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PRESSURE-SENSITIVE ADHESIVES WITH ONIUM-EPOXY CROSSLINKING
SYSTEM

Cross Reference To Related Application
This apphication claims the benefit of U.S. Provisional Patent Application No, 61/489745,
filed May 25, 2011, and U.S. Patent Application No. 13/155935, filed June 8, 2011, the disclosures

of which are mcorporated by reference herein in their entirety.

Background

Pressure-sensitive tapes are virtually ubiquitous in the home and workplace. Inone of its
simplest configuration, a pressure-sensitive tape includes an adhesive and a backing, and the
overall construction is tacky at the use temperature and adheres o a variety of substrates using
only moderate pressure to form the bond. In this fashion, pressure-sensitive tapes constitute a
complete, self-contained bonding system.

According to the Fressure-Sensitive Tape Council, pressure-sensitive adhesives (PSAs) are
known 1o possess properties including the following: (1) aggressive and permanent tack, (2}
adherence with no more than tfinger pressure, (3) sufficient ability to hold onte an adherend, and
{4) sufficient cobesive strength to be removed cleanly from the adherend. Materials that have been
found to function well as PSAS include polymers designed and formulated to extubit the requisite
viscoelastic properties resulting in a desired balance of tack, peel adhesion, and shear holding
power, PSAs are characterized by being normally tacky at room temperature (e.g., 20°C). PSAs
do not embrace compositions merely because they are sticky or adhere (o a surface,

These requirements are assessed generally by means of tests which are designed to
mdividually measure tack, adhesion (peel strength), and cohesion (shear holding power), as noted
by A V. Pocius in Adhesion and Adhesives Technology: An Introduction, 2™ Ed., Hanser Gardner
Publication, Cincinnati, OH, 2002, These measurements taken together constitute the bafance of
properties often used to characterize a PSA.

With broadened use of pressure-sensitive tapes over the years, performance requirements
have become more demanding, Shear holding capability, for example, which originally was
intended for applications supporting modest foads at room temperature, has now increased
substantially for many applications in terms of operating temperature and load, So-called high
performance pressure-sensitive tapes are those capable of supporting loads at elevated

temperatures {e.g., 70°C) for 10,000 minuotes. Tnereased shear holding capability has geoeraily

|
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been accomplished by crosslinking the PSA, although considerable care must be exercised so that
high levels of tack and adhesion are retained in order to preserve the aforementioned balance of
properties,
There are two major crosslivking mechanisms for acrylic adhesives: free-radical

5 copolymerization of multifisctional ethylenically unsaturated groups with the other monomers,
and covalent or tonic crosslinking through the functional monomers, such as acrylic acid, Another
method is the use of UV crosslinkers, such as copolymerizable benzophenones or post-added
photocrossiinkers, such as multifunctional benzophenones and triazines. In the past, a variety of
different materials have been used as crosslinking agents, e:g.. polyfunciional acrylates,

10 acetophenones, benzophenones, and triazines. The foregoing crosslinking agents, however,
possess certain drawbacks which include one or morg of the following: high volatility;
incompatibility with certain polymer systems; generation of corrosive or toxic by-products;
generation of undesirable color; requirement of 8 separate photoactive compound to initiate the

crosslinking reaction; and high sensitivity to oxygen. A particular issue for the ¢lectronics

s

industry and other applications in which PSAs contact a metal surface is the generation of

corrosive or toxic by-products and the generation of undesirable color,

Suavmary
Briefly, the present disclosure provides a crosslinkable (1.e., pre-adhesive) composition
20 comprising an epoxy-functional copolymer, which when crosstinked with an ionic photoacid
generator {PAG) provides a pressure-sensitive adhesive compasition with fewer of the drawbacks
discussed sbove. OF particular note, a composition of the present disclosure 1§ more acceptable for
use in the electronics industey and other applications in which PSAs contact a metal surface

because of the smaller amount of photoacid generator required, which results i a smaller amount

o]
L

generated actd, thereby reducing the potential for the PSA to discolor and/or corrosion of sensitive
substrates.

In one embodiment, the present disclosure provides a crosslinkable composition including:
an epoxy-functional {methacrylic copolymer of interpolymerized raonomers that include: an
epoxy-functional {meth)acryioyl monomer; an optional acid-functional ethylenically unsaturated
30 mogoner; and an optional sliifunctional {metlacrylate crosslinker; and an ionic photoacid
generator {PAG); wherein the epoxy-functional (methjacryloy! monomer is used in an amount of
no greater than 20 parts by weight, and the an lonte photoacid gensrator (PAG) s used in an
amoust of no greater than 0.5 part by weight, relative to 100 parts by weight of the total monomer.

In another embodiment, there is provided a crosslinkable compaosition including: an

epoxy-functional (meth)acrvlic copolymer of interpolymerized monomers that include: a

Lad
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{methjacrylic acid ester of a non-tertiary alcohol; an optional acid-functional ethylenically
unsaturated mononmer; an epoxy-functional {(meth)acryloyl monomer; an optional non-acid-
functional polar monomer; an optional vinyi monomer; and an optional multifunctional
{methyacrylate crosslinker; and an lonic photoacid generator (PAG); wherein the epoxy-functional
{methjacryloyl moenomer is used in an amount of { 10 20 parts by weight, an ionic photoacid
generator (FAG) is used tnan ansount of 0.01 to I part by weight, relative to 100 parts by weight
ot the total wmonomer content.

in vet another embodiment, there is provided a crosslinkable syrup composition inchuding:
a solute polymer that includes a plurality of interpolymerized monomers having pendant epoxy
units; a component including at least one free-radically polymerizable solvent monomer; and an
wontic photoacwd generator (PAGY: wherein the epoxy-functional monomer {i.e., monomer with
pendant epoxy units) is ased in an amount of no greater than 20 parts by weight, and the an jonic
photoacid generator (PAG] (s used in an amount of no greater than 1 part by weight, relative to
106 parts by weight of the tofal monemer content that would form an unmadified acid-functional
{meth)aceylic copolymer.

In certain embodiments, an epoxy-functional {(meth)acrylic copolymer includes {in
addition to an epoxy-functional (meth)acryloyl monomer} interpolymerized monomers that
include: 85 to 99 parts by weight of a (meth)acrylic acid ester of a non-tertiary alcohol; 110 20
parts by weight of an epoxy-lunctional (meth)acrylovl monomer; optionally 1 to 13 paris by
weight of an acid-functional ethylenically unsaturated monomer; 0 to 10 parts by weight of a non-
acid-functional polar monomer; 0 10 5 parts by weight of a vinyl monomer; based on 100 parts by
weight of the total monomer in the polymer, The (methYacrylic avid ester of a non-tertiary alcohol,
acid-functional ethylenically unsaturated nionomer, non-acid-functional polar monomer, and
certain vinyl monomer are examples of monomers that could be used to form the copolymer.

The present disclosure also provides pressure-sensitive adhesives prepared from the
crosslinkable conmpositions {e.g., syrup compositions) described herein, as well as pressure-
sensitive adhesive articles that include, for example, a coating of such adhesive. The pressure-
sensitive adhesives, the crosshinked compositions, of this disclosure provide the destred balance of
tack, peel adhesion, and shear holding power, and further conform to the Dahlquist criteria, ie., the
modulus of the adhesive at the application temperature, typically room temperaturg, is-lessthan 3 x
16" dynes/em at a frequency of 1 Hz,

In this application “pre-adhesive™ refers to the mixture comprising an epoxy-functional
copelymer and g crosslinking agent that may be crosslinked to form # pressure-sensitive adhesive,

“Syrup composition” vefers to a solution of a solute polymer in one or more solvent

monomers, the composition having a viscosity of from 300 to 10,600 ¢Ps at 22°C.
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Herein, "{methjacryloy!™ is inclosive of (meth)acrylate and (meth)acrylamide.

Herein, “(methjacrylic” includes both methacrylic and acrvlic.

Herein, “(meth)acrylate™ inchudes both methaeryiate and acrylate.

e term “hydrocarbyl” means a saturated or unsaturated lnear, branched, cyelic, or
polyeyclic hydrocarbon group, Undess otherwise indicated, the hydrocarbyl groups typically
contain up to 30 carbon atoms, often up to 20 carbon atoms, and even more often up to 10 carbon
atores. This term is used to encompass alkyl, alkenyl, alkynyl groups, as well as eyclic groups
such as alicvelic and aromatic groups, for example,

The term “heterohydrocarbyl” means a saturated or unsaturated linear, branched, cvelic, or
polycyelic hydrocarbon group {unkess otherwise indicated, typically containing up to 30 carbon
atoms} having at least one catenary carbon atom replaced by a catenary beteroator such as O, §,
or N or containing functional groups such as amide, ester, urea, urethane or ether functional
groups.

The term “(heterodhydrocarbyl™ includes both hydrocarbyl and beterohydrocarbyl.

The term “alicyclic group” means a eyclic hydrocarbon group having properties
resesnbling those of aliphatic groups. The term “aromatic group™ or “aryl group™ means a mono-
or polynuglear aramatic hydrocarbon group.

Herein, “atkyl” includes straight-chained, branched. and cyelic alky! groups and includes
both unsubstituted and substituted alkyl groups. Unless otherwise indicated, the atkyl groups
typically contain from 1 to 20 carbon atoms. Examples of “alkyl™ as used herein include, but are
not Hmited to, methyl, ethyl, n-propyl, u-butyl, n-pentyl, isobutyl, t-butyl, isopropyl, n-oetyl, 2-
otyl, n-heptyl, ethylhexyl, cyclopentyl, eyelohexyl, eycloheptyl, adamantyi, and norbarnyl, and
the fike. Unless otherwise noted, alkyl groups may be mono-~ ov polyvalent.

Herein, “alkoxy™ refers to an ~O-~alkyl group.

When a group is prasent more than once in a formula described herein, ¢ach group is
“independently” selected, whether specifically stated or not. For example, when more than one R
group.is present in a formula, each R group is independently selected.

The terms “includes™ and variations thereof do not have a limiting meaning where these
terms appeat in the deseription and claims.

The words “preferred” and “preferably™ refer to embodiments of the disclosure that may
afford certain benefits, under certain circumstances. However, other embodiments may also be
preferred, ander the same or other citcumstances. Furthermore, the recltation of one or more
preferred embodiments dogs not imply that other embodiments are not aseful, and s sot intended

1o exciude other embodiments from the scope of the disclosure.
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As used herstn, “a,” "an,” “the,” “at least one,” and “one or more™ are ysed
interchangeably.

All numbers are herein assumed to be modified by the term “about” and preferably with
the term “exactly.” As used herein in connection with a measured guantity, the term “about” refers
to that variation in the measured guaniity as would be expected by the skiled artisan making the
measurement and exercising g level of care commensurate with the objective of the measurement
and the precision of the measuring equipment used. The recitation of numerical ranges by
endpotints includes all numbers subsumed within that range {e.g.. | to § includes 1, 1.5, 2, 2.75, 3,
380, 4, and 5). Al pants recited herein, including those in the Example section below, are by
weight unless otherwise indicated.

The above summary of the present disclosure is not intended to describe each disclosed
embodiment or every implementation of the present disclosure. The description that follows more
particularly exemplifies Hlustrative embodiments. In several places throughout the application,
guidance 1s provided through lists of examples, which examples can be used in varions
combinations. In each instance, the recited list serves only as a representative group and should

ot be interpreted as an exclusive Hst.

Bretailed Description

The present disclosure provides a pre-adhesive conposition comprising an epoxy-
functional (methyacrvioyl copolymer, which when crosslinked using an ionic photoacid generator
(PAG) provides a pressure-sensitive adhesive and pressure-sensitive adhesive articles having
desirable properties. Preferably the copolymer is both acid and epoxy-fusctional,

Chlosinated triazine crosslinking agents are highly efficient and reliable UV crosslinkers
and often used to prepare high performance PSAs. They are oxygen tolerant, have scavenging
ability, and are able to cure (meth)acrylic compositions under low intensity light irradiation.
However, the presence of chiorinated reagents can be undesirable in the electronics industry as
well as in other applications such as medical tapes. Thus, eliminating a chlorinated triazing
crossiinking ageat is desirable in certain situations.

The present disclosure describes a new way to oblain high performance PSAs using a very
low level of & PAG with an scid- and epoxy-functional copolymer (e.g., iscoctyl acrylate/acrylic
acid/glyeidyl methacrylate (IOA/AA/GMA) copolymer). Without being bound by theory, it is
believed that the incipient acid of the PAG activates the epoxy ring in ene polymer chain in~situ
toward an epoxy group and/or an actd group in another polymer chain to produce a crosslinked

polymer,

LAy
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On trradiation with light energy, tonic photoacid generators undergo a fragmentation
reaction and release one or more molecules of Lewis or Bronsted aeid which catalyze the ring
opening and addition of the pendent epoxy groups to form a crosshink. Useful photoacid
generators are thermally stable and do not undergo thermally induced reactions with the
copotymer, and are readily dissolved ov dispersed in the crosstinkable eompostion. Preferred
photoacid gencrators are those in which the incipient acid has a pKa value of £ 0. Photoacid
generators are known and reference may be made to K. Dietliker, Chemistry and Technology of
LV and EB Formulation for Coatings, Inks and Paints, vol. I, SITA Technology Ltd., London,
1991, Further reference may be made to Kirk-Othuner Encyclopedia of Chemieal Technology,
4 supth Editton, Supplement Velue, John Wiley and Sons, New York, year, pp 253-255.

Cations useful as the cationic portion of the toni¢ photoinitiators of the invention include
organic onium cattons, for example those described in U.S. Pat. WNos. 4,250,311, 3,708,296,
4,069,055, 4,216,288, 5,084,586, 5,124,417, 5,354,664 and such descriptions incorporated herein
by reference, including aliphatic or aromatic Group IVA VIIA {CAS version) centered onium
salts, preferably I-, §-, P-; Se- N- and C-centered onium salts, such as those selected from,
sulfoxonium, todonium, sulfonium, selenonium, pyridisium, carbonium and phosphonium, and
rost preferably [-, and S-centered onium salts, such as those selected from sulfoxonium,
diaryliodontum, triarvisulfonium, diarylalkylsulfonium, dialkylarylsuifoniom, and
trialkylsulfontum wherein "aryl” and "alkyl" means an unsubstituted or substituted aromatic or
aliphatic moiety, respectively, having up to four independently selected substituents, The
substitents on the aryl oralkyl moieties will preferably have less than 30 carbon atoms and up to
10 heteroatoms selected from N, 8, non-peroxidic O, F, As, 81, 8n, B, Ge, Te, 8¢, Examples
inchsde hydrocarbyl groups such as methyl, ethyl, butyl, dodecyl, tetracosanyi, benzy!, allyl,
benzylidene, ethenyl and ethynyl; hydrocarbyloxy groups such as methoxy, utoxy and phenoxy;
hydrocarbyimercapto groups such as methyimercapto and pheaylercapto;
hydrocarbyloxycarbony! groups such as methoxycarbonyl and phenoxyearbonyl;
hydrocarbylearbonyl groups such as formyl, acetyl and benzoyi; hydrovarbylcarbonyloxy groups
such as acetoxy and cyclohexanecarbonyloxy; hydrocarbylcarbonamido groups such as acetamido
and benzamido; azo; boryl halo groups such as diloro, bromo, 1odo and fluoro; hydroxy: oxo;
diphenyiarsino; diphenvlstitbine; rimethylgermaneo; trimethylsiloxy: and aromatic groups such as
cyclopentadienyl, phenyl, tolyvl, vaphthyl, and indenyl. With the suifonium salls, it is possible for
the sabstituent to be further substituted with a dialkyl- or diarylsulfonium cation; an example of
this would be 1,4-phenylene bis(diphenylsufonium).

The nature of the counteranion in an jonic PAG can influence the rate and extent of

cationic addition polymerization of the epoxy groups. For example, J.V. Crivello, and R. Narayan,

&
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Chepi, Mater,, 4, 692, (1992, report that the order of réactivity among commonly used

nonsucleophilic anions is SbF, > AsFy > PF¢ > BF¢ . The influence of the anion on reactivity
has been ascribed to three principle factoss: {1} the acidity of the protonic or Lewis acid generated,
{2) the degree of on-pair separation In the propagating cationic chain and (3} the sasceptibility of

the anjons to fluoride abstraction and consequent chain termination,

Useful ontum salts include diazonium salts, such as arvl diazonium salis; hatonium salts,
such as diarlyiodonium salts; sulfoniom salts, such as triarylsulforium salis; selenonium salts, such
as triaryiselenonivm salts; suffoxonium salts, sach as triarylsulfoxontum salis; and other
miscelfaneons classes of onium salts such as triaryl phosphonium and arsoniure saks, and pyrylium

and thiopyrylium salts.

Usefid fonic photoacid generators include bis(d-t-butyipbenyl) iodonium
hexatluorvantimonate (FP3034™ from Hanpford Research Ine., Stratford, CT), a nuxture of
wriarylsuifonium salts (diphenyl(4-phenylthio) phenylsufonium bhexafluoroantimonate, bis(4-
{diphenylsuifonio)phenyhsulfide hexafluoroantimonate) available as UVI-6976™ [rom Synasia
Metuchen, NJ, {(4-methoxyphenyliphenyl iodonium wiflate, bis(d-fer-butylphenyl) iodonium
camphorsuifonate, bis{d-rere-butyvlphenyl) todontum hexafluorcantimonate, bis(d-fers-
butylphenyl} iodoniun hexafluorophosphate, bis{4-tert-butyipheoyl) iodoniusm tetraphenylborate,
bis(4-tert-butyiphenyl) iodosium tosylate, bis(d-rert-butylphenyl) sodonium triflate, {f{4-
{octyloxy)phenyliphenyliodonium hexafluorophosphate), ([4-(octyloxy)phenyi]phenyliodosium
hexaftuoroantimonate); (4-isopropylpheny}{4-methylphenyliodoniun (etrakis(pentafluorophenyl)
borate {available s Rhodorsii 2074™ from Blaestar Silicones, East Brunswick, NJ}, bis(4-
methyiphenyl) iodonium hexafluoropbosphate (available as Omnicat 440™ from IGM Resins
Bartlett, IL), 4-(2-hydroxy-1-tetradecyeloxy)phenyljpbenyl iodonium hexaflueroantimonate,
triphenyd sulfonium hexafluoroantimonate (available as CT-348™ from Chitee Technology Corp.
Taipei, Tatwan), diphenyl{4-phenylthio)phenylsufonium hexafluorophosphate, bis(4-
{diphenvlsulfonio)phenyhsuifide bisthexafluorophosphate), Diphenyi(4-
phenylthin)phenyisufonium hexaflsoroantimonate, bis{4-(diphenylsulfonio)phenyi)suifide
hexafluoroantimonate, and blends of these triaryisulfoniwm salts available from Synasia,
Metuchen, NJ under the trade designations of UV 69927 and UVI-6976 ™ for the PP, and Sbi;

salts, respectively.

he photoacid generator is used n amounts sufficient to effect the desired degree of
crosslinking of the copolymer. The desired degree of crosslinking may vary, depending on the
desired adhesive properties and the film thickness. The amount of the photoacid generator

necessary to effect the desired degree of crosstinking will depend on the quantum yield of the

-~
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photoacid generator {the number of molecules acid release per photon absorbed), the pKa of the

acid, the permeability of the polymer matrix, the wavelength and duration of irradiation and the
temperature. Generally the photoacid generator 15 used in amounts of 0.01 to 1 parts by weight,

preferably 0.1 to 0.5 parts by weight velative to 100 parts by weight of total monomet/copolyrmer.

Optionally, it is within the scope of this invention to include photosensitizers or
photoaceelerators with the photoacid generators, Use of photosensitizers or photoaccelerators
alters the wavelength sensitivity of radiation-sensitive compositions employing the latent catalysts
and photoacid generators of this invention. This is particularly advantageous when the photoacid
generator does not strongly absorb the incident radiation. Use of photosensitizers or
photoaceelerators inereases the radiation sensitivity, allowing shorter exposure tmes and/or use of
less powertud sources of radiation. Any photosensitizer or photoaccelerator may be useful if its
triplet energy is at least 30 kilocalories per male, Exanmples of such photosensitizers are given in
Table 2-1 of the reference Steven L., Murov, Handbook of Photochemistry, Marcel Dekker nc.,
N.Y.. 27-35 (1973), and include those deseribed in U8, Pat. No. 4,985,340, and such description is
tncorporated herein by reference. When present, the amount of photosensitizer or photoaccelerator
used in the practice of the present invention is generally less than 10 and preferably less than 1.0
wt 3% of photosensitizer or photoaccelerator based on the weight of the photoacid generator.

The (methjacrylovi copolymer comprises epoxy-functional monomers. An exemplary
epoxy-functionad (meth)acryloy! monomer is of the formula:

R7
O
L xi— e

whergin:

R is -H or C-Cyalkyh

X is -NR™ or -O-

&% s an epoxy-substituted (hetero)hydrocarby! group; and

R” is -H ora C,-Cy aikyl.

Preferably, the R group is based on a straight-chain, branched, cyelic or polycyelic
hydrocarbon of 2 to 30 carbons having an oxirane (epoxy) group included. More preferably, the
R” group contains 3 to 10 carbons, such as glycidy! methacrylate (GMA). Some embediments
contain an epoxyeyciohexyl group such as 3, 4-epoxyeyelobexyimethyl {meth)acrylate and 3+(2.3-
epoxypropoxy phenyl acrylate, 2-[4-(2 3-epoxypropoxy)iphenyl|-2-{4-acryloyloxy-
phenylpropane, 4-(2,3-epoxypropoxy)eyclohexyl acrylate, 2, 3-epoxyeyvelohexyl acrylate, and the

acrylic acid monoester of poly(Bisphenol-A diglycidyl ether), commercially available as

P
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EBECRYL 3605, from Rad-Cure Corp,, Fairfield, N}, and species haviag R according to the
formula:
S(CH)sCINOL-CHa-epoxyeyclohexyl, wherein i is 0 to 10 and preferably 14, Epoxy-
functional {meth)acrylate monomers usefu! in the disclosure include the acrylic acid monoesier of
poly(Bisphenol-A diglycidyl ether), commercially available as EBECRYL 3605, from Rad-Cure
Corp., Fairfield, NJ, and the polyesters comprising (methjacrylic acid, caprolactone or
valerolactone or cyclooctanone lactone, and epoxidized cyclohexane derivatives such as 3,4~
epoxycyclohexylmethanol, 3.4-cpoxyeyelohexane carboxylic acid, and 4,5-epoxycyclohexane-1,2-
dicarboxylic acid.

I oae useful embodiment, the epoxy functional monomer is derived fronm the veaction of

vinvidimethyl azlactone with a hydroxyalkyl epoxy compound as shown in Scheme 1

0 0
v.-"'"\'{. ' O
O f}! 4 {,’C}\ # — ~‘ B u O \\\\\\ R‘im“{ \\‘
\\>,- Rl ;l'\ + H O - R — ’ I "-/ \\ M
T, HiC G
0 o

syd v e
where R i3 a €;-Cs alkylene.

Some preferred epoxy monomers are of the formula;

O Rrn
O a; :

x'.r .‘\\ Fv@ }(3 "“LWSKCH-,

wherain:

R'" is a (hetero)hydrocarbyl group, preferably a hydrocarhyl group;

R' is -H or CpCy alkyl;

X is -NR™- or -O-, and

R is -H or a C-Cy atkyl,

The epoxy-functional (meth)acryloyl monomer is used in an amount of no greater than 20
parts by weight, relative to 100 parts by weight of the total monomer content of an unmodified
acid-functional {methyacevlic copolymer. I certain embodiments, the epoxy-functional
{meth)acryioyt monomer is used in an amount of at least 1 part, relative to 100 parts by weight of
the total monomer content that would form an unmodified acid-functional (methacrylic
copolvmer, Preferably the epoxy-functional monomer is used in amounts of 1 to 10 parts by,
relative to 100 parts by weight of the total monomer,

i addition to the epoxy-functional monomer, the copolymer comprises other monomers

including for example, a {methlacryltic acid ester of a non-tertiary alcohel {ie., a (meth)acrylate
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gster monomer), an acid-functional ethylenically unsatyrated monomer, a'second, non-acid-
functional polar monomer, and a'vinyl monomer, Furthermore, a multifunctional {meth)acrylate
can be used in the {(methjacrylic copolymer to assist in additional crosslinking and adhesive
property enhancement,

A {meth)acrylate ester monomer useful in preparing the epoxy-functional {meth)acrylic
copelymer is & monomeric (meth)acrvlic acid ester of a non-tertiary alcohal, which alcohol
eoniains from 1 to 14 carbon atoms and preferably an average of from 4 to 12 carbon atoms.

Exarmples of monomners suitable for ase as the {methlacrylate ester monomer include an
esters of either acrylie acid or methacrylic acid with a non-tertiary alcohol such as ethanol, 1+
propancl, 2-propancl, 1-butanol, 2-butanol, 1-pentancl, 2-pentanof, 3-pentancl, 2-methyl-1-
butanol, 3-methyl-1-butanol, 1-hexanol, 2-hexanol, 2-methyl-1-pentanol, 3-methyl-t-pentanod, 2
ethyi-1-butanal, 3,5,5-trimethy - {-hexavnol, 3-heptanol, {~octanol, 2-octanol, isvoctylalcohed, 2-
ethyi-1-hexanol, 1-decanol, 2-propyiheptanc!, 1-dodecanod, T-tridecancl, -tetradecancl,
citronellol, dihydrocitroneliod, and the like. In some embodiments, the preforred (methjacrylate
aster monomer is the ester of (meth)acryvlic acid with butyl aleobol or isooctyl alechol, ora
conibination thereof, although combinations of two ornore different {meth)acrviate ester
monomer are suitable. I some embodiments, the preferred {meth)acrylate ester monomer is the

ester of (meth)acrylic acid with an alcohol dertved from a reviewable sowrces, such as 2-octanol,
citronellol or dihydrocitraneliol.

In some embodiments, it is desirable for the (methacrylic acid ester monomer component
include a high Tg monomer, have a Ty of at least 25°C, and preferably at least 50°C, As used
herein, the term “Tg™ of a monomer refers to the glass transition temperatute of a homopolymer
prepared fromy that monomser. Suitable high Tg monomers ticlude, but are not Hmited to, t-butyl
acrviate, methyl methacrylate, ethyl methacrylate, isopropy! roethacrylate, n-buty! methacrylate,
isobutyl methacrylate, s-butyl methacrylate, t-buty! methacrylate, stearyl methacrviate, phenyl
methacrylate, oyclohexyl methacrylate, isobornyl acrylate, isobornyt methacrylate, benzyl
methacryiate, 3,3,3 trimethyloyciohexyl acrylate, cyciohexy! acrylate, N-octyl acrylamide, and
propyl methacrylate or combinations.

The (meth)acrylate sster monomer is fypicatly used in an amount of 85 o 99 paris by
waight, based on 100 parts by weight of the total monomer, Preferably, the (methjacrylate ester
monomer is used in an amount of B0 to 98 parts by weight of the 100 parts of the total monomer.
Whaen high T, monorers are included, the copolymer may include up to 30 parts by weight,
preferably up to 20 pants by weight of the 85 to 99 parts by weight of (meth)acrylate ester

ONGIMCeT COmpon ent.
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The (meth)acrylic copolvmer optionally, and preferably, further includes an acid-
functional ethyienically unsaturated myonomer, where the acid-functional group may be an acid per
se, such as a carboxylic acid, or a portion may be salt iheres:xf, such as an alkali metal carboxylate,
Useful acid-functional ethylemically unsaturated monomers include, but are not limited to, those
selected from an sthylenically unsaturated carboxylic acid, ethylenically unsaturated sulfonic acid,
cthylenically unsaturated phosphonic acid, and mixtures thereof. Examples of such compounds
include those selected from acrviic acid, methacryNe acid, Haconic acid, fumaric acid, crotonic
acid, citraconic acid, malete acid, oleic acid, [-carboxyethy] (imeth)acrylate, 2-sulfoethyl
methacrylate, styrene sulfonic acid, 2-acrylamido-2-methylpropanesuifonic acid, vinylphosphanic
acid, and mixtures thereof.

Due to their availability, acid-functional ethylenically unsaturated monomers of the acid-
and epoxy-functional {meth)acrylic copolymer are generally selected from ethylenically
unsaturated carboxylic acids, i.¢., (meth)acrylic acids. When an even stronger acid is desived, an
acid-functional ethylenically unsaturated monomer includes an ethylenically unsaturated suifonic
actd, un ethylenically unsatirated phosphonie acid, or a mixture thercof.

When present, the acid-functional ethylenically unsaturated monomer is generally used in
an amaunt of at least | part by weight, based on 100 parts by weight of the total monomer content
that would form an unmodified acid-functional {methjacrylic copolymer. The acid-functional
ethylenically unsaturated monomer is generally wsed in an amount of no greater than 15 parts by
weight, and often no greater than 10 parts by weight of the 100 parts of the total monomer content,
in certatn embodiments, | part 1o 15 pacts by weight acid-functional ethylenically unsaturated
monomer is used, based on 180 parts by weight of the total monomer content that would form an
wsnmodified actd-functional {methlacrylic copolymer.

in certain embodiments, a non-acid-functional polar monomer is used in making the
spoxy-functional (methjacrylic copolymer. As used herein, the term “polar monomer” is exclusive
of an acid-functional ethylenically unsaturated monemer, and is referved to as a “von-acid-
funetional polar ronomer.”

Representative examples of a suitable non-acid-tunctional polar monomer includes, but is
not limited, to 2-hydroxyethyl (meth)acrylate; N-vinylpyrrolidone; N-vinyicaprolactam;
acrylamide; mono- or di-N-aikyl substituted acrylamide; t-butyl acrylamide; dimethylaminoethyl
acrylamide; N-octyl acrylanude; poly(alkoxyatkvly (methjacrylates including 2-(2-
ethoxyethoxylethvl (meth)acrylate, 2-ethoxyethyl Gunethaorylate, Z-methoxyethoxyethyl
{methlacrylate, 2-methoxyethyl methacrylate, polyethylene glycol mono(meth)acrylates and
mixtures thereof. Preferred polar monomers include those selected from the group covsisting of 2-

hydroxyethyl {methacrylate and N-vinyipyreolidinong.
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A non-acid-functionsl polar monomer may be used in an amount of § to 10 parts by
weilght, based on 100 parls by weight of the total monorer content. 1o certain embodiments, such
mronomer is used in an amount of at least $.5 part by weight of the 100 parts of the total mosomer
content. In certain embodiments, such movomer is used in an amount of no greater than 5 parts by

weight of the 100 parts of the total monomer content.

substituted styrene {g.g., ¢-methy! styrene), vinyl halide, and mixtures thereof. As used herein, the
term “viny! monomer” is exclusive of an acid-functional sthyfenically unsaturated monomer, an
acrylate ester monomer, and & polar monomer,

A vinyt monomer may be used in an amount of U to § parts by weight, based on {0 parts
by weight of the total monomer conteut that would form an wnmodified acid-functional
{meth)acrylic copolymer. In certain embodiments, such monomer is used it an amount of at Jeast
b part by weight of the 100 parts of the total monomer content.

Preferably the copolymer contains no allyl ether, vinyl ether or viny! ester mononter units.

1o order to increase cohesive strength of the coated adhesive composition, a
nultifunctional {rmethacrviate monomer may be incorporaled into thy hlend of polymerizable
monamers 1 assist iy crosglinking. Such compounds are often referred to s chemical
crosslinking agents. A multifunctional {meth)acryiate is particularly useful for emulsion or syrup
polvmerization, Examples of useful myltifunctional (uethjacrylates include, but are not limited
to, di(meth)acrylates, tri{methjaerylates, and tetra(methjacrylates, such as 1.6-hexanediol
digmethacrylate, poly(ethylene glyeol) difmethjacrylates, polybutadiene difmeth)acrylute,
polyurethane di{meth)acrylates, and propoxylated glveenn tri{meth)acrylate, and mixtures thereof,
The amount and identity of nudtifunctional {reth)acrylate s tailored depending upon application
of the adhesive composition.

If used, typically, a multifunctional {meth)acrylate is used in air amount of less than § parts
by weight, relative to 100 parts by weight of the total monomer content that would {orm the epoxy-
functional (meth)acrylic copolymer. In certain embodiments, a muiltifunctional (meth)acrylate
crosslinker may be present in an amount of less than 1 part by weight. ki certain embodiments,
such chemical crogstinker 15 used in an amount of at least 0.01 part by weight. In certain
embodiments, such chemical crosstinker is used in an amount of at feast 0.05 part by weight. In
some embodiments the crosslinking compositions comtain no mutifanctional (meth)acrvlates.

An epoxy-functional (methjacrylic copelymer can be prepared by a conventional free
radical polymerization method, including solution, radiation, bulk, dispersion, emulsion, and
suspension processes. For example, it may be prepared via suspension polymerizations as
disclosed in 1.8, Pat. Nos. 3,691,140 (Silvery, 4,160,152 {Baker et al.y; 4,636,432 (Shibano et al.j;
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4,656,218 {Kinoshita}; and 53,045,569 (Delgade). Each describes adhesive compositions, and the
deseriptions of polymerization processes.

One method of preparing epoxy-funciional (meth)acrylie copolyimers includes partially
polynierizing monomers to produce & syrup composition comprising the solute epoxy-functional
{meth)acrylic copolymer and unpelymerized solvent monomers, The syrup composition is
polymerized to a usefud coating viscosity, which may be coated onto a substrate (such as a tape
backing} and firrther polymerized. Partial polymerization provides a coatable solution of the
epoxy-functional {methjacrylic selute polymer tn one or more free-radically polymerizable solvent
monomers. Generally, the PAG s added to the partally polymerized composition, then coated on
a suitable substrate and fisther polymerized.

Thus, herein a crosshinkable composition ¢an be described as including an epoxy-
functional {methjacrylic copolymer, optionally with unreacted wonomers, and a PAG.
Alternatively, the crosslinkable composition can be described as a crosstinkable syrup composition
that includes a solute polymer comprising a plurality of polymerized monomer units comprising
pendant epoxy (or oxirane) units, a component comprising at least one free-radically
polymerizable solvent monomer {i.e., unreacted monomer), a PAG, and optionally a
multifunctional {meth)acrylate chemical crosslinking agent.

The polymerizations may be conducted in the presence of, or preferably in the absence of,
suitable solvents such as ethyl acetate, toluene and tetrahydrofuran, which are unreactive with the
functional groups of the comnponents of the syrup composition.

Polymerization can be accomplished by exposing the syrup composition to energy in the
prosence of a photoinitiator, Encrgy activated initiators may be unnecessary where, fot exainple,
ionizing radiation is used to initiate polvmerization. Typically, a photoinitator can be employed in
a concentration ot at least Q.6001 part by weight, preferably at least 0.001 part by weight, and
more preferably at least §.005 part by weight, relative to 100 parts by weight of the solvent
monemer(s) of the unmodified epoxy-functional {meth)acrylic copolymer. Typically, a
photoinitiator can be employed in a concentration of no more than 3.0 parts by weight, preferably
no more than 1.4 part by weight, and more preferably no more than 0.5 part by weight, relative to
FOE parts by weight of the total monomer content.

A preferred method of preparation of the syrup composition is photoinitiated free radical
polvmertzation. Advantages of the photopolvmerization method ave that 1) heating the monomer
sofution is unnecessary and 2) photoinitiation s stopped completely when the activating hight
source is turned off. Polymerization to achieve a coatable viscosity may be conducted such that

the conversion of monomers to polvmer is up to about 30%. Polymerization can be terminated

when the desired conversion and viscosity have been achieved by removing the light source and by
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bubbling air (oxygen} into the solution to quench propagating free radicals. The solute polymen(s}
may be prepared conventionally in a non-monmueric solvent and advanced to high conversion
(degree of polymerization}. When solvent (monomeric or non-monomeric) is used, the solvent
may be removed (for example by vacuum distillation) either before or after formation of the syrup
composition. While an acceptable method, this procedure involving g highly converted functional
polymer is not preferred because an additional solvent removal step is required, another material
may be required (a non-monomeric solvent}, and dissciution of the high molecular weight, highly
converted solule polymer s the monomer mixture may tequire a significant period of time,

Useful photoinitiators include benzoin ethers such as benzoin methyl ether and benzoin
isopropyl ether; substinuted acetophenones such as 2-dinmethoxy-2-phenylacetophenone
photoinitiator, available the trade pame IRGACURE 651 photoinitiator {BASF Corporation;
Florham Park, NJ}, 2,2 dimethoxy-2-phenyl-l-phenylethanone, available under the trade name
ESACURE KB-1 photoinitiator {Sartomer Co., West Chester, PA), and
dinethyihydroxyacetophenone; substituted a-ketols such as 2~ methyl-2-hydroxy propiophenone;
aromatic sulfonyl chiorides such as 2-naphthalene-sulfonyl chioride; and photoactive oximes such
as {-phenyi-1,2-propanedione-2-{O-ethoxy-carbonyloxinwe. Particelarly preferred amony these
are the substituted acetophenanes.

Preferred photoinitiators are photoaclive compounds that undergo a Norrish I cleavage o
generate free radicals that can initiate by addition to the acrylic double bonds. The photoinitiator
can be added 1o the mixture 1o be coated after the copolymer has been formed, ie., photoinitiator
cair be added tothe syrup composition. Such polymerizable pholoinitiators are described, for
example, in U.S, Pat. Nos. 5.902.836 and 5,506,279 (BN, Gaddam et al.},

The syrup composition and the pbotoinitiator may be irradiated with activating UV
radiation to polymerize the monomer componenti(s), UV Hght sources can be of two types: 13
refatively low light intensity sources such as Blacklights which provide generally 10 mW/em® or
{ess {as measured in accordance with procedures approved by the United States National Institute
of Standards and Technology as, for example, with a UVIMAP UM 365 L-8 radiometer
manufactured by Electronic Instnsnentation & Technelogy, Inc., in Sterling, VA) over a
wavelength range of 280 1o 400 nanometers; and 2) relatively high light intensity sources such as
medium pressure mercury lamps which provide intensities generally greater than 10 mWicny',
preferably 15 to 450 mW/em', Where actinic radiation is used to fully or partially polymerize the
syrup composition, high infensities and shont exposure times are preferred. For example, an
intensity of 600 mW/em® and an exposure time of about 1 second may be used suceessfully.
lutensities can range from §.1 to 150 mWem®, preferably from 0.5 to 100 mW/eny™, and more

- e . T s oaie N . -
preferably froam 0, 3 030 mWiem®. Such photoinitiators preferably are present in an amount of
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from .1 to 1.0 part by weight, relative to 100 parts by weight of the total monomer content that
would form an vomodified acid-functional (methYacrylic copolymer.

Accordingly, relatively thick coatings (e.g., at least about 1 mil or 25.4 micrometers} can
be achieved when the extinction coefficient of the photoinitiator is low.

The degree of conversion can be monitored during the irradiation by measuring the index
of refraction of the polymerizing medium as previously described. Useful coating viscosities are
achieved with conversions (.., the percentage of available monomer polymerized) in the range of
up to 30%, preferably 2% to 20%, more preferably from 5% to 15%, and most preferably from 7%
to 12%. The molecular weight (weight average) of the solute polymer(s) is at least 160,000,
preferably at feast 560,000,

When preparing epoxy-functional {methjacrylic copolyvmers described herein, it is
expedient for the photoinitiated polymerization reactions to proceed to virtual completion, ic.,
depletion of the monomeric components, at temperatures less than 70°C (preferably at 50°C or
less) with reaction times less than 24 hours, preferably less than 12 hours, and more preferably less
than 6 hours. These temperatore ranges and reaction rates obviate the need for free radical
polvmerization inhibitors, which are often added to acrylic systems to stabilize against undesived,
premature polymerization and gelation. Furthermore, the addition of inhibitors adds extraneous
material that will remain with the system and inhibit the desired polymerization of the syrup
composition and formation of the crosslinked pressure-sensitive adhesives. Free radical
polymerization inhibitors are often required at processing temperatures of 70°C and higher for
reaction periods of more thas 6 to 10 hours.

in some embodiments, the epoxy-functional (meth)acryhic copolymers may be prepared by
solution methods. A typical solution polymerization method is carvied out by adding the
monomers, a suitable solvent, and an optional chain transfer agent to a reaction vessel, adding a

free radical initiator, purging with nitrogen, and maintaining the reaction vessel at an elevated

temperatare, typically in the range of 40°C o 1007C until the reaction is completed, typically in 1
to 20 hours, depending upon the batch size and temperature. Examples of the solvent are
methanol, tetrabydrofuran, ethanol, isopropanol, acetone, methy! ethy! ketone, methyl acetats,
ethyl acetate, tohiene, xylene, and an ethylene glycol alkyl ether. Those solvents can be used alone
ot as mixtures thereof,

Iy an alternate embodiment, a solventless polymerization method, such as the continuous
free radical polymerization method described in ULS. 4,619.979 and 4,843,134 (Kotnour et al.); the
gssentially adiabatic polymerization methods using a bateh reactor desertbed in ULS. 5,637,646
{E1is); and, the methods described for polymerizing packaged pre-adhesive compositions

described in 118, 5,804,616 (Hamer ot al.) may also be utilized to prepare the polymers.

p—t
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Copolymers prepared by such process may be combined with the PAG as well as optional
additives such as tackifiers and plasticizer resins or compounds. Addittonal cohesive strength of

the coated adhestve can be further enhanced by exposure to UV radiation o initiate crosstinking

reactions.

5 The UV initiated crosstinking of the copolvmers may be ilfustrated in the following
Scheme 2. The ester, epoxy and optional acid monomer units are shown where the subseripts X, v
and 7 correspond to the parts by weight of each monomer unit.
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10 in Scheme 2, two acid- and epoxy functional copolymer La and 1b having (meth)acrylate

monomer units, optional acid-functional monomer wnits and epoxy-functional monomer units are

shown, Copolyimers {a and 1b have a number of polymerized monomer units X, y and 2,
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corresponding to the parts by weight of each monomer unit as previously deseribed, Not shown
are the non-acid functional pslar monomer units, the vinyl nionomer units, or the multifunctional
{methjacryiate monomer units. On frradiation with light energy, ionic photoacid generators
undergo a fragmentation reaction and release one or more molecules of Lewis or Brinsted acid
which catalyze the ring opening and addition of the pendent epoxy groups to form the oxonium
functional polymer 2. This activated epoxy 2 may be ring-opened by a pendent acid group of
copaiymer 1b to form intermediate 3, or may be ring-opened by the epoxy group of copolymer 1b
to form intermediate 4. The intermediate 4 may continue to cationically polvmerize adjacent
epoxy groups. The hydroxyl group of intermediate 3 can further function as a chain transfer agent
inn the cationic polymerization of the epoxy groaps, as deseribed in LV Crivello;, D.A. Conlon,
DR, Oison “The Effects of Polvols as Chain Transter Agents and Flexibilizers in Photoinitiated
Cationic Photopolymerization™, Jownal of Radiation Curing, October 1986, 3-9,

It is preferable to coat the adhesive composition soon after preparation. The adhesive
polymer composition {containing the copolymer, monomers, and crosstinking agent), either as a
syrup or solution, are easily coated upon suitable substrates, such as flextble backing materials, by
conventional coating techniques, then fusther polymerized, and cured, to produce adhesive epated
sheet matertals. The flexible backing material may be any material conventionatly utilized as a
tape backing, optical filny, or any other flexible material.

A pressyre-sensitive adhesive composition may also contain one or moreg conventional
additives. Preferred additives include tackifiers, plasticizers, dyes, antioxidants, and UV
stabilizers. Such addittves can be used if they do not affect the superior properties of the preasure-
sensitive adhesives

H tackifiers are used, then up to 50% by weight, preferably less than 30% by weight, and
move preferably fess than 5% by weight, based ov the dry weight of the total adhesive polymer
would be suitable, In some smbodiments no tackifier is used. Switable tackifiers for use with
(methacrylate polymer dispersions include a rosin acid, a vosin ester, a terpene phenalic resin, a
hydrocarbon resin, and a cursarone indene resin. The type and amouant of tackifier can affect
properties such as contactability, bonding range, bond strength, heat resistance and specific
adhesion.

Adhesive articles may be prepared by coating the adhesive or pre-adhesive compuosstion of
a suitable sapport, such as a flexible backing. Examples of materials that can be included in the
flexible backing include polyolefing such as polyethvlene, polypropylene (including isotactic
palypropyiene), polystyrene, polyester, polyvinyl alcohel, poby(ethylens torephthalate),
poly(butylene terephihalate), poly(caprolactam), poly{vinylidene fluoride), polylactides, cellulose

acetate, and ethyl cellulose and the like. Commercially available backing materials useful in the

o
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disclosure inciude HOSTAPHAN 38AR, primed polyester film (available from Mitsubishi
Polyester Film Inc., Greer, ST, kraft paper (available from Monadnock Paper, Ine.); celiophane
{available from Flexel Corp.j; spun-bond poly(ethylene} and poly{propylene), such as TYVEK and
TYPAR (available from DuPont, Ine.y; and porous films obtained from poly(ethylene) and
polv(propyiens), such as TESLIN (available from PPG Industries, Inc.}, and CELLGUARD
{avatlable from Hoechst-Celangse)

Backings may also be prepared of fabric such as woven fabric formed of threads of
synthetic or natural materials such as cotton, nylon, rayon, plass, ceramic materials, and the like or
nonwoven fabric sich as air faid webs of natural or synthetic {fibers or blends of these. The
backing may also be formed of metal, metalized polymer films, or ceramic sheet materials may
take the form of any antiele conventionally known to be utilized with pressure-sensitive adhesive
compositions such as labels, tapes, signs, covers, marking indicia, awd the like.

The ahove-described compositions can be coated on & substrate using conventional coating
techniques modified as appropriate to the particolar substrate. For example, these compositions
can be applied to a variety of solid substrates by methods such as roller coating, flow coating, dip
coaling, spin coating, spray coating knife coating, and die coating. These various methods of
coating allow the compositions to be placed on the substrate at variable thicknesses thus allowing a
wider range of use of the compositions, Coating thicknesses may vary a3 previously described.
The solutions may be of any desirable concentration, and degree of conversion, for subsequent
coating, but is typically 20 to 70 weight percent (wi-%4) polymer solids, and more typically 38 to
50 wi-% solids, in solvent. The emulsions also may be of any desirable concentration for
subsequent coating, but is typically 30 to 70 wi-% polymer solids, and generally contains less than
2% unrencted monomer. The syrup composition may be of any desirable concentration for
subsequent coating, but is typically 5 to 20 wt-9% polymer solids in monomer. The desired
concentration may be achievad by further dilution of the coating composition, ot by partial drying.

The flexible support may also include a release-coated substrate. Such substrates are
typically emploved when an adhesive transfer tape is provided. Examples of release-coated
substrates are well known in the art and include, by way of example, silicone-coated Kraft paper,
and the like. Tapes of the disclosure may also fucorporate a low adhesion backing (LAB), which

are known in the art.

Exawoples
Objects and advantages of this disclosure are Rwther iHlustrated by the following examples,
but the particular materials and amounts thereof recited in these examples, as well as other conditions

and details, should not be construed to unduly tiait this disclosure,
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As used herein, “pph” refers to parts per one handred parts of the monomers that would be

in an unmodified acid-functional (methacrylic copolymer, e.g., 100 parts of 10A and AA total.

Test Dethods

Peel Adhesion Test IASTM D 3330/D 3330M-04]

The test measures the force required to peel the tape from glass at an angle of 180 degrees.
The test was performed on conditioned tapes prepared in the examples using the provedure
described in the referenced ASTM Test Methods. The adhesive formulation to be tested was
coated onlo Mitsubishi Hostaphan™ primed polyester film. A test sample was prepared by
adhering a 12.7-millimeter (12.7-mm) wide tape to a glass (for examples | to 93), stainless stecl
plate or high density polyethylene coupon (for examples 94 1o 99) and rolling over the tape twice
with 2-kilogram (2-kg) rolter. Prior to peel and shear testing, tapes were conditioned for 24 hours
iy a controfled environment room (23°C/50% relative humidity. The tape was tested on a tensile
foree tester ata platen speed of 12 inches/minute {305 millimeter/minute (num/min)) and, for some
samples, also at 90 inches/min (2286 mm/min). Three samples were tested for each example and

platen speed. The averaged values were expressed in Newtons per decimeter {N/dm).

Shear Streagth Test JASTRM D-3654/D 36340 6]

The test measures the static shear strength of an adbesive tape in minutes at room
temperature (R} and at slevated temperature (70°C) from when one end of the tape is adhered to a
stainless steel plate, suspended vertically, and & weight is attached to the free end of the tape.

-

10°C Shear A test sample was prepared from the conditioned tapes prepared in the
: prep

examples. A 12.7-mm wide by 25.4-mm long tape was adhered to one edge of a stainless steel
plate so that it overlapped the panel by 12.7 mm, and a 2-kg roller was rolled twice over the
portion of tape adhered to the panel. A 0.5-kg wetght was attached to the free end of the tape, and
the panel was suspended vertically in an oven set at 70°C. The time, in minustes, for the tape to fall
from the panel was measured and the time to failure and the mode of failure was recorded. The
failure mode can be adhesive {0} in which the adhesive pulls away cleanly from the panel or the
tape backing or cohesive (¢} in which the adhesive splits and part of the adhesive is left on the tape
and part is left on { he tape backing. The test was terminated if failure had not occurred in 18,000
minutes and the results recorded. The data reported was as an arithmetic average of three
HSHSUNSIIENts.

Room Temperature Shear: A test sample was preparad and tested in the same manner as

for 70°C Shear except that a 1-kg weight was attached to the tape and the test panel was suspended

in a controlled environment room (23°C7/50% Rl

=

five Humidity).
i
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Yable 1: Raw materials used for these examples are described in the table befow,

icdontam
hexaflunroantimonate

Chentical Chemical Name Chemical Company
Abbreviation 7
HOA Isoocty! acrylate 3M Co, Cordova, 1L
USA
AA Acrylic acid Alta Aesar, Ward
| Hill, MA USA
GA Glycidy! acrylate Aldrich Chemical Co,
Milwaukee, WIUSA
GMA Glyeidyl methaerylate Ptaltz & Bauer, Inc.,
Waterbury, CT USA
4-HBAGE d-hydroxybuty! acrylate | Nippon Kasei
glveidylether Chemical Co. Ltd,,
Tokyo, Japan
EVDM oxiran-2-yhnethyl N- Preparation described
acryloyi-2- below
- methyvislaginate o
HDDA 1.6 hexanediol diacrvlate | Alfa Acsar, Lancaster, |
PA LiSA
Hamplord Bis(4-t-butylphenyi) Hampford Research

Ing., Swatford, CT

Rivodorsil 2074

todoniun, (4-(1-
methylethylpbeny (4~
methylphenyitetrakis

Bluestar Silicornies,
Rock Hill, SC USA

3M SbF; salt

| Bis(dodecylphenyl}

iodonium
hexafluorcantinpnate

Described in ULS.
6,587,628 {Walker et
al.)

Chivacurs 348

Triaryl sulfonium
hexafluorcantimonate

Chitee technology Co.
Lad., Taipei City,
Tatwan

UVI1 6976

mixed friarvisulfonium
hexafluoroantinonate
salts (50% in propylence
carbonate)

Synasia tnc.,
Metuchen, NJTUSA

| Foral 851R

Foral 85LB

Pinova Ing,
Brunswick, GA USA

phenvlacetophenone
photoinitiator

| BA Buiyl acrvlate Aldrich Chewical Co.,
7 7 Milwaukee, WIUSA
IBOA Isobornyl acrylate Addrich Chemical Co.,
Mitwaukee, WI USA
IRG-651 2-dimethoxy-2- Ciba Specialty

Chenyeals,
Tarrviown, NY

Stavbelite 386

Eastman Co.

Escorez 25 20

ExxonMobile Co

Foral 83K

Eastman Chemical
Co.,

20
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Preparation of oxiran-2-vimethyl N-acrviovl-2-methylalanivate (EVOM)

=
1 9
¢
/{\ N ] o
Q . g i Ny TN )
- + HOT 0 - ' ’f’\(( A9 P
AN \4 OH,C CH, /
=
tla
S To a4 ounce glass jar were added vinyldimethyl azlactone (17.1 g, 0.12 mol, available

from 3M), freshly distilled glveidol (8.1 ¢, 0.12 mol, available from Acros) and 2 drops of LR~
diazabicyclo] S.4.0lundec-7-ene (DBU, available from Aldrich). The mildly exothermic reaction
was moderated by cooling the reaction vessel in an ice bath for a fow minutes, then the reaction
mixture was allowed 1o stand at room temperature overnight. The solid white reaction product was
10 recrystailized from a mixture of diethy! ether and cyclohexane. The resulting erystals were filtered
off, washed with 530 mbL of cyclohexane, and dried to provide the desired product (20.4 g}, NMR

and IR spectral analyses confirmed the structure of the product.

Preparation of the syrup copolymer for examples contaliing epoxy acrylate comonommer

15 A one guart jar was charged with 70 g of sooctyl acryiate (10A, 70 parts), 10 g of acrylic
acid {AA, 10 parts), 20 g of 4-hydroxybutyl acrylate glycidylether, (-HBAGE, 20 parts), and
0.04 g of Irgacure™ 651 {Irgh31), 0.04 phr). The monomer mixture was purged with nitrogen for
5 minutes then exposed to low intensity ultraviolet radiation uniil a coatable syrup copolymer was
prepated.

20 The pre-adhesive polvmer syrup was blended with additional 6.16 g (G.16 phr} of the

Trgacure™ 651 and with 0.4 g UV 6976 (30wt% in propylene carbonate) (0.2 phe). This is
Example | in Table 2, below. The formulations were then coated on Mitsubishi Hostaphan™
primed polyester film at a 2 mib (~530 micrometers} thickness for the svrup pre-adhesive
formulations and cured by UVA light (550 ml/em™) or by a combination of UV A (550ml/em’) and
25 UVC 200mbem),
All other samples were made in a very similar manner by using different epoxy acrylate
MONOMErs, varying monomer concentrations, and using different concentrations of fodonium and

sulfoniwm salts as curing agents as shown in Tables 2-6,
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Prenaration of the svrup for JOAJAA control samples

A one guart jar was charged with 450 g of isooctyl acrylate (TOA, 90 pasts), 50 g of acrylic
acid {AA, 10 pants), and 8.28 g of Irgacure™ 631, 0.04 phr. The monomer mixture was purged
with nitrogen for § minutes then exposed to fow intensity uliraviolet radiation until a coatable
syrup copolymer was prepared, after which an additional 8.8 g (0.16 phyr) of the Frgacure™ 651
and 0.4g (0.08 phr) of HDDA was added as shown in Table 2-6 (see samples labeled Controt}.
The formulations were then coated on Mitsubishi Hostaphan™ primed polyester filim at a 2 mil
{~50 niicrometers) thickness for the syrup pre-adhesive formulations and cured by UVA light (550

milem? ),

Preparation of the syrup for epoxy ageviate comonomer control samples

A one guart jar was charged with 450 g of isoocty! acrylate (10A, 90 partsy, 47.5 g of
acrylic acid (AA, 9.5 pans). 2.5 g of epoxy acrylate comonomer (0.5 parts), and 0.20 g of
frgacure™ 651, 8.04 phr. The monomer mixture was purged with nitrogen for 5 minutes then
exposed 10 low intensity ultraviolet radiation antil a coatable syrup copolymer was prepared, after
which an additional 0.8 g (0.16 phr) of the Trgacure™ 651 was added. Some samples alse included
that addition of {1 4g (0.08 phr) of HDIDA as shown in Table 8. The formulations were then coated
on Mitsubishi Hostaphan™ primed polvester film at a 2 mil (~50 micrometers) thickness for the

svrap pre-adhesive formulations and cured by UV A light {550 miem™ ),

Preparation of the svrup for cadam salt control samiples

A one quart jar was charged with 430 g of isoocty! acrylate (JOA, 98 pants), 50 g of acrylic
acid {AA; 10 parts), and 0.26 g of Irgacure™ 651, .04 phr. The monomer mixture was purged
with nitrogen for § minutes then exposed to low intensity yltraviolet radiation until a coatable
syrup copolymer was prepared, after which an additional 0.8 g (0.16 phr) of the frgacure™ 651
and 2.0 g {6.2phr) of onium salt was added as shown in Table 9. The formulations were then
coated on Mitsubishi Hostaphan™ primed polvester film at a 2 mil (~50 micrometers) thickness

for the syrup pre-adhesive formulations and cured by UV A light (350 mdiem™),

Preparation of the base svrup copolvimer for samples in Table 10 containing epoxy acevlate

Gomonomer
A one guart jar was charged with 89 g of isooctyl acrylate (I0A, 89 parts), 10 g of acrvlic
acid (AA, 10 parts), 1 g of $-hydroxybutyl acrylate glycidylether, (4-HBAGE, 1 part), and 0.04 g

of Irgacure™ 651 (frg651, 6.04 phr). The monomer mixture was purged with nitrogen for §

22
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minutes then exposed to low intensity ultraviolet radiation untif a coatable syrup copolymer was
prepared,

The pre-adhesive polymer syrup was blended with additional 0,16 £ (0,16 pht) of the
Irgacure™ 651 and with (.2 g bis(4-t-butylphenyl) iodonium hexafluoroantimonate {Hampford)

{13.2 phry as shown in Table 10

Compounding of adhesive rmulations:

A 25 dram vial was charged with 20g (100 phr) of base syrup from Formulation A of
Table 10, 1.0g {10 phr) Foral 85LB, and §.2g (1 phr) 4-HBAGE to produce Example { of Table
11, All other samples were made i a simifar manner by using different epoxy acrylate monomers,
varying monomer concentrations, using various tackifier loadings and using difTerent
concentrations of iodonium salt as curing agents as shown in Tables 10-14. The formulation was
then coated outo Mitsubishi Hostaphan™ primed polyester film at a 2 pil (~50 micrometers)
thickness for the syrup pre-adhesive formulations and cured by UVA Jight {550 m}/em™ ) or by
irradiation first with UVA (350 sd/em™) and then, ina subsequent step, trradiation with UVC (200

. 2
mJient).

Preparation of the syrup for IDA/AA control samples in Table 14 containing tackifier

A one quart jar was charged with 450 g of iscoctyl acrylate (104, 90 parts), 50 g of acrylic

acid {AA, 10 parts), and 0.20 g of brgacure™ 651, 0.04 phr. The monomer mixfure was purged

with nitrogen for 5 minates then exposed 1o low intensity ultraviolet radiation until a coatable
syrup copolymer was prepared, after which an additional 0.8 g {0.16 phr) of the Irgacure?™ 651,
0.4g {0.08 phr) of HDDA and optionally Foral 8518 tackifier were added as shown in Table 14.
The formulations were then coated on Mitsubishi Hostaphan™ primed polyester film ata 2 mil
{~50 micrometers} thickness for the syrup pre-adhesive formulations and cured by UV A light (350

mdfem” ).

Peel Adbesion and Shear Strength were measured for tapes prepared from these adhesives

as described in the test metheds above,

o
"l
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Table 2: Adbesive formulations containing various levels of 4-HBAGE using UVI 6976 sulfomivm

salt mixture as the curing agent and irradiated with UVA.

Example | 104 | AA 4-BBAGE | UVIA976 | HDDA | Shear | Shear | Peel@ | Pecl @
(a9 | {wt %) | (wide) {phn) (pht) 0y LG | 0.3mymin | 2.3mdmin
, , , _ - {N/dm) {Nfdi)
1 70 10 30 63 0 10000 | 10000 | O 0
2 73 10 i3 02 5 000 | 10000 | 0 0
3 80 10 {0 5.2 0 10060 | 10000 | 0 )
| 4 85 10 5 b2 0 16000 | 10000 {1 3
5 87 1 0.2 G 10000 | 10000 | 9 27
6 &9 LR 6.2 0 10000 § 10000 1 36 65
7 893 (W 1063 0.2 ¢ 10000 | 10000 | 45 7
8 898 10 .1 6.2 0 10000 | 10000 | 49 72
9 89.95 110|005 02 0 10000 | 10000 | 46 72
10 L 50 e e 0 oos | |
{Contral} qO20° | R4S 54 71

¢ stands for cohesive mode of failure,

Vable 3: Adhesive formulations containing various levels of 4-HBAGE using Hampford jodoniwn

sadt as the curing agent and frradiated with UVA,

Example | 134 AA 4-HBAGE | Hampford | HDDA | Shear | Shear | Peeli@ Peel (@
Wt 96y | (wt %) | (wide) {phr} {phr) {25370 | €70°CY | 03mAmin | 2.3 ménmn

' {(N/do) {N/dm)

i 70 16 20 0,2 0 10000 | 10000 | 3 16

12 75 0 i3 (.2 { TG00 | 10606 | 4 22

i3 20 | 10 10 0.2 { 10008 | 10000 | 17 40

[ 83 10 3 0.2 G 10600+ 10000 | 24 52

13 87 10 3 02 0 10000 | 10000 | 52 77

16 §8 | 16 l 0.2 0 10000 | 00 | 6l 82

17 §9.3 10 0.5 0.2 0 L0000 | 10000 | &9 85

18 89.9 i0 0.1 0.2 ¢ 68015 1 14227 183 g1

18 89,95 i 3,05 0.2 4 L 1398 &Y f2 T

20 80 10 iy 08 8427° 1352 157 7

{Controb)

¢ stands for cohesive mode of failure.
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Table 4. Adhesive formulations containing various levels of GMA using UV 6976 sulfonium salt

mixture as the cwring agent and irradiated with UV AL

Exampie | IOA AA OMA | UVI6976 | HDDA | Shear | Shear | Peel @ Peel @
(wtda) | fnt ey | (e | (wite) fwt ) | {250C) | (7000 { 3 m/min | 2.3 mémin |

{N/dm) (N/dm)

21 70 160 2 0.2 { G G G G

22 73 10 15 0.2 0 10000 1 10000 1 D 0

23 30 10 10 0.2 0 10606 | 10000 {1 |

24 85 10 s 0.2 0 10000 | 10000 | 26 8

25 87 10 3 0.2 0 10000 | 10000 | 38 47

26 §9 10 1 .2 0 10000 | 10000 | 50 73

27 §9.3 10 0.3 ¢.2 { 10000 | 10008 | 50 73

28 89.9 10 01 |62 0 2008¢ | 36d¢ | 51 74

29 89.95 |10 05 102 0 378 | 43¢ 48 70

3 9% 10 0 0 0.08 10000 | 5824¢ | 43 70

{Control)

¢ stands for cohesive mode of fatlure. G means formalation gelled before processing,.

Table §: Adhesive formulations containing various levels of GMA using Hampford fodontam sall

as the curing agent and irradiated with UVA,

Example

I0A AA GMA | Hampford { HDDA | Shear | Shear | Peel @ Pecl @
{wi B | Ewe %) | Ott) | (wide) (Wi %) 1 (250C) | (T00C) | €3 m/min | 2.3 m/min
{(N/dm) (N/dm)

N 70 10 20 .2 0 G G G G

32 75 10 (13 .2 0 G G G G

33 R 10 10 2 0 10000 | 10000 | 38 8

34 83 10 5 02 Q 10000 1 10000 | 46 23

35 87 1o 3 1 0.2 Q 10006 | 10000 | 48 1 49

36 89 10 ! 1 0.2 0 10600 | 10000 | S2 21

37 593 10 0.3 0.2 8 10000 | 16000 | 58 80

38 8G9 10 0.1 0.2 1) 344 17¢ 51 73

39 R9.95 110 005 |02 ¢ 432 e | 49 73

40 ) el 0 0.08 w0000 | 9960 | 44 72

{Contral)

¢ stands for

cohesive mode of failure. G means formulation gelled before processing.
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Table 6 Adhesive formulations containing GMA and various levels of UVI1 6976 sulfonium salt

mixiure as the curing agent and rradiated with UV A or first with LIVA then subsequently with

UVE
Example | TOA AN GMA T UVISST6 | UV Cure Shear | Shear | Peel@ Pecl @
{wtB6) | (wt o) | (wi%e) | (pht) {230C) { (700C) | 03 m¥min | 2.3 m'min

{N/dm) {N/don}

41 89,5 14 05 102 UVA 10000 | 10000 | 35 82

42 89.5 10 6.5 ¢.2 | UDVA/UVC | 10000 1 100060 | 31 80

43 §9.5 10 8.3 3.1 UVA 10006 | 10060 | 52 76

44 89.5 10 ] 0.1 UVAMALIVC | 10000 | 16D00 | 48 78

43 86.5 16 0.5 303 UVA 10000 | 10000 | 50 73

46 89,5 ¢ 0.5 1005 UVAAUVC | 10008 | 10000 | 48 74

47 88 10 ) Y UVAUVC

{Control) 10000 | 1582¢ | 50 66

¢ stands for cohesive mode of failure. G means formutation getled before processing.

Table 7. Adbesive formulatinns containing GMA and various fevels of Hampford iodontam salt

as the curing agent and irradiated with UV A or first with UV A and then with UVC,

Example | 10A AA GMA | Hamptord | UV Cure Shear Shear | Peel @ Peel @
1wt %) | (wt %) | (wtSa) | (phe {250 {(70aCy | 0,3 23

HEmin avirin
(Mdm?} {Nidm)}

48 895 10 8.3 (.2 UVA 1000 1Dane | 78 97

49 89.5 110 0.3 0.2 UVA/UVC | 10000 10000 | 64 84

30 89.5 {0 G.3 8.1 UV A 3526¢ 106G & 73 hitd

B ROS 1 .5 0.4 UVAAIVC | 10600 10000 | 70 8¢

52 A 10 (.3 .05 VA t107c 3429¢ 70 G4

33 89.5 10 0.3 {.05 UVAAUVC | 18000 10000 | 38 85

54 LT U R UVA

(Conttrol} 87T Hit8c | 61 53

¢ stands for cohesive mode of failure. O means formulation gelled before processing.
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Tahie 9; Control formulations containing various onium salls but no epoxy monomers irradiated

with UVA.

Example { IOA AA Onium | Oniam Salt Shear | Shear | Peel @ Peel @
(wt %) Ewt o) | (wit%) {250C) § (7000) | 0.3 mimin | 2.3 m/min
B {N/dm) {N/dm)
o4 & 10 0.2 IM ShFosalt | 334 11 26 p¥
65 a0 10 0.2 Hampford 365 10 29 38
66 a0 1 0.2 Rhodorsil 2074 {332 13 15 46
67 %0 ISH 0.2 Chivacure 548 | 3184 70 61 76
68 o) i0 0.2 UVEE9T6 403 19 |55 7%
3
Table 18: Compositions of formulations of base syrup containing bis(4-t-butylphenyl) indonium
hexatluorcantimonate (Hamplord) and 4-hydroxybutyl acrylate glveidyiether (4-HBAGE).
Formulation | 104 AA 4-HBAGE Hampford
w1 %) 1 (wt %) | (wt%) {phr)
A 88 10 | 02
B 89 10 ! 102
C 89 10 1 0.2
1o Table 11 Adhesive formulations of the base syrups of Table 10 containing the tackitier Foral
8518 and various levels of 4-HBAGE and irradiated with UVA.
Example | Formuiation A | Formulation B | Formulation C | Foral | $-HBAGE | Shear Peel @
{phr} {phr) {phr} 8SLE | {(ph) {(70°CY 1 0.3 mmin
(pht {N/dm)
69 100 - H 1 1000¢ | 33
70 160 | - 013 10060 | 24
iy “io TRE 10000 | 20
72 130 10 54 L3000 i3
7 00 TR 10000 | 8
74 100 N 16006 | 7
73 7 108 » 10 & 1000 33
76 109 ) i (0000 | 41
77 T {09 B 10 3 10000 | 37
78 100 10 3 G000 32
79 - 100 w0 26° 39
80 B , 100 10 1 10000 |44
¢ stands for cohesive mode of failure,
15
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Table 12: Adhesive formulations of the base syrup of Formulation B of Table 10 containing the

various levels of the tackifier Foral 85LB and 5 phw of 4-HBAGE and irradiated with UVA.

Example Formulation B | Foral | Shear | Peal @
(pheybase syrup | 8SEB | (70°C) | 0.3 mimin
(phry | {(N/dm}
81 106 1§ 10000 35
82 100 20 000G {32
83 100 25 10006 | 34
P 84 104 30 FOROO ¢ 44

Table 13 Adhesive formulations of base syrups containing 4-HBAGE | the Hampford todenium

salt, and 10 phr of the tackitier Foral 85LB irradiated first with UV A and subseguently with UV,

Examople | Formulation C | Foral | Hawaplord | UVC | Shear | Peel @
{phr} 1 B3LB | (phr) {(md [ {70°C) | 0.3 mimin
{phr) : {N/dm)}
83 160 1 0 .05 0 10000+ 52
§6 160 i 0.0 200 | 10000 145
87 160 0 0.01 0L loooo_:e3
88 | 100 10 0.01 200 16 33

Table 14: Control formulaticns contaiming HDDIA and optionaily Foral 8518 tackifier but not

CONIANINEG SPOXY MONOMErs Or oniug: salis.

Example IGA {wt | AA Foral HDDA | Shear | Peel(@
%%} {wi.95) BSLB {phr) {(F0°C) | 0.3 mimin

{phr} (N/dm)

88 o 10 i 0 0.1 1175° 55

90 90 10 11D 0.16 3¢ 6

9F R 18 | 0 .16 3377 | 69

92 90 10 1o 016 | j0° 1%

43 9¢ 10 0 0.16 307 55

¢ stands for cohesive mode of failure,

Preparatory Examples 34-08

Adhesive copolymers with epoxy pendant groups were prepared front the

copolvmerization of isococty] acrylate (04.), butyl scrylate (BA), isobornyl acrylate (IBOA}, and

oy

glveidyl methacylate (OMA Y using the general procedures of ULS. 5,804,610 (Hamer et al.). 2-

dunethoxy-2-phenylacetophenone photoinitiator {(commercially availabie under the trade

designation IRGACURE 651 from Ciba Specialty Chemicals {Tarmytown, NY)) was added to

initiate the polymerization of the elastomer formudations. Copolymer formutations were mixed as

29
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detatled in Table 15 in an amber jar. A portion (28 grams} of each formuiation was poured into
and heat-sealed within a clear poly ethylene vinyl acetate (pEVA) pouch such as to eliminate any
air bubbles. Pouches are made by heat sealing 0.065 mm thick EVA film (VA-24, Flint Hilis
Resources of Wichita, Kansas), The approximate weight per pouch was 1.4 g, Each sealed pouch
with monomer was fimmersed in a constant temperature water bath at 17°C and irvadiated with
ultraviolet light (365nm, 4 mW/em”) for eight minutes on each side to polymerize the monomer

compositions. The products were polymerized clastomeric materials within the PYA pouch.

Tahie 15: Preparation of Adhesive Pouch Materials

Adhesive | 10A BA IBOA | GMA | IRG-651

Material {grams/ {grams/ {grams/ {grams/ {grams}

~ Pouch wi) wive) wite) wi%e} L
Pl 14750 126745 {ERY 1475 3.028
P2 12.6/45 11.2/740 2.8/10 1475 (.028
P3 238785 ¢/0 28/10 1475 (028
P4 24.6 /88 670 28710 | 0.56/2 | 0028

Preparation of Examples and Comparaiive Examples

Pouches of copalymers were blended with the sullomium salt photoacid generator (UVI-
6976, Synasia Coyas well as various tackifying resins as shown in Table 16, The pouches of
copolymers were mixed for § minutes at 100 revelutions per mimte {rpm) while at 145°C using a
high temperature compounder commercially available under the trade designation BRABENDER
{Half Size Mixer) from C.W. Brabender (Hackensack, NJ). UVI 6976 containing the sulfonium
saltand opticnally tackifving resins were added to the elastomeric melt in the high temperature
compounder and allowed to mix for an additional 10 minutes.  The mixing chamber was then
cooled to 100°C and the rotation of the mixing paddies was reversed to expel and collect resulting
adhesive material.

Once cooled, approximately 1 gram of the compounded material was placed between a
primed PET liner (3SAR, obtained from Mitsubishi (Greer, SC)) and a silicone treated release liner
(Sitphan 536, from Siliconature 8PA {Godega di Sant"Urbano, Baly)), This construction was
placed between the plates of a heated press from Carver, Inc, (Wabash, IN} with plate temperatures
set at 86°C. The construction was then compressed unti! the compounded material was
approximately .2 millimeters {(mm) in thickness. Samples were then passed under a Fusion UV
lamp (Fusion UV Systems INC. Gathersburg, Maryland) vsing a guartz UV H bulb delivering a
total irradiation energy of 600 mlem” and then conditioned at 70°C for one week. After aging,
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test samples were then cut frem each construction and the silicone release layer was peeled off

immediately before shear and peel adhesion tests,

Hot-Melt Processed Fxanusles

Table 16: Hot-Melt Processsd Formulations and Resulting Adhesive Performance

Melt Processed Formuilations

Adhesive Performance

Example | Adhesive UVI | Foral | Escorez | Staybelite 70C Peel Force
Material 6476 | 83E 2520 3E Shear {(N/dm)
Strength | 8. Steel | HDPE
- 3. Steel

Pouch/ g g g g g min Nidm Nidm
94 PLA267y | Q.27 6.44 0.84 +10,000 9 9
95 Pl/{14.6) | 027 | 12.04 1.4 +10,600 51 37
56 P2/(20.7) 1 627 | 644 | 0.84 10,000 56 36
47 P2/(20.7) | D068 | .44 0.84 +10,600 47 33
98 P20 | 009 6.44 .84 5,434 52 40
99 | PA/(20.7) | 009 | 544 | 084 1,130 79 45
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A crossiinkable composition comprising:
&) an epoxy-functional (methjacryhic copolymer comprising interpolvmerized

RONKINENS comprising:

i) an alkyl (meth)acrylate monomer;
i} an epoxy-functional (meth)acrvloy! monomer;
i) an ogtional acid-functional ethylenically unsaturated monomer;
iv} an optional non-acid functional polar monomer;
v} an optional vinyt monomer, and
vi) an-optional multifunctional fmeth)acrylate crosslinker; and
b) an jonic photoacid generator,

2 The crosslinkable composition of elaim | wherein the epoxy-functional {methlacryloyl

monomer is used m an amount of no greater than 30 parts by weight, and the fonic photoacid
generator is used in an amoust of no greater than 1 part by weight, refative to 180 parts by weight

of the total monomer,

3. The crosslinkable composition of claim 1 wherein the ionic photoacid generator is used in

an amount of .01 1o 1 part by weight.

4, The crosslinkable composition of ¢laiml wherein the epoxy-functional {meth)acrvioyl

menomer is used in an amount of T 1o 20 parts by weight.

5. The erosstinkable composition of claim wherein the acid-functional ethylenically
unsaturated monomer is used i amowts of 1 1o 13 parts by weight of the 100 parts of the total

MOonemer.

6. The crosstinkable composition of claim! wherein the epoxy-functional {methjacrylic

copelymer comprises interpolymerized monomers comprising:

i) &3 to 99 parts by weight of a (methlacrylic acid ester of a non-tertiary alcobol;

i} I to 20 parts by weight of an epoxy-functional (meth)acrylovi monomer; and

i) optionally 1 to 15 parts by weight of an acid-functional ethyvlenically unsaturated
monomer;

hased on 100 parts of the total monomer content,

B
2L
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1

7. The crosslinkable composition of claim1 wherein the epoxy-functional {methjacryloyl

monomer is used in an amount of | to 10 parts by weight based on 108 parts total monomer.

8. The crosslinkable compaosition of claimi wherein the (methacrylic copolymer further
comprises interpolymerized monomers comprising a non-acid-functional polar monomer and a

viryl monomer,

9. The erosslinkable composition of ¢laimi further comprising a multifunctional

{meth)acrylale monomer.

10, The crosslinkable composition of claim! wherein the ionic photoacid generator is selected
from iodonivm salts; sulforinm salts, sulfoxentum salts; selenonium salts, sulfoxonium salts,

phosphonium salts, and arsonium salts.

. The crossiinkable composition of claim 10 wherein the salts are selected from SbF; ™,

AsFT PR and BE salts,

12 The crossiinkable composition of claiml wherein the epoxy-functional (meth)acryloyl
meonomer is of the formula:
R7

0
S I —

H

2
wherein:

R is - M or C-Cy atkyl;

X' is -0- or -NR

RYis an epoxy-substituted hydrocarbyt group; and
RY is <M or a Ci-Cy atkyl.

1.3
Lad
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13, The crosstinkable composition of ¢faim 12 wherein R is

Q
. 0
.

.! Y St
where R is a C-Cy atkylene.

14, The crosslinkable composition of claim | wherein the epoxy-functional {meth)acryloyl

maonomaer is of the fwmula:

O R
Q { I
LN £310 Xz *“%L’E::CHz

wherein:

R™is a (heterodh ydrocarbyl group;
RYis -H or -H or C-0y atkyls

X2 15 NRP. or <O and

R s -H or a C;-C; alkyl,

15, A crosstinkable composition of claim 1 comprising:
a) an epoxy-fusctional (meth)acrylic copolymer that comprises interpolymerized

HOBOMErS comprising:

1) 85t 99 parts by weight of a {meth)acryvlic acid ester monosaer;
it) 1 to 20 parts by weight of an epaxy-functional (meth)acryloy! monomer;
13} { to 15 pants by weight of an acid-functional ethylenically unsaturated
MORMTISL;
iv) # to 10 parts by weight of a non-acid-functional polar monomer;
V) 0 to 5 pats by weight of a viny! monomer;
vi} 0 to § parts of a multifunctional {methjacrylate crosslinker; and
b} (.01 to 1 parts by weight of an jonic photoacid generator based on 100 parls by

weight total monomer 1) to vil.

16. The crosslinkable composition of claim 15 further comprising a tackifier.
17 The crosslinkable composition of claim | wherein the epoxy-functional {meth)acryloyl

monomer s of the formula;
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e H N ya i; Q—R4_"‘</
i8N

where R7 is Cy-Cyalkylene,

18. A crosslinkable syrup composition comprising:

a solute {meth)acryvloyl copolymer comprising a plerality of interpolvmerized monomers

comprising pendant epoxy unts;

a component comprising at least one free-radically polymerizable solvent monomer; and

an tonic photoacid generator.

19, The erosstinkable syrup compesition of elaim 18 where the solute {meth)acryioyl

copolymer comprises:

i) 85 to 99 parts by weight of a (methjacrylic acid ester monomer;

i} 1 10 20 parts by weight of an epoxy-functional (meth)acrylovl monomer;

i) 0 to 13 parts by weight of an acid-functional ethrylenically unsaturated monomer;
% 0 to H parts by weight of a non-acid-functional polar monomer;

V) {10 5 parts by weight of a viny! meonomer;

based on 100 parts by weight total monomer.

20, The crosslinkable syrup composition of ¢laim 18 where the solvent monomer comprises:
(meth)acrylic acid ester monomer;
epoxy-functional (meth)acrylovl monomer;
optional acid-functional ethylenically unsaturated monomer;
optional von-acid-functional polar monamer;
optional vinyl monomer;

optional multifunctional {meth)acrylate crosslinker.

21, The crosslinkable syrap composition of clatm 18 whetein the interpolymerized monomers
comprise an epoxy-functional Grethlacryloyl monomer is of the fornuula

R o

H,C bt X RE

wherein:

R s ~H or C~Cy atkyh

tod
tA
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A - . eyl
X'is -0- or -NR”-;
RY is an epoxy-substituted hydrocarbyl group; and

R" is -H or a C-Cy aliyl.

22, The crosslinkable syrup composition of claim 18 wherein the interpolymerized monomers

comprise an epoxy-Tunctional {methlacryviovl monomer of the formula:

0
Vj \ =10 X2 w—“-—’LGH

wherein:

R'%is a (heterohydrocarbyl group (preferably, hydrocarbyl);
R s -H or C-Cy alkyl;

X* is MR or ~O~; and

;{12 is-H ora GGy Ei”’a}i

23 The crosshinkable syrip composition of claim 18 wherein the jonic photoacid generator is
selected from fodonium salts) sulfonium salts; selenonium salts suifoxonium salts, phosphonium

salts and arsonism salts.

24, The crosslinkable syrup composition of claim 18 wherein the fonic photoacid generator is
used in an amount of 0.01 10 | part by weight, relative to 100 parts by weight of solute copolymer

and solvent monomer(s),

25, A presaure-sensitive adhesive composition prepared from a crosslinkable composition of

the crosslinkable syrup composition of ¢laim 18,

26. A pressure-sensitive adhesive article comprising a coating of the adhesive of ¢claim 25 on at
backing.
27 A method of proparmg a pressure-sensitive adhesive comprising the steps of

a}) providing a syrup copolymer composition comprising solvent monomer{s) and a

sofute copolymer of interpolymerized monormer units of;

i) ain atkyl (imethlacrylate monmner,
it} an epoxy-functional (methjacryloyl monomer;
i) an optional acid-functional ethylenically unsaturated monomer;

36
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v} an eptional non-acid functional polar monomer;
v) an optional vinyl monoemer; and
by combining the syrup copolymer composition with an {onic photoacid generator,

optional multifunctional (meth)acrylate and optional photomitiator, and

¢) frradiasing with UV radiation.
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