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DUAL STAGE CURED ACRYLIC COMPOSITIONS AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Application No. 61/968,425

filed March 21, 2014, which is incorporated herein by reference in its entirety.

FIELD

[0002] The present subject matter relates to acrylic compositions that are curable via a dual stage
curing process. The present subject matter also relates to various methods of processing and
manufacturing using dual stage curing. Additionally, the present subject matter also relates to

polymeric materials at least partially cured via a dual stage curing process.

BACKGROUND

[0003] In certain applications, it is desirable to provide acrylic materials which exhibit a relatively
high shear strength, generally referred to in the art as "high shear.” Although high shear materials can
be formed from solvent-containing acrylic compositions, such high shear characteristics are particularly
difficult to achieve from solvent-free acrylic compositions.

[0004] Accordingly, a need exists for methods and compositions that enable high shear materials to

be formed from solvent-free acrylic compositions.
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SUMMARY
[0005] The difficulties and drawbacks associated with previously known compositions and

processes are addressed in the present compositions and methods.

[0006] In one aspect, the present subject matter provides a method of forming a cured polymeric
material. The method comprises providing a polymeric composition. The method also comprises
exposing the composition to ultraviolet (UV) radiation to thereby form an intermediate composition.
And, the method additionally comprises exposing the intermediate composition to electron beam (EB)
radiation to thereby form a cured polymeric material.

[0007] In another aspect, the present subject matter provides a method of forming a cured
polyacrylate material. The method comprises providing an acrylic composition including: (i) at least one
low molecular weight polymer, (ii) at least one monomer diluent, (iii) acrylic acid, and (iv) at least one
photoinitiator. The method also comprises subjecting the acrylic composition to ultraviolet (UV)
radiation to at least partially cure the composition and thereby form an intermediate composition. And,
the method comprises subjecting the intermediate composition to electron beam (EB) radiation to
thereby form a cured polyacrylate material.

[0008] In yet another aspect, the present subject matter provides a radiation curable acrylic
composition. The composition comprises (i) at least one low molecular weight acrylic polymer, (ii) at
least one monomer diluent, (iii) acrylic acid, and (iv) at least one photoinitiator.

[0009] In still another aspect, the present subject matter provides a polymeric material that is at
least partially cured by sequential exposure to ultraviolet (UV) radiation followed by exposure to
electron beam (EB) radiation.

[0010] As will be realized, the subject matter described herein i1s capable of other and different

embodiments and its several details are capable of modifications in various respects, all without
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departing from the claimed subject matter. Accordingly, the description is to be regarded as illustrative

and not restrictive.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] The present subject matter relates to a multiple stage, and particularly a two stage, curing
process for radiation cured acrylic polymers and compositions. The process includes an operation of (i)
a first cure operation using UV radiation, sequentially followed by (ii) a second cure operation using
electron beam (EB) radiation. The compositions of the subject matter that can be employed in the
various methods generally comprise (i) one or more low molecular weight polymer(s), (ii) one or more
monomer diluents, (iii) acrylic acid, and (iv) photoinitiator(s). The compositions may also comprise
optional crosslinkers. In certain embodiments, the compositions do not include and thus are free of
solvents that are typically used in corresponding acrylic compositions.

[0012] Table 1 set forth below, lists typical and particular proportions (expressed in weight
percentages based upon the total weight of the composition) of components in the present subject

matter compositions.

Table 1: Solvent-Free Acrylic Compositions

Component Typical Amounts Particular Amounts

Low Molecular Weight Polymer(s) 0.1-90% 10-90%

Monomer Diluent(s) 0.1-90% 10-90%

Acrylic Acid 0.1-50% 5-30%

Photoinitiator(s) 0.5-10% 1-8%

Crosslinker(s) 0-10-% 1-8%

[0013] It will be appreciated that the proportions noted above in Table 1 are representative and do

not limit the present subject matter. In addition, it will also be understood that the present subject

matter includes compositions which contain one or more components in addition to those set forth in

Table 1. In certain versions of the present subject matter, the compositions only contain one or more
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low molecular weight polymers, one or more monomer diluents, acrylic acid, and one or more
photoinitiators with optional crosslinker(s). Moreover, the present subject matter includes
compositions that contain solvent or relatively low amounts of solvent. If the composition contains
solvent, it is contemplated that such solvent will be removed or at least substantially removed prior to
the dual stage curing as describe herein. Details as to each of the components noted in Table 1 are as

follows.

Low Molecular Weight Polymer

30141 The compositions of the present subject matter generally comprise a low molecular weight
polymer and particularly a low molecular weight acrylate polymer. Typically, the low molecular weight
polymer and particularly one or more low molecular weight acrylate poymer(s) are crosslinkable. A
wide variety of crosslinkable acryiate polymers and/or that can be used and are known in the polymer
and adhesive arts. Generally, suitable acrvlic polymers and/or copolymers are capable of undergoing a
crosstinking polvimerization reaction with themselves or other polymerizable compounds to form a
three-dimensional structure. The acryviate polymer and/or copolymer typically includes at least one
radiation-curable tunctionat group. Radiation-curaple functional groups inciude any of those known in
the art. Specifically, the radiation curable functional groups may be groups reactive via calionic
mechanisms such as epoxy groups. Exampies of these include glvadyl acrviate or methacrviate. Groups
with allvlic and oxetane functionaiity are aiso exampies of radiation-curable tunctional groups that are
reactive via cationic mechanisms. Radiation-curable functional groups can aiso include free radical
function groups such as groups that have acryiate or methacryiate functionaiity.

1 3015] In certain embodiments of the present subject matter, the acryiate polvmers and/or
copolymers may include a comonomer selected from the group consisting of acrylamide, acrvionitriie,

acrviic acid, alpha-methyl styrene, butylt acrviate, ethyl acryiate, n-butyl acrviate, 2-ethvihexyl acryiate,
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ghvcidyimethacryiate, Z-hydroxyethyimethacryiate, hexyl acrviate, hydroxyethyl acryiate, isoborny
acryiate, isobutyl acrylate, isooctyl acryiate, 1sodecyt acryiate, isononyl acryiate, methacrylic acig, methyi
acrviate, methacryionitrile, n-vinyl caprolactam, nonyl acrylate, caprolactam, propyl acryiate, tert-butyl
acryiate, vinyl acetate, vinyt pyrriidone, styrene, and combinations thereof.

[0016] In certain embodiments of the present subject matter, the crosslinkable acrylate polymer
and/or copolymer includes a comonomer comprising ethyl acrylate, 2-ethylhexyl acrylate, methyl
acrylate, vinyl acetate and combinations thereof.

[0017] In still other embodiments, the crosslinkable acrylate polymer and/or copolymer includes a
benzophenone-functionalized acrylic copolymer, and particularly a benzophenone-functionalized
solvent-free acrylic copolymer comprising 2-ethylhexyl acrylate or butyl acrylate comonomer. In still yet
other embodiments, the crosslinkable acrylate polymer and/or copolymer is a solvent-free crosslinkable
benzophenone-functionalized acrylate copolymer which includes a copolymer comprising 2-ethylhexyl

acrylate or butyl acrylate comonomer.

Monomer Diluents

{3018] The compositions according to the present subject matter may comprise one oF more
monomer diuents. Tvpically, the monomer diluent may be included in the composition to adjust the
viscosity of the composition. In addition, the same or different monomer diluents may be added to the
composition to form the final or cured composition with a property value within a specified target value
range. Thus, monomer diluents typically include compounds that tend to effect at least one property
value of the composition and/or contain at least one functionsal group capable of polymerization when
exposed to actinic radiation. In certain embodiments, the monomer diluent may include one or more
rachiation-curable functional groups. Radiation-curable functional groups include any of those known in

the art.  Specifically, the radiation curable functional groups may be groups reactive via calionic
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Mechanisms such as epoxy groups. Examplies of these include glvaidyl acrviate or methacrviate. Groups
with aliyvlic and oxetane functionality are also examples of radiation-curable tunctional groups that are
reactive via cationic mechanisms.  Radiation-curable functional groups can also include free radical
funchion groups such as groups that have acrviate or methacryiate functionality.

{0019 The monomer diluent of the present subject matter compositions Is selected to be one that
is compatible with the low molecular weight polymer. Depending on the particulars of the composition,
this may mean that the radiation-curable functional group present on the monomer diluent is the same
or ditferent than that used in the low molecular weight polymer. in certain embodiments, the radiation-
curabie functional group present in the monomer diuent s capabie of copolvmerizing with the
functional group present on the low moiecuiar weight polvimer. Monomer diuents with ethylenic
unsaturation (including, for example, acrylate, methacrylate and/or vinyll can be used in certain
embodiments. in particular, acryiate unsaturation is used.

0201 The monomer diluent is added in such an amount that the viscosity of the composition is i
the range of about 1,000 to about 10,000 mPa.s. The amount of monomer diluent present i the
compaosition will range from 0.10 to 80 wt. %, more typically the amount will between 10 and 80 wt. %,
particuiarly petween 20 ang 80 wt. %, and more particuiarty, between 30 and 70 wt. %.

G021} Depending on the parameters of the specific composition, any suitable monoimer diuent
may be used, including some lower weaight oligomers. Suitable acrviate monomers include for exampie:
C2-C18 hydrocarbondioldiacryiates, C4-C18 hydrocarbondivinyiethers, 3 -C18
hvdrocarbontrioltriacryiates, the polyether analogs thereof, and the like, including, for example, 1,6-
hexanedioldiacryiate, trimethvioipropanetriacryiate, hexanedioidivinviether, triethvienegivcoidiacrylate,
pentaerithritoltriacryiate, tripropylenegiveol diacryiate, alkoxyiated bisphenol A diacryiate, and

combinations thereof,
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(00223 Suitable examples of monomer diluents also include, but are not limited to, aromatic-
contamning Monomers SUCh as phenoxyalkyi acrylates oF methacryiates (.8,

phenoxyethylimethjacrviate), phenoxyalkyl alkoxviate acrylates or methacryiates {e.g., phenoxyethyl
sthoxviate {methlacrviate or phenoxyethyl propoxviateimsthlacryiate}, or one of any other such
monomer diuents suitable for use with such compositions. Combinations mciuding one or more of
these are suitable as well, Such monomer diluents belonging to the latter category are disclosed and
described in U.S. Pat. No. 5,146,531 and may, tor example, contain {1} an aromatic moisty; {2} a moiety
providing a reactive {&.g., acrvlic or methacrvlic) group; and {3} a hvdrocarbon moiety.

0231 Examipies of aromatic monomer diiuents additionally containing hyvdrocaribon character and
a vinyl group include put are not limited to polyalkyiene glveol nonviphenvyiether acryiates such as
potyetiwviene glycol nonviphenviether acrylate or polypropyiene glycol nonviphenviether acrviate,
polvalkyiene givcol nonviphenviether methacryiates suchh as poilyethviene ghycol nonviphenviether
methacryiate or polypropylene giveol nonviphenviether methacryliate, alkoxviated nonviphenol acryiates
such as ethoxyiated nonyi phenol acryiate, and mixtures of these.

30241 Such monomers are, tor example, availabie from Toagasei Chemical Industry Company, Lid,,
Tokyo, lapan under the trade names ARONIX M1Iil, M1i3, M1i4 and M117; Henkel Corporation,
Ambier, PA., under the trade name PHOTOMER 4003; and Sartomer under the tradename SR-504.
G025} Other suitable monomer diluents additionally include hvdrocarbon atkyl acryiates or
methacryiates which are either straight cham or branched, and may contain 2 to 18 carbon atoms in the
alkyl motety including, for example, hexyl acryviate, hexyl methacryiate, ethyvihexyl acryiate, ethyihexyl
methacryiate, isooctyl methacryiate, octyl acrviate, octyt methacryiate, deoyl acrviate, decyi
methacryiate, isodecyi acryiate, isodecyl methacryiate, lauryl acryiate, lauryl methacryiate, tridecyi

acryiate, tridecyl methacrylate, palmitic acryiate, palmitic methacryiate, stearyl acryiate, stearyi

methacrylate, cetyl acryiate, cetyl methacrviate, C14-C15, hvdrocarbon diol diacryiates, C14-C15
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hvdrocarbon diol dimethacrviates, and mixtures of the above. Of these, octyl, decyl, sodecyl ang
tridecyi acryiates are particularty usefyl in certain embodiments.

{0026 Also suitable are cychc monomers such as isobornyl acrviate, iscbornyl methacryiate,
gicyciopentenyl  acryiate, dicyciopentenyl  methacryiate, dicvclopentenyl ethoxylate  acrviate,
dgicyciopentenyl ethoxyiate methacryiate, tetrahydrofurturyl acryviate, tetrahydroturturyl methacryiate,
and mixtures thereof.

{00273 i the radiation-curable functional group of the low molecular weight POIYMEr i an Spoxy
group, tor exampie, one or more of the following compounds may be used, or additionally used, as the
monomer dituent: epOXY-Cyciohexane, phenviepoxyethane, 1,2-epoxy-4-vinvicyciohexane,
givciaylacryiate, 1,2-epoxy-4d-epoxvethyi-cyclonexane, the disiyvcidyiether of poiyethwiene-glycol, the
diglvcidylether of bisphenol-A, and the like.

30281 if the radiation-curaple functional group of the low molecular weight polymer has an amine-
ene or thiol-ene system, exampies of monomer diuents naving aliviic unsaturation may be used, or
additionatly  used, which  include:  dialiviphthalate,  trialivitri-meliitate,  trialivicyanurate,
triativlisocyanurate, and digiivlisophthaiate. For amine-ene systems, amine functional diluents that can
e used include, for example: the adduct of trimethvioipropane, and diimiethylethanolamine, the
adduct of hexanediol, and dipropylethanolamine, and the adduct of trimethviol propans, and
di{mlethviethanolamine.

(3029 it will be appreciated any one or more of these types of monomer difuents may be used

including mixtures comprising these diluents and systems with diluents mixed with other oligomers.

Acrylic Acid
[0030] The compositions also comprise acrylic acid. Acrylic acid is available commercially from a

wide array of suppliers and sources.
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Photoinitators

{00313 The compositions additionally comprise one or more photoinitiators. A photoimnitiator refers
to any compound that, by exposure to electromagnetic radiation, undergoas a photoreaction, producing
one or more reactive species. These reactive specias are capable of initiating the polymerization or
reaction of other polymerizable compounds within the composition, and may include, for example, free
radical species and cationic species. In general, most free radical photoinitiators are reactive to UV
radiation having a wavelength petween 200 to 400 nm, but some free radical species have been
developed to react to radiation in the IR range. Certainn cationic photoinitiators produce Bronsted or
Lewis acids and can be activated by exposure to UV or electron beam radiation. In certain embodiments
of the present subject matter, a photoinitiator polymerizes one or both of the low molecular weight
polymer and the monomer diluents. Exemplary photoinitigtors useful for polymerizing components in
the composition include acetophenones, aryl phosphineoxideas, aryt sutfonium and aryl iodonium saits of
hexafluorophosphate, benzyl/benzoins, benzopheneones, thioxanthones, onium salts, and combinations
thereof. Suitapie tree radical photoinitiators can include benzoins ethers, such as benzoin methyl ether
or benzomn isopropyl ether, substituted benzoin ethers, such as anisom methyl ether, substituted
acetophenones, such as  2,2-diethoxyacetophenone  and  2.2-dimethoxy-2-phenviacetophenone,
supstituted aipha-ketols, such as Z2-methvi-2-hydroxypropiophenone, aromatic sulfonyi chiorides, such
as Z2-naphthalene-sulfonyl chioride, and photoactive oximes, such as 1-phenvi-1,2-propanedione-2{0-
ethoxycarbonvijoxime. Free radical photoinitiators for use in the compositions of the present subject
matter include, but are not limited to, commercially avatlable compounds such as IRGACURE 651 and
819 from CIBA Specialty Chemicals Corp.; Tarrvtown, NI, An exempilary cationic photomnitiator which is
commercialtly available incliudes {4-[{Z2-Hvdroxytetradecvyiloxyiphenviiphenviiodium

hexafiuorocantimoate from Aldrich Chemical Company, Milwaukee, Wi,
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0032} The photomitiator 15 used In 8 small but effective amount to promote radiation cure, in
certain embodiments and should provide reasonaple cure speed without causing premature gelation of
the composition. Stil further, the photoinitiator should itselt be thermally stable, non-yeliowing, andg
atficient.

{0033} Suitable  photoinitiators  include, but are not bmited to, the  following:

hvdroxyeyciohexyiphenyl ketone, hvdroxymethvi-phenvipropanone, dimethoxyphenviacetophenons, 2-

methyl-1-4-methyi {thioiphenvi-2-morpholino-propanone-1,1-{4-isopropviphenyi}-2-hydroxy-2 -
methyipropan-1-one, 1-{4-dodecylphenyli-2-hydroxy-2-methvipropan-1-one, A4-{2-~
hvdroxyethoxylphenvi-{2-hydroxy-2-propyliketone, diethyvoxvacetophenone, 2, 2-gdi-sec-

putoxyacetophenones, diethoxy-phenyl acetophenone, and mixtures of these.

13034 i certain embodiments, a particular class of photoinitiators are the triacylphospine oxides,
such as trimethyibenzovidiphenviphosphine oxide tavatiable from BASE Corp., Chemiicals Division,
Chariotte, NC as LUCIRIN TPO) trimethyibenzoviethoxyphenvyiphosphine oxide {available from BASF as
LUCIRIN 8893} bis-{2 6-dimethoxybenzovi}-2,. 4, 4-trimethylpentyl phosphine oxide {available from Ciba-
Geigy Corp., Ardseley, NY}; and mixtures thereot.

3035 The photoinitiator, when used, should be used at a level such that a cure speed, as
measured in a dose versus modulus curve, of less than 0.7 J/om?, and particuiarly fess than 0.5 ifem?, is
ootained. Typically, the composition will comprise from 0.5 to 10.00 wi. % of photoinitiator. in certain

embodiments, the amount of photoinitiator s from 1.0 1o 8.0 wi. %.

Crossiinkers
1 (3036] The compositions may also comprise one or more crosslinkers. A crosslinking agent as
referred to herein 15 any substance that promotes or reguiates mntermoilecular covalent bonding

petween acrvlic copolymer chains, linking them together 1o create g more rigid structure. Exempilary

10
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crosshinking agents useful for polymerizing acrvlic polvmers, copolymers, and/or include amino resins,
aziridines, mealamines, isocvanates, metal acid ssters, metal chelates, multitunctional propyiene irines,
and polycarbodiimides. In particular embodiments of the present subject matter, the crossiinking agent
inchudes metal acd esters comprising  aluminum{itl)  acetyiacetonate {(AlAcAc), chromiuumiiii

..
[

acetviacetonate {CrAcAcl, irontlill acetviacstonate {FeAcAc), cohaltill} acetviacetonate {CoAcAcy,
nickellil)  acetviacetonate {(NiAcAc),  mangansse{ill) acetviacetonate (MnAcAc),  titaniumiiv)
acetviacetonate (TiAcAcg), zinc{ll} acetviacetonate {(ZnAcAg), zirconiumtiV) acetvilacetonate {(ZrAcAc), and
combinations thereot. in a certain embodiment, the crosshinking agent is aluminum {1} acetylacetonats
(AlACAC). The crossiinking agent may be added as g separate component during fabrication of the
compositions or may nave been previcusly incorporated into the acrviic copolvimer by a supplhier of the
same.

[0037] The composition may optionally mciude numerous other suitable additives depending o
the particulars of the appilication for which the composttion is designed. Any agaitives used may be
introguced into the composition in effective amounts. The total amount of additives present is typically
petween O and 30 wt % and more particularly from about 1 wt % to about 25 wt %. For example, ship
agents may be used to reduce the coetficient of friction ang thermal antioxidants may be used to
improve oxidation and thermal stapiity.  Siane coupling agents may be used to improve aghesion
petween, for example, the cured composition and an optical fiber surface. Other additives inchude
stabilizers to prevent geligtion, UV screening compounds, teveling agents, polymerization inhibitors,
Hght stabilizers, chain transfer agents, colorants including pigments and dyves, plasticizers, fiilers,
tackifiers, wetting improvers, preservatives, and the like. Other polymers and oligomers can be added 1o
the compositions.

[0038] As previously noted, the compositions of the present subject matter are typically solvent

free. If the composition contains solvent, the solvent can be removed prior to at least one of the curing

11
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operations, i.e., the first stage UV cure or the second stage EB cure. Generally, the initial composition
subjected to the first stage UV cure is solvent free. The terms "solvent free" or "free of solvents” as
used herein refer to compositions which do not contain any solvent(s), or if containing solvent, has a
total amount of solvent that is less than 2%, particularly less than 1%, more particularly less than 0.5%,

and more particularly less than 0.1% by weight.

Methods

{0039 The term "curing” as used herem is typically used as a synonym for crossiinking but can aiso
refer to a combination of additional polymerization reaction plus crosshinking. Curing of crossiinkabie
adhesive compositions, particutariy, acrviic based adhesives may be accomplished generatly by thermal,
chemical and/or radiation crosslinking technigues. In general, thermal crosslinking includes evaporation
or drving of a solvent or dispersant from the adhesive composition. Thermal crossiinking may further
include a chemical crossiinking reaction invoiving the use of one or more crosshinking agents which are
activated by the evaporation of solvent from the adhesive composition. The acrviic copolymear may
undergo thermal and/or chemical induced crossiinking reactions during a first curing stage by
evaporation of a soivent of the aghesive composition. Radiation crosslinking techniques inciudes
exposure to electromagnetic radiation of any frequency and particularly include infrared {IR} radiation,
visible light, ultraviolet (UV) radiation, X-ravs and gamma rays. Radiation crossiinking also includes
exposure to suniight.

(3040 Generally, i accordance with the present subject matter, the acrylic copolymer undergoes
rachiation induced crosshinking reaction during the first curing stage by exposure o UV radiation and
more particutarly UV radiation having a wavelength within a range of from about 200 nm to about 500
nm. I many embodiments of the present subject matter, the crosslinkable low molecular weight

oolvmer and/or monomer diluent{s) undergo a radiation induced crosslinking reaction during a first
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curing stage by exposure to UV radiation trom a UV bulb or sunlight, particularly, UV radiation having a
wavelength of least 200 nm, more particularly by UV radiation having a wavelength of between 300 to
500 nm, and most particuiarly by UV radiation having a wavelength of between 320 to 380 nm.

(00413 Typicatly, exposure to UV radiation to achieve the first stage of the dual stage cure of the
present subject matter, 18 performed for 3 time penod of from about 1 minute or {ess up to about 300
minutes or longer, as is desired. For many applications, sxposure to UV radiation is for a time period
from 1 minute to 30 minutes, and particularly from 1 minute to 10 minutes. However, it will be
appreciated that the present subject matter includes time periods shorter than and/or longer than those
noted herain.

0421 As previousiy noted, the present subject matter utiizes a second stage cure that mncludes
clectron peam curing. Electron beam curing is a very fast, non-thermal curing method that uses high
energy electrons and/or X-rays as ionizing radiation at controlled rates to cure radiation sensitive resins
such as those used i adnesives and polymer matrix composites. Subject to well understood physical
refationships governing radiation penetration through materials, this curing takes place throughout the
entire volume of the exposed material versus thermal curing in which the heat energy diffuses through
the matenal from the heated surface. in electron beam curing, the cross-iinking reactions take place
very rapidiv and the degres of cure s more closely related to the absorbed radiation than to the
temperature achieved in the process, as i thermal curing. Without exposure to high temperatures,
rachiation, or excessive light, the electron beam curable materials do not appreciably autocure. This
characteristic makes storage, cleanup of excess materials, and other handling practices simpler.

133434 in certain embpodiments, the compositions formed including additives may be coated on any
suitaple substrate such as tace stock, release liner stock or transier surfaces by means kKnown in the art.
After exposura to UV radiation to effect a first cure or partial cure, the coating{s} is exposed to electron-

peam radiation at fevels sufficient to increase high temperature properties, particulariy shear, without
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adversely affecting peel and tack at normal use temperatures. Electron beam dosages may range from
about 10 kiloGrav {kGy) or less up to about 100 kGy, and preferably 50 kGy or less depending on the
nature of the polymer and amount of additives present, with required dosages bemg lowered by the
presence of any multifunctional additives. The presence of a multifunctional additive can also create a
it on the EB dosages used. A peak is reached at some level after which the level of increase of
aslevated temperature shear will be reduced but still be above the level which existed prior to cure.

{044} Typicatly, exposure to kB radiation to achieve the second stage of the dual stage cure ot the
present subject matter, 1s performed for 3 time penod of from about 1 minute or {ess up to about 300
minutes or longer, as is desired. For many applications, exposure to BB radiation is for a time period
from 1 minute to 30 minutes, and particularly from 1 minute to 10 minutes. However, it will be
appreciated that the present subject matter includes time periods shorter and/or longer than those

noted herein.

Cured Materiais

3045 The present subject matter also provides polymeric materials and particularly acryiate
materials or acryiate-based materials which are at teast partially cured from seguential exposure to UV
racdiation foliowed by £EB radiation. The cured materials are formed from the compositions as descriped
hersin, and curing such compositions via the dual stage cure strategy as described herein.

[0046] In a representative application, the present subject matter includes applying the
composition such as by coating, to a film substrate. The coated composition is then subjected to a first
stage cure by exposure to UV radiation such that the coated composition can be wound up in a roll and
be relatively stable, e.g., not exhibit significant flow. After the UV curing increases the molecular weight
and extent of crosslinking to a stable point, the roll can be unwound or otherwise processed through an

electron beam unit, to thereby complete crosslinking and curing.
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[0047] In several trials, compositions as described herein exhibited significant increases in shear
after the dual stage curing process described herein.

[0048] Many other benefits will no doubt become apparent from future application and
development of this technology.

[0049] All patents, published applications, and articles noted herein are hereby incorporated by
reference in their entirety.

[0050] As described hereinabove, the present subject matter solves many problems associated
with previous strategies, systems and/or devices. However, it will be appreciated that various changes
in the details, materials and arrangements of components, which have been herein described and
illustrated in order to explain the nature of the present subject matter, may be made by those skilled in

the art without departing from the principle and scope of the claimed subject matter, as expressed In

the appended claims.
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Claims

What is claimed is:

1. A method of forming a cured polymeric material, the method comprising:

providing a polymeric composition;

exposing the composition to ultraviolet (UV) radiation to thereby form an intermediate
composition;

exposing the intermediate composition to electron beam (EB) radiation to thereby form a cured

polymeric material.

2. The method of claim 1 wherein the UV radiation has a wavelength within a range of

from 200 nm to 500 nm.

3. The method of claim 1 wherein the UV radiation has a wavelength within a range of

from 300 nm to 500 nm.

4. The method of any one of claims 1-3 wherein the electron beam radiation is at a dosage

of less than 10 kiloGray.

5. The method of any one of claims 1-3 wherein the electron beam radiation is at a dosage

within a range of from 10 kiloGray to 100 kiloGray.

16
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6. The method of any one of claims 1-5 wherein the polymeric composition comprises (i) at

least one low molecular weight polymer, (ii) at least one monomer diluent, (iii) acrylic acid, and (iv) at

least one photoinitiator.

7. The method of claim 6 wherein the composition further comprises at least one
crosslinker.

8. The method of any one of claims 1-7 wherein the composition is free of solvents.

9. The method of any one of claims 6-8 wherein the low molecular weight polymer is a

crosslinkable acrylate polymer.

10. A method of forming a cured polyacrylate material, the method comprising:

providing an acrylic composition including: (i) at least one low molecular weight polymer, (ii) at
least one monomer diluent, (iii) acrylic acid, and (iv) at least one photoinitiator;

subjecting the acrylic composition to ultraviolet (UV) radiation to at least partially cure the

composition and thereby form an intermediate composition;

subjecting the intermediate composition to electron beam (EB) radiation to thereby form a

cured polyacrylate material.

11. The method of claim 10 wherein the UV radiation has a wavelength within a range of

from 200 nm to 500 nm.
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12. The method of claim 10 wherein the UV radiation has a wavelength within a range of

from 300 nm to 500 nm.

13. The method of any one of claims 10-12 wherein the electron beam radiation is at a

dosage of less than 10 kiloGray.

14. The method of any one of claims 10-12 wherein the electron beam radiation is at a

dosage within a range of from 10 kiloGray to 100 kiloGray.

15. The method of claim 10 wherein the composition further comprises at least one
crosslinker.

16. The method of any one of claims 10-15 wherein the composition is free of solvents.

17. A radiation curable acrylic composition comprising:

at least one low molecular weight acrylic polymer;
at least one monomer diluent;

acrylic acid; and

at least one photoinitiator;

wherein the composition is free of solvents.

18. The composition of claim 17 further comprising:

at least one crosslinker.
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19. A polymeric material at least partially cured by sequential exposure to ultraviolet (UV)

radiation followed by exposure to electron beam (EB) radiation.

20. The polymeric material of claim 19 wherein the polymeric material prior to exposure to

UV radiation comprises (i) at least one low molecular weight polymer, (ii) at least one monomer diluent,

(i) acrylic acid, and (iv) at least one photoinitiator.

21. The polymeric material of any one of claims 19-20 wherein the UV radiation has a

wavelength within a range of from 200 nm to 500 nm.

22. The polymeric material of any one of claims 19-20 wherein the UV radiation has a

wavelength within a range of from 300 nm to 500 nm.

23. The polymeric material of any one of claims 19-22 wherein the electron beam radiation

IS at a dosage of less than 10 kiloGray.

24. The polymeric material of any one of claims 19-22 wherein the electron beam radiation

Is at a dosage within a range of from 10 kiloGray to 100 kiloGray.
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