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LIQUID OPTICAL ADHESIVE COMPOSITIONS

Field

The present disclosure relates to optically clear adhesives and laminates that include the
acdhesives,
Background

Optically clear adhesives are fnding wide applications in optical displays. Such
applications include bonding polarizers to modules of a Biquid erystal display (LCD) and attaching

various optical filos to a glass Tens in, for example, mobile hand held (MHH) devices, During
use, the display can be subjected o various environmental conditions, such as high temperature
and/or high humidity,
It has been observed that adhesives can exhibit 4 cloud point after subjecting optical
{aminates of optical films and adhesives to high temperature/hunddity aceelorated aging tests and
ihsequently cooling the laminates down to ambient conditions, While still hot, the laminates
may be perfectly olear, sven when saturated with moisture. But upon cooling they can exibit a

3 o 12

cloud point and tumn hazy or "white". Freguently, the haze will disappear over time upon storage
of the laminate under ambient conditions. The haxe disappearance can often be sovelerated by

gently heating the optical laminates.

Summary

The present disclosure includes a curable composition comprising a) a solute.
{methacryloy! oligomer having a plurality of pendesnt, sthylenically unsaturated, free-radically
polvmerizable functional groups and pendent hydroxy! groups, a My, of 3K 10 30k, a1, <20°C
{preferably having a T, < 0°C}; b} a solvent monomer component; and a photoinitiator,

The composition, when cured, is non-vellowing, exhibits low shrinkage, Tow birefringence
and low sensitivity to moisture (cloud point-resistant), making it seitable for many optical
applications including, but not Hmited o bonding polarizers to modules of a Houid crystal display
{LCL) and attaching various optical films 1o a glass lens in, for example, mobile hand held
{MHH) devices. The composition is low viscosity so that it may be tsed as 3 dispensable optical
adhesive, and builds molvenlar weight by a chain-growth addition process.

e one aspect, an optically clear laminate is provided that includes a first substrate having

ab least one mugor surface, 8 second substrate having at least one major surface, and the cured
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optical adhesive composition disposed between the two substrates. The articles of the disclosure

may have a thickness greater than about 8.5 millimeters, generally a birefringence (absolute) of
[y P g i &

ess than 1xif -

, Hght transmission greater than about 85%, preferably greater than 90%, and &
CIELAB b* less than about 1.5 units, preferably less than about 1.0 unit for samples with
thickness of 300 mierons.
In a further aspect, an optically clear laminate is provided that inchudes a first substeate
having at feast one major surfics, a second substrate having at least one major surface, and a
clowd point-resistant, optically clear adhesive composition situated between and in contact with at

ieast one major surface of the first substrate and at least one major surface of the sccond substrate,

wherein the adhesive has a moisture-vapor fransmission rate of at least 400 g/m’/day,

By incorporating hydrophilic moieties in the Hguid optical adhesive matrix, haze-free,
cloud point-resistant adhesives can be oblained which remain clear even after high
emperature/humidity accelerated aging tests. The provided adhesives are suitable for use i, for

example, laminating polarizers to optical LCDs, sttaching various optical films to glass lenses in
mobile handheld devives, and other adhesive application that require optical clarity in various
temperature and hunddity environments.

Although not wishing o be bound by theory, it is thought that the haze appears when the
acdhesive bocomes saturated with water at clevated temperatures, snd the concentration of water

exceeds the cloud point when quickly cooled due to poor compatibility of the moisture with the

adhesive matrix. This can result in phuse separation of small water droplets, which due to a
mismateh in refractive index with the adhesive matrix causes haze or 1 "white” apprarance. H the
droplets remain very small {e.g., a few hundred nanometers or less) or the water remains fully
sufubtiized in the adhesive under ambient conditions, the adhesive and #s bond tine with the
substrate will stay clear while &t re-equilibrates s moisture content with the environment. To
facilitate re—equiiibraﬁ{m of the moisture with its envivonment, it is also anticipated that the
sistare-vapor transmission rate of the adhesive needs to be high enough to transport the water at

# sui"ﬁfsiemiy high rate {0 prevent water accumulation which may lead to light scattering and baze.

Az gsed hereim
“cloud poimt” refers to the temperature at which a mixture of adhestve and water separails
inte a countinuous adhestve phase and a dispersed water phase, where the dispersed phase is larger
than the wavelength of light and thus make the adhesive appear "white™ or cloudy;
“Alkyl” means a Unear or branched, cyclic or acyclic, saturated monovaient hydrocarhon

¥
¥
i

having from one to about 32, e.g., methyl, ethyl,

»

-propyl, 2-propyl, pentyd, and the tike.
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“Alkvlens” means & linear saturated divalent hydrocarbon having from one to abowt
twelve carbon atoms or & branched satuvated divalent hydrocarbon radical having from three to
about twelve carbon atoms, €.g., methylene, ethylene, propylene, 2-methylpropyiese, pentylens,

hexyiene, and the like.

"Hetoroallvl” includes both stratghtchamed, branched, and cyclic aikyl groups with one
3 e

e

or more beterostoms independently selected from §, P, 8§, O, and N with both unsubstituted and
substiteted alky! groups. Unless otherwise indicated, the heteroalky! groups typically contain

from 1 to 20 carbon atoms, "Heteroallopl” is a subset of "hvdrocarbyl contsining one or move 8,
N, {3, P, or Si atoms” described below. Examples of "heteroalkyl” as used herein include, butare
not Himited o, methoxy, sthoxy, propoxy, 3,6-dioxaheptyl, 3-(irimethyisityh-propyt, 4-
dimethylaminobutyl, and the like. Usnless otherwise noted, heielﬁaﬁwi ETOUPS may be mono- or

b

podyvatent, Le. monovalent heteroalkyl or polyvalent hetercalkylene.

<

“Aryl” is an arcenatic group containing 6-18 ring stoms and can contain optional fused
rings, which may be saturated, unsaturated, or aromatic. Examples of an aryl groups include
phenyl, naphthyl, biphenyl, phenanthryl, and antliracyl. Heteroaryl is an aryl contamning 123
heterostoms such as nitrogen, oxygen, or suifur and can contain fused rings. Some examples of

1

wridvl, faranyl, pyrrolyl, thiensd, thiazolyl, oxazelyl, imidazolyd, indolyi,

2

P
4]
Lt
!
%
)
4
(4
e
.
o
&
jood
o
7
a/
”’3

benzofuranyl, and benzthiazolvl, Unless otherwise noted, aryl and heteroaryl groups may b

mono- or polyvalens, Le. monovalent aryl oy polyvalent arviese.

¥Heterothydrocarby!™ is inclusive of hydrocarbyl alkyl and aryl groups, and
heterohydrocarhyl hetercaliyband heteroaryl groups, the later comprising one or more Catenary
oxygen heteroatoms such as ether o amine groups, Heterohydrocarby! may optionally contain
one or more catenary {in-chain) fisetiona] groups including ester, amide, urea, ursthane, and
carbonate functional groups. Unless otherwise indicated, the non-polymeric {hetero thydrocarbyl

groups typically contain from 1 to 60 carbon stomas. Some exampies of sueh heterohydrocarbyls

v(

as used herein include, but are not limited to, methoxy, ethoxy, propoxy, 4-diphenyiaminobutyl, 2

{F-phenoxyethoxylethyl, 3,6-dioxaheptyl, 3,6-dioxshexyl-6-phomyvl, in addition to those described

i \w
v’

for “alkyl”, “heteroalkyl”, “aryl”, and “heteroaryl” supra.

® 15 inclusive of both esters and amides.

f5

"roethlacrvioyl” includes both acryloy! and methacryloyl groups; te. is inclusive of both
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Besatled Deseription
Qligomer

As a first componend, the adhesive composition has a solute {meth)aeryolyl oligomer
faving a M, of 5 o 30k, preferably 8 to 15k, and & T, of < 20°C, preferably < 16°C, more
preferably < 0°C, g solvent diluents monomer component and a photeinitiator. In soms
esrhodiments the composition comprises:

greater than 50 parts by weight, preferably greater than 80 parts and most preferably
greater than 96 parts of an oligomer having a plurality of pendent free-radically polymerizable
functional groups and having & M of S 10 30K and a T of < 20°C;

tess than 50 parts by weigh‘i, proferably less than 20 parts, and most preferably less than

i

<

parts of a diluent solvent monocmer component;
and 0.001 to 5 parts by weight, preferably 0.001 1o 1, most preferably 0.01 to 0.1 parts of

a photoinitiator, based on 100G parts by weight of the oligomer and diluent solvent mosomer,

The oligonier generally comprises polymerized monomer units off

a grester than 54 parts by xw;gh‘i preferably grester than 75 parts by weight, most
proferably greater than 80 parts by weight of (methjacryiate ester monomer
S

b) 10 to 49 parts by welight, proferably 10 to 35 pavts by weight, most preferably 135
to 25 parts by weight, of monomer units having & pendent hydroxy functional
Zroup,

<) 1 to 10 parts by weight, preferably T to 5 parts by weight, most preferably 110 3
parts by weight, of monomer units having a peudeni, free-radically
polymerizable functional groups,

d} § 1o 20 parts hy weight of other polar monomer units, wherein the sum of the

monomer units is 100 parts by weight.

In oue aspect, the oligomer comprises (methjacrylate ester monomer units. {methjacrylate

3
i

ester can include aliphatic, eycloaliphatic, or aromatic alky! groups. Useful alky! acrylates {ie,,

acrviic acid alkyl ester monomers) include Hnear or branched monofunctional acrylates or
methacrylates of non-tertiary atkyl aleohols.

Usefol monomers include, for example, 2-ethylhexyl (methjacrylate, ethyl (methjacrylate,
methyvl (methjacrylate, nepropy! {methjacryiate, Bsopropyl {methlacrylate, pentyl (methjacrylate,

a

neootyl (methjacrylate, ispocty! (meth)acrylate, lsononyl {methjacrylate, n-batyl (methjacrylate,

v

3

isobutyl {methiacrylate, hexy] {methlacrylate, n-nonyl {methdacrylate, lscamy! (nethlacrylate, n-
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decyl (methlacryiate, isodecy! (meth)acryiate, lavryi(methjacrylate, dodecyt (mathiacrylate,
cyclohexyl (methacrylate, phenyl muth(acrylate}, benzyl meth{acrylate), ridecyl {methjacrylate,

2-propythepty! (methlacryralte and 2-methylbutyl {methiacrylate, and combinations thereof. In
some embodiments, the average carbon number of the alkano! portion of the {methjacrylates is 10
to 14,

The oligomer bas a T, of < 20°C, preferably <10°C, more preferably <0°C. A useful
predictor of interpolymer T, for specific combinations of various monomers can be computed by
application of Fox Eguation 1 VT, =ELWI/T . Inthis equation, T, s the glass wransition
temperature of the mixtare, Wi is the weight fraction of component 1 in the mixture, and Tl is the
glass transition temperature of component §, and ali glass transition temperatures arg in Kelvin
{K}. In ovder that the oligomer have a T, < 20°C, it is expedient 1o include fow T, mosomers.

As used hevein the term “low T, monomer™ refess to a monomer, which when
homopelymerized, produce a {methjacryloyl copolymer having 1 T, of < 26°C. The incorporation

of the fow T, monomer to the oligomer is sufficient to reduce the glass ransition temperature of
the resulting copolymer to< 20°C, as caleulated using the Fox Equation. Alternatively, the glas
transition temperature can be measured in & variety of known ways, including, e.g., through
differential scanning calorimetry {DSC)

Suitable low T, monomers have one sthylenically unsaturated group and a glass transition
seraperature of fess than 20 °C, preferably less than 10 °C, {(as estimated by the Fox Equation),
which are suitable i the present disclosure include, for example, n-butyl acrylate, isobutyl
aerylate, hexyl aorviate, 2-sthyl-hexylacrylate, isooctylacrylnte, vaprolactoneacryiate,

%

tsudecylacrylate, tridecylacrylate, lauryimethacrylate, methoxy-polyethylenglycol-

monomethacrylate, lavryvlacrylate, tetrahydrofurfuryi-acrvlate, sthoxy-ethoxyethy! acrylate and

;;,

ate. T

presn

sthoxvisted-nomviacry]

Rapecially preferred are R-ethyl-hexylacrylate, cthoxy-ethoxyethy!

acrylate, iridecyiacrylate and sthoxylated nonylacrylate.

In some embodiments the {methacrvlic acid ester monomer component may comprise
(methjacrylate esters of 2-alky! atkanols wherein the molar carbon number average of said 2-allyl
alkanols i5 12 to 32, The Guerbet atkanol-derived {meth)acrylic monomers have the ability to
form {(co)pelymers with onique and improved propertiss over comparable, comynonly used
adhesive acrvlate {coipolymers. These propertics include a very fow Ty, 8 low solubility
parameter for acrylic polymers, and a low storage modulus creating & very conformable elastomer.
When Juerbst monomers are included, the {meth)acrylate ester component may snclude up to 100

parts by weight, prefevably up to 56 parts by weight of the {methjacrylate ester monomer
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component. Such Guerbet {meth)aerylate esters are deseribed in Applicant’s US, 8,137,807
{Lewandowski et al.} and is incorporated herein by reference

in some preferred embodiments, the (methjacrylate ester is derived from alkavols having
an average carbon number of Cp-Cy, preferably Cie-Cre. This average carbon number may be
calculated based on the weight percentages of each {methiacrylate ester monomer.

The oligomer further comprises 2 hystrophilie, hydroxyl functional monomer. The
hydrophilic, hvdroxy! functional monomeric compound typically has a hydroxyl equivalent weight
of less than 400, The hydroxyi equivalest molecular weight is defined as the molecular weight of
the monomeric compound divided by the number of hydroxy! groups in the monomeric compound

The hvdroxyl functional monomer has the general formula:

_— X-R5-OH

, whersin

&

Useful monomers of this tvpe include hydroxyethy! (meth)acrylate, hydroxypropy!
{methiacrylate, 2-hydroxy-2-phenoxypropy! (methlacrylate, and hydroxybutyl {x yethlacrylate, 3-
hydroxyethylacryiamide, and N-hydroxypropylacrylamide.

The hydroxvi functional monomer is geperally used in amounts of 10 to 49 parts by
weight based upon 100 parts total monomers of the oligomer.

Y

e oligowmer optionally further comprises n hydrophilie polar monomet, other than the

»wj
f")

2

hydroxyi-functional monomer. The hydrophilic monomer typically has 2 average molecular
weight (M,) of greater than about 74, or greater than about 500, or even higher. Suitable
hvdrophitic polvmeric compounds include poly(ethylene oxide) segments, hydroxy! functionality,
ot 1 comnbination theredf, The combination of poly(ethylone oxide) and hydroxyl functionality in
the polymer needs to be high snough to make the resulting polymer hydr ophilic. By "hydrophilic”
it is meant that the polymeric compound can incorporate at lsast 23 weight percent of water
without phase separation.

T

Typically, suitable hydrophilic polymeric compounds may contain poly(ethylene oxide}

segments that include at feast 10, at least 20, or even at least 38 ethylenc oxide units.

Alternatively, suitable hydrophilic polymeric compounds include at least 25 weight percent of
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oxygsn in the form of ethylene glyoo! groups from poly(ethylene oxide) or hydroxy! functionality
based wpon the hvdrocarbon content of the polymer.,

Useful hydrophilic polymer compounds may be copolymerizable or non-copolymerizable

) <

with the adhesive compasition, as long as they remain miscible with the adhesive and yield as
optically clear adhesive cm@;@gsiiiﬁﬁ. Copolymerizable, hyvdrophilic polymer compounds include,
for example, CDSS2, available from Sartomer Cowpany, Exton, PA, which is 2 monofunctional
methoxylated polyethyvlene glyool (550) methacrylate, or SR90386, also available from Sartomer
that is an athoxylated bisphenol A dimethacrylate that has 3¢ polymerized ethylene axide groups

kS

between the bisphenol & molety and cach methacrylate group. Other examples include
phenoxypolyethylene ghyool avryiate available from Jarchem Industries Inc., Newark, New Jersey,

The polar monomer component may also include weakly polar monowers such as aerylic
monomer comtaining carboxylic acid, amide, urethene, or uren functional groups. In genersl, the
polar monomer content in the adhesive can include less than sbout § parts by weight or even less
than about 3 parts by weight of one or more polar monamers. Usefid carboxylic acids include
gerviie acid and methacrylic acid. Usefil amides include Nevinyl caprolactam, Novinyl
pywrolidons, {methjacrylanside, N-methy! {(methjacrylamide, N,N-dimethy! acrylamide, N,N-
dimethy! meth{aeryiamide), and N-octyl {methjacrylanude.

The hvdroxy! functional menomer and polar moncmers ave used in amounts such that the

oligomer is hydrophilic. By "hydrophitic” it is meant that the oligomeric compound can

incorporate at feast 25 weight percent of water without phase separation. Generally the polar

monomer are used in amounts of ¢ to 20 parts, based on 10 parts total monomer of the oligom

Generally the polar monomer, when present is used in amounts of | to 10 parts, preferably Lt S
parts,
The oligomer optionally contains silane monomers MR fneluding those with the

following formula;

\‘l ‘: & K " e
AR -hx-(Y}p(_R e
wherein:

¢

A is an ethylenically unsaturated polymerizable group, including viny!, allyl, vinyloxy,
allyloxy, and (methjacrvioyl, preferably (methjacrylate;
RY 15 a covalent hond or a divalent (beterafhydrocarbyl group.

i1 one embodiment R is a divalent hyvdrocarbon bridging group of sbowt 1 to 28 carbon
atoms, inchuding allviene and arylene and combinations thereof, optionally including in the

sefected from the group consisting of ~O-, ~C{O}, -5+, -80;- and ~NR-

Lo
&
S
p=g
2
—
Ly}
o
o
=
L
[l
o
o
£
-
s
l
£
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groups {and combinations thereof such as ~C{UR0-), wherein R' is hydrogen, ot a C-Cy alkyl
group. In another embodiment, Y is a polv{atkyiens oxide) motety of the formula

a{{'}C.H;Ci'-{g-}f{(}CHgCH{R‘}}gw, wherein T is at least 3, g may be §, and preferably at least 1, and

1

the mole ratio of g is at Jeast 2:1 {preforably at feast 3:1), and RUis N or 2 80y alkyd,

Preferably, R® is a divalent atkylene.Y is & hydrolysable group, including alkoxy, acvioxy
and halo; RY is 2 monovalent alknt or arvl group, pis 1, 2 or 3, preferably 3.

Useful silane monomers include, for example, I{methacrylovioxy}
propylirimethoxysilane, 3-acryloxypropylirimethoxysilans, 3-acryloyloxypropyitriethoxysilane, 3+
{methacryloyioy)propy Hristhoxysilane, 3-{methacrylovioxypropyimethyidimethoxysilang, 3-
{acrylovioxypropyDmethyidimethoxysilane, J-{methacrvloyioxy jpropyidimethyiethoxysilane, 3-
{methacrvioyioxy) propyldisthylethoxysilane, vinyldimethylethoxysilane,
vinylmethyidiethoxysilane, vinvliriacetoxysilane, vinyhriethoxysilane, vinyltirlisopropoxysilane,
‘vin}fiif*imeﬂmxysii&na, vinyltriphenoxysilane, vinyltri-t-butoxysilang, vinyltris-isobutoxysitane,
vinyltriisopropencxysiiane, vinyliris(Z-methoxyethoxy)sitane, and mixtures thereof,

The optional silane monomers IM™'] are used in amounts of § to 10, preferably 1-5, parts
by weight, relative to 100 parts by weight total monomer. Such optional silane monomers are
used as adhesion promoters for improved bonding to metal, to silacecus surfaces, to surfaces
having ~OH groups, or as a seif-crossiinking group for the curable composition.

The oligomer further comprises polymerized monomer units having a pendent

e

b
e

ethylenically unsaturated polymerizable groap, The cthylenically unsaturated group ts provided fo

the oligomer by an indirect route whareby a portion of the pendent hydroxyl groups of the

oligomer are further functionalized by reaction with a co-reactive, eiemmphiiic emmpotnd having
an cthylenically unsaterated group — “co-renctive monomers™.

The co-reactive functional group preferably mmpx‘iseﬁ 8 cai‘boxyi, isocyanatn, epoxy,
anhydride, or oxazoliny! group, oxaxolinyt compounds such as 2-ethenyl-1,3-oxazolin-3-ons and
2-propenyi-4,4-dimethyl-1,3-oxazolin-5-one; carboxy-substituted compounds such as
(meth)acrylic acid and $-carboxybenzy! (meth)acrylate; isocyanato-substituted compounds sach #s

<3

isocyanatoethy! (metiacrviate and 4-isocyanatocyclohexyl {methjacrylate spoxy-substituted

compounds such a gix dyi (meth)acrylate; aziridinyl-substituted compounds such as N+

acryloylazividine and 1-{2-propenyl-aziridine; and acryloy! halides such as {meth)acryloyl
chioride
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@

wherein R is hydrogen, a Uy to Cy alky! group, or a phenyl group, preferably hydrogen or 2

>

methyl groug; R” is a single bond or a Cheterodhydrocarby! divalent linking group that joins an

ethyienically unsatur

b ated group o co-reactive functional group A and preferably contains up o
34, preferably up to {8, more preferably up to 1f, carbon and, optionally, oxygen and sitrogen
atoms gnd, when R s no a single bond, is preferably selected from
i i
" E § i ]
o R -““‘“(‘(}R' vand — CNHR

wherein R is an alkyiene group having 1 to 6 carbon atoms, a 3~ or S-membered cycloatkylene

fesd

group having 5 to 10 carbon atoms, or an alkylenc-oxyaticylene in which each alkylene inctudes
o & varbon sloms ov is a divalent aromatic group having 6 to 16 carbon atorss; and A is a go-
reactive functional group capable of reacting with pendent Wydroxyl group of the oligomer for the
incovporation of & free-radically polymerizable functional grow

An alternate bug divect method of incorporation of the pendent etiyylerdeally unsaturated
group is to include a polyethylenically unsaturated monomer {such as sthylene glyool diacrylate,
propylene glycol dimethacrylate, rimethyiolpropane triacrylate, or Lt

3

hexamethylenedioldiacrylate) in the monomer mix. However, it has been determined that the use
of sueh polverhylenically unsaturated monomers feads to extensive branching and/or crossliniing,
and s therefore precinded in favor of the Indivect method of functionalizing a portion of the
pendent hydroxy! groups. Preferably, the curable composition contains no polyethylenically
unsaturated monomer or other crosshivking agents.

The oligomer is prepared and then subsequently functionalized with the pendent,
sthylenically unsaterated group. That is, the acrylic ester monomer, hydroxy! functional monomey
and optional other polar monomer are combined and polymerized to pr oduce the hydroxyl
finctional oligomer.

The oligomer may be prepared using radical polymerization techniques by combining an

nitiator and monomers in the presence of a chain transfer agent. In this reaction, a chain transfer
agent transfers the active site on one growing chain to another molecale that can then start a new
chain 30 the degree of polymerization may be controlled. The M, of the oligomer is 5 to 30K,
preferably 8 to 15k, It has been found if the degree of polymerization is 100 high, the composition
s too High in viscosity, and not easily processible. Conversely, i the degree of polymerization is
too fow, the modulus, adhesion and other mechanical properties are diminished (at & constant
degree of functionalization).

Chain transfer agents may be used when polymerizing the monorsers described herein to

conitrol the molecular weight of the resulting ofigomer. Suitable chain transfer agents include
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halogenated hvdrocarbons {e.g.. carbon tetrabromide) and sulfur compounds {o.g. Jauryl
mercaptan, buty! mercaptan, ethanethiol, and 2-mercaptoethy! ether, isooctyl thiogiycolate, ¢
dodecyimercaptan, J-mercapto- ,.»pfapgnuhui} and ethylenegiveo! bisthioglycolate. The
amount of chain transfor agent that is i} depends upon the desired molecular weight of the

i -\

oligomer and the tvpe of chain transfer agent. The chain transfor agent is typically used in
amounts frevn about .1 parts to about 10 parts; preferably 6.1 to about 8 parts; and more
preferably from about 0.5 parts to sbout 4 parts based on total weight of the monomers,

The monomers and optional chain transfer agent are combined and oligomerized in the
vresence of a chain transfer agent. More particalarly, the adhesive is prepared by the steps oft
{1} providing an essentially solvent-free mixture comprising the free radically polymerizable
sonomers supra and at loast one free-radical polymerization initiator,

(i) partially polymerizing said mixture 1o provide a partially polymerized mixture exhibiting a
Brookfield viscosity of between 1,800 and 125,000 wmPas at 20°C. and a dogres of conversion of
wonomers to polymer of between 85-99 wi, %, preferably 99 to 98 wt.% with respect to the mass
of the monomers prior to polymerization,
(i) converting a potion of the hydroxy! functional mononer units to pendent polymerizable
{methscrviate groups,
(i) adding one ov more photoinitiators and solvent diloent monomers to the partiafly polymerized
mixture to provide a vadiation-curable precurser,
{iv} subsequently appiving the radiation-curable precursor to a substrate, and
(v} further polymerizing the radiation-curable precursor by subjecting it to actinic {rradiation to
provide suid adhesive.

The present disclosurs further relates to a radiation-curable precursor oblainable by
performing steps (11-0v) of the method of the present disclosure. The polymer obtained by
conversion of the monomers o polymer 1o a degree of betwesn 85-99 wi. % whick is comprised in
the radiation-curaie precussor, preferably has g polydispersity =M M, between 1.5 and 4.

The mixture further comprises an effective amouant of one or more free-radical
polymerization initiators, The free-radical polymerization inftiators and their amount and the

b

polymerization conditions are selseted to effect a partial polymerization of the e mixture providing
the required conversion of monomers to polymer to a degree of between 85-89 wt. % with respect
to the mass.of the monmmers § nor to polymerization, and a viscosity of the partially polymerized
mixture of betwesn 1,000-500,000 mPas at 20°C. The term "free-radical polymerization
initiators” as used ahove and below includes inRiators which ean be thermally activated or

activated by actinic radiation such as, in particular, UV radiatior
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Since the mixture preferably is partially prepofymerized in step {i) under sssentially
adiabatic polymerization conditions, the mixture preferably comprises one or more thermally
activatable free-radical polymerization initiators. Suitable thermally activatable fres-radical
polvmertzation initiators include organic peroxides, ovganic hydroperoxides, and azo-group
initiators which produce free-radicals, Useful organic peroxides inchude bt are not limited to
compounds such as benzoy! peroxide, di-t-amyl peroxide, -butyl peroxy benzoats, and di~cusayt
peroxide. Useful organic hydroperoxides include but are not limited 10 componnds such as tamyl
hydroperoxide and t-butyl hydroperoxide. Useful azo-group initiators include but are not Himited
1o the Vazo' ™ {compounds manufaciured by DuPont, suchas V azo L S2 (2, -azobis(2,4-
dimethyipentanenitrile}), Vazo™ 64 (2,2%azobis(2-methyl-propanenitrile}), YVaza™87 (2,2
azobist2-methythutanenitrile)), and Vazo™88 (2,2-azobis(eyclohexane-carbonitrile}).

The polymerization steps (i1 and {131} may ogeur as a single step, or multiple steps. That
is, all or a portion of the monomers and/or the initiator may be initially charged and partially
polymerized. In some embodiments, there is an initial charge of monomers and Initintor that is
partiatly polymerized, then additional monomer and/or initiator is added, then fiwther
polymerized. Such multiple polymerization steps 1} helps narrow the polydispersity of the
reaction, specifically reducing the amount of low melecular weight chains formed and 2)
ainimize the heat of reaction and 3) allows oxe to adjust the type and amount of monomer
available during polymerization,

The term “essentially adiabatic polymerization™ as used above and below means that total
of the absolute value of any anergy exchanged to or from the reaction system in which the
polymerization of the mixture to a degree of conversion of between 30-60 wi. % to provide the
partially polymerized mixture, takes place, will be less than shout 15% of the total energy
liberated during said polymerization of the mixture,

In the preferred method of the present disclosure, the reaction system in which the
adiabatic polymerization of the mixture o a degree of conversion of monowers puslyner

3

between 85-99 wi.% 1o provide the partially cured mixture takes place, preferably is & batch
resctor, By reacting batchowise is meant that the polymerization reaction o of the misture occurs
a vessel where the partially cured mixture may be drained from the vessel at the end of the
volymerization and not contingously during the reaction. The menomners an wd inftiators and,
optionally, additives can be charged to the vessel at one time prior to reacting, in steps over time
while reacting, or continuously over & time period while reacting, and the polymerization reaction
is allowed to proceed for the necessary amount of time to achieve the des ired degree of

conversions of said one or more monmsers to polymer to a degree of between 85-9¢ wit. %4,
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The degree of conversion can be measured by standard analytical methods, fncluding IR
spectroscopy and gravimetric analysiz. Additional details regarding the adiabatic reaction process
may be found in U8, 7,691,437 (Elliz et al.), incorporated herein by reference.

The oligomer thus produced has the general formula:

A O e [T M e, where

ML represents interpolymertzed (meth)acrylate ester monomsr units;

-IMUOL regresents interpolvmerized (methiacryloyl monomer units baving a pe endent kvdroxy
roNp,

IM Y represent optional polar monomer units, and

iM“’M ] represent optional silane-fimetional monomer wts.

Subseripts &, b, ¢ and ¢ represent the parts by weight of each monomer anit. B wil ibe
understood that the oligomeric product of the adiabatic process further comprises unreacted
monomer due to the partial conversion,

Ax proviously deseribed, a portion of the hydroxy! functional monomer units; MY are
sonverted to M (mativacryloyl monomer onits having a pendent polymerizable
{methiacrvloy] group to yield an oligomer of the formula:

f“\\}

TN M L T [, where

[ represents interpolymerized {methlacryloyl monomer units having @ pendent
polymerizable (methjacrvioy! group, b* represents the parts by weight of the hyvdroxyl-functional
mosomer remaining after finctionalization to produce MY and d represents the pards by weigh
of the monomer units having pendent, free radically polymerizable monomer units. It will be
apparent that b¥ + d will equal the value of b in the starting oligomer. A percent of the pendem
hydvoxy! groups are functionalized with (methacrylate groups to provide the oligomer with 1

10 wi.¥% of (methacrylate groups for subsequent polymerization. Posi~funciionalization, it is

preferred that the oligomer comprises at least 10 wt%, preferably at least 13 wi.%% and most

be

preferably at least 20 wt.%, of the hydroxy! functional monomer unils 30 83 to avoid the cload

potnt problems in humid environments,

The extant oligomeric mixturs described supra is combined with a photoinitiator and
sdditional diluent monomer, then further polymerized. The difuents monomers can be used to
adjust the viscosity of the compesition, Up to 50, preferably up to 20, more preferably up to 14,
parts by weight of diluest monomer may be added.
The diluent monomers may be the same monomers deseribed supra, in the amounts
seribed. In some embodiments the difuent monomer component comprises:

to 100 parts by weight of {methjacrylate ester monomers;
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{ 10 20 parts by weight of hydroxy-fimctional monomers,
¢ 10 5 parts by weight of polar mosomers;
0 to 2 parts by welght of sity} functional monomers, whersin the sum of the monomer & 100 parts
by weight, In some emvbodiments the hydroxyi-functional monomer is used in amounts such the
curable composition {olgomer + dihent) has a hydroay! coutent greater than 8.3 x1 0¥ mol OF/g.
The curable composition cosmprises less than SO wi.% of the diluent monomers and
gesater than 50 wi.ls of the solate oligomer, and a photoinitiator in concentrations rauging from
ahout 0.001 to about 5.0 phw, preferably from about §.001 to about 1.0 pbw, and more preferably
from ahout §.01 1o about §.5 phw, per 100 pbw of the monomers.
frethe fourth step (iv), one or more photoinitiators are added to the partiaily polym nerived

:

nixture to provide the radiation-curable precursor, The term "photoinitiator” as used above and

vou

elow comprises free-radical polymerization initiators which can be activated by some kind of

o

actinic radiation such as for example, light sources, especially UV-light sources, or e=heam
sources. Activation by Hght sources and, especially, UV-light sowrces is preferred. Free-radical
radiation potymerization injtiators which can be activated by light, are often referved to as free-
radical photoinitiatrs, Radiation-curable precursors which inchude one or more photoinitiators
ave preferred. The free-radical photoinitiators which are suitable preferably include both type |
and type U photoinitiatars.

Type | photoinitiators are defined to essentially undergo a unimelecular bond cleavage
reaction upon irradiation thereby vielding frecwradicals. Suitable type i photoinitiators are
selected from & group consisting of benzoin sthers, benzil ketals, alpha.-dialkoxyacetophenones,
alpha.-hydroxyatkylphenones and acylphosphine oxides, Suitable type { photudnitiators are
commercially awai%abia for example, as Esacure ™ KIP 160 from Lamberti Spa, Gallarate, Ttaly

b

or as Irgacure 631 from Ciba-Geigy, Lautertal, Germany.

3

Type 1 photoinitisfors are defined to essentially undergo a bimole cular reaction where the

¥

ohotoinitiators interact in an excited state with a second compound acting as co-lnitiator, 0

v

free-radicals. Suitable type I photoinitiators are selected from a group comprising

ey

generate
benzophenones, thinxanthones and tifanocenes. Switable co-Wnitiators are preferably selected from
a group comprising amine functional monomers, oligomers or polymers whereby amine functional
swonomers and oligomers are preferved. Both primary, secondary and tertiary amines can be used
wherehy tertiary amines are preferred. Suitalle type I photoinitiators ave commercially available,

-
3=

-

for example, as Esacure T TZT from Lamberti Spa., Gallarate, laly, oras 2-or
methyibenzophenone from Aldrich Co., Mitwaukee, Wis, Suitable amine co-initiators are

mmercially available, for example, as GENOMER ™M 9974 from Rahn AG, Zurich, Switzerland.



WO 2013/181030 PCT/US2013/042140
14

Phatoinitiators may be used in the liquid compositions when curing with UV-radiation.
Photoinitiators for free radival curing include organic peroxides, azo corapounds, quinines, nitro
sompounds, acyl halides, hydrazones, mercapto compounds, pyrylium compounds, imidazoies,
chlorotriazines, benzoin, benzoin alkyl ethers, ketones, phenones, amd the like. For example, the
adhesive comp\:}.siticms may comprise ethyl-2.4,6-trimethytbenzoyviphenylphosphinate available a3
LUCIRIN ™ TPO-L from BASF Corp. or -hvdroxycyelobexyl phenyl ketone available as
IRGACURE ™ 184 from Cibg Speciaity Chemicals.

The total amount of phetoinitiators and, optionally, of one or more co-initiators typicaily
is in the range of about 0.001 wi. % to sbout 5 wi. % and preferably in the range of about 8.1 wa.
% ta ahout 3 wi. % with respect fo the mass of the curable composition.

The radiation-curable precursor {oligomer and diluent) has a Brookfield viscosity of
Between 1,000 to 500,000 mPas, preferably of between 2,000 and 125,000 mPas, more preferably
between 2,000 to 75,000 and especially preferably of between 2,800 and 58,000 mPas at 20°CH
the radiation-curable composition is applied 1o a substrate by printing It preferably has a
Brookfield viscosity at 20°C of besween 1,000 and 30,600 mPas and move proferably between
2.600 and 25,000 mPas.

The curable composition comprising the oligomer, diluents monomer(s) and photoinitiator

is thoroughly mixed and subsequently applied to 8 substrate in the fifth step (v). Because of its
low viscosity the composition can be applied to a substrate by conventional coating methods such
a3 knife-coating, gravure coating, curtain coating, alr koife coating and roli-comting. In some
embodiments the curable composition is applied by dispensing a fixed smount of adhesive over
the bonding area. This may be applied by applying dots and/or lines via a needle, needie die

siot die. The entire area may be conted by spray conting, die coating, draw bar coating or curtain
coating. A "dam and §1" method may be used, precuring a dam of liquid optically clear adbesive
around the perimeter of the bonding area and then filling the bonding avea using any of the
methods described above. The dam may also be in the form of & tape, or & foam and/or rubber
sasket. The srea may be conted using stencil printing or screen printing without the aid of a dam
Additional information regarding these deposition methods may be found in WG 2011/119828,
WO 2011/84405, 11,8, 2010/0265444 and U S, 2009/0283211 (Busman et al.), incorporated herein
by reference.

Subsequent to its application to a substrate the precursor is further polymerized in step (V)

o

iy

w subjecting it to actinic ivadiation and preferably to UV-irradiation. Actinic radiation from any

.

source and of any type can be used for the curing of the composition whereby Hght sources are

preferred aver e-beam sources. The light can be in the form of paratlel rays or divergent beams.,
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Since many photoinitiators generating free-radicals exhibit their absorption maximum in the
ultraviclet (UV) range, the Hght source is preferably selected to emit an effective amount of such

radiation. Suitable Hipht sources include carbon arc lamps, mercury vapos lamps, fluorescent

lamps comprising ultraviolet lHght-emitting phosphors, ultraviolet light-emitting diodes, argon

e

giow Jamps and photographic flood lamps. Preferred are high-intensity light sources having a
jamap power density of at least 80 » ~*1\K>"f§:‘mz and move preferably of at least 120 mWiem?,

When subjecting the curable composition to sctinic irvadiation and, in particutar, to UV-
irradiation, the precursor is cured via a free-radical polymerization mechanism. The composition

is termed as "Sslly cured” when the conversion of the oligomer and diluents monomers o polymer

is at least 90%, more preferably at least 95%, especially preferably at {east 97.5% and most
preferably at least $9%.

The energy density applied preferably s 100-3,000 mijfem’® and more preferably 300-30060
mifem” for curing a 250 pm thick layer of the radistion-curable composition.

The curable composition and the photolnitiator may be Irradiated with activiting UV

4y

radiation to polyimerize the mononer compotent(s). UV light scurces can be of twotypes: 1)

“
3

refatively tow Hght intensity sources such as Blacklights which provide generaily 10 mWiom™ or

Ry

3

joss (as measured in accordance with procedures approved by the United States s Naticnal nstitute

5]

.

of Standards and Technology ay, for example, with & UVIMAP UM 363 L-S radiometer

manufactured by Electronic Instrumentation & Technology, Ine., In Sterhing, VA)overa

w2

N

wavelength range of 280 to 400 nanometers; and 2} relatively high light intensity sources such as
medium pressure meroury iamg;ss which provide intensities generally greater than 18 mW, feny,
praferably 15 to 450 mWiem'

Further components and additives may be included into the curable composition such as,
for example, heat stabilizers, antioxidants, antistatic agents, thickeners, fillers, pigments, dyes,
colorants, thixotropic agents, processing aldes, nanoparticles, fibers and any combination thergof
in amounts such that the optical properties of the adhesive are not significantly compromisesd,
Quch additives are generally in an amount of between $.01 and 10 wi. % and more preferably @ an
amount of between .05 and § wi. % with respect to the mass of curable composition. In some
embodiment the cursble composition and subsequent adhesive contain no such additives.

In some embodiments the curable composition may further comprise metal oxide particles

to modify the refractive index of the adhesive Jayer or the viscosity of the liquid adhesive. Meta}

1 a

oxide particles that are substantially transparent may be us ed. Metal oxide particles may be gsed
in an amount necded to produce the desired effect, for sxample, in an amount from shout 1 o

e

about 10 weight percent, from about 3.5 to about 7 weight percent, from about 10 to about B3
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weight percent, or from about 40 to about 85 weight percent, based on the total weight of the

curable composition. Metal oxide particles may only be added {o the extent that the}' do wot add
undesirable color, haze or transmission characteristics. Genervally, the particles can have an
average particle size of from about 1 am (0 about 106 nm,

The metal oxide particles can be surface treated to improve dispersibility in the adbesive
tayer and the composition from which the layer is voated, Examples of surface treatment
chemistrios includs silanes, siloxanes, carboxylic acids, phosphonic acids, wirconates, titanates,
and the like, Techaigues for applying such surface treatment chemistries are known,

In some smbodiments, the adhesive layer comprises a fomed silica. Saitable fumed silicas
include, but are not fimited to; AEROSIL™ 200; ABROSIL™ RB03; and BEVONIKT™ VP NKO
130 (both available from Evonik Industries); CAB-O-SIL™ TS 6§18 and CAR-O-SIL™™ T 5720
(both available from Cabot Corp.), and HDETY H20RH (available from Wacker Chemie AG) In
some embodiments, the adhesive laver comprises a fumed aluminum oxide, such as

ABROXIDE™ ALY 130 (available from Bvonik, Parsippany, NJ). In some embodiments, the

adbesive laver comprises clay such as GARAMITE™ 1958 {available from Southern Clay
Products).

In some embodiments, the liquid optically clear adhesive comprises non-resctive

oligomeric theology modifiers, While not wishing to be bound by theory, non ~reactive oligomeric

sheslogy modifiers build viscosity at fow shear rates through hydrogen bonding or other seif-
associating mechaniems. Exasnples of suitable non-reactive oligomeric thenfogy modifiers
include, bat sre not Haited to! polvhydroxyearboxylic acid amides {such as BYR 405, av atlable
from B‘,-’k{fﬁmmie GmbH, Wesel, Germany), polvhydroxyearboxylic acid esters {such as BYK R~
606 ™ available from Byk-Chemie GmbH, Wesel, Germany), modified ureas (such as
DISFARLON 6100 ™ DISFPARLON 6200 ™ or DISPARLON 6508 ™ from King Industries,
Norwalk, CT or BYK 410 ™ from Byk-Chemie GmbH, Wesel, Germany), metal sulfonates (such
as K-STAY ™ 561 from King Industries, Norwalk, CT or IRCOGEL 503 ™ trom Lubrizol
Advanced Materials. Cleveland, O, acrylated oligoamines (such as GENOMER 5275 ™ trom
Rahn LIBA Corp, Aurors, R} o vacr}\'iiz; acids {such as CARBQOPOL 1620 ™ grom Lubrizol
Advanced Materials, Cleveland, OH), modified urethanes (such as K-STAY 744 U rom King
Industries, Norwatk, CT), ssicronized amide waxes (such as CRAYVALLAC SLT ™ from
Arkema), microunized amide modified castor oil waxes {such as CRAYVALLAC MT ™ from
Arkerma), micronized castor oif derived waxes (such as CRAYVALLAC ANTISETTREC Cypt
from Arkema), pre-aotivated amide wax dispersed in {meth)acrylate monomers (such a5

CRAYVALLAC EO0054) or polyamides. In some embodiments, non-reactive oligomeric
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rheology modifiers are chosen to be miscible and compatible with the optically clear adhesive to
Himit phase separation and minimize haze.

In some embodiments, the adhesive layer may be formed fromw a thixotropic Hquid

)

optically clear adhesive. Asused herein, a composition is considered thiotropic if the
composition shear thins, 1.&., viscosity decreases when the composition is subjected to a shearing
stress over g given period of tume with subsequent recovery or partial recovery of viscosity when
the shearing stress is decreased or removed. Such adhesives exhibit little or no flow under zero or

near-zero stress conditions, The advantage of the thixotropie property is that the adhesive can be

L
o

uch provesses as needle dispensing due to the rapid decrease in viscosity

o

dispensed

X

sasily by

’J}

under low shear rate conditions. The main advantage of thixotropic behavior over simply high
viscosity is that high viscosity adhesive is difficult to dispense and to flow during application.
Adbesive compositions can be made thixotropio by adding particles to the compositions. In some
embodiments, fumed silica is added to impart thixotropic properties to a Hquid adhesive, in an
amount of from about 2 to about 10 wi.¥%, or from about 3.5 to about 7 wi.%

In some embodiments, the curable sompasition optionally comprises 3 thixotropic agent.

As used herein, a composition is considered thixotropie if the composition shear thins, Le.,

E’

given peripd of

£

visvosity decreasss when the composition is subjected 1o & shearing stress overa
time with subsequent recovery or partial recovery of viscosity when the shearing siress is
decreased or removed. Such adhesives exhibit little or no flow under zero or near-zero stress
conditions, The advantage of the thixotropic property is that the adhesive can be dispensed eas sily
by such processes as needle dispensing due to the rapid decrease {n viscosity under low shear rate

conditions. The main advantage of thixolropic behavior over simply high viscosity is that high
ju y

7J

viscosity adhesive is difficult to dispense and to flow during application. Adhssive compositions
can be made thixotropic by adding particles to the compositions. Tn some smbodiments, funed
sitica is added to impart thixotropic properties to a Hyuid adhesive, inan amownt of from about 2
to about 10 weight percent, or from about 3.5 to about 7 weight percent, The sfficiency of the
thixotropic agent and the optical properties depend on the composition of the Hquid optically clear
adbesive and its interaction with the thixotropic agent. For example, in the case of associative
thixotropes or hydrophilic silica, the presence of highly polar monomers such as acrylic soid,
monomers or oligomers may disrupt the thixotropic or optical performance. Consequently, it is
preferred that the curable composition contain no acid-functional monomers or oligomrs.

s

i some embodiments, any Houid optically clear adhesive baving a viscosity of 5o more

than 30 Pa.s, between about 2 and about 30 Pa-s and particularly between about 5 and abont 20

Pas at & shear rate of 1 to 10 see” can be combined with & thixotropic agent to form a thixotropic
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Hguid eptically clear adhesive suitable for stencil printing or scroen primting. The efficiency of the
thixotropic agent and the optica] properties depend on the composition of the fiquid optically clear
adhesive and #s interaction with the thixotropic agent. For example, in the case of assoviative
thixotropes or hydrophilic silica, the presence of highly polar monowmers such as acrylic acid, acid
or hyxdroxy! containing monomers or oligomers may disrupt the thixotropic or optical
performanee.

The curable compesition optionally comprises a plasticizer that increases its softness and
flexibility to the resultant adhesive. Plasticizers are well known and typically do not patticipate in
volymerization of (methjacrylate groups. The plasticizer may comprise more than one plasticizer
material, The adhesive may comprise from greater than 1 to about 20 weight percent, or from
greater than 3 to sbout 15 weight percent, of the plasticizer. The particular plastivizer used, as

well as the amount used, may depend on & variety of factars.
The curable composition may comprise a tackifier. Tackifters are well known and are
used to increase the tack or other propestiss of an adhesive. There are many difforent types of

.

tackifiers but nearly any tackifier can be classified as: # rosin resin devived from wood rosin, gum
rosin or tall oif rosin; a hydrocarbon resin made from a petroleum-based feedstock; or a terpene
rasin derived from terpens feedstocks of wood or certain fruits, The adbesive layer may comprise,
.2, from 0.01 o about 20 weight percent, from 0.01 to about 15 weight perceny, or from 0,01 10
about 10 weight percent of tackifier, The adhesive layer may be froe of tackifier,

The adhesive resulting from photopolymerization of the curable compnsition is éesimiﬁy
optically clear. Asused herein, the term "optically clear” refers to 3 material that has a
sransmission of greater than about 90 percent, & haze of less than about 2 percent, and opacity of
jess than about 1 percent in the 350 to 800 nm wavelength range. Both the luminous transmission
and the haze can be determined using, for sxample, ASTMD 1003-93, Typically, the optically
clear adhesive way be visually free of bubbles,

The adhesive layer desirably maintains optical clasity, bond strength, and vesistance to
delamination over the lifetime of the article I which it is used. Whether an adbestve will likely
tave these desivable characteristics can be determined using an accelerated aging test. The
adhesive laver can be positioned between two substrates for this test. The resulting laminate is
then exposed to slevated temperatures, optionally, combined with elevated humidity conditions,
for a period of time. For example, the adbesive layer can oflen retain its optical clarity alter aging

at 85°C for approximately 500 hours without humidity centrol (Le., the relative humidity in the
oven is usually befow about 10 percent or below about 20 percent), Alternatively, the adbesive

can often retaiv its optical clarity after aging at 85°C for approximately 72 hours with a refative
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humidity of about 80 percent, Most importantly, the cloud point resistant adhesive can often
retain its optical clarity after aging at 65°C for appreximately 72 hours with a relative humidity of
about 50 percent and rapid (i.e. within minutes) cooling 1o ambiont conditions. After aging, the
average transmission of the adhesive between 380 nanometers (nm} and 800 nm can be greater
than about 85 percent and the baze can be less than about 2 percent.

The adhesive resulting from photopolymerization of the curable composition desivably has

dulus of 5000 to 1,000,000, preferably 5006 to 108,000, more preferably 5000 to

»
12
o
=
.’:D
5
&

Laminates are provided that include an optical film or opticslly clear substrate anda

optically clear adkesive Javer adjacent to at least one major surface of the optical film or substrate.

px

o

The articles can further include another substrate {e.g., permanently or temporarily attached 1o the
adhesive laver), another adhesive layer, or a combination thereof. As used hereln, the torm
"adjacent” can be used to refer o fwo layers that are in direct contact o that are separated by one
ot move thin lavers, such as primer or hard costing. Often, adjacent layers are in divect contact.
Additionally, laminates are provided that include an adhesive layer positivmed between two
substrates, whernin at least one of the subsirates i an optival film, Optieal films insentionally
enhance, manipulate, control, maintain, transmit, reflect, refract, absorb, retard, ov otherwise alter
light that impinges upon a surface of the film. Films included in the laminates include classes of

o]

material that have optical functions, such as polarizers, interference polarizers, reflective

polarizers, diffusers, colored optical films, mirors, louvered apticat film , light control films,
ransparent sheets, brighiness enhancement ftlr, anti-glare, and antbreflective £ Ima, and the like.

Films for the provided laminates can also include retarder plates such as quarter-wave and half-
wave phase retardation optical elements, Other optically clear films inclode anti-sphinter fitms

and electromagnetic interference filters,

In some embodimenss, the resulting laminates can be optical elements o 1 he used to
prepare optical clements. As used herein, the term "optical slement” refiors 1o an article that has

an optical affect or optical spplication. The optical elements can be vsed, for example, In
electronic displays, architectusal applications, transportation applications, projection applications,
photonics applications, and graphics applications. Suitable optical elements include, but are rot
Himited to, glaxing (e.g., windows and windshields}, screens or displays, cathode ray tubes, and
reflectors.

Exemplary optically cleay substrates include, but are not Jimited to a display panel, such

v

53 Hguid erystal display, an OLED display, a touch panel, slectrowetting display or a enthode my

w

L‘.‘!
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tube, a window or glazing, an optical component such as a reflector, polarizer, diffraction grating,
smisror, or cover lens, another filer such as a decorative film or another optical §ilm.
Representative examples of optically clear subsivates include glass and polymeric
subsirates including those that contain polycarbonates, polyesters (e.g. polyethylene
terephthalates and polyethylene naphthalates), polyurethanes, poly(methjacrylates (e.g,

1

polymethy! methacrylates), polyvinyt alcobols, polyolefing such as polyethylenes, polypropylen
and celluloss friacetates. Typically, cover lenses can be made of glass, polymethyl methacrylates,
ot pofycarbonate,

The lominates have at least one of the following properties: the adhesive laver has optical
transmissivity over a useful lifetime of the article, the adhesive can maintain a sufficient boad
strength betwees layers of the article, the adhesive can resist or aveid delamination, and the
adhesive can resist bubbling of the adbesive fayer over a useful lifetime, The resistance to bubble
formation and retention of optical transmissivity can be evaluated using accelerated aging tests

The adhesive compositions of the present disclosure may be applied divectly to one or
Both sides of an optieal element such as & polarizer. The polarizer may include additional layers
such as an anti-glare laver, a protective layer, a reflective layer, a phase retardation layer, a wide-
angle compensation layer, and a brighthess enhiancing laver. In some embodiments, the achesives
of the present disclosure may be applied to one or both sides of a liquid crystal cell. It souy also

& used 1o adhere a polarizer to a liquid crystal cell, Yet another axemp}ary set of optical

st

Tarminates include the spplication of & cover lens to a LOD panel, the application of a touch panel

to an LCD panel, the application of a cover lens to a touch panel, nr combinations thereot.
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Materials

Abbraviation or Trade Manie

Description

Iscoctyl acryiate, available under the trade designation

104 “SR444” from Sartomer USA, LLC, Exton, Pennsylvania,
2 THA wgthy Hhexyl a_s,,,-*;ai.e, avaitable from Sigma-Aldrich Co,
LLC, St Louts, Missouri, B
2 PFHA ?;pmp}'i?a:myi acrylate, avai E,a%?it: um‘ier the ’iraﬁe dgsigr;aﬁem
“QPHAY from BASF Corporation, Florham Park, New Jersey,
TDA ':E‘ridecvi Acrylate, available under the trade designation
CER4ABLY from Sartomer USAL
2-hexyidecyl avrylate, available under the trade designation
Cis “HEDA 187 from Toho Chomical Industry Co Litd,
Kanagawa, Japan,
LA i:c.tii‘\i :“iu‘y’idia available under the frade designation
SRIZF” from Sartomer LIBA,
TROA gsobom§fi Acrylate, available under the trade designation
T “SRE060 from Sartomer USA.
ODA Octadecy? acrylate, available from Sigma-Aldrich 0. LLC,,

St. Louds, Missouri,

W*‘;n} droxybutyl acrvlate, available under the trade designation
“AHNRAT from San Esters Lorpam ton, New York, Now Yok

ER

2-hydroxypropy! methacrylate, gvailable from Alfa Aesar,

Heysham England.

IEM

Isocvanatoethyl methacrylate, available from Showa Denxo,
Ranagawa, Japan.

BGBTG

Fihylens glycol bisthioglyeolate, avatiable from bvans
Chemitics LP, Teaneck, Now lersey,

PPAS

Polypropyiene glyeol monocacrylate, avatlable under the trade

destgnation “Bisomer PPAG™ from™ from Cognts, Cincinatti,
Qo

IEREA

Z-ethoxyethoxyetiy! acrylate, available from Polysciences,

fe, Warrington, Pennsylvania,

VAZO 52

2.2 -&mbm{?.x@-mxzﬁmyipantanemz:he }, available ynder the
rade designation “VAZO 527 from E. L du Poant de Neamours
md Co., Wilmington, Delaware,

1,}-Azohis(eyanocyelobexane), avajlable under the trade

YAZO 88 designation “VAZQO 88” from E. L du Pont de Nemours and
Co.
2,.5-Dimethy-2 5-di-{tert-butviperoxy)hexyne-3, available
L1346 under the trade designation “Lupersol 1307 from Pernwall
Corporation, Bullalo, New York.
3,5-hslte z*t»»butxipcrou) 2 5-dimethyihexane available under
18] tiee trade designation “Lupersol 1017 from Pennwalt
Corporation.
Ethyi«ﬁ,4,6%&?&8“1}\1%}&.:};‘0&h}s‘\emhpho:::e}\ nate, available
TRO-L undes the trade designation “Lucivin TPO-L” from BASY
Corporation, Florham Park, New Jersey.
Al74 3.methacyrioxyprapyftrimethoxysilane, available under the
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trade designation “Silquest A-174” from Momentive,
Cofumbus, Ohio

2HD 2-hexyl-d »::imc\.no i, available from Stpma-Aldrich Co LLC,
THA Triethyiamine, available from m Alpha Aesar,
AL Acryloyl chloride, avatlable from Alpha Aesar,

Pentacrythritol tetrakis(3-(3.5-diztert-butyl-4-
h}-“dr(}x}’pﬂen}i}m opionate), & phenolic primary antioxidant
available under the trade designation “IRGANOX 10107 from
Ciba Specialty Chemijeals, Inc, Basel, Switzerland,

RG 101G

Octadecyl-3+(3,5-di-tert buty-4-hydroxyphenyi-propionate, &
phenolic primary antioxidant available under the trade
designation “IRGANGX 1076 from Ciba Spectaity
Chemieals, Ing,

IRG 1076

Hydroguinone monomethy! ether, available from AlS Aesar,

EHO Heysham England,

A hydrophobically trested fumed silica, surface treatrnent of
hexadecylsilane, available under the trade designation

TP NKC 13 ol i -
VP NKC 130 SABROSH, VP NKOC 1307 from Bvonik Industries,

Parsippany, New Jersey,
Pohy(ethylene glyeol) wethy! ether acrylate, available from

MPEG Sigma-Aldrich Co. LLC.

TEST METRHODS

Yiscosity Messurement

Viscosity measurements were made by using an AR2000 Rheometer squipped with a 40
mm, 19 stainless steel cone and a plate available from TA Instruments, New Castle, Delaware.
Viscosities were measured at 25°C using a steady state flow procedure with a frequeney from
0.001 1o 100 see” with a 28 jm gap berween the cone and the plate. Viscosity values ave reported

in centipoise {cps) at a shear rate of { sec

Molesular Weight Determination

The molecular weight distribution of the sompounds was ehavacterized using conventional
gel permeation chromatography (GPC). The GPC instrumentation, which was ebiained from

Waters Corporation, Milford, M4, included a high pressure Yguid chromatography pump (Model

PO

S1SHPLO). an auto-sampler (Model 7173, a UV detector (Modet 2487), and 4 refractive index
detector (Model 2410). The chromatograph was equipped with two § micron PLgel MIXEDD
columns available from Varian Inc, Palo Alto, California.

Ramples of polymeric snlutions were prepared by dissolving patymer or dried polymer
samples in tetrabydrofaran st a concentration of 0.5 percent (weight/volume} and filtering through

a .2 wmicron polyterratiuorosthyliene filter that is available from VWR International, West
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Chester. Pennsylvanfa. The resulting samples were injected into the OPC and cloted at a rate of

e

milliliter per minute through the columns maintained at 35°C. The system was calibrated with
pitystyrene standards using & Hnear least squares fit analysis to ostablish a calibration curve, The
weight average molecular weight (Mw) and the @01}*&%&9@1‘3%{3} index {weiglt average molecular
weight divided by number average molecular weight) were caloulated for sach sample against this

standard calibration curve.

Pluck Adbesion

Two float glass shdes, 2 /4 inch (5,72 em} x 1 3/16 inch (4.60 em) x 144 inch (8,635 cm}
were cleaned with .isoprspy'i aleohol (IPA}. Two lavers of SCOTCH Filament 'E‘a;ae 898, available
from the 3M Company, St. Paul, Minnesots, were attached along the two, 13 nch (4.60 et}

£

sagth edges of the first substrate in order to controt the thickness of the adhesive co mposition,

sewes

onca it was placed on the slide. The tape crented a step height of about 340 microns. The adhes fve
compusition was dispensed by a pipette in the conter of the slide and the second slide was slow v
trought nto contact with the Girst glide, The adhesive composition between the slides was sured
with the total energy of 3,000 mJiem® in UV-4 or UV-B region under a Fusion UV lamp gvailable
from Fusion UV Systems Ine., Gaithersbarg, Maryland, using a quartz UV D-bulb (Examples 9
through 19 and 26 through 31}, The remsaining samples (Examples 1 through 8 and 20 through
25) were cured amder an Onicare 2000 high pressere Hg spot cure source availabis from EXFQ
Photonic Sclutions, Inc., Mississauga, Ontario. Canada, with the total energy cof 3,000 mi/e m in
UV-A region. Samples then dwelled for ong day in 2 controled temperature-humidity (OTH)
roosn at a temperature of 74°F {23.37°C) and a relative humidity of 30 % prior to testing.

A glass slide with cured adhesive was loaded into a sliding pluck fixtore onan MTS

D@

INGQIGHT Blectromechanical Test System with a § kN load cell gvailable from MTS Systems
Corporation, Bden Prairie, Minnesota. The samples were pulied apart at 25 mun/min argd tested to
failure. The first measured peak load was then divided by the measurad ares of the adhesive

composition on the plack sample to determine the pluck adbiesion, measured in Nom™. At keast

bera

three samples were tested for sach adhesive composition, with an average value for pluck

adhesion reported.
Shrinkage

Percent volume shrinkage was measured using an Accupye I 1340 Pycnometer from
Micromeritics Instrument Corporation, Norcross, Georgia. An uncured adhesive composition

sample of known mass was placed in the silver vial of the pyenometer. The vial was placed i the
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pyesometer and the volume of the sample was measured and the density of the adhesive
somposition was determined based on the volume and mass of the sample. The density of a cured
adhesive composition was measured following the same procedure as that of the uncured. Uived
adhesive compositions were prepared by casting a hand spread coating of the adhesive
composition between two refeass jiners, using an 11 mil (0.28 mum) thickness adjuster, and curing
with the tota] energy of 4,600 ml/em’ in UV-A region under 1 Fusion UV lamp with a guartz UV
13 bulb available from Fusion UV Systens Ine,

Volume shrinkags was then calculated from the following squation:

({3 Avg Liguid Density) - (1/ Avg Cured Density}] / {1/ Avg Liguid Density}} x H0%

Ontical Measurements

Optical properties of the adhesive compositions were measured by sandwiching the
achesive composition between two 2 inch {5.08 em) x 3 inch (7.62 om) x 200 microns LCD glags
panels, BAGLE 2000 available from Specialty Glass Products, Willow Grove, Pennsylvania. The
achesive compositon was cured with 4 total energy of 3,000 mlfom® in UV-A region using a
Fusion UV lamp with 2 quartz UV D bulb, available from Fusion UV Systems inc. The thickness
of the adhesive composition was controlied by applving two lavers of SCOTCH Filament Taps
898, 3M Company, along the two, 2 inch {5.08 cm) edges of one of the panels. Haze,
transmission and color of the cured LOCAs were mensured before and ahter aging under
enviroumental testing conditions using s Hunterlab UltraScan PRQ available from Hunt

Associates Laboratory, Ine, Reston, Virginia

Prepavation of Solute (Methlacrvolyl Oligomers {SMAOS)

Preparation of SMAG-1

This example illustrates the process 1o produce a solute (meth)acryoly! oligomer. Twa
sesentially ndiabatic reaction cycles are used with option of a third functionalization step, after
initial polymes synshesis. To a SL stainless steet reaction vessel was added: 1,380 g TDA, 300

4 HBA, 40.0 g BGBTG, 2.5 g IRG 1010, and 20.5 g of 244 wi¥s MEHQ in 104, The mixture

L
a4z

]

I

was heated to §0°C and mechanically stivred unti] all componsats were dissolved, at which time
60.1 g of 0,125 wid solids VAZO 52 in 10A was added to the reactor. Onee the polymerization
had begun the tomperature control systern was set to cause the lemperature of the jacket to track
1.5°C above the baich temperature to facilitate adiabstic reaction conditions, At 1200 the jacket

stopped tracking the polymerization temperature, which peaked at 132°C and was alfowed to cool
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back to #0°C before being depressurized. A sample was taken of the reaction mixture and the
unreacted monomer was 27.73% based on the total weight of the mixture.

The following components were charged to a doz glass jar: 1.0 g VAZO 32, 8,45 g VAZO
88, 0.45 g L1801, and 48.10g othy! acetate. The solution was shaken in a reciprocating mixer ustil
all solids were dissolved, at which poing, 25.0 g of the sthyl acetate sohution and 13.33g EGBTG
were added o the stainless stes! roaction vessel and stirred at 60°C. The reaction pealied at 116°C
at which thme $0 g of IRM was added. The reactor was cooled to 100°C and held isothermally for
4 hours and then drained, producing SMAO-1. The SMAO was stored in 32 oz brows jars. A
sample was taken of the reaction mixture and the unreacted monomer was 4.38%, based on the

total weight of the mixture,

Praparation of SMAGZ through SMAG-17
132.5 g of LA, 220 g of 4-HBA, 192.5 g IBOA and 6.6 g of EGBTG were added to a four

neck flask equipped with a reflux condeénser, thermocouple, mechanical stirrer, and a gas infet that
aftows aitrogen ov air to be bubbled into the soluticn, The first charge of thermal initiators,
VAZO 52 (0.0248 g), VAZO 88 (0.0248 g) and L130 (0.0248 g} were also added to the flask, The

»

mixture wae stitred and heated to §0°C under nitrogen. The lemperature of the reaction mixture
wickly exothermed and peaked at around 160° €, during the polymerization. After the reaction

eak, » sevond charge of VAZO™ 88 (0.0248 o) dissolved in an additional § g of LA was added

po]

vaed

so the Hask, The reaction vessel was held at 160°C for 90 minutes before cooling to 100°C and
purging with air,

11 g of IEM was then added to the bateh to redct with the pendang hydroxy! groups on the

LAA-HBA/ABCASORTG oligomer chainy, incorporating methacrylate functional groups to the
oligomer. The veactor vessel was held at 100°C for 4 bours and then cooled and draine :
produciog SMAC-2. A sample was taken, at the end of this reaction periad, for oligomer
molecular weight determination by GPC, Tablke 2.

A sinsifar procedure was used 1o produce SMAG-3 through SMAD-17. The monomers
and amounts used o prepare these additional oligomers are shown in Tables ] through 3 below, as
well 55, molecular weight data. Note that VAZO™ 88 is added in two steps, the amount of VAZQ
in each step being half that indicated in Tables T through 3. Alse, during the second charge of
VAZO 88, the VAZO 88 was dissolved in 5 g of acryiate, the major aerylate ester component of

3.

the composition, This § ¢ of aorylate is included in the valoes reported in the Tables 1 through 3.
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Component | SMAO- | SMAQ-3 | SMAC-4 | SMAO-S | SMAG-6 | SMAC-T | SMAD-8
2
0A . - 3115 -
LA 137.5 - . - - -
TDA N 246 . 271.2 258 3415
Cls - - 241 - - ,
4-HBA 226 42 76, £6.3 - 6 76.5
PPAS - - - - . -
2.-HPMA - - 46.8 .
IROA 1925 . - I - -
EGBTG | 68 4.2 4,25 4.06 561 462 462
YAZO 52 00248 | 00135 | 00064 0.8131 0.0149 0.0149 (0149
VAZO BR 0.0496 | 0.0270 | 0.0528 0.0262 0.030 4.930 6.030

L1360

80248

35 | 00264

T 0.0131

40149

8.4149

6.0149

IEM

i1

6.6

5.8

56

-

£.6

6.8

Mw (Dal)

25 810

13,300

11,608

12,400

15,100

17,008

Table 2. Formulations of SMACGS through SMAG-11.

Component

SMAQ-18

SMAOC-1

2-PHA

TDA - 304 2514
OBA - 42 -

£ HBA 59 B 728
PPAS - ~ -
L-HPMA - - -
BOA - -

BEGRTO 435 482

VAZO 52

80135

$.0148

VALO 88

40270

8.03

L1389

80135

0.04140

IEM

&

6.6

Mw (Dall

12,504

17,300
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Table 3. Formulations of SMAD-12 through SMAO-17,

Component SMAO-12 | SMAG-13 | SMAO-14 | SMAQ-15 | SMAQ-16 | SMAO-17
2-EHA 2712 - 2712 - 234 .
TDA - 265.08 - 3352 - 12071
4-HBA 231 15,84 23.1 39.1 18.18
PRAG - - - 54 -
MPEG . X 297 387 . <
JEERA 97 73.1 . 85,14
HGRTG 4.29 5.04 4.29 6.02 6 4.82
VAZO 52 §.0149 00162 3.0149 0.0194 04,0138 0.014%
VAZD 88 0.030 0.0324 0.030 .0388 0.0270 0.030
Li30 0.0148 0.0162 0.0149 0.0194 0.0133 £.0149
CIEM 6.6 S.04 6.6 86 & 3.61
U Mw (Daly 11,200 14,500 12,300 19,000 9,100 10,500

Prenatation of SMAO-18

To a 5L stainless steel reaction vessel was added 2,779 g TDA, 663 g 4-HBA, 578 ¢

EGBTG, and 28.7 g of 2,44 witt MEHQ tn TDA. The mixture was hented to $0°C and
mechanically stirred unti! all components were dissolved, at which time 28.1 g of 0.5 wide solids
YAZO 52 in TDA was added to the reactor. Onee the polymerization had begun the temperaturs
control system was set to cause the temperature of the jackst to track 1.3°C above the bateh
temiperature o facilitate adiabatic reaction conditions, At 120°C the jacket stopped tracking the
polymerization temperature, which peaked at 134°C and was aflowed to coot back to 60°C befor

being depressurized. A sample was taken of the reaction mixture and the unreacted monomer was

43.68% based on the total weight of the swixtare.
The follgw components were charged 1o a 4oz glass jar; 1.0 g VAZQO 52, 0458 g VAZO

88, 0.45 g L1061, and 48.10 g othyl acetate. The solution was shakes in a reciprocating mixer sntil
all solids were dissolved, st which point 35.0 g of the ethyl soetate solution and {925 g EGBTG
inless steel reaction vesse! and sthrred at 68°C.

were added to'the sta The reaction peaked at

110°C. The reactor was then cooled to 100°C while it was purged with 90/10 nitrogenf/oxygen
control gas for 30 minutes, at which time 70.0g of IEM wers added to the reactor and held at
106°C isother

mally for 2 hours. After 2 hours 1 kg of material was drained from the reaction

vesse! {nto brown tinted fars. A sample was taken of the reaction mixture from this step and the

anreacied monomer was 3.07% based on the total weight of the nuxture,

Preparation of Adbesive Compositions; Examples | through 3

component materials, disclosed in
into a white mining container available from FlackTek Inc., Landrurm, South

ERDMIXER DAC 150 FVZ available from FlackTek

Adhesive compositions were prepared by charging the
Tables 4 through 7,

Caroling, and mixed using a Hauschild §PL
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Inc. operating at 3540 rpm for & minutes, The exceptions to this were Examples 26 through 31,
which were mixed with Hauschild SPEEDMIXER DAC 600 FV available from FlackTek Tne.
operating at 2200 rpm for 4 minutes. Material properties; shrinkage, viscosity and pluck adhesion
and optical properties before and after aging under environmental conditions; are described in

=

Tabies 8 through 17,

@

Table 4, Adhesive Compositions of Examples 19 {(values are in grams).
N by

Material | o ¢l B2 B3 BExd | Ex.5 | Ex6 | Bx 7 | Bx 8 | Ex.9
3T

sMao3 | |- - . i . - .

smaos | - | 0T : , . : i -

SMAO-S | - . ; ; . i i . .

SMAD- ) ] B R E R ] ) )

6 B ‘ 5

SMAD-S - - - - -

£
oo
)
"

SMAO-4 . - - - - N - -

3
SMAQG- ; : 27

ig ‘ 3

SMAO-

o - - . - . . - - 31.46
PPAG 7.24 . §.53 . 12.39 . . 3.0 .

TDA -

e
fad
o

]

]

]

i

]

1
e
LA

PI0A “ 0.063 ¢ 6.063 - - - - -

[ 4HBA . . R I e . . - . -

| 2-PHA - - ) . - A4S - ; .

|
h

TPO-L 0251 1 250 1 D25 | 0251 | Q251 | 8250 0250 | 0270 8.3

AlT4 QU028 | 0029 | 0028 | 0.028 | 0028 | 0025 | 8028 | 0038 G.044
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Table 5. Adhesive Compositions of Examples 10-19 {values are in grams).

ex. 100

Ex.

3
i1

£rl

¥
-

oA

o

£x. 13

Fax
14

15

By 17

18

200 | 200

g

.0

26.0

20.8

SMAQG-

; i . . ; -
SMAO- | ) ) R ] ] ] 0.0
3

TDA 293 1393 | 50 | 6168 | 744 | 356 | 470 | 584 | 730 | 24)

0.233 | 8240

o]
P
ey
S:.'r
]
|
~d

3.249

4.262

8.276

$.023

§.024

0.626

8.027

0.024

3.026

$.027

Table 6. Adhesive Compositions of Examples 20 to 25 (values are in grams}.

Mauterial

BEx. 20

Ex. 23

33
i
=
3

Ex.21 | Ex 22 Ex.24 1 Ex @S

SL\%AB‘S ’72 ')25 - = = - "
SME&Q*U _ 22::5 - - - =
SMAD-13. Y
SMAU- . ) 22225 - - -

| SMAO-17 i . . 22.225

| SMAO-14 i ; 22.223 S
SMAO-1S ] ) . - 22228
TDA - - L0 ) - .
e o '} J
I0A 0.063 - - - - <
PPAL . 7.8 - - 10.49 5.3
5 THA . - - 1.0 - 38

o
[
LA
oy

o
]
LA
sy

@
je
e
pord

o]
[
1 ¥¢]
yioms

0.028

¢.028

8.028

$#.028
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Table 7. Adhesive Compositions of Examples 26-31 {values are in grams}.
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Material

Ex. 26

Bx. 27

Ex. 28

Fx. 29

Ex. 30

SMAG-4

58,02

59.02

. ; - S
SMAO-S . . so02 | 5. - -
SMAC-2 — : : 472 | 322
16
BOA . 8.0 16.0 . . i
PPAS 274 L 274 | 274 | 274 i .
4-HBA : . ; i i 15
TDA 635 . . 635 : 35
KB 1362 | 120 24 . .

{ DOA 9.08 9.08 - - 5.0
TPO-L 1 ! - 0.8 0.5

. - ' 25
Al74 0.5 0.5 0.3 - 0.4 433
RG 1078 0.9 0.9 0.9 - 0.8 0.5
AGS93 6.9 0.8 8.9 - 0.8 L%
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Preparation of 8 Thixctonic Adhesive Composition: Example 33

Tothe 5 L stainless steel reactor containing SMAO-18 described above (lessthe 1 kg
samnple removed for festing), 275 g TDA monomer, 50 g HBA monomer, 25 g TPO-L
vhotoinitiator, 25 g IRG 1076, and 12.5 g A174 were added to the reaction vessel and mixed for
45 minutes, producing an adhesive composition. 100 g of this adhesive composition was placed in
g white raixing container, {a Max 100 cup, from FlackTek Ine., Landrum, South Carolina) and 4 g
of VP NKC 130 were added. The components were mixed using « Hauschild SPEEDMIXER
TIAC 600 FY, from FlackTek Inc., opserating at 2200 rpm for 4 minutes, producing Example 32,

The viscosity at different shear rates and optics! properties are shown in Table 1. The viscosity of

the adhesive composition was 834 cps at a shear rate 1 sec”, without the addition of a thixotrope.

Table 19. Viscosity and Optical Properties of Example 32,

Parameter Measursd Value
Viscosity at 6.01 s 101,900 cps
Viscosity at 0.1 57 34,100 ¢cps
Viscosity at 1 §° 7,500 cps
Viscosity at 105" 2608 cps
Viscosity at 100 &7 1,600 eps
L | 964

b* 106
YoHaze .83

% Transmission £9.2
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This disclosure provides the following embodiments:

1. A cuvable composition comprising
a) a solute {meth)acryolyl oligomer having a My of 5 to 30k and a Tgof <
20°C comprising
i greater than 50 parts by weight of {methjacrylate ester monomer
UIies,
it 10 to 49 parts by weight of hydroxyl-functional monomer units,
Hit 1 o 10 parts by weight of monomer units having pendent acrylate
groups,
v 0 to 20 parts by weight of polar monemer units,
V. 0 to 10 parts by weight of silane-functional mionomer units,
wherein the suwm of the monomer ugnits is 100 parts by weight;
b) a diluent monomer component, and
¢} a photoinitiator,
wherein the compesition comprises no crosslinking sgents.
Z. The adhssive composition of embodiment | comprising less than 50 wt.% of the

diluent monomer component and greater than 50 wi.% of the solute oligomer,

-

3. The adhesive of any of the previcus embodiments wherein the monomer units

i I . ~

having pendent acrylate groups are prepared by reaction of said oligomer having pendent
hydroxyl functional groups with an acryloy! compound having co-reactive functions

groups,
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4, The adhesive of embodiment 3 wherein the acryloyl compoond having co-reactive

functional groups is of the fornsula:
CH=CR7A
Lt
R
L N 3
wherein B! is hydrogen, a C; to Cs alkyl group, or a phenyl group,; R” is a single

bond or a {heterohydrocarbyt divalent linking group that joing an ethylenically

3

unsaturated group to co-reactive functional group A, and A is g carboxyl,

isocyanato, epoxy, anhydride, or oxazolinyt group.

3. The adhesive of any of the previous embodiments, wherein the alkanol ol the
(methacrylate ester monomer units of the oligomer have an average carbon number of

!b“{- 14

6. The adhesive of any of the previous embodiments, wherein the hydroxyl-functional
nonomer has the general formaula:
R O
“““I“L“ X-R>-0H . whetein
R’ i1 a hydrocarby! group;

®Y 45 -H or Ci-Cy alkyl; and

e composition of any of the previous embodiments wherein the diluent

~%
yd
]
£
o
a
o
o
ﬂvd

3

monomer compoenent comprises at least one monomer sefected from acrylate ester

monomer units, hydroxyi-funstional monomer units; monomer units having pendent

acrylate groups, polar monomer units, and silane-functional monomer units.

8. The curable composition of any of the previous embodiments wherein the diluent

Fonomey c»:‘:-mpﬂre ‘zprzs &81
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80 to 100 parts by weight of (meth)acrylate ester monomers;

{ to 20 parts by weight of hydroxy-functional monomers;

0 10 § parts by weight of polar monomers;

{ to 2 parts by weight of stlane functional monomers, wherein the sum of the

monomer of the dituent monomer component is 100 parts by weight.

X

9. The adhesive of any of the previous embodiments wherein the {methjacrylic acid
ester monomer component may comprise {(meth)acrylate esters of 2-alkyl alkanols wherem

the molar carbon number average of said 2-alkyl alkancls is 1210 32

16 The adhesive of any of the previous embodiments wherein the oligomer is of the
formula:

"‘1\‘3\}?{" 1 §\§ Eb*"i\{)rm} Ry ,{bmiwi i—e\’g(\uﬂ; where

-IMPL represents interpolymerized (methjacrylate ester monomer units:

-iMPPL represents interpolymerized (methjacryloyl monomer units having a pendent

g
H

ML represents interpolymerized polar mogomer units; and
{M‘my " represents interpolymerized (methacryloyl monomer units having a pendent
polvmerizable {methiacryloyl group;

{M”‘i-‘ﬁ represent optional silane-functional monomer

subserivts a, b¥, ¢, d and represent the parts by weight of each monomer unit,

11, The curable composition of any of the previcus embodiments further comprising an
additive selected from heat stabilizers, antioxidants, antistatic agents, thickeners, fillers,

nigments, dves, colorants, thixotropic agents, processing aides, nanopariicles, fibers and

¥y

any combination thereoll

i2. The curable composition of embodiment {1 wherein an additive is in amounts of

0.01 to 10 wt. 9% relative to the mass of curable composition.
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13.  The curable composition of any of the previous embodiments further comprising
metal oxide particles having an average particle size of 1 nim to abowt 100 nm in amounts

of 1 to 10 wt.%%, relative 1o the total weight of the curable composition.

14, The curable composition of any of the previous embodinents wherein the
wydroxyi-functionsl monomer 18 used in amounts such that the curable composition

T g - N S T

{oligomer + diluent) has a hydroxy! content greater than 6.3 x107 mol OH/g

5 The curable composition of any of the previous embodiments wherein the oligomer

is prepared by an adisbatic polymerization process.

k3

eeh

. An optically clear laminate comprising:

a first substrate having at least one major surface;

a second subsirate having at least one major surfacs; and

the curable composition of any of the previeus smbodimenta 1 to 13 situated
between and in contact with at least one major sarface of the first substrate and at least one

major surface of the second substrate.

17. An optically clear laminate according to embodiment 16, wherein the first
snhstrate, the second substrate, or both the first substraie and the second subsirate are

selected from a display panel, a touch panel, an optical film, a cover lens, or window.

18, An optically clear laminate according to embodiment 17, wherein the cover lens

comprises at least one of glass, pelvmethyimethacrylate, or polycarbonate.

19, An optically clear laminate according to embodiment 17, wherein the display panel
is selected from a liguid crystal display, a plasma display, an QUED display, an

clectrowetting display, and a cathode ray tnbe display.
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20, An opteally clear laminate according to embodiment 17, wherein the optical film
is sclected from a reflector, a polarizer, @ mirror, an santi~glare or anti-reflective film, ar

anti-splinter film, a diffuser, or electromagnetic interference fiter,

f'.i

21, A laminate according to any of the previous embodiments 16 to 20, wherein

curable composition has a thickness of greater than about 100 pm.

22, A laminate according to embodiment 16, wherein at least one of the substrates is

polycarbonate or poly{methylmethacrylate,

]
Lar

3, An optically clear laminate coraprising:

L%

a Hrst substrate having at least one major surface;

a second substrate having at least one major swiace; and

an opticaily clear adhesive composition of any of the previous embodiments | o
15 situated between and in contact with &t fesst one major surface of the first substrate and
at Yeast one major surface of the second substrate, wherein the adhesive has @ motisture-

vapor transmission rate of at least 400 5_:-;,-»";112..»’(3&}«‘.
24, A method of preparing an sdhesive comprising the steps ofl

{3 providing an essentially curable compesition of any of the previous
embodiments ¥ to 15,

(i) pertially polymerizing said composition to provide a partially polymerized
mixsure exhibiting a Brookficld viscosity of between 1,000 and 500,000 mPas at 20°C and
a degree of conversion of monomers to polymer of between 83-99 wi. %, with respect to

the mass of the monomers prior 1o polymerization,

(i)  converting a portion of the hydroxyl functional monomer units of said
oligomer to pendent polymerizable {methjacrylate groups,

(ivi  adding one or more photoinitiators and solvent diluent monomers to the
partially polymerized mixture to provide a radiation-curable composition,

(vy  subsequently coating the radiation~-curable composition on a substrate, and
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{v} Further polymerizing the radiation-curable composition by subjecting it to

actinie irradiation to provide said adhesive

25, The method of embodiment 24 wherein the radiation curable composition is coated
by knife-coating, gravure coaling, curtain coating, air knife coating spray coating, die

coating, draw bar coating or cuntain coating or roli-coating.

26.  The method of embodiment 24 wherein the radistion curable composition is coated
by applying dots and/or lines via a needle, needie die or slot die o the substrate.
27 The method of embodiment 24 Ruther comprising a tackifier.

28 The method of embodiment 24 further comprising a plasticizer.
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What is ¢laimed js:
1. A cursble composition comprising:
£} a solute {methlacryolyl oligomer having & M of 5 to 30k and a Ty of < 20°C

LOom “'lf‘ iﬂ

paia

sreater than 50 parts by weight of (meth)acrylate ester monomer units,

it 10 1o 49 parts by weight of hydroxyi-functional monomer units,

iti. t to 10 parts by weight of monomer units having pendent acrylate groups,
. § to 20 parts by weight of polar monomer usits,

¥. 0 to 10 parts by weight of silane-functional reonomer units,

whersin the suny of the monomer ynits is 100 parts by weight;
B) a diluent monomer component, and

¢} a photoinitiator,

wherein the composition comprises no croasiinking agents.

% o

Thesive composition of claim | comprising less than 50 wt.% of the diluent

2
]
4
C’b

{.L
e

v component and greater than 56

™
e
o)
11
e
or}
o
&

wit. s of the solute oligomer,

3. The adhesive of claim 1 wherein the motomer units having pendent acrylate groups are
prepared by reaction of said oligomer having pendent hydroxyl functional groups with an a0 rylovi

compound having co-reactive functions groups.

4, The adhssive of claimr 3 wherein the acryloy! compound haviag co-réactive functional

groups is of the formula:
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N . 3. 2. . .
wherein R is hydrogen, a Cy 1o Cy alkyl group, or a phenyl group,; R™ is a single bond ora
(heterohydrocarbyl divalent tinking group that joins an ethylenically unsaturated group to
co-reactive fanctional group A, and A is a carboxyl, isocyanato, epoxy, anhydride, or

oxazelinyl group.

4. The adhesive of claim 1, wherein the alkano! of the {meth)acrylate ester monomer units of

the oligomer have an average carbon number of Cio-Cua

8, The adhesive of claint 1, wherein the hvdroxy! funciional monomer has the general

fornmula

R Q

H

e e e

. wherein
R is a hydrocarbyvl group;
’Yis M oor OOy atkyl; and

is ~NR"- oy —O-.

7. The curable composition of claim | whersin the dituent monomer component cmprises at
jeast one monomer selected from acrylate ester monomer wnits, hydroxyl-fanctional monomer
units; monomer units having pendent acrylate groups, polar monomer units, and silane- functional

MONOWET unifs,

8. The curable composition of claim | wherein the diluent monamer component comprises:
80 1o 100 parts by weight of (methjacrylate ester monomers;
& 1o 20 parts by weight of hydroxy-functional monomers;
& 1o § parts by weight of pelar monomers;
G to 2 parts by weight of silane functional monomers, wherein the sum of the monamer of

the diteent monomer component i3 100 parts by weight,

g, The adhesive of claim | wherein the (methiacrylic acid ester monomer COMpPONSM mMay
comprise {methjacrylate esters of 2-alky! alkanols wherein the molar carbon number average of

g
o

said 2-alky] alkanols 45 {2103



WO 2013/181030 PCT/US2013/042140
51

1 The adhesive of claim 1 wherein the oligomer is of the formula:
"‘{Nfﬁsm}a*{F\iii}i?}i}¢- [?\z‘ipmﬁr}‘gghﬁsﬂﬂ}?“ {B’f&wﬂ}d*, whess
SMML represents interpotymerized {meth)aorylate ester monomer units;
MO represents interpolymerized (metidacryloy! monomer units having a pendent hydroxy
TTOUE,
ML represents interpolymerized polar monomer wiits; and
RS represents interpolymerized (meth)acryloy] monomer units having a pendent
polymerizable {methjacryioyl group;
P represent optional silane-fanctional monomer
subscripts a, b*, ¢, d and vepresent the parts by weight of each monomer unit,
11, The curable composition of clalm 1 firther comprising an additive selected from heat
stabilizers, antioxidants, antistatic agents, thickeners, fillers, pigments, dyes, colorants, thixetropic

sgents, processing aides, nanoparticles, fibers and any combination thereof,

2. The corable composition of claim 11 wherein an additive is in amounts of 0.01 to 1wt

% relative to the mass of curable composition.

13 The curable composition of claim | further comprising metal oxide particles having an
average particle size of 1 rum to about 100 nw in amounts of T to 10 wis, relative to the total

wmai\t of the curable mmmmuon

4. The curable composition of claim 1 wherein the hydroxyl-functional monomer is used in
amounts such that the curable composition {oligomer + diluent) has a hydroxyl content greater

than 6.5 X107 mol OF/g.

15, The curable composition of claim |wherein the oligomer is prepared by an adiabatic
polvmerization process.
3 An optically clear laminate comprising!

& first substrate having at lfeast ong major surface;
a secoud substrate having at least one major surface; and
the curable composition of clatm 1 situated between and bt contact with at least one major

surface of the first substrate and at Jeast one major surface of the second substrats.
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17, Asn optically clear laminate according to claim 16, wherein the first substrate, the second
substrate, or both the first substrate and the second substrate are sclected from 3 display panel. a

touch panel, an optical film, a cover lens, or window.

18, An optically clear laminate according to claim 17, whersin the cover lens comprises at

least one of glass, polvmethylmethacrylate, or polyearbonate.

9, An opticaily clear laminate according to claim 17, whersin the display panel is selected
from a Hguid crystal display, a plasma display, an OLED display, an electrowetting display, and 8

cathode ray tube display.

20, Axn optically clear laminate aceovding to claim 17, wherein the optical film is selected
from a reflector, & polarizer, a mirror, an anti-glare or antbveflective film, an anti-splinter film, a
diffiszer, or elechomagnetic interference filter,

21 A lamiinate according to claim 16, wherein the curable composition has 2 thickness of

greater than about 100 jro.

22, A laminate according toclaim 16, wherein at least one of the subsirates s polvearbonate

or poly{methylimethacrylate,

B3
[}

An optivally clear laminate comprising:

a first substrate having at lesst one major surface;

a second substrate having at least one major surface; and

an opticaily clear adhesive composition of claim 1 situated t between and in contact with at
least one mujor surface of the first substrate and at least one major surface of the second substrate,

wherein the adhesive has a moistare-vapor fransmission rate of at least 400 g/ ‘mday.

4. A method of preparing an adhesive comprising the steps oft
{H providing an essentially cerable composition of elaim 1,
{it} partially polvmerizing said composition to provide a partially polymerized

mixture exhibiting a Brookfield viscosity of between 1 060 and 500,000 mPax at 20°C and &
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degree of conversion of monomers o polymer of between §5-89 wt. %%, with respect to the mass of
the monomers prior to polymerization,

{1}  converting a portion of the hydroxy! functional monomer units of said oligomer to
pendent polvmerizable {methlacrylate groups,

{ iv} adding one or more photoinitiators and solvent diluens monomaers to the partially
polymerized mixture o provide a radiation-curable composition,

{iv)  subsequently coating the radiation-curable composition on a substrate, and

{+} further polymerizing the radiation-curable composition by subjecting it to actinic

irradiation to provide said adhesive.

‘J‘q

25, The method of elaim 24 wherein the radiation curable composition is coated by knife-

-

coating, gravare coating, curtsin coating, air kaife coating spray coating, die coating, draw bay

coating or curiain coating or roil-coating.

286. The method of claim 24 whersin the vadiation curable composition is coated by applying

dots and/or lines via a needle, needie die or stot die to the substrate.

7. The method of claim 24 further comprising a tackifier.

28, The method of claim 24 further coveprising a plasticizer,

b3
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