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RADIATION CURABLE WATER BASED CATIONIC INKS AND COATINGS

BACKGROUND OF THE INVENTION

Field of the invention
This invention relates to ultravioiet (UV) or electron beam (EB) curable
compositions. More particularly this invention relates to UV/EB curable cationic inks

and coatings tor use in ink jet, gravure and flexographic printing.

Description of Related Art

Cationic inks and coatings are well known for very good adhesion on different
plastic and metallized substrates. Conventional cationic, ultraviolet or electron beam
(hereinatfter identified as UV/EB) curable inks and coatings typically are comprised of

- cycloaliphatic epoxy components-which upon exposure to light of suitable wavelengths

and in presence of suitable cationic photoinitiators, polymerizes to form a hard film with
desired properties. One limitation of cycloaliphatic e'poxides' s their sensitivity to
moisture which slows the cure rate. W. Watt reviewed the UV curing of epoxides in The
UV Curing of Epoxides, Chemistry & Technology of UV Curing, Vol. 2, pp. 247-82,
1980. W. Watt notes in paragraph 5.4 that water will increase termination of cationic
polymerization, and that high humidity has been shown to greatly increases the time for
UV-curable epoxide coatings to become tack-free. In a more recent publication by R.
F. Eaton et al. entitled Formulating Concepts For Both High Solids And Water Based
UV Cured Cycloaliphatic Epoxy Wood Coatings, Rad. Tech. North America
Proceedings, Vol. 1, pp. 384 et seq., 1990, they disclose that cycloaliphatic epoxies can
be readily dispersed in water to form UV curable zero VOC emuisions which have
coating performance equivalent to solvent applied cationic UV coatings. However,
Eaton et al. also note that the rate of cure is significantly slowed by high humidity even
though adding water to formulations does not slow cure. .

Curable cationic coating compositions containing epoxy (i.e., oxirane)
compounds and oxetane compounds are disclosed in Igarashi et al., U.S. Patent
2,674,922; Takami et al., U.S. Patent 5,721,020; and Kansai Paint Co., UK Patent
Application GB 2310211. Igarashi et al. discioses active energy beam-curable
compositions containing a compound with one oxetane ring and hydroxyi group in the '
molecule; a compound with one oxirane ring in the molecule; and a compound that
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initiates cationtc polymerization. lgarashi’'s compositions are solvent free and viscosity
is adjusted by varying the component ratios. Takami et al., discloses an ultraviolet-
curing coating composition for Cans which contains a Cation-polymerizable compound,
a compound having at least one oxetane ring in the molecule, a cationic initiator, and a
lubricity imparting agent, i.e., a wax. Takami et al. also discloses that the coating
composition can be applied by a variety of coating methods and that the resuiting
coating is heated to remove solvents if present. In the examples, solventiess liquid
compositions containing diepoxides and 3-ethyl-3-hydroxymethyloxetane were coated
on a variety of substrates for testing. Kansai Paint Co. discloses an active energy ray-
curable resin composition which contains a resin having an oxetane functional group as
well as an epoxy group in the molecule; and a cationic polymerization initiator. Kansai
Paint Co. discloses that their composition can be prepared by mixing the components in
the presence of a solvent or a dispersing agent. Specific solvents disclosed are

- hydrocarbons, halogenated hydrocarbons; alcohols, ethers, ketones, and-esters.
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Kansai Paint Co. further discloses that their formulation may further contain a
monomer_ic oxetane such as 3-ethyl-3-hydroXymethonxetane.

Although advances have been made in radiation curable cationic polymerization
coating compositions, the curing of these coating compositions remains sensitive to
humidity and require long cure times. In addition, viscosity adjustment of these
compositions is frequently limited, particularly for solventless systems, thus limiting their
use in applications such as low viscosity inks. Further, the coating components
employed, particularly solvents, frequently emit vapors and/or odors which are
undesirable for environmental or safety reasons. Accordingly, there is a need for
materials used in fast curing cationic inks and coatings which are insensitive to
humidity, have low viscosity, and use low odor diluents. These needs are met by the
composition of the present invention.

SUMMARY OF THE INVENTION
The present invention is an actinic radiation curable, cationic polymerizable,
compositions comprising an aqueous solution of: (a) a cationic polymerizable
compound having at least two epoxy groups, oxetane groups, tetrahydrofurfuryl groups
or a combination thereof; (b) optionally a hydroxy alkyl cyclic ether selected from the
group consisting of a hydroxyalkyl oxetane compound, a hydroxyalkyl epoxy '
compound, a hydroxyaikyl tetrahydrofurfuryl compound, and a combination thereof; (c)
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water; and a cationic initiator which generates cations, e.g., protons, upon irradiation
with ultraviolet radiation. '

Another embodiment of the invention involves an aqueous solution 'of
components (a), (b), (c), and a cationic initiator; having physical properties
characterized by a three component phase diagram; wherein the vertices of said
diagram represent 100 wt.% concentration of each component (a), (b) and (c); and
wherein the binary concentrations of the cationic polymerizable compound and water
are plotted along a first binary axis; the binary concentrations of the hydroxy alkyl cyclic
ether and cationic polymerizable compound are plotted along a second binary axis; and
the binary concentrations of the water and cyclic ether are plotted along a third binary
axis; and wherein a cloud point curve within said diagram separates the single phase
concentration region from the two-phase concentration region for the ternary mixture of

components.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be more fully understood from the following description and
accompanying drawing, Figure 1. Figure 1 is a three component phase diagram in
which the components shown at the vertices are: (A) a cationic polymerizable
compound, (B) a hydroxyalky! cyclic ether, and (C) water.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to novel cationically curable compositions '
havmg greatly enhanced reactivity, and reduced viscosity and odor. These improved
properties are achieved, for example, by combining a cycloaliphatic epoxy with water .
and optionally a hydroxy functional cyclic ether, particularly, epoxides or oxetanes. In
this invention water is used as a diluent to control viscosity and maintain low odor while
hydroxy functional cyclic ether allows coating formulations of monophase mixtures, i.e.,
solutions, of these ingredients. Colorants can be incorporated into the cationic
solutions of this invention to produce water-based inks with excellent rheology suitable
for a wide range of printing applications from ink jet to higher viscosity paste inks. As
used herein the term “solution” is intended to have its conventional meaning as a
homogeneous mixture formed by dissOIving one or more substances in another
substance, i.e., a single phase liquid. The term “radiation curable” composition, as
used herein, is intended to mean an composition which can be cured , hardened.
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polymerized, or crosslinked by the action of actinic radiation such as UV, EB, and the
like from a radiant energy source. As used herein “actinic radiation” is intended to
encompass radiation having a wavelength range from about 190 nm to about 400 nm,
and preferably from about 240 nm to 400 nm. Actinic radiation of this type may be
obtained from a variety of sources, e.qg., mercury arc lamps, XENON arc lamps,
fluorescent lamps, monochromatic laser sources, and the like. Actinic radiation as used
herein also is intended to encompass high energy electrons such as from electric
discharge devices or electron beam devices.

Radiation Curable Composition:

The radiation curable, cationic polymerizable, composition of this invention is an
aqueous solution of a cationic polymerizable compound having two or more epoxy
groups, oxetane groups, tetrahydrofurfuryl groups or a combination thereof such as a

... cycloaliphatic diepoxy compound; optionally a hydroxy alkyl cyclic ether, such as a
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hydroxyalkyl oxetane, a hydroxyalkyl epoxy, a hydroxyalkyl tetrahydrofurfuryl, or a
combination thereof; water; and a cationic initiator which generates cations upon
irradiation with ultraviolet radiation. The cationic polymerizable, composition is
characterized in that it is curable to a solid by exposure to energy from a radiant energy
source as described supra. Curing of the aqueous'solution (i.e. liguid vehicle) is
initiated by activation of a polymerization initiating system (e.g., by UV radiation) as will
be described in detail hereinbelow. The composition also may be'cured to a solid by
exposure to high energy electrons from an electron beam source.

Cationic Polymerizable Compound

The cationic polymerizable compound contains two or more alicyclic ether
reactive groups in which the groups are epoxy groups, oxetane groups,
tetrahydrofufuryl groups or a combination of these groups. The cationic polymerizable
compound typically is a liquid oligomer or polymer containing the reactive groups. The
term "oligomer” as used herein, is intended to mean a low moiecular weight resin or
polymer which contains two or more cyclic ether reactive groups which are capabie of
condensing upon cationic initiation to form a polymer with component moieties typically
bound in sequence by ether Iinkages. The cationic polymerizable compound may be a
solid, but typically it is a higher viscosity liquid. In each instance such cationic
polymerizable compounds may optionally be solubilized in the liquid hydroxy alkyl cyclic
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.’ ether component. Preferably the cationic polymerizable compound Is a cycloaliphatic
diepoxide. Examples of cycloaliphatic diepoxides are copolymers of epoxides and
hydroxyl components such as glycols, polyols, or vinyl ether, such as 3,4« ‘
epoxycyclohexyimethyl -3',4'-epoxycyciochexylcarboxylate; bis(3,4-
epoxyeylohexylmethyt) adipate; imonene diepoxida; diglycldyl ester of |
hexahydrophthalic acid; of a mixture thereof. A preferred cycloaliphatic epaxide of this

type e 34-epoxycyclohexylmethyl -3’ 4'-epoxycyclohexylcarboxylate having the
following formuia.
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15 The cationic polymerizetie compound may be a noncyclaaliphatic epoxide, such as
diglycidyl ether of bisphenol A; d- or trighycidyl ether of alkoxylated bisphenol A;
novalac epoxy; and the like. The cationic polymerizable compounds containing two or
more oxetane groups or etrahydrofurfuryl grouips may also be used instead of, or in
addition 1o the bis epoxy compounds described above. Suitable bis-oxstane
26 compounds for use m this invention are described in Takami et al. U.S. Patent

5,721,020 ,as is known in the art. . ‘The cationic
polymenizable compounds containing an spoxy (oxirane) group and ah oxetane group,
may also be used in the compositions of this invention. Suitable mixed functional
compounds of this type which are useful in this invention are described In Toagosei Co.

25 Offenlegungsschnift DE 186 47 848 A1. Compounds of this type include 3-
((oxiranylmethoxy) methyl)- oxatane and 3-alkyl-3-({oxiranyimethaxy)-methyi)-oxetane
wherein the alkyl group ¢ontains 1-8 carbon atoms. The epoxy functional compounds,
tha oxetane functional compounds, the tetrahydrofurfury! functional compounds and a
mbdure of these functional compounds may be used individually or in combination as

30 the cationic polymerizable compound in this invention.

Hydroxy Alkyl Cydlic Ether
In addition to the cationic polymerizable compound or combination of cationic

polymerizable compounds, a hydroxy alkyl cyclic ether may optionaily be added to
function as a reactive diluent for the cationic polymerizable compound. The hydroxy

35
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alkyl cyclic ether surprisingly has been found to reduce humidity' sensitivity of curing,
thus allowing shorter cure times for the coated compositions. Still further, the presence
of an hydroxyalkyl cyclic ether helps to ether form a singie phase solution with the
cationic polymerizable compound(s) and water, thus providing a means to obtain low
viscosity compositions with less odor. The hydroxy alkyl cyclic ether is a hydroxyalky!
oxetane, a hydroxyalkyl epoxy, a hydroxylalkyl tetrahydrofurfuryl or a combination of
these cyclic ether types. The alkyi group of the hydroxy alkyl cyclic 'ether contains 1 to

- 2 carbon atoms, with 1 carbon atom being preferred. The hydroxy alkyl cyclic ether

may be further substituted with a second alkyl group having 1 to 6 carbon atoms. A
preferred hydroxy alkyl cyclic ether is a hydroxyalkyl oxetane having the following

structure:

Ra
R,OH

O

wherein R1 is an alkenyl group having 1 to 2 carbon atoms, and R2 is hydrogen or an
alkyl group having 1 to 6 carbon atoms, with 2 carbon atoms being preferred. A
particularly preferred oxetane of this type is 3-ethyl-3-hydroxymethyl-oxetane. Another

preferred hydroxy alky! cyclic ether is a hydroxyalkyl epoxy having the following

structure:
R4

7

R30OH

wherein R3 is an alkeny! group having 110 2 carbon atoms, and R4 is hydrogen or an

alkyl group having 1 to 6 carbon atoms. A particularly preferred epoxy of this type is 4-
hydroxymethyl-1,2-epoxycyclohexane.

Water

The third major ingredient of the compositions of this invention is water. Water,
in suitable amounts, functions as an odor free diluent to adjust the viscosity of the
resulting composition. In particular, water in combination with the hydroxyalky! cyclic
ether, in suitable proportions, forms a totally miscible solution which functions as a
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miscible'difuent for the cationic polymerizable compound, resulting in a homogeneous
aqueous solution. A key aspect of the present invention is that the viscosity of the |
composition may be altered by simply adjusting either the amount of water employed
or the amount of the cationic 'poiyme'rizable compound; provided that the resuilting liquid
remains an aqueous solution, i.e. single phase liquid. '

The radiation curable, cationic polymerizable, composition of this invention may
be more fully understood from the following description in connection with Figure 1 of
the accompanying drawing. Figure 1 is a representation of a three component phase
diagram (10) in which the major components are the cationic polymerizable compound,
a hydroxyalkyl cyclic ether, and water. As used herein, the term “major component” is
intended to mean a component having major concentration in the composition. In the
phase diagram (10), the concentration of a mixture of the cationic polymerizable
compound and water is plotted élong a first binary axis (12) with vertice (A)

- representing 100 wt.% -concentration of the cationic polymerizable compound:; the

concentration of a mixture of hydroxyalkyl cyclic ether and cationic polymerizable
compound is plotted along a second binary axis (14) with vertice (B) representing 100
wt.% concentration of the hydroxyalkyl cyclic ether; and the conbentration of a mixture
of water and cyclic ether is plotted along a third bih.ary axis (16) with vertice (C) '
representing 100 wt.% concentration of water. The point X on the third binary axis (16)
defines the concentration at which phase transition occurs for the binary water/cyclic
ether mixture from a two phase mixture (e.g. a dispersion) to a single phase (i.e.
solution). The phase transition boundary (20), i.e., the cloud point curve, defines the
ternary mixture concentrations (water, cyclic ether and cationic polymerizable
compound) at which phase transition occurs from a two phase ternary mixture in
concentration regioh (22) to a single phase ternary mixture in concentration region (24).
The actinic radiation curable compositions of this invention, are represented by the
ternary mixture of major components in concentration region (24). It is understood that
the placement of the phase transition boundary (20) within the phase diagram (10),
depends on the specific cationic polymerizable compound, and hydroxyalkyl cyclic .
ether employed in the ternary mixture, as well as other factors such as temperature.
The temperatures at which the compositions are stored and used are typically about
room temperature. Accordingly, stable solutions of 1thé iInvention may be prepared
under ambient conditions. While the major component concentration relationships for
the compositions of this invention generally have been illustrated in Figure 1, the
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preferred concentration of water ( based on the combined weight of the major
components) ranges from about .5 wt.% to about 45 wt.%. Combinations of the other
components must further be within the concentration region (24) bound by the cloud
point curvé (20) and the second binary axis (14), i.e., the combination must form an

aqueous soiution.

Polymerization Initiating System

Unless the ink is formulated specifically for use with electron beam curing, the
radiation curable compositions of this invention typically contain a cationic initiator
which generates cations upon irradiatidn with aCtinic radiation, such as néar, ultraviolet
radiation. Such a photoinitiator system has one or more compounds that d irectly
furnish cations (protons) by the production of an acid when activated by actinic
radiation. The photoinitiator system may also contain a sensitizer that extends spectral

-~ -response-into the near ultraviolet, visible and-near infrared spectral regions.
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Cationic polymerization photoinitiating systems typically are used to initiate
condensation polymerization in systems such as the epoxy compositions described
herein. Such cationic photoinitiating systems includes all substances which liberate
Lewis acids or Bréensted acids upon exposure to actinic radiation such as UV
radiation. Cationic photoinitiating systems which are particularly useful in the radiation
curable compositions of this invention are aryisulfonium salts, especially the
triarylsulfonium salt such as triarylsulfonium phosphate, triarylsuifonium antimonate,
triphenylsulfonium hexafluorophosphate, and diarylsuifonium salt: and aryl-iodonium
salts, such as diaryliodonium hexafluoroantimonate, bisdodecyiphenyliodonium
hexaﬂuoroantiminoate, and the like. Such cationic photoinitators may be used
individually or in combination to effect suitable curirig of the ink. Preferred as
photoinitiators in the inks of this invention are diaryl-iodonium hexafluoroantimonate
and (n5-2,4-cyclopentadien-1-y1)[(1,2,3,4,5,6-n )(1 Q-nnethyl ethyl)benzenel-iron+-
hexafluorophosphate(-1). Typically, only small amounts of such photoinitiator systems
are required to effectively initiate polymerization, e.g., from about 0.5 wt.% to about 5
wt.% (based on the totai weight of the aqueous solution). Typically, the photoinitiator
system is readily soluble in at least one of the major components of the solution.
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Radiation Curable Ink
The aqueous, actinicradiation curable compositions of this invention may also

contain, as an additional component, a quantity of a colorant in an amount sufficient 1o
make an ink. A3 used herein, the term "ink” has its conventional meaning, i.e., a
colored quid composged of a colorant, typically a pigment, dispersed in liquid vehicle.

In particular the radiation curable ink of this inventlon comprises a colorant, preferably a
pigmeht. and the agueous solution making up the actinic radiation curable, cationic

polymerizabla, compositicn fully described above.

Coloranis
The actinlc radiation curable compositions of this invention may cantain one or

more colorants such as dyes or pigments. YWhen used as a radiation curable ink, the
aqueous coating solution typically containg one or more pigments dispersed tharein,
The pigment or dye may be any conventional pigment or dye described In the pricr aﬁ.
Preferably an organic or inorganic pigment s employed such as Pigment Yellow 1,
Pigment Yellow 3, Pigment Yellow 12, Pigment Yellow 13, Pigment Yellow 14, Pigment
Yellow 17, Pigment Yellow 63, Pigment Yellow 85, Pigment Yellow 73, Pigment Yeallow
74, Pigment Yellow 75, Pigmeant Yellow 83, Pigment Yellow 97, Pigment Yellow 98,
FPigment Yellow 106, Pigment Yellow 114, Pigment Yellow 121, Pigmsnt Yellow 1286,
Prigment Yellow 127, Pigment Yellow 136, Pigment Yellow 174, Pigment Yelow 176,
Pigment Yellow 188, Pigment Orange 5, Pigment Orange 13, Pigment Orange 18,
Figment Orange 34, Pigment Red 2, Pigment Red 2, Pigment Red 14, Pigment Rad 17.
Pigment Red 22, Pigment Red 23, Pigment Red 37, Pigment Red 38, Figment Red 41,
Pigment Red 42, Pigment Red 112, Pigment Red 170, Pigment Red 210, Pigment Red
238, Pigment Blue 15, Pigment Blue 15:1, Pigment Blue 16:2, Pigment Blue 15:3,
Figment Blue 15:4, Pigment Green 7, Pigment Green 36, Pigment Violet 23, Pigment
Black 7 and the like. Pigment compositions which are also useful in the energy curable
inks of this invention are described in U.S. Patents 4,046.508; 4,046,509; 5,024,894

and 5,062,804 as is known in the art. . Such pigment
compositions are a blend of the pigment aiong wrn a poly(alkylene oxide) grafted

pioment.
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Adjuvants .

Radiation curable coating or ink compositions prepared ac'cording to this
invention may contain the usual adjuvants to adjust flow, surface tension and gloss of
the cured boating or printed ink. Such adjuvants typically are a surface active agent, a
wax, or a combination thereof. The adjuvants may also function as leveling agents,
wetting agents, dispersants, defrothers or deareators, or additional adjuvants may be
added to provide a specific function. Preferred adjuvants may include fluorocarbon
surfactant such as FC-430,a product of the 3M company:; silicone such as DC57, a
product of Dow Chemical Corporation; polyethylene wax; polyamide wax;
polytetrafluoroethylene wax; and the iiké.

Addition Polymerizable Component

In some instances, the radiation curable, cationic polymerizable; compositions

curable, cationic polymerizable, coating composition will contain less than 35 wt.%
(based on the weight of the coating composition) of a free radical, addition
polymerizable composition. The free radical addition polymerizable composition
comprises a liquid compound having terminal ethylenic unsaturation. Typically, the free
radical, addition polymerizable system comprises: an oligomer, a polymer or a
combination thereof; an ethylenically unsaturated monomeric diluent; and a free radical
photoinitiation system activated by actinic radiation. The monomeric diluent IS a lower
molecular weight ethylenically unsaturated compound which forms a polymer directly
upon initiation by free radicals generated by absorbed radiation. Typically, the
monomeric diluent is comprised of one or more monomeric compounds which have
one, two or more terminal ethylenically unsaturated groups. Representative of such
monomeric compounds are: methylmethacrylate; N-vinyl pyrolidone:; dipropylene glycol
diacrylate; tripropylene giycol diac'rylate;' butanediol diacrylate; hexanediol diacryiate:
trimethyol propane triacrylate; ethoxylated trimethylol propane triacrylate;

glycerolpropoxy triacrylate; pentaerythritrol triacrylate; dipropylene glycol
dimethacrylate; tripropyiene glycol dimethacrylate; butanediol dimethacrylate;

hexanediol dimethacrylate; trimethyol propane trimethacrylate; and the like. The
monomeric diluent may contain a combination of diacrylic and triacrylic monomers
along with a monomer containing a single terminal ethylenic group. The inks of this
Invention may contain an oligomer having ethylenic unsaturation which can react with
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the etﬁyienicalty unsaturated reactive liquid diluent. Representative of such oligomers
are acrylated epoxy resins; bis acrylic esters of bisphenol A; acrylated polyurethanes;

acrylated polyesters; and the like. Preferred oligomers of this type include di-(3-
meﬂaac'ryloxy-.‘z-hydroxypropyl ether of bisphenol-A; di{2-methacryloxyethy! ether of
biaphenol-A; di-(3-acryloxy-2-hydroxypropyl ether of bisphenol-A; di(2-acryloxyethyt
ether of bisphenol-A; and the like. The inks of this invention may alsc contain
praformed polymer such as an acrylio polymer or copolymer of C1-C4 alkyl acrylates or
methacrylates, or acryiic or methecrylic acid; vinyl polymers and copolymers such as
polyvinyl chloride, palyvinyi acetate, polyvinyl alcohol; polyvinvipymlidone; celiuiosic
polymers and copolymers; and the like. |

In free radical initiated curing systems, typically irradiation of a photoinitiator
produces free radicals that initate polymerization. A wide variety of photoinitiators may
he used in the supplementary "hybrid® compositions of this invention provided that the
mitiator I3 free of amine groups which would interfere with the concurrent eatiohic
polymerizafion. Useful photoinitiators ¢f this type are described in a review by B.M.
Monroe and G.C. Weed entitled "Photoinitiators for Free-Radinalinitiated FPhotoimaging
Systems”, Chem. Rev., 1983, No, 93, 435-48. ,as is known in the art.

. Preferred photoinitiators which may be used aione or in combination witn
others are 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyi)ketone; isopropy!
thioxanthone; and the like.

The curabie compositions of this invention may be obtained by a variety of

methods jor applications that include protective, decorative and insulating coatings:
potting compounds; sealants,; adhesives; photoresists; textile coatings; and laminates

on a varlety of substrates, e.g., metal, rubber, plastic. wood, motded parts, films, paper,
glass cloth, ooncrete, and ceramic. The curable compesitions of this invention are
particularly useful as inks for use in a variety of printing processes.

AqQueous, energy curable, Ink and coating compositions prepared pursuant o
this invention will now be illustrated by the following exampies but are not intended to
be limited thereby. In the foliowing examples several coating and ink compasitions
using combination of a cycloaliphatic diepoxide, a hydroxy oxelane and watar at
different ratios were formulated and tested for rheology, cure, gloss and chemical

resisiance.
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Exampie 1 . .
A UV flaxo cationic yellow ink was prepared from the following components:
Component % by weight '
Cyracure 61051 45
Plgment Yellow 12 ' 15
EQXAZ | 25
Cyracurs UV 69903 g
Water - 10
Silicone Oif 0.3

(1) Cyracure 6106 is 3.4-apoxycycichexylmetyl -3',4- apoxycyciohexyt-
¢arbaxylate: snd 2 produet of Union Carbida Chemicals and Plagtics
Technology Corporation,

(2) EOXA Is 3-gihvi-d-hydro etana; and
(3) Cyracure LIVI G880 is a mixed triarytsyfonum hexafivorophosphiate 8alt and

a product of Union Carbide Chernicals and Plastics Technology Corporation.

This Ink was prepared from a dispersion of Pigment Yellow 12 in Cyracure 61035. All
other components were mixed into the pigment dispersion and the rasulting ink was
printed at 300 lines/inch (Ipt) using a gravure handproofer and cured with two 200
watt/inch (wpi) UV lamps at 200 feet/minute (fpm) belt speed. The ink had a density of
1.38; a gloss of 97 as determined on a BYR" Glossmeter; and resisted 23 nubs with a
cotton swab saturated with methyl ethyl Ketone (MEK) Immediately after post ¢ure and
786 MEK rubs 24 hours after post cure.

Example 2 |
. A UV ink jet cationic blue ink was prepared from the following components:

Companant % by welght

Cyracurg" 6106 11.8

Figment Blue §2-219 , 5.1

EOXA 53.06

Cyracure 69744 | 5.0

Water 2204

ARunS e e dink Shuumy

(4) Cyracure 6B74 i3 a mixed tiarylsulfonium hexaluargantimonate sat and &
praduct of Union Cachide Chomicals and Plastics Tedshnology Corporafion.

Ry S SN W N s

R

= g il SR

Y ry— et

This ink was prepared from a dispersion of Pigment Blue 52-219 in Cyracure 6105. Al
other components were mixed into the pigment dispersion and the rheology of the
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resulting ink was measured. This ink had a viscosity of 13 cps at 25 °C when
measured using a rotational rheometer and exhibited essentially Newtonian behavior
over a wide range of shear rates, i.e., 100 sec-1 to 2500 sec-1. This ink was found
suitable for ink jet printing.
Example 3
A UV cationic coating composition was prepared from the following components:

Component % by weight
Cyracure 6105 ' 45.41
EOXA | | 36.33
Cyracure 6974 ' 2.99
Water ' 15.17
Silicone Oil ' 0.30

- ‘Theingredients were mixed to give a clear solution and films prepared by applying the

20

25

30

35

solution over a plastic substrate with a square bar applicator (about 6 mk film) and
cured using two 200 wpi UV lamps at 100 fpm belt speed. The gloss of the cured
coating was 80, and the coating resisted 5§ MEK rubs immediately after cure and had

essentially no odor.

Example 4
A UV cationic coating composition was prepared from the following components:

Component , % by weight
Cyracure 6105 - 45.0
ETHBS 36.0
Cyracure 6974 3.0
Water . 18.0
Silicone Qil 0.3

H.- DDA i) Sy nd U SED-EED NS WRA ciud Sl tuph SN E-OUN BN DU NS Gulid 0 SV SR U DA G Gy G-y N D S G M kit v Hovd A R S AN S AU G I A S Al (G b Gl Ol S (et N G W B AE-DAC: dion Su AU I Gk AN YD UWY Gl A Al it wih -y oy
L r T v

(5) ETHB is epoxidized tetrahydrobenzyl alcohol .

The ingredients were mixed to give a clear solution and films prepared by applying the
solution over a plastic substrate with a square bar applicator (about 6 mk film) and
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cured using two 200 wpi UV lamps at 150 fpm bel speed. The gloss of the curad
coating was 81, and the coating resisted 20 MEK rubs immediately after cure.

Example b6
A hybrid UV curable cationic/free radical coating composition was prepared from -

the following components:

Component % by weight
Cyracure 6105 25.0
EQOXA 25.0
Cyracure 6974 | 3.0
Water 15.0
Laromer 87656 30.0
lrgacurg‘zesg? 2.0

vy )

g el I

= g,

5% }ammrg;gg isf(gnr Borylate: aprodun?‘i B‘::SF Corp.
rngacure is C roxy-2-meth keton
rgecy . -h?dmwcom xy)phenyk{2-hyd xv-2 yipropyfketone

e e g e

- This coating composition was prepared, coated and cured as described in Example 3

except that this composition required 2 passes under one 300 wpi UV lamp at 150 fpm
for complete the cure.

Example &

A UV cationic coating composition was prepared from the following components:

Component | % by weight
Celoxide 2021 (epoxy) 43.9
Oxetane Alcohol 43.9
Water 8.8
UV] 6980 (photoinitiator) . o 3.5

The ingredients were mixed to give a clear salution having a viscosity of 35.9 mP-s.
Films were prepared by applying the solution over a plastic substrate with 2 square bar
spplicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of
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s 100 mJ/icm2/pass. The tack free pass for the printed film occurred after 5 passes. The
pencil hardness of the film after 24 hours measured "B".

Example 7

10 A UV cationic coating composition was prepared for the following components:

Component % by weight
Celoxide 2021 (epoxy) ' 702
Oxetane Alcohol | 17.5
Water " ' - 8.8
15 UVI 6990 (photoinitiator) - 3.5

The ingredients were mixed to give a clear sofution having a viscosity of 51.1 mP:s.
- Flims were prepared by applying the solution over a plastic substrate with-a square bar
applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of

20 100 mJ/cm2/pass. The tack free pass for the printed film occurred after 1 pass. The
pencil hardness of the film after 24 hours measured "2H". ‘

Example 8
A UV cationic coating composition was prepared from the following components:
25  Component ' . % by weight
Celoxide 2021 (epoxy) - 43.9
~ Tetrahydrofurfuryl Alcohol \ ’ 43.9
Water 8.8
UVI 6990 (photoinitiator) ' 3.5

30
The ingredients were mixed to give a clear solution having a viscosity of 13.6 mP:s.
Films were prepared by applying the solution over a plastic substrate with a square bar

applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of

100 mJ/cm2/pass. The tack free pass for the printed film occurred after 15 passes. The
35  pencil hardness of the film after 24 hours measured ">4B".
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5 . Example 9

A UV cationic -coating composition was prepared from the following components:

Component _ % by weight
Celoxide 2021 (epoxy) - 70.2

10  Tetrahydrofurfuryl Aicohol - 17.5
Water - - 8.8
UVI 6990 (photoinitiator) 3.5

The ingredients were mixed to give a clear solution having a viscosity of 30.9 mP:s.
15  Films were prepared by applying the solution over a plastic substrate with a square bar
applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of
- 100 mJ/cm2/pass. The tack free pass for the printed film occurred after 2 passes. The
---- - -pencil hardness of the film after 24 hours measured "HB".--- SRR
Those skilled in the art having the benefit of the teachings of the present
20 invention as hereinabove set fdrth, can effect numerous modifications thereto. These

modifications are to be construed as being encompassed within the scope of the
~ present invention as set forth in the appended claims.
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CLAIMS

1. An actinic radiation curable, cationic polymerizable composition comprising an
aqueous solution of:

(a) a cationic polymerizable compound having two or more epoxy groups, oxetane
groups, or a combination thereof;

(b) a hydroxy-C,.2-alkyl cyclic ether selected from the group consisting of a hydmxyalkyl
oxetane compound, a hydroxyalkyl epoxy compound, and a combination thereof;

(c) water; and

(d) a canonic photoinitiator.

2.  The composition of claim 1, wherein the cationic polymerizable compound is a
cycloaliphatic epoxy compound.

3. The composition. of claim 2, wherein the cycloaliphatc epoxy compound is 3,4-
epoxycyclohexylmethyl-3'.4'-epoxycyclohexylcarboxylate.

4, The composition of ¢laim 1, wherein the cationic polymerizable compound is
selected from the group consisting of a diglycidyl ether of bisphenol A; a diglycidy] ether of
alkoxylated bisphenol A; a triglycidyl ether of alkoxylated bisphenol A; novalac epoxy; and

combinations thereof.

3. The composition of claim 1, wherein the hydroxy alkyl cyclic ether is the
hydroxyalkyl oxetane.

6. The composition of claim 5, wherein the hydroxyalkyl oxetane has the structure:

R
RyOH
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wherein R, is an alkenyl group having 1 to 2 carbon atoms, and R; is hydrogen or an alkyl group

having 1 to 6 carbon atoms.

7. The composition of claim 6, wherein the bydroxyalky! oxetane is 3-ethyl-3-
hydroxymethyl-oxetane,

8. The composition of claim 1, wherein the hydroxy alkyl cyclic ether is the
hydroxyalkyl epoxy compound.

0. The composition of claim 8, wherem the hydroxyalkyl epoxy compound has the
structure:

Ry

A

R4OH

wherein Rj is an alkenyl group having 1 to 2 carbon atoms, and R, is hydrogen or an alkyl group
having 1 to 6 carbon atoms.

10.  The composition of claim 9, wherein the hydroxyalkyl epoxy compound is 4-
hydroxymethyl-1,2-epoxycyclohexane.

11.  The composition of claim 1, wherein the hydroxy alkyl cyclic ether is the
combination of the hydroxyalkyl oxetane and the hydroxyalkyl epoxy.

12. The composition of claim 11, wherein the hydroxyalkyl oxetane is 3-ethyl-3-
hydroxymethyl-oxetane and the hydroxyalkyl epoxy is 4-hydroxymethyl-1,2-epoxycyclohexane.

13.  The composition of claim 1, wherein the actinic radiation is ultraviolet radiation.

14.  The composition of claim 1, wherein the actinic radiation is an electron beam.
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15.  The composition of claim 1, wherein the coating composition further comprises a

colorant.

16.  The composition of claim 15, wherein the colorant is a dye.

17.  The composition of claim 15, wherein the colorant is a pigment dispersed in the

aqueous solution.

18.  The composition of claim 1, wherein the coating composition further comprises a

vinyl ether.

19.  The composition of claim 1 further comprising less than 35 wt. %, based on the
weight of the coating composition, of a free radical, addition polymernizable composition.

20.  The composifion of claim 19, wherein the free radical, addition polymerizable
composition comprises:

(1) an oligomer, a polymer, ot a combination thereof,

(2) an ethylenically unsaturated monomeric diluent; and

(3) a free radical photoinitiation system activated by the actinic radiation.

2i.  Anactunic radiation curable, cationic polymerizable composition comprising
an aqueous solution of: (a) a cationic polymerizable compound having two or more epoxy
groups, oxetane groups, or a combination thcreof; (b) a hydroxy-C,.2-alkyl cyclic ether selected
from the group consisting of a hydroxyalkyl ox¢tane compound, a hydroxyalkyl epoxy
compound, and a combination thereof; (¢) water; and (d) a cationic initiator; and having physical
properties characterized by a three component phase diagram, wherein the vertices of said

diagram represent 100 wt. % concentration of each component (a), (b), and (¢); wherein the
binary concentrations of the cationic polymerizable compound and water are plotted along a first

binary axis, the binary concentrations of the hydroxy alkyl cyclic ether and cationic
polymerizable compound are plotted along a second binary axis, and the binary concentrations of
the water and cyclic ether are plotted along a third binary axis; and wherein a cloud point curve



CA 02356832 2007-11-15

_n0 -

within said diagram separates the single phase concentration region from the two-phase
concentration region for the ternary mixture of components (a), (b), and (c).

22. Thf: composition of claim 21, wherein the single phase region is bound by the
cloud point curve and the second binary axis.

23.  The composition of claim 22 represented by a region bound by the cloud point
curve, second binary axis, and a portion of the third binary axis, wherein the water concentration
ranges from { 10 435 wt. %.

24. A printing ink prepared from the actinic radiation curable, cationic polymerizable

composition of claim 21.

25, A coating prepared from the actinic radiation curable, cationic polymerizable
composition of claim 21.
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