-1 ' AQUEQUS DEVELOPABLE PHOTOSENSI Tl VE Peragy § o
POLYURETHANE- ( METH) ACRYLATE This invention relates to radiation

curabl e polyners and formnul ati ons or conplosttions containing them as well
as photosensitive articles having solid surfaces or |ayers prepared from
such polymers or formulations. The invention also relates to a process for
maki ng and using the pol ynmers and maki ng and usi ng the photosensitive
articles. AQUEOUS DEVELOPABLE PHOTOSENSITIVE

POLYURETHANE- (METH) ACRYLATE

This invention relates to radiation curable
poiymers and formulations or compositions containing
them, as well as photosensitive articles having solid
surfaces or layers prepared from such polymers or
formulations. The invention also relates to a process

for making and using the polymers and making and using
the photosensitive articles. T
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Phot ocur abl e pol ymers and conpositions are well known in the art for
fformng printing plates and ot her photosensitive or radiation sensitive
articles. In the field of radiation sensitive flexographic printing plates,
the plates typically conprise a support™ @&d a photosensitive surface or

| ayer from a photocurable conposition. Additional |ayers or surfaces on the
plate include slip and release filns to protect the photosensitive surface.
Prior to processing the plate,

Photocurable polymers and compositions are well
known in the art for forming printing plates and other
photosensitive or radiation sensitive articles. In the
field of radiation sensitive flexographic printing
plates, the plates typically comprise a support and a
photosensitive surface or layer from a photocurable
composition. Additional layers or surfaces on the
plate include slip and release films to protect the
photosensitive surface. Prior to processing the-plate,
the additional layers are removed, and the
photosensitive surface is exposed to radiation in an
imagewise fashion. The unexposed areas of the surface
are then removed in developer baths.

Removal of unexposed surfaces comprising solid
photocurable compositions such as those disclosed in
U.S. Patent No. 2,760,863 require the use of developer
baths comprising environmentally unsafe, organic
soclvents such as tetrachloroethylene, 2-butanone,
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the additional |ayers are renoved, and the photosensitive surface is
exposed to radiation in an i magew se fasH on. The unexposed areas of the
surface are then renoved i n devel oper bat hs. Renoval of unexposed
surfaces conprising solid photocurabl e conpositions such as those discl osed
in US. Patent No. 2,760,863 require the use of devel oper baths conprising
environnental |y unsafe, organic solvents such as tetrachl oroet hyl ene,

2- but anone,

benzene, toluene, xylene, trichlorbgihane and solvent
nixtures such as tetrachlorcethylene/n-butanol.
However, due to the toxicity, high volatility and low
flash point, their use gives rise to hazardous
conditions and creates pollution problems. Thus,
recently there has been a strong interest in the field
to develop photosensitive layers in non-organic solvent
developing solutions, e.g., aqueous, surfactant-agueous
or alkaline-aqueous solutions. However, the
compositions resulting from recent attempts to achieve
agqueous developable plates demonstrate deficiencies in
mechanical properties, e.g., flexibility. See European
Application 261,910.

For instance, in addition to possessing an aqueocus
developable pﬁotosensitive surface, a flexographic
printing plate must have sufficient flexibility to wrap
around a printing cylinder, yet be strong enough to
withstand the rigors experienced during typical
printing processes. Further, the printing plate should
be soft enough to facilitate ink transfer during
printing.

Previous aqueous developable compositions have- not
possessed all the desirable features such as
flexibility, softness and solvent resistance to inks
typically used in printing. For example, U.S. Patent
No. 4,023,973 describes a photosensitive composition
comprising a maleic anhydride adduct of a
1,2-polybutadiene. However, because the 1,2 content of
this material is very high, i.e., 70% or more, this
composition has an undesirably high rubber hardness.

Furthernmore, other water-developable
photosensitive compositions which contain as the main
component a high molecular weight polymer such as
polyvinyl alcohol, cellulose, polyethylene oxide, or
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benzene, toluene, xylene, trichloroethane and sol vent m xtures such as

t'et rachl or oet hyl ene/ n- but anol . However ,- due-to the toxicity, high
volatility and low flash point, their use gives rise to hazardous
conditions and creates pollution problens. Thus, recently there has been a
strong interest in the field to devel op photosensitive layers in
non-organi ¢ sol vent devel opi ng sol utions, e.g., aqueous, surfactant-aqueous
or al kal i ne-aqueous sol utions. However, the ﬁgggos'tions resulting Lrom

recent attenptde ¢ik&ni &F& AGFESELCIERE dPab pitdtyqBronEPEEeE

def : ci enci es higiedeiealoprupdeti Bardaegs, agxtienébbéi bhye Breuftabpean
Application 2 910. . For i ce, L0, Ltigon to possessing an
aqueous deve|g%&bﬁéebﬁai52@%&9?%%@3?U§Fé§§}%§ Pﬁgggafaphic printing plate
must have suffici emirfdldy, biilti tip edser dppertantt &hpti bhieng cyli nder, yet be
strong enough | : LoQr ri ug,i typi cal printing
processes. Fup?.%é:\fw,stﬁ é@&?ﬂ%}%ﬁ#ﬁi‘a%%a?gegﬁ%uFg@gggggf iﬂgggué to facilitate
i nk transfer dimengignajtiyhwgtable dprdpgogsorgteousFatyexapribpe some

conposi tions RayPHJadit RS EwRd Y nake ndephihaBkenhoat UheemsSiaRedior

flexibility, %%u£¥§%%y?%%é§2£€?gé %%%5?5%2861%°s59§§ flexographic
printing plates in that the compositions become tacky
and pasty during storage. Those inferior properties
have been attributed to the low molecular weight of the
polymers used to prepare the printing plates. See U.S.
Patent No. 4,762,892 to Koch et al. and discussion of
low molecular weight polymers disclosed in Japanese
Kokoku 57-23693.

Photosensitive formulations using the polymers of
this invention are water-developable without presenting
any of the aforesaid disadvantages.

Japanese Kokai Patent (A), SHO 59-113430,
Disclosure Date June 30, 1984, Sakurai et al.,
discloses a water-developable printing plate made with
a light-sensitive polymer. The polymer is made by -
chain extending both an isocyanate end capped polyester
diol, and an isocyanate-hydroxyl(meth)acrylate adduct
with an alkyl diethanolamine. Thus, a chain extended
prepolymer terminated with isocyanate (such as
Prepolymer III herein) is not made. The final polymer
product is quaternized to increase cure speed. The
present invention does not reguire this step. The
solid photopolymer IV of the instant invention is not
made. In Example 2 of the reference (which appears to
be typical of the reference Examples), a mixture of an
isocyanate end-capped polyether diol (PEG 1000) and a
diisocyanate-hydroxyalkyl(meth)acrylate adduct isﬂk
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typically used in printing. For exanple, U S. Patent No. 4,023,973

déscri bes a photosensitive conposition tdrprising a nmal eic anhydri de adduct
of .a 1, 2-pol ybut adi ene. However, because the 1,2 content of this material
is very high, i.e., 70%or nore, this conposition has an undesirably high
rubber hardness. Furt hernore, other water-devel opable photosensitive
conpositions which contain as the main conponent a hi gh nol ecul ar wei ght

E)Zl_ ymer such %Slfzai%o—lngt‘ienr}gef ltgiqt OlN—mce%lhly"ild%se%ha%%ll%?nti@él %rx]x%e%)(i de, or

conditions leaving no detectable ~NCO.

European Patent Application 54,150, filed October
23, 1981, Lehner et al., assigned to BASF, describes a
Uv-activatable polymer made by first reacting together
three components, i.e., a polyether diol, diisocyanate,
and alkyldialkanolamine, and reacting that product with
an epoxy acrylate. The final polymer product is
formulated conventionally with acrylates and
photosensitizers for use in water-developable printing
plates. Since this reference describes a polymer
comprising moieties of polyether diol, diisocyanate,
alkyldialkanolamine, and acrylate, it is appropriate to
consider it at length. 1In the Lehner et al. reference,
the product is a random copolymer consisting of
randomly positioned moieties of polyether polyol,
diisocyanate, alkyldialkanolamine, and epoxy-acrylate
in various combinations, e.g., B-A-B, B-C-B, B-A-B-C-B,
B-A-B-C-B-D-B, etc., where A is polyether dicl, B is
diisocyanate, C 1s alkyldialkanolamine and D is an
epoxy acrylate. This introduces pendant acrylate
groups along the polymer chain. Finally, polymer -.
viscosity is increased to obtain a solid polyurethane-
urea by addition of a diamine which forms urea
linkages. Lehner et al. did not react epoxy-acrylate
sequentially. All A, B, C, and D were added at the
same time. The Lehner et al. reference does not
disclose an isocyanate end-capped polyether diol or
polyester diel, chain extended with an alkyl
dialkanclarine, with the chain-extended product further
end-capped with hydroxyalkyl {meth)acrylate.

This invention differs in other important ways
from the Lehner et al. process. (1) It is segquential,
that is, the diol is end-capped, then chéin-exten&gd at
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the like, are insufficient in flexibility and possess a hi gh degree of
rubber hardness and hence are unsuitabtesfer use in flexographic printing
pl at es. Finally, it is also inportant that the photosensitive surface
of the printing plate be dinensionally stable during storage. For exanple,
sonme conpositions used for nmaking plates have shown inferior stability
properties when used in solid flexographic printing plates in that the

conposi tions beconme tacky and pasty during storage. Those inferior
properti es h&v@deeh i t¥hHREFLT (Pl PRI BRI IS ghitPof the pol yners

used to prepaicryieds i N{2NOorH atdsul Shey bl edleerils Nherd, 762, 892 to Koch
o st eSSl 81, ] G JBLepilar eyl Rl el 56 SRet iy
pol ymers of tdn sspoweridwylate vatformgwaidyedigraipshaliony d¢danting any of
D scl osure. DR it T o340 kaRtFS; DR TUIF i SR, (e 538 59115456
wat er - devel opatgee Joinikades). pl & Thite mradess |dags Tednguabeanide ner. The
polymer i's mapepy; £haf 4h XSO e RO Ahis WY Alcher'1d Gk pol yester

differences ensure a precise and highly desirable

thermoplastic polyhrethane elastomer. That is, a

structure that will provide the correct predetermind

molecular weight and composition and will necessarily

result in a printing plate with good physical

properties and good agueous and oil based ink

resistance. The reference does not make the products

of the instant invention.

U.S. Patent 5,069,999, Higashi et al., "PS Plate

for Making Lithographic Plate Requiring No Dampening

Water," (1991), discloses a printing place comprising a

photosensitive mixture comprising an acrylate monomer

or oligomer and a polyurethane resin made "... by

reacting a diisocyanate with approximately equimolar

amount of a diol or those obtained by reacting a diol

with a slight excess of a diisocyanate and then

subjecting the reaction product to a chain extending

reaction with a diamine, a diol, or water." [Emphasis

supplied.] (Col. 4, line 66 — Col. 5, line 2.) The

reference does not make a solid photopolymer, nor does

it discuss or disclose water developability. Further,

prepolymer IXII of the instant invention (a unigue

chain~-extended polyurethane) is not disclosed in the

reference. The reference suggests using

alkyldialkanolamine or dihydroxy(meth)acrylate as a

diol (Col. 5, lines 37-39). However, the reaction of a

hydroxyalkyl~{meth)acrylate with a diisocyanate end-
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diol, ‘and an i socyanat e- hydr oxyl (nmet h) acryl ate adduct with an al kyl

di et hanol am ne. Thus, a chain extended-pi7epol yner termnated with

i socyanate (such as Prepolynmer Il herein) is not made. The final polyner
product is quaternized to increase cure speed. The present invention does
not require this step. The solid photopolyner IV of the instant invention
Is-not made. In Exanple 2 of the reference (which appears to be typical of
t he reference Exanpl es

i ol (PEG 1008788 BOMVPEREyanLpL- FYBEBSy S RY TR HRA FOMAg 1L & adduct 1o
- 5- alkyldialkanolamine (Polymer IV of the instant
invention) is not disclosed in the reference.

U.S. Patent 4,888,379, Henning et al., "Heat-~
Sensitive Polyurethane Dispersions,™ (1989) discloses
(Example 2) reacting a mixture of polycarbonate polyol
and polyethylene oxide-polypropylene oxide polyether
polyol with hexamethylene diisocyanate, followed by
chain extending the resulting polyurethane with
methyldiethanolamine (MDEA). The resulting material
was further extended with isophorone diamine in water
to form a polyurethane latex or emulsion useful for
coatings. The final polyurethane emulsion is not
photocurable.

U.S. Patent 4,113,592, Rybny et al.,
"Trihalogenated Hydrocarbons as Co~Photoinitiators,"

{1978), teaches the addition of methyldiethanolamine to
known photosensitizers to increase cure rate in
photosensitizer compositions.

U.S. Patent 4,980,108, Suzuki et al., "Process for
Forming a Polyurethane Coated Biaxially Oriented
Polyester Film," (1990) teaches introduction of pendant
carboxylic groups into a polyurethane prepolymer
followed by neutralization with methyl diethanolamine.

U.S. Patent 4,003,751, Carder, C.H., "Coating and
Ink Compositions," (1977), teaches reacting together a
hydroxy (meth)acrylate, a monohydroxylamine, and an
organic diisocyanate all in one step. The result is a
mixture of polyurethanes formed from the
hydroxy (meth)acrylate and hydroxylamine reactiné
separately with the diisocyanate. The reaction of a
hydroxy(meth)acrYlate with chain-extended isocyanate
end-capped polyether and/or polyester diols is not
disclosed.
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chai n-extended wi th N nethyl di et hanol am ne under conditions |eaving no

det ect abl e - NCO. Eur opean Patent Application 54,150, filed Cctober 23,
1981, Lehner et al., assigned to BASF, describes a UVv-activatabl e polyner
made by first reacting together three conponents, i.e., a polyether diol,

di i socyanate, and al kyl di al kanol am ne, and reacting that product with an
epoxy acrylate. The final polynmer product is fornmulated conventionally with
acryl ates and photosensitizers for use in mater-developable" rinting
plates. Since thisUr&feF8hEBtdésétPhéd3a PERIVRFPERDr23i ng" FBPEPTes of

pol yet her di oturdbh.agcmpats&tiahkybﬁi abkﬁﬂﬂzbaﬁdnﬁ&aiﬂﬂdga&ﬂiw a}ge, it is ]
appropriate tQ copsider .if _a ength...Ln ehner, e reference, the
product is a 8Qﬁagﬁréﬁﬁglyﬁ§%h58ﬁsﬁgﬁﬁhbeéfs?tﬁ%%ﬁi; L%gé?}Oned noi eti es of
pol yet her pol g§bbcldsesoayphatepodihgl dnati&abypl peaceingnal epoxy-acrylate in
vari ous conbi | i BRALB, LB B- AnBs & A B C etc.,
where Ais po€$2F§§?a8?8?,” ?Fsagifso ygﬁﬁfefwﬁ?f§5%¥§§$%5§%E§%§T§§$ne and
D is an epoxymaoppyhgth)athydipnesbguces Nonebhyldretianelapbu®s al ong the

pol ymer chain. Finglky pRekYEEE,864,133, Hisamatsu et al., "Photo-
Polymerizable Compositions,%" (1975), discloses '

reacting, in specified sequence, a diisocyanate, a
polyol, and an acrylate ester, optionally with an amine
(e.g., methyldiethanolamine). The amine is said to
accelerate hardening in the presence of air. - In
Example 6 tolylene diisocyanate was reacted with
trimethylolpropane, and the result was reacted further
with ethylacrylate and 2-hydroxyethylacrylate, followed
by addition of triethanolamine. A mixture of acrylates
was added as physical diluents to make the final
photopolymer mixture. Example 49 discloses the
reaction of tolylene diisocyanate with a polyester
polyol, followed by reacting the resulting polyurethane
with a mixture of methyl methacrylate and
hydroxyethylmethacrylate. The result was mixed with.
triethanolamine. The sequential reaction of
diisocyanate plus polyether and/or polyester diols,
followed by chain extension with alkyldialkanolamine,
followed by reacting with hydroxyalkyl(meth)acrylate is
not disclosed.

U.S. Patent 4,606,994, Illers et al., "Process for
Producing Photo-cured Printing Plates Possessing a
Defined Hardness," (1986) discloses reacting together a
polyurethane with an acrylate to put acryloyl side
groups on the polyurethane, optionally in the presence
of dialkanolamine as chain extender. Prepolymer III
and Photopolymer IV of the instant invention (as

. This Sheet Has Been Replaceq

LT



viscosity is increased to obtain a solid polyurethane- urea by addition of
a diamne which forns urea |inkages. Lehper et al. did not react
epoxy-acryl ate sequentially. All A B, C, and D were added at the same
time. The Lehner et al. reference does not disclose an isocyanate

end- capped pol yether diol or polyester diol, chain extended with an al kyl
di al kanol am ne, with the chai n-extended product further end-capped with
hydr oxyal kyl (net h) acryl at e. This invention differs in other inportant
ways from t heetehnafter descpibedhsar¢ 1ot tmade sedinanples lthat is, the

dgol i s end- cappefi nbheB1GheL By et ePNSRe Blossessing acrylate side

o groups prepared from polyethylene oxide polyol,
bisphenol-A diglycidyl ether diacrylate, butanediol,
cyclohexanedimethanol and hexamethylene diisocyanate.
Chain extension of an isocyanate end-capped polyether
or polyesterdiol with an alkyldialkanolamine followed
by reaction with a hydroxyalkyl (meth)acrylate is not
disélosed. Furthermore, the resulting photosensitive
plates were developed in alcohol/water mixtures, which
are less environmentally safe than this invention which
uses dilute solutions of water and surfactants, vihegar
or citric acid.

U.S. Patent 4,716,094, Minonishi et al.,
"Photosensitive Resin Composition Which is Improved
with Respect to Surface Tack-Free Characteristic after
Curing, and a Method," (1987) suggests (Col. 5)
reacting an isocyanate end-capped polyether polyol with
a compound having a hydroxyl, carboxyl, or amino group
containing unsaturated carbbxylic acids or esters to
prepare a printing plate prepolymer.

Japanese Kokai Patent, HEI 2-1859, disclosure -
date, January 8, 1990, Kawahara et al., "Photosensitive
Resin Composition," discloses making a photopolymer
with a softening point of 45-80°C to enhance water
developability. This is disclosed to be accomplished
by reacting a diisocyanate-capped polyether diol with
hydroxyethylmethacrylate. Chain extension with
alkyldialkanolamine to form a thermoplastic elastomer
polyurethane is not used in the process.

Japanese Kokai Patent (A), HEI 2-4255, of
January 9, 1990, Satomi et al., "Light-Sensitive
Composition," discloses preparation and use of a
urethane acrylate polymer similar to that of Japanese
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a point in the process prior to termnating with acrylate. (2) The
resulting molecule is then termnated w tifp acrylate, whereas the reference
reacts an epoxy-acrylate to form pendant groups along the polymer chain.
(3) This invention does not utilize urea |inkages. (4) This process does
not quaternize wth glacial acetic acid to make an iononmer. These

di fferences ensure a precise and highly desirable thernoplastic

pol yur et hane el astonmer. That is, a structure that will provide the correct

pr edet er mi ned ¥aftak Rateniei ik 2mid 2onpeave orexaspinithath ec geslamidnicr esul t

in a printing pdedeian tiks ontbd Wi i FHORE M 8% ANG 30U LAY and oi |
basedpi nk resi st rg:e. The retf erence does not nakegﬁ{]le pr%ucts%g’fﬁ he
i nstant i nventaf’?fﬁ. ardness @ften HROUWPYPIRPYYL - H gashi et al ., "PS Plate

1 WKL L1 ot ik e o s Gamumafoy D, |
an"acrylat e O S Rmer st iR Hl A (e nede o vatop,
reacting a di idsooslzeielenighi repipie p Jrattee lus iemy iamalaatboxylatiedobod yille@!  Or
those obtai neq, i rKAGINE-AHifliated chains. Diisocyanate is not
used.
European Patent Application, Publication No.
0 351 628 A2, of July 4, 1989, Gersdorf et al., - -
"Photosetting Elastomer Mixture and Recording Material
Obtained from It for the Production of Relief Printing
Plates," assigned to Hoechst AG, discloses a
polyurethane base polymer grafted with a vinyl
carboxylate which is later saponified to form acid
groups and admixed with acrylates and photosensitizer
to make a water-developable printing plate. There are
no alkyldialkanolamine or acrylate groups in the base
polyurethane chain.
In European Patent 374,707 of December 13, 1989,
Gersdorf et al., "Photocurable Elastomer Mixture
Containing Polyurethane, Unsaturated Monomer and -
Initiator, Useful for Printing Plate and Photoresist
Production,” assigned to Hoechst AG, the mixture
formulated for printing plates comprises polyurethane
grafted with a vinyl carboxylate, plus acrylate diluent
and photosensitizer. The exposed plate is water-
developable.
Japanese Kokai Patent (A), HEI 2-46460, of
February 15, 1990, Tomita et al., "Light Sensitive
Resin Composition," discloses a polyurethane prepolynmer
treated with dimethylolpropionic acid to yield a
further polyether urethane, which, with other polyether

urethanes, is mixed with acrylate and photosensitizer
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with a slight excess of a diisocyanate and then subjecting the reaction
product to a chain extending reaction wiith & diamne, a diol, or water."

[ Enphasis supplied.] (Col. 4, line 66 - Col. 5, line 2.) The reference does
not nmake a solid photopol ynmer, nor does it discuss or disclose water

devel opability. Further, prepolyner 1l of the instant invention (a unique
chai n- ext ended pol yurethane) is not disclosed in the reference. The

ref erence suggests using al kyl di al kanol ami ne or _dih droxX(neth)acryIate as
a diol (Col. 3n [theePrepazofrionoRéyar vatpe-feyeirpabde plate.  The

hydr oxyal kyl - (e etdpd1mnert Rodegulle0gyanabe 88fAtain either
alkyldialkanolamine or acrylate.

Xiao, H.X., et al., "Urethane Ionomers," 32nd
Annual Poiyurethane Technical Marketing Conference,
October 1-4, 1989, pp. 398-411, discloses reacting
diisocyanate with polyether diol, followed by reaction
with methyldiethanolamine until the mixture showed zero
cyanate. The resulting chain-extended prepolymer thus
had no molecules terminated by isocyanate, as required
in Prepolymer III of the instant invention, and the
final polyurethane does not contain any photocurable
sites.

Speckhard, T.A., et al., "Properties of Segmented
Polyurethane Zwitterionomer Elastomers,% J. Macromol.
Sci.~Phys., B 23 (2), 175-199'(1984),fdiscloses {Schene
1, p. 178), the reaction of methyldiethanclamine
directly with isocyanate~-capped polyether diol in the
absence of free diisocyanate. No polyurethane
prepolymer of the type
diisocyanate/methyldiethanolamine/diisocyanate is made,
as required in the instant invention, and the product
as chain-extended with methyldiethanolamine is shown as
terminating in hydroxyl, not isocyanate. And there is
no acrylate terminator. The,finél polymer is not a
photopolymer.

Show~an Chen, et al., "Polyurethane Cationomers,
I. Structure-Property Relationships," Journal of
Polymer Science, Part B: Polymer Physics, Vol. 28,
1499~-1514 (1990), discloses (p. 1500) reacting
polyether diol with an excess of toluene diisocyanate,
followed by reaction with methyldiethanolamine, until
the reaction mixture tests zero isocyanate, thus

—

indicating absence of isocyanate terminated molecules.
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capped pol yether diol further chai n-extended w th al kyl di al kanol am ne
(Polymer IV of the instant invention) Tslaot disclosed in the reference.
U. S. Patent 4,888,379, Henning et al., "Heat- Sensitive Pol yurethane

Di spersions,” (1989) discloses (Exanple 2) reacting a m xture of

pol ycar bonat e pol yol and pol yet hyl ene oxi de- pol ypropyl ene oxi de pol yet her
polyol with hexanet hyl ene diisocyanate, followed by chain extending the
resul ti ng pol yur et han Lt h_nethyl di et hanol anmi ne . Jhe. resulting
mcor | o Cwae. EPERSRRERTEABUERF RS SORROr AL A GHATLS [ ERHEUITEER  or m a
pol yur et hane paépalyneenatstbisusbge, f def tned i agsPrdpmlymeral IRD! yur et hane
enul sion is o] uLab a 4, al .

"Tri hal ogena@%egedégéaégoégrﬁéa%%-gﬁg?%lgnﬁrg?%ys, e%%%%%‘és t he
addi tion of nethyl Miélaunolah neetoaknonhPpopenceesiel Rokyelhercrease cure
rate in phot OpgighLbeRAnECRREShOREES, » 7. Mbbbmdp! o8ls LAR0. 108G Spzuki et

al ., "Process Forn1ng a Pol yuret hane Coated Biaxially | ent ed
(2), 321-34 (1983¥.

end-capping polyether polyol with an excess of

This reference discloses (p. 325)

diisocyanate, followed by chain extension with
methyldiethanolamine. The latter reaction is continued
until the reaction mixture shows zero isocyanate,
thereby forming a prepolymer without terminal
isocyanate gfoups. (At this stage the instant
invention requires isbcyanate terminated prepolymer
Prepolymer IIXI, as hereinafter defined.)

Hsieh, K.H., et al., "Effect of Charge Groups in
Polyurethane Ionomers and Blends," Adv. Urethane Sci.
Technol., vol. 10, pp. 77-83 (1987). Page 79 discloses
casting a physical mixture of isocyanate capped
polyether polyol and methyldiethanolamine in a mold at
70°C.

Hsu, S.L., et al., "Polyurethane Ionomers. I.
Structure-Properties; Relationships of Polyurethane-.
Ionomers," Journal of Applied Polymer Science, Vol. 29,
2467-2479 (1984), describes end-capping polyether diol
with diisocyanate, followed by reaction with
methyldiethanolamine. The reaction was stopped when
the reaction mixture showed zero isocyanate (p. 2468),
indicating that the resulting prepolymer was not
terminated with isocyanates. (At this stage the
instant invention requires isocyanate terminated
prepolymer, Prepolymer III as hereinafter defined.)
Preparation of a photocurable polymer with acrylate
groups was not disclosed.
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Pol yester Film™" (1990) teaches introduction of pendant carboxylic groups
i nto-a pol yurethane prepolyner followed s reutralization with nethyl

di et hanol am ne. U.S. Patent 4,003,751, Carder, C H, "Coating and Ink
Compositions,™ (1977), teaches reacting together a hydroxy(neth)acrylate, a
nonohydr oxyl am ne, and an organi c diisocyanate all in one step. The result

Is-a mxture of pol yurethanes forned fromthe hydroxy(neth)acrylate and
hydr oxyl am ne reacti ng separately with the d||socyanate The reaction of a
hydr oxy( net h) acr yl HREXFIPPREALR RE XARAY i SkspGe and ARG RDI yet her
and/ or pol yestashrliwi ey s& sdnsli sdgsed.2d Ed., Vol. 13, pp. 259-261,

discloses the general reaction of isocyanates with
polyester polyols to form polyurethanes.

A polyether diol (polyoxyalkylene diol) opticnally
with a polyester diol is end-capped with an excess of a
diisocyanate, the resulting isocyanate capped
polyurethane is chain-extended with a alkyl-
dialkanolamine, and the chain-extended polymer is
reacted with hydroxyalkyl(meth)acrylate to terminate
the polymer chains with (meth)acrylates. One of
ordinary skill in the art will recognize that, in
addition to the polyether diols and the polyester diols
discussed above, various blends of diols may be
utilized. The final polymer product is photosensitive
(photocurable) and can be formulated with
photosensitizer and (meth)acrylate diluents to make
water-developable printing plates, photoresists, and
the like.

Key features of the invention include (inter -
alia):

(1) The final photopolymer is a solid. This
means there is no cold flow in
formulated printing plates, which remain
dimensionally and thermally stable.

{(2) The photopolymer synthesis uses a
dialkanolamine, thereby integrating an
amine into the polymer chain, resulting
in water dispersibility.

(3) The photopolymer has terminal
(meth)acrylate groups for UV curability.
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U S. Patent 4,210,713, Sumyoshi et al., "Photo- Curable Conposition for
Coati ng Containing an Unsaturated Urethamre -Mdified Polyner," (1980),

di scl oses a photopol yner nade by reacting a diisocyanate with an acryl ate.
The acrylate can be the nono(neth)acrylic ester of N-nethyldiethanol am ne.
U S. Patent 3,864,133, H samatsu et al., "Photo- Polynerizable
Conpositions," (1975), discloses reacting, in specified sequence, a

di i socyanate, a polyol, and an acrylate ester, optionally with an am ne
(e.g., nethyldiethanolam ne). The amne is said to accelerate hardening in

the presence of aift 18 B{agPi&cf 40| MEMVEASIRRY AR LF-fsrd eacted with
trimethyl ol propane, and_the result was, reacted further wth ethylacryl ate

and 2- hydr oxyRRY§t o8P LAt Eate BT LRI HAP LRI RV h Mradehrymined. " A
m xture of acsydnaértiadsy adeetlynea phyienlirdivniRm cdrp vake the final
BIOCOpel Yot AL P AP B hoobBERgSd SR Shdtivlate |
pol yur et hane A further object is to make a water-developable
storage-stable flexographic relief printing plate.

A still further object is to make a printing plate
that can be developed in aqueous solutions that are
harmless to the environment. oo

Another object is to synthesize a solid water-
dispersible, UV-sensitive polymer suitable for printing
plate use wherein elements that provide water-
dispersibility and UvV-sensitivity are in the same
molecule.

It is an object of the invention to provide a
photosensitive article comprising a novel photocurable
composition.

Another object is to synthesize a novel urethane
prepolymer (herein Prepolymer III, or simply III)
especially designed for reaction with a
hydroxyalkyl {meth}acrylate. -

Another object is to provide a novel
(meth)acrylate~terminated polyurethane (herein,
Photopolymer IV, or simply IV).

Another object is to chain-extend an isocyanate-
capped polyether diol or isocyanate-capped polyester
diol or mixture thereof, with alkyldialkanolanmine,
followed by terminating the resulting polymer chain by
reaction with hydroxyalkyl(meth)acrylate.

Another object is to prepare a flexographic relief
printing plate that will not swell unduly in
conventional agueous- or oil-~based inks.
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with a mxture of nethyl nethacrylate and hydroxyet hyl met hacryl ate. The
result was m xed wth- triethanol am ne~ The~sequenti al reaction of .

dii socyanate plus polyether and/or polyester diols, followed by chain
extension with al kyl di al kanol am ne, followed by reacting with
hydroxyalkyl(neth)acrylate I s not disclosed. U S. Patent 4,606, 994,
I'll-ers et al., "Process for Producing Phot o-cured Printing Pl ates
Possessing a " Defi ned Har dness, " (1986) discloses reacting together a

pol yuret hane with ¥Rlgesyosherwdseutindéeated thedbergr oups on t he

pol yur et hane, "Q&bkﬁ@%h&?lh&emhﬁeﬁhgs%ﬁ%ﬁerogcggggkﬁngkaﬁEEﬁa@§xﬁQ%
ext ender. Prepol yner Phot opol yner nst ant vention (as
Molecular weights are number average, M,, as
determined by Gel Permeation Chromatography using

polystyrene standards.

Overview

The main reactions and products involved in theé
invention are given schematically and simplistically as
follows:

1. P + Cy —> (Cy-P),~Cy (I);

2. N + Cy —> (Cy-N),~Cy (II);

3. I + N+ II —> [(Cy-P),~{Cy-N),],~Cy (Prepolymer
III, or III); i

(Note: Reactions 2. and 3. go forward together.)

4. IITI + A —> A-[(Cy-P),~(Cy-N),],~Cy~A (Photopolymer
IV, or IV,
where P is a polyether diol or polyester diol or their
moieties, Cy is a diisocyanate or its moiety, N is an
alkyldialkanolamine or its moiety, and A is a B
hydroxyalkyl (meth)acrylate or its moiety. In these
reactions hydroxyl containing compounds are linked to
diisocyanate containing compounds via urethane
linkages, -NH-C(:0)-0~-, to form the respective
moieties. x, y, and z may differ from molecule to
molecule, but are such that the over-all molecular
weight of Prepolymer III, whether made from polyether
diol or polyester diol or their mixtures, as in the
range of about 5,000-60,000 (preferably about 5,000-
30,000), and that of Photopolymer IV is in the range of
about 5,000-60,000 (preferably about 7,000~40,000) ..
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9 ‘herei nafter described) are not made. Exanples 1-3 describe polyether
ur et hane possessing acryl ate side groupsiprepared from pol yet hyl ene oxi de
pol yol ,. bi sphenol - A di gl ycidyl ether diacrylate, butanediol,

cycl ohexanedi nmet hanol and hexanet hyl ene dii socyanate. Chai n extension of an
| socyanat e end-capped pol yether or polyesterdiol with an

al kyl di al kanol am ne fol |l owed by reaction with a hydroxyal kyl (meth)acryl ate
is not disclosed. Furthernore, the resulting photosensitive plates were
devel oped i n &ecweatanied ﬁpﬁtéﬁeEBYthcﬁcéﬁglpégé savnipBAeAhathe safe
than this invepdign which uses dllute sol utions of water and surfactants,

vinegar or citric acid. Pat ent, 4, 716,094, M nonég et a
"Phot osensiti ve Redf¢ é&ﬁﬁ@?@ﬂpoﬁ VRACK1PES| BBY oPEITRPERREspect to Surface
Tack- Free Chalgaghigididiliyc afinerch@er lrﬁgta&ﬂdehtl\/bhboﬂole(iaﬁib siggests (Col .

2), ) oot 19 2 SN GeIL SRSt unl el 5! 109 VLot lng, comound
$1.5-6:0.4-5:0.2~1.

Depending on the molecular weight of the polyols
(in this case polyether, polyester, polycaprolactone or
polycarbonate polyols or mixtures of polyols), it is
preferable to select the molar ratio of the reactarmts P
(for polyols}, Cy (for diisocyanate), N (for alkyldi-~
alkanolamine) and A for hydroxyalkyl(meth)acrylate
such that: (weight percent as cited below is based on
the total weight of the final photopolymer):

(a) the total polyol content is preferably between 60
and 80 weight percent in-order for the final
photopolymer to have good flexibility or
elastomeric properties and

(b) the alkyldialkanolamine content is preferably 1-10
weight percent in order to maintain good water
developability and

(c) the hydroxyalkyl(meth)acrylate content is -
preferably 0.8-2 weight percent so that good
photocurability and hence good resistance to ink
swell can be achieved.

1. Reaction of polyether or polyester diol (P)
with the aforestated stoichiometric excess of
diisocyanate (Cy):

(i) In the case of polyether diol:
HO-(~A~0-),H + excess 'OCNRINCO —>

OCN-B-R!-NCO (I-1)
where A is ~CH,CH,~, -CH,CH,CH,~, -CH,CH(CH,)~,
~CH,CH,CH,CH,~, ~-CH,CH,CH(CH;)~, or __
~CH,CH (CH,) CH,~;
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cont ai ni ng unsaturated carboxylic acids or esters to prepare a printing

pl at e prepol yner. Japanese Kokai #fatgn+, HEl 2-1859, disclosure date,
January. 8, 1990, Kawahara et al., "Photosensitive Resin Conposition,"”

di scl oses nmaki ng a photopolynmer with a softening point of 45-80[err]Cto
enhance water developability. This is disclosed to be acconplished by
reacting a diisocyanate-capped pol yether diol with

hydr oxyet hyl net hacryl ate. Chai n_extension wi th al kyl di al kanol am ne to form
a t her nopl ast theePESEHREr IdoofuReaRAAeN; 3 ﬁGFVHBQdaﬁnaPhénﬁﬁﬁEé date
Japanese Kokathabg@Eleﬁ)a HEl 2-4255, of January 9, 1990, Satom et al.,

urethane acryl ate fol ynb kot T oTR R Rhrege © o

OCN-F-R'-NCO (1II1)

where F represents one or more segments of
[~R'-NH-C(:0) -0-R*-R*~-R®~0-C{:O) NH-]

R* and R® are the same or different alkylene

groups with 1-6 carbons; or R* can be

~ (CH,CH,0) 4CH,CH,~ provided R® is

- (CH,CH,0) ,CH,CH,~, where d and e are each 0~9

and d+e=3-~15;

R’ is -N(R")-, -NmN-, or -N(Ph)-; (Ph=phenyl)
./
R’ is an alkyl group with 1-6 carbons.
3. I + HO-R'~R°-R®-QH + II —> OCN-R~R'-NCO

{Prepolymer III, or III),

where R comprises one or more segments of B
and/or one or more segments of E; and one or more
segments of F; which is to say, R comprises B, E, and
F; or R consists essentially of B and F; or R consists
essentially of B and E. o

Reactions 2 and 3 are carried out in the same

reaction mixture substantially simultaneously, at a
temperature in the range of about 25°-60°C, until all
of the hydroxyl groups have reacted as determined by
titration of the remaining isocyanate. As indicated,
individual polymer chains in III may be expected to
vary in the number of polyether diol, polyester diol,
diisocyanate, and alkyldialkanolamine moieties. The
reactant proportions are controlled within the ranges
stated above so that all or substantially all polymer
chains will terminate in isocyanate. This conditign is
essential for the fourth (and final) step. A small
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10 * Kokai Patent HEI 2-1859, above, except that a polyneric material is
added nechanically to regul ate el astic+tty9and hardness after phot oexposure.
Eur opean Patent 0 367 086 of January 25, 1989, Littmann et al., assigned to
BASF AG discloses a water devel opable printing plate using a carboxyl ated

polymer with acrylate-term nated chains. Diisocyanate is not used.

Eur opean Pat ent Application,
Gersdorf et al "Phot oset ti_.n
Obt ai ned fr onPPPURE, Of nEepigy

Pu

B

blication No. 0 351 628 A2, of July 4, 1989,
El ast onmer M xture and Recording Materi al

t F6R%0 ’f'hk‘é'PPX?n%F?n’P?Yigbﬁl #8% 3IE8%i gned to

Hoechst AG dtpelﬁse&aalpnlpmreumane base pol yner grafted with a vinyl
aoryl At eo and phot SReRerCEiERerd bRces nabkr gt B A LA oy Bl are. |
There are no ayKyPdNal,kasobdwaye bi.acryl ate groups in the base
Within ITII a preferred structure results when

R' is 4,4'-methylene diphenylene (MDI)

R* and R® are ethylene;

R’ is =N(R7)~;

R’ is methyl;

the diols include a mixture of an ethylena

oxide end-capped polyoxypropylene diol and a

polypropylene adipate diol where

(-A~0-~), has a molecular weight of about
1000~3500.
Prepolymer III and the herein described processes

for synthesizing it are considered novel.

Reaction 4.

Reaction of chain-extended polymer

(Prepolymer III) with hydroxyalkyl(meth)acrylate to

give Photopolymer IV:
IITI + HO-R®-0-C(:0)-C(R%) = CH, —> G-R-R!-G,
{Photopolymer IV), where
G is CH, = C(R®)-C(:0)~-0-R®-0-C(:0)~NH~,
R® is 1-~7 carbon alkylene, and

R® is H or methyl.

Within IV a preferred structure results when
R' is MDI;
R*, R®, and R® are ethylene;
R’ and R° are methyl;
R’ is -N(R")-;
the diols include a mixture of an ethylene

oxide end-capped polyoxypropylene diol and a

polypropylene adipate diol where ;
{A-0-), has a molecular weight of about 1000~

3500.
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pol yur-et hane chai n. I n European Patent 374,707 of Decenber 13, 1989,
Gersdorf et al., "Photocurabl e El astomerzgMxture Contai ni ng Pol yur et hane,
Unsat urat ed Mononmer and Initiator, Useful for Printing Plate and

Phot oresi st Production,” assigned to Hoechst AG the m xture fornul ated for
printing plates conprises polyurethane grafted with a vinyl carboxyl ate,
plus acrylate diluent and photosensitizer. The exposed plate is water-
devel opabl e. Japanese Kokai Patent (A), HEl 2-46460, of February 15,
1990, Tomita et al The"rpipticpsbipiql Ii@sﬁmﬂCiﬁmk%|¥¢Q¢#1Yd$%é@%§§s a

pol yurethane preppbyaBfuctisdl $ArVRILY iRy kYD HoR e it ficyield a
further polyether urethane, which, with other po Iyether uret hanes, is

m xed with ac??@a@ﬁeaﬁatbﬁﬁt6@%%5(?%!%@9 III}, or G (giving IV).
This Reaction 4 is suitably carried out at a

temperature in the range of about 60°-80°C, and is
conveniently carried out following chain extension
Reactions 2 and 3, in the same vessel. Consistent with
IITI, Segments B and/or E, and F may be positioned at
random in the polymer chains of IV. As indicated, most
of the molecules comprise multiple moieties of -
polyether (and/or polyester) diol, end-capping
diisocyanate, and chain-extending dialkanolamine, with
all or substantially all polymer molecules of IV being
terminated with alkylene(meth)acrylate.

The reactions described above can be carried out
without a solvent, but preferably are carried out in an
anhydrous organic solvent. Suitable solvents include
methyl ethyl ketone, methyl isobutyl ketone, toluene,
and mixtures thereof. The solvents should have a
boiling point in the range of 80-120°C for easy casting
of films and evaporation of solvent. '

The following is a further description of the -
reactants.

The Diol

{a) Polyether Diol.

This product has the structure HO-(A-0),H where A
is a divalent radical of ethylene, propylene,
isopropylene, butylene, isobutylene; and b is such that
the number average molecular weight of the group
[A-0],, or of the polymer diol (which is substantially
the same thing) is within the range of about 650-7,000,
preferably about 1,000~3,500. Polypropylene oxide
glycol, MW about 1,000-3,500, or polypropylene
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- 11 - in the preparation of a water-devel opable plate. The base

phot opol yner nol ecul e did not contain ei gher al kyl di al kanol am ne or

acryl ate. Xiao, H X., et al., "Urethane lononers," 32nd Annual

Pol yur et hane Techni cal Marketing Conference, Cctober 1-4, 1989, pp.

398-411, discloses reacting diisocyanate with polyether diol, followed by
reacti on with nmethyl di et hanol am ne until the m xture showed zero cyanate.
The resulting chai n-extended prepol yner thus had no nol ecul es term nated by

i socyanate, a®¥igpfetdwliene & fRd-crPped t HE pRSuEnd . PRPeAL PO, and the
final polyuretianefaasi MOty GHiRirtcAY Rhet 9@§zébhér5tﬂiﬁi- reactafR@ckhard,

T.A, et al., "Prqperties of Segnented Pql yurethane i tteri gnoner

El ast oners, " J& dste EXﬂﬁtégﬁﬁﬁﬁs gegé g?fyn1?§-%gé(f§§4%¥ di scl oses

(Schene 1, p. re&Btindieaan edidyienefoxidehyrdmdikhapekasitnalitytesel y W th

| socyanat e- Ca%gcei%é)smv}li%hhe;{ cdc;m%!odn% tht-],i‘%ring at least one active
hydrogen atom, such as water; monohydroxylic alcochols
such as ethanol and propanol; and dihydroxylic alcohols
such as ethylene glycol and monoethyl ether of
glycerine. The poly(oxyalkylene) products of such
reactions will have linear oxyalkylene or oxyethylene-
higher oxyalkylene chains, and such chains will
terminate with hydroxyl groups;

(b} Polyester Diol.

As noted, the polyester diol, HO-D-R?*OH, where D
and R?> have the values above given, may be used alone or
in admixture with polyether diols. Suitable polyester
dicls include those made from dibasic acids or
caprolactones with an excess of glycol. The dibasic
acids, which are preferred, are those of the structure
HO-C(:0)~[{R%*) ¢ or 11-C(:0)0H, with an excess of glycol of
the structure HO-R*-OH where R? and R® are as above
defined.

The molecular weight of D (or of the polYester
diol, which is substantially the same thing) should be
about 600-6,000, preferably about 1,000-3,500,.

Suitable dibasic acids include those of the
saturated series, i.e., oxalic, malonic, succinic,
glutaric, adipic, pimelic, suberic, and the like. 1In
this group, adipic acid is preferred. Aromatic dibasic
acids include phthalic and terephthalic acids. In lieu
of the acid itself, the anhydride may be used, e.qg.,
phthalic anhydride, or its ester may be used, e.qg.,
methyl terephthalate. Acid mixtures may be used. When
R?® is zero the acid is of course oxalic. When R® is
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absence of free diisocyanate. No pol yurethane prepol ynmer of the type

di i socyanat e/ net hyl di et hanol am ne/ di i socyganate is made, as required in the
i nstant. i nvention, and the product as chai n-extended with

met hyl di et hanol am ne is shown as term nating in hydroxyl, not isocyanate.
And there is no acrylate termnator. The,final polymer is not a

phot opol yner . Show an Chen, et al., "Polyurethane Cationoners, |
Structure-Property Rel ationships,” Journal of Polynmer Science, Part B:

Pol ymer Physi #3, "V8f . c@8ta ink B-481 L1890 ,ardl ddieo sexdbsguuerB0@ikassict i ng

pol yether dio t egS,of e diisocyanate, followed by reaction
w th nethyl di éfﬁgng ggﬁ%ég 3 ?9 c%gtgggactlon m xture tests zero

i socyanate, thus |5dncabﬂﬁggébseh§ef9r rabipgntihe peivesterdlielecul es.

-12- include the alkylene glycols, e.g., ethylene glycol,
propylene glycol, trimethylene glycol, the three butane
diols, tetramethylene glycol, isobutylene glycol,
pinacol, and the like, including their mixtures. The
diol may have a cycloalkane structure or alkyl aromatic
structure.

Useful polyester diols made from adipic acid -~
include poly(diethylene adipate) diol, poly(ethylene
adipate) diol, poly{(propylene adipate) diol,
poly(propylene/ethylene} adipate diol, poly{butylene
adipate) diol, poly(ethylene/butylene adipate) diol,
poly(neopentyl adipate) diol, poly(hexane/neopentyl)
adipate diol, poly(hexane adipate) diol, polycapro-
lactone diols and the like or mixtures thereof.

Processes for making polyester diols are well
known. See, for example, Encyclopedia of Polymer
Science and Engineering, John Wiley & Sons (1988), 24
Ed., Vol. 12, pp. 28-42, especially pp. 33-34; and Vol.
13, pp. 259~-261.

The Diisocvanate

A wide variety of diisocyanates is available for
end-capping the polyether diol. These diisocyanates
can be aliphatic, cycloaliphatic, or aromatic, with the
structure OCN-RNCO. The divalent radical R' contains
in general 2 to 20, preferably 6 to 15, carbon atoms
and may optionally carry non-interfering substituents
such as ether groups, ester groups, urethane groups,
amido groups, urea groups, aryl groups, aliphatic
groups, cycloaliphatic groups, or halogen atoms.
Examples of suitable diisocyanates include
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(The instant

stage, defined as Prepolyner 1l11. Ther<e ye-no acrylate groups in the
ref erence pol yner. MIller, J.A, et al., "Properties of Polyether-
Pol yur et hane Ani ononers,™ J. Macronol-. Sci.-Phys., B 22 (2), 321-341
(1983). This reference discloses (p. 325) end-capping pol yether polyol

an excess of

I nvention requires isocyanate term nated prepolymer at this

dii socyanate, followed by chain extension with

Wi th

net hyl di et hanol am ne. The latter reaction is continued until the reaction
m xture shows? zet onetbxjenat éirhery bl tepeyanpte pEPol yrer wi t hout

tion requires

terni nal Isocyaﬂa{zslﬁwﬂssél{éécﬁm&tétp«g&m&ee | St Aty d et |

i socyanate term nat ed. prepol Prepol yner 111, as herelnafter defined.)

_ %tea'F"lYi‘E\“‘F e‘é%lﬁ‘?c@%ﬁ‘ FHEeT Polthe e itiforers and
Bl ends, " Adv.isbgéhepedBser JECHPO+tolyine Wi igubyatats, (a87)ene Page 79

Hsi eh, K H.,

di scl oses

diisocyanate, m~xylene diisocyanate, 1,5~-naphthylene
diisocyanate, 3,3'-dimethylbiphenyl~-,b4,4'-diisocyanate,
hexamethylene diisocyanate, trimethylhexamethylene
diisocyanate, lysine diisocyanate, isophorone
diisocyanate, 4,4!'-methylenebis(cyclohexylisocyanate),
methylcyclohexane~2,4 (or 2,6)~-diisocyanate, -

1,3~ {isocyanatomethyl)cyclohexane, and
m~tetramethylxylene diisocyanate.

Conventional urethane-forming catalysts may be
used in the reactions with diisocyanates. These
catalysts include, e.g., organo~-tin compounds such as
dibutyl tin dilaurate and stannous octoate, organo-
mercury compounds, tertiary amines, and mixtures of
these materials.

Alkyldialkanolamine
This material has the structure HOR'‘R’RP°OH, where

the numbered R's are as above defined. Within this-

group, methyldiethépgismine, bis(hydroxyethyl)-
piperazine, OHCJQ—Qb“Jy-anOH, and N,N'-Bis(2-hydroxy-
propyl)aniline, HO-CH(CH,)CH,~N(Ph)~-CH,CH(CH,)OH are
preferred. (Ph - phenyl.)

Hydroxyalkyl (meth)acrylate
This material has the structure HO-RP?0C(:0)-C(R?) =

CH,, where the R's are as above defined. Within this
structure hydroxyethylmethacrylate is preferred.
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casting a physical mxture of isocyanate capped pol yet her polyol and

met hyl di et hanolam ne in a nold at 70[err2&L. - Hsu, S.L., et al.,

"Pol yuret hane lononers. |. Structure-Properties; Relationships of

Pol yur et hane | onomers, " Journal of Applied Polynmer Science, Vol. 29,

2467-2479 (1984), describes end-cappi ng polyether diol with diisocyanate,

foll owed by reaction with nethyldi et hanol am ne. The reacti on was stopped

when t he reactlon m xture shomed zero |sogyanate (p..2468), indicating that
i 3rEadaLions, yith,the, Inves tOPQAVEeL o5, (At this

stage the i nst ant mnwéeBﬁmpneseqmbmalawaﬁamatenéeimmtﬁdnprepol yner,

Prepol yner 11] elnaft defin Preparatipon of a photocurable
pol ymer with 88P§P. .Y§F5u zuﬁagnngﬁga%géygsgﬁoung of
- 13 - photoinitiator. Such mixture can be solvent cast, as

is, or the solvent removed and the mixture extruded to
create a solid photopolymerizable layer on conventional
backing materials. However, for many commercial uses
it will be found preferable to formulate or extend the
photopolymerizable composition with about 1 to 30% by
weight of reactive (i.e., photoactive) monomer or -
oligomer, and most preferably in the range of 5 to 15%
by weight reactive monomer. Suitable reactive monomers
or oligomers are those of the formula:

(CH,;=C(R°) -C(:0)-0-) ,~R®
where R® is H or methyl RY is an organic m01ety having
a valence of g, and q is an integer.

Ssuch reactive (meth)acrylate diluents include, but
are not limited to, trimethylolpropane triacrylate,
hexanediol diacrylate, 1,3~butylene glycol diacrylate,
diethylene glycol diacrylate, 1,6~hexanediol
diacrylate, neopentyl glycol diacrylate, polyethylene
glycol 200 diacrylate, tetraethylene glycol diacrylate,
triethylene glycol diacrylate, pentaerythritol =
tetraacrylate, tripropylene glycol diacrylate,
ethoxylated bisphenol-A diacrylate, propylene glycol
mono/dimethacrylate, trimethylolpropane diacrylate,
di-trimethylolpropane tetraacrylate, triacrylate of
tris(hydroxyethyl) isocyanurate, dipentaerythritol
hydroxypentaacrylate, pentaerythritol triacrylate,
ethoxylated trimethylolpropane triacrylate, triethylene
glycol dimethacrylate, ethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, polyethylene
glycol-200 dimethacrylate, 1,6-hexanediol
dimethacrylate, neopentyl glycol dimethacrylate,
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Encycl epedi a of Pol yner Science and Engi neering, John Wley & Sons (1988),
2d Ed., Vol. 13, pp. 259-261, discloses-tdw general reaction of isocyanates
with pol yester polyols to form pol yurethanes. A pol yether dio

(pol yoxyal kyl ene diol) optionally with a polyester diol is end-capped with
an excess of a diisocyanate, the resulting isocyanate capped pol yuret hane
I's chai n-extended with a al kyl - di al kanol am ne, and the chai n-ext ended
polymer is reacted with hydroxyal kyl (meth)acrylate to term nate the pol yner
chains with (reehyethylenresglyaelob0drdipeijackylaten Y h-kirttylene

recogni ze that 1980§d§iﬁégﬂaé9y18€ePoéﬂﬁéﬁﬁiaﬁﬁ&”B&éﬁKbﬁJELKK”yeSter di ol s
di scussed above various_bl ends of diols may be uti]ized. The final polyner
product is phd@5g§ﬁ§¢g¥ygate, trlmethylolpropane trimethacrylate,

diethylene glycol dimethacrylate, 1,4-butanediol
diacrylate, diethylene glycol dimethacrylate,
pentaerythritol tetramethacrylate, glycerin
dimethacrylate, trimethylolpropane dimethacrylate,
pentaerythritol trimethacrylate, pentaerythritol
dimethacrylate, pentaerythritol diacrylate, urethane-
methacrylate or acrylate oligomers and the like which
can be added to the photopolymerizable composition to
modify the cured product. Monoacrylates such as
cyclohexyl acrylate, isobornyl acrylate, lauryl
acrylate and tetrahydrofurfuryl acrylate and the
corresponding methacrylates are also operable as
reactive diluents, as well as-methacrylate oligomers
such as epoxy acrylates, urethane acrylates, and
polyester or polyether acrylates.

Photoinitiators

The formulations comprising the novel mateiials of
this invention require a photoinitiator. A large
number are available and useful.

Photoinitiators for the photopolymerizable
composition and formulations containing the same
include the benzoin alkyl ethers, such as benzoin
methyl ether, benzoin ethyl ether, benzoin isopropyl
ether. and benzoin isobutyl ether. Another class of
photoinitiators are the dialkoxyacetophenocnes
exemplified by 2,2~dimethoxy~-2-phenylacetophenone,
i.e., Irgacure®651 (Ciba-Geigy) and 2,2-diethoxy-2-
phenylacetophencone. Still another class of
photoinitiators are the aldehyde and ketone carbonyl
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(phot ocurabl e) and can be fornul ated wi th photosensitizer and
(nmeth)acrylate diluents to nake wat er-deygl opabl e printing pl ates,

photoresists, and the Ilike. Key features of the invention include
(inter alia): (1) The final photopolynmer is a solid. This
means there is no cold flowin formul ated printing plates,
whi ch remain dinensionally and thermally stable.

(2) The photopol yner synthesis uses a di al kanol am ne,

thereby integcampoynds having at least anenaromabichsupdeyseatthahed
resul ting ﬁérectl% to thd W@Eﬁﬁxgisagﬁﬁ%b'|?§¥se hot01n1t1£§%rghe

phot opol yner acr ate gr oups
curability. include, but are not limited to benzophencne,

acetophenone, o-methoxybenzophenone, acetonaphthalene -
quinone, methyl ethyl ketone, valerophenone,
hexanophenone, alpha-phenyl-butyrophenone,
p-morpholinopropiophenone, dibenzosuberone,
4-morpholinobenzophenone, 4'!'-morpholinodeoxybenzoin,
p-diacetylbenzene, 4-aminobenzophenone,
4'-methoxyacetophenone, benzaldehyde, alpha-tetralone,
9~acetylphenanthrene, 2-acetylphenanthrene,
10~-thioxanthenone, 3-acetylphenanthrene,
3~acetylindone, 9-fluorenone, 1l-indanone,
1,3,5—triacetylbenzene, thioxanthen~9-~one, xanthene~9-
one, 7-H~benz[de}-anthracen-7-one, l-naphthaldehyde,
4,4'-bis(dimethylamino)~benzophenone, fluorene-9~one,
1'-acetonaphthone, 2'-acetonaphthone, 2,3~butedione,
acetonaphthene, benz{a]anthracene 7.12 diene, etc.
Phosphines such as triphenylphosphine and
tri-o~tolylphosphine are also operable herein as
photoinitiators. The photoinitiators or mixtures
thereof are usually added in an amount ranging from-.
0.01 to 5% by weight of the total composition.

Other aAdditives

Other additives to the photocurable composition
can be included. To inhibit premature crosslinking
during storage of the prepolymer containing
compositions of this invention, thermal poiymerization
inhibitors and stabilizers are added. Such stabilizers
are well known in the art, and include, but are not
limited to, hydrogquinone monobenzyl ether, methyl
hydroquinone, amyl guinone, amyloxyhydroguinone,
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-14- It is an object of the invention to prepare a novel solid
wat er - di spersi bl e pol yner of predeternmn@d sequentially designed structure

whi ch can be crosslinked or cured by exposure to actinic radiation. A
further object is to nake a water-devel opabl e storage-stable fl exographic
relief printing plate. A still further object is to nmake a printing

plate that can be devel oped in aqueous solutions that are harnliess to the
i sper si bl ¢, G RERETRI bl Giine SuiABE o ARG B & REE mner ei n
el ement s t hat pheavotdel awmimes , phogmridids | initranendénsersid iphdneldre- i n t he
same i ecul &0y o odiod Sadl WL AL dHERD N & 2P 48 s
phot osensi tive R ARS é’conpr|5|ng a novel photocurable
are used in an amount within the range of from about
0.01 to about 4% by weight of the prepolymer. These
stabilizers are effective in preventing crosslinking of
the prepolymer composition during preparation,
processing and storage.
The compositions also may contain up to about 50%
by weight of an inert particulate filler which is
essentially transparent to actinic light. Such fillers
include the organophilic silicas, bentonites, silica
and powdered glass. Such fillers can impart desirable
properties to the photocurable compositions and reliefs
on printing plates containing those compositions.
Formulations using the photopolymers of this
invention include the following (in parts by weight):
(1) Photopeclymer, about 50-100, preferably about
70-380;
(2) A mono-, di-, or multi-acrylate diluent,
which can be a monomer or oligomer, about
0-25, preferably about 5-15;
(3) Photoinitiator, about 0.1-10, preferably
about 0.5-2.0;
(4) Organic solvent, 0 to about 200, preferably
about 10-50.

Preparation of Plate

The photocurable composition can then be shaped
and formed as a solid layer of suitable thickness
according to conventional solvent casting, i.e.,
dissolving the composition in a solvent, shaping the
solution into a film or plate and removing the solvent.
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conposi tion. Anot her object is to synthesize a novel urethane

priepol ymer (herein Prepolymer 111, or sipggly I1l) especially designed for
reaction with a hydroxyal kyl (meth)acryl ate. Anot her object is to
provi de a novel (neth)acryl ate-term nated pol yurethane (herein,

Phot opol yner 1V, or sinply V). Anot her object is to chain-extend an

| socyanate- capped pol yether diol or isocyanate-capped polyester diol or
m xture thereof, with al kyl di al kanol am ne, followed by term nating the
resul ting pol yoevepitdiomaly extaastioon watllendpariogy sickpot( peelsp acryl at e.

Anot her OblecEebﬁ g ugreggkeaq f %épgﬁgghlcsgqhae&aggﬁbnbknghglate t hat
a

will not swell convention ueous- based 1 nks
photosen51t1ve composition 1n the form of a film can be

adhered to supports such as those comprising polyester,
nylon or polycarbonate. Other suitable supports
include woven fabrics and mats., e.g., glass fiber
fabrics or laminated materials made of, for example,
glass fibers and plastics, and steel or aluminum coated
plates. It is preferred that the supports are
dimensionally stable and resistant to the washout
solutions.

It is also usually nebessary to protect
photosensitive surfaces from contamination by dirt and
dust during storage before being exposed and washed.
Such protection is accomplished by lamination or
application of a flexible protective cover sheet to the
side of the photocurable composition opposite that of
the support. In addition, the photocurable
compositions can sometimes be tacky and it is thus also
desirable to apply a release film to the surface of the
photosensitive layer before application of the
coversheet. The release film consists of a thin,
flexible and water soluble polymeric film and allows
for intimate contact between the surface of the
photocurable composition opposite to the support and an
image~bearing negative applied to the surface.

Exposure and Development

Photosensitive articles comprising a support
having a solid layer or surface comprising the
photocurable composition, e.g., solid flexographic
printing plates, can then be processed by well-known

techniques for imagewise exposure to actinic light.
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- 15- Unl ess otherw se indicated the term"(neth)acrylate"” neans

eirther acrylate or nethacryl ate. Mobkecwl ar wei ghts are nunber average,
Merr],. as determ ned by CGel Perneation Chromatography using polystyrene
st andar ds. Overvi ew The main reactions

and products involved in the invention are given schematically and
sinplistically as follows: 1. P+ Cy-> (Cy-P)[err]- Cy (ry; 2. N + Cy

-> (Cy-NJerr]-Cy (I'1); 3. Il + N+ Il ->[(Cy-P)[err]- C% N)[err]-
gt

( Prepol yner Preferably, the light should have a wavelen of from
about 230-450 microns. Exposure is through a negative
placed between the light source and the photosensitive
surface. Suitable sources of light include Type RS
sunlamps, carbon arc lamps, Xenon arc lamps, mercury
vapor lamps, tungsten halide lamps and the like.

Exposure periods depend upon the intensity of the
actinic light, thickness of the plate and the depth of
the relief desired on the printing plate. Periods of
from 1 to 20 minute exposures are preferred. -

Development
After exposure and removal of the negative, the

unexposed areas of the photosensitive surface can be
developed (removed) in agqueous washout solutions as
herein described. This feature is particularly
advantageous in that it avoids problems of disposing of
washout solutions containing commonly used organic
solvents, such as chlorinated solvents, alcohols, or
ketones. The washout solution should be slightly
acidic and may contain a surfactant. Dilute vinegar or
citric acid solutions are preferred. Useful acidic
surfactants include sodium alkynaphthalene-~sulfonate,
sodium alkylbenzene sulfonate, sodium alkyl ether
sulfate, polyoxyalkylated alkylaryl phosphate ester
sodium salt and the like. Overall additive
‘concentrations are suitably 0.1~-5%. Wash temperature
can vary from 25-70°C preferably at ambient
temperature. Following washout, the plate may be post-
exposed for further hardening of the relief work.
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11, or 111); (Not e:
I
I

Reactions 2. and 3. go forward together.) 4.

I
I+ A->A[(C-P)ferr]-(Cy-N[err]-Cysz4 £Photopol ymer

I
I
V, where P is a polyether diol or polyester diol or their noieties,

IV, or
Cy is

a diisocyanate or its noiety, Nis an al kyl di al kanolam ne or its noiety,
and A is a hydroxyal kyl (nmeth)acrylate or its noiety. In these reactions
hydr oxyl contai ning conpounds are |linked to diisocyanate containing
conpounds via urethane |inkages, -NHC(:0O-0, to formthe respective

nmoieties. x, y, and z may differ fronEEAMRLESEe to nol ecul e,

that the over-all nol ecular weight of Prepolyner 111, whether nmade f
pol yet her diol or gplyester diol or their mxtures, as in the range

about 5, 000- 60, 000

her EpdAepipdassanpdes0dllvstoaby, wikkonhal initing

but are such

rom
of

Phot opol ynmer kMel $nkanthen,ange of about 5, 000-60, 000 (preferably about

7, 000- 40, 000) .

The raw materials used in the examples are

described below:

Item

Description

Isonate 2181

PPG 1025
PPG 3025
Poly G 55-112
Poly G 55-37

5-108-46

Irganox 1520

Irgacure 651

Toluene (or tolylene) diisocyanate, 2,4
and 2,6-80/20 isomer mixture from -
Aldrich Chemical Co., Inc.

Modified 4,4'-methylene diphenyl
diisocyanate from Dow Chemical Co.,

% NCO = 23,

Polypropylene oxide diol from Arco
Chemical Co.; MW = 1000.

Polypropylene oxide diol from Arco
Chemical Co.; MW = 3000.

Polypropylene oxide/ethylene oxide diol
from Olin Chemical Co., MW = 1000.
ethylene oxide end-capped polyoxy-
propylene diol, MW = 3000.

Rucoflex S-108-46 is polypropylene
adipate diol from Ruco Polymer
Corporation, MW = 2400,

2,4-bis[ {octylthio)methyl]-o—-cresol used
as stabilizer, from Ciba-~Geigy Corp.
2,2~dimethoxy-2~phenylacetophenone, from
Ciba~-Geigy Corp.

Exanple 1

166 g (0.95 moles) of TDI, 60 g of toluene, 160 g
(0.16 moles) of a diol PPG 1025 and 53.2 g (0.05 moles)
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- 16 -. Segnents of | and Il may be positioned randomy in the chain
The .aforesaid 4 reactions nay be restategiexplicitly. In this restatenent
the nole ratio of P:Cy:N A nust be 1:1.3-8:0.2-7:0.1-3, preferably
1:1.5-6:0.4-5:0.2-1. Dependi ng on the nol ecul ar wei ght of the polyols
(in this case pol yether, polyester, polycaprol actone or pol ycarbonate

pol yols or m xtures of polyols), it is preferable to select the nolar ratio
of the reactants P (for polyols), Cy (for diisocyanate), N (for alkyldi-

al kanol am ne) odna Aibdr Piyr 6x pat-RyR( Werh) ebaygedeintiehat Ralitewei ght

percent as Ci &3%1965(%\891% Q@%‘igp%a Wient gt ﬁht%b@ﬁtpﬁf%%beaﬂ'nal

phot opol yner): (a) the total” polfyol content is preferal bet ween 60
stirrer and thermocouple. The reaction mixture was
kept at 35-40°C for 19 hours until an isocyanate
content of 3.4 millieguivalents per gram of solution
was reached. Then 19.2 g of Irganox 1520, 28 g of
methyl ethyl ketone and 41 g of toluene were added. A
solution containing 76 g (0.64 moles) of
methyldiethanolamine, 28 g of methyl ethyl ketone and
92 g of toluene was then added to the reaction mixture
in five portions over a period of 2.5-3 hours. At this
point, an isocyanate content of 0.29 milliequivalents
per gram was obtained. 27.6 g (0.2 moles) of
hydroxyethylmethacrylate was then introduced into the
reaction vessel and the temperature was raised to
60-70°C. The reaction was allowed to proceed for about
3~-4 hours until the IR spectrum showed the absence of
an isocyanate peak at. about 2260 cml. 50 g éf ethanol
may also be added to react with any trace amount of
residual isocyanates left.

To 291 g of this polymer solution, 9.2 g of
polypropylene glycol monomethacrylate and 1.9 g of
Irgacure 651 were added and mixed well. The solution
was cast on a steel coated plate and dried, resulting
in a solid, transparent polymer. A polyester
coversheet coated with a hydroxyethylcellulose based
release film was then laminated onto the top of the dry
photopolymer. The photopolymer plate was then imaged
for 5 minutes and developed in a 0.25% acetic acid
solution to yfeld a printing plate with good
reproduction of the negative film. A 20 mil thick
cured film of the above formulation exposed for 5
minutes has the following properties: tensile strength
of 1288 psi, modulus of 450 psi, elongation of 408%,
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and 80 wei ght percent in order for the final phot opol yner to have
good flexibility or el astoneric prgperties and (b) the

al kyl di al kanol ami ne content is preferably 1-10 wei ght percent in
order to maintain good water devel opability and (c) the

hydr oxyal kyl (net h) acryl ate content is preferably 0.8-2 wei ght percent
so that good phot ocurability and hence good resistance to ink

swel | can be achi eved. 1. Reaction of polyether or polyester dio

(P) with the Sigied afed ot diasHi o ©ferdedndR4-BonsoapRisnt (Oy):

(i) Inthe Ca%n%ieﬁ@d@ hefed Gln water, andmaﬁ_ueousHQa@,eé' Pnkl @r ] H +
excess OCNR[ err].NCO - > B- R err]-NCO (r-1)

where A is - CHelrs 1399 9%, CooRSS Y@, err CH err]-, -CHerr]CH(CH err]) -,
-CH err]CHerr]CHerr]CH err]-, -CHerr]CH err]CHCH err]) -, or

-CHerrjCH (CHerr]) CHerr]-; Example 2

150 grams (0.86 moles) of TDI was charged to a
1-liter resin kettle purged with nitrogen. A mixture
of 163 grams (0.163 moles) of polyoxypropylene glycol
(PPG~1025) and 28.5 grams (0.029 moles) of
polyoxypropylene/ethylene oxide end-capped diol (Poly
G 55~112) was added to TDI under stirring and then
mixed for about 17 hours until 3.9 milliequivalents of
isocyanate per gram of solution are left as determined
by titration. 17.4 grams of Irganox 1520 dissolved in
15 grams of methyl ethyl ketome and 107.5 grams of
toluene were then added to the reaction mixture. Then
a solution of 68.5 grams (0.57 moles) of
methyldiethanolamine in 15 grams of methyl ethyl ketone
and 107.5 grams of toluene was added dropwise to the
reaction mixture and then allowed to react for about 4
hours until the isocyanate content reached 0.28
milliequivalents per gram. 25 grams (0.19 moles) of
hydroxyethylmethacrylate was then added and the
reaction mixture was heated to 65°C. After about 3
hours at 65°C, when the IR spectrunm showed only that
residual traces of isocyanate are left, 30 grams of
ethanol was added to the reaction mixture to react with
all the remaining isocyanates.

500 grams of the polymer solution was mixed with
15.5 grams of polypropyleneglycol monomethacrylate and
15.5 grams of lauryl methacrylate and 3.4 grams of
2,2-dimethoxy~-2-phenyl-acetophenone (Irgacure 651 from
Ciba-Geigy) and cast onto a steel coated substrate.

‘r' e Q .
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-17- B represents one or nore segnents of

[-Rlerr]-NHC(:0)0(-A-0-)[errC(:ONH] - 33 b is determned by the

nol ecul ar wei ght of the polyether diol and is discussed in the description

of polyether diol, below. Rlerr] is a divalent aromatic,

al i phatic, or cycloaliphatic group containing 2-20 carbons, preferably

5-15. (i) I'n the case of pol yester diol

HO- D-Rerr] OH + excess OCNR[ err] NCO -> OCN- R[ err] - E- NCO

(1-ii) whEne Dilwpvaseprepargdandgimagpibras ddscribed in [
-Rerr]-GC (Eggmzramé iR[e‘f‘lrlé)ei c?ééci £ ‘Mn bd developea at 70%c

represents one or re segnents
in a 4% aqueous solution of a polyoxyalkylated

alkylaryl phosphate ester sodium salt surfactant to
give a good relief image. The 20 mil thick cured film
of the above formulation had tensile strength of

1641 psi, modulus of 1152 psi, elongation of 279%,
Shore A of 84, resilience of 24 and good resistance to
ink swell (only 6% swell and 7.2% swell in water and
agqueous ink, respectively, when soaked for 24 hours at
room temperature).

Example 3

100 g (0.266 moles) of Isonate 2181, 142.7 g
(0.048 moles) of a polydiol Pely G 55-37 and 144.7 ¢
(0.048 moles) of a polydiol PPG 3025 were charged to a
1-liter resin kettle purged with nitrogen and equipped -
with a thermocouple and an air stirrer. The reaction
was allowed to stir to react at 50-60°C until the
isocyanate content reached 0.87 milliequivalents per
gram of solution. Then 100 g of toluene, 50 g of
methyl ethyl ketone and 8.2 g of Irganox 1520
(stabilizer) were added. Subsequently, a solution
containing 17.8 g (0.149 moles) of methyldiethanolamine
in 80 g of toluene and 20 g of methyl ethyl ketone were
added over a time period of 45 minutes and the reaction
was stirred for about 2.5 hours after which 5 g (0.04
moles) of hydroxyethylmethacrylate was added. The
reaction was stirred for about 15 hours and then heated
to 70°C for about 4 hours until the IR spectrum showed
the absence of isocyanate.

200 g of the polymer solution prepared above were
then mixed with 11 g of trimethylolpropane
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[-NHC (:0) -0-D-Rerr]0-C (:0) -NHRerr]-] Rlerr] is a

dival ent aliphatic, cycloaliphatic, - 34 - or al pharyl group of
2-20 car bons; Rlerr], when present (i.e., when Rerr] is 1), is
a di val ent aliphatic, cycloaliphatic, aryl

or al pharyl group of 1-22 carbons. When m xtures of pol yether diols

and pol yester diols are used, the diols can be used in any ratio

These end-capping reactions are well known. As indicated, the term nal

i socyanat es ortnimietitadry fedreved . legd<dapperatirel $53nYy phedoti niitiiatorer

hydr oxyl grou I I di.ql.s, ~thar lsnCreasi ng
over-all nol ec%adagbv& rg}ﬁf{ b@‘%ﬁ?‘?%‘sﬁﬁﬁﬁg%ﬁ%’%&&&% gnggl %hi‘%?érteegct lon is
sui tabl y carr istteegutplgtte c oFrentdron ahatepsdivaeyr d3 1mewgs, therhin t he range

of about 25-8Qeidtled on the AP VBRHILRS IR sP@ROLLIRE iRiRdUat (I-i
and/or I-ii) wth alkyldial kanol'am ne (HO-R err -R[errL—Rger;]- .. In
this operatio¥atacqbiRle taieaseyd kigrwa e Go¥EREheet was removed

and then the photopolymer plate was imaged through a
negative and then developed in a 0.5% citric acid
solution to give a good relief image with good
reproduction of the negative, useful as a printing
plate. A 20-mil thick, cured film of the photopolymer
gave tensile strength of 876 psi, modulus of 422 psi,
elongation of 186%, Shore A of 65, resilience of 20 and
24-hour ambient temperature swell in water, aqueous ink
and oil based ink of 6.9%, 9% and 16.3%, respectively.

Example 4

200 g (0.532 moles) of Isonate 2181, 392.6 g
{(0.133 moles} of a polyether diol Poly G 55-37 and
108.2 g (0.044 nmoles) of a polyester diol $-108-46 were
charged to a 2-liter resin kettle and heated to 50~-60°C
under nitrogen with vigorous stirring. The reactidn
mixture was allowed to proceed until an isocyanate'
content of 1.0 milliequivalent per gram of soclution was
attained. Then 305.6 g of toluene and 76.4 g of methyl
ethyl ketone were added to the reaction mixture. A
solution of 37 g (0.31 moles) of methyldiethanolamine
dissolved in 152.8 g of toluene and 38 g of methyl
ethyl ketone was added. The reaction was mixed for
about 4 hours until about 0.06 milliequivalents of
isocyanate per gram of solution was left. Then 15 g of
Irganox 1520 along with 11.6 g (0.09 moles) of
hydroxyethylmethacrylate, 312.8 g of toluene and 78.4 g
of methyl ethyl ketone were added. The reaction was
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the product Il of Reaction 2
2. OCN-Rerr]-OCN + HO-R[ e
OCN-F-Rerr] - ( mhere F represents one or nore
segnents of Rlerr]-NHC (:0) -o-Rerr]-Rerr]-Rerr]-0-C
(:0) NH] Rlerr] and Rlerr] are the same or different al kylene
groups with 1-6 carbons; or R err] can be

(CH[err]CH[err]C»[err]CH[err]CH[err provided Rerr] is
- (CH er r] CH| et¥rded) [widgrCH oy asis earﬁr%rrmmate 40 -5 Ce vatd le ch Ta®
and d+e=3-15/jgocyanate cditld e MdA&tdd by [ dpectPosdiphh) -: (Ph=phenyl)

A formulatlon comprising 150 g of the polymer
solution obtained above, 3.3 g of an ethoxylated
trimethylolpropane trimethacrylate (available from
Sartomer as SR 9035), 3.3 g diethyleneglycol
dimethacrylate and 0.73 g of Irgacure 651 was solvent
cast and dried to obtain a dry photopolymer layer. A
water soluble release coating was then applied to the
top of the photopolymer plate. The plate was then -
imaged and developed in 0.5% citric acid solution at

rving as an |nterned|ate in Reaction 3:

e
% R err]-Rserr] -

S
r
I

'
|
[

ambient temperature to give a printing plate with a
relief image having good reproduction of the negative.
A 20-mil thick dried and cured film of the formulated
polymer gave tensile strength of 348 psi, modulus of
.176 psi, elongation of 254%, Shore A of 44 and
resilience of 19. The film also had good resistance to
ink swell of 10.8%, 13.9% in water, and agueous based
ink, respectively.
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Rlerr] -is an alkyl group with 1-6 carbons. 3 +
HO Rerr]-Rerr]-Rerr]-OH+ 1l -> OCNR-Rerr]-

(Prepolymer 111, or 1I11), where R corrprl ses 3mm “mﬂ r‘m”um)
segnents of B and/or one or nore segnents of E, and one

F; which is to say, Rconprises B, E, and F; or R consists esseﬁtlally of B
and F; or R consists essentially of B arrd3l‘§ - Reactions 2 and 3 are
carried out in the sane reaction m xture substantially sinultaneously, at

a tenperature in the range of about 25[(&2dMSso[err]C, "until all of the
hydr oxyl groups have react ed as determined by titration of the remaining

| socyanate. As indigat ed L vi du 0 ) I be expected

to vary in the nunber of p%? a% %?my‘%% ylcgfé{‘ ‘aro]"'l'l B rléocyanate,

and al kyl di al kanol atane rmnetsmyaﬂ'dﬁee enbatapped rmpigniennin arlelclontieol | ed

wi thin the racggg&lass&aﬁgg apeye gp that all or substantially all polyner
term

chains w | ate I n isocyanate. Thi s condition is essential for the
fourth (and final) €ekp. A Bmepolyrmer in which the end-capping groups

J are groups G: :
CH,=C(R®) -C(:0) -0-R®*~0~C(:0) ~NH~-;
wherein the groups G are the same; and wherein
R comprises F and B and/or E, wherein - -
B is [~R'-NH~C(:0)-0(~A~0-),~C(:0)NH~]; wherein
A is ~CH)CH,~, —-CH,CH,CH,~, —-CH,CH(CH,)-,
~CH,CH,CH,CH,~, ~CH,CH,CH(CH;)-, or —CH,CH(CH;)CH,~;
and
(A-0}), has a molecular weight of from 650 to
7,000;
E is [-NH-C(:0)-0-D-R?*-0-C(:0)-NH-R!-}, wherein
D is [~R*~0-C(:0) [(R*)e1]1-C(:0)-0-], or
~R'-0-[C(:0)~(CH,)s~0~] and has a molecular
weight of from 600 to 6,000; _
F is [~R!-NH-C(:0)-0-R*-R*-R6~-0~C(:0)NH~]; and wherein
R' is a divalent aromatic, aliphatic, or -

- we
-

cycloaliphatic group containing 2-20 carbons and which is
unsubstiuted or substituted by one or more non-interfering
substituents.

R’ is a divalent aliphatic, cycloaliphatic, or
alpharyl group of 2-20 carbons;

R’ is a divalent aliphatic, cycloaliphatic, aryl or
alpharyl group of 1-20 carbons;

R' and Esare the same or different alkylene groups of
1-6 carbons; or R' can be -(CH,CH,0),H,CH,~, provided R® is -
(CH,CH,0) .CH,CH,~, where)gﬁfre e are each 0-9 and d+e = 3-15;

R’ is -N(R")-, -N. N-, or -N(Ph)-;

R’ is an alkyl g;;:; of 1-6 :;r;o;s;

R® is alkylene of 1 to 7 carbons; and
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- 19 - anount of residual free diisocyanate may be left after the

formation of I11. In Reactions 2 and 3, note that the nolar ratio,

Cy/ (P+N), is always >1. Wthin IIl a preferred struca |!

Rlerr] is 4,4'-methylene di phenyl ene (NDI) ﬂlwu ﬂﬁ Iﬂ l ﬂ“
et hyl ene; Rlerr] is -N(Rerr])- Rl err] ¢ s*meth

the diols include a m xture of an ethylenﬁ? - oxi de end- capped

ol yoxypropyl ene di ol and a
POL YOXyPTopy 9 is hydrogen or methyl;

2. A polymer according to claim 1 wherein J is
OCN- and where

R! is tolylene or methylene diphenylene;

R* and R® are ethylene;

R® is -N(Me)-; and

(A-0), and D, where present, each have a molecular
weight of from 1,000 to 3,500.

3. A polymer according to claim 1 wherein J is G
and where )

R! is tolylene or methylene diphenylene;

R*, R®, and R® are ethylene;

R® is methyl;

R’ is -N{(Me)-; and

'(A~0), and D, where present, each have a molecular
weight of from 1,000 to 3,500;

4. A polymer according to any one of the preceding
claims where R comprises groups B and F, and in B (a-0),
has a molecular weight of about 1,000 and is a
polypropylene ether diol or is a 3/1 molar polypropylene
oxide/ethylene oxide end-capped diol moiety.

5. A polymer according to any one of the preceding
claims where R comprises groups E and F, and E cdﬁpfises a
polypropylene adipate diol moiety with a molecular weight
of about 2,400.

6. A composition which comprises a photopolymer as
defined in any one of claims 1, or 3 to 5, a photoinitiator
and from 1 to 30 weight % photoactive acrylate or
methacrylate monomer or oligomer.

7. A composition according to claim 6 comprising
from 5 to 20 weight % photoactive acrylate or methacrylate
monomer or oligomer.

8. A composition which comprises in parts by
weight:

photopolymer as defined in any one of claims 1

or 3 to 5, 50 to 100;
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pol ypr-opyl ene adi pate diol where (-A-O)[err] has a nol ecul ar

wei ght of about 1000- 3500. Prepol ymer 111 and the
herein descrl muﬂﬂﬂﬂimﬁﬂl"tmesynt hesizing it are considered novel.
Reaction 4. R xt ended pol ymer (Prepolyner 111) with

hydr oxyal kyI (et h) acryl ate’ td gi ve Phot opol ynmer 1V: 1+

HO R err]-0-C(:0)-C(Rerr]) = CHerr] ==3&RRerr]-G ( Phot opol yner
V), where Gis CHerr] = CRerr])-C(:O-ORerr]-0C(:0-NH,

R8 is 1-7 carbon al kyl emrerydate or meRBatgylate dadthght, 0 to Wsthin IV a
preferred structure res rrl. i,s MDI

Rerr], Rerr], and R[eghF gﬁgggﬁﬁtPr 0.1 tORES lindR[err] and R err] are
met hyl ; R[epﬁpaMSC-N@RPent})O to 200. the diols include a

T3l of an et et compeit e g BRSO
(A-O)[err] has a nDIec@P&ﬁoﬁeﬂyﬁﬁer79b§9t99®00- 3500.

acrylate or methacrylate diluent, $ to 15;
photoinitiator, 0.5 to 2.0; and
optionally, organic solvent, 10 to 50.
10. Method of preparing an isocyanate end-capped
polymer which method comprises '
(1) reacting a polyether diol of the formula
HO~- (A~0) H wherein
A is -CH,CH,-, —CH,CH,CH,~, -CH,CH(CH,)~,
-CH,CH,CH,CH,-, -CH,CH,CH(CH;)~, or -CH,CH(CH,)CH,~;
and (A-0), has a molecular weight from 650 to
7,000; and/or
a polyester diol of the formula HO-D-R>~OH wherein:
D is [-R*>~0-C{:0)[(R®)g1]1-C(:0)-0-], oOr
~R=0~-[C(:0)-(CH,;)s~0~] and has a molecular
weight from 600 to 6,000
R? is a divalent aliphatic, cycloaliphatic, or
alpharyl group of 2 to 20 carbons; and
R} is a divalent aliphatic, cycloaliphétic,
aryl, or alpharyl group of 1 to 20 carbons;
with a diisocyanate of the formula OCN-R!'-NCO wherein
R! is a divalent aromatic, aliphatic, or
cycloaliphatic group containing 2 to 20 carbons
and which is unsubstituted or substituted by
one or more non-interfering substituents;
thereby forming a prepolymer product comprising
isocyanate end-capped polyether and/or isocyanate end-
capped polyester; and
{(2) reacting the isocyanate end-~capped
prepolymer product with an alkyldialkanolamine of the
formula HOR‘R’R°OH wherein,

R* and R® are the same or different
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- 20- The relationship of Ill and IVis readily evident in the

St r Uit Sirees His Bee lgcpd J' where the J's are identical ' - NCO
(givi (giving 1V). Thi s Reaction g@p g[;@ﬁﬁ &g”rl ed
out & e in the range of about 60[err]-

conveniently carried out follow ng chain extension Reactions 2 and 3, in

t he same vessel. Consistent with Ill,~Ségnents B and/or E, and F nay be

positioned at randgmin the polynmer chains of IV. As,indicated, nost of the
nol ecul es conpri SEHRAANSHIF HRTOfed ~§f carbons; or R' can be

~ (CH,CH,0) (CH,CH,~, provided R® is -(CH,CH,0) .CH,CH,~,
where d and e are each 0-9 and d+e = 3~-15;
R’ is ~N(R’}-, —N::IN—, or ~N{Ph)-; and
R’ is an alkyl group of 1-6 carbons;

the mole ratio of polyether diol and/or polyester
diol : diisocyanate : alkyldialkanolamine being
i : 1.3-8 : 0.2~7.

11. A method according to claim 10, in which
OCN-R!~-NCO is tolylene or methylene diphenylene
diisocyanate.

1z. A method according to claim 10 or 11, in which
in the polyvether or polyester diol, (aA-0), or D,
respectively has a molecular weight from 1,000 to 3,500.

13. A method according to claim 12 where a
polyether diol is reacted in (1) and (a-0), is a
polypropylene ether diol or a 3/1 molar polypropylene
oxide/ethylene oxide end-capped diol moiety having a
molecular weight about 1,000

14. A method according to any one of claims 10 to
13 in which alkyldialkanolamine is methyldiethanolamine.

15. A method of preparing a photopolymer which
method comprises reacting an isocyanate end-capped polymer
obtainable by the method of any one of claims 10 to 14 with
a hydroxyalkyl—-acrylate or methacrylate of formula

CH,=C (R%) -C(:0) ~O-R*~OH
wherein

R® is alkylene of 1 to 7 carbons and

R’ is hydrogen or methyl,
thereby forming a polymer end-capped with groups G

CH,=C(R’) -C(:0) ~0~R*-0~C(:0) ~NH~-
wherein R® and R® are as hereinbefore defined.

16. 2 method according to claim 15, in whigh the
hydroxyalkyl acrylate or methacrylate is hydroxyethyl-
methacrylate.

17. Method according to any one of claims 10 to 16



pol yet her (and/or polyester) diol, end-capping diisocyanate, and

chai n- ext endi n% ﬂuﬂ m ] with all or substantially all polyner

nmol ecul es of | l* rl mmﬂmh wi th al kyl ene(nmeth)acryl ate. The
reactions described abov® chn e carried out without a solvent, but
preferably are carried out in an anhydrous organic solvent. Suitable

sol vents include nethyl ethyl ketone, saetby+ isobutyl ketone, toluene, and

m xtures thereof. The solvents should have a boiling point in the range of
80- 120[ er r ] €dmmriedng:casting of filns and evaporati on of solvent.

The followng is a furt de LPtL,Qn h ants. The D ol
(a) Polyether Diol. q§5Thi§8%Fggh§f Egsgtﬁgiggﬁﬁéture HO (A-Oferr]H

where A is a dival ent £gdnear 8fisosypaa&e.propyl ene, isopropyl ene,
butyl ene, isobutylene, gadt;prb vikeglk bRdke Bhelnupbeecayarageignkecul ar
e

wei ght of the grou A- rr],, or of the polynmer diol (whichis
substantially théﬁ§%%élghingf % within the range of about 650-7, 000,

preferably about 1, 000- 30i9propelivneopyrided cakivdene oxide diol

molecular weight about 1000,

in a molar ratio 0.93:0.16:0.05

thereby end-capping the diols with isocyanate;

(II) then adding to the reaction mixture of
(1),

methyl diethanolamine in a relative molar ratio
of 0.64, and

continuing the reaction to chain extend the
isocyanate-capped diols, thereby providing chain-
extended isocyanate-capped diols terminated in
isocyanate groups.
i8. Method according to any one of claims 10 to 16

comprising:

(1) reacting, in a solvent:

4,4’-methylene diphenyl diisocyanate, 23% NCO,

polypropylene oxide diol, molecular weight
about 3000, and

polypropylene oxidefethylene oxide diol,
molecular weight about 3000,

in a molar ratio 0.266:0.048:0.048,

thereby end-capping the diols with isocyanate;

(II) then adding to the reaction mixture of
(1),

methyl diethanolamine, in a relative molar
ratio of 0.149, and

continuing the reaction to chain extend the
isocyanate-capped diols, thereby providing chain-
extended isocyanate-capped diols terminated in
isocyanate groups.

19. Method according to any cne of claims 10 to 16
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gl ycol, MW about 1,000-3,500, or polypropyl ene

- 21 - oxi de/ et hyl ene oxi de end-capped, MW about 7

especially preferred. The polyether diol reactants myiww@%m’g E sses

well known in the art by reacting an al kyl ene oxi de or | ene

oxides with a conpound having at | east one active hydrogen atom such as

wat er; nonohydroxylic al cohols such as. efhanol and propanol; and

di hydroxylic al cohols such as ethyl ene glycol and nonoet hyl ether of
comprising:

(1) réacting in a solvent:

4,4’-methylene diphenyl diisocyanate, 23% NCO,

poly{propylene adipate) diol, molecular weight
about 2400, and

polypropylene oxide/ethylene oxide diol,
molecular weight about 3000,

in a molar ratio 0.532: 0.044:0.133

thereby end-capping the diols with isocyanate;

(IXI) then adding to the reaction mixture of

(13,

methyl diethanolamine, in a relative molar
ratio of 0.31, and

continuing the reaction to chain extend the
isocyanate-capped diols, thereby providing chain
extended isocyanate-capped dgroups.

20. Method according to claim 17, 18 or 19 which
further comprises adding to the reaction mixture of (II),

hydroxyethylmethacrylate, in a relative molar

ratio of 0.2, (where appendant to claim 17) 0.042,

where appendant to claim 18) or 0.09 (where appendant

to claim 19) and
contlnulng the reaction to react the terminal
isocyanate groups of (II) with the hydroxyl group of

the hydroxyethylmethacrylate, thereby providing a

photocurator polymer.

21. A composition which comprises a photopolymer
obtainable by a method as claimed in claim 15, 16 or 20,
and a photoinitiator.

22. Printing plate comprising a substrate and a
layer of UV-curable composition as claimed in any one of
claims 6 to 9 or 21.

23. Method of preparing a printing plate comprising
casting onto a plate substrate a composition as claimed in
any one of claims 6 to 9 or 21.

24. Method comprising exposing a printing plate
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gl ycerine. The pol y(oxyal kyl ene) products of such reactions will have
| i near oxyal kyl ene or oxyet hyl ene- hi gher oxyal kyl ene chai ns, and such

Ao noted, 1 iﬂlﬂlmﬂ HUBHINE G feriTon wnere b and Rerr) have the

val ues above divén, “may be used alone or in adnixture with pol yet her diols.
Sui t abl e polyester diols include those we4t2 +rom di basi c acids or
caprol actones with an excess of glycol. The dibasic acids, which are

preferred, alc@mmdsaa'mj & Hexystr wift @ @hld@o@@ly@\)er[ cRwpodilt-ien @sOeladited an
excess of gl xﬂ;f c}r&eﬁ? " eHQoR[ge zg*oy‘?o YAy @y ] are

as above defl ne ecul ar wei ght t he polyester diol,

which is subs}ftaéhtaiteiquy Yhyoughnea tnﬁq@wgho@mrs@mmwm@% qumpsed and
preferably amekw&é ailds of ph rpbqym%rd%?aﬁo%l%@!cﬂﬁ didnygilhese of
oni

t he saturated serl es, ., .oxalic, succini c | utaric, adipic,

pimelic, Subd<k; eéﬁﬁ:?‘qmé‘q ithe le?tiembé’ F&?Hln&dltﬁec "&’i@sﬁrdefagﬁa&
Aromatic di basj &zaa;hldﬁ; it yde tehtdiah @naaduleanep aididicc sadivdsiond.n |ieu of
the acid itself, 23 anh)bdrl %e may be u%ed, e.g. - th hal i ¢ anh%grl de, or
its ester may be u g’d o 1n ing apparatus’ comprising an expos

printing plate obtalnable by the method claimed in claim

24.
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met hyl terephthalate. Acid m xtures may be used. Wen Rerr] is zero the
dcid is of course oxalic. Wen R err] iLsag3 -

-22- "1," HRferr] contains 1-20 carbons and the subsequent dibasic
acid contains 3-22 carbons. Sui t ghsermeycol s for making the pol yester

diol include the al kyl ene glycols, e.g., ethylene glycol, propylene glycol,
trinmethylene glycol, the three butane diols, tetranethylene glycol,
i sobutyl ene gl ycol, pinaaQbECHSdDEVELOPKBLE| PEOTOSENSITEVE m xXtures. The

POLYURETHANE~ (METH) ACRYLATE

A photopolymer useful in preparing water-
developable, solid printing plates is prepared by
preparing a urethane prepolymer by reacting polyoxy-—
alkylene diols or polyester diols, or a mixture
thereof, with an excess of diisocyanate, followed by
chain extending the resulting prepolymer mixture with
an alkyldialkanolamine, then reacting the chain-
extended product with a hydroxyalkyl (meth)acrylate?l
The resulting photopolymer is suitably formulated with
additional photoactive (meth)acrylate monomers or
oligomers and photoinitiator for casting or extrusion
on a substrate to form a flexographic printing plate.
Following UV exposure of the plate through a negative,
unexposed areas can be removed by washing with a
slightly acidic aqueous medium, to give a plate with a
desirable relief image. The use of the agueous
washout solution as opposed to organic solvents

minimizes pollution problems.
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7ye 16140 J-A-KEMP-AND-CO  (2) ® midsl r,3/3

diol may have a cyci-BEMPkAMI=C8t ri@cture or al kyl aromatic structure.

eful polyester diols made fromadi pic acid include poly(diethylene
-ddi pate) diol, poly(ethylene adipate)+=diol, poly(propyl ene adipate) diol,
pol y(propyl ene/ et hyl ene) adi pate diol, poly(butylene adipate) diol,
pol y(et hyl ene/ butyl ene adi pate) diol, poly(neopentyl adipate) diol,
pol y( hexane/ neopentyl) adi pate diol, poly(hexane adi pate) diol, polycapro-
| actone diols and the |ike or m xtures thereof. Processes for making

pol yester diols are |1 __ known. See, for_ex I ncycl opedi a of Pol yner
Sci ence and Engi neerg\erf’b‘?prﬂﬁp %7 Brsﬁ'ﬁgg(%gg%%}tgagym. , Vol . 12, pp.
28-42, especially pp. 33-B<R!-NHaC{od)O (-18~01pC (20DNHE] . The Diisocyanate
A wide variety, of . dil anad oS a2 WA} f QL3 5£ 3 Ng t he pol yet her
diol. These di?s%%f%%%@ég caﬁg%éﬁﬁ %%%%?ngrceéf%g?q%ﬁatlc, or aromati c,

I L]
with the pelyether iwd sudig ddgcussediinabha: deser LB¥ 190 %] contains in
general Znbpyedbher €61 Abeadw 0o 15 carbon atoms and may optionally carry

non-intertering SUb%éﬂ%%FQtaivalent aromatic, aliphatic, or
cycloaliphatic group containing 2-20 carbons,
preferably 5-15.
(ii) In the case of polyester diol:
10 HO-D-R’OH + exceas OCNRINCO —> .
OCN-RI-E-NCO | (I~11)
where D represents repeating segments of
[~R?*=0-C(:0) ~[ (R') o 1]=C(:0)0~],
E represents one or mnore segments of
15 { ~NHC (:0) =0=D=~R?*0~C { : 0) =NH~R -~}
R® is a divalent aliphatic, cycloaliphatic,
or alpharyl group of 2-20 carbons;
R, when present (i.e., when R’ is 1), is a
divalent aliphatic, cyclecaliphatic, aryl
20 or alpharyl group of 1-+22 carbons.
When mixtures of polyether diols and polyester
diols are used, the diols can be used in any ratio .-
These end~capping reactions are well known. As
- indicated, the terminal isocyanates on initially formed
25 end~capped diols may react with other hydroxyl groups
on other polyether or pelyester diols, thereby
increasing over-all molecular weight of the resulting
polyurethane. This reaction is suitably carried out at
conventional temperatures, e.g., within the range of
30 about 25°-80°C. |
Chain extension of prepolymer product (I-i and/or
I-ii) with alkyldialkanolamine (HO-R‘=R*-RS=OH). In
this operation, Reactlons 2 and 3 go forward together,
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such as ether groups, ester groups, urethane groups, an do grouff§;7tirea
groups, aryl groups, aliphatic groups, cycloaliphatic groups, or hal ogen
atons. Exanpl es of suitable diisocyanates include

-23- 4, 4" -met hyl ene di phenyl diisocyanate (MDl), 2,4-tolylene

di i socyanate (toluene diisocyanate), 2,6-tolylene diisocyanate, m xtures of
the two latter isoners, diner of 2,4-+td ytene diisocyanate, p-xylene

di i socyanate, mxylene diisocyanate, 1,5-naphthylene

AQUEOUS DEVELOPABLE PHOTOSENSITIVE
POLYURETHANE- (METH) ACRYLATE

This invention relates to radiation curable
poiymers and formulations or compositions containing
them, as well as photosensitive articles having solid
surfaces or layers prepared from such polymers or
formulations. The invention also relates to a process
for making and using the polymers and making and using
the photosensitive articles.

42

NN
[x

T

{

- S an

PLACEMENT SHEET

g

R

ey

?

i 2 1FEB 1997

N IR R BRSSP S b0 f " TSRy (el



di i socyanate, 3, 3'-dinethylbiphenyl-,4,4"-diisocyanate, hexanethyl ene

di i socyanate, trinethyl hexanethyl ene diisocyanate, |ysine diisocyanate,

i sophorone diisocyanate, 4,4'-methyl enebi s(cycl ohexylisocyanate),

met hyl cycl ohexane-2,4 (or 2,6)-diisocyanate,

1, 3- (i socyanat onet hyl ) cycl ohexane, and mtetranet hyl xyl ene diisocyanate.
Conventi onal urethane-formng catalysts may be used in the reactions with
di i socyanates. These catal ysts include? &.g., organo-tin conpounds such as
di butyl tin dilaurate and stannous octoate, organo- nercury conpounds,
tertiary amnes, and m xtures of these materials. Al kyl di al kanol am ne

This material has the structure HCR[err]R[err]R[err]CH wher e t he nunbered
R s are as above

d flned Wthin this ou | di et hanol a
b1 5( hydr oxyet ny PREEBFHERRI #01GMeES: AP, SCRPIRoRs dig T O, and
N, N - B|S(ZkhyanXm-tpEOWyh)&mﬁIﬂvzmlng printing plates and other
Eﬁeﬁ'y*f CH LR b SHe RNy PR Gl i A HEL T £ chEN -
field of radiation sensitive flexographic printing
plates, the plates typically comprise a support and a
' photosensitive surface or layer from a photocurable
composition. Additional layers or surfaces on the
plate include slip and release films to protect the
photosensitive surface. Prior to processing the plate,
the additional layers are removed, and the
photosensitive surface is exposed to radiation in an
imagewise fashion. The unexposed areas of the surface
are then removed in developer baths.
Removal of unexposed surfaces comprising solid
photocurable compositions such as those disclosed in
U.S. Patent No. 2,760,863 réquire the use of developer
baths comprising environmentally unsafe, organic
solvents such as tetrachloroethylene, 2-butanone,
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Hydr oxyal kyl y(met h) acryl ate This material has—the stru g'"

HO Rlerr]OC(: O -C(Rerr]) = CHerr], where the Rh{a?m\a \ab,ﬂé_“ efh ned.
Wthin this structure hydroxyethylnethacrylate |Slp'€f€??€d

24 Fornul ations with the Invention Photopol yi n 4 FEBRh®9I I st
formulation is the invention photopolyn®gr-plus anie fectlve amouni of

photoinitiator. Such mixture can be sol vent cast, |as-s~or—the sol yent
renmoved and the m xture extruded to

g GRS
AR DA b
e

benzene, toluene, xylene, trichloroethane and solvent
mixtures such as tetrachloroethylene/n-butanol.
However, due to the toxicity, high volatility and low
flash point, their use gives rise to hazardous
conditions and creates pollution problems. Thus,
recently there has been a strong interest in the field
to develop photosensitive layers in non-organic solvent
developing solutions, e.g., aqueous, surfactant-aqueous
or alkaline-aqueous solutions. However, the
compositions resulting from recent attempts to achieve
agqueous developable plates demonstrate deficiencies in
mechanical properties, e.g., flexibility. See European
Application 261,910.

For instance, in addition to possessing an aqueous
developable pﬁotosensitive surface, a flexographic
printing plate must have sufficient flexibility to wrap
‘around a_ printing cylinder, yet be strong enough to
withstand the rigors experienced during typical
printing processes. Fhrther, the printing plate should
be soft enough to facilitate ink transfer during
printing.

Previous agueous developable compositions have not
possessed all the desirable features such as
flexibility, softness and solvent resistance to inks
typically used in printing. For example, U.S. Patent
No. 4,023,973 describes a photosensitive composition
comprising a maleic anhydride adduct of a
1,2-polybutadiene. However, because the 1,2 content of
this material is very high, i.e., 70% or more, this
composition has an undesirably high rubber hardness.

Furthermore, other water-developable
photosensitive compositions which contain as the main
conponent a high molecular weight polymer such as
polyvinyl alcohol, cellulose, polyethylene oxide, or



create a solid photopol ynerizable | ayer on conventneﬂd+2ﬁackkﬂg ﬁate I al s.
However, for many commercial uses it will be found) preferable to fbr%ulate
or extend the phot opol yneri zabl e conposition with %b ut? 4 it ER 30% b y i ght
of reactive (i.e., photoactive) nononer or oligonen,*and nDsLMpLeL$r$ﬁly in
the range of 5 to 15% by wei ght reacti4e-nononer. 3U|t”BTe reactive |
nononers or oligonmers are those of the fornul a: i e

(CHerr]=C(Rerr]) -C(: 0) -O)[err] -Rerr] where R[err] is Hor nmet hyl ,
Rlerr] is an organic noiety having a valence of g, and g is an integer.
Such reactive (nmeth)acrylate diluents include but are not limted to,
trlnethylolprogane trlacrylate hexanedlol di acryl ate, 1, 3-butylene glycol

di acryl at ethei ikgr epgegipsytdcdeny dire f1e et BesEessane,
neopent yl Hiljﬁoheéré@ ﬂfatr%,bblé@ YRirBHaRE Hy Hindd Ok agh¥h t8bie

tetraethylg cql glac Iat trlet Jl ene glycol diacrylate,
pent aer yt htP¥o 5 etfa Qﬁ%ﬁ&ﬁ di acryl ate,
bi sphenol - A dl&Fiﬁh&ﬂ?ﬁ pmomﬂ(amsqﬂimpﬂrtantﬁtﬁmetﬁmeryIate
trimet hyl o] ' “HE;H% q% tyaacryl ate,
triacryl at 388?3%“ 831'%-33)' oxyet “li'gsocya x!fa tp{&g%g %eér’ét hritol
hydroxypendaacnyﬂ&m&lhxﬂﬂtﬁh%ﬁtﬂunkngtsthﬁg¢aIeF0r example, some
compositions used for making plates have shown inferior
stability properties when used in solid flexographic
printing plates in that the compositions become tacky
and pasty during storage. Those inferior properties
have been attributed to the low molecular weight of the
polymers used to prepare the printing plates. See U.S.
Patent No. 4,762,892 to Koch et al. and discussion of

low molecular weight polymers disclosed in Japanese
Kokoku 57-23693.

et hoxyl at ed

Photosensitive formulations using the polymers of
this invention are water-developable without presenting
any of the aforesaid disadvantages.

Japanese Kokai Patent (A), SHO 59~113430,
Disclosure Date June 30, 1984, Sakurai et al.,
discloses a water-developable printing plate made with
a light-sensitive polymer. The polymer is made by
chain extending both an isocyanate end capped polyester
diol, and an isocyanate-hydroxyl{(meth)acrylate adduct
with an alkyl diethanolamine. Thus, a chain extended
prepolymer terminated with isocyanate (such as
Prepolymer IIL hérein) is not made. The final polymer
product is quaternized to increase cure speed. The
present invention does not require this step. The
solid photopolymer IV of the instant invention is not
made. In Example 2 of the reference {(which appears to
be typical of the reference Examples), a mixture of an
isocyanate end-capped polyether diol (PEG 1000) and a
diisocyanate-hydroxyalkyl(meth)acrylate adduct is



et hoxyl ated trinethyl ol propane triacryl ate, trlethylene glycol . - -~ .
di mret hacryl ate, ethyl ene glycol dinethacryl ate, tetpae}h Lehie: glycmu
di mret hacryl ate, pol yethyl ene gl ycol -200 dlnethacrdeT —*ﬁmheianeql

di et hacryl ate, neopentyl glycol dinethacrylate, a

- 25 - pol yet hyl ene gl ycol - 600 d1ﬁbbhacrylate,,1 Shbh %Peg%fg y Lol
di net hacryl ate, ethoxyl ated bi sphenol - A di net hacryl i tel‘ii¢4mn$w4 priopane
trimethacryl ate, diethylene glycol dinethacrylate, 1,4-butanediol

S . e e
Lf_-_m‘.@w,w.-;wmww e ot

chain-extended with N-methyldiethanolamine under
conditions leaving no detectable -NCO.

European Patent Application 54,150, filed October
23, 1981, Lehner et al., assigned to BASF, describes a
Uv-activatable polymer made by first reacting together
three components, i.e., a polyether diol, diisocyanate,
and alkyldialkanolanmine, and reacting that product with
an epoxy acrylate. The final polymer product is
formulated conventionally with acrylates and
photosensitizers for use in water-developable printing
plates. Since this reference describes a polymer
comprising moieties of polyether diol, diisocyanate,
alkyldialkanolamine, and acrylate, it is appropriate to
consider it at length. In the Lehner et al. reference,
the product is a random copolymer consisting of
randomly positioned moieties of polyether polyol,
diisocyanate, alkyldialkanolamine, and epoxy-acrylate
in various combinations, e.g., B-A-B, B~-C-B, B-A-B~C-B,
B-A-B-C~B-D-B, etc., where A is polyether diol, B is
diisocyanate, C is alkyldialkanolamine and D is an
epoxy acrylate. This introduces pendant acrylate
groups along the polymer chain. Finally, polymer
viscosity is increased to obtain a solid polyurethane-
urea by addition of a diamine which forms urea
linkages. Lehner et al. did not react epoxy-acrylate
sequentially. All A, B, C, and D were added at the
same time. The Lehner et al. reference does not
disclose an isocyanate end-~capped polyether diol or
polyester diol, chain extended with an alkyl
dialkanolamine, with the chain-extended product further
end-capped with hydroxyalkyl (meth)acrylate.

This invention differs in other important ways
from the Lehner et al. process. (1) It is sequential,
that is, the diol is end-~capped, then chéin—extended at



di acryl ate, diethylene glycol dinethacrylate, pentaerythritol-
tetranmet hacryl ate, glycerin dinethacryl ate, trlnekﬁngmpnébaﬁe
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phot opol yneri zabl e conposition to nodify the red_product anoacrylates
such as cycl ohexyl acrylate, isobornyl acrylate, lauryl acrylate and

tetrahydrofurfuryl acrylate and the correspondi.ng-nethacryl-ates are al so
operabl e as reactive diluents, as well as nmethacrylate oligoners such as

epoxy acrylates, urethane acrylates and pol yester or polyether acrylates.
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usef ul . Phot0|n| ators for the photopol ynerizabl e conposition and
for mul at | &EIMISALE HRergHte, wherea the reference reacts

an epoxy—acrylate to form pendant groups along the
polymer chain. (3) This invention does not utilize
urea linkages. (4) This process does not gquaternize
with glacial acetic acid to make an ionomer. These
differences ensure a precise and highly desirable
thermoplastic polyhrethane elastomer. That is, a
structure that will provide the correct predetermined
molecular weight and composition and will necessarily
result in a printing plate with good physical
properties and good aqueous and oil based ink
resistance. The reference does not make the products
of the instant invention.

U.S. Patent 5,069,999, Higashi et al., "PS Plate
for Making Lithographic Plate Requiring No Dampening
Water," (1991), discloses a printing place comprising a
photosgensitive mixture comprising an acrylate monomer
or oligomer and a polyurethane resin made %“... by
reacting a diisocyanate with approximately equimolar
amount of a diol or those obtained by reacting a diol
with a slight excess of a diisocyanate and then
subjecting the reaction product to a chain extending
reaction with a diamine, a diol, or water." [Emphasis
supplied.] (Col. 4, line 66 — Col. 5, line 2.) The
reference does not make a solid photopolymer, nor does
it discuss or disclose water developability. Further,
prepolymer III of the instant invention (a unique
chain~-extended polyurethane) is not disclosed in the
reference. The reference suggests using
alkyldialkanolamine or dihydroxy(meth)acrylate as a
diol (Col. 5, lines 37-39). However, the reaction of a
hydroxyalkyl-(meth)acrylate with a diisocyanate end~
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capped polyether diol further chain-extended with
alkyldialkanolamine (Polymer IV of the instant
invention) is not disclosed in the reference.

U.S. Patent 4,888,379, Henning et al., "Heat~-
Sensitive Poiyurethane Dispersions," (1989) discloses
(Example 2) reacting a mixture of polycarbonate polyol
and polyethylene oxide-polypropylene oxide polyether
polyol with hexamethylene diisocyanate, followed by
chain extending the resulting polyurethane with
methyldiethanolamine (MDEA). The resulting materiail
was further extended with isophorone diamine in water
to form a polyurethane latex or emulsion useful for
coatings. The final polyurethane emulsion is not
photocurable.

U.S. Patent 4,113,592, Rybny et al.,
"Irihalogenated Hydrocarbons as Co-Photoinitiators,"

- {1978), teaches the addition of methyldiethanolamine to
known photosensitizers to increase cure rate in
photosensitizer compositions.

U.S. Patent 4,986,108, Suzuki et al., "Process for
Forming a Polyurethane Coated Biaxially Oriented
Polyester Film," (1990) teaches introduction of pendant
carboxylic groups into a polyurethane prepolymer
followed by neutralization with methyl diethanolamine.

U.S. Patent 4,003,751, Carder, C.H., "Coating and
Ink Compositions," (1977), teaches reacting together a
hydroxy (meth)acrylate, a moﬁohydroxylamine, and an
organic diisocyanate all in one step. The result is a
mixture of polyurethanes formed from the
hydroxy (meth)acrylate and hydroxylamine reactiné
separately with the diisocyanate. The reaction of a
hydroxy (meth)acrylate with chain-extended isocyanate

end-capped polyether and/or polyester diols is not
disclosed.



I nclude, but are not limted to benzophenone, acetophenone,

o- net hoxybenzophenone, acetonapht hal ene - qu+ one~wﬁe%hy% efhyl ket one,
val erophenone, hexanophenone, al pha-phenyl - bHLyﬁdﬁheﬁohe

p- nmor phol i nopr opi ophenone, di benzosuber one, rpn0||nobenzoghenone

4-
4' - nor phol i nodeoxybenzoi n, p-diacetylb@nzene‘ Fnangpabe gopnemone
4' - met hoxyacet ophenone, benzal dehyde, al pha-

4 oné
9- acet yl phenant hrene, 2-acetyl phenant hrene, Outhe*aﬂ%heﬂﬁ#eﬁ
3-acetyl phenant hrene, 3-acetylindone, 9-fluofenone, 1-indanong,
1,3,5-triacetyl benzene, thioxanthen-9-one, x&mthene=g--one, 7-H benz
[ de] - ant hr acen- 7- one, 1-napht hal dehyde,

4, 4' - bi s(di met hyll.&n mza)td:@z@,m@wm fSum'x;eth @heall, “Phbtinapht hone,

dleﬁgetng%Q%%bsp |n§§)suéﬁﬂ5 W??lp enyl p oé%ﬁ%ﬁe an %g]anthracene oot

ri -o-tol yl phosphi ne
are al so oﬁmsﬂﬁurangdnUre&hqn@nM9¢ﬁfiedcﬂ@lymme Hho1eBalti ators or

m xtures thgRofoHL &'%‘Ed SRS I fadd BPORRAcERRgi #9 from 0. 01 to 5% by
wei ght of the total nposltlon O her Addltlves
dllsocyanate with an acrylate. The acrylate can be the
mono (meth)acrylic ester of N-methyldiethanolamine.

U.S. Patent 3,864,133, Hisamatsu et al., "Photo-
Polymerizable Compositions," (1975), discloses '
reacting, in specified sequence, a diisocyanate, a
polyol, and an acrylate ester, optionally with an amine
(e.g., methyldiethanolamine). The amine is said to
accelerate hardening in the presence of air. ' In
Example 6 tolylene diisocyanate was reacted with
trimethylolpropane, and the result was reacted further
with ethylacrylate and 2~hydroxyethylacrylate, followed
by addition of triethanolamine. A mixture of acrylates
was added as physical diluents to make the final
photopolymer mixture. Example 49 discloses the
reaction of tolylene diisocyanate with a polyester
polyol, followed by reacting the resulting polyurethane
with a mixture of methyl methacrylate and
hydroxyethylmethacrylate. The result was mixed with.
triethanolamine. The sequential reaction of
diisocyanate plus polyether and/or polyester diols,
followed by chain extension with alkyldialkanolanine,
followed by reacting with hydroxyalkyl(meth)acrylate is
not disclosed.

U.S. Patent 4,606,994, Illers et al., "Process for
Producing Photo-cured Printing Plates Possessing a
Defined Hardness," (1986) discloses reacting together a
polyurethane with an acrylate to put acryloyl side
groups on the polyurethane, optionally in the presence
of dialkanolamine as chain extender. Prepolymer IIX
and Photopolymer IV of the instant invention (as




O her additives to the photocurable conposition can be included. To
i nhibit premature crosslinking during storage of thempnequyﬁff?ggnnaining
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stabilizers are added. Such stabilizers are well knpwp—tmthe art, land
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hereinafter described) are not made. Examples 1-3
describe polyether urethane possessing acrylate side
groups prepared from polyethylene oxide polyol,
bisphenol-A diglycidyl ether diacrylate, butanediol,
cyclohexanedimethanol and hexamethylene diisocyanate.
Chain extension of an isocyanate end-capped polyether
or polyesterdiol with an alkyldialkanolamine followed
by reaction with a hydroxyalkyl(meth)acrylate is not
disclosed. Furthermore, the resulting photosensitive
plates were developed in alcohol/water mixtures, which
are less environmentally safe than this invention which
uses dilute solutions of water and surfactants, vihegar
or citric acid.

U.S. Patent 4,716,094, Minonishi et al.,
tPhotosensitive Resin Composition Which is Improved
with Respect to Surface Tack-Free Characteristic after
Curing, and a Method," (1987) suggests (Col. 5)
reacting an isocyanate end-capped polyether polyol with
a conpound having a hydroxyl, carboxyl, or amino group
containing unsaturated carboxylic acids or esters to
prepare a printing plate prepolymer.

Japanese Kokai Patent, HEI 2-1859, disclosure
date, January 8, 1990, Kawahara et al., "Photosensitive
Resin Composition," discloses making a photopolymer
with a softening point of 45-80°C to enhance water
developability. This is disclosed to be accomplished
by reacting a diisocyanate-capped polyether diol with
hydroxyethylmethacrylate. Chain extension with
alkyldialkanolamine to form a thermoplastic elastomer
polyurethane is not used in the process.

Japanese Kokai Patent (A), HEI 2-425%, of
January 9, 1990, Satomi et al., "Light-Sensitive
Composition," discloses preparation and use of a
urethane acrylate polymer similar to that of Japanese
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Littmann et al., assigned to BAS% AG, discloses a water
developable printing plate using a carboxylated polymer
with acrylate-terminated chains. Diisocyanate is not
used.

European Patent Application, Publication No.

0 351 628 A2, of July 4, 1989, Gersdorf et al.,
“Photosetting Elastomer Mixture and Recording Material
Obtained from It for the Production of Relief Printing
Plates," assigned to Hoechst AG, discloses a
polyurethane base polymer grafted with a vinyl
carboxylate which is later saponified to form acid
groups and admixed with acrylates and photosensitizer
to make a water-developable printing plate. There are
no alkyldialkanolamine or acrylate groups in the base
polyurethane chain.

In European Patent 374,707 of December 13, 1989,
Gersdorf et al., "Photocurable Elastomer Mixture
Containing Polyurethane, Unsaturated Monomer and
Initiator, Useful for Printing Plate and Photoresist
Production," assigned to Hoechst AG, the mixture
formulated for printing plateslcomprises polyurethane
grafted with a vinyl catrboxylate, plus acrylate diluent
and photosensitizer. The exposed plate is water-
developable.

Japanese Kokai Patent (A), HEI 2-46460, of
February 15, 1990, Tomita et al., "Light Sensitive
Resin Composition," discloses a polyurethane prepolymer
treated with dimethylolpropionic acid to yield a
further polyether urethane, which, with other polyether
urethanes, is mixed with acrylate and photosensitizer
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phot ocur abl e conmposition can then be shaped and‘Torned as a solid layer of

sui tabl e thickness according to conventional sqlv§qtr ooy alel .e.,

di ssolving the conposition in a sol vent} shaplng t solution into a film
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in the preparation of a water-developable plate. The
base photopolymer molecule did not contain either
alkyldialkanolamine or acrylate.

Xiao, H.X., et al., Y"Urethane lonomers," 32nd
Annual Poiyurethane Technical Marketing Conference,
October 1-4, 1989, pp. 398-411, discloses reacting
diisocyanate with polyether diol, followed by reaction
with methyldiethanolamine until the mixture showed zero
cyanate. The resulting chain-extended prepolymer thus
had no molecules terminated by isocyanate, as reguired
in Prepolymer III of the instant invention, and the
final polyurethane does not contain any photocurable
sites. '

Speckhard, T.A., et al., "Properties of Segmented
Polyurethane Zwitterionomer Elastomers," J. Macromol.
Sci.-Phys., B 23 (2), 175-199-(1984), .discloses (Schene
1, p. 178), the reaction of methyldiethanolamine
directly with isocyanate-capped polyether diol in the
absence of free diisocyanate. No polyurethane
prepolymer of the type
diisocyanate/methyldiethanolamine/diisocyanate is made,
as required in the instant invenfion, and the product
as chain-extended with methyldiethanolamine is shown as
terminating in hydroxyl, not isocyanate. And there is
no acrylate terminator. The,finél polymer is not a
photopolymer.

Show-an Chen, et al., "Polyurethane Cationomers,
I. Structure~-Property Relationships," Journal of
Polymer Science, Part B: Polymer Physics, Vol. 28,
1499-1514 (1990), discloses (p. 1500) reacting
polyether diol with an excess of toluene diisocyanate,
followed by reaction with methyldiethanolamine, until
the reaction mixture tests zero isocyanate, thus
indicating absence of isocyanate terminated molecules.
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| ayer before appiilQain,or K. thet al., "Properties of Polyether-
Polyurethane Anionomers," J. Macromol. Sci.~Phys., B 22
(2), 321~341 (1983). This reference discloses (p. 325)
end~capping polyether polyol with an excess of
diisocyanate, followed by chain extension with
methyldiethanolanine. The latter reaction is continued
until the reaction mixture shows zero isocyanate,
thereby forming a prepolymer without terminal
isocyanate gfoups. (At this stage the instant
invention requires isocyanate terminated prepolymer
Prepolymer III, as hereinafter defined.)

Hsieh, K.H., et al., "Effect of Charge Groups in
Polyurethane Ionomers and Blends," Adv. Urethane Sci.
Technol., vol. 10, pp. 77-83 (1987). Page 79 discloses
casting a physical mixture of isocyanate capped
polyether polyol and methyldiethanolamine in a mold at
70°C.

Hsu, S.L., et al., "Polyurethane Ionomers. I.
structure~Properties; Relationships of Polyurethane
Ionomers,%" Journal of Applied Polymer Science, Vol. 29,
2467-2479 (1984), describes end-capping polyether diol
with diisocyanate, followed by reaction with
methyldiethanolamine. The reaction was stopped when
the reaction mixture showed zero isocyanate (p. 2468),
indicating that the resulting prepolymer was not
terminated with isocyanates. (At this stage the
instant invention requires isocyanate terminated
prepolymer, Prepolymer III as hereinafter defined.)
Preparation of a photocurable polymer with acrylate
groups was not disclosed.



coversheet. The release filmconsists of a thin, flexible and water soluble
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Encyclopedia of Polymer Science and Engineering,
John Wiley & Sons (1988), 24 Ed., Vol. 13, pp. 259-261,
discloses the general reaction of isocyanates with
polyester polyols to form polyurethanes.

A polyether diol (polyoxyalkylene diol) optionally
with a polyester diol is end-capped with an excess of a
diisocyanate, the resulting isocyanate capped
polyurethane is chain-extended with a alkyl-
dialkanolamine, and the chain-extended polymer is
reacted with hydroxyalkyl (meth)acrylate to terminate
the polymer chains with (meth)acrylates. One of
ordinary skill in the art will recognize that, in
addition to the polyether diols and the polyester diols
discussed above, various blends of diols may be
utilized. The final polymer product is photosensitive
(photocurable) and can be formulated with
photosensitizer and (meth)acrylate diluents to make
water-developable printing plates, photoresists, and
the like.

Key features of the invention include (inter
alia): .

(1) The final photopolymer is a solid. This
means there is no cold flow in
formulated printing plates, which remain
dimensionally and thermally stable.

(2) The photopolymer synthesis uses a
dialkanolamine, thereby integrating an
amine into the polymer chain, resulting
in water dispersibility.

(3) The photopolymer has terminal
(meth)acrylate groups for UV curability.



29 Preferably, the light should have a wavel ength of from about 230-450
m crons. Exposure is through a negative placed betmeen,Lhe.L+gh{ -setfice and
t he photosensitive surface. Suitable sources of IlghR Tdliode® TYpé @S

sunl anps, carbon arc |anps, xenon arc |anps, nercury vapﬂr—#anps “tjungst en
hal i de | anps and the |ike. Exposiy e- peri ods depehd UﬁQn the intensity
of the actinic light, thickness of the plate and the dept of t'he relii ef
desired on the printing plate. Periods of froml to;2®.nlnuLeuexposures are
preferred. Devel opnent After exposure and removal of the negablve
the unexposed areas of the photosensitive surface can-be -devel oped -
(removed) in aqueous washout solutions as herein described. This feature is
particul arly advantageous in that it avoids probl ens of disposing of

washout sol utiopg €8nhal BLHBCEOBEDRhY ¥H9EneiBANLS prepare a
novel solid water-dispersible polymer of predetermined
sequentially designed structure which can be
crosslinked or cured by exposure to actinic radiation.

A further object is to make a water-developable
storage-stable flexographic relief printing plate.

A still further object is to make a printing plate
that can be developed in agqueous solutions that are
harmless to the environment. |

Another object is to synthesize a solid water-
dispersible, UV-sensitive polymer suitable for printing
plate use wherein elements that provide water-
dispersibility and UvV-sensitivity are in the same
molecule,

It is an object of the invention to provide a
photosensitive article comprising a novel photocurable
composition.

Another object is to synthesize a novel urethane
prepolymer (herein Prepolymer III, or simply III)
especially designed for reaction with a
hydroxyalkyl (meth)acrylate.

Another object is to provide a novel
(meth)acrylate-terminated polyurethane (herein,
Photopolymer IV, or simply IV).

Another object is to chain-extend an isocyanate-
capped polyether diol or isocyanate-~capped polyester
diol or mixture thereof, with alkyldialkanolamine,
followed by terminating the resulting polymer chain by
reaction with hydroxyalkyl(meth)acrylate.

Another object is to prepare a flexographic relief
printing plate that will not swell unduly in
conventional agqueous- or oil-based inks.



Voo ar iy SHERT)
sol vents, such as chlorinated solvents, alcohols, or?két@hééﬂ;$he*mas&out
sol ution should be slightly acidic and may contain al surfactant...biliutie
vinegar or citric acid solutions are preferred. LBethiaéidféasurfaqt%nts
i ncl ude sodi um al kynapht hal ene-sul fonat e, sodi um al kil benzene _sul fonratie,
sodi um al kyl ether sulfate, polyoxyal kyd at ed aIkyIarYl'phosphate este4
sodiumsalt and the |like. Overall additive concentrati.ons are -suttabty
0.1-5% Wash tenperature can vary from 25-70[err] C preferably at amnbi ent

tenperature. Foll ow ng washout, the plate may be post- exposed for further
hardeni ng of the relief work. - 30-

Unless otherwise indicated the term
" (meth)acrylate" means either acrylate or methacrylate.
Molecular weights are number average, M,, as

determined by Gel Permeation Chromatography using
polystyrene standards.

overview

The main reactions and products involved in the
invention are given schematically and simplistically as
follows:

1. P + Cy —> (Cy-P),~Cy (I);

2. N + Cy —> (Cy-N},~Cy (II);

3. I + N + I —> [(Cy=-P),~{Cy-N),].,~Cy (Prepolymer
111, or I11I); i

(Note: Reactions 2. and 3. go forward together.)

4. III + A —> A-{(Cy~-P),~(Cy-N),],~Cy-A (Photopolymer
IV, or IV,
where P is a polyether diol or polyester diol or their
moieties, Cy is a diisocyanate or its moiety, N is an
alkyldialkanolamine or its moiety, and A is a
hydroxyalkyl {meth)acrylate or its moiety. 1In these
reactions hydroxyl containing compounds are linked to
diisocyanate containing compounds via urethane
linkages, ~NH-C(:0)-0-, to form the respective
moieties. x, y, and z may differ from molecule to
nolecule, but are such that the over-all molecular
weight of Prepolymer III, whether made from polyether
diol or polyester diol or their mixtures, as in the
range of about 5,000-60,000 (preferably about 5,000~
30,000), and that of Photopolymer IV is in the range of
about 5,000-60,000 {preferably about 7,000-40,000),



EXAMPLES The follow ng exanples illustrate without limting the

I nventi on. The raw naterials used in the exanples are deSCFIde.be|Omf
ltem Description TD Toluq gﬁjmgyylbl

di i socyanate, 2,4 and 2, 6-80/ 20 i soner j

Al drich Chemical Co., Inc. Isonate 218} - Modified 4,4‘ neth Lene de enyl
di i socyanate from Dow Chem cal Co., % MPP 10%5'
Pol ypr opyl ene oxi de diol from Arco Chen]cul Cb MAL=..1000.
PPG 3025 Pol ypr opyl ene oxi de diol from Arco Chenlcal

Co.; MW= 3000. Poly G 55-112 Pol ypropyl ene OX|de/ethyLeneaox|de di-ol -
fromdln Chem cal Co., MN = 1000.

Segments of I and II may be positioned randomly in the

chain. l
The aforesaid 4 reactions may be restated

explicitly. In this restatement the mole ratio of

P:Cy:N:A must be 1:1.3-8:0.2~7:0.1-3, preferably

1:1.5~6:0.4-5:0,.2-1,

Depending on the molecular weight of the polyols

(in this case polyether, polyester, polycaprolactone or

polycarbonate polyols or mixtures of polyols), it is

preferable to select the molar ratio of the reactamts P

(for polyols), Cy (for diisocyanate), N (for alkyldi-

alkanolamine) and A for hydroxyalkyl(meth)acrylate

such that: (weight percent as cited below is based on

the total weight of the final photopolymer):

(a) the total polyocl content is preferably between 60
and 80 weight percent in-order for the final
photopolymer to have good flexibility or
elastomeric properties and

(b) the alkyldialkanolamine content is preferably 1-10
weight percent in order to maintain good water
developability and

(c) the hydroxyalkyl(meth)acrylate content is
preferably 0.8-2 weight percent so that good
photocurability and hence good resistance to ink
swell can be achieved. :
1. Reaction of polyether or polyester diol (P)

with the aforestated stoichiometric excess of

diisocyanate (Cy):
(i) In the case of polyether diol:
HO-{~A-0-),H + excess OCNRNCO —>
OCN-B-R-NCO (I-1i)
where A is -CH,CH,~, =-CH,CH,CH,~, -CH,CH(CH;)~,
~CH,CH,CH,CH,~, ~CH,CH,CH{CH,)}~, or
-CH,CH (CH,) CH,-;



Poly G 55-37 et hyl ene oxi de end-capped pol yoxy- Mlene

\;,/

di ol , MW= 3000. S-108-46 Rucof | ex S-108-46 i s f&qﬁyﬁ’rﬁ.&m@n% i
adi pate di ol from Ruco Pol yner Cor por at { o, "MV = 240 2
| rganox 1520 2,4-bis[(octylthio)methyl]-o-cresol u ed ~a TR Y . as

stabilizer, from Ciba-Ceigy Corp. ILgagure 651
2, 2-di met hoxy- 2- phenyl acet ophenone, from G ba--Gei gy Cbrp

Exanple 1 166 g (0.95 noles) of TDI, 60 g of : tdluene 160 g (0.16
nol es) of a diol PPG 1025 and 53.2 g (0.05 nol es) P

i ;
3
x

B represents one or more segments of
[-R*-NH-C(:0)0(~A~0~),C(:0) NH~]

b is determined by the molecular weight of the
polyether diol and is discussed in the description of
polyether diol, below.

R! is a divalent aromatic, aliphatic, or
cycloaliphatic group containing 2-20 carbons,
preferably 5-15.

(ii) In the case of polyester diol:

HO-D-R?OH + excess OCNRNCO —>

OCN~R}~E~NCO . (I-ii)
where D represents repeating segments of
[~R*~0-C(:0)={ (R%) ¢ or 11-C(:0)0~],

E represents one or more segments of
[~NHC( :0) ~0~D-R?*0-C( :0) ~NH~R*~]

R? is a divalent aliphatic, cycloaliphatic,
or alpharyl group of 2-20 carbons;

R?, when present (i.e., when R® is 1), is a
divalent aliphatic, cycloaliphatic, aryl
or alpharyl group of 1-22 carbons.

When mixtures of polyether diols and polyester
diols are used, the diols can be used in any ratzo .

These end-~capping reactions are well known. As
indicated, the terminal isocyanates on initially formed
end-capped diols may react with other hydroxyl groups
on other polyether or polyester diols, thereby
increasing over-all molecular weight of the resulting
polyurethane. This reaction is suitably carried out at
conventional temperatures, e.g., within the range of
about 25¢-80°C.

Chain extension of prepolymer product (I-i and/or
I~-ii) with alkyldialkanolamine (HO-R‘-R°-R6~OH). 1In
this operation, Reactions 2 and 3 go forward together,



-31- of a diol Poly G 55-112 were charged into a 2-liter resin kettle

equi pped with a nitrogen purge, air stirrer and therﬁﬁb@ybL@%ﬁ%@égﬁwz“tiOn

m xture was kept at 35-40[err]C for 19 hours until an®i-Secyairk

—jg

Fent  of

3.4 mlliequival ents per gram of solution was reached. {Then 19.2 g o
| rganox 1520, 28 g of nethyl ethyl ketgne and 41 g ofi toluérid:0ni% a

i
dded. A

sol ution containing 76 g (0.64 noles) of nethyldiethanol amine, 28 g

met hyl ethyl ketone and 92 g of toluene was then added "to tHé Teaction
m xture in five portions over a period of 2.5-3 hourdg. At this point,_an

Df

| socyanate content of 0.29 mlliequivalents per gramwas obtained. 27.6 g

(0.2 nol es) of hydroxyethyl nethacrylate was then introduced into the

reacti on vEbeePrefdcthd k afpfeaahiomsd sei ey tas an 7opeerpedighe reaction
was al | onegdnt RaRE@GRRd +:0r about 3-4 hours until the IR spectrum showed the

absence of L 6 05 b
2. OCN-R*~QCN + HO-R'~R’-~R°~-QOH ~—>

OCN~-F-R}*-NCO (11)
where F represents one or more segments of
[~R*-NH~C(:0) ~0-R'~R3~R6~0~C(:0) NH~]
R*' and R® are the same or different alkylene
groups with 1-6 carbons; or R' can be
- (CH,CH,0) 4CH,CH,~ provided R® is
- {CH,CH,0) ,CH,CH,~, where d and e are each 0-9
and d+e=3-15;

R’ is -N(R'}-, —NDN-, or -N(Ph)~-; (Ph=phenyl)
R’ is an alkyl group with 1-6 carbons.
3. I + HO-R“-R°-R®-~OH + II —> OCN-R-R'-NCO
(Prepolymer III, or IIi),
where R comprises one or more segments of B
and/or one or more segments of E; and one or nore
segments of F; which is to say, R comprises B, E, and
F; or R consists essentially of B and F; or R consists
essentially of B and E.

Reactions 2 and 3 are carried out in the sane
reaction mixture substantially simultaneously, at a
temperature in the range of about 25°-60°C, until all
of the hydroxyl groups have reacted as determined by
titration of the remaining isocyanate. As indicated,
individual polymer chains in III may be expected to
vary in the number of polyether diol, polyester diol,
diisocyanate, and alkyldialkanolamine moieties. The
reactant proportions are controlled within the ranges
stated above so that all or substantially all polymer
chains will terminate in isocyanate. This conditign is
essential for the fourth (and final) step. A small



an isocyanate peak at about 2260 cnierr]. 50 g of ethanot—mway—also_be .
added to react with any trace amount of residual isocyanatesA¢MENT SURFTO
291 g of this polyner solution, 9.2 g of polypropyl ene qIWEO‘“"““—“m*j'!
mononet hacryl ate and 1.9 g of Irgacure 651 were added and inmi xed-wel.l .., The|

sol ution was cast on a steel coated plase-and dried, resul'ting in”a &olid]

transparent polynmer. A polyester coversheet coated mﬁth;a'-~~~-m~wmum_J
hydr oxyet hyl cel | ul ose based rel ease filmwas then |am nated onto the top of
the dry photopol yner. The photopol yner plate was then indged for ‘5 m nutes
and developed in a 0.25% acetic acid solution to yield a printing plate
with good reproduction of, the negative film A 20 ml thick cured film of
the above f3PREPEt PENTERIVED ridrees dhiRpaanate MY i 1 /T h P SPerti es:
tensil e strengt foghatd®®h e . x1mdul us of 450 psi, elongation of 408%

In Reactions 2 and 3, note that the molar ratio,
Cy/{(P+N), is always >1.

Within III a preferred structure results when

R! is 4,4'~-methylene diphenylene (MDI)

R' and R® are ethylene;

R* is -N(R'}-;

R’ is methyl;

the diols include a mixture of an ethylene

oxide end-capped polyoxypropylene dicl and a

polypropylene adipate diol where

(~A-0-), has a molecular weight of about
1000-3500.

Prepolymer IIXI and the herein described processes
for synthesizing it are considered novel.

Reaction 4. Reaction of chain-extended polymer
{(Prepolymer III) with hydroxyalkyl(meth)acrylate to
give Photopolymer IV:

III + HO-R®-0-C(:0)-C(R®’) = CH, —> G-R-R'-G,

{Photopolymer IV), where

G is CH, = C(R%)-C(:0)=0-R%~0~-C(:0)~NH~,

R® is 1-7 carbon alkylene, and

R® is H or methyl.

Within IV a preferred structure results when

R! is MDI;

R*, R®, and R® are ethylene;

R’ and R? are methyl;

R® is -N(R")~-;

the diols include a mixture of an ethylene
oxide end-capped polyoxypropylene diol and a
polypropylene adipate diol where ;

(A-0~), has a molecular weight of about *000-
3500.



- 32- Shore A of 72, resilience of 21 and 24- hour{ abient henBiraiir e
swell in water, and aqueous based ink of 8.7% and 9.%@&:ﬂé§ﬁé§t%‘ 5.
Exanpl e 2 150 grams (0.86 noles) of TDI was ch rged to a lslijter
resin kettle purged with nitrogen. A mixture of 163 pr n@'(O?EGG*hDﬂe ) of
pol yoxypropyl ene gl ycol (PPG 1025) an@a28.5 grams (O 0%9 nol es) of ..

pol yoxypr opyl ene/ et hyl ene oxi de end-capped di ol (Pol "55-112) was a%ded
to TDI under stirring and then m xed for about 17 hoyrs_until. 3.9 w- =

m | liequival ents of isocyanate per gramof solution are |left as determ ned

The relationship of III and IV is readily evident
in the structure J-R-R}-J' where the J's are identical
and are either -NCO (giving III), or G (giving IV).

This Reaction 4 is suitably carried out at a
temperature in the range of about 60°-80°C, and is
conveniently carried out following chain extension
Reactions 2 and 3, in the same vessel. Consistent with
III, Segments B and/or E, and F may be positioned at
random in the polymer chains of IV. As indicated, most
of the molecules comprise mnltiple moieties of
polyether (and/or polyester) diol, end-capping
diisocyanate, and chain-extending dialkanolamine, with
all or substahtially all polymer molecules of IV being
terminated with alkylene{meth)acrylate.

The reactions described above can be carried out
without a solvent, but preferably are carried out in an
anhydfous organic solvent. Suitable solvents include
methyl ethyl ketone, methyl isobutyl ketone, toluene,
and mixtures thereof. The solvents should have a
boiling point in the range of 80-120°C for easy casting
of films and evaporation of solvent.

The following is a further description of the
reactants.

The Diol

{(a) Polyether biol.

This product has the structure HO-(A-0),H where A
is a divalent radical of ethylene, propylene,
isopropylene, butylene, isobutylene; and b is such that
the number average molecular weight of the group
[A-0],, or of the polymer diol (which is substantially
the same thing) is within the range of about 650-7,000,
preferably about 1,000-3,500. Polypropylene oxide
glycol, MW about 1,000-3,500, or polypropylene



by titration. 17.4 granms of Irganox 1520 dissolved in 15 grans of nethyl
et hyl ketone and 107.5 grans of toluene were then added.to.-the- react;iox
m xture. Then a solution of 68.5 grans (0.57 nol es) ofldehyIdLéNﬁa~ [
in 15 granms of nethyl ethyl ketone and 107.5 grans of toluene Was added
dropwi se to the reaction mxture and-t@&n-allowed to réact 4 ar. abegyy 4&
hours until the isocyanate content reached 0.28 n1|||equhvalents per

25 grans (0.19 nol es) of hydroxyethyl nethacryl ate was ﬂhan“added_aﬁdﬂfﬁ
reaction mxture was heated to 65[err]C. After about 3 mours at 65[err]C‘
when the | R spectrum showed only that residual traces of-—isocyandté are

| eft, 30 grans _of ethanol was added to the reaction mxture to react with

al | the ren@¥hfiRdetBydengaLxdde end-5apPec iR Joi QRT3 299 i on was

m xed with &5e5e9paﬂ§ﬁan1Yp¢x‘ﬂf'éﬁmﬂdenegﬂmCQioW iy | :0d cttandt 4 5. 5
granms of | aur met hacr

2- di met hoxy- L pﬁgn9P gbépgkﬁéﬁgﬁﬁé%$P§§§U§%%%@§ﬁﬂwﬁﬁ%ﬁ?ﬁﬁ(Eng) and cast

onto a steereaciting substlkytlene oxide or mixtures of alkylene

oxides with a compound having at least one active
hydrogen atom, such as water; monohydroxylic alcohols
such as ethanol and propanol; and dihydroxylic alcohols
such as ethylene glycol and monoethyl ether of
glycerine. The poly(oxyalkylene) products of such
reactions will have linear oxyalkylene or oxyethylene-
higher oxyalkylene chains, and such chains will
terminate with hydroxyl groups.

(b) Polyester Diol.

As noted, the polyester diol, HO-D-R?0H, where D

|
am
o

and R? have the values above given, may be used alone or
in admixture with polyether diols. Suitable polyester
diols include those made from dibasic acids or
caprolactones with an excess of glycol. The dibasic
acids, which are preferred, are those of the structure
HO—C(:O)-[(R%OO,1]-C(:0)OH, with an excess of glycol of
the structure HO-R?-OH where R’ and R’ are as above
defined.

The molecular weight of D (or of the polyester
diol, which is substantially the same thing) should be
about 600-6,000, preferably about 1,000-3,500.

Suitable dibasic acids include those of the
saturated series, i.e., oxalic, malonic, succinic,
glutaric, adipic, pimelic, suberic, and the like. In
this group, adipic acid is preferred. Aromatic dibasic
acids include phthalic and terephthalic acids. In lieu
of the acid itself, the anhydride may be used, e.g;,
phthalic anhydride, or its ester may be used, e.q.,
methyl terephthalate. Acid mixtures may be used. When
R is zero the acid is of course oxalic. When R® is

ne



- 33 - The filmwas prepared and i maged as descri bed: |ﬁ~E§? le 1. The
exposed fil mcan be developed at 70[err]Cin a 4@6aq0ebus1sol n of a

pol yoxyal kyl ated al kyl aryl phosphate ester sodiium-satt surfactan

to give a
good relief image. The 20 m | thick cured fllnloP the abgovesf o | ati on had
tensile strength of 1641 psi, nodul us2af ~1152 psi;, elongatlon f 1279%
Shore A of 84, resilience of 24 and good reS|stance_Lg—+nk- (only 6%
swell and 7.2% swell in water and aqueous i nk, respectlvely, mhe soaked

for 24 hours at roomtenperature). e

v1,* R contains 1-20 carbons and the subsequent dibasic
acid contains 3-22 carbons. _

Suitable glycols for'making the polyester diol
include the alkylene glycols, e.g., ethylene glycol,
propylene glycol, trimethylene glycol, the three butane
diols, tetramethylene glycol, isobutylene glycol,
pinacol, and the like, including their mixtures. The
diol may have a cycloalkane structure or alkyl aromatic
structure.

Useful polyester diols made from adipic acid
include poly(diethylene adipate) diol, poly(ethylene
adipate) diol, poly(propylene adipate) diol,
poly(propylene/ethylene) adipate dicl, poly(butylene
adipate) diol, poly(ethylene/butylene adipate) diol,
poly(neopentyl adipate) diol, poly(hexane/neocpentyl)
adipate diol, poly(hexane adipate) diol, polycapro-
lactone diols and the like or mixtures thereof.

Processes for making polyester diols are well
known. See, for example, Encyclopedia of Polymer
Science and Engineering, John Wiley & Sons (1988), 24

Ed., Vol. 12, pp. 28-42, especially pp. 33-34; and Vol.
13' ppc 259-261.

The Diisocyanate

A wide variety of diisocyanates is available for
end~-capping the polyether diocl. These diisocyanates
can be aliphatic, cycloaliphatic, or aromatic, with the
structure OCN-R!NCO. The divalent radical R! contains
in general 2 to 20, preferably 6 to 15, carbon atonms
and may optionally carry non-interfering substituents
such as ether groups, ester groups, urethane groups,
amido groups, urea groups, aryl groups, aliphatic
groups, cycloaliphatic groups, or halogen atoms.
Examples of suitable diisoccyanates include



Exampl e 3

were charged to a 1-liter resin kettle purged with nitr
with a thernocouple and an air stirrer. The reacti ont#tsia

100 g (0.266 noles) of Isonate 2181, 142.7 g (0.048 nol es)
of a polydiol Poly G 55-37 and 144.7 g (0.048 noles) of a polydiol PPG 3025

i Yy

react at 50-60[err]C until the isocyanage-content rea¢hed 0.87 B

m | 1iequival ents per gram of solution. Then 100 g of ﬂolgqqqﬂgﬁﬂﬁg bf

M dgﬁg} 2?

‘..

met hyl ethyl ketone and 8.2 g of Irganox 1520 (stabilﬂzer) wer e add%d;
Subsequently, a solution containing 17.8 g (0. 149 nul esy—of g
met hyl di et hanol anmine in 80 g of toluene and 20 g of {methyl ethyl Kketone
were added over a tine period of 45 mnutes and the FTéaction"was stirred

for about 24s4foBedhylene wHirhienyly didspryanaky GIOI),
hydr oxyet hy bgt-kaakpledicc ditiscrifethtel & dRAd O Y@Scpahatef, for about 15

hours and then heagated to 70[ er
showed the ZB&EHE ﬁieq

& S0

prepared abdeemsttss dibmsy B avtidlyillere ddiigodpahate| Ppogadene

diisocyanate, m-xylene diisocyanate, 1,5-naphthylene
diisocyanate, 3,3'~dimethylbiphenyl-,4,4'~diisocyanate,
hexamethylene diisocyanate, trimethylhexamethylene
diisocyanate, lysine diisocyanate, isophorone
diisocyanate, 4,4!'-methylenebis(cyclohexylisocyanate),
methylcyclohexane-2,4 (or 2,6)-diisocyanate,

1,3~ (isocyanatomethyl)cyclohexane, and
m~-tetramethylxylene diisocyanate.

Conventional urethane-forming catalysts may be
used in the reactions with diisocyanates. These
catalysts include, e.g., organo-tin compounds such as
dibutyl tin dilaurate and stannous octoate, organo-

mercury compounds, tertiary amines, and mixtures of
these materials.

Alkyldialkanolamine

This material has the structure HOR'‘R’R°OH, where
the numbered R's are as above defined. Within this
group, methyldiethégg;?mine, bis (hydroxyethyl) -
piperazine, OHcgu-Qh_Jy-chOH, and N,N'-Bis(2-hydroxy-
propyl)aniline, HO-CH(CH,;)CH,~N(Ph)~CH,CH(CH,)O0H are
preferred. (Ph - phenyl.)

Hydroxyalkyl (meth)acrylate : .

This material has the structure HO-R®OC(:0)~-C(R®)
CH,, where the R's are as above defined. Within this
structure hydroxyethylmethacrylate is preferred.

ed
ir to

ru(:for about 4 hours until the IR spectrum

@nate, mpres ot 1eheokyRetatbehiti on



- 34- trimethacrylate, 1.1 g of Irgacure 651 (phOtOinlpE&t@f?~anq 4:TJ”
of toluene and then solvent cast on a coated steel plate. Th

Ayl T
phot opol yner filmwas then laninated on the top with a cover %sheet

containing a water soluble release film The coversheet was heWDWééland
then the photopol ynmer plate was i nmagerl4through a negative anq t hen
developed in a 0.5%citric acid solution to give a good reljief image with

good reproduction of the negative, useful as a printing pl dtew-A-20~mi}. - ~=
thick, cured filmof the photopol yner

R o n st e €2 v e s st

Formulations with the Invention Photopolymer

The simplest formulation is the invention
photopolymer plus an effective amount of
photoinitiator. Such mixture can be solvent cast, as
is, or the solvent removed and the mixture extruded to
create a solid photopolymerizable layer on conventional
backing materials. However, for many commercial uses
it will be found preferable to formulate or extend the
photopolymerizable composition with about 1 to 30% by
weight of reactive (i.e., photoactive) monomer or
oligomer, and most preferably in the range of 5 to 15%
by weight reactive monomer. Suitable reactive monomers
or oligomers are those of the formula:

(CH,=C(R®) -C(:0) =0~} ,~R®
where R® is H or methyl, RY is an organic moiety having
a valence of g, and q is an integer.

Such reactive (meth)acryléte diluents include, but
are not limited to, trimethylolpropane triacrylate,
hexanediol diacrylate, 1,3-butylene glycol diacrylate,
diethylene glycol diacrylate, 1,6-hexanediol _
diacrylate, neopentyl glycol diacrylate, polyethylene
glycol 200 diacrylate, tetraethylene glycol diacrylate,
triethylene glycol diacrylate, pentaerythritol
tetraacrylate, tripropylene glycol diacrylate,
ethoxylated bisphenol-A diacrylate, propylene glycol
mono/dimethacrylate, trimethylolpropane diacrylate,
di-trimethylolpropane tetraacrylate, triacrylate of
tris(hydroxyethyl) isocyanurate, dipentaerythritol
hydroxypentaacrylate, pentaerythritol triacrylate,
ethoxylated trimethylolpropane triacrylate, triethylene
glycol dimethacrylate, ethylene glycol dimethacrylate,
tetraethylene glycol dimethacrylate, polyethylene
glycol-200 dimethacrylate, 1,6-hexanediol
dimethacrylate, neopentyl glycol dimethacrylate,




gave tensile strength of 876 psi, nodulus of 422 psi, elongation of 186%
Shore A of 65, resilience of 20 and 24-hour anbi enf,: Eﬁﬂpgg@&gfes§meil in
wat er, aqueous ink and oil based ink of 6.9% 9% S o L&SQéfflvely
Exanpl e 4 200 g (0.532 nol es) of Isonate 2%82, 392.6

nol es) of a polyether diol Poly G 55~32%nd 108 g ('O 0445 ot es) bf a

pol yester diol S-108-46 were charged to a 2-literd Qe5|n kettl e ahdiheated
to 50-60[err]C wunder nitrogen wth vigorous stlrnlng The Teaction

m xture was all owed to proceed until an isocyanate_ content of 1.0..!

m | liequival ent per gram of solution was attained. Then 305.6 g of toluene

ol ut o of BEAYEHRY AR LSO LTO0R oTeR St SERbRGR s SaPUEBLOBA | n 1528 g
of toluene qmydﬁigﬁxﬂeﬁﬁﬁéwylaeéhyétmaipn&taasbadﬁmdmoihn reaction was
e o o DR Tl thaRbEa S PoBLhL, EEMeh RS el To0ryanat e
(0. 09 nol es)disfthylene glycol dimethacrylate, 1,4-butanediol

diacrylate, diethylene glycol dimethacrylate,

pentaerythritol tetramethacrylate, glycerin

dimethacrylate, trimethylolpropane dimethacrylate,

pentaerythritol trimethacrylate, pentaerythritol

dimethacrylate, pentaerythritol diacrylate, urethane-

methacrylate or acrylate oligomers and the like which

can be added to the photopolymerizable composition to

modify the cured product. Monocacrylates such as

cyclohexyl acrylate, isobornyl acrylate, lauryl

acrylate and tetrahydrofurfuryl acrylate and the

corresponding methacrylates are also operable as

reactive diluents, as well as-methacrylate oligomers

such as epoxy acrylates, urethane acrylates, and

polyester or polyether acrylates.

Photoinitiators

The formulations comprising the novel matefials-of
this invention require a photoinitiator. A large
number are available and useful.

Photoinitiators for the photopolymerizable
composition and formulations containing the same
include the benzoin alkyl ethers, such as benzoin
nmethyl ether, benzoin ethyl ether, benzoin isopropyl
ether and benzoin isobutyl ether. Aanother class of
photoinitiators are the dialkoxyacetophénones
exenplified by 2,2-dimethoxy-2-phenylacetophenone,
i.e., Irgacure®651 (Ciba-Geigy) and 2,2~diethoxy-2-
phenylacetophenone. 8till another class of
photoinitiators are the aldehyde and ketone carbonyl



hydr oxyet hyl net hacryl ate, 312.8 g of toluene and 78. 4 N°¥ _df nethyl ethyl
ket one were added. The reaction was AN

m xed under vigorous stirring at 40-50[err]C uht31"ﬁ6 MDre i s cyanate coul d

be detected by IR spectroscopy. A formul at i prggglaumg 1j0 g of the
pol ymer sol uti on obtained above, 3.3 @éof- an et hbxyl at ed trlneﬁ onIpropane
trinmethacrylate (avail able from Sartoner as SR} 9635)y—38:

di et hyl enegl ycol dinethacrylate and 0.73 g of i rgacure 651 masw§blvent

S AR AT R R

compounds having at least one aromatic nucleus attached
directly to the carboxyl group. These photoinitiators
include, but are not limited to benzophenone,
acetophenone, o-methoxybenzophenone, acetonaphthalene ~
quinone, methyl ethyl ketone, valerophenone,
hexanophenone, alpha-phenyl-butyrophenone,
p~morpholinopropiophenone, dibenzosuberone,
4~morpholinobenzophenone, 4'-morpholinodeoxybenzoin,
p~diacetylbenzene, 4-aminobenzophenone,
4'-methoxyacetophenone, benzaldehyde, alpha-tetralone,
g-acetylphenanthrene, 2-acetylphenanthrene,
<10-thioxanthenone, 3-acetylphenanthrene,
3~acetylindone, 9-fluorenone, l-indanone,
1,3,5~triacetylbenzene, thioxanthen-9~one, xanthene-9-
one, 7-H~benz[de]-anthracen-7-one, l-naphthaldehyde,
4,4 '-bis(dimethylamino)~benzophenone, fluorene-9-~one,
1t~-acetonaphthone, 2'-acetonaphthone, 2,3~butedione,
acetonaphthene, benz[a]anthracéne 7.12 diene, etc.
Phosphines such as triphenylphosphine and
tri-~o~-tolylphosphine are also operable herein as
photoinitiators. The photoinitiators or mixtures
thereof are usually added in an amount ranging from
0.01 to 5% by weight of the total composition.

Other additives

Other additives to the photocurable composition
can be included. To inhibit premature crosslinking
during storage of the prepolymer containing
compositions of this invention, thermal polymerization
inhibitors and stabilizers are added. Such stabilizers
are well known in the art, and include, but are not
limited to, hydroguinone monobenzyl ether, methyl
hydroguinone, amyl gquinone, amyloxyhydroguinone,



cast and dried to obtain a dry photopol yner |ayer... A water--set-ubl e rel ease
coating was then applied to the top of the phproiol g Nl Rt The plate
was then i maged and devel oped in 0.5%citric &cid-sol-utionar] anbi ent
tenperature to give a printing plate with ar Iﬁefﬂhnggqﬁﬁviﬂgigood
reproduction of the negative. A 20-m 2t7hi-ck dried" and cured fi‘n1of t he

formul ated pol yner gave tensile strength of 348épsirwnnduLusabf§176 psi ,
el ongation of 254% Shore A of 44 and resilience of 19. The filmal so had
good resistance to ink swell of 10.8% 13.9% i:a water,~ and agueous based

I nk, respectively. - 36 -
n-~butylphenol, phenol, hydroquinone monopropyl ether,
phenothiazine, phosphites, nitrobenzene and phenolic~-
thio compounds, and mixtures thereof. Such additives
are used in an amount within the range of from about
0.01 to about 4% by weight of the prepolymer. These
stabilizers are effective in preventing crosslinking of
the prepolymer composition during preparation,
processing and storage.
The compositions also may contain up to about 50%
by weight of an inert particulate filler which is
essentially transparent to actinic light. Such fillers
include the organophilic silicas, bentonites, silica
and powdered glass. Such fillers can impart desirable
properties to the photocurable compositions and reliefs
on printing plates containing those compositions.
Formulations using the photopolymers of this
invention include the following (in parts by weight):
(1) Photopolymer, about 50~100, preferably about
70-%90;

(2) A mono~-, di-, or multi-acrylate diluent,
which can be a monomer or oligomer, about
0-25, preferably about 5-15;

(3) Photoinitiator, about 0.1-10, preferably

about 0.5-2.0;

{(4) Organic solvent, 0 to about 200, preferably
about 10-50.

Preparation of Plate

The photocurable composition can then be shaped
and formed as a solid layer of suitable thickness
according to conventional solvent casting, i.e.,
dissolving the composition in a solvent, shaping the

solution into a f£ilm or plate and removing the solvent.



CLAI M5 1. A pol yner of formula J- R—R[err] J, which is_.. (a)

an isocyanate end-capped polyner in which the graot p §ia ﬁ'“h@{?*@r

(b) a phot opol ynmer in which the end-capping gr pa_ G

CHerr]=C (Rerr]) -C(:0) -ORerr]-0C (:0) -N mherelh t he

groups G are the sane; and wherein R e@gmprises F and B emdﬁd?*E;{ erein
Bis [-Rerr]-NHC(:O0-O-A-0)[err]-C(:ONH]; vwhéreln 4 Alds

- CH2CH2-, - CH2CH2CH2-, - CH2CH(CH3) - 1

-CH err]CHerr]CHerr]CH err]-, -CH[err] CH err] Ckkm“J;;Ln;; v - O e

- CH2CH( CH3) CH2-; and (A—C»[err] has a nol ecul ar

wei ght of from 650 to 7, 000;

[ - NH C(: C»CGHEBRFéPFPNJQ&FRSS#QmE{Q#¥?nqarMM%r%ﬁrhOt press Dis

[- Rl err]- OcEehRikfldseidan éisd)bé}dsed” Solld layers of the

err err and mpl ecul ar wei ght  of
fsgn]G%o tgh@h@@&% % qp 3951t10n f% the form of a film can be J

[ - Rl err] - Naafer@s Q:ﬂs‘if;fr}oﬁsﬁrédc;ﬂﬁrﬂ:h@s&(c@ igin nﬁql\b@éee&,
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1nc1ude woven fabrics and mats., e.g., glass fiber
fabrics or laminated materials made of, for example,
glass fibers and plastics, and steel or aluminum coated
plates. It is preferred that the supports are
dimensionally stable and resistant to the washout
solutions.

It is also usually necessary to protect
photosensitive surfaces from contamination by dirt and
dust during storage before being exposed and washed.
Such protection is accomplished by lamination or
application of a flexible protective cover sheet to the
side of the photocurable composition opposite that of
the support. In addition, the photocurable
compositions can sometimes be tacky and it is thus also

- desirable to apply a release film to the surface of the
photosensitive layer before application of the
coversheet. The release film consists of a thin,
flexible and water soluble polymeric film and allows
for intimate contact between the surface of the
photocurable composition opposite to the support and an
image-bearing negative applied to the surface.

Exposure and Development

Photosensitive articles comprising a support
having a solid layer or surface comprising the
photocurable composition, e.g., solid flexographic
printing plates, can then be processed by well-known
techniques for imagewise exposure to actinic light.



unsubstiuted or substituted by one or nore non-interfering substituents.

Rlerr] is a divalent aliphatic, cycloaliphatic, or al hary%—grgqp %f 2:20
car bons; Rlerr] is a divalent aliphatic, cyclogﬁﬂphaf|c,Layyj”ér
al pharyl group of 1-20 carbons; Rlerr] and R[edrH are the sane jor

di fferent al kyl ene groups of 1-6 car bon®;, -or Rerr] cdn pen 1 FEB 196/
-(CH err]CHerr]O[err]CHerr]CHerr]-, provided Rlerr{] s -

(CHerr]CHerr]OJ[err]CHerr]CH err]-, where d are e ageweaeh-ewg"aﬁd d+e

3-15; Rlerr] is -N(Rerr])-, -[err]- or-MHﬂ Nqumﬁ
an al kyl group of 1-6 carbons; R[err] is aIkerﬁﬁ”ﬁT”I"F6“’ carbons;
and

Preferably, the light should havg’a wavelength of from
about 230-450 microns. Exposure is through a negative
placed between the light source and the photosensitive
surface. Suitable sources of light include Type RS
sunlamnps, carbon arc lamnps, xXenon arc lamps, mercury
vapor lamps, tungsten halide lamps and the like.

Exposure periods depend upon the intensity of the
actinic light, thickness of the plate and the depth of
the relief desired on the printing plate. Periods of
from 1 to 20 minute exposures are preferred.

Development

After exposure and removal of the negative, the
unexposed areas of the photosensitive surface can be
developed (removed) in agqueous washout solutions as
herein described. This feature is particularly
advantageous in that it avoids problems of disposing of
washout solutions containing commonly used organic
solvents, such as chlorinated solvents, alcohols, or
ketones. The washout solution should be slightly
acidic and may contain a surfactant. Dilute vinegar or
citric acid solutions are preferred. Useful acidic
surfactants include sodium alkynaphthalene-sulfonate,
sodium alkylbenzene sulfonate, sodium alkyl ether
sulfate, polyoxyalkylated alkylaryl phosphate ester
sodium salt and the like. Overall additive
concentrations are suitably 0.1~5%. Wash temperature
can vary from 25-70°C preferably at ambient
temperature. Following washout, the plate may be post-
exposed for further hardening of the relief work.



Rlerr] is hydrogen or nethyl; 2. A pol yner according to claim1

wherein J is OCN- and where Rlerr] is tonIene or nethyl.en

di phenyl ene; Rlerr] and Rlerr] are ethyl %jﬁﬂf Qﬁﬁ}:ls -N(Me) -
and (AAOferr] and D, where present, eac ﬁﬁ%ﬁé. } @ééuhar wei ght of
from 1,000 to 3,500. 3. A pal wger- accor |ng g to cIa|n11 erein Jis
G and where Rlerr] is tolylene or nethylenet dlphéhﬁﬁ

Rlerr], Rerr], and Rlerr] are ethyl ene; R[qrr] S ngth

Rlerr] is -N(Me)-; and (AOferr] and D, where—present, each have a
nol ecul ar wei ght of from 1,000 to 3, 500; 4% A pol.ynmer— ording to

any one of the preceding clains where R conprlseS”groups Band F, and in B
(A-Oferr] has a nol ecul ar wei ght @EXAMRLES 1, 000 and is a pol ypropyl ene
ether diol or is a 3/1 nol ar pol ypropyl ene oxi de/ et hyl ene oxi de end-capped
di ol noiety. A polynmer according to any one of the preceding
cl ai ms where R(ﬁﬂﬁNﬁQ%%PﬁﬁﬁﬁuﬁﬁqﬁﬁhﬁsFllhh%tEﬁﬁ%ﬁ%@tb@%talpmﬂypn§pyIene
adi pat e di @hd'GirRlantidd, a nol ecul ar wei ght

The raw materials used in the examples are
described below:

Item Description
DI Toluene (or tolylene)} diisocyanate, 2,4

and 2,6~80/20 isomer mixture from
Aldrich Chemical Co., Inc.
Isonate 2181 Modified 4,4'-methylene diphenyl

diisocyanate from Dow Chemical Co.,
% NCO = 23.

PPG 1025 Polypropylene oxide diol from Arco
Chemical Co.; MW = 1000.

PPG 3028 Polypropylene oxide diol from Arco
Chemical Co.; MW = 3000. '

Poly G 55-112 Polypropylene oxide/ethylene oxide diol
from Olin Chemical Co., MW = 1000.

Poly G 55-37 ethylene oxide end-capped polyoxy-
propylene diol, MW = 3000.

8-108-46 Rucoflex S-108-46 is polypropylene
adipate diol from Ruco Polymer

_ Corporation, MW = 2400.

Irganox 1520 2,4-bis{ (octylthio)methyl]-o~cresol used
as stabiliier, from Ciba-Geigy Corp.

Irgacure 651 2,2~dimethoxy~2-phenylacetophenone, from
Ciba-Geigy Corp.

Example 1

166 g (0.95 moles) of TDI, 60 g of toluene, 160 g
(0.16 moles) of a diol PPG 1025 and 53.2 g (0.05 moles)



of about 2, 400. 6.

A conposition which comprises_a photopolynmer as

defined in any one of claims 1, or 3 to 5 a phot0|R@pLg£g§§§ﬁdgﬁL§W1l to

30 wei ght % photoactive acrylate or nethacryl ate nongrer—ot u..uuﬁ“

7. A conposition according to claim6 conprising fron15FéP gg_mﬁl ht @6
phot oactive acryl ate or nethacryl at e-ndhonrer or oligc L {
conposition which conprises in parts by weight: Dhotomo%y

as defined in any one of clains 1 or 3to 5, 50 to 100; N
-38 -
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of a diol Poly G 55-112 were charged into a 2-liter
resin kettle equipped with a nitrogen purge, air
stirrer and thermocouple. The reaction mixture was
kept at 35-40°C for 19 hours until an isocyanate
content of 3.4 milliequivalents per gram of solution
was reached. Then 19.2 g of Irganox 1520, 28 g of
methyl ethyl ketone and 41 g of toluene were added. A
solution containing 76 g (0.64 moles) of
methyldiethanolamine, 28 g of methyl ethyl ketone and
92 g of toluene was then added to the reaction mixture
in five portions over a period of 2.5~3 hours. At this
point, an isocyanate content of 0.29 milliequivalents
per gram was obtained. 27.6 g (0.2 moles) of
hydroxyethylmethacrylate was then introduced into the
reaction vessel and the temperature was raised to
60-70°C. The reaction was aliowed to proceed for about
3-4 hours until the IR spectrum showed the absence of
an isocyanate peak at.about 2260 cm™ 50 g of ethanol
may also be added to react with any trace amount of
residual isocyanates left.

To 291 g of this polymer solution, 9.2 g of
polypropylene glycol monoﬁethacrylate and 1.9 g of
Irgacure 651 were added and mixed well. The solution
'was cast on a steel coated plate and dried, resulting
in a solid, transparent polymer. A polyester
coversheet coated with a hydroxyethylcellulose based
release film was then laminated onto the top of the dry
photopolymer. The photopolymer plate was then imaged
for 5 minutes and developed in a 0.25% acetic acid
solution to yield a printing plate with good
reproduction of the negative film. A 20 mil thick
cured film of the above formulation exposed for 5
minutes has the following properties: tensile strength
of 1288 psi, modulus of 450 psi, elongation of 408%,



acrylate or nethacrylate diluent, 0 to 25; photoinitiator, 0.1

to 10; and organic solvent, 0 to 200. .. QoA
conposition according to claima8, conprising DIJ AT 4k§h@@bﬁﬁlyner 70
to 90; acrylate or nethacryl ate dlﬂu % w@~f5““ i
photoinitiator, 0.5 to 2.0; and - 32 - optilcimallyq,_L .ganl s0l vent ,
10 to 50. 10. Met hod of preparing an |s*cja natld en dap @ polyner
whi ch net hod conpri ses (1) react ng a_pol yether.di of the
formul a HO (A-Oferr]H wherein AW-WNH][HH
-CH err]CHerr]CHerr]2-, -CHerr]CH (CHerr])- l.wﬂwwm* e
-CH[err]CH[err]CH err]CHerr]-, -CHerr]CHerr]CHCHerr])-, or

- CH| er r ] CH(8hpEer P) Off g%/ xesilience of 2lamnhd ROy |atktabert nol ecul ar
wei ght fromghBet@ture swell 1n'ﬁd¥g% fﬂHH‘H%gﬁﬁys Bad Yt eg di ol of the

formul a FK} er | ere
[-Rlerr]- g?i (xrquqgﬁlvq*y. .
-RO[C: C» (CH[err] -] and has a nol ecul ar wei ght from 600

to 6,000 R[err] is a q%valeft gllphatlc cycl oal i phatic, or
al pharyl group of 2 to 20 carbons; Rlerr] is a dival ent
al i phatic, cycloaliphatic,

150 grams (0.86 moles) of TDI was charged to a
1~-liter resin kettle purged with nitrogen. A mixture
of 163 grams (0.163 moles) of polyoxypropylene glycol
(PPG-1025) and 28.5 grams (0.029 moles) of
polyoxypropylene/ethylene oxide end-capped diol (Poly
G 55-112) was added to TDI under stirring and then
mixed for about 17 hours until 3.9 milliequivalents of
isocyanate per gram of solution are left as determined
by titration. 17.4 grams of Irganox 1520 dissolved in
15 grams of methyl ethyl ketore and 107.5 grams of
toluene were then added to the reaction mixture. Then
a solution of 68.5 grams (0.57 moles) of
methyldiethanolamine in 15 grams of methyl ethyl ketone
and 107.5 grams of toluene was added dropwise to the
reaction mixture and then allowed to react for about 4
hours until the isocyanate content reached 0.28
milliequivalents per gram. 25 grams (0.19 moles) of
hydroxyethylmethacrylate was then added and the
reaction mixture was heated to 65°C. After about 3
hours at 65°C, when the IR spectrum showed only that
residual traces of isocyanate are left, 30 grans of
ethanol was added to the reaction mixture to react with
all the remaining isocyanates.

500 grams of the polymer solution was mixed with
15.5 grams of polypropyleneglycol monomethacrylate and
15.5 grams of lauryl methacrylate and 3.4 grams of

2,2-dimethoxy-2-phenyl-acetophenone (Irgacure 651 from
Ciba-Geigy) and cast onto a steel coated substrate.



aryl, or alpharyl group of 1 to 20 carbons; L with a, dllschgnate of

the fornmula OCN-R[ err]-NCO wherein R[err} a_blvalemt
aromatic, aliphatic, or cycloallphaU|0 group contalnl g2to
20 carbons and which is unsubstltuted or,sUbstlvuted y

one or nore non-interfering substituent83 - Freby formn aj

pr epol ynmer product conprising isocyanate end- capp d-potyether and/

i socyanat e end- capped pol yester; and | (2), . . reagctid he

| socyanat e end- capped prepol ymer product with an aIkyIdlaIkanoIanlne
of the formula HOR[err] Rl err] Rl err] OH wherei n,

Rlerr] and REerrl;3heuhlle ;33058 4ol $u¥%ed as described in

Example 1. The exposed film can be developed at 70°C
in a 4% aqueous solution of a polyoxyalkylated
alkylaryl phosphate ester sodium salt surfactant to
give a good relief image. The 20 mil thick cured film
of the above formulation had tensile strength of

1641 psi, modulus of 1152 psi, elongation of 279%,
Shore A of 84, resilience of 24 and good resistance to
ink swell (only 6% swell and 7.2% swell in water and
agqueous ink, respectively, when soaked for 24 hourg at
room temperature).

Example 3

100 g (0.266 moles) of Isonate 2181, 142.7 ¢
(0.048 moles) of a polydiol Pely G 55~37 and 144.7 g
(0.048 moles) of a polydiol PPG 3025 were charged to a
1~liter resin kettle purged with nitrogen and equipped
with a thermocouple and an air stirrer. The reaction
was allowed to stir to react at 50-60°C until the
isocyanate content reached 0.87 milliequivalents per
gram of solution. Then 100 g of toluene, 50 g of
methyl ethyl ketone and 8.2 g of Irganox 1520
(stabilizer) were added. Subsequently, a solution
containing 17.8 g (0.149 moles) of methyldiethanolamine
in 80 g of toluene and 20 g of methyl ethyl ketone were
added over a time period of 45 minutes and the reaction
was stirred for about 2.5 hours after which 5 g (0.04
moles) of hydroxyethylmethacrylate was added. The
reaction was stirred for about 15 hours and then heated
to 70°C for about 4 hours until the IR spectrum showed
the absence of isocyanate.

200 g of the polymer solution prepared above were
then mixed with 11 g of trimethylolpropane



al kyl ene groups of 1-6 carbons; or Rlerr] can be (REPLACEAIENT SHEET
-(CH err]CHerr]O)[err]CH err]CH err]-, provided R err]} ijs7 1
-(CHerr]CHerr]O,CHerr]CHerr]-, where d and e
d+e = 3-15; Rlerr] is -N(Rerr] , [6 and
Rlerr] is an al kyl group of 1-6 carbensa - t he nol e - 3
di ol and/or pol yester diol : diisocyanate : al kylidi al kanol am ne bei ng

1: 1.3-8: 0.2-7. 11. A net hod according to cla mITo™n whith—
OCN-Rerr]-NCO is tolylene or nethyl ene di phenyl ene diisocyanate. 12.
A nmet hod according to claim10 or 11, in which in the polyether or

pol yester diol, gA-C»[err] or D, respectively has a nol ecul ar, wei ght from

1,000 to 3,tobrethacryigte, A.deth&f dEoNi®y &% (Rhakoinifpiaton)

pol yether diph 8 geost edlvenel arddHe @diRidrt idast 1 YDrebat&ne et her
diol or a 3/1 nglar g%:ypr pyl ene qxi.de/ et hyl ene, oxi de gﬂg-capped di ol
moi ety havi Ae§inBratsr ar Gy opP r film was YWeR hod according

to any one phmthaites dh tthelTdp wittiicha atdudrlistidetnadamtaining a

et et USRS e, ki, LM o EIANG A RO
and then the photopolymer plate was imaged through a
negative and then developed in a 0.5% citric acid
solution to give a good relief image with good
reproduction of the negative, useful as a printing
plate. A 20-mil thick, cured film of the photopolymer
gave tensile strength of 876 psi, modulus of 422 psi,
elongation of 186%, Shore A of 65, resilience of 20 and
24-hour ambient temperature swell in water, aqueous ink
and oil based ink of 6.9%, 9% and 16.3%,'respectively.

Example 4

200 g {(0.532 moles) of Isonate 2181, 392.6 g
(0.133 moles) of a polyether diol Poly G 55-37 and
108.2 g (0.044 moles) of a polyester diol $~-108-46 were
charged to a 2-liter resin kettle and heated to 50-60°C
under nitrogen.with vigorous stirring. The reaction
nixture was allowed to proceed until an isoc?énate
content of 1.0 milliequivalent per gram of solution was
attained. Then 305.6 g of teoluene and 76.4 g of methyl
ethyl ketone were added to the reaction mixture. A
solution of 37 g (0.31 moles) of methyldiethanolamine
dissolved in 152.8 g of toluene and 38 g of methyl
ethyl ketone was added. The reaction was mixed for
about 4 hours until about 0.06 milliequivalents of
isocyanate per gram of solution was left. Then 15 g of
Irganox 1520 along with 11.6 g (0.09 moles) of
hydroxyethylmethacrylate, 312.8 g of tcluene and 78.4 g
of methyl ethyl ketone were added. The reaction was



obt ai nabl e

and
end- capped

by the nethod of any one of clains 10 to 14 with a

hydr oxyal kyl -acryl ate or nethacryl ate of fornul*mwﬂ*"mgiferrg-% 1(Rerr])
-C(:0) -ORerr]-0OH wherein Rlerr] is abkyléhgﬁ NRLS car bons

Rlerr] is hydrogen or nethyl, t herelly {formng a pol ymer
Wi th groups G CH e+ 145G (Rl erjr 1) 2G €057

-ONew]%)QND-NH\mmeHIHeH]aMI{mH%meashmewMeom

defi ned.

16. A et hod according to clai mt5—r-whi-eh t

hydr oxyal kyl acrylate or nethacrylate is hydroxyethyl - nethacryléte
17. Met hod according to any one of clains 10 t0 16~~~ "~ ™

- 40-

mixed under vigorous stirring at 40-50°C until no more
isocyanate could be detected by IR spectroscopy.

A formulation comprising 150 g of the polymer
solution obtained above, 3.3 g of an ethoxylated
trimethylolpropane trimethacrylate (available from
Sartomer as SR 9035), 3.3 g diethyleneglycol
dimethacrylate and 0.73 g of Irgacure 651 was solvent
cast and dried to obtain a dry photopolymer layer. A
water soluble release coating was then applied to the
top of the photopolymer plate. The plate was then
imaged and developed in 0.5% citric acid solution at
ambient temperature to give a printing plate with a
relief image having good reproduction of the negative.
A 20-mil thick dried and cured film of the formulated
polymer gave tensile strength of 348 psi, modulus of

.176 psi, elongation of 254%, Shore A of 44 and

resilience of 19. The film also had good resistance to

ink swell of 10.8%, 13.9% in water, and agueous based
ink, respectively.



conpri si ng: (I') reacting, in a solvent: t ol uene

di i socyanat e, pol ypropyl ene oxi de diol, nolecul ar '
about 1000, and pol ypr opyl ene oxi de/ et hyl ﬂlﬁmﬂ" Bﬁ“ mm
mol ecul ar wei ght about 1000, in a nolar rat PHED .10, (705

c

t hereby end-capping the diols with isocyanate; (I'1) then adding

to the reaction m xture of (1), 36 - net hyl di ethanolamne in a
relative nolar ratio of 0.64, and continuing the reaction

to chain extend the isocyanate-é¥¥%§¥§-diols, t her eby provi di ng chai n-
ext ended i socyanate-capped diols termnated in | socyanat e groups.

[y JeLnes sceont 0 hepnle & EbaE 40 CURGRLE,
di i socyanate, 23%®NCO, an isocyanateairycbreqypedecpokyderdinl whiche dhlear
wei ght groapeuly 39Q0. @l or
(b) a photopolymer in which the end-capping groups
J are groups G:
CH,=C(R®) ~C(:0) ~O~R}~0~C(:0) ~NH~;
wherein the groups G are the same; and wherein
R comprises F and B andfor E, wherein
B is [-R'-NH~C(:0)-0(-A-0-),~C(:0)NH~]; wherein
A is -CH,CH,-, -CH,CH,CH,-, —CH,CH(CH,)-,
~CH,CH,CH,CH,~, ~CH,CH,CH(CH;}~, or =~CH,CH(CH,)CH,-;
and
(A-0), has a molecular weight of from 650 to
7,000;
E is [-NH-C(:0)-0-D-R’~0~C(:0)~NH-R'-], wherein
D is [~R*0-C(:0) [ (R} go1]1-C(30)-0~], or
~R'~0-{C(:0)~(CH,)s~0~] and has a molecular
weight of from 600 to 6,000;
F is [-R'-NH-C(:0)-0-R*~R’~-R%~-0-C(:0)NH~]; and wherein
R' is a divalent aromatic, aliphatic, or
cycloaliphatic group containing 2-20 carbons and which is
unsubstiuted or substituted by one or more non-interfering
substituents.
R’ is a divalent aliphatic, cycloaliphatic, or
alpharyl group of 2-20 carbons;
R* is a divalent aliphatic, cycloaliphatic, aryl or
alpharyl group of 1-20 carbons;
R* and R® are the same or different alkylene groups of
1-6 carbons; or R' can be -(CH,CH,0),H,CH,~, provided R® is ~
(CH,CH,0}) .CH,CH,—, wherelgﬁ?re e are each 0-9 and d+e = 3-15;
R is -N(R")-, =N N~-, or -N(Ph)-;
R’ is an alkyl g;;;; of 1-6 ;;r;o;s;
R® is alkylene of 1 to 7 carbons; and;
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pol ypropyl ene oxi de/ et hyl ene oxi de di ol mol-eeut-ar -ywei pt“about 3000,

e

in a 048:0.048, thgfgﬁw?%nﬁﬂcappqhg t he
d| ol s ﬁmumimw T“ (I'l) then addiing™tT0o the react|oh m xture

met hyl di et hanol ami ne)} iin fqrEt@tgoare oy ar
ratlo of 0.149, and continuing the r%a tionto cha|n§e<tend t he
| socyanat e- capped diols, thereby provi-deng-chai n- ——grxternded
i socyanat e- capped diols termnated in | sogyanate groups. |
Met hod accor di ngRf oisnyyénegeh cofamethgd;to 16 =
- 41 - 2. A polymer according to claim 1 wherein J is

OCN— and where
R! is tolylene or methylene diphenylene;
R' and R® are ethylene;
R is -N(Me)-; and
(A-0O), and D, where present, each have a molecular

weight of from 1,000 to 3,500.

3. A polymer according to claim 1 wherein J is G
. and where

R!' is tolylene or methylene diphenylene;

R', RS, and R® are ethylene;

R’ is methyl;

R’ is -N(Me)-; and

{A-0), and D, where present, each have a molecular

weight of from 1,000 to 3,500;

4. A polymer according to any one of the preceding

claims where R comprises groups B and F, and in B (A-0),
has a molecular weight of about 1,000 and is a
polypropylene ether diol or is a 3/1i molar polypropylene
oxide/ethylene oxide end-capped diol moiety.

5. A polymer according to any one of the preceding

claims where R comprises groups E and F, and E comprises a

polypropylene adipate diol moiety with a molecular weight
of about 2,400.

6. A composition which comprises a photopolymer as
defined in any one of claims 1, or 3 to 5, a photoinitiator

and from 1 to 30 weight % photoactive acrylate or
methacrylate monomer or oligomer.

7. A composition according to claim 6 comprising
from 5 to 20 weight % photoactive acrylate or methacrylate

nonomer or oligomer.

8. A composition which comprises in parts by
weight:

photopolymer as defined in any one of claims 1

or 3 to 5, 50 to 100;



conpri si ng:

) £a)
4, 4" -met hyl ene di phenyl diisocyanate, 23% NCO, L“%S%LVipgﬁ

(I') reacting in a sol veﬁt p——

k‘l

Eropylene

adi pat e ' wei ght about 240( rand '
pol ypr og“luﬂullmmﬂﬂgum ene oxide diol, m)lsec'ul 19 E@veight § about 3000,

in a nolar ¥atio™0.5327 0.044:0.133 therety tend- cappi ng thejdiols
(1) then addlng tqd the—reactiori xfure of

W th isocyanate;

(r, met hyl di et hanol ami e, 38 i a rellati ve nol ar _lratio of

0.31, and

i socyanat e- capped di ol35F¥ _
i socyanat e- capped gnmnhpt01n1t1éxbr Met hotloazo@rdnag to claim 17, 18 or

CO”FH%U'” bﬂ§9$%$ﬁ%i8ﬂafcm§ﬁgbp.§thﬂgéégf

whi ch further conprlse;§r fYé@@eraﬁﬁ Qeonlxture of (I1),
|n a relati

hydr oxyet hyl net hacryl ate
appendant to cl&m 17)A OCQMZOSlthH &medapgehéan:ﬂatm (ﬂ,alcmmﬂ;lsarn@ 09

(wher e appendant
to react the termna

10.

ratio of 0.2, (where

19

phOtSpS D) P8dto 90; continuing the reaction

acrylate or methacrylate diluent, 5 to 15;
photoinitiator, 0.5 to 2.0; and

optionally, organic solvent, 10 to 50.
Method of preparing an isocyanate end-capped

polymer which method comprises

{1) reacting a polyether diol of the formula

HO-(A~0),H wherein

A is ~CH,CH,~, ~CH,CH,CH,~, —CH,CH (CH;)~,
~CH,CH,CH,CH,~, —CH,CH,CH(CH;)~-, or —CH,CH(CH,)CH,~;
and (A-0), has a molecular weight from 650 to
7,000; and/or

a polyester diol of the formula HO-D-R>-OH wherein:

D is [~R™=~0-C(:0) [ (R} ¢o1]1-C(:0)-0~], or
-R-O-{C(:0)~(CH,;)s~0~] and has a molecular
weight from 600 to 6,000

R’ is a divalent aliphatic, cycloaliphatic, or
alpharyl group of 2 to 20 carbons; and

R® is a divalent aliphatic, cycloaliphatic,
aryl, or alpharyl group of 1 to 20 carbons;

with a diisocyanate of the formula OCN~R!'-NCO wherein

R' is a divalent aromatic, aliphatic, or
cycloaliphatic group containing 2 to 20 carbons
and which is unsubstituted or substituted by
one or more non-interfering substituents;

thereby forming a prepolymer product comprising
isocyanate end-capped polyether and/or isocyanate end-
capped polyester; and

(2) reacting the isocyanate end-capped

prepolymer product with an alkyldialkanolamine of the
formula HOR'R’R®°OH wherein,

R' and R® are the same or different



| socyanate groups of (I1) with the hydroxyl group of. —wee-tRE—mmm
\hydroxyethylnethacrylate thereby providing a ?ﬂﬁhﬁ@ur&ﬁﬁfﬁﬁhﬁﬂ&w.
t conpri ses a photopol yner obt afrabie by a ngt
cI ai nec}cmmaﬁw umlmtrm.ﬂrm 20, and a photoinitiator. { !, 1+ R2p whyinti
pl ate conpr|5|ng "a ZubStrate and a |ayer of UV-curabI conp05|t|on as
clainmed in any one of clains 6 to 9 orzgl. 28 —Met-hee-of—prep

a printing plate conprising casting onto a plate substrate a conposi t

as clainmed in aaykgnenef gebapgsoﬁ t1669carbdhs; or R“E&wBEEtNod ™
conprising exposi

P85%bb) Wik B8 P! A& vided RS is - (CH,CH,0) .CH,CHy~,
where d and e are each 0-~9 and d+e = 3~15;
R* is -N(R")~-, -N__N-, or -N(Ph)}~-; and
R’ is an alkyl group of 1-6 carbons;
the mole ratio of polyether diol and/or polyester
diol : diisocyanate : alkyldialkanolamine being
1 : 1.3-8 : 0.2-7.

11. A method according to claim 10, in which
OCN-R!-NCO is tolylene or methylene diphenylene
diisocyanate.

12. A method according to claim 10 or 11, in which
in the polyether or polyester diol, (A-0), or D,
respectively has a molecular weight from 1,000 to 3,500.

13. A method according to claim 12 where a
polyether diol is reacted in (1) and (A-0), is a
polypropylene ether diol or a 3/1 molar polypropylene
oxide/ethylene oxide end-capped diol moiety having a
molecular weight about 1,000

14. A method according to any one of claims 10 to
13 in which alkyldialkanolamine is methyldiethanolamine.

15. A method of preparing a photopolymer which
method comprises reacting an isocyanate end-capped polymer
obtainable by the method of any one of claims 10 to 14 with
a hydroxyalkyl—acrylate or methacrylate of formula

CH,=C (R%) -C(:0) -0-R*-OH
wherein

R® is alkylene of 1 to 7 carbons and

R’ is hydrogen or methyl,
thereby forming a polymer end-capped with groups G

CH,=C(R®) ~C(:0) ~0~R®*~0~C(:0) ~NH~
wherein R and R’ are as hereinbefore defined.

16. A method according to claim 1%, in which the
hydroxyalkyl acrylate or methacrylate is hydroxyethyl-

methacrylate.

17. Methed according to any one of claims 10 to 16
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conprising a |ayer of a photopol yner conposition as claimed I n any one of
clains 6 to 9 or 21 on a substrate with U/ radiation through a negative,

t her eby prOV|d|n and non-exposed areas of phetepelyrer— .
corrp03|t mn 6“ WEB@@ES and devel oping the plate b} ?rrem\mﬁd*{fhyéﬂ T
non-expo shing the plate with an aquepus—acidrc sol ut}i gn.

25. Prlntlng apparatus conpri sing an exposed pringiing- - aijngbl e
by the nethod clained in claim 24~ 40 } 4pi@ES‘Qb? .

i
conpr is 1ng H %

(1) reacting, in a solvent: iwwwwwmwmﬂu e s

toluene diisocyanate, '

polypropylene oxide diol, molecular weight
about 1000, and

polypropylene oxide/ethylene oxide diol
molecular weight about 1000,

in a molar ratio 0.93:0.16:0.05

thereby end-capping the diols with isocyanate;

(IX) then adding to the reaction mixture of
(1),

methyl diethanolamine in a relative molar ratio
of 0.64, and

continuing the reaction to chain extend the
isocyanate-capped diols, thereby providing chain-
extended isocyanate~capped diols terminated in
isocyanate groups.
18. Method according to any one of claims 10 to 16

comprising:

(L) reacting, in a solvent:

4,4’-methylene diphenyl diisocyanate, 23% NCO,

polypropylene oxide didl, molecular weight
about 3000, and

polypropylene oxide/ethylene oxide diol,
molecular weight about 3000,

in a molar ratio 0.266:0.048:0.048,

thereby end-capping the diols with isocyanate;

(IX} then adding to the reaction mixture of
(1),

methyl diethanolanine, in a relative molar
ratio of 0.149, and

continuing the reaction to chain extend the
isocyanate—-capped diols, thereby providing chain-
extended isocyanate-capped diols terminated in
isocyanate groups.

19. Method according to any one of claims 10 to 16
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comprising:

(1) réacting in a solvent:

4,4’-methylene diphenyl diisocyanate, 23% NCO,

poly(propylene adipate} diol, molecular weight
about 2400, and

polypropylene oxide/ethylene oxide diol,
molecular weight about 3000,

in a molar ratio 0.532: 0.044:0.133

thereby end-capping the diols with isocyanate;

(II) then adding to the reaction mixture of

(1),

methyl diethanolamine, in a relative molar
ratio of 0.31, and

continuing the reaction to chain extend the
isocyanate~capped diols, thereby providing chain
extended isocyanate-capped groups.

20. Method according to claim 17, 18 or 19 which
further comprises adding to the reaction mixture of (II),

hydroxyethylmethacrylate, in a relative molar

ratio of 0.2, (where appendant to claim 17) 0.042,

where appendant to claim 18) or 0.09 (where appendant

to claim 19) and
continuing the reaction to react the terminal
isocyanate groups of (II) with the hydroxyl group of

the hydroxyethylmethacrylate, thereby providing a

photocurator polymer.

21. A composition which comprises a photopolymer
obtainable by a method as claimed in claim 15, 16 or 20,
and a photoinitiator.

22. Printing plate comprising a substrate and a
layer of UV-~curable composition as claimed in any one of
claims 6 to 9 or 21.

23. Method of preparing a printing plate comprising
casting onto a plate substrate a composition as claimed in
any one of claims 6 to 9 or 21.

24. Method comprising exposing a printing plate
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comprising a layer of a photopolymer composition as claimed
in any one of claims 6 to 9 or 21 on a substrate with UV
radiation through a negative, thereby providing exposed and
non-exposed areas of photopolymer composition on the plate,
and developing the plate by removing the non-exposed areas
by washing the plate with an aqueous acidic solution.

25. Printing apparatus comprising an exposed
printing plate obtainable by the method claimed in claim
24,
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ABSTRACT

AQUEOUS DEVELOPABLE PHOTOSENSITIVE
POLYURETHANE- (METH) ACRYLATE

A photopolymer useful in preparing water-
developable, solid printing plates is prepared by
preparing a urethane prepolymer by reacting polyoxy-
alkylene diols or polyester diols, or a mixture
thereof, with an excess of diisocyanate, followed by
chain extending the resulting prepolymer mixture with
an alkyldialkanolamine, then reacting the chain-
extended product with a hydroxyalkyl (meth)acrylate.
The resulting photopolymer is suitably formulated with
additional photoactive (meth)acrylate monomers or
oligomers and photoinitiator for casting or extrusion
on a substrate to form a flexographic printing plate.
Following UV exposure of the plate through a negative,
unexposed areas can be removed by washing with a
slightly acidic aqueous medium, to give a plate with a
desirable relief image. The use of the aqueous
washout solution as opposed to organic solvents
minimizes pollution problens.



