screen printing is
wei ght - aver aged.

[ 0015]
The invention is also an ink conposition for screen

printing, wherein the thernoplastic polynmer is a polyester

12



resin.

[ 0016]

Theinventionstill further relatestoanink conposition
for screen printing, wherein the i nk conposition contains at
| east onecol ori ngmateri al, extender pi gnment andfiller, either
of one type or nultiple types or a conbi nation thereof, and
thecol oringmateri al, extender pi gnent andfill er aredi spersed
in the ink conposition with a mean particle size of no | ess
than 35 um.

Theinventionstill further relatestoanink conposition
for screen printing that is an ink conposition for graphic
decorative screen printing.

Theinventionstill further relatestoanink conposition
for screen printing that is an ink conposition for screen
printing to be used for black matrix, black stripe, resist
pattern, spacer or |ight guiding panel dot fornation.
[0017]

The invention still further relates to printed matter
formed by screenprintingontoathernopl asticresinsubstrate,
using the screen printing ink conmposition.

The invention still further relates to a nmethod for
produci ng printed matter, wherein printed matter i s produced

by t he screen printinginkconpositionfor screenprintingonto
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a thernoplastic resin substrate.
[ 0018]

The i nk conposition for screen printing of theinvention
cont ai ns a sol vent with a boiling point of not | ess than 170°C,
at not | ess than 70 mass%of the total solvent. |f the solvent
with a boiling point of not | ess than 170°Cis not present in
an anmount of at | east 70 nmass%of the total solvent, rapidink
drying on the screen printing plate will cause cl oggi ng due
toanink-driedcoatingonthescreenprintingplate, anddefects
wi |l be producedinthe fine patternor at the solidimge edge
sections, making it inpossible to obtain a high-definition
printed matter with high quality.

[ 0019]

There are no particular restrictions on solvents ot her
than the solvent with a boiling point of not |less than 170°C
to be present in the ink conposition for screen printing of
the invention, but inorder to attenuate the evaporation rate
of the solvent with a boiling point of not |ess than 170°C,
by azeotropic evaporation, and obtain nore satisfactory
stability of the screen printingink conpositiononthe screen
plate, it is preferred to use sol vents whose boiling points
are not bel ow 100°C.

[ 0020]

14



The solvent with a boiling point of not | ess than 170°C
according to the invention may be Iist up a m xed sol vent of
but yl cel | osol ve acet at e and di al kyl adi pate ester, an organic
solvent such as isophorone, 3-nethoxy-3-nethyl butanol,
3- met hoxy- 3- net hyl butyl acetate, coal tar naphtha with a
boi | i ng poi nt of not | essthan170°C, di et hyl enegl ycol nonoet hyl
et her (acetate), diethyleneglycol nonobutyl ether (acetate)
or triethyl eneglycol nonobutyl ether (acetate), and/or a
(et h) acryl ate nononer, vinyl ether nmononer or am de nononer
t hat hardens under activating energy rays.

Particularly preferred anong these is a solvent of
i sophorone and di al kyl adipate ester fromthe viewpoint of
satisfactory solubility of resins in the ink conposition and
satisfactory wettability of the thernoplasticresinsubstrate
on t he surface, which makes it easi er to obtain nore excell ent
adhesion. A solvent including a dialkyl adipate ester is
commerci al |y avai | abl e under the trade nane Fl exi sol v DBE, by
I nvi st a.

[ 0021]

Preferred exanpl es of solvents whose boiling point is
not bel ow 100°C, according to the invention, include xylene,
cycl ohexanone, coal tar naphtha with a boiling point of 160

to 170°C, mneral spiritswthaboilingpoint of 150to 170°C,
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1- met hoxy- 2- pr opanol , 1- met hoxypropyl - 2- acet at e and
di acet one al cohol .
[ 0022]

The sol vent of the i nventi on needs only contain not | ess
than 70 mass% of a solvent with a boiling point of not |ess
than 170°C anong the total solvent, but in order to further
stabilize the screen printing properties for fine patterns,
the boiling point of the solvent is preferably not |ess than
190°C.

However, since using mneral oil or vegetable oil with
a boiling point exceeding 250°C as the solvent results in a
poor drying property of theprintedcoatingfilm whenasolvent
havi ng a boiling point of not | ess than 250°Cis used, it is
preferably used at not nore than 25 mass%of the total sol vent
amount .

[ 0023]

I n addi tion, the ink conmposition for screen printing of
the i nvention contains at | east a thernoplastic polyner with
a wei ght - average nol ecul ar wei ght of not | ess than 4,000 and
a Tg of 20to 95°C, as a binder resin, at not | ess than 10 nass%
with respect to the total ink conposition
[ 0024]

If the weight-average nolecular weight of the

16



t her nopl astic polyner is |less than 4,000, disadvantages may
resul t, includi ng weakeni ng of the adhesi on and durability of

the printed coating filmon thernoplastic resin substrates,

and nelting of a portion of the printed coating fil mby heat

duri ng shape worki ng. Ontheother hand, if t he wei ght -aver age
nol ecul ar wei ght is greater than 200, 000, di sadvantages nmay
result including poor solubility in the solvent and a | arge
anmount of tine and effort being necessary for production of

the i nk conposition, as well as the need for shape worki ng at

hi ght enperatureinorder toensuresufficient el ongati onduring
shape working. Therefore, a nore preferred wei ght-average
nol ecul ar wei ght range i s about 4,000 to 100, 000, and an even
nore preferred range is about 5,000 to 50, 000.

[ 0025]

One or nore thernopl astic polynmers may be used, and the
Tg of the thernoplastic polyner(s) is 20 to 95°C.

If the Tg is lower than 20°C, the ink printed coating
filmw |l have reduced cohesion, resulting in inconveni ences
such as fusion in portions of the ink printed coating fil mby
t he heat of shape workingandthelike, whileif the Tgis higher
t han 95°C, the sof teni ng property by heati ng of theink coati ng
filmw Il be poor and it is inpossibletoobtainsufficiently

t he necessary el ongation properties during shape working.
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[ 0026]

The preferred range for the Tg properties of the
t her nopl astic polymer is a wei ght-averaged Tg of 40 to 90°C,
when t he Tg for one or nultipl e thernopl asti c pol yners present
in the ink conposition for screen printing has been
wei ght - aver aged.

The wei ght -averaged Tg hereinreferredis, for exanpl e,
when t her nopl asti c pol ynmer A and t hernopl astic polyner B are
present in the ink conposition, the Tg cal cul ated as fol | ows:
Wei ght - averaged Tg = [ (Tg of thernoplastic polymer A x nmass%
of thernoplastic polymer Ain the ink for screen printing) +
(Tg of t hernopl asti c pol ynmer B x mass%of t her nopl asti ¢ pol yner
Binthe ink for screen printing)]/[mss% of thernoplastic
pol ymer Aintheinkfor screenprinting+nass%of t hernopl astic
polymer B in the ink for screen printing].

If this weight-averaged Tg is 40 to 90°C, it is easy to
obtain a printed coating film having no defects and havi ng
suf ficient el ongati onproperties, by vacuumf orm ngor pressure
formng in which a three-di nensional shape is forned while
appl yi ng heat of about 150 to 190°C.

On the other hands, it was found that a Tg range of 40
to 90°Cis nore preferred for the thernoplastic polyner inthe

printingink, whennul tipl ethernopl asti c pol yners are present,
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it was found that simlarly favorabl e results can be obt ai ned
if the weight-averaged Tgis 40 to 90°Ceven if each Tg is not
in the range of 40 to 90°C.

Thereasonfor thisisnot entirelyclear, but the present
i nventors presune that possibly the low Tg thernoplastic
pol ymer (whi ch must of course have a Tg of not | ess than 20°C)
and the high-Tg thernopl astic polyner (which nust of course
have a Tg of no hi gher than 95°C) behave as if they were one
type of integrally fusedresininthe printingink, thelow Tg
t hernopl astic polyner portion contributing to ensure the
t hernosoftening property and elongation property and the
hi gh- Tg t her nopl asti ¢ pol yner portion contributing to ensure
t he heat fusion resistance.
[ 0027]

Furthernore, in the case that the content of the
t her nopl astic polyner with a wei ght - average nol ecul ar wei ght
of not | ess than 4,000 and a Tg of 20 to 95°Cis |l ess than 10
mass%of the total ink conmposition, this nay | ead to reduced
adhesi on and durability of the printed coating filmonto the
t hernopl astic resin substrate, and undesirable results such
as | evel i ngdef ects or pi nhol egenerationintheprintedcoating
fil mduetopoor di spersionof thecol oringagent, andt he anount

of pol ymer asink bi nder will beinsufficient for shape wor ki ng,
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maki ng it i npossi bl eto obtai nadequat e el ongati on properti es.
Onthe ot her hand, i nthe casethat the content exceeds 70 mass%
the viscosity may becone too high making it difficult to
acconpl i sh uni formscreen printing, or themxingratio of the
solvent with a boiling point of not less than 170°C will be
| ower, tending to result in easier drying of the ink on the
screenprintingplateandtendingtoresult incloggingof fine
patterns. Therefore, a nore preferred thernopl astic pol yner
content i s about 11to 70 nass%w th respect tothetotal anpunt
of ink conposition, a nore preferred range is 12 to 65 nass%
and a nost preferred range is 13 to 60 mass%
[ 0028]

The thernoplastic polyner of the invention has a
wei ght - aver age nol ecul ar wei ght of not |ess than 4000 and a
Tg of 20 to 95°C, and there are no particul ar restrictions on
the type or mxing ratio as long as the content is not |ess
than 10 mass% with respect to the total anount of the ink
conposi tionandnogreater than70mass%whi chal | ows di ssol uti on
inthe solvent intheinkconposition, althoughit is desirable
toavoi dhi ghl y hazar dous har nf ul subst ances, such as subst ances
that are strongly toxic for humans or organi sns or substances
that create a high environnental | oad.

[ 0029]
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Exanpl es for t he t her nopl asti ¢ pol ynmer i ncl ude pol yest er
resins, various types of nodified polyester resins such as
ur et hane- nodi fi ed pol yester resins, epoxy-nodi fied pol yester
resins and acryl-nodified pol yest er resins, vi nyl
chl oride-vinyl acetate copolynmer resins, butyral resins,
pol yet her -ur et hane  resins, pol yest er-ur et hane resins,
pol ycar bonat e- ur et hane resi ns, epoxy resins, phenol resins,
acrylic resins, polyanm de resins, polyan deimnmde resins,
pol yol efi nresins, chl ori nat ed pol yol efi nresins, chl orinated
rubber, mel am neresins, urearesins, nodifiedcellul oseresins
suchasethyl cellul oseresin, nitrocellul oseresins, cellul ose
acet at e butyrate (CAB) and cel | ul ose acet at e pr opi onat e ( CAP)
rosinresins, mal ei caci dresins, natural resi nsandal kydresi ns,
any of which nmay be used al one or in conbination.

Anmong t hese thernopl astic polynmers, polyester resins,
uret hane resins, acrylicresins, vinyl chloride-vinyl acetate
copol ynmer resins and epoxy resins are preferred from the
viewpoi nt of excellent adhesion and durability for
thernoplastic resin substrates, polyester resins are
particularly preferred since they easily inpart flexibility
and el ongati on properties for nolding workability.

[ 0030]

According to the invention, the el ongati on percentage
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of the printed coating filmis not |less than 250% w th the
printing ink conposition conprising a solvent with a boiling
poi nt of not | ess than 170°C at not | ess than 70 mass%of the
total sol vent, andat her nopl asti c pol yner wi t hawei ght - aver age
nol ecul ar wei ght of not | ess than 4,000 and a Tg of 20 to 95°C
at not less than 10 nass% of the total ink conposition.

The el ongati on percentage i s based on el ongati on of not
| ess than 250%w t hout damage after a printed i nage having a
gi ven | engt h bef ore shape wor ki ng has been subj ected t o shape
wor ki ng by vacuumform ng or approxi mately vacuumform ng in
whi ch at hree-di mensi onal shapei s fornedwhileheatingat about
150 to 190°C, and for exanpl e, when t he el ongati on percent age
is 250% it indicates elongation of 2.5 cm corresponding to
2.5 times after shaping of a printed image with a | ength of
1 cm before shaping, for a final length of 3.5 cm
[ 0031]

| f the el ongati on percentage of the printed coatingfilm
is less than 250% the degree of flexibility |acks of
t hr ee- di nensi onal shape nol dability necessary for practical
use. For ordinary applicability to recent nmulticolor
t hr ee- di nensi onal shape desi gns, an el ongati on percent age of
250% i s necessary at |east, and an el ongati on percentage of

300%i s nore preferred, and an el ongati on percent age of about
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not | ess than 400%is nore preferred in order to widen to a
wi dt h corresponding to deep draw ng t hree-di nensi onal shape
wor ki ng.

The printing i nk conposition having such an el ongati on
per cent age can be obtai ned by a conposition that conprises a
sol vent with a boiling point of not | ess than 170°Cat not | ess
than 70 nass% of the total solvent, and that conprises a
t her nopl astic polyner with a wei ght - aver age nol ecul ar wei ght
of not | ess than 4000 and a Tg of 20 to 95°C at not | ess than
10 mass% of the total ink composition.

Wi |l e an el ongati on percentage of up to about 900% can
be achi eved for the printed coating filmwi th the conposition
speci fi ed above, preferably the el ongation percentage i s no
greater than about 600% Because, an increasing elongation
percentagetendstoresult innoredamagetotheprintedcoating
filmand greater surface tack, tendi ng to produce danage when
theprintedmatter iscarried, andtendingtoresult insticking
when the printed matter is stacked (i.e. "blocking").

[ 0032]

The invention is an i nk conposition for screen printing
that can produce printed matter with a spreadi ng wi dth of no
greater than 10 uym with respect to the image design dimensions

of a printing plate at the edges or outlines of any section
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inthe printedimge conprising both asolidinage pattern and
a fine imge pattern, and that has properties allow ng both
high quality and high definition printing to be achieved.

[ 0033]

Therefore, aviscosity of theink conpositionfor screen
printing of the inventionis of 5to 180 Pa-s, preferably 50
to 120 Pa-s and nore preferably 60 to 100 Pa-s, as neasured
by a BHtype rotating viscosineter.

If the viscosity is lower than 5 Pa-s, bleeding and
spreadi ng may occur in the fine patterns and solid i mage edge
sections maki ng it i mpossi bl e to obtain a
hi gh-qual ity/ high-definitionprintedinage, onthe ot her hands,
if the viscosity is higher than 180 Pa-s, the i nk may not be
uniformon the screen printing plate, or parting of the ink
from the screen printing plate my be poor, producing
abnormalities in solid imges or creating defects in fine
patterns or inage edge sections.

The viscosity value neasured by a BHtype rotating
vi scosi meter according tothe inventionis the measured val ue
at 1mnuteafter thestart of measurenent at arotor rotati onal
speed of 20rpm with a No.5 or No.6 rotor for aviscosity range
of 5to 10 Pa-s, witha No.6 or No. 7rotor for aviscosity range

of 10 to 50 Pa:-s and with a No.7 rotor for a viscosity range
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of not |ess than 50 Pa-s.
[ 0034]

Al so, athi xotropicindex (Tl val ue) of thei nk conposition
for screenprintingof theinventionis2.0to08.0, andpreferably
4.0 to 7.0. If the Tl value is less than 2.0, the ink flow
propertyw || i ncrease, resultinginspreadi nginprintedi mages
wi th the passage of tine after printing evenif the viscosity
is 180 Pa-s, such that fine patterns or inage edge sections
may becone enl arged. |f the Tl val ue exceeds 8.0, the degree
of protrusion of the ink fromthe screen printing plate wl|
be excessiveevenif theviscosityisb5Pa-s, suchthat bl eedi ng
may occur in fine patterns and at i mage edge secti ons naki ng
it inpossible to obtain sharp printed imges, or the flow
property withtinme may be i npaired, resultingin poor | eveling
especially on solid imges.

[ 0035]

The "TI val ue,” for the purpose of the invention, isthe
ratioof theviscosityvaluewith2rotations andthe viscosity
value with 20 rotations of the BHtype rotating viscosi neter
at 25°C, or inother wordstheval ue: [viscositywith2rotations
of BH-type rotating viscosineter/viscosity with 20 rotations
of BH-type rotating viscosineter]. The rotor used is a No.5

toNo. 7rot or dependi ngontheviscosity, accordingtothecommon
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met hod.
[ 0036]

Furthernore, accordingtotheinvention, aneasuredflow
radi us val ue (hereinafter referred to as "fl owval ue") of the
i nk conpositionis 13.0to24.0 mmafter 1 mnutefromthe start
of measur enment by afl owproperty neasuri ngnet hodusi ngaspread
nmet er at 25°Caccording to JI SK5701-1: 2000, andis preferably
15.0 to 18.0 mm

If the flowvalue is less than 13.0 nm it is difficult
that the ink protrude fromthe screen printing plate, so it
isrequiredtoincreaseprintingpressureof t hesqueegeeduring
screen printing. And it is unavoi dable that the hol es of the
mesh of the screen printing plate will becone clearly visible
at the i mage edge secti ons and raggedness or | oss of linearity
wi | | occur at t hei mage edge secti ons, becausethefl owproperty
of the ink with tine |apsing changes to be too poor.

On the other hands, if the flow value is greater than
24.0 mm it is required to make |l ower the printing pressure
of the squeegee during screen printing, because, the degree
of ink protrusion fromthe screen printing plate tends to
i ncrease and the flow of ink tends to spread.

[ 0037]

Mor eover, the flowval ue represents the radi us val ue of
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i nk that has fl owed after 1 m nute fromthe start of measur enent
with a spread neter as i s nenti oned above (herei nafter defined
as "F60"), andinthecasethat theradi us val ue after 45 seconds
fromthe start of measurenent with a spread neter is defined
as "F45,” then the ink conposition nust be wthin the
above-nentioned fl owval ue range and t he range of "F60" - "F45"
= 1.0 mmnust be satisfied, in order to obtain stable high
qual ity and high definition printed i mages. Because the ink
nmust have a suitable flow property during printing, and the
fl owpropertymnmust besuchastom nim zel argerange of spreadi ng
with the passage of tinme after printing.

[ 0038]

Expl ai ni ng nore detail edly, the present i nventors found
that the condition "F60" - "F45" = 1.0 mm with the conditions
for the flow val ue described in paragraph [0036], nust be
satisfied to obtain satisfactorily stable high-quality and
hi gh-definition printed imges.

I n al ready-nentioned Prior Patent Docunent 2 (Japanese
Unexam ned Pat ent Application Publication No. 2010-047649),
only the differencein flowval ue at 10 seconds and 90 seconds
with a spread neter as the sl ope value is disclosed, but the
appropriate range for the flow value is not disclosed.

Al so, the standard for judging printing suitability in
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Prior Patent Document 2 regulates nerely image printing
preci sion of 5% and it does not disclose the viewpoint of
am crol evel judgnent st andard, whi chi sadoptedfor highquality
and high definition according to the invention, i.e. an edge
spreading width of not more than 10 um even at the edge sections
of an i mage, when a printed i nage conpri sing a conbi nati on of
a fine pattern inage and a solid pattern imge is printed by
a single screen printing.

In the i nvention, the present inventors confirnmed that
when the flow value is |less than the lower Iimt of 13.0 mm
as specified by the invention, even if "F60" - "F45" = 1.0
mmis satisfied, the flow property of the ink conpositionis
insufficient tending to result in visible jaggedness at the
printed i mage edge sections, and when the flow value i s not
| essthant heupper Iimt of 24. 0mmas speci fi edbytheinventi on,
evenif "F60" - "F45" = 1.0 mmis satisfied, the fl owproperty
of the ink conmposition increases excessively, resultingin a
greater spreading width of the printed i nage edge secti ons,
and the present invention has thereupon been conpl et ed.

In other words, the present inventors confirned that,
for creationof printedmatter conprisingaconbinationof solid
patterns and fine patterns, it is possible to obtain a high

degree of high-quality and high-definition printed inage
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quality by screen printing in a single step by conbining a
regul ati onof asuitabl evalueof 13.0to24. 0mmandaregul ati on
of "F60" - "F45" = 1.0 mm

O course, the viscosity and the Tl val ue nust al so both
be in the ranges specified above.

[ 0039]

The i nk conpositionof theinventionisaninkconposition
for high-quality/high-definitionscreenprintingthat at | east,
when printed matter is created by screen printing onto a
t her nopl asti c resi nsubstrate usinga360-nmeshscreenprinting
pl at e f or med by a hi gh- strengt h, non-def orm ng st ai nl ess st eel
mesh with a filament diameter of 25 um, can produce printed
matter conprising both a solidinage pattern and a fi ne i nage
pattern, wherein the spreading width at the edges or outlines
of any section in a printed image is no more than 10 um from
t he i mage desi gndi nensions of aprintingplate. If theprinted
image edge spreading width exceeds 10 um, enlarged sections
of the printed imge with respect tothe printing plate inage
desi gnwi | | bevisiblyapparent andtheprintedi nagew || becone
visibly halated, so that it may no |onger be considered
hi gh-qual ity/ high-definition decorative printing.

[ 0040]

As nment i oned above, an i nk conposition for high-quality
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and hi gh-definitionscreenprintingtobeusedonathernopl astic
resin substrate having suchdurability andflexibility as well
as suitability for shape working, contains at | east a sol vent
with a boiling point of not less than 170°C at not | ess than
70 mass% of the total sol vent,

contains at least a thernoplastic polyner with a
wei ght - aver age nol ecul ar wei ght of not | ess than 4,000 and a
Tg of 20 to 95°C at not | ess than 10 nass%w th respect to the
total ink conposition,

has at |east a viscosity of 5 to 180 Pa-s as neasured
with a BHtype rotating viscosineter at 25°C,

has at |east a thixotropic index of 2.0 to 8.0,

has t he neasured fl owr adi us val ue of the i nk conposition
being13.0to024.0mmafter 1 m nutefromthestart of measur enent
by a fl ow property neasuring nethod using a spread neter at
25°C according to JI'S K5701-1: 2000,

satisfiestheinequality "F60" - "F45" = 1.0 nm wherein
"F60" i s definedastheneasuredflowradiusvalueafter 1 mnute
and "F45" is defined as the neasured flow radius val ue after
45 seconds fromthe start of neasurenent by the fl ow property
nmeasuri ng met hod using the spread neter, and

the ink conposition for screen printing is used onto a

t her nopl astic resin substrate and can produce printed matter
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wherein the printed image coating film which may form an
el ongati on percentage of not | ess than 250%by vacuumf orm ng
or pressure formng.

[ 0041]

Additionally, in the case that the i nk conposition for
hi gh-quality/ high-definitionscreenprintingwithsuitability
for shaping, satisfies the "preferred conditions and/or
desi rabl e condi tions" nmentioned bel ow, its productionw || be
further facilitated and the high-quality and hi gh-definition
quality as printed matter may be i nproved.

[ 0042]

Here, when the term "zero" um is used for the printed
i mage edge spreading width, it neans conplete absence of
spreadi ng of the printedink and printing as prescribed by the
i mage designontheprintingplate, but sincetheprintingplate
exists in a state with a knitted screen nesh, even in cases
where no spreading of theink is present after printing there
can be an effect of the presence of the screen nmesh, tending
to create m nute chi pping or jaggedness at the printed i mage
edge sections. Therefore, the spreading w dth for decorative
printing images is preferably 2 to 10 um and more preferably
3 to 8 um.

[ 0043]
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Preferred exanpl es for the screen nmesh, screen printing

pl ate and screen printing conditions will now be descri bed.

The 360 mesh screen nesh nade of a high-strength,
non- def or m ng st ai nl ess steel nesh may be exanpl ed by HS- D360
by Asada Mesh Co., Ltd. (mesh filament diameter: 25 umo,
calenderedmesh thickness: 29 um, open area ratio: 42%, strength
i ndex: 2.56 as indicated by Asada Mesh Co., Ltd.)

[ 0044]

The printing plate is preferably a stainless
steel/stainless steel conbination plate, with an enul sion
thickness of 7 to 20 um using an appropriate commercially
avai | abl e phot osensi tive ermul si on, and further flat-processed

on the enul sion surface.

The screen printing conditions nay be, as a preferred
exanpl e, asqueegeew th a60to 90 degree hardness, acl earance
of 3to 7 mm pressing with a squeegee printing pressure of
1.5t0 2.0 M a squeegee angl e of 50 t o 80 degr ees, a squeegee
speed of 80 to 400 nm sec and pressi ng with a scraper pressure
of 1.0 to 2.0 mm
[ 0045]

Here, it is anessential conditionintheink conposition
for screenprintingof theinventionthat, at | east for printed

matter screen printed using a 360-nesh screen printing plate
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made of a hi gh-strength, non-deform ng stainless steel nmesh
with a filament diameter of 25 um, it can produce printed matter
with a spreading width of no more than 10 um at any edge or
outline section of a printed inmage with respect to the i nage
desi gn di mensi ons of a printing plate conprising both asolid
i mage pattern and afineinage pattern, andtherefore even when
printed using a screen printing plate made of anot her type of
screen nesh, the ink conposition for screen printing bel ongs
to the technical scope of the inventioninthe case of the ink
conposition for screen printing conformng to the necessary
conditions of the invention.

Needl ess t o say, when using a screen printing pl at e nade
of a high-strength, non-deform ng stainless steel nesh that
exceeds 360 nesh (for exanpl e, 500 nesh, 640 nesh or 840 nesh),
spreadi ngof theprintedi mage edgesw || beevenfurther reduced
and the printed i mage edge sections w |l be sharper.

[ 0046]

Furt hernore, whentheink conpositionfor screenprinting
of the invention contains at |east one coloring materi al
ext ender pi gnent or filler, either of onetypeor multipl etypes,
or a conbination thereof, the coloring material, extender
pi gment andfillerispreferablydispersedintheinkconposition

with a mean particle size of no greater than 35 um. When a
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coloring material, extender pignment or filler with a mean
particle size exceeding 35 um after dispersion is present,
cl oggi ng of the nmesh spaci ngs of the 360 nesh screen printing
pl ate may occur, potentially creating chipping and pi nhol es
in the printed i mge.

[0047]

The net hod f or di spersingthecol oringmaterial, extender
pigment and filler in the ink conposition for screen printing
of the invention is not restricted, and exanples include
di spersion usi ng a bl ade-stirred di sperser, bead di sperser or
triple roll disperser
[ 0048]

The col ori ng agent, extender pignent and filler are not
particularly restricted, and exanples of coloring agents
i nclude azo pignments, disazo pignments, bisazo pignents,
pht hal ocyani ne pignents, ant hr aqui none- based pi gnents,
i soi ndoline pignments, dioxazine pignents, quinacridone
pi gnments, peryl ene-based pi gnent s, carbon bl ack pi gnent s, | ake
bl ack pi gnment s, peryl ene bl ack pi gnent's, ani | i ne bl ack pi gnent s,
i ron oxi de pignents, titaniumpignments, zinc sul fide pignments
and various chromatic col or dyes, any one of which or two or
nore i n conbi nati on may be used, such col oring materi al s bei ng

preferably used in a mxing rati o of no greater than 95 mass%
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with respect totheink conmposition. The anount is preferably
no greater than 50 mass%
[ 0049]

Exanpl es of ext ender pi gnentsinclude (fineparticulate)
silica, talc, calcium carbonate, nagnesium carbonate,
bent oni te, sedi nentary bari umsul fate, zi nc oxi de and al um na,
any one of which or two or nore in conbination may be used,
such ext ender pi gnents being preferably usedinamxingratio
of no greater than 30 mass%w th respect totheink conposition.
[ 0050]

Exanples of fillers include resin beads, netallic
particles, netal powder, netal oxide powder, graphite, pear
pi gnent, fl uorescent pi gnents, wax parti cl es and prot ei npowder.
Al so follow ng functional materials may be included, such as
ul travi ol et absorbingmaterials, antim crobial materi al s, heat
absorbing materials, refractive index-nodifying materials,
slidability-inparting materials, slidability-preventing
mat eri al s, phosphorescencent materials, polarizingmaterials,
anti-reflectionmaterialsanddiffusiblematerials. Thesenmay
be used al one or in conbinations of multiple types, and such
fillers are preferably used in a mxing ratio of no greater
than 95 mass% nore preferably no greater than 50 mass% and

even nore preferably no greater than 30 mass% w th respect

35



to the ink conposition.

When the ink conposition is used as an ink for graphic
decorative screen printing, it is possible to produce
hi gh-definition graphic decorative screen printed natter of
hi gh quality, that has not been achi evabl e with conventi onal
screen printing, nanmely having excellent precision wth
excel l ent linearity of i mage edge secti ons and free of chi ppi ng
or spreading infinedots, and simultaneously exhibitingrich
col or shade expression and di fferent types of functionality.
[ 0051]

Furthernore, an i nk conposition for screen printing of
the i nventi on contai ni ng the above-nenti oned col ori ng agents,
extender pignments and fillersis not limted to such graphic
decorative screen printed matter, and can be used to produce
hi gh-definition screen printed matter even when used for
printingontoelectricandel ectronicparts, suchasblackmatri x
or stripeprintingfor increasingdisplay visibility, pattern
printing for function as a resist, spacer printing to avoid
cont act bet ween nenbers, or dot printing designedfor specific
area si zes, toensure uniformty of | um nanceinlight guiding
panel s.

General ly speaking, black inks with a high masking

property are usual |y used for bl ack matrix or stripe printing,
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whi t ei nks, bl ack i nks, chromati c col or i nks, transparent i nks,
di spersiveinksand/or them xedinks areusual | yusedfor resi st
printing or spacer printing, and inks containingfillerswth
l'ight diffusing functions such as silica or various types of
beads, are usual ly used for |ight guidi ng panel dot printing.
[ 0052]

The invention al so provides printed matter produced by
the screen printing ink conposition for screen printing onto

a thernoplastic resin substrate.

The invention still further provides a nethod for
produci ng printed matter, wherein printed matter i s produced
by t he screen printinginkconpositionfor screenprintingonto
a thernoplastic resin substrate.

[ 0053]

Intheprintedmtter andthe net hod for produci ngprinted
matter provided by the invention, the thernoplastic resin
substrate to be used may be a substrate that is a sheet or film
of apol ycarbonateresin, treated(or untreated) pol yester resin
acrylic resin, vinyl chloride resin, polypropylene resin or
pol yet hyl ene resin, or any m xture of such resins.

[ Exanpl es]
[ 0054]

Exanpl es and Conparati ve Exanpl es of the invention are
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shownin[ Tabl e 1] bel ow. However, theinventionisnotlimted
to these exanpl es.

[ 0055]
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In table 1, VG G F, and P nean follow ng state.
VG Very Good

G Good

F: Fair

P: Poor
[ 0056]

For the ink conpositions for screen printing of the
exanpl es and conpar ati veexanpl es, thematerial slistedinTabl e
1 were uniformy m xed by stirring using a propeller rotating
stirrer, inthemxingratios (mass% listedinthe sanetable,
and t hen subjectedto 2 passes of atripleroll m Il disperser,
and each produced i nk conposi ti on was neasured for viscosity,
Tl val ue, flowval ue (F60) and F60 - F45 val ue by t he net hods
descri bed above.

[ 0057]

Next, the ink conpositions for screen printing of the
exanpl es and conpar ati ve exanpl es were screen printed ontothe
thernoplastic resinsubstrateslistedinTable 1w th ascreen
printing plate (emulsion thickness: 15 um, flat-processed on
emul si on surface), produced usi ng an HS- D360 by Asada Mesh Co. ,
Ltd. (mesh filament diameter: 25 umep, calenderedmesh thickness:
29 um, open area ratio: 42%, strength index: 2.56 as indicated

by Asada Mesh Co., Ltd.). The screen printing conditions were
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"a squeegee of 80 degrees hardness (urethane material), a
cl earance of 5 nm pressing with a squeegee printing pressure
of 1.5 mm a squeegee angle of 75 degrees, a squeegee speed
of 400 m sec and pressing with a scraper pressure of 1.5 mm’
[ 0058]

The screen printing pl ate was one havi ng a printed i mage
design comprising a 100 ume dot pattern, a 100 pym longitudinal
fine line pattern parallel or perpendicular to the printing
direction, a fine crevice pattern that was parallel or
per pendi cular to the printing direction and had spaci ngs of
150 uym, and a square solid pattern with 100 mm sides. However,
sections of the 100 nmsolid pattern were al so adj acent across
the 150 uym spacings, and the sections with the smallest spacings
were 100 ume dot patterndesign sections aligned across spacings
of 30 ym at minimum.

[ 0059]

The wi dt h of spreading at the i nage edges after the ink
conmpositionsfor screenprintingof theexanpl esandconparative
exanpl es were printed was nmeasured by observing the printed
coating fil mi mage sections printedwiththelateral fineline
pattern with a line width of 100 um which are perpendicular
to the printing direction and having 150 um spacings in the

screenprintingplateandthe 100 nmsquare solidpattern, using
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alengthneter-nounteddigital m croscopeat 200x magni fi cati on
and neasuring the spacings between the printed lateral fine
l'ines, and then cal culating the difference fromthe printing
plate design value of 150 uym. For example, when the spacings
between the printed lateral fine lines were 140 um, the
difference from the printing plate design value of 150 um was
10 um, but since the image edges are on both sides of the lateral
finelines, the spreading wi dth at the i rage edges on one si de
is 5 um, and therefore this was recorded as the "spreading width
at the imge edges.”

The neasurenent results for the spreading width at the
100 pym lateral fine line image edges adjacent across 150 um
spaci ngs and t he neasurenent results for the spreadi ng wi dth
at the edges of the 100 mmsquare i mages adj acent across 150
um spacings, printed with printing ink of the invention were
al nrost equivalent results to those of the exanples as is
descri bed bel ow, and so excellent results are indicated.

[ 0060]

Eval uati on of t he hi gh-quality/high-definitionproperty
of the printedimges, andthe el ongationrate at not | ess than
250%by shape wor ki ng of t he printed i mages, was made as f ol | ows
based on direct visual and 200x magni fi ed observation with a

digital mcroscope. The evaluation was conducted for 20th
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printed object.
Eval uation of [Hi gh-quality/high-definition property of 100
ume dot-printed image]

VG Absolutely no defects such as chipping in 100 dot
shapes, and no | oss of spacings between each of the dots.

G Fine chipping, bleeding or shape distortion of 1to
5 dots out of 100, but no | oss of spaci ngs bet ween each of the
dots, and at a level with no problens for practical use.

F: Chi ppi ng, bl eedi ng or shape di stortion of 6to 30 dots
out of 100.

P: Abnormalities in 31 or nore dots out of 100.
[ 0061]

Eval uati on of [ H gh-quality/high-definitionproperty of
100 um lateral fine line-printed image]

VG: Enlargement of less than 5 um, absolutely no defects
such as distortion, bleeding or chipping.

G: Approximately 5-10 um enlargement or thinning, but
no | oss due to bl eeding or chipping.

F: Not less than 11 um enlargement or thinning.

P: Chipping of fine |lines.

Eval uati on of [ H gh-quality/high-definitionproperty of
100 mm si de square solid pattern]

VG Printed image with satisfactory |eveling property
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and snoot hness, and i mage edge spreadi ng wi dt h of not nore t han
10 um.

G Slightly inferior leveling property but wthin
al | onabl e range for practical use, and i nage edge spreadi ng
width of not more than 10 um.

F: Level i ngpropertyw thinallowabl erangefor practical
use, but printing abnormalities occurred, and/or inage edge
spreading width exceeded 10 um.

P: Poor |eveling property and unsuitable for practical
use, with printing abnormalities also present, and/or inage
edge spreading width exceeding 10 um.

Eval uation of [Elongation percentage of not |ess than
250% for printed inages in shape working by vacuum form ng
machi nej

VG A level wth absolutely no problens such as
transparency or crazi ng at the shaped secti ons with el ongati on
per cent age of 250%

G Transparency at shaped sections with elongation
per cent age of 250%due to slight fading of col or tone, but no
abnormalities such as crazing, and non-probl ematic | evel for
practical use.

F: Transparency or fine crazing at shaped sections with

el ongati on percentage of 250% due to slight fading of color
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tone, not a level suitable for practical use.

P. Visibly discernible crazing appearing at shaped
sectionsw thel ongationpercentage of 250% cl earlynot al evel
suitable for practical use.

[ 0062]

A 200 yum line-width hairline, and a 150 um line-width
stripe grid, a 100 ume dot pattern, and, as a test pattern,
an i mage conpri sing both a 100 nmsquare solid pattern and 100
um fine lines were printed by screen printing method using the
i nk conpositions of Exanples 1, 3, 5, 7 and 8 and assum ng a
vehi cl e met er di splay panel design, it was possible to obtain
hi gh-qual ity and high-definition screen printed nmatter with
no defects such as bl eeding or chipping, and shape worked
portions thereof with a vacuumform ng machi ne had absol utely
no probl ens at sections with an el ongati on percentage of not
| ess than 250%

Moreover, a 150 um line-width hairline, and a 150 um
line-width stripe grid, a 100 ume dot pattern, and, as a test
pattern, aninage conprising both a 100 mmsquare solidpattern
and 100 pym fine lines were printed by screen printing method
usi ng the i nk conposi tions of Exanpl es 2, 4 and 6 and assuni ng
a househol d appl i ance panel and package desi gn, it was possi bl e

to obtain high-quality and high-definition screen printed
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matter wi th no def ects such as bl eedi ng or chi ppi ng, and shape
wor ked portions thereof with a vacuum form ng machi ne had
absol utel ynoprobl ens at secti onsw thanel ongati onpercent age

of not | ess than 250%
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CLAI M5
[Caim1]

An i nk conmposition for screen printing to be used onto
athernopl asticresinsubstratethat canproduceprintedmatter
conprising both asolidinmge pattern and a fineinage pattern
with the spreading width of no more than 10 uym from the image
desi gn di nensi ons of the printingpl ate at t he edges or outl i nes
of any section in the printed i mage, when produci ng printed
matter by screen printingonto athernoplasticresinsubstrate
using a 360-nesh screen printing plate forned by a
hi gh-strength, non-deform ng stainless steel nesh wth a
filament diameter of 25 um,

wherein the neasured flow radius value of the ink
conpositionis 13.0to 24.0 mmafter 1 mnute fromthe start
of measurenent by a flow property neasuring nethod using a
spread neter at 25°C according to JI'S K5701-1: 2000,

the inequality "F60" - "F45" = 1.0 mnmis satisfied
wherei n"F60" i s defi ned as t he neasured fl| owr adi us val ue after
1 mnute and "F45" i s defined as t he neasured fl owradi us val ue
after 45 seconds fromthe start of measurenent by the flow
property neasuring method using the spread neter,

the viscosityis5to 180 Pa-s as neasured wth a BHtype

rotating viscosineter at 25°C,
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the thixotropic index (Tl value) is 2.0 to 8.0,

the conposition contains a solvent, which is selected
fromone or two nore of solvent anong a m xed solvent of
but yl cel | osol ve acet at e and di al kyl adi pate ester, i sophorone,
3- nmet hoxy- 3- net hyl but anol , 3- net hoxy- 3- net hyl butyl acetate,
coal tar naphtha with a boiling point of not | ess than 170°C,
di et hyl enegl ycol nonoet hyl et her, di et hyl enegl ycol nonoet hyl
et her acet ate, di et hyl enegl ycol nmonobut yl et her,
triethyl enegl ycol nonobut yl et her, triethyl enegl ycol
nonobut yl et her acetate, a (neth)acryl at e nononer, vi nyl et her
nmonomer or am de nononer, with a boiling point of not | ess than
170°C at not less than 70 mass% of the total solvent and

a thernopl asti c pol yner wi t h a wei ght - aver age nol ecul ar
wei ght of not | ess than 4000 and with a Tg (softeni ng point)
of 20 to 95°C at not |less than 10 mass%w th respect to the
total ink conposition, and that can produce printed matter,

whereinthe printedimge coatingfil mhas an el ongati on
percentage of not |ess than 250% under vacuum form ng or
pressure form ng.
[Caim2]

The ink conposition for screen printing according to
Claim1l, wherein the weight-averaged Tg is 45 to 90°C, when

the Tg of asingleor of multiplethernopl astic pol yners present
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intheink conpositionfor screenprintingis weight-averaged.
[Caim 3]

The ink conposition for screen printing according to
Clainms 1or 2, whereinthethernopl astic polyner i s a pol yester
resin.

[ C ai m 4]

The i nk conpositionfor screen printingaccordi ngto any
one of Clainms 1 to 3, wherein the i nk conposition contains at
| east one coloring material, extender pignent or filler, or
a conbi nati onthereof, thecoloringmterial, extender pi gnent
and filler are dispersed in the ink conposition with a nmean
particle size of no greater than 35 um.

[ aimb5]

The i nk conposition for screen printingaccordingto any
one of Clains 1 to 4, wherein the ink conposition is an ink
conposition for graphic decorative screen printing.

[ C aim 6]

The i nk conpositionfor screen printingaccordi ngto any
one of Clains 1 to 4, wherein the ink conposition is an ink
conposition for screen printing to be used for black matri x,
bl ack stripe, resist pattern, spacer or |ight guiding panel
dot formation.

[Caim7]
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Printed matter having i nk | ayer of the screen printing
i nk conposition according to any one of Clains 1 to 6.
[Caim 8]

A nmet hod for producing printed matter, wherein printed
matter i s produced by the screen printing ink conposition for
screenprintingontoathernopl asticresinsubstrate according

to any one of Clains 1 to 6.
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