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[04]

Delivery of inks to flexographic printing plates is an important part of a flexographic
printing technology. Typically, ink delivery uses anilox rolls that have an exposed surface
built out of small cells. These cells are filled with ink by dipping the roll into a pan filled
with ink and then doctoring off excess ink with a blade. Ink from cells of the anilox roll is
transferred to raised features of a flexographic printing plate. The smallest cell size of an
anilox roll currently available is about 20 micrometers for 1200 line screen anilox rolls or
about 15 micrometers for 1600 dpi rolls. Significant challenges are present when inking
flexographic features having lateral dimensions smaller than 20 micrometers. For
example, as the difference in size between the anilox roll cell and the feature increases, the
variability in the amount of ink that the feature picks up also would likely increase. At
least in part, this variability can be attributed to the relative position of the feature and the
cell. As such, the ability to achieve finer resolution printing with flexographic systems has

been hindered.

BRIEF SUMMARY

The disclosure presented herein describes methods and systems for improved transfer of

material from a donor substrate to a feature of a flexographic printing plate.

In an embodiment, a method for flexographic printing is described. The method
comprises removing at least a portion of a solvent from a material to achieve a reduced-
solvent material. The material may be disposed onto a donor substrate, e.g. by die coating,
and the solvent removed while the material is on the donor substrate. The method further

comprises disposing the reduced-solvent material onto a feature of a flexographic printing
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[06] In an embodiment, a flexographic printing system is described. The system comprises a
donor substrate configured to receive a material such that the material is disposed onto the
donor substrate. The donor substrate may be in the form of a surface of an inking roll,
which surface is smooth or substantially smooth. The material comprises a solvent. The
system further comprises a solvent removal apparatus capable of removing the solvent
from the material disposed onto the donor substrate to produce a reduced-solvent material

disposed onto the donor substrate. The system also comprises a flexographic roll
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BRI EF DESCRI PTI ON OF THE DRAW NGS 1081 FIG 1-3 are a flow di agrans
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lateral dimension. In addition, the use of a solvent-based material facilitates deposition of
the material on the donor substrate, which can add to the uniformity of the amount of
material transferred from the donor substrate to the feature. By reducing solvent in the
material, the properties of the material, ¢.g. viscosity, thickness, adhesion, tack, etc., may
be changed from properties desirable for disposing on a donor substrate to propertics more
desirable for disposing on a feature of a flexographic printing plate. These and other
advantages of the systems and methods described herein are now evident or will become

evident upon reading the description that follows.
BRIEF DESCRIPTION OF THE DRAWINGS

[08] FIG. 1-3 arc a flow diagrams illustrating methods for flexographic printing.

[09] FIGS. 4A and B are a side views of diagrammatic representations of flexographic printing

Systems.



[10] FIGS. 5 and 6 are side views of diagrammtic representations of sone
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not to be taken in a limting sense.

[13] FIG. 11 is a micrograph image of an illustrative flexographic printing plate surface.

[14] FIG. 12 is a micrograph image of hardcoat printed on poly(ethylene terephtalate) using an

exemplary system and method.

[15] The figures are not necessarily to scale. Like numbers used in the figures refer to like
components, steps and the like. However, it will be understood that the use of a number to
refer to a component in a given figure is not intended to limit the component in another

figure labeled with the same number.
DETAILED DESCRIPTION

[16] In the following description, reference is made to the accompanying drawings that form a
part hereof, and in which are shown by way of illustration several specific embodiments. It
is to be understood that other embodiments are contemplated and may be made without
departing from the scope or spirit of the present invention. The following detailed

description, therefore, is not to be taken in a limiting sense.
[17] Overview

[18] For the methods and systems described herein, removal of a solvent from a material to
form a reduced-solvent material prior to transfer to a feature of a flexographic printing
plate results in improved transfer of material to the feature, relative to transfer of similar
material in which solvent has not been removed. While this is the case for flexographic
printing plates having features of any size, the benefits of transfer of reduced-solvent
material will be more evident with features having smaller lateral dimensions. In part this

is because existing flexographic printing systems are quite good at transferring uniform
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"fl exogra(f)hi C printing" ‘'means a rotary printing process using a flexible
isclosure presented herein.

[20] Definitions

[21]  All scientific and technical terms used herein have meanings commonly used in the art
unless otherwise specified. The definitions provided herein are to facilitate understanding
of certain terms used frequently herein and are not meant to limit the scope of the present

disclosure.

[22] As used herein, “flexographic printing” means a rotary printing process using a flexible
printing plate; i.c., a flexographic printing plate. Any material that may be transferred

from a flexographic printing plate to a recipient substrate may be “printed”.



printing plate; i.e., a flexographic printing plate. Any nmaterial that may
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subtrat xograplc printing plate may be a fl at platethat can be
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chuck such as with Duponti m CYRELt round pI ates. [26] As used herei n,
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or the features are capable of deforming when contacting the recipient substrate (relative

to when not contacting the recipient substrate). A flexographic printing plate may be a flat

plate that can be attached to a roll; e.g., by mounting tape, or a sleeve attached to a chuck,

such as with Dupont™ CYREL® round plates.

[26] As used herein, “feature” means a raised projection of a flexographic printing plate. The
raised projection has a distal surface (or land), removed from the bulk of the flexographic

printing plate, on which material may be disposed.

[27] As used herein, “donor substrate” means a substrate onto which a material transferable to a
feature of a flexographic printing plate may be disposed. Donor substrates may be in any
form suitable for the transfer of material to a feature. For example, donor substrates may

be films, plates or rolls.

[28] As used herein, “recipient substrate” means a substrate onto which a material may be
printed. Exemplary substrates include but are not limited to inorganic substrates such as
quartz, glass, silica and other oxides or ceramics such as alumina, indium tin oxide,
lithium tantalate (LiTaO.sub.3), lithium niobate (LiNbO.sub.3), gallium arsenide (GaAs),
silicon carbide (SiC), langasite (LGS), zinc oxide (ZnO), aluminum nitride (AIN), silicon
(Si), silicon nitride (Si.sub.3N.sub.4), and lead zirconium titanate ("PZT"), metals or
alloys such as aluminum, copper, gold, silver and steel; thermoplastics such as polyesters
(c.g., polyethylene terephthalate or polyethylene naphthalates), polyacrylates (c.g.,
polymethyl methacrylate or "PMMA"), poly(vinyl acetate) ("PVAC"), poly(vinylbutyral)
("PVB)", poly(ethyl acrylate) ("PEA"), poly(diphenoxyphosphazene) ("PDPP"),

-6 -



[27] As used herein, "donor substrate" nmeans a substrate onto which a
material transferable to a feature of a flexographic printing plate may be
di sposed.wDanewocssTbst rat es may be in any form suitabl e fPor/ush@7szmnsf er of
material to a feature. For exanple, donor substrates may be filns, plates
or rolls. [28] As used herein, "recipient substrate"” means a substrate onto
which a material may be printed. Exenplary substrates include but arc not

limted tpolicathogatni(CPE Ob@plyar@yle@ath 9, hlﬂér densityyipabisthydane; CHDRED). dewer

d 1" " "
(Li Tao. sulsSh TR FOREIE™ [ Ppel bl =S PSyar pPfeet DAL PR ©
silicon Cp@[ﬁﬂréiﬁar{es("@UR”b ap@lashide (("12@ pozm@ylomldede( ZWC”)abuhywmyhdasnet ride

(M), silicon silicon nitride ( sub. 3 , and Iead zi rconi um
titanat e fluopgy ()PVciFet),aIP@Y%Yrem P@@@Oé/ﬁ@wle@ﬁ | ft% ﬁ%ﬁnthﬁ‘é@aff‘érp asget guchsds ver
and st eel ]

terepht h c‘lell{llgggo IH&W %.4 %ﬁ g hgélﬁpﬂldgat eﬁgx%zcgg agg g%g%ffe‘cfsxgi’(h:@ M@ecipient

pol ynet hy;hbsnmdsaaanyallm mctmtde pIRMfAh)mwmdny (awd rfgdmaddtiatab)y ¢éﬂ@\m®k)en when

pol y(vi nyl utyr " pol e | acrylate "PEA"), .

ol 3 di phelIYD RsLheinsy et BRsbwil B Sbariocbers s iR passds

poI ycar bcggﬁgnedtémﬁqhg maR@iay propyl ene ( PP"), high density poI yet hyl ene

(" HDPE' ow density polyethyl ene "LDPE"), pol ysul fone ("PS"), polyether
sul fone ("PES"), polyurethane ( PUR' ), q;prl yam de ("PA"), polyvinyl chloride

(" P\[29)), Avolisedi hwetln,d‘ememgf mansde p(aopw yar pong of ¢ meateriain dlypetalist mrmene

sul fide; apd thernpset I.CS S ul,ose_der

pol yi mi ddSBENDIRG S %{ﬁﬁgi 1%3’%@3&%% Hfa all]:{eél C’|ulee(r211t I%%%Eatl as'es I%g[#lg)

i ncl ude RARKNor AR BEAEENS A8 Qpable d?lbefngroatbldym@ﬁhﬁluds ahalklaﬁtowf(&l’buslﬁgeCtl ng
the substrate so that there will be an adequate degr ee of adhe5| on between
t he subststelt as phedo tiéatersos theamal inigforps ysed herein, "curing" nmeans a
process of hardening of a material. Typically, curing refers to increasing
cro in fx -erjak ey " terd r

cur a0y AR et b R TRy SR incl Q€ A Rl TR RN BN

i nitiatorshtwid beumtmngcted;w:ﬂneas“ipcﬂodingj it howlioited or. .t’hernmal initiators. [30]
As used herein, conprising"” and ' including" are used in an open ended

faS| d thus should reted t limted
o 1T sy i EShy o L RGP Tt s eRe st g sl Ur e

SI zes, y_;{se ¢s @@Q iR %éﬁé@ﬂﬁc@tﬁ&pﬁ{d ¢l@iEnsUsedo b8 uhB@stpeal bemgtmmﬁ@mdl

clal ns arc 0 be understood as being nodified in all instances by the term

"about . aNcmtadp%gb)y the, trens & ahonti étce@rdutglx,h@ﬂ@sermdl&wd to HBC rrarEye e
t t fort
Do ot el Riehelh SO SoRTRo 5k 400 200 SRURETEHE! Bie e

to be 0bta®ﬁﬂﬁﬁ'mbt}’oﬂs hpaeas kityl @gending Dporatht datitdd Iirbp@héd”lﬁ)ugﬁiamfhertgﬁamed
di scl osed herein. 32] The recitation of nunerical ranges by endpoints

i ncl udes t&ﬁ@%@@é@o@h‘h‘ﬂ@%@ﬁﬁwchlﬁ&% disglagrd heeeiy. "1 to 5 includes 1,
1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within that range.

[32] The recitation of numerical ranges by endpoints includes all numbers subsumed within
that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within that

range.

(3 ” (3

[33] As used in this specification and the appended claims, the singular forms an”, and
“the” encompass embodiments having plural referents, unless the content clearly dictates
otherwise. As used in this specification and the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.

[34] Materials to be printed




[33] As used in this specification and the appended cl ai ns, the singular
forms "a", "an", and "the" enconpass enbodi nents having plural referents,
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specification and the appended clains, the term"or" is generally enpl oyed
inits sense including "and/or" unless the content clearly dictates
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[36] |11 usdterddlinvsy @nqmgé esul@blareshns that arc capabl e of being polynerized
by a free radi cal nechanismthat can be used herein include acrylic-based

resins derived from epoxies, poI esters et her and et hanes,
et hyP&ni dEprytsptige sxpmplse Of TE%’H%)SH gse Caa%ﬂ’?o%f} gpe pe X%ZF@@ hdGEAgdist! | east

one pendani-haGidl @LecH BYRised ﬁ&%ﬁ?ﬂﬁhﬁie%@ﬁ’c&&d%@ $edhRY 189 A frdiRaPoxRAE

pendant acrylate group, epoxy resins other” than acryl ated epoxi es, and
m Xt ur es pahaseonipohatheonsint hecthafcs, Ttheldnarahy amsg'thmtt@ cenpEmds, henoplest

bot h late d net hacryl 4,576,.85 t
(i Sl baodeBYARST eVBE € BRLPDIRANE: FEaI T SR e bl IRBAUTR LR Kor ner

el ement g&d@Yse ﬁé}ﬁiaﬁiﬁycrﬁﬁtetgfsﬁpﬂepa@ Icéagls @ thal srdesd repbﬁas maa @hiRturds37]
Et hyl eni cal | y unsaturated resins include both nononeric and iams“ c
Lal

conpoundsintlsambowtives thewpdriicderne aerybte istwedt bererto alflmmmay&gb@fh agiydptepanidonal | y

2![ f):rggenrmgﬁqqu ates. G& E{glf AP %60 %ﬁqé\gﬁé{nsﬁﬁlsgﬁggs Qxea ep'l@s o%é%iglﬁggle %s‘i Ogen and

urea grouyps. ml %Vb@ eidcial énbeussadrusiaiesk @@moamdmaprlm‘ asebl ¥s Iﬂaevﬁlaaenals
nol ecul ar wei g t of | ess than about 4,000 and preferably are esters nade
from t he deseexe barest conpounds cont ai ni ng al i phatic nonohydroxy groups,
aI i phatic poI yhydroxy groups, and unsaturated carboxylic acids, such as

aCI g[kﬂﬁfaﬁ%t%lgeni bf]ﬁtgsﬁgjr%t%d ?‘% IgS’ ink @€ %B{hcmaﬁbrqfn& L BBy EeRiE | cBmpbafkisChet oni ¢

acl uch materials arc typically readlly
avai | abl ecatamretoaisadf] sarlaong hgdmvgbe and asdygon, end sptidbnatlyedtrof@8ulfomend the

LSS Sxamples of Compuns havng. Al aryILg o IRUSEALG AT oue,
are |isteghdelaw &hakd,) adABOLHD QlrePRAdupS OMRRMAASIly unsaturated compounds
preferably have a molecular weight of less than about 4,000 and preferably are esters made
from the reaction of compounds containing aliphatic monohydroxy groups, aliphatic
polyhydroxy groups, and unsaturated carboxylic acids, such as acrylic acid, methacrylic
acid, itaconic acid, crotonic acid, iso-crotonic acid, maleic acid, and the like. Such

materials are typically readily available commercially and can be readily cross linked.

[38] Some illustrative examples of compounds having an acrylic or methacrylic group that are

suitable for use in accordance with the teachings presented herein are listed below:
[39] (1) Monofunctional compounds:

[40] cthylacrylate, n-butylacrylate, isobutylacrylate, 2-ethylhexylacrylate, n-hexylacrylate, n-
octylacrylate, isooctyl acrylate, bornyl acrylate, tetrahydrofurfuryl acrylate, 2-
phenoxyethyl acrylate, and N,N-dimethylacrylamide;

[41] (2) Difunctional compounds:



[ 401et hyl acryl ate, n-butylacrylate, isobutylacrylatc, 2-ethyl hexylacrylate,
n- hexyl acryl ate, octylacrylate, isooctyl acrylate, bornyl acrylate,

t et r ahydrwbundsuwysd7sacryl at e, 2- phenoxyethyl acryl ate, &0W/US2007/083563

N, N-di met hyl acryl am de; [41] (2) Difunctional conpounds: WO

2008/ 060875PCT/ US2007/ 083563 [42] 1, 4-but anedi ol diacrylate, 1, 6-hexanedi ol

di acrylatc, neopentylglycol diacrylate, ethylene glycol diacrylate,
tri déhy| deehitgeestiolodiaaylpteatleh-hexanediet diprrariec, gleppattylglyael Jineykate, phylene

di et hyl en yecol diacrylate nd, [ i [EP? ds; 4 44]
trimet hylg‘i’(‘%i 0_13?1%’ artel’agﬁleﬁ%%e,ggxcg%:e(?ig%r#a?%cféglllaétﬁlgggéen géelélyt%ﬁrl gtlg t relméicryl at
e, pent aefigthylend @cdlelidcadsteydmt e, and tris(2-acryl oyl oxyet hypi socyanurate. .
Some representative exanples of other ethylenically unsaturated conpounds
and resins include styrene, divinylbenzene, vinyl toluene, N vinyl

f or i dd?) RPquﬁﬂlo‘ﬁifP‘?rBP‘?%ﬁe, N-vi nyl caprol actam nonoallyl, polyallyl,
and polynethallyl esters such as diallyl phthalate and diallyl adi pate, and

am q4gg OfyifRINMIYobmeaC BRciiaB asgNcdofiialrlMtcadi RRMalSthritol  triacrylate,
pentaerythritol  tetraacrylate, and  tris(2-acryloyloxyethyl)isocyanurate.. ~ Some
representative examples of other ethylenically unsaturated compounds and resins include
styrene, divinylbenzene, vinyl toluene, N-vinyl formamide, N-vinyl pyrrolidone, N-vinyl
caprolactam, monoallyl, polyallyl, and polymethallyl esters such as diallyl phthalate and
diallyl adipate, and amides of carboxylic acids such as N,N-diallyladipamide.

[45] Illustrative examples of photopolymerization initiators that can be blended with acrylic
compounds in the present invention include the following: benzil, methyl o-benzoate,
benzoin, benzoin ethyl ether, benzoin isopropyl ether, benzoin isobutyl ether, etc.,
benzophenone/tertiary amine, acetophenones such as 2,2-diethoxyacetophenone, benzyl
methyl ketal, 1-hydroxycyclohexylphenyl ketone, 2- hydroxy-2-methyl-1-phenylpropan-1-
one, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one, 2-benzyl-2-N,N-
dimethylamino-1-(4-morpholinophenyl)-1-butanone, 2,4,6-trimethylbenzoyl-
diphenylphosphine oxide, 2-methyl-1-4(methylthio), phenyl-2-morpholino-1-propanone,
bis(2,6-dimethoxybenzoyl)(2,4,4-trimethylpentyl)phosphine oxide, etc. The compounds

may be used individually or in combination.

[46] Examples of thermal initiators that may be employed generally include peroxides such as
acetyl and benzoyl peroxides. Specific examples of thermal initiators that can be utilized
include, but are not limited to, 4,4’-azobis(4-cyanovaleric acid), 1,1'-
azobis(cyclohexanecarbonitrile), 2,2'-azobis(2-methylpropionitrile), benzoyl peroxide,
2,2-bis(tert-butylperoxy)butane, 2,5-bis(tert-butylperoxy)-2,5-dimethylhexane, bis[1-(tert-
butylperoxy)-1-methylethyl]benzene, fert-butyl hydroperoxide, tert-butyl peracetate, tert-
butyl peroxide, fert-butyl peroxybenzoate, cumene hydroperoxide, dicumyl peroxide,
lauroyl peroxide, peracetic acid, and, potassium persulfate. As examples, the
photoinitiator may be a-hydroxyketone, phenylglyoxylate, benzildimethyl ketal, o -

aminoketone, monoacylphosphine, bisacylphosphine, and mixtures thereof.
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[45] Illustrative exanples of photopolynerization initiators that can be

bl ended with acrylic conpounds in the present invention include the

f ol | ow ngwokesszichg7snet hyl o-benzoate, benzoin, benzoin ecChys2@riessss benzoin
i sopropyl ether, benzoin isobutyl ether, etc., benzophenone/tertiary am ne,
acet ophenones such as 2, 2-di et hoxyacet ophenone, benzyl nethyl ketal,

1- hydr oxycycl ohexyl phenyl ketone, 2- hydroxy-2-nothyl -1-phenyl propan-1-
one,[47]- ( 4Iait190m1éao}vpg'lfr@nwbly -materjels mejude- brstdiy npr Bpatad tqmﬁﬁ@’,l%s peifaining
zy1l-2-N, N-_ di mef hyl am no- 1-{ 4-.nor phal i e -

24 6t 1 hRErOT by o T R B 2B G bereln BN s phias o)
pheny1- 2-ifgiaREoliodtml s @RARERSuch as triarylsulfonium, and diaryliodonium salts.

bi s( 2, 6-di met hoxybenzoyl) (2, 4, 4-tri met hyl pentyl ) phosphi ne oxide, etc. The
compounds may be used individually or in conbination. [46 npl es .of

t herld®ll  iMptefials glse cORBrIsgraypolyane B yRYCYRareh the; %&H?H%‘l%gf 31?. Bastidych as

acetyl amﬁ;&g&;g@wlvé&? HRYELES susRaaEd bCthIAIRhASbOsddneflolidit HadttRrah t hat

can be uti
i ncl ude, ugaieoohpdunt tted tdocsAnaet' apprzolably(phitogpaio wathe ciasadinking reaction.-if the

azobi s(cycl ohexanecarbonjtrile)., . 2,2 r-azaobi s{2-nmethyl propionitrile),
benzoyl 6%?@%§déf°§F235W£ﬁwgfwgﬁﬁf§PBbe§ ¥ﬁﬁ§éﬂ§?EH¥°£nt&ﬂpmahHean 1
2, 5- bi s(taghbsthuley TREWRXYity2arkt firfiBé B8 ANBe solvent are not specifically limited.
bi s[ 1- (tertbutyl peroxy)-1-net hyl et hyl ] benzene, tert-butyl hydroperoxide,

t er t - but Vixapwiac ef aswetablce solyanty| ingbidex clleroferm,t apiienifrilpe mestyethy ratoac.

cunene hydroperoxi de, dicunyl, peroxjde,. | auro roxi de, r-a LG acid,
and. " pot A8t er &6t rabER AREHEI ALY wpEH: SPEFR S et ind

a- hydr oxyk@lceynss, sRéRAding] yiexiheadotnpoens iof didTeiateyial klay e, used- PFaefcridkgtzone,
nonoacyl phosphi ne, bisacg&ghosﬁhinc, and m xtures thereof. WO

2008/ 0608 PGt BEpoteiorBseE WL b osad sorhetdhe najsial gy Teadiby ke pigpesed ane

i nclude b lA i Lal j h
Funct | analorg SsRaE, SRR e AL TR ST L BB SO Rghre B!
to 80 wt %, with respect to the total weight of the material.

[49] In addition, at least a portion of the solvent should be actively or passively removable
from the material during a flexographic printing process. A reduced solvent material is
preferably a flowable material at room temperature or at temperatures at which

flexographic printing processes are carried out.
[50] Methods

[S1] Exemplary methods for printing a material on a recipient substrate using flexographic
printing techniques are described below. FIG. 1 provides an example of such a method.
The method depicted in FIG. 1 comprises removing at least a portion of a solvent from a
material to achieve a reduced-solvent material (100). The reduced-solvent material is then
disposed on a feature of a flexographic printing plate (110). The method may further
comprise transferring the reduced-solvent material from the feature of the printing plate to
a recipient substrate (120). The method may also comprise curing the material on the

recipient substrate (130).

[52] Any known or future developed technique suitable for removing solvent from the material

may be employed. In some circumstances it may be desirable to allow the solvent to
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initiated by oniumsalt initiators, such as triarylsulfonium and
diaryliodoniumsalts. 1481 Materials al so conprise a solvent. Any sol vent

i n whi ch wbeosospstaent s of the nmaterial nay be di ssol ve#CTdiSs@ensasds
suspended or the |like may be used. The sol vent nay be an organi c conpound
that does not appreciably participate in the cross-linking reaction, if the
material is to be cured, and which exists in a |iquid phase at room

te Irrper at passieahd evaparaip sphdvieve atpdushdsiobeing natpnigl. s Uy ptheieciranstaphesot maye

sol vent are not specifi cal limte I ' i.ncl ude
chl or of or%ﬁ] APLU B tgor if?cé&ta{r%§%\ﬁnéﬁ¥g}?% @ﬁé@‘é@%ﬁ%@%ﬁaﬁ Z‘, §é§lrz]ééﬁ %ﬁltohges

t her eof Apyaraf®URichods &omiteswaveapeiifearef ralisionl ¥ppagatudts spedssisngn solvent
suspendi ng, etc. the conponents of the material may be used. Preferably, a
suf fi ci erfVaRaelianotsky&@sl vent will be used so that the material can readily
be di sposed on a donor substrate. Cenerally, the anount of solvent wll

r angﬁ%]f o9 §Qwhn FHG%, tﬁiﬁate?ﬁl gﬁ?'%g d‘f'gtpg%é‘ai on¥¥ ddhot SSREEE (190)th8 af Ruéla

wei of the material. n addi tion, east a portion of the sol vent
shoul d beoaadn ofethy salvepassi betomavedovhalslthe fratmat seomtht doher sublstrate Gl ).
f | exographi c printin rocess A reduced sol vent terial . referably a
1 owabl o A SRPST 4t TS BIBeT dramits, CpbEco dPartipg dolabiqumopnt of
f1 exogr apRit6riflTdntht REnA REQFAE MR HRAT IEREmPHky tdchPhuddinbds dlpddating,
Exenpl ary nmethods for printing a material on a recipient substrate using

fl exolgr apifiﬁ coqﬁnigntllild\g); e@ﬁnﬁqu‘éﬂsf@ﬁl@r dleoyor i BEGbh2) wreducgl salvprtonpigeal an
exa e 0 t d_depi d 4 I 1 I i
oxasl o S4B TRV OB S AALBLREO, 5 g SRR

r educed- sedweiisoRBAEMA®RHal( f6M)the dorisabltedtost fentrerotie flatodraphidiphate

di sposed on a feature of a flexographic printing plate (110). The met hod
may furtH&0eonprise transferring the reduced-solvent material fromthe
feature of the printing plate to a recipient substrate (120). The net hod

may [@&ES %ﬂmﬁ{oﬁﬁt ?F‘ 5 08n Hﬁ% R RihRled Oforh NGaleREI B l@éel{i?x%UQ%&@éeﬁ-s@v%Qt) -

[ 52] own or future devel oped technique suitab or renoving sol vent

from t he mateali dreforplibe seffiolcny edoudtrofsolventcis remmstdatocmbande theynibermity

desi r abl eoft t?anaslfelroo aterlgunstg lo\feirre](tiuc;[eg-sol\(gntzgl% e/rlgl?%g 7‘[Il{)el:. %I;/t&%g%ofo ‘yeoggx%?g%aphic
printing plate. In some cases removing at least 10% of the solvent may be sufficient. In
other cases, removing at least 50%, 90%, 95%, 99%, or substantially all of the solvent
may be desired. If the reduced-solvent material is to be cured soon after transfer from the
feature to a recipient substrate, it will generally be desirable to remove more of the solvent
prior to disposing the reduced-solvent material onto the feature than if the reduced-solvent
material is to be cured at a time further removed from transfer to the recipient substrate. It
will generally be desirable to remove substantially all of the solvent from the material, if
the reduced-solvent material is to be cured while it is being transferred from the feature of
the printing plate to the recipient substrate, ¢.g. as described in U.S. Provisional Patent
Application Serial No. 60/865,968, entitled “FLEXOGRAPHIC PRINTING WITH
CURING DURING TRANSFER TO SUBSTRATE” to Mikhail Pekurovsky, filed on

even date herewith, which application is incorporated herein by reference in its entirety to

the extent it does not contradict the disclosure presented herein.

[S5] By varying the concentration of solvent in the material or the amount of solvent removed

from the material, the thickness of the reduced-solvent material at the point of contact with
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passi vely evaporate to achi eve a reduced solvent material. |In other
circunstances it may be appropriate to facilitate sol vent evaporation

t hrough twe 20es26a§75a sol vent renpval apparatus, such asPaTRISCE00WE3563 OF
infrared radi ati on apparatuses to assist in solvent evaporation or dryers.
[53] As shown in FIG 2, the material may be di sposed on a donor substrate
(140) and at |least a portion of the solvent nmay be renoved while the

mat eri al thefeature picthd diewegrapibie printineg PlasErn baagdiukiadihgiye desitablecanguipd Bed

t echni que,capabl e- gf di sposing rel.i abl u t erial | nor
subst r at ey eeST oM EhRT T e Frh@l RaBRE TRl el B A rp oA NG ER
coati ng, nadietidl N diseo3ad toddthicRy drlitht kiefiorssnbwiratd & tht foinPof doneact adthaddatanl vent

material may be disposed gnto the feature of the printing plate (11Q, see
FIG 1) I thepmymemiataghe fatyre maydycans Qesioadad and e riidrh it doperal

substr at Gl Qe L0 LAALMIC il R [hloRX ARHAREI AR BrfontBEDr (v Manfloy rafRUNL Of
sol vent may Be Teroved Trom material to achieve a reduced-sol vent material .
Pr ef er ablryduedybliveti materiambudispadicd sob vkinty os therbbued sitstretehatntbe fog of

uniformty of transfer of. anmounts of reduced-sol vent. mater.i to,the
feature c?PnTtaﬁ"eW’ftﬁéxfBﬁP@pﬂfit ¢ prntig Pﬁ@tepﬁlﬁﬁﬁa}mﬁeﬁn@bﬂ@ ttea%“% Cl?lgthb]\?ia?ﬁi 4 | east
10% of t hge gﬁ’e{h\fgaf‘ th'”e%YinBﬁ 4l Tl CoRpromistd. OTREEore8sRion @ RBIVERGindlsoh 8RS t
50% 90% 95% 99% or SUBSE Ant i all'y all of the solvent may be desired. |f
t he reducedesdlcarmtadimtberddalstddstotabtdme aclgsiead oamt ahd etacemanisifenattrdrmant he
feature ttﬁ a.rteci itent substrate, it will generally be desirable to renove
nore of t'RePEYIRERTUSPi or to di sposing the reduced-sol vent material onto
the feature than if the reduced-solvent material is to be cured at a tine
furtser rrestayiagd briog.t3,ansfeeiodt for tfog@ehipl @iiting UbsHisdtaeed Whersitht dgemer al |y
be desirable to renove substantially all of the solvent fromthe material,
if the redbgete dviroriredmpigahialfor gontinyeas dianster v Matarial jtg pdpsyre of a
transferr 7 t ature t i DL I : eglpi

subst v at dogeBie MRAEbHLG Thel g8, AhiAsbatofshe HAGHAPGAE, £onr
No. 60/ 86ab&fde (1), rtimeding Fl FSQGRARIHLE oPRdNTdIINGt WohiHthEUR thk | RiiRh NGO GANSFER
TO SUBSTRATE" to M khail Pekyrovsky, file n even date herew th, i ch
appl i cat iSyhstrae forehisye RAedetsp ERf %%ﬁe?@f(iﬁ(g)n@éd FHSTrEnG S rFE{IfC?QTSBWEWe
extent it 4065 Moh tEPMlRMkraldt8 it oSS AcRILHMIE b2 (160%0 Th

S005! 0600V E R, (b (OMhieE ShihraltE LSRG OHL RoRIAH éxg‘g?ap fe p(ri(x)ﬁ ng pl at e
can be adpetbdddurtler gowgridessiadatihg carromnyisg dngriptsacesrert, WIGS.k apdt®ranal on

th intjng feat F i f d -sol vent. materjal i
i Spbsed 400" HREREy e erE FABh bt Gt e P RS s FLS b Acehs ¢
feature afybithfe R thBitéddge LA rentiiehf BATIBAG SIBYrHE SEBIOMNE Fdconaatdmaneal he

width of printed material on the recipient substrate will be | arger than
the | at er@®0Xi fdwsi the ddnor rabsterde wpe. bel fecydled raad uesed -fop | cPBIRUAYALEFTUAR. | S

di sposed g00 thinly aon.t onoy .s (Nt .0f ¢ -wWih a
feature of“tHe p0 i ﬁlfl?rlnnés Efgﬁe?n({ ﬁeen%?é}é% ta}ffl% d%%l?/lt Eglf&l%]ée éltl} |lec ?(gtn?% %W\Imcéaded
and the quaktiily(1a0) bhe tr béteiv@l Maén e dongr aitksad.is Thwcadceith raatdlloor of
sol vent and sol vent renoval can readily be adjusted to obt aig a desired

. y
anount arfylipflere ardmey gisorhst weiuhforoatenar FInhpotagsqcased el 2 ©eBar oRERdstr i ng
to FIG ‘?0{ % é,hﬂdsofn%r ergnlbg ngﬁﬁpg' ﬁafrb'en&ésﬁlgolb %o'slirh?'lsrt &i?}#d%g OMMRE %.Ohgl_e
donor subsStrate’is rendered suitable Tor continuous anster of material to
a feat ur esubftrac;f ¢.gxatermpht c dpnormntubsgatplisteflat Thien wetphoe drprthaesntivegpsi ng
material onto a donor substrate (140), renoving at |east a portion of the
sol vent fiFMShe material on the donor substrate to achieve a
reduced-sol vent material (150), and transferring the reduced-sol vent
mat eishpl  EERRINGERNMY of YREEVIAL SmbAn@ fheAtHUENES substrhteXQUIRRNI Combiitd | NG
plate (160). The method further conprises reducing or renoving inprints
(see e. g.rempiiB8. al4onnebsEintiakly dBrdrthe mivgenderecd rrducedespliyant ipagerial e ftleg  of

the reduced- sol terial fromthe, d t to. t 170),
ander | ngt RE A < angrvare SoThg T ARRk) BEBRURE e b CfRR ol

t he donorresiéRstimplitsC@nrdatvieeitdedthonRet utedial GFont G ORGUSILBIFALEL | IAGan
Renoval of inprints (170) and renderi nght he donor substrate suitable for

recei vi ngerakadémend) a call oy hgyuspd thaneethdhe remgvaing mderid 98rthe dejar sybrate
associated with a roll or cylinder, and may al so be useful for plates or
films not associated with a roll or cylinder. OF course, in sone

embodi nents, it may be desirable to srAgly di spose of the donor substrate;
e.g. where the donor substrate is a flat filmor plate, rather than
renoving inprints. [57] Generally, reducing or renoving inprints froma
donor substrate (170) will conprise renoving all or substantially all of

t he untransferred reduced-solvent material fromthe donor substrate. Any



WO 2008/ 060875PCT/ US2007/ 083563 as shown, e.g., in FIG 9, to reduce or
renmove inprints. As further shown in FIG 9, the renaining reduced-sol vent
mat eri al wo 2068608780r substrate may be cured and renove@Cirrnuseoodosssss3
substrate followi ng transfer of reduced-substrate material to a feature of
a flexographic printing plate. In another enbodi nent, a blade in contact
with the donor substrate may be used to renove renmini ng reduced-sol vent
mat eri al absbowneg.dorddhG.sHbgtredice of serovedmyprintsy| 43 fughher § intFigg. 19 thse
under st ood that variogus,st resented, in FLLGS = 1- y I 1 xaed,

i nter chaﬁ%rg%l,nm@or (oY ('JIS,OI\éetn g%%aéés%lagpoglr ttélgr‘}"él e M For tee?g}irprﬁ%ec,&?dt Ia]?&s %e@l)ﬁ%nt

t hat the frh Riodsr siesehtebolowhgHrinS er bfardud@dmapsthec eidianed.a feafife Sy st ens

[ 60] The net hods descri bed above can be carried out wth any,Euhtgtﬂjl e
f I exogr aglxegiphigtnriging ydatem In ppghsr gmpodingspb g QBEP dn £oRiaeh 13 {AC d8AYonent s

t her eof i ' t net ' A ri bed
bel ow. | %HB e%(?ér ﬁ)a&g%e '?1 E]%{ gdx 2(%16 ar {/etnghg%lﬁg é?&%ﬁ%@%ﬁﬂmﬁﬁ%@?i al g}’é&a dgmﬁ?f be
used for sabsiaenisesiee. i FIGIS3cri bi ng both material that conprises a fully

saturated solution and a reduced solvent material. It should be understood

that (i) materjial 220 en initially di d. bstr at il
comystb TRl 1 uaadabd APorrioyp v, PERRICcs By JAGHS W 1ise BF disvRace
actively ifferdi@ssddy 8bibinbd R NBLBPioplial2 OF dT dx@pleD itt i RVREBY thhothe th@Bédyr e of

a flexographic printing plate, and (iii) material 220 transferred to the
f eat ure rdeb@itedinFiEe8ut end d oraydmtcombieadi al 220. [61] Referring to FIG 4,
side views of systens 1000 for flexographic printing arc illustrated. The

syst[sm 1%O(gte%1()snpri ses a donor substrate 210 configured to receive materi al
220 o] b ed on a recipient substrate 250. The system 1000 i ncl udes a
fl exographic roll 230 configured to attachably receive a fl exographic

pri M6dNg THeanethd@Od€ssabed ebaye,cak|b@. cabrjed dltexitgpapkiiaabpr fletdgnaphpd ptiirz80 nay

be attached to fl exogragphic rall 230 using any syitahle chni que. One
sui tabl e se/_étemeqﬁ@p&%z %gﬁ%%a%ﬁl‘f B Cé?%w@iﬂéﬁm r ?aanga_tbg%‘%r egying out
fl exograpfi e kiRlds deRPived DS Phte ANEHY Belohf2h flserOAL apéﬂe&nwéﬂ[y sgaeh@,

nmoveabl e relative to the donor substrate 210 such that material 220 nmay be
t r ansf er rthd ténmomadotedr220ubsit hat esed 100r toonwerfigwe uned@edbiog dwth enajerial the,  5)

of a flexographic printin | at.e.280. ,The stem 1000 depi.cted jn Fl.G 4A
Further 1 RETGHES g0 RSPt USTsB bR beabagt mASR! 5 shiluf 63
understood that (i) material 220 when initially disposed onto a donor substrate will
comprise a full concentration solvent, (ii) solvent will be removed, actively or passively,
from material 220 prior to transfer to a feature of a flexographic printing plate, and (iii)

material 220 transferred to the feature refers to reduced-solvent material 220.

[61] Referring to FIG. 4, side views of systems 1000 for flexographic printing are illustrated.
The system 1000 comprises a donor substrate 210 configured to receive material 220 to be
printed on a recipient substrate 250. The system 1000 includes a flexographic roll 230
configured to attachably receive a flexographic printing plate 280 (see, e.g., FIG. 5).
Flexographic printing plate 280 may be attached to flexographic roll 230 using any
suitable technique. One suitable technique includes attaching flexographic plate 280 to

flexographic roll 230 using an adhesive.

[62] Flexographic roll 30 is moveable relative to the donor substrate 210 such that material 220
may be transferred from donor substrate 210 to a feature 260 (see, e.g., FIG. 5) of a
flexographic printing plate 280. The system 1000 depicted in FIG. 4A further includes a
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backup roll 240 positioned relative to flexographic roll 230 such that
novenment of backup roll 240 relative to flexographic roll 230 is capabl e of
causi ng rwoizpisabs7substrate 250 to nove between fl exogr apmius2e000l0835880 and
backup roll 240, allowing material 220 to be transferred fromfeature 260
of printing plate 280 (scc, e.g., FIG 5). The system 1000 depicted in FIG

4B includes two backup rolls 240A, 240B positioned relative to flexographic
rol | 230 bedoip 1oH 240 positinegst retaftlvwz:ﬂ@fpgmhu%wklm;ﬂ sugly Bt mevemneRteof ackup

flexograph 23 S ca n 0 nove
bet ween TPib2B et & Afio BB DY R bR PE LRI osRie Mifaiesd &

mat eri al AR bwbén ﬂe;acrgsz‘qﬂﬁd e@il ﬁBOﬂihﬂ&ﬁbkl[}ﬁroZBQ4@fal]@W1ﬁg intagerfall 206 tB&Q (scc,
e.g., FIG RFFE;QGS Fl exo aphl c. roll 23Q and backlip rall 240, 240 240B
depi ct ed tfans ﬁ@“hﬁ%ﬁt%é A of tsinging s 280 (seRders i D hdBeaypismobi0 540
240A, 24 of, e Ral e e ers.
Such rot gﬁjon a ga,?e p@?ﬁ%{%lhl%&p V(a(‘?e 2@85 %ﬁl(l)s‘:%ﬁ oiNnulmr% ﬁ?&flontea ?ﬁ%cﬂgd to
f 1 exogr afhixographic 230280 suontthatt noatmentabf 220kgndolish@A0As anﬁBerelaﬁybetroi al
220 to recipient. substrate 25 rotatian al | 1 reC| i.ent
subst 1 at dicpBEDBeBYee bt vean ol B ariphrecingR SBYoa i RS r SRveesa0,
240A, 24%ogﬁ§ﬂucR€Jueran Nght %a&i&uﬁsmlﬁ angla 5 24hB2 ra%a[ngofmd@ata@rm t@ 24 from
donor substrate 210 to recipient substrate 250 by feature 260 of

f | exogr aphinsfeped fivimgatoral @ Ggointiog phomd80 (sec, BISG. FISy. Sprinting plate 280 is
shown attached to flexographic roll 230. As roll 230 rotates relative to

L anePEr Rt OO IE R B B SRR PR 8RR g o o

280 and foamdredlidi@s 280 the ré1&C230, 230, 2YhS} 240B nyOrotdtd @o@tsuhmrb@rebtyves hows
transfer of material 220 from donor substrate 210 to feature 260. and from
feat ure zeuotrtlgxewef PicentindunsPreh wiatmy. allaws PrBiAL PRtePEE5Mos shgyn B FlGimpr i nt s

270 on do u AW CTS 0
from dono %Eta%%? r atﬂgg%%&? p@a, (ﬁfoeéog%%{ %&{Agz%%?&gﬁ% tI%Slt WI rlglbzez%2
under st oad retipicns cuBtart 230. aISuERGotmayn rafsopalfovonreb gadnirsab26fe 260 o hoansf er
to recipient substrate 25 65 ferr a side view of

anot her é&?é"iﬁﬂnaﬂeﬁ‘ogllaékklﬁé? g% ‘L‘?q P Y 2@3%@?&1&9@ is illustrated. The
system 1000 includes an inking roll 290 in the formof a cylinder. A donor
subsigipt RELPinGNOFIEROMANG'S, FhizferOf mMAYiNQ2081HAS BSibrsAbdtild 218 akdipidR0.

Alternatively, the outer surface of inking roll 290 may serve as donor
subst r at eubdttate RR0 bar featuse 36® odifrrsngephiaratingeplatarX8icie shakinnglyr BIG. 390

srtes Syt U Sl SRR R R i

ani | ox 1 ajdndr khttraeoriy hr&?re’élp‘ié—iﬁfsﬁﬁﬁrab&%ﬂ raatbriglf 220l thangRkled. frc[rﬁ@bnérme
system 1000 depicted in FI@% al so includes a reservaoir 300 for housing

materi al 2bgratad19 fkifdsgie 3P ofdtrxpernkiedxpasP and JTasedratyr 280ite ragpiont
relative ate
270" Honey SRt U HIG SR S rirky b bl PP B8 el S S SRTL 2, O
di spose nfaitard 200 aAA0r@n fedticr2B0rto rdciioft, submaltmmmgAs ﬁlmwremm& 5 a6,
coating and roll_coating. Fl exo%&aphl cCro 230, to $ flexogiqa hi c
pl ate 280MPEBES 2Hoan idang gibstyte 2wy Ksp ch%Elther By gso Pptgrial, ki ng
roll 290 S t af

fl exogr ap(ﬁql gpsé@%%e%(ﬁfdat@gt&g%b Wﬁﬂgﬁs’%@ﬁ% 1188‘{51?&%3{“?? %S%dl nathlogx1 © 7,
sol vent imatpasisi20ehay reerpvedichtuonefhdfer itahsf220; re@pignt subkirasedhd.evapor at i on.
That is, at some point, if not continuously, solvent is renmoved from

tra ferre mrese voir 300 .as a
Condel r Ao edpJUE iRk rar™ Soane B SEPRE S e platieiistm 1004
material 22QustrAfeddemter dyhReh Y000hintREay £h tnRidg! {6l B0 inBheférad 0220yliRdcer iAal may
then be transferred fromfeature 260 of gl ate 280 to recipient substrate

250. [ 67]doRet ewbitrige tJOF(at dhowa &t dBGi Bwnesty dRottishedtenpkipgy roll 290

fl exograp 0 e fo. System
1000 pavt NG APRT, AP oREE SRS dubile soh S50 Aoy SORUELSR 0.
removi ng swioua Binbbdiattnisat gt dle 22Qcomkilonoil 290bstveate d3dd sabsotd auedhewi th
inking roll 290 nmay be enpl oyed. Exanples of suitable solvent renoval
appar at uses 320 include mcrowave or infrared radiation apparatuses to
assist in solvent evaporation or dryers. Also depicted in FIG 8 is a
doct or bl ade 310. Blade 310 is in contdét with at |east a portion of donor
substrate 210, which is associated with inking roll 290. Blade 310 is
capable of at |east partially renoving one or nore inprints 270 from donor
substrate 210. O course it will be understood that any apparatus for
removing or reducing inprints may be used.



[68] For exanple FIG 9 shows a system 1000 including a snoothing roll 320
in contact with or in close proximty to inking roll 290. Snoothing roll
320 i s capehbes/wbs7seduci ng or renoving inprints on the edrfisec@7o83sthe
inking roll 290 (i.e., the donor substrate 210). Also depicted in FIG 9 is
an energy source 330 capable of curing material 220 on the inking roll 320
followng transfer of material 220 fromfeature 260 of printing plate 280
to WO 2606r@6081sPEHUSO0ZY besdssntieldy pneeth, whishtis 4t eonpmet topREOX fIbt hi ng
roll 320 .pmy then be used to I ured material 220 fromthe surface
of the i nkKIRgTPErS ¢ 28 .Ce%l’}]é‘]m%%?(s:%%l:ﬂgee&it will be understood that the
conponents of the various systens 1000 di scussed throughout this disclosure
can [be] i NMhersghramadd depictedXaiid. d, alidhiacisyet ersdO6D 300 férl eusubg onatériab22F. may

i nclude a sol vent renoval apparatus 320 or a plade 310 as picted jn FIG
8. hi addhtinkig it 28P retatse aheiidis<cntd %Xrﬁa%nddsﬁéwe %Y?éft‘%lﬁéﬂg’ @?t%\ﬁlﬂi is

shown as : ' I ' 4- BowdBY [ Qha@ndag!
attached 1?61%161‘&??5]94 t (pgs %e%@cszt?gg%qu ' Fjlﬁ(%s. 7 gﬁgng PE Ftﬁd\%\a@ iIrolmial aéone%lely arl
under st ooukcthdrhmay we usad kaidispodel mat2dl 20240 Bikas wdp2 W, entliding| fGr exd@Bpiey be

substituted for the sjngle backup rol.l 240 confi rati on sho i El )
o et et nd gl aatiiney Horions eb236 s o R iR B0 L s
pr epar ed sﬁ§wCl§5F_fi%.i7l)%fﬂa>i Bt MBcRER Yot RahtiveloaRkin ARSIl RS LHNhEEhh@lialNRO

60/ 865, 979, entitléd "SO.VENT- ASSI STED EMBOSSI NG OF FLEXOGRAPHI C PRI NTI NG

PLATES" tio tivhktaed tedkatney 26l oétfleabgraphic] mentiog pleten2®ht dn Hbe estem, 1000 ef | y,

the pl ate, wa rep d-by taking a paolyneric [fLl i m cronrepli cat ed
| i near prqegﬁaateﬁcms F@tgursgfv(egﬁ—s ngﬁ!yé%nﬁ%aerd c#rgrﬂn ;H/l%}ée\l;{aaglzggi &5y E)hﬁ]gl%%}l Co.),
referred dvapastiGEFTIRSS, @f sorflep6ist, if Mg canfimionsly aydvendls meiokyd fretnyhtekialt one
on its structured surface, and then ﬁosi ti.oning a CYRELC té fle-xo?r a{)hi C

pl ate (t\y38 FDRsSBrapsiygediionhieskvoikid0n 2 el eoncsvittionewtvent patesiab 724 1oy

avai | abl Pont t h ) pl.k r eq After
5 hour s, HE Rafka (oyeiet Sl Fud 88 a0l SASASLAAPLARAEHI FRESS.

at t ached mitetig-20phitedileday tHom bentranstdvredr fomre fsaureefli gfpdate 380 Ho acapicotur y
Fusion WV curi ng | anp (nodel MC-6RQN, Rockville, MD, 200 watt/in), run at
appr oxi metBiAS2Y b m  The nicro-replicated flexographic printing plate was

t hen detached fromthe BEF master. [721 The mcroreplicated flexographic

pringhng ek s M FIEN8Na dldk ashedr hitotRerlkerhpfy AbasmRitic pHAss S¥ldugro by

f | exographi ¢ nmbunting tape (type 1120, comrerci al l'y ‘avai |l abl'e from 3M Co.).
A thin | dydtusthtetyllG.Idepicts dopsem (1980 weving olsbisniciemanelrapparatiscR0. Any

di sper si on _cont ai

acryl am ¢'PPg? %%B%agff\l%%’/%gg%%q rzfrﬁlgltn fﬁ%@?@a‘i :22 g%%n%%%&%%%tgl ) Y/

pent aer ytREddiAbd Withfihighg 201229Y htfebe(dnipldyed. Examples of suitable solvent removal
apparatuses 320 include microwave or infrared radiation apparatuses to assist in solvent
evaporation or dryers. Also depicted in FIG. 8 is a doctor blade 310. Blade 310 is in
contact with at least a portion of donor substrate 210, which is associated with inking roll
290. Blade 310 is capable of at least partially removing one or more imprints 270 from

donor substrate 210. Of course it will be understood that any apparatus for removing or

reducing imprints may be used.

[68] For example FIG. 9 shows a system 1000 including a smoothing roll 320 in contact with
or in close proximity to inking roll 290. Smoothing roll 320 is capable of reducing or
removing imprints on the surface of the inking roll 290 (i.e., the donor substrate 210).
Also depicted in FIG. 9 is an energy source 330 capable of curing material 220 on the
inking roll 320 following transfer of material 220 from feature 260 of printing plate 280 to
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WO 2008/ 060875PCT/ US2007/ 083563 i n i sopropyl al cohol (1PA), 3M Co., St.

Paul , M\ ) was deposited onto a clean glass slide by dip coating at 0.03

nmet ers pewormesuces7Sr om t he 906 hardcoat sol ution in | PAPCZASM07083563 dS) ,

and then drying the glass slide in open air. The fl exographic printing
plate was then rolled by hand in the | ayer of hardcoat and then rolled onto
a clean 125 m croneter-thick PET poly(ethylene terephtalate) film

(avai | ablrecipicotrsubspatat 2500) Thwenopthing eell BRY may thanake vprshtosper! tharcsisgh a LV

pr ocessor Ef%%i,lQg@gro&r}‘lé{h?/sﬁrrgfﬁrc%ro%é’inﬁﬂfgir8ﬂZW curing |lanmp (nodel MC- 6RQN,

Rockvi | | €72 Nt rogencpur ged to 50 ppm 02 content), run at
approximately 1.5 neters/mn Lines that were exposed to the UV light were
cur gg9jlandhadrsa ivivill be eideapgrdokiattat edbyip@entsnifehonatoes sysaeods Mledispased

approximately 50 micronmeters apart formng a parallel |ine ter

i |1 ust r attB@ugheus ﬂi“ﬁélSHOéWS@aagﬁi”&tef%%dof 0¢|eéam§16,. &Ff’ﬁTtel@xﬁﬂbl"g ng- 741 A
m cro-fl L& REIRL ' Ji

T g oSk FIEET 2 SEARE L08R SRR oEE LRE 10 AR P

" SOL VENT-8A95| 8@ Hon BYBGAS Bk NGd Gtobd EXOGRAGHIuGStRRE RIT0T NG EH ATESWntas aNiliheri |

Pekur ovsky et iled on.even date herewith iefly, the at S
pr epar ed I%%}e {y J’ﬁ@ ‘L‘%@Wﬁﬁﬂq %e&PF%OgF { ﬁﬁ g ?#%P%ﬂoeapﬁlg 4t é??l%tg%gl- E{)(‘reﬁ'er
st ruct ur ey afiEP O s Wil NIsPbSTRIckst GSMPUBL twef badRENM11s 20X 2408 eNgepddted HEFT@ST er
tool structured surface, and then positioning a CYREL(ft) fl exographic

pl ate (t yBemIphe BitGtiBEcdfor theistigle backhp rdhddleepndigueation lfeawn ingKFS.abPe from
DuPont Co.) on the top of the naster tool mcroreplicated surface. After 15
hour s, tl&% pl ate was exposed to UV radi ation through attached

m croreplicate IIlmin a WV processor (Fusion UV Curing |anp, nodel

MC- 6RQN, Rockville, MD, 200 watt/in, mercury lanp, run at approximately 1.5
nmet 8] pdixagptond) and then the mcroreplicated flexographic printing plate
was detached fromthe nmaster tool. This mcroreplicated flexographic

printing plate was then attached to a 12. 7. cmdi ameter gl gss. cyl | gder, by
P exlabt aphinacimotier icapen peyiere 1Xoreaiiikdy drsriogd 2v A BBV abPRSk 5. ).
A mi crogr aphicGib™8e8aI0N0 t B0/865TH P, An@iRbd C8DRY HN EXAGHISPEDEE MIBORSING plrat e
illustrating the features is shown in FIG 11. [751 A thin |layer of 906

har dcoat RIde$QERAPHICHP RERNFIDIGPIATHES taldpkkik Rakueavsky et @i, &dgdd ¢t ags dgtd de by
di p coati,ng at, 0.03,meter er mnpute . froma 906 [ l.ution.in | PA
(25 wt % shc??%‘ 3 Bélﬁ’gydh?i Ps?ét%t‘?{%st Pipasd by jagie %p8p§hegl§i f?l f‘%velﬁé IaeI%(l)éé{r)laphi c
printing ppadad@secar PESRONSLBRAGETBEF UB20ohBS5ha Y taveitabl® o3 by Cband i n
that | ayer of hardocat and then rolled onto a clean 125 m craoneter PET

i.e., polpfearchyo anBEFanasitit denesiinefa thin lexwra0firasshy athyd keupertitsogycturgd s pET

filmwt Int i . Sept pich o Welo i ring
L arp,  modd ek DaRR A A e C BRI O e Rae BReERRCIDR T B8 by o)
ni t r ogen with agpéwaxi cakesshyetd Gompiroddllyoxyailable frorn RBuPappfoXoneheltyp &f Tharet er
per mnute).

The resulting printed |ine re approxi mat el i cr.ometers

wi de and MBPIARIGAESHSUERES. [dHY i%?%rﬁﬁh%%t¥ B S Bsexneper oY ridigias e
in the mgroghaRbhgadniBIRcPRYRcdE Kl in 32UV processor equipped with a mercury
Fusion UV curing lamp (model MC-6RQN, Rockville, MD, 200 watt/in), run at
approximately 5 fpm. The micro-replicated flexographic printing plate was then detached

from the BEF master.

[72] The microreplicated flexographic printing plate was then attached to a 12.7 cm-diameter
glass cylinder by flexographic mounting tape (type 1120, commercially available from 3M
Co.). A thin layer of type 906 hardcoat (33 wt% solids ceramer hardcoat dispersion
containing 32 wt% 20nm SiO, nano-particles, 8 wt% N,N-dimethyl acrylamid, 8 wt%
methacryloxypropyl trimethoxysilane and 52 wt% pentaerythritol tri/tetra acrylate (PETA)
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[ 761 Thus, enbodi ments of SCOLVENT REMOVAL ASSI STED MATERI AL TRANSFER FOR
FLEXOGRAPHI C PRI NTI NG arc disclosed. One skilled in the art will appreciate
t hat enboworeesisosTsher than t hose di scl osed are envi si orew/USTéve/08856% | osed
enbodi ments arc presented for purposes of illustration and not limtation,
and the present invention is limted only by the clains that follow \What

is claimed is: A nmethod for flexo raphilgm\f)ri nting, conprising: renoving at
| east a porisopopybiicahol APAeniMfCondh Pauk M hivas deprsiicé patoa eleetglags slilovent

mat eri al ;; dj.sposing..t reduced- sol ve ' .
fl exogr a;h}fi c%p 6?‘?“ | r%g P I<%[11te{(:aie;rs §er¥d§]?1}ﬁéenf2¢%[{fﬁ% ggé ﬁ%rgg&tégﬂ@gé@%mfgé‘?g vRrr)g%’eri al
from t he she@)usel thon Aryiegity gats sideshropte air?. TH fretdgagphacmdrtiigngatcoval ai m

ghbfs? : ;P gﬁencgﬁgé ib?lihggd (i:nu‘crhiquyé 2% hggi(gloja%%%asﬂ?elnvfo?lted rorg‘;[oear iclga!m ? 5 ;[nri]cgoﬁlgt%;-pi ent
thick PET poly(ethylene terephtalate) film (available from DuPont Co). The printed PET
film was then sent through a UV processor equipped with a mercury Fusion UV curing
lamp (model MC-6RQN, Rockville, MD, 200 watt/in, nitrogen purged to 50 ppm O2
content), run at approximately 1.5 meters/min. Lines that were exposed to the UV light
were cured and had a width of approximately 2.5 micrometers and were spaced

approximately 50 micrometers apart forming a parallel line pattern illustrated with the

micrographic image of FIG. 10.
[73] Example 2

[74] A micro-flexographic printing plate was prepared as described in US Provisional Patent
Application Serial No. 60/865,979, entitled “SOLVENT-ASSISTED EMBOSSING OF
FLEXOGRAPHIC PRINTING PLATES” to Mikhail Peckurovsky et al., filed on even date
herewith. Briefly, the plate was prepared by taking a polymeric film with a micro-
replicated cube-corner structure, depositing a small amount of methyl ethyl ketone on the
master tool structured surface, and then positioning a CYREL® flexographic plate (type
TDR B 6.35 mm thick, with removed cover sheet, available from DuPont Co.) on the top
of the master tool microreplicated surface. After 15 hours, the CYREL® plate was
exposed to UV radiation through attached microreplicated film in a UV processor (Fusion
UV Curing lamp, model MC-6RQN, Rockville, MD, 200 watt/in, mercury lamp, run at
approximately 1.5 meters per second) and then the microreplicated flexographic printing
plate was detached from the master tool. This microreplicated flexographic printing plate
was then attached to a 12.7 cm-diameter glass cylinder by flexographic mounting tape
(type 1120, commercially available from 3M Co.). A micrographic image of this

microreplicated flexographic printing plate illustrating the features is shown in FIG. 11.

[75] A thin layer of 906 hardcoat (described in Example 1) was deposited onto a clean glass
slide by dip coating at 0.03 meters per minute from a 906 hardcoat solution in IPA (25
wt% solids), and drying that glass slide in open air. The flexographic printing platc was
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3. A nethod according to claim1, further conprising disposing the materi al
onto a snooth surface donor substrate, wherein renoving at |east a portion
of the soWvoends/deosTm t he material occurs whil e the mat er ipalr/uisgoodiosizexzed on
t he donor substrate and wherein at |east 90% of the solvent fromthe
material is renoved. 4. A nethod according to claim3, wherein disposing
the reduced solvent material onto the feature of the flexographic printing

pl ate corwn rwdsd by dnsd ér theahlgyeinel ednrobandsey seledrmnte picktanflZé micrManor
substrat t he .f eat
dis;osingqﬁﬁ ﬁ%ﬁ‘?a‘FHSAFﬂﬂF% %ﬁggm%ﬁ %% eD%gO&: ”ﬁ%1]§@§§§%9ﬁgthe

donor subsinkct Bndy Whs tdie thRlugh iaallv @rocéssﬁﬁ'(hmibtﬁm(lﬂlhng Ithi@pc hmided 11C-
wherein renDV|ng at least a portion of the solvent fromthe material

conpri seSRQNDReGkyilkes MI2200 vahuaneh. rpereury drpRruresdohy RiFRSFROAPPEXIMatelyA
met hod ac@ar di fgo Qe ith B dpprofifbRly1 5HRY f9 nfthutb fafite RsBRSd h@Reffindshe

sol vent
were approximately 3 micrometers wide and 135 micrometers long forming a triangular

pattern as illustrated in the micrographic image shown in FI1G. 12.

[76] Thus, embodiments of SOLVENT REMOVAL ASSISTED MATERIAL TRANSFER
FOR FLEXOGRAPHIC PRINTING are disclosed. One skilled in the art will appreciate
that embodiments other than those disclosed are envisioned. The disclosed embodiments
are presented for purposes of illustration and not limitation, and the present invention is

limited only by the claims that follow.
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fromthe material conprises renoving at | east 90% of the solvent fromthe

mat eri al .

wherein renoving at |east a portion of the solvent fromthe materi al
conprises renoving substantially all of the solvent fromthe material.
met hod according to claim 1, wherein the feature conprises a |ateral
di mensi on of 15 mcroneters or less. 10. A nethod according to claiml,
wherein the feature conprises a |lateral dinension of 10 mcroneters or

What is claimed is;

A method for flexographic printing, comprising:

removing at least a portion of a solvent from a material to achieve a reduced-
solvent material;

disposing the reduced-solvent material onto a feature of a flexographic printing
plate; and

transferring the reduced solvent material from the feature to a recipient substrate.

A method according to claim 1, further comprising curing the reduced-solvent

material on the recipient substrate.

A method according to claim 1, further comprising disposing the material onto a
smooth surface donor substrate, wherein removing at least a portion of the solvent
from the material occurs while the material is disposed on the donor substrate and

wherein at least 90% of the solvent from the material is removed.

A method according to claim 3, wherein disposing the reduced solvent material
onto the feature of the flexographic printing plate comprises transferring the

reduced solvent material from the donor substrate to the feature.

A method according to claim 3, wherein disposing the material onto the donor

substrate comprises die coating the donor substrate with the material.

A method according to claim 1, wherein removing at least a portion of the solvent
from the material comprises removing at least 10% of the solvent from the

material.

A method according to claim 1, wherein removing at least a portion of the solvent
from the material comprises removing at least 90% of the solvent from the

material.
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11. A nethod for flexographic printing, conprising: (a) disposing onto a
donor substrate a material conprising a solvent; (b) renmoving at |east a
porti on oboth@/mwsod7sent fromthe material on the donor swebItusate/o8zsenchi eve
a reduced-solvent material; (c) transferring the reduced-solvent nmaterial
fromthe donor substrate to a feature of a flexographic printing plate; (d)
transferring the reduced-solvent material fromthe feature to a recipient
substrate; and (c)reducing or renoving an inprint on the donor substrate

that resuylts from¢tr,ansfer of the. re d-saol v terl donor
substr at 'ég "to t g{é}heogtaﬁ?oer %lfgq? ﬁfémﬁllé&vggrr%glprﬁl %Vg%%trt\%%%ga éﬁrg{)%&@g].si@?mmt hod

accordi ng to Glodh fAcllatetMi@bBIphis¢sadimoling subgartiatlg abf tiaotenofromuhst r at e
conprises renoving untransferred reduced-sol vent material fromthe donor
substrate to deHféde a donor substrate suitable for receiving the material
conprising sol vent.

9. A method according to claim 1, wherein the feature comprises a lateral dimension

of 15 micrometers or less.

10. A method according to claim 1, wherein the feature comprises a lateral dimension

of 10 micrometers or less.

11. A method for flexographic printing, comprising:

(a) disposing onto a donor substrate a material comprising a solvent;

(b) removing at least a portion of the solvent from the material on the donor
substrate to achieve a reduced-solvent material;

(©) transferring the reduced-solvent material from the donor substrate to a
feature of a flexographic printing plate;

(d)  transferring the reduced-solvent material from the feature to a recipient
substrate; and

(e) reducing or removing an imprint on the donor substrate that results from
transfer of the reduced-solvent material from the donor substrate to the

feature of the flexographic printing plate.

12. A method according to claim 11, wherein reducing imprints on the donor substrate
comprises removing untransferred reduced-solvent material from the donor
substrate to achieve a donor substrate suitable for receiving the material

comprising solvent.
13. A method according to claim 12, further comprising repeating steps (a) — (),

wherein the donor substrate is the donor substrate suitable for receiving the

material comprising solvent.
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13. A nethod according to claim12, further conprising repeating steps (a) -
(e), wherein the donor substrate is the donor substrate suitable for
receiving the material conprising solvent. 14. A nethod according to claim
11, further conprising curing the reduced-solvent material on the recipient
substrate and wherein disposing onto a donor substrate conprises di sposing
onto a snooth surface donor substrate and wherein renoving at |east a
portion of the solvent fromthe material conprises renoving at |east 90% of
the solvent. 15. A flexogaphic printing system conprising: a snooth surface
donor substyspate [ o Y L als. ] Sl I such
that the marori af et ASEhs, AP T Bl R S Ml B

appar at us r enovimgeratl onehs recgiént ghbstiae awd| wientin fdisposibgentoet dorioalsulshtraggosed on

t he donor substrate to produce a reduced-sol yent terial disposed on the
donor subst r at e-OPFH G EHPR PROAOOCH LA TR S0 e don AR BERVUE o

f1 exographi c priaptéRga Poricd GOMPsbEtMArén (iRRtidfedial EQBpideS ¥QH6ARNAC 148! |
noveabl e relative to the donor substrate to all ow t he reduced-sol vent

mat eri al on t he Wonefthestvantate to be transferred to the feature of the
printing plate; and a backup roll positioned relative to the flexographic
roll such that novenent of the backup roll relative to the flexographic roll

is capabl e 6f caufengraphiaaingingsystanRsinpetiagt 0 nove between the backup roll
and the flexographic roll to allow the reduced-sol vent substrate to be
transferred frorh$®ROth sufasealoper substrate cppfiauid 1584y e A dnaterial comprising a

solvent such that the material is disposed on the donor substrate;

a solvent removal apparatus removing at least 90% of the solvent from the
material disposed on the donor substrate to produce a reduced-solvent
material disposed on the donor substrate;

a flexographic roll configured to attachably receive a flexographic printing plate
comprising a feature, the flexographic roll moveable relative to the donor
substrate to allow the reduced-solvent material on the donor substrate to
be transferred to the feature of the printing plate; and

a backup roll positioned relative to the flexographic roll such that movement of
the backup roll relative to the flexographic roll is capable of causing a
recipient substrate to move between the backup roll and the flexographic
roll to allow the reduced-solvent substrate to be transferred from the

feature to the recipient substrate.

16. A flexographic printing system according to claim 15, wherein the donor substrate

is associated with an inking roll.

17. A flexographic printing system to claim 15, further comprising an apparatus for
removing imprints in the donor substrate that result from transfer of the reduced

solvent material from the donor substrate to the feature.

18. A flexographic printing system according to claim 15, further comprising the
flexographic printing plate.
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16. A fl exographic printing systemaccording to claim 15, wherein the donor
substrate is associated with an inking roll. 17. A flexographic printing
systemto claim 15, further conprising an apparatus for renoving inprints in
t he donor substrate that result fromtransfer of the reduced sol vent

material fromthe donor substrate to the feature. 18. A fl exographic
printing systemaccording to claim15, further conprising the flexographic
printing plate. 19. A flexographic printing systemaccording to claim 18,
wherein the flexographic printing plate conprises a feature conprising a

lateral dinppsi og ffé&o&épm ‘f)'hﬂﬂi?é ?}rs&npﬁccloﬁﬁﬁg to claim 18, wherein the flexographic
printing plate comprises a feature comprising a lateral dimension of 15

micrometers or less.
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