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CATIONIC, AMINO-FUNCTIONAL, ADHESION-PROMOTING
POLYMER FOR CURABLE INKS AND OTHER PLASTIC FILM
COATINGS, AND PLASTIC FILM COMPRISING SUCH POLYMER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is related in subject matter to U.S. Ser. No.
09/864,518, filed May 24, 2001 (RMH10184), and U.S. Ser. No. 09/828,638, filed

April 6,2001 (RMH10185), whose entire contents are incorporated herein by

reference.

FIELD OF THE INVENTION

[0002] The present invention relates to novel adhesion-promoting polymeric

coatings and plastic substrates comprising such coatings, as well as methods for

preparing same.

BACKGROUND OF THE INVENTION
[0003] Typically, in the production of emulsion polymers by free-radical

polymerization, it has been a common practice to use nonionic or anionic
materials to stabilize the emulsions. Alternatively, others have used protective
colloids like poly(vinyl alcohol) [PVOH], hydroxyethyl cellulose, or derivatives
thereof, either singly or in combination, to stabilize aqueous emulsion polymers.
These stabilizers produce emulsion particles that are electrically neutral or
negatively charged in an aqueous environment.

[0004] Commercially produced emulsions that contain positively charged
particles (that is, cationic emulsions) are known, but are far fewer in number. For
example, U.S. Patent 5,521,266 to Lau discloses the synthesis of cationic
emulsions, but requires complexation of water-insoluble monomers with
macromolecular carbohydrates (for example, cyclodextrin, cyclodextrin
derivative, cycloinulohexose, cycloinuloheptose, cycloinuloctose, calyxarene and

cavitand) having a hydrophobic cavity.
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[0005] U.S. Patent 4,308,189 to Moritani et al. reviews many conventional
techniques for producing cationic emulsions using low-molecular-weight cationic
emulsifiers such as laurylamine salt, octadecylamine salt, laurylpyridinium
chloride, and others that are toxic and subject to stringent regulations. The ‘189
patent also describes the use of cationic initiators and monomers to create cationic
emulsions.

[0006] U.S. Patent 5,254,631 to Yamamoto et al. discloses cationically
electrodepositable, finely divided gelled polymers (that is, internally cross-linked
polymer particles that do not coalesce into a film upon drying) having a core-
sheath structure obtained by emulsion polymerization.

[0007] So, there are few processes that yield stable emulsions and none that
offer satisfactory performance properties in applications that require film
formation on and adhesion to plastic film or adhesion to inks after prolonged
exposure to water or solvents like isopropyl alcohol (IPA).

[0008] For example, U.S. Patent 4,214,039 to Steiner et al. discloses a cationic
polymer as a primer for vinylidene chloride polymers used as coatings for oriented
polypropylene packaging films. The primer comprises an epoxy resin
composition comprising a) a liquid epoxy resin, e.g., one based on Bisphenol A,
preferably emulsified or dissolved in water, and b) a water-soluble, amine-
modified acrylic resin. This system, also employed at higher coating weights in
U.S. Patent 6,025,059 to McGee et al., lacks shelf stability. Once the ingredients
are mixed, the ingredients start to react. The useful pot life of the mixture of the
‘059 patent is no more than about 3 days. After this, the mixture gels or
agglomerates, with precipitation of components. Moreover, undesired blocking
can occur at coating weights below 0.25 grams/1000 in® (g/msi). In addition, ink
adhesion problems can occur during printing with black UV-curable screen ink.
Finally, the formulation may contain amounts of up to 10-20 wt.% propylene
glycol monomethyl ether, which may require certain precautions in handling and

use on a commercial scale.
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[0009] Typically, films prepared for use as label facestock are coated on the
printing side with a coating, which enhances ink adhesion. For instance, U.S.
Patent 5,380,587 to Musclow et al. discloses a multilayer packaging or label stock
film having excellent printability and non-blocking characteristics. The film is
first primed and then coated with copolyester coating.

[0010] Another ink adhesion enhancing coating is described in U.S. Patent
5,382,473 to Musclow et al. which discloses a multilayer film structure with a
prime coating which is the reaction product of acidified aminoethylated vinyl
polymer and epoxy resin, top coated with polyester ink base to eliminate blocking.
[0011] U.S. Patent 5,662,985 to Jensen et al. discloses a two-side coated label
which comprises a polymeric film substrate having on a first surface thereof (A)
an adhesive anchor layer and on a second surface thereof (B) an ink base layer, the
(A) and (B) layers being selected from the group consisting of: (i) a prime coating
having on an external surface a functional coating of an interpolymer of (a) an
alpha, beta-monoethylenically unsaturated carboxylic acid; and (b) a neutral
monomer ester comprising an alkyl acrylate ester and an alkyl methacrylate ester;
and (ii) an iminated polymer; or the (A) adhesive anchor layer being selected from
the group consisting of: (iii) a mixture of the functional coating of (i) and the
iminated polymer of (ii); (iv) a linear water dissipatable polyester condensation
product; and (v) a polyester; or the (B) ink base layer being selected from the
group consisting of: (vi) a prime coating having on an external surface a
functional coating of an acrylic copolymer; and (vii) a prime coating having on an
external surface a functional coating of a styrene copolymer, provided that each of
the (A) adhesive anchor layer and the (B) ink base layer is different. This
invention offers excellent adhesion to most inks, but lacks resistance to IPA and
blushes when the coated film is exposed to hot water.

[0012] One-package aqueous “latices” containing alkaline-curable self-cross-
linking polymers are disclosed in U.S. Patent 4,546,140 to Shih. These cationic
polymer emulsions were stabilized by cationic monomers and nonionic

surfactants. Shih’s invention requires the presence of a salt of an organic
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carboxylic acid to cure polymerized acrylic esters containing a halohydrin and/or
a quaternary ammonium salt. Shih’s emulsions do not contain epoxy-functional
MoNnomers.

[0013] U.S. Patent 5,296,530 to Bors et al. discloses polymers containing
pendant acetoacetoxy groups maintained at relatively high pH values of >9 prior
to application on a substrate.

[0014] U.S. Patent 5,525,662 to Lavoie et al. discloses nonionic and anionic
stabilizers for polymers containing acetoacetoxy-functional polymers. This
reference teaches that unless the acetoacetoxy moiety is converted into an
enamine in the wet state (at pH values >9), the acetoxy group will hydrolyze at
any pH, especially when heated.

[0015] U.S. Patent 5,811,121 to Wu et al. relates to pH-sensitive coatings
comprising cellulose acetoacetate esters used in controlled release of active
agents, e.g., in pharmaceuticals. Extrapolation of data by Wu et al. (US 5,811,121)
shows that at pH 7, acetoaceoxy-functional cellulose will have the acetoxyacetoxy
group completely hydrolyzed within a week at pH 7. In many applications,
however, it would be useful to provide an acetoacetoxy-functional coating that is
stable at room temperature for at least several weeks at pH values between 4 and
7.

[0016]  U.S. Patent 5,498,659 to Esser discloses water-based polymeric
formulations in which the polymer contains acetoacetoxy functionality and
requires the use of a non-polymeric amine and a polymeric component that has
both acid-functional and acetoacetoxy-type functional moieties.

[0017] U.S. Patent 6,297,328 to Collins et al. discloses a surfactant-
containing, enamine-functional polymer comprising the reaction product of a
surfactant-containing acetoacetoxy-functional (AcAc) polymer and ammonia, a
primary amine, a secondary amine or a poly(alkylenimine), for example PEIL that
is, poly(ethylene imine), or other amines that are water-soluble and stable at pH
values >8. Collins et al. disclose a surfactant-containing acetoacetoxy-functional

polymer which is a reaction product of a non-acid vinyl monomer having an



WO 03/093331 PCT/US03/10151

5

acetoacetoxy-type functionality, for example acetoacetoxy ethylmethacrylate
(AAEM), and at least one non-self polymerizing, ethylenically-unsaturated
surfactant monomer. The disclosure further recommends preparing AcAc
polymer emulsion in the presence of nonionic and anionic emulsifiers.

[0018] All of the foregoing U.S. patents are incorporated herein by reference.
[0019] The development of commercially acceptable coated plastic films for
printing applications, e.g., printable labels, is often a compromise between a
variety of desired properties. Labels used for beverage containers, or health and
beauty containers, should be capable of exposure to severe conditions encountered
during manufacturing, transport and storage. Thus printable coatings for plastic
films should exhibit hot-water resistance, organic-solvent resistance, e.g., IPA
resistance, abrasion resistance, and haze resistance on exposure to hot or cold
water. At the same time, the coating should be receptive to ink so as to provide
good adhesion of the ink to the coated film immediately after printing. The ink
should stay adhered to the coated film after a label is made and applied to a
beverage container that is exposed to hot or cold water and subsequent abrasion
encountered in mechanized handling.

[0020] Non-cross-linked polymer constituents of coatings tend to increase in
haze upon exposure to boiling water and may be completely soluble and removed
upon exposure to IPA. In addition, after ink is applied and the label exposed to
water and abrasion simulating a bottling line, the ink will abrade off the label.
Coatings can be made resistant to hot water or chemicals by cross-linking
polymers in the coating. However, when cross-linked, coatings are generally less
receptive to inks, losing the ability to have good ink adhesion immediately after
printing, especially at high printing speeds and low temperature. Even where such
coatings are resistant to IPA and show robust printing performance with a wide
variety of inks, including UV-curable inks, field testing has revealed certain
shortcomings, e.g., suitability after aéing. This is particularly true where the
coated film samples are heat-aged as opposed to being aged at ambient

temperature. Heat aging is associated with increased cross-linking.
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[0021] It would be highly desirable to provide stable cationic emulsions that
allow sufficient design flexibility to create useful coatings for plastic film, e.g., a
coating composition that exhibits a chemically resistant, printable surface such
that the coated product can be used as a label that exhibits both acceptable solvent
resistance properties and ink adhesion properties, particularly adhesion to UV-
curable screen inks and electron beam-curable (EB-curable) screen inks.
Moreover, it would be desirable that such a coating composition resists blocking
at low coating weights, which are economically favorable. Furthermore, it would
be desirable to have stable cationic emulsion polymers that could be formulated
with additives to enhance adhesion to particular substrates or inks or to impart
color, texture (a matte finish or paper-like appearance), anti-static properties,
and/or security features. Finally, it would be useful to pro{/ide such polymer

coatings that provide good ink adhesion even after heat aging.

SUMMARY OF THE INVENTION

[0022] In a broad aspect, the present invention relates to a cationically

stabilizable amino-functional polymer having a number-average molecular weight
of >3000, which exists in the presence of water as a solution or stable emulsion
only when the pH is <8, and which upon drying contains ethenically unsaturated
moieties selected from the group consisting of acrylic, methacrylic, and enamine.
[0023] In another aspect, the invention relates to a mixture comprising the
above-described amino-functional polymer and at least one additional polymer
selected from the group consisting of nonionic polymer and cationic polymer.
[0024] In yet another aspect, the present invention relates to a dryable mixture
comprising a cationically stabilizable amino-functional polymer having a number-
average molecular weight of >3000, which exists in the presence of water as a
stable emulsion only when the pH is <8, which emulsion is unstable in hydrophilic
solvent-based systems at pH values >8 and which upon drying contains
ethenically unsaturated moieties selected from the group consisting of acrylic,

methacrylic, and enamine. Removal of water from the amino-functional polymer
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shifts equilibria to favor the formation of ethenic unsaturation via condensation
when the emulsion is dried in the presence of an unsaturation number enhancer
element.

[0025] In yet another aspect, the present invention relates to a coating
composition comprising a) 70 to 99 wt.% of the amino-functional polymer as
described above; and b) 1 to 30 wt.% of an unsaturation enhancer element.

[0026] In still another aspect, the present invention relates to a plastic film that
comprises A) a plastic substrate and B) a coating comprising the coating
composition as described above.

[0027] In still yet another aspect, the present invention relates to a curable
mixture comprising i) polymeric amine having a number-average molecular
weight of >3000 and covalently bonded side chains of at least one of a)
ethenically unsaturated moieties selected from the group consisting of acrylic,
methacrylic, and enamine, and b) precursors of ethenically unsaturated moieties
selected from the group consisting of 2-hydroxy-3-chloropropylacrylate, glycidyl
methacrylate (GMA), glycidyl acrylate, acetoacetoxyethyl methacrylate (AAEM),
acetoacetoxyethyl acrylate, acetoacetoxy (methyl)ethyl acrylate,
acetoacetoxypropyl acrylate, acetoacetamidoethyl acrylate, acetoacetamidoethyl
methacrylate, and acetoacetoxybutyl acrylate; ii) epoxy cross-linking catalyst; and

iii) cross-linking agent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIGURE 1 depicts the main effects of coating design variables on ink

adhesion after samples were ambient aged for one week, printed with black UV-
curable screen ink, and passed under a UV light three times to cure the ink. The
coating formulations contained materials expected to be adhesion promoters (AP-
Type), which were covalent adducts of glycidyl methacrylate (GMA) and
poly(ethylene imine) [PEI] that theoretically contained up to 4230
microequivalents ethenic unsaturation per dry gram. The formulated printable

coatings were epoxy-functional cationic polymers that contained up to 850
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microequivalents ethenic unsaturation per gram of dried coating. Although
improvements were observed when using a curing catalyst for the epoxy
functional cationic polymer, as well as when using an additive containing more
GMA, the best ink adhesion was unexpectedly seen in samples lacking the
expected adhesion promoters.

[0029] FIGURE 2 depicts average dry ink adhesion for heat-aged coated films
after curing the ink with only two passes under the UV lamp. The coating
formulations contained self-curing cationic polymer, i) with no adhesion promoter
(comparative), ii) with DA-931, a linear diacrylate in which 2-hydroxy-3-
chloropropyl acrylate was used to cap both ends of a propylene glycol polymer
containing eleven repeat units via displacement of the halogen, containing about
2200 peq of ethenic unsaturation (comparative); and iii) an adhesion-promoting
additive of the present invention, GMA-modified NK7000, in which GMA was
coupled with a polymer that is soluble in water only at pH values <8 having a
number-average molecular weight >3000 which comprises a moiety selected from
the group consisting of primary amines and secondary amines. Acceptable
average initial dry ink adhesion was obtained only for the formulations of the
present invention.

[0030] FIGURE 3 depicts the main factors that affect wet ink adhesion in
samples kept for 23 days at ambient temperature and humidity. Six experimental
factors were varied according to L-18 Taguchi experimental design: age of the wet
formulated coating, adhesion promoter levels, co-polymerized AAEM (CP-
AAEM), epoxy cross-linking catalyst (XL-Cat), diepoxy cross-linker (XL-EO),
and diepoxy cross-linker ievels (XL-Lvl).

[0031] FIGURE 4 depicts the main factors that affect wet ink adhesion in 7-
day heat-aged (53°C) samples in which six experimental factors were varied
according to an L-18 Taguchi experimental design: age of the wet formulated
coating, adhesion promoter levels, co-polymerized AAEM (CP-AAEM), epoxy
cross-linking catalyst (XL-Cat), diepoxy cross-linker (XL-EO), and diepoxy
cross-linker levels (XL-Lvl).
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] In one aspect, the present invention relates to a cationically stabilizable

amino-functional polymer having a number-average molecular weight of >3000,
which exists in the presence of water as a solution or stable emulsion only when
the pH is <8, and which upon drying contains ethenically unsaturated moieties
selected from the group consisting of acrylic, methacrylic, and enamine. In one
embodiment of this aspect, the present invention relates to an amino-functional
polymer as described above, which further, is a condensation product of a reaction
between an amino-functional polymer comprising reactive amine hydrogens with
an element selected from the group consisting of halo-functional monomer, halo-
functional oligomer, carbonyl-functional monomer, carbonyl-functional oligomer,
epoxy-functional monomer, epoxy-functional oligomer, poly-functional acrylic
monomer, poly-functional acrylic oligomer, poly-functional methacrylic
monomer, and poly-functional methacrylic oligomer, said element containing or
forming upon drying an ethenically unsaturated moiety selected from the group
consisting of acrylic, methacrylic, and enamine. In an embodiment of this aspect
of the present invention, said element is selected from the group consisting of 2-
hydroxy-3-chloropropylacrylate, glycidyl methacrylate (GMA), glycidyl acrylate,
and acetoacetoxyethyl methacrylate (AAEM).

[0033] In another embodiment of this aspect of the present invention, the
amino-functional polymer comprises an amino-functional styrenated acrylic
polymer with a number-average molecular weight ranging from 5,000 to 80,000
daltons, say, 8,000 to 20,000 daltons and a weight-average molecular weight of
10,000 to 200,000 daltons, say, 15,000 to 50,000 daltons.

[0034] In yet another embodiment of this aspect of the present invention, said
element is present in an amount sufficient to consume >50% of reactive amine
hydrogens of said amino-functional polymer. In still another embodiment, said
element is present in an amount sufficient to consume >90% of said reactive

amine hydrogens of the amino-functional polymer.
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[0035] In another aspect of the invention, the amino-functional polymer is
soluble in hydrophilic solvent at pH values <8. In an embodiment of this aspect,
the amino-functional polymer can have at least some ethenic unsaturation
covalently bonded to the polymer before drying.

[0036] Another aspect of the invention relates to a mixture which comprises
the above amino-functional polymer which can have at least some ethenic
unsaturation covalently bonded to the polymer béfore drying, and at least one
additional polymer selected from the group consisting of nonionic polymer and
cationic polymer. A preferred embodiment of this mixture further comprises at
least one element selected from the group consisting of cross-linker, epoxy curing
catalyst, coating process-facilitating adjuvant, cationic wax dispersion, nonionic
wax dispersion, nonionic slip additive, cationic slip additive, cationic colloidal
silica, mineral filler, plastic pigment, anti-static additive, UV absorber, UV
stabilizer, biocide, and security taggant. In one embodiment, the cross-linker

comprises at least one element selected from the group consisting of
R® 0 0 R

| I | |
R°=C——(CXZ),—C—(CXQ)k—(A—[CRdz],,),,—A—(CXQ,,,——C—(CX;),,—CH=R°

and

Y—(CX2)n~—(O—[CR%],),—O0—(CX2)—Y,

where Y is selected from the group consisting of halogen and three-membered
oxirane ring, R* and R® are the same or different and selected from the group
consisting of H and C; to Cg alkyl, R® is selected from the group consisting of O
and CXj, each X can be the same or different and is selected from the group
consisting of H, hydroxyl, and halogen, R? is selected from the group consisting of
H, hydroxyl, halogen, and any organic radical containing at least one carbon atom,
wherein each R can be the same or different within the same molecule, A is
selected from the group consisting of O and NRY, CR?and CRY can each be a
separate moiety or a portion of a cyclic structure, j, £, m and » are integers ranging

from 0 to 6, ¢ is an integer ranging from 1 to 6, inclusive, and p is an integer
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ranging from 0 to 30, inclusive. In another embodiment of this aspect, the
additional polymer is a cationically stabilizable emulsion polymer with a
calculated glass transition temperature that is <35°C that comprises on a dry basis:
i) 3 to 70 wt.% of at least one water-soluble polymeric compound having a
number-average molecular weight >5000 which comprises a moiety selected from
the group consisting of primary amines and secondary amines; and ii) 30 to 97
wt.% of a blend of vinylic, non-acidic monomers which are uncharged or
positively charged in an aqueous solution having a pH between 1 and 8§, which
vinylic, non-acidic monomers include a) a nitrogen-containing monomer, b) a
monomer that is either epoxy-functional or carbonyl-functional, and c¢) an acrylic
or methacrylic ester.

[0037] In a preferred embodiment, a) is selected from the group consisting of
acrylonitrile and methacrylonitrile, b) is selected from the group consisting of
glycidyl methacrylate, glycidyl acrylate, acetoacetoxyethyl methacrylate,
acetoacetoxyethyl acrylate, acetoacetoxy (methyl)ethyl acrylate,
acetoacetoxypropyl acrylate, acetoacetamidoethyl acrylate, acetoacetamidoethyl
methacrylate, and acetoacetoxybutyl acrylate, and c) is selected from the group
consisting of acrylate ester and methacrylate ester, said esters being made from
alcohols of 1 to 8 carbon atoms.

[0038] In yet another embodiment, the blend of vinylic, non-acidic monomers
comprises 5 to 25% a), 5to 20% b), and 55 to 90% c), such that the calculated
glass transition temperature of said additional polymer upon drying is <25°C
before cross-linking.

[0039] In still another aspect, the present invention relates to a cationically
stabilizable amino-functional polymer having a number-average molecular weight
of >3000, which exists in the presence of water as a stable emulsion only when the
pH is <8, and which upon drying contains ethenically unsaturated moieties
selected from the group consisting of acrylic, methacrylic, and enamine, wherein
the amino-functional polymer forms a hydrophilic solvent-based emulsion at pH

values <8 and is unstable in hydrophilic solvent-based systems at pH values >8.



WO 03/093331 PCT/US03/10151

12

For present purposes, hydrophilic solvents are those which are soluble in water,
including, e.g., water, water-soluble alcohols, glycols and glycol ethers. In one
embodiment of this aspect, removal of water from the amino-functional polymer
shifts equilibria to favor the formation of ethenic unsaturation via condensation
when said emulsion is dried in the presence of an unsaturation number enhancer

element selected from the group consisting of

R? (”) O R°
| I
R°=C—(CX;)—C—(CX2)i—(O—[CR%],),—A—C—CH=CX,
and
O R°

Y—(CX;),,,—(O—[CR"Z]q)p—A—g—lCH=CX2,
where Y is selected from the group consisting of halogen and three-membered
oxirane ring, R* and R® are the same or different and selected from the group
consisting of H and C; to Cg alkyl, R® is selected from the group consisting of O
and CX;, each X can be the same or different and is selected from the group
consisting of H, hydroxyl, and halogen, R® is selected from the group consisting of
H, hydroxyl, halogen, and any organic radical containing at least one carbon atom,
wherein each R? can be the same or different, A is selected from the group
consisting of O and NR?, CR? and CRY, can each be a separate moiety or a portion
of a cyclic structure, j, k, and m are integers ranging from 0 to 6, inclusive, ¢ is an
integer ranging from 1 to 6, inclusive, and p is an integer ranging from 0 to 30,
inclusive.
[0040] In yet another aspect of the invention, the present invention relates to a
dryable mixture comprising the immediately above-described amino-functional
polymer, and an unsaturation number enhancer element that forms ethenic
unsaturation within said amino-functional polymer upon drying. In one
embodiment, the dryable mixture further comprises at least one element selected

from the group consisting of cationic polymer, nonionic polymer, cross-linker,
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epoxy curing catalyst, coating process-facilitating adjuvant, cationic wax
dispersion, nonionic wax dispersion, nonionic slip additive, cationic slip additive,
cationic colloidal silica, mineral filler, plastic pigment, anti-static additive, UV
absorber, UV stabilizer, biocide, and security taggant. In another embodiment of
this dryable mixture, the cross-linker comprises at least one element of the
following group of structures:

R 0 0 R’

|
R*=C—(CXp)—C—(CX)i—(A—[CR%],),—A—(CX2),—C—(CX,),—CH=R’

and

Y—(CX2)—(O—[CR%],),—O0—(CX2),—Y ,

where Y is selected from the group consisting of halogen and three-membered
oxirane ring, R* and R are the same or different and selected from the group
consisting of H and C, to Cg alkyl, R® is selected from the group consisting of O
and CX», each X can be the same or different and is selected from the group
consisting of H, hydroxyl, and halogen, R% is selected from the group consisting of
H, hydroxyl, halogen, and any organic radical containing at least one carbon atom,
wherein each R can be the same or different within the same molecule, A is
selected from the group consisting of O and NR?, CR® and CR% can each be a
separate moiety or a portion of a cyclic structure, j, k, m and » are integers ranging
from 0 to 6, g is an integer ranging from 1 to 6, inclusive, and p is an integer
ranging from 0 to 30, inclusive. In another embodiment of the invention, in the
cross-linker, Y is a three-membered oxirane ring, A is oxygen, X and RY are
hydrogen, R* and R® are the same or different and are selected from hydrogen or
methyl, R° is oxygen, 7 is equal to 1, g is equal to 2, m equals 1 or 2, and p is <10.
In another embodiment of the dryable mixture, in the unsaturation number
enhancer element (which is an adhesion-promoting element in this embodiment),
Y is a three-membered oxirane ring, A is oxygen, R® and R are the same or
different and selected from hydrogen and methyl, R® is oxygen, X and R® are

hydrogen, n is equal to 1, g is equal to 2, m equals 1 or 2, and p is <10. In
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another embodiment the invention comprises the dryable mixture wherein the
amino-functional polymer is a cationically stabilizable emulsion polymer with a
calculated glass transition temperature <35°C that comprises on a dry basis:

i) 3 to 70 wt.% of at least one water-soluble polymeric compound having
a number-average molecular weight >5000 which comprises a moiety selected
from the group consisting of primary amines and secondary amines; and

ii) 30to 97 wt.% of a blend of vinylic, non-acidic monomers which are
uncharged or positively charged in an aqueous solution having a pH between 1
and 8, which vinylic, non-acidic monomers include a) a nitro gen-containing
monomer, b) a monomer that is either epoxy-functional or carbonyl-functional,
and c) an acrylic or methacrylic ester.
[0041] In another embodiment, the dryable mixture has a blend of vinylic,
non-acidic monomers wherein a) is selected from the group consisting of
acrylonitrile and methacrylonitrile, b) is selected from the group consisting of
glycidyl methacrylate, glycidyl acrylate, acetoacetoxyethyl methacrylate,
acetoacetoxyethyl acrylate, acetoacetoxy (methyl)ethyl acrylate,
acetoacetoxypropyl acrylate, acetoacetamidoethyl acrylate, acetoacetamidoethyl
methacrylate, and acetoacetoxybutyl acrylate, and c) is selected from the group
consisting of acrylate esters and methacrylate esters, said esters being made from
alcohols of 1 to 8 carbon atoms. For example, the blend of vinylic, non-acidic
monomers comprises 5 to 25% a), 5 to 20% b), and 55 to 90% c), such that the
calculated glass transition temperature of said dried polymer is <25°C before
cross-linking.
[0042] In another aspect, the present invention relates to a cationically
stabilizable amino-functional polymer having a number-average molecular weight
of >3000, which exists in the presence of water as a solution or stable emulsion
only when the pH is <8, and which upon drying contains ethenically unsaturated
moieties selected from the group consisting of acrylic, methacrylic, and enamine,
wherein the amino-functional polymer is a condensation product of a reaction

between an amino-functional polymer comprising reactive amine hydrogens with
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an element selected from the group consisting of halo-functional monomer, halo-
functional oligomer, carbonyl-functional monomer, carbonyl-functional oligomer,
epoxy-functional monomer, epoxy-functional oligomer, poly-functional acrylic
monomer, poly-functional acrylic oligomer, poly-functional methacrylic
monomer, and poly-functional methacrylic oligomer, said element containing or
forming upon drying an ethenically unsaturated moiety selected from the group
consisting of acrylic, methacrylic, and enamine, said element being further
selected from the group consisting of 2-hydroxy-3-chloropropylacrylate, glycidyl
methacrylate (GMA), glycidyl acrylate, acetoacetoxyethyl methacrylate (AAEM),
acetoacetoxyethyl acrylate, acetoacetoxy (methyl)ethyl acrylate,
acetoacetoxypropyl acrylate, acetoacetamidoethyl acrylate, acetoacetamidoethyl
methacrylate, and acetoacetoxybutyl acrylate.

[0043] In still another aspect, the present invention relates to a coating
composition for plastic film which composition contains

a) 70to 99 wt.% of an amino-functional polymer as described above; and

b) 1 to 30 wt.% of an unsaturation number enhancer element selected

from the group consisting of

R? 0 O R
| u d |
R°=C—(CX)—C—(CX2)—(0—[CR%],),—A—C—CH=CX,
and

O R
.
Y—(CX3)—(O—[CR%],);—A—C—CH=CX,
where Y is selected from the group consisting of halogen and three-membered
oxirane ring, R* and R are the same or different and selected from the group
consisting of H and C; to Cs alkyl, R® is selected from the group consisting of O
and CX,, each X can be the same or different and is selected from the group

consisting of H, hydroxyl, and halogen, R® is selected from the group consisting of
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H, hydroxyl, halogen, and any organic radical containing at least one carbon atom,
wherein each RY can be the same or different, A is selected from the group
consisting of O and NR?, CR® and CRY, can each be a separate moiety or a portion
of a cyclic structure, j, k, and m are integers ranging from 0 to 6, inclusive, g is an
integer ranging from 1 to 6, inclusive, and p is an integer ranging from 0 to 30,
inclusive. In a preferred embodiment of this aspect of the present invention, the
amino-functional polymer is a condensation product of a reaction between an
amino-functional polymer comprising reactive amine hydrogens with an element
selected from the group consisting of halo-functional monomer, halo-functional
oligomer, carbonyl-functional monomer, carbonyl-functional oligomer, epoxy-
functional monomer, epoxy-functional oligomer, poly-functional acrylic
monomer, poly-functional acrylic oligomer, poly-functional methacrylic
monomer, and poly-functional methacrylic oligomer, said element containing or
forming upon drying an ethenically unsaturated moiety selected from the group
consisting of acrylic, methacrylic, and enamine. In another preferred embodiment
of this aspect of the present invention, the coating composition further comprises
at least one element selected from the group consisting of coating process-
facilitating adjuvant, nonionic wax dispersion, cationic wax dispersion, nonionic
slip additive, cationic slip additive, cationic colloidal silica, mineral filler, plastic
pigment, cross-linking compound, curing catalyst, anti-static additive, and security
taggant.
[0044] In yet another aspect, the present invention relates to a coating
composition for plastic film which comprises

a) 1to 50 wt.% of the amino-functional polymer in which at least some
ethenic unsaturation is covalently bonded to the polymer before drying as
described above, and

b) 50 to 99 wt.% of at least one additional polymer selected from the
group consisting of nonionic polymer and cationic polymer. In one embodiment
of this aspect of the present invention, the amino-functional polymer is a

condensation product of a reaction between an amino-functional polymer



WO 03/093331 PCT/US03/10151

17

comprising reactive amine hydrogens with an element selected from the group
consisting of halo-functional monomer, halo-functional oligomer, carbonyl-
functional monomer, carbonyl-functional oligomer, epoxy-functional monomer,
epoxy-functional oligomer, poly-functional acrylic monomer, poly-functional
acrylic oligomer, poly-functional methacrylic monomer, and poly-functional
methacrylic oligomer, said element containing or forming upon drying an
ethenically unsaturated moiety selected from the group consisting of acrylic,
methacrylic, and enamine. In still yet another embodiment of this aspect of the
present invention, the coating composition further comprises at least one element
selected from the group consisting of coating process-facilitating adjuvant,
nonionic wax dispersion, cationic wax dispersion, nonionic slip additive, cationic
slip additive, cationic colloidal silica, mineral filler, plastic pigment, cross-linking
compound, curing catalyst, anti-static additive, and security taggant.

[0045] In still another aspect, the present invention relates to a plastic film that
comprises A) a plastic substrate layer and B) a coating comprising embodiments
of the coating composition as described above. In an embodiment of this aspect
of the present invention, the plastic film further comprises an ink print image on a
surface of said coating opposite from said plastic substrate layer. In another
embodiment of this aspect of the invention, the coating can be placed on another
coating, e.g., poly(ethyleneimine) or a layer of metal or metal oxide, such as
aluminum or aluminum oxide.

[0046] In still yet another aspect, the present invention relates to a curable
mixture comprising i) polymeric amine having a number-average molecular
weight of >3000 and covalently bonded side chains of at least one of a)
ethenically unsaturated moieties selected from the group consisting of acrylic,
methacrylic, and enamine, and b) precursors of ethenically unsaturated moieties
selected from the group consisting of 2-hydroxy-3-chloropropylacrylate, glycidyl
methacrylate (GMA), glycidyl acrylate, acetoacetoxyethyl methacrylate (AAEM),
acetoacetoxyethyl acrylate, acetoacetoxy (methyl)ethyl acrylate,

acetoacetoxypropyl acrylate, acetoacetamidoethyl acrylate, acetoacetamidoethy]
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methacrylate, and acetoacetoxybutyl acrylate; ii) epoxy cross-linking catalyst; and
iii) cross-linking agent.

[0047] Another aspect of the present invention relates to the above-mentioned
curable mixture, wherein said polymeric amine is a condensation product made by
reacting an amino-functional polymer comprising reactive amine hydrogens with
an element selected from the group ¢onsisting of halo-functional monomer, halo-
functional oligomer, carbonyl-functional monomer, carbonyl-functional oligomer,
acrylic-functional monomer, acrylic-functional oligomer, methacrylic-functional
monomer, methacrylic-functional oligomer, epoxy-functional monomer, and
epoxy-functional oligomer, said element containing an ethenically unsaturated
moiety selected from the group consisting of acrylic and methacrylic. In one
embodiment of this curable mixture, the amino-functional polymer is soluble in
hydrophilic solvent at pH values <8 and is insoluble at pH values >8. In another
embodiment of this curable mixture, the amino-functional polymer forms a water-
based emulsion at pH values <8 and is unstable in water at pH values >8.

[0048] For present purposes, the term “cationically stabilizable amino-
functional polymer” relates to amino-functional polymer that is capable of
existing in the presence of water as a solution or a stable emulsion when the pH is
<8. This term is inclusive of cationically stabilizable amino-functional polymer,
i.e., said polymer in its stabilized form. Loss of stability of the emulsifiable
polymer can manifest itself in several ways: loss of performance (e.g., due to
hydrolysis of a functional monomer) as well as coagulation or separation such that
it cannot be redispersed under low-shear conditions (i.e., a shear rate of <38000 s
1. Inthe present invention, a “stable emulsion” (absent fillers and other
additives) is one that is dispersible under low-shear conditions or that has a
functional shelf-life of at least two weeks without observable separation or
coagulation, or, if observable separation or coagulation does occur, redispersion
can be effected at low-shear conditions as described above. In other words, an
unstable emulsion is one that cannot be redispersed or that can only be dispersed

under high-shear conditions with a high-shear mixer at a shear rate of at least
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38,000 sec™! or in a sonicator at a power density of at least 4 watts per milliliter
sec!. Examples of such processing equipment include Branson sonifiers and
high-shear mixers, e.g., Model LART 1/3 hp variable speed lab mixture
manufactured by Silverson Machines, Inc., East Longmeadow, Massachusetts,
USA.

[0049] The cationically stabilizable, amino-functional polymer of the present
invention has positive charges along its backbone, which are generally associated
with negatively charged counterions like CI', Br’, NO3,, SO4'2, RCO, " derived
from inorganic or organic acids of relatively low molecular weight. If the
localized pH around the cationic polymer exceeds 8, “kick out” or coagulation of
the polymer will occur.

[0050] Self-curing embodiments of the amino-functional polymer of the
present invention include those wherein at least one of the monomers is epoxy-
functional; and the water-soluble polymeric compound has a number-average
molecular weight >5000, preferably >7500, and comprises a moiety selected from
the group consisting of primary amines, secondary amines, and tertiary amines.
The epoxy-functional monomer can be selected from the group consisting of
glycidyl acrylate and glycidyl methacrylate (GMA). In a preferred embodiment,
the self-curing, cationically stabilizable emulsion polymer comprises at least one
of said monomers that contains nitrogen, e.g., a nitrogen-containing monomer
selected from the group consisting of acrylonitrile and methacrylonirile.
Preferably, the water-soluble polymeric compound is present in an amount
sufficient to stabilize an emulsion of the polymer and react with the epoxy-
functional monomer when the emulsion is dried. The ratio of epoxy equivalents
to reactive amine hydrogen equivalents in self-curing polymer can vary widely.
However, the preferred ratio is in the range between 1:1 and 3:1, with a ratio
between 1.5:1 and 2.5:1 being more preferred.

[0051] For present purposes, “amino-functional polymer” relates to a polymer
which comprises sufficient amine groups to stabilize an emulsion of the polymer

with a hydrophilic solvent when protonated.
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[0052]  For present purposes “drying” relates to exposing a solution or
emulsion to temperatures and times sufficient, e.g., as in a drying oven, to remove
hydrophilic solvent to provide a coalesced solid. Thus a “dryable mixture” relates
to a mixture that can be dried to an extent sufficient to provide a coalesced solid
mixture.

[0053] For present purposes “number-average molecular weight” is
determinable by gel permeation chromatography relative to polystyrene standards.
To measure such, emulsions can be dissolved in THF (tetrahydrofuran), then
filtered through a 0.5-micron disposable filter and run in the aforementioned
solvent at a flow rate of 1.2 mL/min using a Jordi Gel DVB mixed bed column, 50
cm x 10 mm (ID), on a Water Model 410. The column oven temperature was
maintained at 35°C. The injection size was 150 microliters of a 0.15% (w/v)
solution. The

samples were monitored at a sensitivity of 8x and a scale factor of 20. Data
acquisition and handling were with Sigma Ultratek software.

[0054] For present purposes, the term “unsaturation number enhancer
element” relates to an additive or reactant whose addition or presence increases
the extent of ethenic unsaturation in a dried polymeric film, as compared to a

dried polymeric film differing only by the absence of said additive or reactant.

Plastic Substrate

[0055] The plastic substrate to be coated can be any thermoplastic material.
Preferably, the plastic substrate is produced from a thermoplastic material, such as
polyolefins, polyamides, polyesters, and polyethylene terephthalate. Examples of
polyolefins to be used include alpha-olefins produced by Ziegler-Natta or
metallocene catalysts, such as polyethylene, polypropylene, and copolymers and
terpolymers thereof.

[0056] Preferably, the plastic substrate layer is a film, since thermoplastic
films coated in accordance with preferred embodiments of the invention are

particularly suitable for use as printable labels due to their excellent wet-scratch
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resistance, ink gloss and print image. The films can be clear or cavitated
structures having one or several layers. Examples of film substrates particularly
suitable for use are found in U.S. Patents 5,382,473, 5,380,587 and 5,194,324,
which are herein incorporated by reference. One preferred cavitated structure is a
biaxially oriented cavitated polypropylene/polybutylene terephthalate film,
disclosed in U.S. Patent 4,632,869, which is herein incorporated by reference.
One preferred clear structure is a biaxally oriented coextruded polyolefin film
having a skin layer comprising a random copolymer of ethylene and propylene
containing from about 0.5% to 6% ethylene disclosed in U.S. Patent 4,439,493 by
Hein et al. incorporated herein by reference.

[0057] Total thickness of the plastic film of the present invention can range
from 7.5 to 250 microns. Clear label films are generally 25 to 75 microns, with 35
to 55 microns being preferred. Cavitated (or opaque) film substrates for labels can
have a thickness from 50 to 250 microns, with 60 to 100 microns being preferred.
Films used for flexible packaging (clear or opaque) tend to be thinner than labels:
7.5 to 50 microns with 12 to 40 microns being preferred.

[0058] Depending upon the intended use, the plastic film can be coated on one
or two sides with the coating applied by any means known in the art as a
continuous film or as a pattern. In coated areas, the application rate of the coating
can be between 0.05 and 5 grams/msi. Economics generally favor thinner coating
layers; however, one might choose to use thicker layers of coating to impart
stiffness, moisture or gas barrier, seal strength, or optical effects (e.g., color,

opacity, or a matte finish) to the plastic film.

Coating Composition

[0059] The various cationically stabilizable amino-functional polymers
described above are especially suitable for use in a coating composition for plastic
film. Such coating composition preferably comprises at least one additive that
provides an improved coating. Such an additive can be selected from the group

consisting of: coating process-facilitating adjuvant, nonionic wax dispersion,
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cationic wax dispersion, nonionic slip additive, cationic slip additive, cationic
colloidal silica, mineral filler, plastic pigment, adhesion promoter, cross-linking
compound, curing catalyst, anti-static additive, and security taggant. Such
additives, some of which are further discussed below, are known to those skilled
in the art.

[0060] Coating process-facilitating adjuvants include defoamers, wetting
agents, lubricants, and the like. For example, the coating composition when
applied to the substrate layer may not “wet out” uniformly, especially when such
materials are applied in very thin layers. As a result, the dry but as yet uncured
liquid mixture may retract into droplets or “islands”. Also, high-speed application
of coatings can generate foam. Volatile additives are generally preferred over
non-volatile defoamers and surfactant-like wetting aids. Ethylene glycol
monohexyl ether (commercially available as Hexyl Cellosolve™ from Union
Carbide) facilitates wetting of the coating on the plastic substrate and helps to
control foam. Other alcohols and glycol ethers like Dowanol™ PM made by Dow
Chemical Company can serve a similar function. Typically the wet coating
formulation can comprise from 0.2% up to about 10% by weight of such volatile
processing additives.

[0061] Nonionic or cationic wax emulsions can improve block resistance or
lower the coefficient of friction. Michemlube 156, produced by Michelman, Inc.,
is one of many suitable emulsions that are compatible with the cationic emulsion
polymers disclosed in this invention. Such materials are generally unnecessary in
cross-linked systems, but those skilled in the art know that such materials are
important for balancing printability and sealability properties with blocking
resistance in coatings that contain little or no cross-linking. Depending upon the
application, up to 15% of the dried film can comprise wax.

[0062] Slip additives besides wax include synthetic particulates like Nippon
Shokubai’s Epostar ™ poly(methyl methacrylate) spheres that are 1 to 6 microns
in diameter dispersed in water or alcohol containing a small amount of nonionic or

cationic surfactant to aid dispersion. Equally useful are similarly dispersed non-
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meltable poly(monoalkylsiloxanes) having a mean particle size of about 0.5 to
about 20 microns and a three-dimensional structure of siloxane linkages. Such
materials are commercially available from Toshiba Silicone Co., Ltd and they are
marketed under the trade name Tospearl™.

[0063] Dupont Specialty Chemicals manufactures two grades of colloidal
silica: Ludox ® CL (average particle size 0.012 micron) and Ludox® CL-P
(average particle size 0.022 micron). These materials can lower the coefficient of
friction, especially when the flexible packing film or labels are required to move
smoothly over heated surfaces. Moreover, these small particulates can help to
improve the adhesion of many types of ink. Some applications might require that
the dried film contain up to 60% colloidal silica. Other applications require none
at all.

[0064] Examples of mineral fillers and pigments particularly suitable for use
in cationic emulsions are found in U.S. Patent 6,025,059 to McGee et al. and are
incorporated herein by reference. Such additives could be expanded to include
dyes and pigments to impart color to the coated film.

[0065] Other useful adhesion promoters can be incorporated into the coatings
to improve anchorage of the coating to certain substrates or to improve adhesion
of a topcoat or ink to a substrate that has been coated with the formulated cationic
polymer emulsion. Examples of adhesion promoters include, but are not limited
to, chelated alkoxy titanates marketed under the trade name “Vertec” are available
from Synetix (a division of Imperial Chemical Industries PLC), Silquest® Silanes
from Crompton Corporation, or derivatives of phosphinic acid, phosphonic acid,
or phosphoric acid as described in U.S. Patent 4,223,115 to Zaruda et al.,
incorporated herein by reference.

[0066] The amino-functional polymer of the present invention can be cross-
linked with a cross-linking agent added after the polymer synthesis to improve
solvent resistance of the coating or to attenuate properties such as hot tack, even if
vthe polymer has functional groups to self-cross-link. For present purposes, IPA

resistance can measure solvent resistance. Measurement of IPA resistance of the
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coated plastic film of the present invention can be carried out by rubbing a 70%
IPA soaked swab about 4 by 4.5 centimeters available from Becton-Dickinson in a
circular motion 20 times on a coated surface with medium pressure using the
index finger. Damage or whitening of the coating is then visually assessed after
the IPA dries.
[0067] The cross-linking agent can be selected from the group consisting of
polyfunctional aziridine, epoxy silane, polyfunctional epoxy, polyfunctional
isocyanate, urea formaldehyde, polyfunctional aldehyde, polyfunctional ketone,
and melamine formaldehyde. Preferably, the cross-linking agent is selected from
the group consisting of epoxy silane, polyfunctional epoxy, polyfunctional
aldehyde, polyfunctional ketone, and melamine formaldehyde. Cross-linkers of
the following general structure are most preferred:

R® o) 0 R®

| | ' | |
R*=C—(CXy)—C—(CX)—A—[CR%],)—A—(CXy)y—C—(CXo),—CH-R®

and

Y—(CX2)y—(O—[CR%],)—0—(CX2),—Y ,

where Y is selected from the group consisting of halogen and three-membered
oxirane ring, R* and R® are the same or different and selected from the group
consisting of H and C; to Cs alkyl, R® is selected from the group consisting of O
and CX,, each X can be the same or different and is selected from the group
consisting of H, hydroxyl, and halogen, R is selected from the group consisting of
H, hydroxyl, halogen, and any organic radical containing at least one carbon atom,
wherein each RY can be the same or different within the same molecule, A is
selected from the group consisting of O and NRY, CR® and CRY, can each be a
separate moiety or a portion of a cyclic structure, j, £, m and » are integers ranging
from 0 to 6, g is an integer ranging from 1 to 6, inclusive, and p is an integer
ranging from 0 to 30, inclusive.

[0068] In some circumstances, the cross-linking agent is added with a cross-

linking catalyst. Such catalysts are known to those skilled in the art and many are
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listed by Steiner et al. in U.S. Patent 4,214,039, incorporated herein by reference.
Preferred amine catalysts include Ancamine® K54 (Tris-2,4,6-
[dimethylaminomethyl] phenol) and Imicure® EMI-24 (2-ethyl-4-methyl-1H-
imadazole) manufactured by Air Products and Chemicals, Inc. These amine
catalysts are also preferred for the self-curing cationic polymers of this invention.
To avoid coagulation of the cationic emulsion, one should dilute these amine
catalysts with water to about 1% before adding them to the emulsion.
Alternatively, the amine catalysts can be diluted to about 10% solutions that have
had the pH lowered to <8 with a mineral acid like HCI or an organic compound
like acetic acid. Acid catalysts are preferred for formaldehyde resins, preferably
p-toluene sulfonic acid.

[0069] Some applications require the coated film to have anti-static properties.
Many anti-static additives contain monomeric or polymeric quaternary ammonium
salts. These additives are easily compatible with the cationic polymer emulsion of
this invention. One such additive is diallyldimethyl ammonium chloride (261 RV
manufactured by Calgon Corporation of Naperville, Illinois). Alternatively one
can use combinations of nonionic surfactants and low-molecular-weight salts like
lithium halides, choline chloride, lithium tetrafluoroborate, and other salts known
in the art to impart anti-static properties to the coating. Amino-functional
silicones such as Ultrasil A-300 (manufactured by Noveon of Brecksville, Ohio)
can also contribute to static dissipation.

[0070] Inclusion of security taggants in plastic films is useful in identifying
counterfeited products or identifying the source of supply in product-liability
cases. Any material that is insoluble, stable to conditions of use, and uniquely
identifiable could be dispersed into the cationic coatings and applied to a plastic
film. Micot Corporation manufactures small multi-colored chips that they market
under the trade name Secutag ®. These insoluble, heat-resistant particles have
particle sizes ranging from 5 to 125 microns. These inert materials are easily
dispersed into the cationic emulsions of this invention. These markers are useful,

because every customer has a unique color code built into at least four up to ten
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microscopic layers. Inclusion of a tiny amount of these materials into the coating

can uniquely identify the source of the coating or the coated film.

Coated Plastic Film

[0071] The above-described coating composition can be applied to a plastic
film. Such plastic film can be used in various applications including packaging
and labeling. The plastic film comprises i) a plastic substrate and ii) any of the
coating compositions of the invention described above. In one embodiment, the
plastic film comprises an ink print image on the side of said coating opposite from
said plastic substrate. In another embodiment, the plastic film comprises a coating
layer that imparts properties to the film which properties are selected from grease
barrier, moisture barrier, gas barrier, light barrier, printability, receipt of an image
via a process selected from the group consisting of mechanical (e.g., embossing,
engraving or etching), electronic, magnetic, thermal, chemical and photographic
processes, generation of an image via a process selected from the group consisting
of mechanical (e.g., embossing, engraving or etching), electronic, magnetic,
thermal, chemical and photographic processes, carrying of anti-microbial agents,
carrying of colorants, carrying of scents, water absorption, organic solvent
absorption, release from pressure-sensitive adhesives, mar resistance, anti-static,
conductivity, machinability, sealability, and adhesion.

[0072] The coating layér can be selected from vapor-deposited metals or metal
oxides and any polymeric coatings known in the art, and can be in the form
selected from at least one of the group consisting of aqueous solvent dispersions,
aqueous solvent solutions, organic solvent dispersions and organic solvent
solutions. Such coatings can comprise at least one member of the group
consisting of acrylic, styrene acrylic, styrene butadiene, acrylonitrile-butadiene-
styrene, poly(vinylidene chloride), poly(vinyl chloride), poly(vinyl alcohol),
ethylene vinyl alcohol, ethylene-acrylic acid copolymer, polysilicates, silicones,

polyurethane, and gelatin. Preferred metals and metal oxides include aluminum,
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silver, gold, copper and their oxides, with aluminum and aluminum oxides being

preferred in one embodiment.

Primer Layer

[0073] In another embodiment of the present invention, a primer or functional
layer can be applied to the coating side of the plastic substrate prior to coating.
Examples of the primer for thermoplastic materials include poly(ethyleneimine),
which can be coextruded with or coated on the plastic substrate, and the epoxy
coating at a low coating weight following the teaching of U.S. Patent 4,214,039,
to Steiner et al. Corona, plasma or flame treating can also be used with or instead
of the primer. Functional layers can provide a barrier to grease, light, gas, and
water vapor transmission, for example, or other beneficial properties of coatings
listed earlier. Materials to be used as the functional layer include, but are not
limited to, metal, metal oxide, ethylene vinyl alcohol (EVOH), PVOH, and PVdC.
The metal and metal oxides may be the same as those described with respect to

the coating layers above.

Coating on Side Opposite of the Printable Layer

[0074] In order to provide printable labels, the non-print surface of the coated
plastic substrate (i.e., the surface of the substrate opposite the coating) can be
coated with various adhesives and have a releasable liner adhered thereon, or with
anti-static coatings to improve application performance of coated substrates.
Coating may optionally be applied on the side opposite side of the substrate film
from the printable layer to improve the adhesion of pressure sensitive adhesives or

to improve blocking, etc.

Printing
[0075] The ink print image can be applied to the coated substrate using any

known printing process. Examples include, but are not limited to, gravure,
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flexographic, lithographic, UV-screen, UV-letterpress, inkjet, and intaglio printing
processes. Similarly, the choice of inks to be used is variable.

[0076] The following non-limiting examples illustrate the preparation of
several cationic emulsions and the advantageous use of the above-described

coating on plastic films.

Example 1

[0077] This example shows a comparative amino-functional polymer having
ethenic unsaturation does not necessarily improve adhesion of inks even for films
cured at ambient temperature. Glycidyl methacrylate (GMA) was reacted with
poly(ethylene imine). In one case (identified as the "+1" AP-Type in FIGURE 1)
enough GMA was put into the reaction mixture to consume 90% of the reactive
amine hydrogens in Epomin P-1050 (theoretically yielding up to about 4230
micro-equivalents [peq] ethenic unsaturation per dry gram). In the other case
(identified as the "-1" AP-Type in FIGURE 1), the amount of GMA would only
consume up to 50% of the reactive amine hydrogens (yielding up to about 2960
peq ethenic unsaturation per dry gram). In a designed experiment, these additives
were mixed with a self-curing cationic emulsion (see Polymerization Example C
below) and coated on the print surface of 196LL B2 manufactured by the Films
Business of ExxonMobil. The coating formulations were diluted to 5% solids
with water containing 0.5% Hexyl Cellosolve™ from Union Carbide and applied
to corona-treated film with a 130-Quad direct gravure cylinder at 35 feet per
minute. The coating was dried at 120°C. The main effects plot shows the
responses to the design variables after the samples were ambient-aged for one
week and then hand printed with Norcote black UV-curable screen ink. Three
passes under the UV light were used to cure the ink:

[0078] Zero or 2 phr (parts per hundred resin) Imicure EMI-24 was included
in the coating formulations (corresponding to the "-1" and "+1" Cat-Level,
respectively, in FIGURE 1). This material helps to catalyze the curing reaction in

the epoxy-functional cationic polymer. Responses to this variable were not
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statistically significant. Responses to adhesion promoter level (AP-Level) were
contrary to expectations. Samples without any GMA-modified-PEI (the "-3"
condition for A-P Level in the above graph) had the best ink adhesion. Moreover,
the trend shows that, on average, more GMA-modified-PEI actually reduced ink
adhesion in the range from 0 to 850 peq ethenic unsaturation per gram of dried
coating. However, AP-Type did yield a statistically significant response (98%
confidence): The additive that contained more GMA yielded better ink adhesion,
which is a trend that follows an expectation that more ethenic unsaturation would
improve adhesion.

[0079] Responses for ink adhesion after heat aging were not plotted. All the
results were bad (<10% adhesion)—even controls that did not contain PEI
derivatives. So, these results show that having ethenic unsaturation in a primer for
UV-curable inks is not sufficient to enhance ink adhesion. In fact, such materials
can actually degrade adhesion depending upon the nature of the polymeric

backbone to which the ethenic unsaturation is attached.

Example 2
[0080] Art taught by Republic of South Africa Patent Application 970523

(UCB) teaches polyallylic materials can be used as adhesion promoters. This
example shows that self-curing cationic polymers modified to create a polyallylic
material are inferior to self-curing cationic polymers modified to create a
polymethacrylate derivative in promoting the adhesion of UV-curable ink.

[0081] A self-curing cationic emulsion was prepared according to the
procedure described in Polymerization Example C, which had an epoxy to amine
hydrogen ratio of 2.0£0.25 to 1. After the polymerization was complete, another
equivalent of GMA was added directly to the emulsion so that the total ratio of
epoxy equivalents to amine hydrogens was 3.0+0.25 to 1. Then the mixture was
heated for 8 hours at 50+5°C in the presence of 1000 ppm methyl ether of
hydroquinone (MEHQ) to inhibit the homopolymerization of the additional GMA.

Based on the increase in non-volatile material, ~86% of the monomeric GMA
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became bound to the polymer, despite the large excess of epoxy functionality in
the system. Theoretically, this polymer would now be a polymeric polyfunctional
methacrylate with an ethenic unsaturation content of about 300 peq per dry gram
if none of the ethenic content were lost to side reactions.
[0082] An emulsion polymer with the same composition was treated with the
same number of equivalents of allyl glycidyl ether (AGE). Since AGE will not
homopolymerize, no MEHQ was put into the emulsion and higher temperature
was used to facilitate the condensation of the glycidyl ether with the amine
stabilizer in the emulsion. After three hours at 70°C only ~20-25% of the AGE
was coupled to the polymer. Though the coupling was not as efficient, we still
prepared a polymeric polyallyiic material.
[0083] Both chemically modified emulsions and an unmodified emulsion as a
control were formulated in the following way and applied to the print surface of
196LL B2 made by the ExxonMobil Films Business:

Polymer Emulsion C 100 phr (dry weight)

Imicure EMI-24 (Air Products) 2 phr (dry weight)
[0084] After coating and drying at about 120°C as described in Example 1,
samples were conditioned for one week at 53°C and then inked with Norcote
black UV screen ink. We cured one set of inked samples with two passes under
the UV lamp and another set with three passes under the UV lamp. TABLE 1
below summarizes the results for ink adhesion after three pulls with Scotch® 600

tape from crosshatched samples tested within ten minutes of having the ink cured:

TABLE 1
Polymer Emulsion | % Ink Adhesion | % Ink Adhesion
(2 UV Passes) (3 UV Passes)
Unmodified 5 80
Control ,
GMA-modified 100 100
AGE-modified 5 10
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[0085] Table 1 shows that the polyallylic polymer actually afforded worse ink
adhesion than the unmodified control in heat-aged samples. Robust ink adhesion
is important for heat-aged films, because coated films can become very hot in
warehouses or in transit during the summer months.

[0086] The effect of the AGE is quite dramatic in view of the small amount
that was actually coupled with the emulsion polymer (probably only 60-80 peq
ethenic unsaturation per dry gram). Though the boiling point of AGE is 154°C,
most of the unbound AGE will evaporate when put down as a thin film in an oven
with high airflow at 120°C. AGE (bound or unbound) does not inhibit ink
adhesion, for ambient-aged versions of the same samples all had 100% ink
adhesion. So, something must have occurred during the heat-aging process (such
as an oxidative cross-linking reaction) that decreased the affinity of the ink to the
substrate.

[0087] The effect of GMA was equally dramatic, but in a way that is useful.
One can infer from the results in the above table, that the ink curing occurs more
quickly (requires less UV radiation) when the print surface contains a self-curing
cationic polymer modified with ethenically unsaturated methacrylate groups. At
about 300 peq ethenic unsaturation per dry gram, this sample is roughly in the
middle of the range of ethenic unsaturation covered in Example 1, which showed

poor results.

Example 3
[0088] This example describes the preparation of an unsaturation number

enhancer element (which acts here as an adhesion-promoting element), in which
GMA was coupled with a polymer that is soluble in water only at pH values <8
having a number-average molecular weight >3000 which comprises a moiety
selected from the group consisting of primary amines and secondary amines. In
this example, NK7000 from Nippon Shokubai was used. For NK7000 M, is about

10,000 daltons and it has an amine-hydrogen equivalent weight of 400250 grams.
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The following ingredients were mixed and stirred for sixteen hours at 45-50°C or
two hours at 70°C:

NK7000 (49% solids)  326.4g (0.4 eq amine hydrogen)

Glycidyl Methacrylate 56.8g (0.4 eq epoxy and methacrylate)

Deionized Water 58.4¢g

MEHQ l.1g
At the end of the reaction time, enough water was added to the mixture to cut the
solids content to ~17%. Based on solids measurements, more than 80% of the
GMA was bound to the NK7000. The next example compares these adhesion-
promoting additives to Denacol Acrylate (DA-931), which is a linear diacrylate in
which 2-hydroxy-3-chloropropyl acrylate was used to cap both ends of a
propylene glycol polymer containing eleven repeat units via displécement of the
halogen. The equivalent weight for one acrylate group is about 456, which is
similar to the GMA-modified NK7000. Put another way, one gram of DA-931
contains about 2200 peq of ethenic unsaturation and the GMA-modified NK7000

contains about 1800 peq of ethenic unsaturation per dry gram.

Example 4
[0089]  Polymerization Example C, which was used as a control in Example 2,

was formulated with 2 phr Imicure EMI-24 and coated on the print face of
19611302 as a control in this example also. Other coating formulations
additionally contained 5, 10, or 15 phr by dry weight of one of the adhesion
promoters described in Example 3. After coating as described in Example 1, the
samples were conditioned for seven days at 53°C and then hand inked with black
Norcote screen ink. Inks were cured with only two passes under the UV lamp.
FIGURE 2 summarizes the results of the X-hatch ink adhesion test.

[0090] Without adhesion promoter, the self-curing cationic polymer held on to
only 5% of the ink after three pulls with Scotch® 600 tape. FIGURE 2 also shows
that when DA-931 was used as the adhesion promoter, it took 15 phr (yielding

about 300 peq per dry gram ethenic unsaturation) to see a significant improvement
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in ink adhesion. However, even at this level, the ink adhesion was still below the
target of >95%. Moreover, if the amount of Denacol Acrylate were to be increased
beyond 15 phr to get targeted ink adhesion values, IPA resistance would diminish.
In contrast, whether the condensation reaction was done at 45°C or 70°C, the
GMA-modified NK7000 gave nearly perfect ink adhesion with as little as 5 phr
added (which yielded about 90 peq ethenic unsaturation per dry gram, assuming
none of the double bonds were lost to competing side reactions).

[0091] Part of the explanation for the low enhancement of adhesion by
Denacol Acrylate, followed by a marked increase in adhesion promotion comes
from recognizing that, in a cationic system, reactive amine hydrogen can add via a
Michael-type addition to acrylic-functional species (Hulse (1956) US Patent
2,759,913 and F. Moeller, Houbon-Weyl, Vol. 11/1 (1957), pp. 277-280 cited in
Kranig et al., (2001) US Patent 6,177,144 B1). Since the reaction consumes
reactive amine hydrogens, at a high enough loading, proportionately more double
bonds will remain to boost ink adhesion.

[0092] Resistance to isopropyl alcohol (IPA) provides indirect evidence of
this cross-linking and helps to distinguish among different adhesion promoters.
TABLE 2 below compares the IPA resistance of samples already described that
were aged at ambient conditions for seven days. After rubbing with an IPA-
soaked swab using 20 circular rubs and light finger pressure, the samples were
rated on a relative 0-5 scale, with 5 being best. Ink adhesion results are also
displayed for the heat-aged samples cured with only two passes under the UV

lamp:
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TABLE 2
Polymer Adhesion Adhesion IPA % Ink
Emulsion Promoter Promoter Resistance | Adhesion
Type Level (phr) Rating (Heat
(Ambient | Aged7
Aged 7 Days)
Days)
Polymerization None None 3.5 3
Example C
Polymerization GMA-PEI 10 4.5 3
Example C (+1 A-P Type from
Example 1)
Polymerization | Denacol DA-931 10 4.5 9
Example C
Polymerization GMA-NK7000 10 3.5 99
Example C (Made at 70° per
Example 3)
Polymerization GMA-NK7000 10 3.0 99
Example C (Made at 45°C per
Example 3)
GMA-modified | GMA (covalently 4.4 5 100
Emulsion C bonded to the
from Example | emulsion polymer)
2
[0093] The above table shows that Denacol Acrylate and the GMA-modified

PEI significantly increased the IPA resistance of the cationic coating. A "4.5"

rating is practically a perfect score (just a few light scratches from rubbing, but no

hint of whitening). A "3.5" rating indicates more scratches and some whitening of

the coating, but with no coating removed by rubbing with light pressure. With

more pressure, the sample with Denacol Acrylate just got heavier scratches, but

the sample without adhesion promoter would have had coating removed by

increased pressure. This is a good indication that, even at ambient temperature, a

cross-linking reaction was occurring with the samples containing Denacol

Acrylate or modified PEIL In contrast, the GMA-NK7000 adducts caused no

appreciable change in the IPA resistance at ambient temperature, yet the heat-aged

ink adhesion was superior (and the IPA resistance increased to "4.5" with heat

aging).



WO 03/093331 PCT/US03/10151

35

[0094]  The GMA-modified emulsion also afforded excellent UV ink adhesion
to heat-aged samples, and the IPA resistance was improved also. One can account
for the improvement in IPA resistance by recognizing that the prolonged heating
during the coupling step promoted internal cross-linking. Since tertiary amines are
one of the possible products of the cross-linking reaction and tertiary amines
catalyze the self-cross-linking of epoxy functional compounds, the improvement
in IPA resistance can be expected in ambient-aged samples because of the
enhanced cross-linking rate. Surprisingly, the increased internal cross-linking
does not proceed to the point to which it interferes with coalescence of the

coating, for all the coated films in this example had haze values <2%.

Example 5

[0095] Another novel way to introduce reactive unsaturation into a self-curing
cationic emulsion is to include acetoacetoxyethyl methacrylate (AAEM) in the
polymerization. In this Example some or all of the GMA was replaced with
AAEM. This carbonyl-functional monomer will condense with polymer-bound

amines to form an enamine according to the following reaction:

O=C—CH,—C=0
| | + H,N—Polymer
O=C—O——(CH2)2—O CH3
|

Polymer
IDrying (-H,0)

0O=C—C=C—NH—Polymer

|1
0=C—O0—(CHy),—O H CHs

Polymer

[0096] One can see the similarity between the enamine shown above and a
polymer-bound acrylic-functional moiety formed by an amino-functional polymer
and GMA as shown below:
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0=C—C=CH,

I
Polymer—NH— CH,CHCH, —O CHj;

I
OH

[0097] One polymer was prepared using the same process as the unmodified
cationic polymer prepared in Example 2. However, the monomer mixture
contained 8% GMA and 2% AAEM instead of 10% GMA. Still another example
was prepared in which all 10 weight % GMA was replaced by the same weight %
AAEM. If all the AAEM were converted to enamine, the ethenic unsaturation
would be about 80 peq per gram of dried coating for the polymer that contained
2% AAEM. The ratio of reactive amine hydrogens to acetoacetate groups is about
4:1 on a molar basis. The other dried polymer would contain about 410 peq per
dry gram. In the second polymer the ratio of reactive amine hydrogens to
acetoacetate groups is about 0.8:1 on a molar basis.

[0098] Both polymer emulsions were coated as in Example 1, except that no
imidazole cross-linking catalyst was used. After aging the coated film for seven
days at 53°C, the samples were hand inked with black screen ink and cured with
only two passes under the UV light. The sample containing 2% AAEM in the
monomer mixture provided 97% ink adhesion. The sample with more AAEM
yielded 100% ink adhesion.

[0099] IPA resistance after ambient aging for seven days was the same as the
unmodified control (a "3.5" rating) for the sample containing 2% AAEM. The
sample with more AAEM had a "4.0" rating, which shows that epoxy-functional

monomers are not essential for self cross-linking cationic emulsions.

Example 6
[00100]  This example shows that AAEM does not need to be copolymerized

with the other monomers to function as an adhesion promoter for UV-curable ink,
especially in heat-aged samples. The unmodified polymer from Example 2 was
blended with 5 phr by weight AAEM and coated as described in Example 2, but
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without any epoxy curing catalyst added. The physical blend was made and
diluted to ~5% solids with water and 0.5% hexyl cellosolve and coated on corona-
treated 196LLB2 as in Example 1. If all the monomeric AAEM formed enamines
with the cationic polymer upon drying, the dried film would contain about 440
uneq per dry gram more ethenic unsaturation than the film coated with emulsion
that did not contain AAEM. Unlike the GMA-modified polymer in Example 2, no
heating of the mixture before drying was necessary to have AAEM joined to the
polymer backbone in the dried film. Moreover, the following diagram shows that
each mole of bound AAEM creates two moles of ethenic unsaturation in the dried

film: one mole of methacrylate functionality and one mole of enamine:

0=C—CH,—C=0
| | + HyN—Polymer
0=C—0—(CH)»—O CH;

|
CH; —C=CH,
IDrying (-H,0)

0=C—C=C—NH—Polymer

Ll
0=C—O—(CH,),—O0 H CH;

CH; —(I?=CH2
[00101] After conditioning for seven days at 125°F, the coated samples were
inked with black UV-curable screen ink, cured with two passes under the UV
light, and crosshatched. The tape test showed 100% of the ink stuck to the film
containing AAEM. Without the additive, the same polymer only yielded 5 to 10%
ink adhesion.
[00102] IPA resistance was "3.0" for the coating containing AAEM, which is
differs little from the unmodified coating ("3.5"). Since the coating did not
contain any epoxy curing catalyst, this result is not surprising. This shows that
monomeric AAEM is an effective adhesion promoter, but it does not promote

cross-linking that enhances IPA resistance. The implication from Example 5 is
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that copolymerized AAEM can improve both IPA resistance and UV ink adhesion

under some conditions.

Example 7
[00103] Prior art teaches that pendant acetoacetate groups in vinylic polymers
are not hydrolytically stable unless enamines are created in the wet emulsion at
pH values of 9 or-more (U.S. Patent 5,525,662 to Lavoie, et al.). They define a
pendant acetoacetate group as one that is attached to the polymer backbone and
available for further reaction. Their definition does not exclude the attachment of
such group to the termini of a polymer chain. This example will show that self-
curing cationic emulsion polymers as described herein, which contain about a 4:1
amine-hydrogen to acetoacetate molar ratio, can demonstrate fairly good
hydrolytic stability at pH values <7.

[00104]

AAEM such that the ratio of reactive amine hydrogens is about 4:1 in the

Emulsions from Polymer Example A described below (which contains

polymer) and Polymer Example C (which does not contain AAEM), were made
into coatings containing 2 phr Imicure EMI-24, 10 phr Denacol EX-821, 5 phr
monomeric AAEM, and applied to 196LLB2 as described in Example 1. Polymer
Emulsion A was tested after three weeks and after five weeks ambient aging of the
emulsion. Ambient-aged coated samples were tested for IPA resistance and wet
and dry UV ink adhesion using Norcote black screen ink. TABLE 3 below

summarizes the results:

TABLE 3
Polymer | IPA Resistance Dry Ink Adhesion | Wet Ink Adhesion
Type Rating
Example C 4 100 100
Example A 5 100 100
3 weeks old
Example A 5 100 99.5
5 weeks old
[00105] The above results show that without copolymerized AAEM, the IPA

resistance is slightly inferior to the polymer that contains copolymerized AAEM.
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Had the copolymerized AAEM significantly hydrolyzed over the five-week
period, we should have seen degradation of IPA resistance. Moreover, the
decomposition products of AAEM hydrolysis are acetoacetic acid and
hydroxyethyl methacrylate. Therefore, a decomposed AAEM would have created
sites on the polymer backbone that are more hydrophilic. This would have
contributed to lessened wet adhesion and could have also compromised IPA
resistance. Example 10 will show how wet adhesion can be lost if the polymer

contains too much water-sensitive material.

Example 8

[00106] This example compares IPA resistance, initial ink adhesion for
ambient-aged and heat-aged samples, retained ink adhesion after immersion in
water, and nickel scratch resistance for different formulations of polymers A, B,
and C. All coatings were applied to the print face of 196LL B2 manufactured by
the Films Business of ExxonMobil that was corona treated in line just before the
wet coating was applied to the film with a 130 Quad direct gravure cylinder. Each
coating contained 100 dry parts (100 phr) of either Polymer A, B, or C. To attain
the proper coating weight (~0.1 grams per 1000 in®), the wet coating was diluted
to 5% solids. Each coating formulation also contained 0.5% Hexyl Cellosolve™
from Union Carbide. All formulated coatings were stirred for at least two hours,
but >24 hours before coating. This example shows importance of having the right
amount cross-linking comonomer in the cationic emulsion polymer and the right
amount of cross-linking from reagents added to the coating formulation.

[00107]  Some formulations contained cross-linking reagents (XLR).
Tetraethylene glycol diacrylate (TEGDA) was purchased from Aldrich.
Tetraethylene glycol diglycidyl ether (Denacol EX-821) was obtained from
Nagase. Trimethylolpropane proxylate triacrylate with one (TPTA-1) or two
(TPTA-2) propylene oxide units per hydroxyl on the trimethylolpropane backbone
was purchased from Aldrich. When used, the coating formulation contained 10
dry parts (10 phr) of the cross-linker.
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[00108]  All formulations contained 5 dry parts (5 phr) AAEM added to the wet
coating formulation as an adhesion promoter. This AAEM is independent of any
AAEM that might have been copolymerized in the polymer emulsion.
Copolymerized AAEM primarily serves as cross-linking comonomer for the dried
polymer emulsion.

[00109] Some formulations also contain an epoxy cross-linking catalyst (CAT)
manufactured by Air Products: Imicure EMI-24. When used, 2 dry parts (2 phr)
were used in the coating formulation. To make this material more easily
incorporated into the coating mixture, it was diluted to 10% solids and the pH was
adjusted to 7.5 with glacial acetic acid.

[00110] %INK= Percentage of ink that remains on a crosshatched area after
three rapid pulls with Scotch®600 tape available from 3M of Minneapolis,
Minnesota. The ink was scored by a BYK-Gardner Cross-Cut-Tester, which is an
instrument comprising eleven blades arranged to cut a cross-hatched pattern down
to the substrate layer after perpendicular cuts. Norcote UV black screen ink was
applied by hand using a 20-micron screen in a room that was temperature-
controlled at 19-20°C. Samples were cured by passing the inked sample twice
under the UV curing lamp in an apparatus built by Fusion Systems® at 100 feet
per minute. Samples were tested within ten minutes of curing the ink. Greater
than 95% ink adhesion is desired.

[00111] %INKW= Percentage of ink that remains of a crosshatched area after
three pulls with Scotch®600 tape. Samples were immersed in tap water for about
16 hours at ambient temperature and patted dry just before testing. Greater than
95% ink adhesion is desired.

[00112] IPA= After rubbing with an IPA-soaked swab using 20 circular rubs
and light finger pressure, the samples were rated on a relative 0-5 scale, with 5
being best. A rating >4 is desired.

[00113] NSR= Nickel Scratch Resistance helps to predict the ability of inked
labels to withstand the rigors of the pasteurization process: 0-5, 5 best rating after

ten strokes on the print surface backed with glass using the flat edge of a nickel.



WO 03/093331

41

PCT/US03/10151

Samples were immersed in 90-95°C water for 15-20 minutes and scratched within

10 seconds of removing the sample from the hot water. A rating >4 is desired.

[00114]

at 52°C. TABLE 4 below summarizes the results:

Samples were either aged for a week at ambient temperature or a week

TABLE 4
Polymer | XLR CAT | Aging | %INK | %INKW | IPA | NSK
C None Yes Amb. 100 30 3.0 0
[ Heat | 99 T 99 |50 5]
B None Yes Amb. 100 100 4.5 2
| Heat | 13 ] 60 | 50 | 4]
C TEGDA | Yes Amb. 100 100 4.5 0
| Heat | 99 1100 ] 5.0 | 5]
B TEGDA | Yes Amb. 99 99 5.0 5
| Heat | 83 | 90 | 5.0 | 57
B TPTA-1 | Yes Amb. 100 99 35 3
Heat | 100 | 98 | 35 | 45 ]
C TPTA-2 | Yes Amb. 100 80 4.0 1.5
Heat 98.5 96 4.5 4.5
C EX-821 Yes Amb. 100 100 5.0 2
" Heat | 08 | 98 50 | 5
B EX-821 Yes Amb. 99 99 5.0 5
T Heat | 25 7 60 | 50 | 5]
A EX-821 No Amb. 100 100 5.0 5
Heat | 100 | T 90 | 50 | 5]
A EX-821 Yes Amb. 100 100 5.0 5
" Heat | 99 T 99 50 |5
Targets - . --- >95 >95 >4 >4
[00115] Bold cells indicate that the measured property was inferior to

performance targets. Only the samples containing Polymer A, Denacol EX-821,

and Imicure EMI-24 simultaneously met all the performance criteria for ambient-

and heat-aged samples.

[00116]

Coatings that are insufficiently cross-linked will have poor

pasteurization resistance according to the predictions of the nickel scratch test.

Accordingly, ambient-aged coatings that did not contain cross-linker (TEGDA or

EX-821) in the coating formulation did poorly in that test. Moreover, ambient-

aged samples containing Polymer C (which lacks copolymerized AAEM) also did
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poorly even when TPTA-2, TEGDA, or EX-821 were present. If one made heat-
aging part of the process, several candidates would satisfy all the criteria, but heat
aging is expensive and can create other problems for coated plastic film.

[00117] Too much cross-linking is bad for ink adhesion in heat-aged films, and
it matters how one cross-links the polymer. For example, (data not shown)
dialdehydes like glyoxal will efficiently cross-link the self-curing cationic
emulsion polymer, but cause ink adhesion properties to deteriorate. Heat-aged ink
adhesion (wet or dry) was bad for all formulations made from Polymer B, which
contained 5% AAEM in the copolymer mixture, even when no cross-linker was
added to the coating formulation. The exception being TPTA-1; however, this
material interfered with the development of IPA resistance, so it is no surprise that
the ink adhesion is good.

[00118] Polymer A, which contained 2% AAEM in the comonomer mixture,
gave excellent results when formulated with Denacol EX-821. Surprisingly, the
wet adhesion was not as good when the epoxy curing catalyst was omitted from
the coating formulation. Given the other results, one would not expect a water-
soluble curing catalyst to benefit wet ink adhesion in a heat-aged sample. The

catalyst in the coating probably also facilitates curing of the UV screen ink.

Example 9
[00119] This example shows that diglycidyl ethers of polyethylene oxide have

more desirable cross-linking properties than diglycidyl ethers of polypropylene
oxide. All coated films in this example use the same types of polymers and
formulating additives that were employed in Coating Example 1, except that
different types of diglycidyl ethers were used. Unlike Coating Example 1, all the
coatings in this series contain 10 phr cross-linking reagent (XLR). Results are
provided in TABLE 5 below. The following designations are used for XLR:
EO-1= Denacol EX-810: The diglycidyl ether contains one mole ethylene
oxide (EO).
EO-4= Denacol EX-821: The diglycidyl ether contains four moles EO.
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EO-9= Denacol EX-830: The diglycidyl ether contains nine moles EO.
PO-1= Denacol EX-911: The diglycidyl ether contains one mole propylene
oxide (PO).
PO-3= Denacol EX-920: The diglycidyl ether contains three moles PO.
PO-11= Denacol EX-930: The diglycidyl ether contains eleven moles PO.
TABLE 5
Polymer | XLR | CAT | Aging %INK | %INKW | IPA | NSR
A | EO-1 | Yes | Amb. | 100 | 100 1. >3
Heat’ 100 100 | 5 | 5]
A [ BO4 | Yes | Amb_| 100 | 100 | 5 |5
Heat 99 99 51 5 ]
A | EO09 | Yes | Amb_ | 98 | 100 | 5 |5
Heat 99 98 5 577
A | PO-1 | Yes | Amb. | 100 1. 100 | > 45
Heat 100 100 5 5]
A~ [ P03 | Yes | Amb. | 100 | 100 |5 | 35
Heat 100 99 5 5]
A PO-11 No | Amb. | 100 | 100 | 40 | 35
Heat 96 94 T -
C PO-11 | Yes | Amb. | 100 60 | 35 | 3.5
Heat 100 100 5 5
Targets | - - - >95 >95 >4 >4
[00120] Bold cells indicate that the measured property was inferior to

performance targets. All the coatings that contained ethylene-oxide based cross-

linkers met all the performance targets. While some of the coatings containing

propylene-oxide based cross-linkers were acceptable, one can see that the ethylene

oxide derivatives would be generally preferred.

Example 10

[00121]

This example describes an L-18 Taguchi design that was used to

optimize several components of the complicated formulation mixture that contains

a self-curing cationic emulsion containing no copolymerized AAEM (CP-AAEM)

as in Polymer Example C, 2% copolymerized AAEM (Polymer Example A) or
5% copolymerized AAEM (Polymer Example B as described below), 2.5, 5.0, or
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7.5 phr monomeric AAEM as an adhesion promoter (AP-L), 1.5, 2.0, or 2.5 phr
Imicure EMI-24 as an epoxy cross-linking catalyst (XL-Cat or I-24), and Denacol
EX810, EX-821, or EX830 as a diepoxy cross-linkers (XL-EO) put in the
formulations at 5, 10, or 15phr (XL-Lvl). The first nine formulations were applied
and dried within one hour of mixing and the last nine formulations were aged
about 18 hours before coating and drying (Age). The De}anacol epoxies are all
diglycidyl ethers of (ethylene glycol), oligomers. For Denacol EX-810, n~1. For
Denacol EX-821, n~4. For Denacol EX-830, n~9.
[00122] The eighteen coatings were mixed and coated on 196LLB2 according
to the procedure in Example 1 and are further described below in TABLE 6.
TABLE 6

R e e % % % % % 0 .. e e e e
O i e 96 377 384 383 100 ... v e e e
L .. X-L X-L 124 Ltx Lix Lix AEM HEX.X-L I-24 Ltx Lix Ltx AAEM
L XL LDS pH75 C A B H20 CEL. C A B

= % g g g g g g g g PHRPHR PHR PHR PHR PHR
1 D-EX810 100 0.34 1.08 183 0.0 0.0 0.17 1294 075 5 1.5 100 0 0 25
2 D-EX821 100 0.66 1.36 0.0 17.1 0.0 0.16 130.0 0.75 10 2 0 100 0 25
3 D-EX830 100 0.94 163 0.0 00 163 0.16 1302 0.75 15 25 0 0 100 25
4 D-EX821 100 0.64 1.01 17.1 0.0 0.0 0321302 075 10 1.5 100 0 0 5
5 D-EX830 100 0.92 1.28 0.0 160 0.0 031 1307 0.75 15 2 0 100 O 5
6 D-EX810 100 0.33 1.74 0.0 0.0 174 0.33 1294 0.75 5 25 0 0 100 5
7 D-EX810 100 0.90 1.26 160 0.0 0.0 045 130.7 0.75 15 2 100 0 0 75
8 D-EX821 100 0.33 1.70 0.0 17.0 0.0 049 1297 0.75 5 25 0 100 0 75
9 D-EX830 100 0.63 0.98 0.0 0.0 165 0.47 130.7 0.75 10 1.5 0 0 100 75

10 D-EX830 100 0.65 1.70 173 0.0 0.0 0.16 1294 0.75 10 25 100 0 0 25
11 D-EX810 100 0.95 098 0.0 164 0.0 0.16 130.7 0.75 15 15 0 100 O 25
12 D-EX821 100 0.34 143 0.0 0.0 179 0.17 1294 0.75 5 2 0 0 100 25
13 D-EX830 100 0.33 1.40 17.8 0.0 0.0 033 1294 075 5 2 100 0 O 5
14 D-EX810 100 0.64 1.66 0.0 16.6 0.0 032 130.0 0.75 10 2.5 0 100 O 5
15 D-EX821 100 0.93 096 0.0 0.0 161 0.31 1309 0.75 15 1.5 0 0 100 5
16 D-EX821 100 0.90 1.56 159 0.0 0.0 045 1304 0.75 15 2.5 100 0 0 75
17 D-EX830 100 0.33 1.03 0.0 172 0.0 0.49 1302 0.75 5 15 0 100 0 75
18 D-EX810 100 0.63 131 0.0 0.0 164 047 1304 0.75 10 2 0 0 100 75

[00123] FIGURE 3 depicts plots of six main effects and shows how the
different components affected the performance properties. Black UV screen ink
had excellent (>98%) initial dry adhesion to all samples that were ambient aged
for eight days. Wet adhesion was also excellent (>97%) after immersing in water
overnight. After 23 days of ambient aging (after the coatings have had a chance to

cross-link more fully), initial dry adhesion remained excellent (>99%) for all
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samples except numbers 2 and 3 above. However, there was a little more
variability in retained ink adhesion after immersion in water overnight.

[00124] FIGURE 3 shows that there is benefit in allowing the epoxy cross-
linker to react with the other components of the formulation before coating,
though it is not required if the formulation initially contains >2.5 phr monomeric
AAEM. One also should avoid putting in too much water-sensitive material. If
the cross-linker has too many EO units per mole, or if one puts in too much of the
water-soluble cross-linker, then ink adhesion will degrade in a wet environment.
[00125]  The responses for material heat-aged at 53°C for a week reinforces
these assertions about retained ink adhesion, as shown in FIGURE 4. FIGURE 4
shows that wet ink adhesion is most robust when the amount of post-added
AAEM is >2.5 phr and <7.5 phr. This range equals between 100 and 300 peq per
dry gram of methacrylate functionality plus between 100 and 300 peq per dry
gram of enamine functionality (assuming no unwanted side reactions). This
material creates a polymeric amino compound with ethenic unsaturation upon
drying with the self-curing cationic polymer. It can give robust ink adhesion with
polymer types A, B, or C (2, 3, or 1, respectively for the CP-AAEM variable in
FIGURE 4), but it helps to have the right combination of other components. The
statistical significance of XL-Cat is questionable, but other data (shown in
TABLE 4 in Example 8) shows that product performance is not as robust if the
epoxy cross-linking catalyst is left out of the coating formulation entirely. As the
Age variable suggests, reaction of the epoxy-functional cross-linker with the
amino-functional polymer in the wet state is beneficial to overall product
performance.

[00126] The self-curing cationic emulsion polymer should preferably contain
<5% AAEM in the mixture of copolymerized monomers. This roughly
corresponds to having a ratio of reactive amine hydrogens to pendant
acetoacetoxy groups in the cationic polymer that is >2:1. This suggests that if
there are not enough reactive amine hydrogens to form enamines with the

copolymerized AAEM, then, when placed in a wet environment, the AAEM will
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be hydrolyzed to create a water-sensitive material. Since other components in the
coating formulations described in this example also compete for reactive amine
hydrogens, the preferred ratio is closer to 4:1 in this complex system. However,
in a simpler formulation that had no other additives competing for the reactive
amine hydrogens, the theoretical minimum ratio to prevent acetoacetoxy
hydrolysis at <pH 7 would be approximately 1:1. Correspondingly, the
formulated polymer from Example 5 that contained no GMA or other epoxy-
functional materials, but only 10% copolymerized AAEM showed excellent ink
adhesion (>95%) for heat-aged films after immersion in water for 18 hours,
though the ratio of reactive amine hydrogens to acetoacetoxy groups was only
about 0.8:1. This shows that some amount of hydrolysis can be tolerated without
adversely affecting the water-resistance properties. |

[00127] After 23 days ambient aging or seven days at 53°C, all the samples in
the L-18 experiment had excellent ratings (>4.5) in the nickel scratch test.

Polymer Example A

[00128] This example shows the preferred polymerization process for making a
self-curing cationically stabilizable emulsion polymer. This polymer contains a
nitrogen-containing monomer, an epoxy-functional monomer, and an
acetoacetoxy-functional monomer.

[00129] Using a semi-continuous batch process, a latex was prepared by
continuously adding and metering 3500 grams of total monomer (consisting of
1680 grams methyl acrylate, 875 grams butyl acrylate, 525 grams acrylonitrile and
350 grams GMA, and 70 grams AAEM) over 2.25 hours to a stirred reactor
containing 3500 grams deionized water, 200 grams NK7000, 10 grams 30%
hydrogen peroxide, and 12 grams 10N hydrochloric acid. A feed containing 500
grams deionized water, 0.3 grams ferrous sulfate heptahydrate, and 10 grams
ascorbic acid was metered in over about 3 hours. This feed was started after the
oxygen had been removed from the reactor by a vacuum pump and padded with
nitrogen, heated to about 55°C, and 150 grams of the monomer mixture were

charged to the jacketed, glass-lined pressure vessel manufactured by Pfaudler.
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The agitation was set at 150 rpm. The temperature set point was 58°C. About 5-
10 minutes after the activator feed was started, the monomer feed was started (at
which time the initial exotherm had ended). Fifteen minutes after the activator
feed was started, the stabilizer feed (consisting of 800 grams NK7000 and 1400
grams deionized water) was started and metered in over about 2.25 hours, ending
at about the same time as the monomer feed. Deionized water was used to flush
all the feed lines. After the activator feed was in, the temperature was increased
70°C and for another three hours, and then the batch was cooled. The final
heating step is optional and can be extended to at least six hours or eliminated
altogether. The prolonged heating simulates the thermal history to which the
emulsion would be exposed during a vacuum stripping operation to remove
unreacted monomers.

[00130] The resultant polymer was 38.2% solids about 87.5% of which was the
acrylic copolymer (consisting of 48% methyl acrylate, 25% butyl acrylate, 15%
acrylonitrile, 10% GMA, and 2% AAEM) and 12.5% was NK7000. The finished
batch had no observable coagulum and about 1 gram wet grit was removed by
filtration through a 115-micron screen. It had a viscosity of 18 centipoise. The
pH was about 4, and the intensity-weighted particle size was about 0.094 microns.
The emulsion had a mild odor characteristic of methyl acrylate.

[00131]  With this composition the ratio of active amine hydrogens to epoxy
groups derived from GMA is about 1:2. The theoretical glass transition

temperature is about 5°C before the onset of cross-linking.

Polymer Example B

[00132]  This polymer was made using the same process as Polymer Example
A, but it contained more acetoacetoxy-functional monomer in the acrylic
polymerization: 45% methyl acrylate, 25% butyl acrylate, 15% acrylonitrile, 10%
GMA, and 5% AAEM. Solids, pH, viscosity, and particle size were comparable to
the properties attained in Polymer Example A.
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Polymer Example C

[00133]  This polymer was made using the same process as Polymer Example
A, but it contained no acetoacetoxy-functional monomer in the acrylic
polymerization: 50% methyl acrylate, 25% butyl acrylate, 15% acrylonitrile, and
10% GMA. Solids, pH, viscosity, and particle size were comparable to the

properties attained in Polymer Example A.
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WHAT IS CLAIMED IS:

1. A cationically stabilizable amino-functional polymer having a
number-average molecular weight of >3000, which exists in the presence of water
as a solution or stable emulsion only when the pH is <8, and which upon drying
contains ethenically unsaturated moieties selected from the group consisting of

acrylic, methacrylic, and enamine.

2. The amino-functional polymer of claim 1 that is a condensation
product of a reaction between (A) an amino-functional polymer comprising
reactive amine hydrogens with (B) an element selected halo-functional monomer,
halo-functional oligomer, carbonyl-functional monomer, carbonyl-functional
oligomer, epoxy-functional monomer, epoxy-functional oligomer, poly-functional
acrylic monomer, poly-functional acrylic oligomer, poly-functional methacrylic
monomer, and poly-functional methacrylic oligomer, said element (B) containing
or forming upon drying an ethenically unsaturated moiety selected from acrylic,

methacrylic, and enamine.

3. The amino-functional polymer of claim 2 wherein said element (B)
is selected from 2-hydroxy-3—chlé)ropropylacrylate, glycidyl methacrylate (GMA),
glycidyl acrylate, acetoacetoxyethyl methacrylate (AAEM), acetoacetoxyethyl
acrylate, acetoacetoxy (methyl)ethyl acrylate, acetoacetoxypropyl acrylate,
acetoacetamidoethyl acrylate, acetoacetamidoethyl methacrylate, and

acetoacetoxybutyl acrylate.

4. The amino-functional polymer of claim 2 or claim 3 wherein said
element (B) is present in an amount sufficient to consume >50% of said reactive

amine hydrogens of said amino-functional polymer (A).
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5. The amino-functional polymer of any one of claims 2 to 4 wherein
said element (B) is present in an amount sufficient to consume >90% of said

reactive amine hydrogens of the amino-functional polymer (A).

6. The amino-functional polymer of claim 1 which comprises an
amino-functional styrenated acrylic polymer with a number-average molecular
weight ranging from 5,000 to 80,000 daltons and a weight-average molecular
weight of 10,000 to 200,000 daltons.

7. A mixture comprising the amino-functional polymer of any
preceding claim and at least one additional component selected from a nonionic
polymer, a cationic polymer, a cross-linker, unsaturation number enhancer, an
epoxy curing catalyst, a coating process-facilitating adjuvant, a cationic wax
dispersion, a nonionic wax dispersion, a nonionic slip additive, a cationic slip
additive, cationic colloidal silica, a mineral filler, a plastic pigment, an anti-static

additive, a UV absorber, a UV stabilizer, a biocide, and a security taggant.

8. The mixture of claim 7 and including a cross-linker comprising at

least one element selected from:

R 0 0 RP
| [ d [ |
R°=C—(CX)—C—(CXs)i—(A—[CR%])—A—(CX5),—C—(CXz),—CH=R"

and

Y—(CX2)m—(O—[CR%])y—O0—(CX2)i—Y ,

where Y is selected from halogen and three-membered oxirane ring, R and RP are
the same or different and selected from H and C; to Cs alkyl, R® is selected from O
and CX,, each X can be the same or different and is selected from H, hydroxyl,

and halogen, RYis selected from H, hydroxyl, halogen, and any organic radical
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containing at least one carbon atom, wherein each RY can be the same or different
within the same molecule, A is selected from O and NRY, wherein CRYand CRY,
can each be a separate moiety or a portion of a cyclic structure, , & m and » are
integers ranging from 0 to 6, inclusive, g is an integer ranging from 1 to 6,

inclusive, and p is an integer ranging from 0 to 30, inclusive.

0. The mixture of claim 7 or claim 8 wherein in said cross-linker, Y is
a three-membered oxirane ring, A is oxygen, X and RY are hydrogen, R* and R’
are the same or different and are selected from hydrogen or methyl, R is oxygen,

nis equal to 1, g is equal to 2, m equals 1 or 2, and p is <10.

10.  The mixture of any one of claims 7 to 9 wherein at least one of said
cationic polymer and said amino-functional polymer is a cationically stabilizable
emulsion polymer having a calculated glass transition’ temperature that is <35°C
and comprising on a dry basis:

i) 3to 70 wt.% of at least one water-soluble polymeric compound
having a number-average molecular weight >5000 which comprises a moiety
selected from primary amines and secondary amines; and

ii) 30 to 97 wt.% of a blend of vinylic, non-acidic monomers
which are uncharged or positively charged in an aqueous solution having a pH
between 1 and 8, which vinylic, non-acidic monomers include a) a nitrogen-
containing monomer, b) a monomer that is either epoxy-functional or carbonyl-

functional, and c) an acrylic or methacrylic ester.

11.  The mixture of claim 10 wherein a) is selected from acrylonitrile
and methacrylonitrile, b) is selected from glycidyl methacrylate, glycidyl acrylate,
acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate, acetoacetoxy
(methyl)ethyl acrylate, acetoacetoxypropyl acrylate, acetoacetamidoethy! acrylate,

acetoacetamidoethyl methacrylate, and acetoacetoxybutyl acrylate, and c¢) is
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selected from acrylate ester and methacrylate ester, said esters being made from

alcohols of 1 to 8 carbon atoms.

12.  The mixture of claim 10 or claim 11 wherein said blend of vinylic,
non-acidic monomers comprises 5 to 25% a), 5 to 20% b), and 55 to 90% c), such
that the calculated glass transition temperature of said additional polymer upon

drying is <25°C before cross-linking.

13. The mixture of any one of claims 7 to 12 which comprises a) 1 to
50 wt.% of the amino-functional polymer, and b) 50 to 99 wt.% of at least one

additional polymer selected from a nonionic polymer and cationic polymer.

14. The mixture of any one of claims 7 to 13 and including an

unsaturation number enhancer element selected from:

R? 0 0O R°
| u d |
R°=C—(CX)—C—(CX2)y—(0—[CR%],),—A—C—CH=CX,
and
O R®

Y~(CX2),,,—(0—[CR%]Q),,—-A——!:—CI:H=CX2,
where Y is selected from halogen and a three-membered oxirane ring, R* and R®
are the same or different and selected from H and C; to Cg alkyl, R°® is selected
from O and CX, wherein each X can be the same or different and is selected from
H, hydroxyl, and halogen, RY is selected from H, hydroxyl, halogen, and any
organic radical containing at least one carbon atom, wherein each R can be the
same or different, A is selected from O and NRY, wherein CR® and CRY, can each
be a separate moiety or a portion of a cyclic structure, j, k, and m are integers
ranging from 0 to 6, inclusive, g is an integer ranging from 1 to 6, inclusive, and p

is an integer ranging from 0 to 30, inclusive.
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15.  The mixture of claim 14 wherein in said unsaturation number
enhancer element, Y is a three-membered oxirane ring, A is oxygen, R® and R? are
the same or different and selected from hydrogen and methyl, R® is oxygen, X and

R%are hydrogen,  is equal to 1, ¢ is equal to 2, m equals 1 or 2, and p is <10.

16.  The mixture of claim 14 or claim 15 and containing a) 70 to 99
wt.% of the amino-functional polymer and b) 1 to 30 wt.% of said unsaturation

number enhancer.

17. A curable mixture comprising

i) apolymeric amine having a number-average molecular weight
of >3000 and covalently bonded side chains of at least one of a) ethenically
unsaturated moieties selected from acrylic, methacrylic, and enamine, and b)
precursors of ethenically unsaturated moieties selected from 2-hydroxy-3-
chloropropylacrylate, glycidyl methacrylate (GMA), glycidyl acrylate,
acetoacetoxyethyl methacrylate (AAEM), acetoacetoxyethyl acrylate,
acetoacetoxy (methyl)ethyl acrylate, acetoacetoxypropyl acrylate,
acetoacetamidoethyl acrylate, acetoacetamidoethyl methacrylate, and
acetoacetoxybutyl acrylate;

ii) an epoxy cross-linking catalyst; and

iii) a cross-linking agent.

18.  The mixture of claim 17 wherein said polymeric amine is a
condensation product made by reacting an amino-functional polymer comprising
reactive amine hydrogens with an element selected from halo-functional
monomer, halo-functional oligomer, carbonyl-functional monomer, carbonyl-
functional oligomer, acrylic-functional monomer, acrylic-functional oligomer,
methacrylic-functional monomer, methacrylic-functional oligomer, epoxy-
functional monomer, and epoxy-functional oligomer, said element containing an

ethenically unsaturated moiety selected from acrylic and methacrylic.
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19.  The mixture of claim 18 wherein said amino-functional polymer is

soluble in hydrophilic solvent at pH values <8 and is insoluble at pH values >8.

20.  The mixture of claim 18 wherein said amino-functional polymer
forms a water-based emulsion at pH values <8 and is unstable in water at pH
values > 8.

21.  Aplastic film which comprises

A) aplastic substrate layer and
B) a coating comprising a mixture as claimed in any one of claims
7 to 20.

22.  The plastic film of claim 21 which further comprises an ink print

image on a surface of said coating opposite from said plastic substrate layer.



WO 03/093331

3X-UV-Blk-Am

90

75

60

45

30

PCT/US03/10151
1/4

FIGURE 1

Main Effects Plot - Data Means for 3X-UV-Blk-Am
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FIGURE 2

Average Initial Dry Ink Adhesion
Samples Conditioned Seven Days at 53C
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FIGURE 3

Main Effects Plot - Data Means for 23dA-Blkw
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FIGURE 4
Main Effects Plot - Data Means for 7dH-Blkw
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