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(57) Abstract: A composition that includes a copolymer of
isobutylene and diisobutylene-type monomers and various
other vinyl monomers; the copolymer comprising a group
that is capable of undergoing a polymerization reaction
when exposed to actinic radiation or ionizing radiation.
The composition may be used to coat a substrate by
providing a substrate; applying a layer of a radiation-curable
composition that includes the copolymer described above
over at least a portion of a surface of the substrate; and
curing the radiation-curable composition by exposing the
layer to actinic radiation in an amount sufficient to effect
curing of the radiation-curable composition.
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RADIATION-CURABLE COMPOSITIONS CONTAINING ALTERNATING
COPOLYMERS OF ISOBUTYLENE-TYPE MONOMERS

BACKGROUND OF THE INVENYT1OUN
1. Field of the Invention

[0002] The present invention relates generally to
radiation-curable compositions that contain copolymers of
v1nyl mMoNnomers. More spec1f1cally, the present invention is
directed to radiation-curable compositions that contaln
copolymers containing isobutylene-type monomers

2. Description of Related Art

[0003] Radietion—curable compositions are.formed from
radlatlon curable oligomers, whlch are themselves reactlon
products of polymerization reactions. .These polymeric
reaction products typically include a majority of the desired
oligomer, but may also contain other. components, 1nclud1ng
some unreacted and partially reacted components,-as well as

. other polymeric reaction by-products. o o
[0004] Radiation curable comp051tlons are used ‘
successfully in limited commerc1al applications. It would ‘be
desirable to provide radiation- curable comp051tlons,
containing radiationhcurable ollgomers or monomers, that
consistently provide coatings that have performance
characteristics such as solvent or chemical resistance at
reduced costs. It would further be‘desirable to provide
radiation curabLe'oligomers‘or monomers that demonstrate

enhanced performance capabilities.
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‘ SUMMARY OF THE INVENTION
[0005] The present invention is directed to a composition

that includes a nbn—gelled‘copolymer containing residues
ha?ing the following structural units (I):

i
CHy——C ——CHp——CH —+—
L, |
R C=—0
Ly

. | —-n (I)

Where n is an integer from 1 to 10,000; R* 1s linear or
branched C. to C; alkyl: R? is selected from the group
consisting of methyl, linear, cyclic, or branched C, to Cyp
alkyl, alkenyl, aryl, alkaryl, and aralkyl; and R® is a moiety
comprising a group that is capable of undergoing a |
‘polymexization reaction when exposed to actinic radiation or
ionizing radiation.

[0006] The present invention is further directed to &
method of coating a substrate that includes: |

(a) providing a substrate;

(b) applying a layer of a radiation-curable
composition that includes the copolymer described above over
at least a portion of a surface of the substrate; and

‘ (c) curing the radiation-curable compqsition
by exposing the layer to actinic radiation or ionizing
radiation in an amount sufficient to effect curing of the
radiation-curable composition. The present invention is also
directed to substrates coated using the above-described

”method.
[0007] The present invention is additionally directed to a
multi4layer composite coating that includes:

(A) a base ccat layer deposited from a base

coat composition; and



WO 03/070833 PCT/US03/04249

-3 -

(B) a top coat deposited over at least a
portion of the base coat layer from a top coat composition;
where either or both of the base coat and the top coat are
deposited frdm the radiation—curable composition described
above. The present invention is also di;ected to substrates

coated with the above-described multi-layer composite coating..

DETAILED DESCRIPTION OF THE INVENTION
[ooosj] Other than in the operating examples, or where
otherwise indicated, all numbers or expressions.referring to
guantities of ingredients, reaction conditions, etc., used in
the specification and claims are to be understood as modified
in all instances by the term “about.” Various numerical ranges
are disclosed in this patent application. Because these
ranges are continuous, they include every value between the
minimum and maximum values. Unless expressly indicated
otherwise, the various numerical ranges specified in this
application are approximations.
[0009] As used herein, the term “copolymér composition” is
meant to include a synthesized copolymer, as well as residues
from initiators, catalysts, and other elements attendant to
the synthesis of the copolymer, but not covalently
incorporated thereto. Such residues and other elements
considered as part of the copolymer composition are typically
mixed or co-mingled with the copolymer such that they tend to
remain with the copolymer when it is transferied between
vessels or between solvent or dispersion media.
[0010] . As used herein, the term “substantially free” ié
meant to indicate that a material is present as an incidental
impurity. 1In other words, the material is not intentionally
added to an indicated compdsition, but may be present at minor
or inconseqguential levels because it was carried over as an
impurity as part of an intended composition‘cqmponent.
[0011] The terms “donor monomer” and “acceptor monomer”

‘are used throughout this application. With iegard to the
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present invention, the term “donor monomer” refers to monomers
that have a polymerizable, ethylenically unsaturated group '
that has relatively high electron density in the ethylenic
double bond, and the term “acceptor monomer” refers to
meonomers that have a polymerizable,‘ethylenically-unsaturated
group that has relatively low electron density in the
ethylenic delible bond. ' This concept has been‘quantified‘to an
extent by the Alfrey-Price Q-e scheme (Robert Z. Greenley,
Polymer Handbook, Fourth Edition, Brandrup, Immergut and
Gulke, editors, Wiley & Sons, New York, NY, pp. 309—319
(1999)). All e values recited herein are those appearing in
the Polymer Handbook unless otherwise indicated.

[0012] In the Q-e scheme, Q reflects the reactivity of a
monomer and e represents the polarity of a monomer, which
indicates the electron density of a given monomer’s
polymerizable, ethylenically unsatufated group. A positive
value for e indicates that a monomer has a relatively low
electron density and i1s an acceptor monomer, as i1s the case
for maleic‘anhydride, which has an e value of 3.68. A low or
negative value for e indicates that a monomer has a relatively
high electron density and‘is a donor monomer, as is the case
for vinyl ethyl ether, which has an e value of -1.80.

[0013] As referred to herein, a strong acceptor monomer 1is
meant to include those monomers with an e value greater than
2.0. The term “mild acceptor moncmer” is meant to include
those monomers.with an e value greater than 0.5 up toc and
including those monomers with an e value of 2.0. Conversély,
the term “strong donor moncmer” is meant to include those
monomers with an e value of less than -1.5, and the term “mild
donor monomer” is meant to include those meonomers with an e
value of less than 0.5 to those with an e value of -1.5.
" [0014] As used herein and in the claims, the term “dual
cure” refers to curing a material by subjecting it to ionizing
radiation or éctinic4light and also to conventional curing

mechanisms used, for example, to cure a thermosetting resin.
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As a non-limiting example, U.S. Patent No. 4,025,407 to Chang
et al., which is nerein incorporated by reférence, describes
methods for breparing high solids films from a mixture of a.
radiation sensitive material and a thermosetting resin. The
mixture is cured by exposure to ionizing irradiation or
actinic light and/or heating. | '

[0015] As used herein and in thevclaims, the term “actinic
radiation” refers to electromagnetic radiation that 1s capable
of initiating a chemical reaction. A non-limiting example of
actinic radiation is ultraviolet radiation or ultraviolet
light.

[0016] As used herein and in the claims, the term
“ionizing radiation” refers to radiation that is sufficiently
nigh in energy to cause ionization in a medium through which
it passes. Non-limiting examples of lonizing radiation
include, but are not limited to, high-energy particle beams,
which may be made up of, for example, electrons, protons, or
alpha particles, or short-wavelength electromagnetic
radiation, such as ultraviolet radiation, gamma rays, or
X-rays. In an embodiment of the present ilnventicn, the
ionizing radiation is supplied by an electron beam.

[0017] The present invention is directed to a
radiation-curable compositicn that includes a copclymer
composition that contains a copolymer containing cone or more
groups that are capable of undergoing a polymerization
reaction when exposed to actinic radiation or ionizing
radiation. The polymerizable groups may be an ethylenically
unsaturated group, an epoxy group and/or a thiol. As
non-limiting examples, thelradiation may be supplied by
ultraviolet radiation, uitraviolet light, and/or an electron
beam.

[0018] The radiation-curable composition typically has
good wetting properties and adhesive properties with suitable
substrates. Suitable substrates include, but are not limited

to, wood, paper, particleboard, chipboard,‘metals,~metals
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héving primers thefeon, glass, plaétics, and metallized
plastics. ‘ o |
[0019] The copolymer may have at least ZO‘mol %, in some
situations 30 mol %, in many cases at least 40 mol %,. .
typically at least 50 mol %, in‘somelcases,"at least 60 mol %,
and in other cases at least 75 mol % of residues of the
copolymer derived from alternating sequences of
donor monomer — acceptor monomer pairs having the alternating
monomer residue units of structure:

~ [ DM-AM] -

. where DM represents a residue from a 'donor monomer and AM
represents a residue from an acceptor monomer. The copclymer
may be a 100% alternating copolymer of DM and AM. More
particularly, the copolymer may include at least 10 mol %, in
some cases, 15 mol % of a donor monomer, which is an
isobutylene-type monomer, having the following structure (I):

=

(I) CHg:::C//

\

r2

where R! is linear or branched C; to C; alkyl; R’ is one or more
of methyl, linear, cyclic, or branched C: to Cg alkyl, |
alkenyl, aryl, alkaryl, and aralkyl. . Further, at least

10 mol % and, in some cases, at least 15 mol % of the
copolymer includes an acrylic monomer as an acceptor monomer.
The group R® may include one or more functional groups selected
from epoxy, carboxyiic a;id, hydroxy, thicl, isocyanate,

capped isocyanate, amide, amine, aceto acetate, methylol,
methylol ether, oxazoline carbamate, and
beta—hydroxyalkylamide.

[0020] In an embodiment of the present invention, the
copdlymer includes a substantial portion of alternating
residues of a mild donor monomer as described by structure I
and a mild‘acceptor monomer, which is an acrylic monomer. A

non-limiting list of pubiished e values for monomers that may
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be included as monomers described by structure I and acrylic

monomers of the present invention are shown in Table 2.

Table 2
Alfrey~-Price e valués'for Selected Monomers
Monomer : e value |

Moncmers of structure 1
Isobutylene -1.20"°
Diisobutylene 0.49°%

Acrylic Monomers

Acrylic Acid 0.88*
Acrylamide 0.54%
Acrylonitrile 1.23*
Methyl Acrylate 0.64"
Ethyl Acrylate 0.55%
Butyl Acrylate 0.85"
Benzyl acrylate . 1.13°
Glycidyl acrylate 1.28?

' :Polymer Handbook, Fourth Edition (1999
“ Rzaev et al., Eur. Polym. C., Vol. 24, No. 7, pp. 981-985 (1998)
[0021] Any suitable donor monomer may be used in the
present invention. Suitable donor monomers that may be used
include strong donor monomers and mild donor monomers. The
preéent invention is particularly useful for preparing
alternating copolymers where a mild donor molecule is used.
The present copolymers will include a mild donor monomer
described by structure I, such as isobuﬁylene and
diisobutylene, dipentene, l-octene, and isoprenol, and may
additionally include other suitable mild donor monomers. The
mild donor monomer of structure I may be present in the
copolymer compositicn at a level of at least 10 mol %, in some
situations 15 mol %, in some cases, at least 25 mol %,
 typically at least 30 mol % and in some cases, at least
35 mol %.‘ The mild donor monomer of structure I is present in
the copolymer composition at a level of up to 50 mol %, in
some cases, up to 47.5 mol %, typically up to 45 mol %, and,

in some cases, up to 40 mol %. The level of the mild donor
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“monomer of structure I used is determined by the properties
that arxe to be incdrporated\into the copolymer composition.
Residues from the mild donor monomer of structure I may be
present in the copolymer composition in any range of values
inclusive of those stated above.

[0022] Suitable other donor monomers that may be used in
the present invention include, but are not limited to,
ethylene, butene, styrene, substituted styrenes, methyl
styrene, substituted styrenes, vinyl ethers, vinyl esters,
vinyl pyridines, divinyl benzene, vinyl naphthalene, and
divinyl naphthalene. Vinyl esters include vinyl esters of
carboxylic acids, which include, but are not limited to, vinyl
acetate, vinyl butyrate, vinyl 3,4-dimethoxybenzoate, and
vinyl bénzcate. The use of other donor monomers is optional,
when other donor monomers are present, they are present at a
level of at least 0.01 mol % of the copolymer composition,
often at least 0.1 mol %, typically at least 1 mol %, and, in
some cases, at least 2 mol %. The other donor monomers may be
present at up to 25 mol %, in some cases, up to 20 meol %, |
typically up to 10 mol %, and, in some cases, up to 5 mol %.
The level of other donor monocmers used i1s determined by the
properties that are to be incorporated into the copolymer
composition. Residues from the other donor moncmers may be
present in the copolymer composition in any range of values
inclusive of those stated above.
[0023] The copolymer compositicn inéludes acceptor
monomers as part of the alternating donor monomer — acceptor
monomer units along the copolymer chain. Any suitable
acceptor menomer may be used. Suitable acceptor monomers
include strong acceptor monomers and mild acceptor monomers.
A non-limiting class of suitabie acceptor monomers are those
described by the structure (ITI):. B

(IT) CHp—=CH

W
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where W is selected from the group consisting of -CN, -X, and
-C(=0)~-Y, wherein Y is selectéd from the group consisting of
-NR3,, -0-R®-0-C (=0) -NR*};, and —ORA;‘R31 is selected from the
‘groﬁp consisting of H, iinear or branched C- to Cp alkyl, and
linear or branched C. to Cy alkylol; R* is selected from the
group consisting of H, poly(ethylene oxide), poly (propylene
oxide), linear or branched C: to Cz alkyl, alkylel, aryl and
aralkyl, linear or branched C; to C; fluorocalkyl, fluoroaryl
and fluoroaralkyl, a siloxane radical, a polysiloxane radical,
an alkyl siloxane radiqal, an ethoxylated trimethylsilyl
'siloxane radical, and a propoxylated trimethylsilyl siloxane
radical; R® is a divalent linear or branched C; to Cy; alkyl
linking group; and X is a halide.

[0024] A class of mild acceptor monomers that may be
included in the present copolymer composition are acrylic
acceptor monomers. Suitable acrylic acceptor monomers include
those described by structure (III):

CHy; =—=CH

(III) c=—0

Y
where Y is selected from the group consisting of -NR*%,
-0-R®-0-C (=0) -NR*,, and -OR‘; R*! is selected from the group
consisting-of H, linear or branched C- to Cm.alkyl, and linear
or branched C; to Cs alkylol; R* is selected from the group
consisting of H, poly(ethylene oxide), poly({propylene oxide),
linear or branched C. ﬁo Cao alkyl, alkylol, aryl and aralkyl,
linear or branched C; to C, fluorocalkyl, fluoroaryl and
fluoroaralkyl, a siloxane radical, a polysilcxane radical, an
alkyl‘siloxane radical, an ethoxylated trimethylsilyl siloxane
radicéi,‘and a propoxylated trimethyisilyl siloxane radical;
and R® is a divalent linear or branched C; to Cs; alkyl linking
group. |
[0025] ‘A particularly useful tYpe of acxylic acceptor

monomers are those described by structure III where Y includes
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at least one functional group of epoxy, carboxylic acid,
hydroxy, thiocl, isecyanate,\capped isocyanate, amide, amine,
aceto acetate, methylol, methylol‘ether, oxazoline carbamate,,
and beta—hydroﬁyalkylamide. - |

[0026] Examples of suitable-acceptor monomers include, but
are not limited to, hydroxyethyl acrylate, hydroxypropyl
acrylate, acrylic acid, methyl acrylate, ethyl acrylate, butyl
acrylate, isobutyl acrylate, iscbornyl acrylate,
dimethylamincethyl acrylate, acrylamide, perfluoro methyl
ethyl acrylate, perfluoro ethyl ethyl acrylate, perfluoro
butyl ethyl acrylate, trifluoromethyl benzyl acrylate,
perfluoro alkyl ethyl, acryloxyalkyl terminated
polydimethylsiloxane, acryloxyalkyl tris(trimethylsiloxy
silane), acryloxyalkyl trimethylsiloxy terminated polyethylene
oxide, chlorotriflucro ethylene, glycidyl acrylate,
2-ethylhexyl acrylate, and n-butoxy methyl acrylamide.

[0027] The acrylic acceptor monomers of structure III may
include residues of glycidyl acrylate, where the epoxy group
has been reacted with a suitable active hydrogen compounds
that contains an ethylenically unsaturated group as explained
pelow. |
[0028] The acrylic acceptor monomers of structure III may
pe present in the copolymer composition at a level of at least,
10 mol %, in some situations 15 mol %, in some cases, at least
25 mol %, typically at least 30 mol %, and, in some cases, at
least 35 mol %. The acrylic acceptor monomers of structure
III are present in the copolymer composition at a level of up
to 50 mol %, in some cases, up to 47.5 mol %, typically up to
45 mol %, and, in some cases, up to 40 mol %. The level of
the aerylic acceptor monomers of structure III used is-.
determined by the properties that are to be incorpecrated into
the copelymer composition. Residues from the, acrylic acceptor
monomers of structure III may be present in the copolymev

composition in any range of values 1nclu51ve of those sta;ed

above.,
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[0028] Suitable other mild acceptor monomEr$ that may‘be
used in the present inventidn include, but are not limited to;
acrylonitriie, methacrylonitrile, vinyl halides, crotonic
'aéidﬁ vinyl alkyl sulfonates, and acrolein. Vinyl halides
include, but are not limited to,lvinyl chloride and vinylidene
fluoride. The use of other mild acceptor monomers is
optional, when other mild acceptor monomers are present, they
are present at a level of at least 0.01 mol % of the copoiymer
composition, often at least 0.1 mol %, typically at least 1
mol %, and, in some cases, at least 2 mol %. The other
acceptor monomers may be present at ub to 35 mol %, in some
cases, up to 25 mol %, typically up to 15 mol %, and, in some
cases, up to 10 mol %. The level of ‘other acceptor monomers
used 1s determined by the properties that are to be
incorporated into the copolymer composition. Residues from
the other acceptor monomers may be present in the copolymer

composition in any range oZf values inclusive of these stated
above.

[0030] The present copolymer has a molecular weilght of at
least 250, in many cases at least 500, typically at least
1,000, and, in some cases, at least 2,000. The present
copolymer may have a molecular weight of up to l,OO0,00Q, in
many cases up to 500,000, typically up to 100,000, and, in
some céses, up to 50,000. Certain applications will require
that the molecular weight of the present copolymer not exceed
30,000, in some cases, not exceed 25,000, in other cases ndt
exceed 20,000, and, in certain instances, not exceed 16,000.
The molecular weight of the copolymer is selected based on the
properties that are to be incorporated into the copolymer
composition.  The molecular weight of the copolymer may vary
in any range of values inclusive of those stated ébove. -
[0031] The polydispersity index (PDI) cf the present
copolymer is not always critical. The polydispersity index of
the chOlymervis.usually less than 4, in many cases less than

3.5, typically less than 3, and, in some cases, less than 2.5.



WO 03/070833 PCT/US03/04249

- 12 -

As used herein, and in the claims, “polydispersity index” is
determined from the folloWing equation: (weight average
molecular weight (Mw) / number average molecular weighﬁ (Mn) ) .
A monodisperse polymer has a BDI‘of 1.0. Further, as used.
~herein, Mn and Mw are determined from gel permeation
chromatography using polyétyrene standards.

[0032] In the present copolymer composition, the residues
of the copolymer derived from alternating sequences of

donor monomexr -~ acceptor monomer pailrs, -[DM-AM]-, include

residues that have the alternating structure IV:

CH, CH, TH

£
w—0O—x

where n is an integer from 1 to 10,000; R* and R® are as
defined above; and R® is a moiety containing one or more groups
that are capable of undergoing a polymerization reaction when
exposed to actinic radiation or ionizing radiation. ‘
Non-limiting examples of the polymerizable grbups in R® include
ethylenically unsaturated groups,'epoxy groups and thiols.
[0033] A particularly preferred embodiment i1s one where
the monomer residues containing the groups R' and R? are
derived from one or a combination of diisobutylene, |
isobutylene, dipentene, l-octene, and isoprenol, and the
monomer residues containing the group R® are derived from one
or more acrylic monomers having the structure CH2=CH-C (0) -R?,

where R’ is one or more of structures V-XI:

(V)
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(VIII)
ox | _ i
-0 ‘ hH,_ CH CH: 0 ‘ Csz - NR'/—“'&:-——— CRGZCR62
i
(IX)
Q
o u

G Hy— CH——CH O~ -CHy—— CHRS—— O ——CH; —CERE—O0—— C—— CRE==CR’,
. 4 .

- J

(X)

o 0

= i i i \
—-O"‘—CH;'-CERS—CH—CH:—CEZ —_—— C—NR7———R49.__NRLC __Q_TCHZ}O_C——CR&CRGE
i : n
J .

—_ I

(XI)

——O—FCqu-——O—@—NPJ R“’——NPJ—E ——o—tCHg}O—C—CRs:CRGz
- =2 ‘ 2

where R® is selected from C¢ to Cp, alkenyl groups containing
from 1 to 4 ethylenically unsaturated groups and Cs fo Csg
linear or branched alkenyl groups containing at least oﬁe
ethylenically unsaturated group; each occurrence of R is
independently selected from‘hydrogen, linear, cyclic or
branched C; to Cyy alkyl, alkenyl} aryl, alkaryl, aralkyl,
alkylol, aralkylol, alkyl thiol and aralkyl thiol, and ~CQOR?®
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where R® is selected from hydrogen and C; to C; alkyl; R’ is
selected from H and C; to C; alkyl; eaéh occurrence of RY is
indepeﬁdently selected from H and C; to C; alkyl; R is a |
linking groupr selected from lihear[ cyclic or branched C; to
Css alkylene, alkenylene,. alkylene aryil, oxyélkylene and
‘polyoxyalkylene; i is from 1 to 10; and j‘is frdm 0 to 100.
The copolymer compositions of the present invention may also
include other polymerizable, ethylenically unsaturated
MONOomers.

[0034] As used herein, “alkylene” réfers to an acyclic ox
cyclic, saturated hydrocarbon group Having a carbon chain
length of from C; to Cps. Nonlimiting examples of suitable
alkylene groups include, but are not limited to, those derived
from propenyl, l-butenyl, l-pentenyl, l-decenyl, and.
l-heneicosenyl, such as, for example (CH;)s, (CHp)s, (CHz):,
(CHy) 19, and (CHj) 23, respectively) as well as isbprene and
myrcene. ‘

[0035] As used herein, “oxyalkylene” refers to an alkylene
group containing at least one oxygen atom bonded to, and
interposed between, two carbon atoms and having an alkylene
carbon chain length of from C; to Cps. Nonlimiting examples of
suitable oxyalkylene and polyoxyalkylene groups include those
derived from trimethylolpropane monoallyl ether,
trimethylolpropane diallyl ether, pentaerythritol monoallyl
ether, polyethoxylated allyl alcohol, and polypropoxylated
allyl alcohol, such as - (CH;) s0CH,C (CH,0H) 5 (CH,CH,-) ‘

[0036] As used herein, “alkylene aryl” refers to an
acyclic alkylene group substituted with at least one aryl.
group, for example, phenyl, and having an alkylene carbon
chain‘length of C; to Czs. The aryl group can be further
substituted, if desired. VNonlimiting examples of suitable
substituent groups for the aryl group include, but are not:
limited to, hydroxyl groups, benzyl groups, carbdxyiic acid
groups, and aliphatic hydrocarbon groups. Noﬁlimiting |

examples of suitable alkylene aryl groups include, but are not
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limited to, those derived from styrene and 3-isopropenyl-o«,oc-

dimethylbenzyl isocyanate,‘éuch as —(CHﬁZC&he and
‘—CHZCH(CH3)C6H3(C(CH3)2(NCO). '

[0037] As used herein, “alkenylene” refers to an acyclic
or cyclic hydrocarbon group having one or more double bonds
and having an alkenylene carbon chain length of C; to Cgs.
Nonlimiting examples of suitable alkenylene groups include
those derived from propargyl alcohol and acetylenic diols, for
example, 2,4,7,9-tetramethyl-5-decyne-4,7-diol which is
commercially available from Air Products and Chemicals, Inc.
of Allentown, Pennsylvania as SURFYNOL 104.

[0038] In an embodiment of the present inventiocn, R is or
is derived from a mono-, di- or poly-functional C, to Cps
aliphatic, cycloaliphatic or aromatic isocyanate. As a non-
limiting eﬁample, the isocyanate may be isophorone
diisocyanate. In such cases, R®will typically have a mixture
cf structures that may include one or more of structures XII-
XV:

(XII)
] ﬁ e
— | | - - il z 5
——O—‘ECHZ_J—O——C—NR"——/ ‘ CHZ———NR7——C————O—;—CH2]‘———O——C———CR ——=CR®,
. - 2 I [ 2 '
CHj

CE; “CHs

(XIII)
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- B ﬁ 3 - ! 8
—0-—CH,~CHR® —Oj-CHz-CHz —O0— ‘C—NR’—’/\—CHE—NRL—C O~ECH2:}—0—C-—€R ==CR%,
- : : \ox, -2

‘ ol ? ?
— - - 1 .
—otcxz—cx?ﬁ —0——CH,;-CH; —0—— C—NR7——CH:WZRJ—C———O—ECng—O————C-—CRm"REZ
e 2
p ‘

CHS\</
4 \CE,

CE;
where R® and R’ are as defined above.
[0039] The copolymer composition of the present invention
may have all of the incorporated monomer residues in an
alternating architecture. A non-limiting example of a
copolymer segment having lOO% alternating architecture of
diisobutylene (DIIB) and an acrylic moncmer (Ac) is shown by
structure XVI: .
(XVI) =—Ac-DIIB-Ac-DIIB-Ac-DIIR-Ac-DIIB-Ac-DI IB—AC—DIIB—AC—
[0040] However, in most instances, the present copolymer

will contain alternating segments and random segments as shown

by structure XVII, a copolymer of DIIB, Ac and other monomers,

M:
(XVII)
Alternating , Alternating
-Ac-DIIB-Ac~-DIIBrM-Ac-M-M-Ac-M<Ac-DIIB-Ac-DIIB-Ag¢-Ac-M-AcC-
Random ‘ Random
[0041] ‘Structure XVII shows an embodiment of the present

invention where the copolymer may include alternating segments
~as shown in the boxes and random segments as shown by the

underlined segments.
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[0042] The random segments of the copolymer may contain
' donotr or acceptor monomér residues that have not been
incorporated into the copolymer compositicn by way of an
alternating architecture. . The random segments of the
copolymer composition may further include residues from other
ethylenically unsaturated monomers. As recited herein, all
references to polymer segments derived from alternating
sequences of donor monbmer - acceptor monomer pailrs are meant
to include segments of monomer residues such as those shown by
the boxes in structure XVII. |
[0043] The other ethylenically unsaturated monomers
include any suitable monomer not traditionally categorized as
being an acceptor monomer or a donor monomer.
[0044] The other ethylenically unsaturated monomer,
residue M of structure XVII, is derived from at least one
ethylenically unsaturated, radically polymerizable monomer.
As used herein and in the claims, “ethylenically unsaturated,
radically polymerizable monomer," and like terms, are meant to
include vinyl monomers, allylic monomers, olefins, and other
ethylenically unsaturated monomers that are radically
polymerizable and not classified as donor monomers or acceptor
monomers.
[0045] Classes of vinyl monomers from which M may be
derived include, but are not limited to, monomer residues

derived from monomers of the general formula XVIII:

R'.‘3 R4
where R, R*?, and R* are independently selected from the‘group
consisting of H, CF3, stfaight or branched alkyl of 1 to 20
carbon atoms, aryl, unsaturated straight or branched alkenyl
or alkynyl of 2 to 10 carbon atoms, unsaturated straight or
branched alkenyl of 2 to 6 carbon atoms substitﬁted with a
halogen, C3;-Cg cycloalkyl, heterocyclyl, and phenyl; Ri; ié
selected from the group consisting of H, C:-Cs alkyl, COOR™®,
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wherein R is selected from the group consisting of H, an-
alkali mefal, a C; to Cg alkyl group, glycidyl, and aryl.
[0046] ‘ Specific examples of other monomers, M, that'may
be used in the present invention include methacrylic monomers
and allylic monomers. Residue of monomer M may be derived
from at least one of alkyl methacrylate having from.1l to 20
carbon atoms in the alkyl group. Specific examples of alkyl
methacrylates having from 1 to 20 carbon atoms in the alkyl
group from which residue M may be derived include, but are not’
limited to, methyl methacrylate, ethyl methacrylate, propyl
methacrylate, isopropyl methacrylate,’ butyl methac:ylate,'
isobutyl methacrylate, tert-butyl methacrylate, 2-ethylhexyl
methacrylate, lauryl methacrylate, isobornyl methacrylate,
cyclohexyl methacrylate, and 3,3,5—trimethylcyclohexyl
methacrylate, as well as functional methacrylates, such as
hydroxyalkyl methacrylates, oxirane functiocnal methacrylates,
and carboxylic acid functional methacrylates.
[0047] Residue of monomer M may also be selected from
monomers having more than one methacrylate group, for‘example,
methacrylic anhydride and diethyleneglycol bis (methacrylate).
[0048] As used herein and in the claims, by “allylic
monomer (s)” what is meant is monomers containing substituted
and/or unsubstituted allylic functionality, i.e., one or more
radicals represented by the following general formula XIX,
(XIK) H2C=C(R™)-CHp- |
where R*° is hydrogen, halogen, or a C: to C; alkyl group. . Most
commonly, R' is hydrogen or methyl and, conseguently, general
formula XIX represents the unsubstituted (meth)allyl radical,
which encompasses both allyl and methallyl radicals. Examples
of allylic monomers include, but are not limited to,
(meth)allyl alcohol; (meth)allyl ethers, such as methyl
(meth)éllyl ether; allyl esters of carboxylic acids, such as
(meth)allyl acetate, (meth)allylvbutyrate,‘(meth)allyl

3,4—dimethoxybenioate, and (meth)zllyl benzoate.
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[0049] In an embodwment of the present 1nventlon, a
copolymer contalnlnq epoxy groups is prepared and the epoxy
groups are subsequently reacted with suitable actlve hydrogen
compounds that contain an ethylenically unsaturated group.

Any sultable active hydrogen- contalrlng group may be used in .
the present invention. Suitable active hydrogen containing
groups include, but are not limited to, carboxylic acids,
amides, alcohols, and amines.

[0050] “In a pa*tlcular embodiment of the present
invention, glycidyl acrylate is at least one source cof epoxy-
functional groups in the copolymer. However, it will not
always be desirable, or in some cases, it may not be possible
to react all of the epoxy groups with a suitable active
hydrogen compound that contains an ethyleniéaily unsaturated
group. In such a situation the copolymer will contain at
least 0.1 mol %, in some case at least 0.5 mol % and in other
cases at least 1 mol % and up to 45 mol%, in some cases up to
35 mol %, in other cases up to 30 mol %, in some situations up
to 25 mol & and in other situations up to 20 mol & of residues

having structural unit XX:

_ 1 T

R
CH, é CHa——CH ——
LZ é::o
Lo

. - (XX)
where R® includes a group having structure XXI:

PASN
-0 CH, CE—=CH;

(XXI)

The residues having structural unit XX may be present in the
cepolymer in any range of values incliusive of those stated above.
[0051] The present copolymer composition is prepared by.a
method including the steps of (a) providing a donor monomer
composition comprising one or more donor monomers of structure

I; (b) mixing an ethylenically unsaturated monomer.compositioh
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comprising cne br‘more acceptor monomers with (a) to form a
total monomer composition; and (c) polymerizing the total
monomer composition in the presence of a free radical
initiator. In an embodiment of the present invention, the
ethylenically unsaturated monomer composition includes
monomers of structure III.
[0052]‘ In an embodiment of the present method, the monomer
' of structure I is present at a molar excess based on the
amount of acrylic acceptor monomer. Any amount of excess
monomer of structure I may be used in the present invention in
érder to encourage the formation of the desired alternating'
architecture. The excess amount of monomer of structure I may
be at least 10 mol %, in some cases, up to 25 mol %, typically
up to 50 mol %, and, in some cases, up tc 100 mol % based on

the amount of acrylic acceptor monomer. When the molar excess

of monomer of structure I 1s too high, the process may not be
economical on a commercial scale.

[0053] In a further embodiment of the present method, the
acrylic acdeptor monomer 1is present in an amount of at least
15 mel %, in some cases, 17.5 mol %, typically at least

20 mol %, and, in some cases, 25 mol % of the total monomer
composition. The acrylic acceptor monomer may further be
present in an amount up to 50 mol %, in some cases, up to
47.5 mol %, typically up to 45 mol %, and, in some cases, up
to 40 mol % of the total monomer composition. The level of
the acrylic acceptor monomers used is determined by the
properties that are to be incorporated into the copolymer
cpmposition. The acrylic acceptor monomers may be present in
the monomer compesition in any range of values inclusive of
those stated above.

[0054] The ethylenically unsaturated monomer composition
of the present method may include other donor monomers as
described above, as well as other monomers designated by M and
described above. The use of other mild acceptor monomers is

opticnal in the present method. - When other mild acceptor
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monomers are present, they are present at a level of at least
0.01 mol % of the copolymer ‘composition, often at least 0.1
mol %, typically at least 1 mol %, and,‘in some caées,‘at‘
least 2 mol % of the total monomer composition. ‘The other
acceptor monomers may be present at up to 35 mol %, in some
cases, up to 25 mol %, typically up to 15 mol %, and, in some
cases, up to 10 mol % of the total moncmer composition. The
level of other acceptor monomers used herein is determined by
the properties that are to be incorporated into the copolymer
composition. ‘Residues from the other acceptor monomers may be
present in the copolymer composition in any range of values
inclusive of those stated above;

[0055] The use of other monomers, M, is opticnal in the
present method. When other monbmers are present, they are
present at a level of at least 0.01 mol &% of the copolymer

composition, often at least 0.1 mol %, typically at least

o0

1 mol %, and, in some cases, at least 2 mol The other
monomers may be present at up to 35 mol %, in some cases, up
to 25 mol %, typically up to 15 mol %, and, in some cases, up
to 10 mol %. The level of other monomers used herein is
determined by the properties that are to be incorporated into
the copolymer composition. Residues from the other monomers,
M, may be present in the copolymer composition in any range of
values inclusive of those stated above.

[0056] + In an embodiment of the present method, an excess
of monomer of structure I is used and the unreacted monomer of
structure I is removed from the resulting copolymer
composition by evaporation. The removal of unreacted monomer
is typically facilitated by the application of a vacuum to the
reaction vessel.

[0057] Any suitable free radical initiator may be used in
the present invention. Examples of suitable free radical
initiators include, but are not limited to, thermal free
radical initiatoers, photé—initiatoré, and feddx initiators.

Examples of suitable thermal free radical initiators include,
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but are not limited to, peroxide compounds, 2az0 compounds, and
peﬁsulfate compounds. | |

[0058] Examples of suitable peroxide compound initiators
"include, but are not limited to, hydrogen peroxide, methyl
ethyl ketone peroxides, benzoyl peroxides, di~f—butyl
peroxide, diFﬁ—amyl perdxide, dicumyl peroxide, diacyl
peroxides; decanoyl peroxides, lauroyl peroxides,
peroxydicarbonates, peroxyesters, dialkyl peroxides,
hydroperoxides, peroxyketals, and mixtures thereof.

[0059] Examples of suitable azo compounds include, but are
not limited to, 4-4’-azobis (4-cyanovaleric acid),
1-1’-azobiscyclohexanecarbonitrile),
2-2'-azobisisobutyronitrile, 2-2’-azobis(Z-
methylpropionamidine) dihydrochloride, 2-2' ~azobis (2-
methylbutyronitrile), 2-2’-azobis (propionitrile),
p_2'-azobis (2, 4-dimethylvaleronitrile),

2-2" —azobis (valeronitrile), 2,02"-azobis [2-methyl-N- (2~
hydroxyethyl)propionamide], 4,4"-azobis (4-cyanopentanoic
acid), 2,2’—azobis(N,N’—dimethyleneisobutyramidine),

2,2’ -azoblis{2-amidinopropane) dinydrochloride,
2,2’—azobis(N,N’—dimethyleneisobutyramidine) dihydrochloride,
and 2- (carbamoylazo)-isobutyronitrile.

[0060] In an embodiment of the present invention, the
ethylenically unsaturated monomer composition and the free
radical polymerization iﬁitiator are separately and
simultaneously added to and mixed with the donor monomer
composition. The ethylenically unsaturated monomer
composition and the free radical polymerization initiator may
be added to the donor moncomer composition over a period of at
least 15 minutes, in some cases, at least 20 minutes,
typically at least 30 minutes, and, in some cases, at least

1 hour. The ethylenically unsaturated monomer composition and
the free radical polymerization initiator may further be added
to the donor monomer composition over a period of up to

24 hours, in some case up to 18 hours, typically up to
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12 hours, and, in some cases, up to 8 hours. The time for
édding the ethylenically unsaturated monomer must be
sufficient to maintain a suitable excess of donor monomer of
structure I over,unreaéted acrylic acceptor monomer to
encourage the formation of donor monomer - acceptor monomer
alternating segments. The addition time is not so loné as to
render the process economically unfeasible on a commercial
scale. The addition time may vary in any range of values
inclusive of those stated above.

[0061] After mixing, or during additicn and mixing,
polymerization of the monomers takes place. The present
polymerization method can ke run at any suitable temperature.
Suitable temperature for the present method may be ambient, at
least 50°C, in many cases at least 60°C, typically at least
75°C, and, in some cases, at least 100°C. Suitable
temperature for the present method may further be described as
peing up to 300°C, in many cases up to 275°C, typically up to
250°C, and, in some cases, up to 225°C. The temperature is
typically high enough to encouﬁage good reactivity from the
monomers and initiators employed. However, the volatility of
the monomers and corresponding partial pressures create a
practical upper limit on temperature determined by the
pressure rating of the reaction vessel. The polymerization
temperature may vary in any range of values inclusive of those
stated above.

[0062] The present polymerization method can be run at any
suitable pressure. A sultable pressure for the present method
may be ambient, at least 1 psi, in many cases at least 5 psi,
typically at least 15 psi, and, in some cases, at least 20
psi. Suitable pressures for the present method may further be
described as being up to 200 psi, in many cases up to 175 psi,
typically up to 150 psi, and, in some cases, up to 125 psi.
The pressure is typically high enough to maintain the monomers
and initiators in a liquid phase. The pressures employed have

a practical upper limit based on the pressure rating of the
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reaction vessel employed. The pressure during polymerization
temperature may vary in ;ny‘range of values inclusive of those
stated above. ‘
[0063] The copolymer that results from the present method
may be utilized as a starting material‘for the preparation of -
other polymers by using functional group transformations by
methods known in the art. Functional groups that can be
introduced by these methods are epoxy, carboxylic acid,
hydroxy, thiol, isocyanate, capped isocyanate, amide, amine,
aceto acetate, methylol, methylol ether, oxazoline carbamate,
and beta-hydroxyalkylamide. !
[0064] For example, a copolymer of the present method
comprising methyl acrylate will contain carbomethoxy groups.
The carbomethoxy groups can be hydrolyzed to carboxyl groups
or transesterified with an alcohol to form the corresponding
ester of the alcohol. Using ammonia, the aforementioned
methyl acrylate copolymer can be converted to an amide, or,
using a primary or secondary amine, can be converted to the
corresponding N-substituted amide. Similarly, using a diamine
such as ethylene diamine, one can convert the aforementioned
copolymer of the present method to an N-aminoethylamide, or,
with ethanolamine, to an N-hydroxyethylamide. The
N-aminoethylamide functionality can be further converted to an
oxazoline by dehydration. The N-aminoethylamide can be
further reacted with a carbonate such as propylene carbonate
to produce the corresponding urethane functional copolymer.
These transformations can be carried out to convert all of the
carbomethoxy groups or can be carried out in part, leaving
.some of the carbomethoxy groups intact. | ‘
[0065] EpoxXy groups can be introduced inteo the'copolymer
of the present ﬁethod directly by using glycidyl acrylate in
the copclymer preparation or indifectly by functional group
+ransformation. One example of an indirect method is to
_oxidize residual unsaturatiocn in the copolymer to epoxXy groups

using a peracid such as peroxyacetic acid. Alternatively, one.
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can prepare a carboxyl-functional ccpolymer by hydrolysis as
described‘above, treat the carboxyl-functional copolymer with
epichlorohydrin then alkali to produce the époxy—functional
‘copolymer. ' These transformations can also be carried out
exhaustively or in part. The resulting epoxy-functional
copolymer can be further reacted with the appropriate active
hydrogen-containing reagents to form alcohols, amines, or
sulfides.

[0066] Hydroxyl groups can be introduced directly using a
hydroxyl-functional monomer such as hydroxyethyl acrylate in
the copolymer of the present method, br they can be introduced
by functional group transformation. By treating the
carboxyl-functional copolymer described abkove wlth an epoxy,
one can produce a hydroxyl functional polymer. Suitable
epoxies include, but are not limited to, ethylene oxide,
propylene oxide, butylene oxide, and glycidyl necdecanocate.
[0067] The aboveé-described hydroxyl functional copolymers
can be further reacted to form cther copolymers. For example,
a copolymer containing hydroxyethyl groups can be treated with
a carbamylating agent, such as methyl carbamate, to produce
the corresponding carbamate functional copolymer. .With
diketene or t-butyl acetoacetate, the hydroxyl groups can also .
be converted to acetoacetate esters.

[0068] Isocyanate-functional copolymers can also be
producéd. Copolymers of the present method, which contain 2
or more hydroxyl groups, can be treated with a diisocyanate,
such as isophoronediisocyanate, to produce
isocyanate-functional polymers. Primary amine functional
copolymers, described above, can be phosgenated to produce
isocyanate functionality.

[0069] As was mentioned above, the copolymer may include
epoxy groups, which may be reacted with an active hydrogen
compound that‘contains an ethylenically unsaturated group in
order to introduce an eﬁhylenically unsaturated group into the

copolymer. In an embodiment of the present invention, the
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copolymer includes residues from one oOr more epoxy cohtaining
monomers selected from glycidyl acrylate, glycidyl |
methacrylate, and allyl glycidyl ether. |
. [0070] In a further embodiment of the présent invention, -
the active hydrogen compound that contains‘an‘eﬁhylenically
unsaturated group is a carboxylic acid described by one of the
structures XXII or XXIII: |

' | (XXII)

f

HO— C

RS

+

(XXIII)

HO——@— CR6==CR®,
where R® is selected‘from C¢ to Cy alkenyl groups containing
from 1 to 4 ethylenically unsaturated groups ahd C; to Cg
linear or branched alkenyl groups containing at least one
ethylenically unsaturated group, and éach occurrence of R® is
independently selected from hydrogen, linear, cyclic or
branched C; to Cy alkyl, alkenyl, aryl, alkaryl, aralkyl,
alkylol, aralkylol, alkyl thiol and aralkyl thiol, and -COOR?,
where‘Rgis selected from hydrogen and C, to C, alkyl. Suitable
carboxylic acids that may be used include, but are not limited‘
to, acrylic acid; methacrylic acid; maleic acid and its mono
alkyl esters; itaconic acid and its mono alkyl esters; fumaric
acid and its mono alkyl esters; aconitic acid and its mono and
di alkyl esters; pentenoic acid; oleic acid; linoleic acid;
linolenic acid; and linseed oil.
[0071] An embodiment of the present invention is directed
to a radiation-curable compositibn that includes the present
copolymer containing one or more ethylenically unsaturated
groups. The copolymer may be.a non-gelled copolymer ‘
containing residues of structure IV,‘which includes 2 group
that is capable of undergoing a polymerization reaction when

exposed to actinic radiation or ionizing radiation. The
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radiation may be provided by ultraviolet radiation,
ultraviclet light, or an electron beam.

[0072] The present radiatidn—cu:able compositioh‘may
further include at least one photosensitizer or photoinitiator
readily known to those skilled in the art. Suitable
photosensitizers that may be used in the present invention
include, but are not limited to, benzophenone, anthragquinone
and thioxanthone. Suitable photoinitiators that.may be used
in the present invention include, but are not limited to,
isobutyl benzoin ether, butyl isomers of butyl benzoin ether,
o,ca-diethoxyacetophenone, phosphine okide, and a,a—dimethoxy—
a—phenyiacetophenone. The radiation-curable composition méy
further include a thermal polymerization inhibitor.

[0073] ’ In an embodiment of the present radiation-curable
composition, the composition may contain co-reactive
functional groups. In such a case, the composition may be a
thermosetting composition.

[0074] When the radiation-curable composition includes
co-reactive functional groups, the composition may include the
above-described copolymer containing one or more groups that
are capable of undergoing a polymerization reaction when
exposed to actinic radiation or ionizing‘radiation, such as an
ethylenically unsaturated group and reactive functional
groups, and at least one other component that contains
reactive functional groups that are reactive with the
functional groups of the copolymer and/or one or more groups
that are capable of undergoing a polymerization reaction when
exposed to actinic radiation or ionizing radiation. 1In this
embodiment, the radiation-curable composition will typically
be able to be cured by actinic or ionizing radiation, as well
as by a second curing step, which may include thermal curing,
air curing, oxidative curing, cationic UV curing, and moisture
curing.

[0075] As used herein and in the claims, the term “thermal

curing” and similar and related terms refers to polymerization
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and/or crosslinking reactions that are initiated by exposing
the radiation-curable compoéition to infrared‘radiation‘and/or
temperatures that exceed ambient temperatureé.

[0076] As used herein and in the claims, the term
“oxidative curing” and similar and related terms refers to
polymerization and/or crosslinking reactions that take place
via an oxidative mechanism, either at an ethylenically
unsaturated site in a polymer and/or in a functional group.
[0077] When oxidative curing methods are used, the curing
reaction may téke place at temperatures ranging from ambient
to above 160°C. Additionally, metal;driers, in the form of
polyvalent metal salts or complexes of organic acids, and
known in the art, are useful to accelerate the oxidative cure
of the radiation-curable composition. Cobalt or manganese .
naphthenates or octoates are non-limiting examples of driers
serving this function. Other auxiliary driers may also be
used in combination with cobalt or manganese to promote faster
hardness development and water resistance. Non-limiting
examples include metal salts of calcium, zirconium, potassium,
iron, zinc, copper, or lead. Drier accelerators such as

1,10 phenanthroline may also be used along with the metal
driers to improve dry performance. ‘

[0078] As used herein and in the claims, the term
“cationic UV curing” and similar and related terms refers to
polymerization and/or crosslinking reactions that are
initiated by cationic UV cure initiators when exposed to
appropriate UV radiation as described below. The radiation-
curable composition may include suitable radiation cure
functional groups capable of reacting with suitable cationic
UV cure initiators. A non-limiting description of suitable
radiation cure functional groups and mechanisms are described

in Davidson, Exploring the Science, Technology and

Applications of U.V. and E.B. Curing, published by SITA

Technology Limited, London, UK (198%). sSuitable cationic UV

cure initiators include, but are not limited to, triaryl
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sulfonium éalts, triaryl iodenium salts, and triphenyl
sulfonium hekafluo:osulfatei ‘

[0079] - As used herein and in the claims, the term
“moisture curing” and similar and related terms refers to
polymerization and/or crosslinking reactions that are
initiated by éxposihg the radiation-curable composition to
atmospheric moisture. Functional groups ﬁhat may be included
in the radiation-curable composition and conditions to effect
moisture curing are generally known in the art and disclosed
by, for example, U.S. Patent Nos. 6,414,077 td BRarron et al.,
4,043,953 to Chang et al., 4,707,515 to Gilch et al, 4,147,685
to Smith, 4,177,301 to Smith, and 4,910,255 to Wakabayashi.
[0080] . In a particular embodimént of the present ‘
invention, the radiation-curable composition is a liguid.
[0081] As was mentioned, the present radiation-curable
composition may be cured by exposure to ionizing radiation
and/or ultraviolet light. The radiation-curable compositions
of the invention are especially useful as radiation-curable
coating compositions. They can be applied to a variety of
substrates, examples of which include wood, paper,
particleboard, chipboard, metals, metals having primers
thereon, glaSs, plastics, and metallized plastics. The
radiation-curable compositions may be applied by any known
means, non-limiting examples of Which include brushing,
dipping, roll coating, doctor blade coating, spraying, curtain
coating, etc. They may be preliminarily dried to remove
solvent if desired and then cured by actinic radiation.

[oos2y An embodiment of the present invention is directed
to a method of coating a substrate that includes:

(a) providing a substrate;

(b) applying a layer of the present -
radiation-curable composition over at least a portion of a
surfacé of the substrate; and \

(c) curing the radiation-curable composition

by exposing the-layer to actinic radiation or lonizing
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radiation in an amount sufficient to effeét curing of the
radiatibn—curable composition. ‘
[0083] When the actinic radiation is ultraviolet
radiation, it may be provided from any suitable source which
emits ultraviolet light having a WaVélength ranging from about
180 to about 400 nanometers, and méy be empioyed to cure a
‘composition of the invention. Suitable sources of ultraviolet
light are generally known and include, for example, mercury
arcs, carbon arcs, low pressure mercury lamps, medium pressure
mercury lamps, high pressure meréury lamps, swirl-flow plasma
arcs, and ultraviolet light emitting‘diodes. Preferred are
ultraviolet light emitting lamps of the medium pressure
mercury vapor type. Such lamps usually have fused quartez
envelopes and are ordinarily in the form of long tubes having
an electrode at both ends. Typically, preferred medium
pressure mercury lamps usually employed to cure a composition
of *he invention have outputs of about 200 watts per inch
across the length of the tube. Another advantage of
compositions of the invention is their excellent degree of
cure in air at relatively low energy exposure in ultraviolet
light.
[0084] In an embodiment of the present invention, the
present composition may be cured using radiation in air or in
an inert atmosphere. Typically, ultraviolet radiation cure may |
be acccmplished in ailr or in nitrogen. In a further
embodiment, electron beam radiation cure is carried out in an
inert atmosphere, such as nitrogen, to cure the surface, as
any oxygen present may compete with the cure reaction.
[0085] Generally, a 1 mil thick wet film of a composition
of the invention, provided it further comprises a photocuring
promoter such as a photoinitiator and/or a photosensitizer,
can be cured in air through its thickness to a tack-free state
upon exposure to ultraviolet light bylpassing the film at a
rate of 20 feet per minute or more under four dr fewer medium

pressure mercury vapor lamps operating at 200 watts per inch
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at a distance of 4 inches from the surface of the wet f£ilm.
Photoinitiators and photosensitizers for use in ultraviolet
light curable compositions are generally known in the art of
UV curable compositions. Examples of phbtosensitizers include
benzophenone, anthraquinone, and thioxanthone. ‘Examples‘of
‘photoinitiators include isobutyl benzoin ether, mixtures of
butyl isomers of butyl benzoin ether,
alpha,alpha-diethoxyacetophenone, and alpha,alpha-dimethoxy-
alpha-phenylacetophenone. Other examples of photoinitiators
and photosensitizers can be found in U.S. Pat. No. 4,017,652.
[0086] Although in many cases the'present compositions may
be cured using UV radiation, where desired, they may be
thermally cured, oxidatively cured, catatonically UV cured, or
moisture cured.

[0087] When the compositions are thermally cured, they are
typically cured in the presence of a thermal free radical
initiator. VNon-limiting examples of thermal initiators
include the generally known thermal initiators for curing
ethylenically unsaturated monomers, including, but not limited
to, peroxides such as benzoyl peroxide, methyl ethyl ketone
peroxide, cumene hydroperoxide, cyclohexanone peroxide,
2,4~-dichlorobenzoyl peroxide, bis (p-bromobenzoyl) peroxide,
and acetyl peroxide.

[0088] Where desired, a thermal polymerization inhibitor
may be utilized in a composition of the invention. Examples
of thermal polymerization inhibitors include the methyl ester
of hydroquinone, phenolic compounds such as di-tertiary-butyl
paracrescol, and compounds containing secondary or tertiary
nitrogen atcms. |

[0089] The radiation-curable composition.cf the present
invention may also contain a solvent such as conventional
alichatic and aromatic solvents or diluents known in the art.
[0090] Where desi;ed, the radiation-curable composition of
the invention may also contain pigment. When it is desired Eo .

cure thelcomposition with ultraviclet light, the pigment
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utilized is typically an ultraviolet light transparent
pigment. The phrase “ultraviolet light transparent” is used
to mean that the pigment does not substantially interfere with
UV curing of the‘composition.‘ Examples of ultraviolet light
transparent pigments include talé, calcium carbonate, aluminum
silicate, magnesium silicate, barytes, and silica (810;).
Coloring pigments generally employed to impart color in non-UV
cured coating compositions typically absorb or block |
ultraviolet light, thereby interfering with UV curing of the
composition. Accordingly,‘where some degree of coleor tinting
of the composition is desired, such cbnventional coloring
pigments typically are employed in only limited amounts when
cure is to be effected utilizing UV.

[0091] | When the radiation-curable composition includes a
copelymer containing both a group that is capable of
undergoing a polymerization reaction when exposed to actinic
radiation or ionizing radiation, such as an ethylenically
unsaturated gfoup, and reactivé functional groups, the
radiation-curable compositicn is capable of undergoing dual
cure. Such dual cure compositions contain more than one type
of polymerizable group. As a non-limiting example, such
compositions may contain ethylenically unsaturated and epoxy
groups. |

[0082] During exposure to radiation, the degree of
crosslinking of the radiation sensitive groups is usually
substantially complete. As a non-limiting example, during
exposure to heat, the degree of crosslinking of the,
thermosetting functional groups is usually substantially
complete. The exposures to radiation and heat can be
conducted in any suitable order, i.e., radiation first, heat
second;'heat first, radiation second; or successive exposures
"such heat followed by radiation followed by heat. When
considered from the staﬁdpoint of the copolymer as a whole, it

‘may be said that the copolymer is partially cured during a
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first exposure and completely cured after the one or mecre
subsequent exposures.

[0093]‘ In an embodiment of the present invention,'the
radiation-curable composition may also act as a thermosetting
composition. In such an empodiment, the radiation—curable
composition includes the ungelled copolymer composition, where
the copolymer contains one or more reactive functional groups,
as well as ethylenically unsaturated groups, and the
composition may further include a crosslinking agent having at
least two functional groups that are reactive with the
functional groups of the copclymer arid/or a group that is
capable of undergoing a polymerization reaction when exposed
to actinic radiation or ionizing radiation.

[0094] The functional groups in the copolymer may Dbe any
suitable functional groups. Suitable functional groups
include, but are not limited to, epoxy, carboxylic acid,
hydroxy, thicl, isocyanate, capped isocyanate, amide, amine,
aceto acetate, methylol, methylol ether, oxazoline carbamate,
and beta—hydroxyalkylamide. The crosslinking agent will have
suitable functional groups that will react with the functional
groups in the copolymer. Suitable functional groups for the
crosslinking agent include, but are not limited to, epoxy,
carboxylic acid, hydroxy, thiol,'amide, amine, oxa;oline,
aceto acetate, methylol, methylol ether, isocyanate, capped
isocyanate, beta hydroxyalkamide, and carbamate.

[00895] The copolymer containing reactive functional groups
will typically have a functional equivalent weight of from 100
"to 5,000 grams/equivalent. The equivalent ratio of functional
groups of‘the ciosslinking agent to functional equivalents in
the functional copolymer is typically within the range of 1:3

to 3:1. When a crosslinking agent is present in the
radiation-curable ¢ompositibn, it is present in an amount of
from 1 to 45 percent by weight based on total weight of resin

solids, and the functional copolymer is present in an amount
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of from 55 to 89 pércent by weight based on total weight of
resin solids. |

[0096] A non—limiting example of the present
radiatiqn4curable composition is one where the functional .
group of the copolymer is hydroxy and the functional group of
the crosslinking agent is a capped polyisocyanate, where the
capping group of the capped polyisocyanate crosslinking agent
is one or more of hydroxy functional compounds, lH—azoles,

‘lactams, ketoximes, and mixtures thereof. The capping group
may be phenol, p-hydrexy methylbenzoate, 1H-1,2,4-trlazole,

' 1H-2,5-dimethyl pyrazole, 2-propanone oxime, 2-butanone oxime,
cyclohexanone oxime, e-caprolactam, or mixtures thereof. The
polyisocyanate of the capped polyisocyanate crosslinking agent
is one or more of 1,6-hexamethylene diisocyanate, cyclohexane
diisocyanate, o,a’-xylylene diisocyanate, a,a,a',u/— |
tetramethylxylylene diisocyanate, l-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane, diisocyanato-
dicyclohexylmethane, dimers of the polyisocyanates, or trimers
of the polyisocyanates.

[0097]  When the copolymer has hydroxy functionality, it
will typically have a hydroxy egquivalent weight of from 100 to
10,000 grams/equivalent. The equivalent ratio of ‘isocyanate
equivalents in the capped polyisocyanate crosslinking agent to

- hydroxy ecquivalents in the hydroxy functional copolymer is
typically within the range of 1:3 to 3:1. In this embodiment,
the capped polyisocyanate crosslinking agent is present in the
liquid thermosetting composition in an amount of from 1 to 45
percent by weight based on totél weight of resin sclids, and
the hydroxy functional copolymer is present in an amount of
from 55 to 99 percent by weight based on total weight of resin
sclids. |
[0098] ‘Another non-limiting example of the present
radiation-curable composition is one where the copolymer has
epoxy—functional groups and the crosslinking agent is a

carboxylic acid functicnal compound having from 4 to 20 carbon
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atoms. The carboxylic acid crosslinking agent may be one or
more of dodecanedioic acid, 'azelaic abid, adipic acid,

1, 6-hexanedioic acid, succinic acid, pimelic acid, sebacic
acid, maleic acid, citric acid, itaconic acid, or aconitic
acid. ' | |

‘[0099] A further non—limiting‘example of the‘present
radiation-curable composition also acting as a thermesetting
composition is one where the copolymer has carboxylic acid
functicnal groups and the crosslinking agent is a
beta—hydroxyalkylamide‘compound. The liquid thermosetting
composition may further include a second polycarboxylic acid
functional material selected from the group consisting of C, to
C.; aliphatic carboxylic acids, polymeric polyanhydrides,
~polyesters, polyurethanes,‘and mixtures therecf. The
beta-hydroxyalkylamide may be represented by the following
structure XXIV:

=O Cx CH:

(@}
I
=

E ’|: C N CHp CH CH

2 R25

where R*¢ is H or C.-C:; alkyl; R

alkyl structure XXV:

HO CH CHy
(XKV)
REQ
for which R*™ is as described above; E is a chemical bond or
monovalent or polyvalent organic radical derived from
saturated, unsaturated, or aromatic hydrocérbon radicals
inciuding substituted hydrocarbon radicals containing from 2
to 20 carbon atoms; m is 1 or 2, n is from 0 te 2; and m+n is

at least 2.
[00100] The radiation-curable composition of the present
invention may ke used as a film-forming (coating) composition

and may contain adjunct ingredients conventionally used in



WO 03/070833 PCT/US03/04249

- 36 -

such compositions. Opticnal ingredients such as, for example,
pigments, plasticizers, surfactants, thixotropic agents, anti-
gassing agents, organic cosolvents, flow controllers,
anti-oxidants, and similar additives conventional in the art
may be included in the compbsition. These ingredients are
typically present at up to about 40% by weight based on the
total weight of resin solids.
[00101] The radiation-curable composition of the present
invention may be waterborne, but is usually solventborne. ‘
Suitable scolvent carriers include the various esters, ethers,
and aromatic solvents, including mixtures thereof, that are
known in the art of coating formulation. The composition
typically has a total solids content of about 5 to 100 percent
by weight, in some cases, about 40 to about 80 percent by
weight. The radiation-curable composition of the present
invention will often have a VOC content of less than 4 percentv
by weight, typically less than 3.5 percent by weight and many
times less than 3 percent by welght.
[00102] When the radiation-curable composition includes one
or mbre groups that are capable of undergoing a polymerization
reaction wﬁen exposed to actinic radiation or ionizing
radiation, such ‘as ethylenically unsaturated groups and
reactive functional groups, the composition is capable of dual
cure. As such, the present invention is also directed to a
methed of coating and dual curing a substrate, which includes
the‘steps of:

(a) providing a substrate;

‘ {b) applying a layer of the present
radiation-curable composition containing ethylenicélly
unsaturated groups and reactive functional over at least a
portion of a surface of the substrate; ‘ ‘

() curing the radiation-curable composition
by exposing the layer to actinic radiation or ionizing .
‘fadiétign in an amount sufficient to effect curing of the

radiation-curable composition; and
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(d) curing the radiation-curable composition
by a secondary method. Steps (c) and (d) may be conducted in
any order and repeated in any order.

[00103] Any sultable secondary method of‘curing the
radiation-curable composition may be used. Suitable secondary
methods include, but are not limited to, thermal curing, air
curing, oxidative curing, cationic UV curing, and moisture
curing. ‘

[0100] The radiation-curable compositioﬁ is typically
allowed to coalesce to form a substantially continuous film on
the substrate. Typically, the film thickness will be about
0.01 to about 5 mils (about 0.254 to about 127 microns) and in
some cases, about 0.1 to about 2 mils (zgbout 2;54 to about
50.8 microns) in thickness. The film is formed on the surface
of the substrate by driving solvent, i.e., organic solvent
and/or water, out of the film by heating or by an air-drying
period. ©Preferably, the heating will only be for a short
period of time, sufficient to ensure that any subsequently
applied coatings can be applied to the film without dissolving
the composition. Suitable drying conditions will depend on .
the particular composition but, in general, a drying time of
from about 1 to 5 minutes at a temperature of about 68f250°F
(20-121°C) will be adeguate. More than one coat of the
composition may be applied tc develop the optimum appearance.
Between coats, the previously applied cocat may be flashed,
that is, exposed to ambient conditions for about 1 to 20
minutes. Radiation curing may be performed as explained
~above. ‘

[0101] When thermal curing is used as the secondary curing
method, the coalesced radiation-curable composition is next
cured by the application of heat. As used herein and in the
claims, by “cured” is meant a three-dimensicnal crosslink
network formed by covalenﬁ bond formation, e.g., between the
free isocyanate groups of the cfossiinking'agént and the

hydroxy groups of the polymer. The temperature at .which the
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radiation—curable composition of the present invention cures
is‘variable, and depends in'part on the type and amount of
catalyst used. Typically, the thermosetting composition has a
cure temperature within the range of 130°C to 160°C, e.g.,
from 140°C to 150°C.

[01021 in accordance with the present invention, there ié
further provided a multi-component composite coating
compesition that includes a base coét deposited from a
film-forming composition; and a top coat deposited over at
least a portion of the base coat. The.base coat may
optionally be pigmented. In many cases the top'coat will be
substantially pigment free, but it méy also be pigmented.
Either the base coat or the top coat or both coats may inclﬁde
the radiation-curable composition described above.

[0103] The film-forming composition from which the base
coat is deposited can be any of the compositions useful in
coatings applications, particularly automotive applications in
which color-plus-clear coating compositions are extensively
used. Pigmented film-forming compositions conventionally
comprise a resincus binder and a pigment to act as a colorant.
Particularly useful resinous binders are acrylic polymers,
polyesters including alkyds, polyurethanes, and the co?olymer
composition of the present invention.

[0104] -The resinous binders for the film-forming base coat
composition can be organic solvent-based materials, such as
those described in U.S. Patent No.‘4,220,679, note column 2,
line 24 through column 4, line 40. Also, water-based coating
compositions, such as those described in U.S. Patent Nos.
4,403,003, 4,147,679, and 5,071,904, can be used as the binder
in the pigmented film-forming composition.

[0105] The film-forming base coat composition may be
colored and may also contain metallic pigments. Examples of
‘suitable pigments can be found in U.S. Patent Nos. 4,220,879,

4,403,003, 4,147,679, and 5,071,904.
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[0106] - Ingredients that may be optionally present in the
film-forming base coat composition are those which are well
known in the art of formulating surface coatings and include
surfacﬁants, flow control agents, thixotropic agents, fillers,
anti-gassing agents, organic co-solvents, catalysts, and other
customary auxiliaries. Examples of these optional materials
and suitable amounts are described in thé aforementioned U.S.
Patent Nos. 4,220,679, 4,403,003, 4,147,679, and 5,071,904,
[0107] The film-forming base coat composition can be
applied to the substrate by any of the conventional coéting
technigues, such as roll coating, curtain coating, doctor
blade coating, spray coating[ brushing, dipping, air knife,
slotting, screen printing, or flowing, but are most often ‘
applied by spraying. The usual spray téchniques.and eguipment
for air spraying, airless spraying, and electrostatic spraying
employing either manual or automatic methods can be used. The
film-forming composition i1s applied in an amecunt sufficient to
provide a base céat having a film thickness typically of 0.1
to 5 mils (2.5 to 125 microns)‘and preferably C.1 to 2 mils
(2.5 to 50 microns).'
[0108] After deposition of the film-forming base coat
composition onto the substrate, and prior to application of
the top boat, the base‘cbét can be cured or alternatively
dried. 1In drying the deposited base coat, organic solvent
and/or water is driven out of the base coat film by heating or
the passage of air over its surface. Suitable drying
conditions will depend on the particular base‘coat composition
used and on the ambient humidity in the case of certain
water-based compositions. In general, drying of the deposited
base coat is performed over a period of from 1 to 15 minutes
and at a temperature of 21°C to 93°C.
[0109] The top coat is applied over the deposited base
coat by any of the methods by which coatings are known to be
applied. When the top coat is applied over a deposited base

coat that has been dried, the two coatings can be co-cured to
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form the multi-component composite coating composition of the
present invention. Both the base coat and top coat are heated
together to conjointly‘cﬁre the two layers. Typically, curing
conditions of 130°C to 160°C for a period of 20 to 30 minutes
are employed. The top coat typically has a thickness_withid
the range of O.5‘to 6 mils (13 to 150 microns), e.g., from 1
to 3 mils (25 to‘75 microns).

[0110] The present invention is more particularly
described in the following examples, which are intended to be
illustrative only, since numerous modificatiecns and variations
therein will be apparent to those skilled in the art. Unless
otherwise specified, all parts and percentages are by weight.

Examples 1-3

[0111] UV curable resins were prepared using‘the

ingredients enumerated in the table below.
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Material 'Example 1 | Example 2 | Example 3
Charge #1 |Isopropanocl 600g 600g 600g
Charge #2 |Di-t-amyl 90¢g 90g S0g
peroxide ‘
Charge #3 |Isobutylene 750g
Diisobutylene 1000g
1-Octene 7509
Charge #4 |Glycidyl 900g 900g 900g
Methacrylate ‘
Methyl Acrylate 750g 750g 7509
Butyl Acrylate 600g 750g 600g
% Solids 8C Wt.% 65 Wt.% 75 wt.%
GPC Mw 2814 1240 2458
. [Mn 1249 971 1155
Mw/Mn 2.3 2.0 2.1
Charge #5 |Ionol 6.3g 6.3g 6.3g
Triphenyl 7.8¢g 7.8g 7.89
Phosphine
Charge #6 |Acrylic Acid 126.7g 126.7g 126.7g
Charge #7 |Isobornyl 369g 332g 346g
Acrylate
N-vinyl-2- 369g 332g 34¢6g
pyrrolidone
[0112] Charge #1 was added to a reaction vessel equipped

with an agitator, a thermocouple, and a nitrogen inlet. The
vessel was sealed and the solution was placed under a nitrogen
blanket and heated to 170°C. Charge #2 was added to the
reaction vessel over a 2.5-hour period. Fifteen minutes after
the addition of Charge‘#z was begun, Charge #3 and Charge #4
were started and added to the reaction vessel over a 2-hour
period. During the addition of Charges #2-4, the reactor
temperature was maintained at 160 to 170°C and pressures
varied from 110 psi to 420 psi. After the addition of Charge

#2 was complete, the reaction mixture was held 2 hours at
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170°C. The reaction mixture was then coocled to under 60°C and
the residual pressﬁre was released such that‘ambient pressure
was achieved. The reaction vessel was then equipped for
atmospheric distillation and heated to 155°C while being
purged with nitrogen. When distillation was complete, the
reaction vessel was equipped for vacuum distillation, which
was carried out to under 40 mm Hg at 155°C. The mixture wés
held at under 40mﬁ Hg vacuum until no further distillate was
collected for 30 minutes. The reaction mixture was then
cocoled to 100°C. Charge #5 was added and allowed to‘dissolve
for 10 minutes. Charge #6 was added over a 15-minute period.
The reaction mixture was then held at 100°C until an acid
number of less than 5 (carboxyl content of greater than
11,000) was reached. Charge #7 was added and allowed to
aglitate while the mixture was cooled to ambient temperature.
Example 4 :
[0113] UV curable coating compositions were made using the
components and weight shown in the table below. The |
components were added and mixed using propeller blade
agitation with sufficient speed to make a vortex for several

" minutes to disperse the components uniformly in the coating.
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Description 'Coating A Coating B Coating C
(g) (g) (g)

Resin of Example 1 50

| Resin of Example 2 50

Resin of Example 3 50

N-Vinyl -2- Pyrrolidone * 25.6 18.0 17.6

Isobornyl acrylate - 25.6 18.0 17.6

Ditrimethylolpropane 12.8 2.0 . 8.8

tetraacrylate °

Disperbyk 182 ° .06 .05 .05

Syloid ED 30 ° 1.1 1.0 0.9

Darocur 1173 ° 2.2 2.0 1.8

Darocur 4265 1.1 1.0 0.9

Benzophenone ° " 1. 1.0 0.9

- UV reactive monomer from ISP Technologies Inc., Wayne, X.J.

UV reactive moncmer SR 506 from Sartomer Company, Exton, PA.
UV reactive monomer SR 353 from Sartomer Company.

Wetting and dispersing agent from Byk Chemie, Wesel, Germany.
Silica flatting agent from Grace Davison, Chattancoga, TN.

UV Photeoinitiator from Ciba Specialty Chemicals Corporation,
Tarrytown, WY,

CV Photoinitiator from Ciba Specialty Chemicals Corporation.
UV Photoinitiator from Ciba Specialty Chemicals Corporation.

o W s W

[0114] Oakx veneer wood test panels were sanded with 220
grit sandpaper. A commercial alkyd rouge stain (C1180A31,
obtained from PPG Industries, Inc., Pittsburgh, PA) was rag
applied to the test panels and was allowed to stand for two
minutes. The excess stain was then wiped from the test panel
with a clean‘cloth rag. The stained test panels were then
baked at 150°F (65.5 °C) for ten minutes.

[0115] Coatings A, B, and C were applied as a sealer to
the stained oak veneer test panels at a wet film thickness of
1l to 1.5 wet mils, with a Devilbiss MSA hand-held spray gun at
30 to 40 psi air pressure to achieve the desired film
thickness. Wet film thickness was Verified using a wet film
thickness gauge from Paul N. Gardner Company Inc.)‘Pompano
Beach, FL. The coatings were cured by exposure to 750 mJ/cm?
Uv light by using an 80 W/cm medium pressure mercury v curing
lamps (part no. 25-20008-E), availab;e from Western Quartz
Products, Inc.,Paso Robles, CA , then allowed to cool at

ambient temperature for an additional five minutes. The UV
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cured coated veneer test panel was then sanded with 280 grit
sandpéper. 'The‘completion of the curing step was evideﬁced‘by
the coating being wet and tacky prior to UV cure and beiﬁg |
tack free after the UV exposure. ‘

[0116] - A second spray application‘of the same coating was
then applied using the same method of application and‘curé as
described above.

[0117] The coated test panels were evaluated for ethanol
and detergent resistance by placing 15 drops on the coated
test panel under a glass cover for a 24-hour test period. The
coating was then evaluated on a scalé of 0 to 5, where 0
indicates no degradation of the ceocating and 5 indicates severe

degradation of the coating.

Coated test panels made Ethanol 5% dish washing liquid
using solution in water
Coating A - 0.5 0
Coating B 1.0 0
Coating C 0.5 0
[0118] The data demonstrate the ethanol and detergent

resistance of the present coating compositions.

[0119] The present invention has been described with
reference to specific details of particular embodiments
thereof. It is not intended that such details be regarded as
limitations uponlthe scope of the invention, except insofar as
and to the extent that they are included in the accompanying

claims.
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We claim:"
1. A composition comprising a non-gelled
cdpolymer comprised of residues having the following

structural unit:

Rl
CH, C CH2 CH
s
R= C=—0
bs
e — N

wherein n is an integer from 1 to 10,000; R* is
linear or branched C; to C, alkyl; R?* is selected from the
group coﬁsisting of methyl, linear, cyclic or‘branched C; to
Cpo alkyl, alkenyl, aryl, alkaryl, and aralkyl; and R’ is a
molety comprising a group selected from an ethylenically

unsaturated group, an epoxy group and a thiol group.

2. The composition of claim 1, wherein R®is one

or more selected from the group consisting of

-0 CH, CH CH, 0O C RS

o r
c I

CHr——O—TfH:

443{;CH2-CHR8——OE}-CH2—CH2
3

CHR&———o—T—CHz———CHRS———o—é—@
. [
-5 )
Q : 0
I i
0— C—HR™——R%L ypl ¢ —0 rcx-:zT 0—-C—CRE=CR"%
P
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and

i

- . R . :
‘——O——EHZ —3—0— € ——NRL—R40 —CHp,—Nr1I—C ——o—ECHE]r—o——‘c—CRER%
‘ 2 ‘ -2

wherein R® is selected from the group consisting of Cg to Cyy
alkenyl gféup containing from 1 to 4 ethylenically unsaturated
. groups and C; to Cg linear or branched alkenyl groups
comprising at least one ethylenically unsaturated group; each
occurrence of R® is independently selected from the group
"consisting of hydrogen, linear, cyclic, or branched C; to Cy
alkyl, alkenYl, aryl, alkaryl, aralky;, alkylol, aralkylol,
alkyl thiol and aralkyl thiol, and _COOR® where R® is selected
from hydrogen and C; to C; alkyl; R’ is selected from the group
consisting of H and C. to C; alkyl; each occurrence of R® is
independently selected from the group consisting H and C; to G
alkyl; R is a linking group selected from linear, cyclic, or
branched C, to Cy alkylene, alkenylene, arylene, alkarylene,
aralkylene, oxyalkylene, énd polyoxyalkylene; 1 1s from 1 to

10;and j is from 0 to 100.

3. The composition of claim 1, wherein the
structural units (I) of the copolymer comprise at least 20 mel

$ of the copolymer.

4. The copolymer cormposition of claim 1, further
comprising from 0.1 to 20 mol % of residues having the

following structural units:

CH-

CH; CH—"—

R? - C==0
L glc ‘

. ) . . ‘
wherein R™ comprises a group having the structure:

~ O~
-0 CHp CH CH,

5 &
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‘ 5. The copolymer composition of claim 1, wherein
the copolymer further comprises one or more residues derived
from other ethylenically unsaturated monomers of the‘general

formula:

wherein Rn, R'*, and RY are independently selected from the
group consisting of H, halides, CFK;, straight or branched alkyl
cf 1 to 20 carbon atoms, aryl of 6 to 12 carbon atoms,
unsaturated straight or branched alkenyl or alkynyl of 2 to 10
carbon atoms, unsaturated straight oxr branched alkenyl of 2 to
6 carbon atoms substituted with a halogen, Cs3-Cg cycloalkyl,
heterocyclyl, and phenyl; R is selected from the group
consisting of H, halides, C:-C¢ alkyl, COORE, wherein R* is
selected from the group consisting of H, an alkali metal, a C-

to Ce‘alkyl group, glycildyl, and aryl.

6. ‘The composition of claim 5, wherein the other
ethylenically unsaturated monomers are one or more selected
from the group consisting of methacrylic monomers and allylic

monomers.

7. The composition of claim 1, wherein the
copolymer has a number average molecular weight of from 500 to

16,000 and a polydispersity index of less than 4.

8. The composition of claim 1, wherein the group
in R’ is capable of undergoing a polymerization reaction when

exposed to actinic radiation or iecnizing radiation.

9. The composition of claim 8, wherein the

actinic radiation is ultraviolet radiation.
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10. The composition of claim 8, wherein the

ionizing radiation is electron beam radiation.

~11. A radiation-curable composition cemprising a
non-gelled copolymer comprised of residues having the

following structural units:

R
CH, é ‘ CHa CH
\éz é::o
L

— T —=n
wheréin n is an integer from 1 to 10,000; R' is linear or
branched C; to C; alkyl; R is selected from the group
consisting of methyl, linear, cyclic or branched C, to Cs
alkyl, alkenyl, aryl, alkaryl and aralkyl; and R® comprises a
meiety that is capable of undergoing a polymerization reaction

when exposed to actinic radiation or ionizing radiation.

12. The composition of claim 11, comprising (a)
the copolymer and (b) at least one photosensitizer or

photoinitiator.

13. The composition of claim 11, wherein the

actinic radiation is ultraviolet radiation.

14. The composition of claim 11, wherein the

ionizing radiation is electron beam radiation.

15. The composition of claim 12, wherein the
photeosensitizer is one or more selected from the group

consisting of benzophenone, anthragquinone, and thioxanthone.
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16. The composition of claim 11, wherein the
photoinitiator is one or more selected from the group
‘consisting of isocbutyl benzbin ether, butyl isomers of‘butyl
benzoin ether, a,u—diethoxyacetéphenone, phosphine bxidé, and

o, o-dimethoxy-a-phenylacetophencne.

17. The composition of claim 11, comprising a

thermal polymerization inhibitor.

18, The composition of claim 11, wherein the

composition contains co-reactive functional groups.

19. The composition of claim 11, wherein the

composition is a thermosetting composition.

20. The composition of claim 19, comprising

(a) the copolymer; and |

(b) at least one other compeonent;
(a) containing reactive functional groups and (b) containing
functional groups that are reactive with the functional groups

of (a).

21. The composition of claim 20, wherein the
functional.groups of the ccpolymer are one or more selected
from the group consisting of epoxy, carboxylic acid, hydroxy,
‘thiol, isocyanate, capped isocyanate, amide, amine, acéto
acetate, methylol, methylol ether, oxazoline carbamate, and

beta-hydroxyalkylamide.

22. The composition of claim 20, wherein the
functional groups of (b) are selected from the group
 consisting of epoxy, carboxylic acid, hydroxy, thiol, amide,
amine, oxazoline, aceto acetate, methylol, methylol ether,
isocyanate, capped isocyanate, beta hydroxyalkamide, and

carbamate.
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23. The composition of claim 20, wherein the at
least one other component (b) further comprises cne or more
groups selected from an ethylenically unsaturated group, an

epoxy group, and a thicl group.

24, The composition of claim 20, .wherein (a) has a
functional group eguivalent weight of from 100 to 5,000

grams/equivalent.

25, The composition of claim 11, wherein R® is one .

or more selected from the group consisting of

‘ 8 i
-0——CH CH—CHy—0 C—R5

o

OH ‘
-0 CH; CH CH, QO C CRE.:CRGZ

-0——CHy—— CH——CH;—0

I
P
~0——CHy—— CH——CHy—0 ‘L“HzJ‘ NRT—— C—— CR6==CRS,
‘ i
14
Ok ?
-0 CHy (K:H CHy—0~ CHz—CHRB———Oi\—CI‘IQ - CHRE—O—‘é—— CRfS:CREg

]
0

i

r . | | - \
—OJ[C H,-CHRE® —Oj—-CHz—CEE 00— C—NR—R4E _yrZT—C—0—C HZ:P—‘O——C_—‘CRSZCREQ

’

and

ﬁ ' .
,—“O——{EH: l\O——— C ——NRT—R*0
[ .

wherein R® is selected from the group consisting of C¢ to Ca.

0
‘ - [ . ]
CHy—NRI—C -—-—O——FCH:]LO—C—CR“’:’JRC:
L. 2 ‘

alkenyl group containing from 1 to 4 ethylenically unsaturated
groups and C; to Cg linear or branched alkenyl groups ‘

comprising at least one ethylenically unsaturated group; each
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occurrence of R® is independently selected from the group
consisting of hydrogen, linear, cyclic or branched C: to Cpg
alkyl, alkenyl, ary;; alkaryl; aralkyl, alkylol, aralkylol,‘
alkyl thiol and aralkyl thicl, and —COCRQ,‘where R® is selected
from hydrogen and C. toc C, alkyl; R’ is selected from the group
consisting of H and C; to C, alkyl; each occurrence of R‘E is
independently selected from the group consisting H and C; to Cy
alkyl; R is a linking group selected from linear, cyclic, or
branched C, to Cyy alkylene, alkenylene, arylene, alkarylene,
aralkylene, oxyalkylene, and polyoxyaikylene; iis from 1 to

10; and j is from 0 to 100.

26. The composition of claim 11, wherein the
structural units (I) of the copolymer comprise at least

20 mol % of the copolymer.

27. The composition of claim 11, wherein the

copolymer further comprises from 0.1 to 20 mol % of residues

having the following structural units:

. n
.
CH, c': CHp ——CH ———
gz é::o
Lm

wherein R'® comprises a group having the structure

-~ O~ |
-0 !"’Hz CH f‘HZ .

28. The composition of claim 11, wherein the
copolymer further comprises one or more residues derived from
other ethylenically unsaturated monomers of the general

formula:
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whereiﬁ R'", R, and R are independently selected from the
group consisting of H, halides, CF:;, straight or branched alkyl
cf 1 to 20 carbon atoms, aryl of 6 to 12 carbon atoms, |
unsaturated straight dr branched alkenyl or alkynyl of 2 to 10
carbon atoms, unsaturated straight or branched alkenyl of 2 to
6 carbon atoms substituted with a halogen, C3;-Cg cycloalkyl,
hetero;yclyl and phenyl; R'® is selected from the group
consisting of H, halides, C;-Cg alkyl, COOR'®, wherein R is
selected from the group consisting of H, an alkali metal, a C.

to C¢ alkyl group, ¢lycidyl, and aryl.:

29. The composition of claim 28, wherein the other
ethylenically unsaturated monomers are one or more selected
from the group ceonsisting of methacrylic monomers and allylic

monomers.

30. The composition of claim 11, wherein the
copolymer has a number average molecular weight of from 500 to

16,000 and a polydispersity index of less than 4.

31. A method of coating a substrate comprising:
(a) providing a substrate;
(b) applying a layer of the radiation-curable

composition of claim 11 over at least a portion of a surface
of the substrate; ‘and

(c) curing the radiation-curable compeosition
by exposing the layer tc actinic radiation 6r lonizing
radiation in an amount sufficient td effect curing of the

radiation-curable composition.

32. The method of claim 31, wherein the radiatioﬁ—

curable composition is apolied by a method selected from roll
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coating, curtain coating, doctor blade coating, spray coating,
brushing,‘air knife, dipping, slotting, screen printing, and

flowing.

33. -“The method of claim 11, wherein the actinic

radiation is ultraviolet radiation.

34. The method of claim 11, wherein the ionizing

radiation is electron beam radiation.

. 35. The method of claim 33, wherein the source of
the ultraviolet radiation is one or more selected from the
group consisting of mercury arcs, carbon arcs, low pressure
mercury lamps, medium pressure mercury lamps, high pressure
mercury lamps, swirl-flow plasma arcs, and ultraviolet light

emitting diodes.

36. The method of claim 33, wherein the surface of
the substrate containing the layer of the radiation-curable
composition passes by a source of ultraviclet radiation at a
rate of from 5 to 300 meters per minute; wherein the
ultraviolet radiation source provides from 200 to 1,000 mj/cm?
of

ultraviolet radiation to the surface of the substrate.

37. A method of coating a substrate comprising:
(a) providing a substrate;
(b) applying a layer of the radiation-curable

composition of claim 18 over‘at least a pqrtion of a surface
of the substrate;. .

(c) . curing the radiation-curable composition
by exposing the layer to actinic radiation or ionizing
radiation in an amount sufficient to effect curing of the
radiation-curable composition; and

(d) curing thevradiation—curable composition

using a method selected from thermal curing, ailr curing,
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oxidative curing, cationic UV curing and moisture curing;-
. wherein (c) and (d) may be conducted in any order and repeated

in any order.

38. A substrate, wherein at least &4 portion of the
substrate is coated with the radiation-curable composition of

claim 11.

32. A substrate, wherein at least a portion of the
substrate is coated with the thermosetting composition of

claim 20.

40. A multi-layer composite ceoating comprising:
(A) a base coat layer deposited from a base coat
composition; and
(B) a top coat deposited over at least a portion
of the base coat layer from a top coat composition; wherein
~either or both of (A) and (B) are deposited from the

radiation-curable composition of claim 11.

41. A multi-layer composite coating comprising:

(A) a base coat layer deposited from a pigmented
film-forming base coat composition; and

(B) a top coat layer deposited from the radiation-
curable composition of claim 11 over at least a portion of the

base coat layer.

42. A multi-layer composite coating comprising:
(A) a base coat layer deposited from the
radiation-curable coﬁposition of claim 11; and
(B) a top coat layer depocsited from:the radiation-
. curable composition of claim 10 over at least a portion of the

base coat layer,
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43. A multi—layér‘composite coating comprising:
(A) a2 base coat layer deposited from a base coat
composition; and ‘ '
(B) a top coat deposited over at least a portion

cof the base coat layer from a top coat composition; wherein
‘either or both of (A) and (B) are deposited from the

thermosetting composition of claim 20.

44. A multi-layer composite coating comprising:

(A) a base coat layer deﬁosited from a pigmented
film-forming base coét composition; and |

(B) a top coat layer deposited from the
thermosetting composition of claim 20 over at least a portion

of the base coat layer.

43. A multi-layer composite coating comprising:
(A) a base coat léyer depcosited from the
thermosetting composition of claim 20; and
' (B) a top cecat layer deposited from the
thermosetting composition of claim 20 over at least a portion

of the base coat layer.

46. A substrate, wherein at least a portion of the
substrate is coated with the multi-layer composite cecating of

claim 40.

47. A substrate, wherein at least a portion of the
substrate is coated with the multi-layer composite coating of

claim 41,

48, A substrate, wherein at least a portion of 'the
substrate is coated with the multi-layer composite coating of

claim 42.
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4. A substréte, wherein at least a portion of the
substrate is coated with thé multi-layer composite coating of

claim 43.

50. A substrate, wherein at least a portion of the
substrate is ccated with the multi-layer composite coating of

claim 44.

51. A substrate, wherein.at least a portion of the
substrate is coated with the multi-layer composite coating of

claim 45,
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