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LIQUID OPTICAL ADHESIVE COMPOSITIONS

Field
The present disclosure relates to optically clear adhesives and laminates that include the

adhesives.

Background

Optically clear adhesives are finding wide applications in optical displays. Such
applications include bonding polarizers to modules of a liquid crystal display (LCD) and attaching
various optical films to a glass lens in, for example, mobile hand held (MHH) devices. During
use, the display can be subjected to various environmental conditions, such as high temperature
and/or high humidity.

It has been observed that adhesives can exhibit a cloud point after subjecting optical
laminates of optical films and adhesives to high temperatore/humidity accelerated aging tests and
subsequently cooling the laminates down to ambient conditions. While still hot, the laminates
may be perfectly clear, even when saturated with moisture. But upon cooling they can exhibit a
cloud point and turn hazy or "white”. Frequently, the haze will disappear over time upon storage
of the laminate under ambient conditions. The haze disappearance can often be accelerated by

gently heating the optical laminates.

Summary

The present disclosure includes a curable composition comprising a) a solute
(meth)acryloy! oligomer having a plurality of pendent, ethylenically unsaturated, free-radically
polymerizable functional groups and pendent hydroxyl groups, a M, of Sk to 30k, a T, <20°C
(preferably having a T, < 0°C); b} a solvent monomer component; and a photoinitiator. In one
aspect, a curable adhesive composition is provided that comprises a) a solute (meth)acryolyl
oligomer having a Mw of 5 o 30k and a Tg of < 200C comprising i. greater than 50 parts by
weight of (meth)acrylate ester monomer units, it. 10 to 49 parts by weight of hydroxyl-functional
monomer units, iii. 1 to 10 parts by weight of monomer units having pendent acrylate groups, iv. 0
to 20 parts by weight of polar monomer units, v. 0 to 10 parts by weight of silane-functional
monomer units, wherein the sum of the monomer units is 100 parts by weight; b) a diluent
monomer component, and ¢) a photoinitiator, wherein the composition comprises no
polyethylenically unsaturated monomer or other crosslinking agents.

The composition, when cured, is non-yellowing, exhibits low shrinkage, low birefringence
and low sensitivity to moisture (cloud point-resistant), making it suitable for many optical

applications including, but not limited to bonding polarizers to modules of a liquid crystal display
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(LCD) and attaching various optical films to a glass lens in, for example, mobile hand held
(MHH) devices. The composition is low viscosity so that it may be used as a dispensable optical
adhesive, and builds molecular weight by a chain-growth addition process.

The present disclosure also provides for an optically clear laminate that includes a first
substrate having at least one major surface, a second substrate having at least one major surface,

and the cured
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optical adhesive composition disposed between the two substrates. In another aspect, an optically
clear laminate is provided that comprises a first substrate having at least one major surface; a
second substrate having at least one major surface; and the curable adhesive composition as
defined herein situated between and in contact with at least one major surface of the first substrate
and at least one major surface of the second substrate. The articles of the disclosure may have a

thickness greater than about 0.5 millimeters, generally a birefringence (absolute) of less than

1x10-6, light transmission greater than about 85%, preferably greater than 90%, and a CIELAB b*
less than about 1.5 units, preferably less than about 1.0 unit for samples with thickness of 500
microns.

In a further aspect, an optically clear laminate is provided that includes a first substrate
having at least one major surface, a second substrate having at least one major surface, and a
cloud point-resistant, optically clear adhesive composition situated between and in contact with at
least one major surface of the first substrate and at least one major surface of the second substrate,
wherein the adhesive has a moisture-vapor transmission rate of at least 400 g/m*/day.

By incorporating hydrophilic moieties in the liquid optical adhesive matrix, haze-free,
cloud point-resistant adhesives can be obtained which remain clear even after high
temperature/humidity accelerated aging tests. The provided adhesives are suitable for use in, for
example, laminating polarizers to optical LCDs, attaching various optical films to glass lenses in
mobile handheld devices, and other adhesive application that require optical clarity in various
temperature and humidity environments.

Although not wishing to be bound by theory, it is thought that the haze appears when the
adhesive becomes saturated with water at elevated temperatures, and 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 phase separation of small water droplets, which due to a
mismatch in refractive index with the adhesive matrix causes haze or a "white" appearance. If the
droplets remain very small (e.g., a few hundred nanometers or less) or the water remains fully
solubilized in the adhesive under ambient conditions, the adhesive and its bond line with the
substrate will stay clear while it re-equilibrates its moisture content with the environment. To
facilitate re-equilibration of the moisture with its environment, it is also anticipated that the
moisture-vapor transmission rate of the adhesive needs to be high enough to transport the water at
a sufficiently high rate to prevent water accumulation which may lead to light scattering and haze.

In a yet further aspect, a method of preparing an adhesive is provided that comprises the
steps of (i) providing an essentially curable composition as defined herein, (ii) partially
polymerizing said composition to provide a partially polymerized mixture exhibiting a Brookfield

viscosity of between 1,000 and 500,000 mPas at 200C and a degree of conversion of mononiers to
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polymer of between 85-99 wt. %, with respect to the mass of the monomers prior to
polymerization, (iii) converting a portion of the hydroxy! functional monomer units of said
oligomer to pendent polymerizable (meth)acrylate groups, (iv) adding one or more photoinitiators
and solvent diluent monomers to the partially polymerized mixture to provide a radiation-curable
composition, (iv) subsequently coating the radiation-curable composition on a substrate, and (v)
further polymerizing the radiation-curable composition by subjecting it to actinic irradiation to
provide said adhesive.

As used herein:

"cloud point" refers to the temperature at which a mixture of adhesive and water separate
into a continuous adhesive 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;

“Alky]l” means a linear or branched, cyclic or acyclic, saturated monovalent hydrocarbon

having from one to about 32, e.g., methyl, ethyl, 1-propyl, 2-propyl, pentyl, and the like.
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“Alkylene” means » linear satwrated divalent bydrocarbom having from ore to sbout
twelve carbon atpms or 2 brinched saturated divalent hydroocarbon radical having from three
about twelve carhon atoms, e.g., methylene, sthylene, propylene, 2-methylpropviene, pentylens,

hegylene, and the ke,

"Heteroatkyl" includes both straight-chained, branched, and cyche alhy! groups with one
o more heterestoms independently selected from §, P, 8§, O, and W with both unsubstituted and
substitated alky! groups. Unless otherwire indivated, the heteroalky! groups typically contain
from 1 to 20 carbon atoms, “Heteroalky!™ is a subset of "hydroparbyl containing ons or move §,
N, 0, P, av Si atoms™ described below. Examples of "heteroalkyl™ as used heretn include, but are
not Hmited to, methoxy, sthoxy, propoxy, 3,6-dioxaheptyl, 3-(rimethylsitvlpropyd, 4-
dimethylaminobutyl, and the like, Uunless stherwise noted, beteroatky! groups may be mono- or

polyvalent, Le. monovalent hoteroalky! or polyvalent beteroalkylene,

“Aryl” is an aromatic group containing 6-18 ring stoms and can contain optional fused
rings, which may be sanreted, unsaturaed, or aromatic. Examples of an aryl groups include
phesiyl, naphthyl, bipheny], phenanthry, and anthiracyl. Heteroary! is an aryl containtng 153
heterosions such as nitrogen, oxygen, or sulfur and can contain fesed rings. Some examples of
heteroay! groups are pyridyl, furanyl, pyrrolyl, thienyl, thizzolyl, oxazohyd, imidazolyl, indoivi,
benzofuranyl, and banzthilazelyl, Unless othervwise noted, aryt and heterasyt groups may be

mono- or pulyvalent, Le. monovalent aryl or polyvalent arvisse.

“(Heterothydrocatby!™ Is inclusive of hydrocarbyl alky! and aryl groups; and
heterohydrocarby! heteroaliy! and heteroanyd groups, the later comprising ose or more catenary
exygen heteroatoms such as ethar or aming groups, Heterobydrocarby! may optionally contain
one or more catenary {in-chain} fimctional growps including ester, smide, urka, wrethave, and
carbonate Sunctional groups. Unlesy otherwise indicated, the non-potymerie (heterothydrocarbyl
groups typically contain from 1 to 60 carbon atoms. Some examples of sueh hetershydrocarbyls
28 wged herein include, but are not limited to, methoxy, ethoxy, propoxy, 4-diphenylaminobutyl, 2-
{3phenosyethoxylethyl, 3,6-dioxaheptyl, 3.6-dioxahexyl-6-phemyl, in sddition to those deseribed
for “aliopl™, “heteroalkyl™, “aryl”, and “heteroany?™ supra.

Taeryviovl is inclusive of hoth esters and amides.

"{methiacrvioyl” includes both servioy! and methacryioyl groups; Le. is nclusive of both

asters and amides,
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Pegniled Description
Oligomer

As a first component, the sdheésive composition has @ solute {math)acryolyd sligomer
having a M, of 5 1 30k, prefevably 8 to 15k, amd a T, of < 20°C, preferably < 19°C, more
preferably < 6°C, a sobverg diluents monomer corponent and a photoinitator. In some
emvodimens the composition cormprises:

greater than 50 parts by weight, preferably greater than 80 parts and wost prefersbly
greater than 90 parts of an ofigomer having 2 plurality of pendent fregeradically polymerizable
fanctional groups and having a M, of § 10 30K and a T, 0f < 20°C;

less than 56 parts by weight, preforably less than 20 parts, and most preferably less than
10 paris of a difuen solvent monomer component;

and 0,001 10 5 parts by weight, preferably §.001 to 1, most preferably 0.01 to 8.1 parts of
2 phosoinitiator, based on 100 parts by weight of the oligomer and diluent solvent monomer.

The oligomer generally comyprises polymerized monomer units o

Ay greater than S5O parts by waight, praferably greater than 75 parts by weight, most

proferably greater than 80 parts by weight of (meth)aeryviate ester monomer

TN,
b) 10 oy 49 parts by weight, proferably 1D to 35 pavts by weight, most praferably 13
to 25 parts by weight, of mononter units having 2 pendent bydeoxy functional

TIOUP,
<y 1t 10 pasts by weight, preforably T o 5 parts by weilght, most preforably 1 03
parts by cweighs, of wonomer units having a pendent, free-adically

polymertzable functional groups,

d} U to 20 parts by weight of other polyr monomer units, whersin the sam of the

monomer wiits is 100 parts by weight,

In ome aspect, the oligomer comprises (methjacrylate ester monomer units. {meth)acsylate
ester pan include aliphatie, evcloaliphatic, or aromatic aliyl groups, Useful alkyd aa:ry’i ses (.2,
acryhic acid alkyl sster monomers) include linear or branched monofunctional aorylates or
methaorviaies of nontertiary slkyl aleohols,

Usafol mosomers include, for example. 2-ethyihexyl (methaceyiate, sthyl (methlacsviate,
methyl (methjmenviate, nvpropy! methacryiate, sopromed (meth)acryiate, pontyl {methinorylate,
ooty Guethacrviste, isoocty! Grethizerylate, sononyi {methiaerylate, n-batyl {metiacrylate,

sebuty! (metiacryiate, hexyl {methlacrylate, nnonyl {metitaorylate, isoamy! {mehaveviate, n-
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decy] {meth)acrylate, sodecy! (methlacrylate, laurvi(methlacrylate, dodeoyt (mathinorylate,
cyolohexyl {methlacrylate, phenyl motiacryiae), benayt methiaceryviate}, tridecy! {methjacrylate,
I-propythepty! (methlacryralte and 2-methyibutyl (methlsoryiate, and combinations thereof. In
some embodiments, the sverage carbon number of the alkano! portion of the fmethlacrylates is 10
to 14,

The oligomes bas a Ty of < 20°C, preferably <10°C, wore prefosably <0°C. A useful

redictor of nferpolvmer T, for specific combinationy of various monomers can be com
P POy 2

o
o
\,r

application of Fox Eguation 1 VT = EWT,l In this equation, T, Is the glass transition
temperanre of the mixture, Wi is the weight fraction of component § in the mixture, and Ty is the
glass transition temperature of component 1, and all glass transition tempesatures are in Kelvin
{K}. T ovder that the oligomer have a T < 20°C, it is expedient to include fow T, monomaers.

As ysed hereln the term “low T, monomer™ sefers 1o a monomer, which when
homopolymerized, produce a {methiacryloyt copolymer having = T, of < 20°C. The incorporation
of the fow T, monomer to the oligomer is sefficient to reduce the glass transition temperature of
the resniting copolymer to 28°C, as caleulated using the Fox Equation.  Alternatively, the glass
wansition femperalure can be measured in & varlety of kuown ways, including, e.g. through
differential scanning calorimetry {DSC).

Suitable low T, monomers have one ethvlenically wnsaturated group and a glass transition
semiperature of less than 20 “C, preferably less than 10 °C, (as estimated by the Fox Bauation),
which are suifable in the present disclosure inclode, for exaraple, n-butyl acrylate, robutyl
acrylate, hexyl acrylate, 2-sthybhaxylacrylate, isoootylacryiate, caprolactoneacryiate,
issdecylacrylate, tridenylacrylate, lurylmethacrylate, methoxy-polyethylenglycol
monomethacrviate, lsvrylacryiate, tetrahydrofurfurvl-acrviate, sthoxy-cthoayethy! serviate and
sthoxylased-nonvleorviate. Bspecially preferred are R-othylb-hexylacrylate, sthoxy-ethoxyethy!
acrylate, wideryiserviate and ethoxylated nonylacrylate,

In some srbodbments the {meth)acrvlic seid ester monomer componont may compriss
{methjacrylate esters of 2-alky! alkanols wherein the molar corbon number average of said 2-atkyl
atkanois s 12 to 32, The Guerbet alkanol-derived (methiscrylic monomers have the ability to
form (cojpolymers with unique and fmproved propesties over comparable, commonly used
adhesive acryiate (copolymers. These propertics nclude a very low Ty, a low solubility
parameter for gerylic polymers, sod & low storage modubus creating & very conformable elustomer.
When Guerbst monomers are included, the (meth)serviate ester component may nclude up 1o 100

parts by weighi, preferably op to 80 pasts by weight of the {meth)acrylate ester monomer
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componens. Such Guerbst {imath)acrvlate esters ave deseribed in Applicant’s US, 8137867
{ewandowski ¢t al.} and is incorporated hersin by reference.

in somye preferred smbodimeants, the (methacrylate ester is derfved from alkanols kaving,
an average carbon sumbsr of Og-Cyp, preferabily CueCi This average carbon number may be
calenlated based on the weight peroeutages of cach {methlacrylate ester monomer.

The eligomer further comprises a hydrophilie, hydroxyl functional monomer, The
hydrophilic, hydroxy! functional monomeric commpound typically has a hydroxyl equivalent weight
of tess than 400, The hydroxy! equivalant molecular weight is defined as the molecular weight of
the monomieris compound divided by the number of hydroxy! groups in the montmeric compound

The hydroxy! functional monomer has the general formula:

R* O

, wherein

& is a bydrocarbyl group, ncluding slfkylone, avylens and combinstios thersof, mors preferably
2 G-U alkylene;

R is -8 or Op-Cy alhy; and

K s N or -,

Usefist monomers of this type include hydroxyethy] Gmeth)acrylate, bydroxypropy!
{rethiscrylate, 2-hydroxy-2-phenoxypropyl (metieerylate, and hydroxybulyl (methacryiate, 2
hvdroxyethyiacramide, and N-hydroxypropylacrylamide.

The hydeoxy! functional monomer is geverally used in amounts of 10 {0 49 parta by

weight based spon {00 parts towal menomers of the ofigomer.

The oligommer optionaily further comprises a hydrophilie polar menowmer, other than the
hydroxyi-functiona! mionomer. The hydrophilic monomser typieally bax 2 average molecuiar
welght (M} of greater than about 78, or greater than about 580, or even higher, Suitible
hvdrophilic polvmeric compounds include poly{uthylene oxide} segments, hydroxy! fimctionslity,

¢ 5 combinarion thereof, The combinmtion of poly(sbylone oxide) and bydroxy! fonctionality in
the polymer needs to be high enough to make the resulting polymer hydrophilic. By "hydrophilic”
it is mesnt that the polymeric compound ean incorposate af least 28 weight peroan of water
without phase separation.

Typically, suitable hydrophilic polymeric compounds may costain poly{ethylene oxide)
sogrends that include at feast 18, at least 20, or oven at least 36 ethylooe oxlde uailts,

Alternatively, suitable bydrophilic potymeric compounds include at least 25 weight percent of
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oxygsn in the form of ethylene glyen! groups from poly(ethviene oxide) or hydroxy! functionalfty
based upon the fvdrocarbon rostent of she polymer,

Useful hvdrophilic polymer compounds mey be copolymerizable or non-copolymerizable
with the adhesive compesition, as long as they remain miscible with the adbesive and vield sn
optically clear adhesive composition, Copolymerizable, hydroplilic polymer compounds include,
for exaraple, CIISSE, available From Sartomer Company, Bxton, PA, which is 2 monofunctional
methoxylated polvethiviene glyeo] (350) mathacrylate, or SRE036, also available from Sartowmer
that {8 an ethoxylated bisphenol A dhmethacryiate that has 38 polymerized ethylens oxide groups
between the bisphenol & molety and each methacryiate group. Other examples inclhude
phenoxypolyethylene ghyeol aeryiaie available from Jarchem Indugiries Ing., Newark, Mew Jorssy

The polar monomer-component may also inclade weakly polar monamers such ag serylic
monomer eorsaining carboxylic acid, amids, wrethane, or vres functional groups. & generad, the
polar monomer content in the adhestun can nclude Jess than sbout 5-parts by weight or even less
than about 3 parts by weight of one or mors pelar monomers, Usefid earboxylic acids include
acsylic aoid and methacrylio acid, Usetul amides indlude Novinyl caprolactam, Nevinyl
pywrolidons, (methjaorslamiie, N-methyl {meth)scrylamide, NN-dimethy! aceyiamide, N.N-
dimethy! met{avryiamide), and Ne-ocny! {methacrylamide,

The hydroxy! funstional monomer and polar monmers are used In amounts suck thay the
oligomer is lydrophitic. By hydrophilic” it iy meant that the oligomeric compound can
incorporate ab feast 25 weight percent of water without phase separation. Generally the polar
monmner are wsed i amounts of 0 o 20 parts, based on 100 parts totel monomer of the aligtmer.
Ganeraily the polar monomer, when present is used i amounts of 1 to 10 parts, preferably 1 10 §
narts,

$

The oligomer optionally containg silene monomers M| including those with the

g-\

following foreuia:
A-R"-Sé—{"k’}p(:ﬁ‘}g.g
whergtn:

A is an athylenically unsaterated polymerizable group, including vimyl, allyl, vinvioxy,
sityioxy, snd {methlacryiovl, preferably (methjacrylate;
R” is 2 covalent hond or a divalent (hateroiieirocarbyt group,

s one embodiment RY is a divalent hydrocarbon bridging group of showt | to 20 carbon
atoms, including alkylene and arylene and combinations thereof, optionally including in the

backbone 1 1o § moieties selected from the group vonsisting of ~0-, ~C(O M, -5+, -8CG;- and ~NR-
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groups {and combinations thereof such as ~C{OMI-), wherein R is hydrogen, or a C-Cy alkyl
group. In another embodiment, R® is a poly{atkylene oxide) molety of the formula

HOCHCH I OCHCHR D), whersin Tis at least 3, g may be 0, and prefevably at least 1, and
the mole ratio of fig s at teast 2: 1 {preforably at feast 3115, and Rt Hora CCy alkyh,

Preferably, R® is & divalent alkylens. ¥ ¥ o hydrolvsabie group, including alkoxy, acvioxy

and halo; R is 2 monovalent alkyd or aryl group, p is 1.2 or 3, preferably 3.

Usefal silane monomers include, for example, 3-{methacrylovioxy)
propyirimethoxysifang, J-aeryloxypropyirimethoxysitane, 3-aurylovioxypropyitviethoxysilane, 3-
{methacrvioylomy)propyhiriethoxysilane, 3-{methavryloviogylpropyimethyvidimethoxysilane, 3+
{aeryloyiorypropyDmethy idhmethoxysilane, 3{methaceyloyloxy jpropyidimethyiethoxysilane, 3-
{ruethacrvioyimey) propyldiethylethoxysilane, vinyldimethylethoxysitase,
vinylmethyidiethoxysilane, vinvhriacetoxysilane, vinvitriethoxysilane, viayliriisoproposysilane,
vinyrimethoxysilane, vinyliriphenoxysilane, vinyiti-t-butoxysilans, vinylis-isobutoxysifane,
vinyltrilsopropencxysilane, vinyliris(Z-methoxyethoxysilane, and mixtures thareof.

The optiona! silane monomers (M7 ate used in amotmts of § to 19, preferably 1-5, parts
by weight, relative to 100 paris by weight total monomer. Such optional silane monomers are
uséd as adhesion promoters for improved bonding to metal, o silaceous surfices, to surfaces
having ~OH groups, or as a seifscrossiinking group for the cuvable composition,

The pligomer furthey comprises polymerized monomer units having & pendent
ethylenicatly unsaturated pol)-'meriz;abie groap, The ethylenically unsaturated group is provided 1o

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

a‘m

Giigﬁmﬂr are further functionalized by seaction with g co-reactive, electrophific componnd having
an ethyienically unsaturafed group — “eo-renctive monomers™,

The so-reactive fuactional groop preferably comprises.a carboxyl, isocyanata, epoxy,
anhydride, or oxazoibyy? group, oxazoling! compounds such as R~eth@ﬁy§~-2,3»&:{&205&%5*0&3 and
2-propenyi-4,4-dimethyl-1 3-oxazelin-S-one; carboxy-substituted compounds such s
{meth)acrvlic acid sud $-carboxybenzy! {methirerylate; isceyanato-substituied compounds such a5

»

socyanatoethyl (methacrylate and 4-isocyanatocyelohexyl (methiacrylate; epoxy-substituted
compounds such a5 glyeidyl (methiacrylate; azividinylsubstitured compounds such as N
acryioylaziridine and 1-(2-propenylazividine; and acryloy! halides such as (methuerylop!
chioride.

Prafervad go-reactive mosomers have the genersl formula

A

::wafa%
R!
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wherein R’ is hydrogen, a O w Cp ally! group, or & pheny! group, preferably hydrogen or a
methy! group; R’ is 2 single bond or a {heterodhydrosarby! divalent Haking group that joins an
sthylenjcally ussaturated group i co-reactive functional group A and preferably confains up
34, preferably up to 18, more preferably wp to 18, carbon and, optionally, oxygen and sitrogen

atoms aud, when R s not z single bond, is prefevably selecied from

Q %}
e R o COR? s B e CNEHR
wherein R is an aliylene group having 1 to § carbon atoms, a 5 or S-nembered cycloalkylene

group having 5 fo 1 carbon stonss, or an alkylene-oxyaticyiene in which each alkviene includes §
10 6 carbon atoms or i3 a divalent aromatic group haviag 6 1o 15 carbou atomss; and A is 2 go-
reactive fonctional group capable of reacting with pendent hydroxyl grovp of the oligomer for she
inearporation of a free-radically polymerizable functional grovp.

An alternate but divect method of ncorposation of the pendont etfyylenivally unsaturated
grotp ix 1o include a polyvethylenically unsativated monomer {such ay sthylene glyool diserylates,
propylene glycol dimethacryiate, wimethylolpropane triacrylate, or 1,6~
hexamethyienedioldiacrylate) in the monomer mix, However, it has been determined that the use
of such polvethylenically waturated monomers leads to extensive branching andfor crossbinking,
and is therefore preciuded in favor of the indirect method of functionalizing a portion of the
pendent hydroxy! groups, Preferably, the curable composition contains no pelysthylenically
unsaturated monomer or other crossiinking agents.

The olipomer is preprred and then subsequently fonctionalized with the pendent,
sthylenically smsatorated group, That is, the acrylic ester monenmer, hydroxy! functional syonomer
and optional other polar monomer are combined and polymerized 1o produse the hydroxyl
fonctional oligomer.

The oligomer may be prepared using radical polymerization techniques by combining an
inftiator and mononers {u the presence of a chaln transfer agent. In this feactzoa.. chain transfer
agent wahsfers the active site on twe growing chain to another molecule that can then start 3 new
chain 30 the deogree of polymerization may be controlled. The M, of the oligomer is § 1o 36K,
preferably 8 1o {58 1t has been found i the degree of polymerization is too high, the composition
is too kigh in vigeosity, and not easily processible. Conversely, i the degree of polymerization is
toa fow, the modolus, adhesion and other mechanical properties are diminished (at & constant
degree of funationalization).

{haip wansfer agents may be used when polymerizing the monomers deseribed herein to

comitrod the molecuiar weight of the resalting ofigomer. Suitable chaln trensfer agents include



WO 2013/181030 PCT/US2013/042140
18

hatogenated hydrocarbons (.g.. carbon tetrabromide} and salfur compounds {e.g., laury]
mereaptan, butyl mercapian, ethanethiol, and 2-mercaptoethy! ether, isoocty! thiogiveolate, t-
dodecyimercaptan, J-mercapio-,2-propancdiol). and ethylenculyos! bisthivglveolate. The
amouttt of chain transfer agent that is useful depends spon the desired molecylar weight of the
oligomer and the type of chain transfer agerit. The chain wansfer agent is typically used i
amounts froen about 8.1 parts to about 10 parts; preferably 6.1 to abowt § parts; and more
proferably from about 0.5 parts 1o about 4 parts based ontotal weight of the monomess,

The monomers and optionad chain transfer agent are combined and ofigomerized in the
presence of a chain ansfer agent, More purticalarly, the adhesive is prepared by the steps of)
{i} providing an essentially solvent-free munture comprising the free radivally pofymerizable
snonmers supra and at loast one freevadical polymerization inifiator,
(i1} partially polymerizing said mintore to provide & partiaily polymerized mixture exhibiting 2
Brookfield viscosity of between 1,008 and 125,000 wmPas at 20°C. and 2 degree of conversion of
monomers to polymer of between 85-99 wi. %, preferably 90 to 98 w.b% with respact to the nass
of the monomess prioy 1o pelyvmerization,
{311} converting 2 potion of the hydroxyt functional monomer uaits to pendent polymerizable
{methacryvlate groups,
{ivy adding one or more photoinitiators snd solvert dileent monomers to the partially polymerized
mixture {0 provide a radiation-curable precurser,
{ivy subsequently appiving the radiation-curable precursor to a substvate, and
(v} further polvinerizing the radiation-curable precursor by sublesting it to actinic rradiation to
provide said adhesive.

The present disclosurs further relates to & radiation~curable pracursor oblainable by
perfmrmi;zg steps {30 of the method of the prasent disclosure. The polymer obtained by

N

eonversion of the monomers 10 polymer 1o a degres of between 85.99 wi. %6 which is comprised in
the radiation-caraidle precussor, preferably has « polydispersity p=Mw/M, between 1.5 and 4.
The mixture forther comprises an effective amount of one or wmwore free-radicsl
polymerization initiztors. The free-radical polymerization inftiators and their amount and the
polymerization conditions are selected o offect 2 partial polvmerizativn of the wixture providing
the requived conversion of mononess 1o polymer to a degree of between §5-9% wt. %6 with respeot
to the mass of the monomers prior & voiymerization, snd a viscosity of the partially polvmerized
mixture of between 1,000-500,000 mPas at 20°C. The term "fres-radical polvmerization
inttiators” as used above and below Inchedes inttiators which can be thermally activated oy

activased by actinic radiation such as, i partienlar, UV -radiation.
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Since the mixtere preforably is purtially prepalymerized & step () under essentially
adiabatic polymerization sonditions, the mixture preferably comprises one or more thermally
aetivarable free-radics! polynierization initistors. Suitable thermally activatable fregradical
pobymerization inftlators include organic peroxides, organic hydroperoxides, end azo-group
initiators which produce free-radivals. Useful vrganic peroxides inchude but sre not mited to
compounds such as benzoy! peroxide, divbamy] peroxide, t-hutyl peroxy benwoate, and di-cusmyt
peroxide. Useful organte hydroperoxides include bat are not hinvted 1o compounds such as t-asyy!
hydroperoxide and t-butyl bydroperoxide. Useful amo-group initiators inghude but are not Hmited
1o the Vazo' ™ {compounds manufactured by DuPont, such as Vazo 77 $2 (2,2 azobis(2, 4
dimethyipentanenitriie}), Vazo™ 64 (2,2%azobis{2-methyl-propanenitrile)), Vazo™s7 (2.2~
azobist2-methylbutanenitrile)), and Vazo™$8 (2,2 -azobis{oyciohexane-carbonitrile}),

The polvmerization steps (i1} and (I8} may ovenr as a single step, or multiple steps. That
15, all or & portion of the monomers and/or the initiator may be inltially charged and partially
polymerized. In some embodiments, there is sr ttial charge of monomers and inftiator that is
partiatly polymerized, then additional monomer andfor inttiator is added, then further
polyrmaerized. Such multiple polymesization steps 1} helps narrow the polydispersity of the
reaction, specifically reducing the amount of low molecular waight chains formed and 2)
minimize the heat of reaction and 3) sllows one 10 adiust the type and amount of monesmer
available during polvmerization,

The tarmy "essentially adiabatic polymerization” as used above and below means tha toral
of the absoluté value of any snergy exchanged to or from the reaction system in which the
pobymerization of the mixhure 10 2 degred of convirsion of betwesn 38-60 vt % 1o provide the
partially polymerized mixmre, takes place, will be fess than sbout 15% of the total energy
Hberated during said polymerization of the mixture,

In the preforved swethod of the preseng diselosure, the rezction system in which the
adiabatic polymerization of the mixture to » degree of conversion of monomery o pulymer
betwern 3399 wi ¥ to provide the partially curad mixtore takes place, preferably is a bateh
veactor. By reacting batch-wise is meant that the polymerization reaction of the misture ocours
a vessel where the purtially eured mixture may be drained {rom the vessel at the end of the
polymeriastion and sot continvousty derisg the resction. The monomers asd Inftiatoes and,
optismally, additives can be charged to the vessel at one tims prior to roacting, in steps over time
while reacting, or continuously over & time period while reacting, and the polymerization resction
is attowed w0 procsed for the necessary smount of thoe to achieve the destred degres of

conversions of sald one or mosre monwsers o pulymer to a degree of between 858 wt. %,
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The degree of conversion can be measured by standard snalytical methods, fncluding 18
spectroscopy and gravimetric analvsis. Additional details regarding the adiabstic reaction process
may be found i U8, 7,651 437 {Eliz ot al), incorporated herein by referenpe,

The oligomer thus produced hes the general formala:

Nis;sw}a Q\%\»Hw Evvg‘-uta: {Ni‘”gﬁ}gj where
MR renresents interpolymerized (mesh}acryime ester Monomer units;
[MUPL rspresents interpolymerized fmethiacryloy] monomer units heving a pendent hydroxy
growp,
MY represent optional polar monomer ynits, and
M represent optional silene-functional monomer vrits.

Subsoripts a, b, © and o represent the parts by weight of each monomer anit, ¥ will be
understood that the cligomeric product of the adisbalic process further comprives unreacted
monomer due o the partie] cofversion.

As previcusly desoribed, a portion of the hydroxy! functional moromer usits; {M™ ], ase
converted to [MAP (methacrvioy! monomer mnits having & pendent polymerizabie
{methlacryioy] groug to yvield as oligomer of the formul

~EEEY PR L Y [, where

{Vf”‘“‘} represents interpolymerized (methacryloyt monomer units having & pendent
polymerizable {meth)aeryioy! group, b¥ represents the parts by weight of the hvdrosyi-fimetionsl
monomer remaining after finctionalization to produce [M™™" snd d represents the pass by weigh
of the moncwmer units havisg pendent, fee radically polymerizible movomer units. B will be
apparent that b -+ & will equal the value of b in the starting oligomer, ‘A percent o the pendent
hydvoxy! groups are functionalized with (wetlhacryvlate groups o provide the nligomer with 1 to
10 w.%% of (methlacryiate groups for subseguent polymerization, Post-funciionalization, it is
prefarred that the oligomer comprises at least 18 wi.%, preferably at least 13 wi.% and most
preferably ot loast 20 wi, %, of the hydroxy! functional monomer mads 50 as to avoid the clond

point problems in humid environments,

The extant ofigomeric mixturs deseribed supro is combined with a photofitiator and
additional dilosnt monomer, then further polyamerized. The difuents monomers can be used fo
adiust the viscosity of the composition. Up to S8, preferably ep to 20, more preferably up 1o 14,
sarts by weight of diluest monomer may be added.

The diluent monomers may be the sems mionomers desoribed s, n the amowns
described, In some embodiments the difuent monomaer somponent comprises:

80 1o 160 parts by weight of {(meth)acryiale gster monomers;
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& 10 20 parts by weight of hydroxy-fimetional monomers;
¢ %0 5 parts by weight of pelar movnmers;
§ 102 parts by weight of sitvi fonctional monorpers, whersin the surs of the monomer s 108 parts
by weight, In some emhodiments the hydroxvi-functional monomer is wsed In amounts such the
curable composition {oligomer + dihuent) has a hysroxyl content greater than 8.3 3107 mol Qg

The curable composition cosprises less than SO wt.% of the dilaent monomers and
greater thiw 58 wit.b% of the solute oligomer, and a photoinitiator in concentrations ranging from
about 0.001 to abowt 3.0 phw, preferably from about 8.001 to about 1.5} pbw, and more preferably
from abowt 0.01 10 abouwt 8.5 phw, per 100 pbw of the monomers,

i the fourth step {iv), one or more photoinitdators are added fo the partially polvmerized

wixture o provide the radiation-curable procursor. The term "photoinftiator” as used above and

below comprises free-radical pobymerization initiators which can be activated by some kind of
actinic radiation such as for example, light sources, especially UV -light sources, or g-beam
sources. Aarivation by Hght sources and, especiatly, UV-light sources {s preferred. Freeradical
radintion polvinerization initiators which casi be activated by Hght, ave often referred toas free-
radical photoinitiarws. Radiation-curable precorsors which include one or more photoindtistors
ave preferved. The fres-radical photoinitiators whick are suitable preferably include both type
and type T photolmigators.

Tvpe 1 phutolnitiators are defined to essentially undergo a unbnolecular bongd cleavage

.

reaction apon irradiation thersby vielding fres-radicals. Suitable type I photcinitiators are
selested from & group cousisting of benzoin ethers, bevzd ketals, slpba.-diatkoxyacetophenonss,
alpha.-bydroxyalkyiphenones and acyiphosphine oxides. Suitable type I photuinitiators are
commercially available, for example, as Bsacure © KIP 100 from Lamberti Spa, Galtarate, Ttaly,
or as Trgacure T 651 from Ciba-Geigy, Lantertal, Germany,

T‘ype I ghotolnitistors are defined o essentially underge & bimoleoular reaction where the
photottitiators interact in an excited state with a second compound acting s co-initiator, o
genevate free-radivals, Suitable type U photoinitiators are sclected from a group comprising
benzophenones, thiokanthones mnd thenocenes. Seitable po-initiavors ave preferably selected from
a-group comprising aming functicnal monomers, oligomers or polymers wherely amdne fimetional
monomers and oligomers are preforred. Both primary, secondary and tertiary amines can be nsed
wherehy tertiary fmines are preferred. Suitable type I photoinitistors are comunercially available,
for sxample, as Esaoure T TZT from Lamberti Spa., Gallarate, Raly, or 28 2- or 3=

methy fbenzoghenone from Aldeich Co., Mibwankee, Wis, Suitable amine co<dnitiators are

commereially available, for example, a3 GENOMER T 2298 from Rahn AG, Zurich, Switzerland,
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Photoinitistors may be used in the liquid compoxitions when curing with UV-radiation.

compounds, acyl halides, hydrazones, mercapto compounds, pyrylun cummponngs, hnidarales,
chlorotriazines, bepotn, benzoin alkyl ethers, ketones, phenones, and the like, Por example, the
adhestve compositions may eomprise ethyl-2,4 S-rimethylbenzoyiphenviphosphinate svallably as
LUCIRIN ™ TPO-L from RASF Corp. or Thiydiexyoyelobexyd pheayi ketone available as
IRGACURE ™ 184 from Ciby Specialty Chemivals.

The total amount of photoinitiators and, optionally, of one or more co-inftiators typiesily
is in the rasge of about 8.001 wil % to about 5 wit, % and preferably in the range of about 8.1 wit.
%% fo about 3 wi, 9% with respect fo the mass of the curable composition.

The radigfion-curable precursor (oligomer and dileent) bas a Brookfield viscosity of
between 1,000 to 500,000 mPas, preficably of between 2,000 and 125,800 mPas, wove preferably
between 2,008 o 75,000 and especially preferably of berween 2,000 and 56,000 mPas at 20°C. If
the radistion-curable composition s applied 1o a substrate by printing { preferably has a
Brookfield viscosity at 200 of besween 1,600 ahd 30,000 mPas and move preferably between
2,000 and 25,000 mPas,

The curable composition comprising the oligomer, diluents monomer(s} and photoinitistor
is thoroughly mixed and subséguently appliad 0 o substvare in the fifth step {v). Becsuse of its
low viscosity the composition san be appiied to a substrate by conventional coating methods sueh
a3 knife-coating, gravure conating, curtain coating, aly knife coating and roli-coating. In some
entbodiments the curable compasition is spplied by dispensing » fixed amoury of adhesive over
the bonding srea. This may be applied by applying dots and/or Hnes via a needle, needle die or
siot die. The entire ares may be conted by spray coating, die coating, draw bar coating or surtain
consing. A “dam and " method may be used, precuring a dam of lquid optically clear adbesive
around the perimeter of the bonding drea and then filling the bonding aves using any of the
methods desoribad sbove. The dam may also be in the form of & tape, or s foam wdfor rubber
gasket. The area may be coated using stencil printing ot scrsen printing without the atd of a dam.
Additional information regarding these deposition methods may be foend In WO 201 /119828,
WO 201 1/84405, 118 201842653444 and ULS, 2000/038321 1 (Busman of al), Incorporated hergin

2 o

QY rererenide,

g

Subseguent to its application to a substrate the precursar is further polymerized in step (V)
by subjecting it 1o actinie irradiation and preferably to UV-irradiation. Actinic radiation frowm any
sowroe and of any type can be used for the curing of the compasition whereby Light sourees ave

greferred over e-heam sourees. The Hght can be dn the forme of paralie! rays or divargent beams,
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Since many photoinitiztors generating free-radicals exhibit their absorption maximurm i the
witravielet (V) range, the Haht source s preferably selected to emit an effective amount of such
radiation. Suitable Heht sceuces melnde carhon are Lonps, mercwry vapor lamps, flworescens
lamps comprising ultravioler light-eorsitting phosphors, ultraviotet lighr-emitting diodes, argon
glow lamps and photographic flood lamps. Preferred are high-intensity tght sources baving s
larap power density of at least 80 mW/om® and move preferably of af least 120 mWiem®,

Whan subjecting the curable composition to actinic irradiation and, s particular, o UV-
frradiation, the precursor is cured vig # froe-radical polymerization mechanism. The composition
is wermed as "fidly cured” when the conversion of the oligomer and diluents monomers to polymér

is at least 90%, more preferably at least 95%, especially preferably at least 97.5% and most
preferably a8 least §9%.

The energy density apphied proferably is 100-5,000 mi/om” and more prefarably 300-3000
s¥owt” for earing a 256 pm thick layer of the rediation-corable compuosition,

The curable composition snd the photoinitiator may be-irradiated with activating UV
raciation 10 polymerize the monomer component(s). UV lght sources can be of two types: 1)
refatively low Hghs intensity sourzes such as Blacklights which provide generally 10 mWiew’ or
toss (@ messured in accordance with procedures approved by the United States National Institute
of Standards and Techuology as, for exwmple, with s UVIMAP UM 363 L-S radiometer
mansfactired by Electronie Instrumentation & Techaology, Inc., in Sterling, VA) overa
wavelength range of 280 to 400 nanometers; and 2 relatively bigh light intensity sources such a3

smediom prassure mercury lamps which provide intensities generally greater than 1 mW/a S
praferably 15 to 450 mWien',

Fusther components asd additives may be included iato the cuvable composition swch as,
for exasiple, heat stabilizers, antioxidants, antistatic agents, thickeners, fillers, pigments, dyes.
colorants, thixotropic agents, processing aides, nanoparticles, fibers and any combination thersof
in amounts such that the optical properties of the adhesive are not significantly compromised,
Such additives are panerally in an amount of between 0.01 and 10 wi. ¥ and mose preferably v an
amoont of botween 6,05 and § wi. % with respecet o the mass of curable composition, In some
embodiment the curable composition and sebsequant adhssive contats no such additives.

In some embodiments the cursble composition may further comprise metal oxide pacticles
o modify the reffactive index of the adbestve layer or the viscosity of the lquid adhesive. Matal
oxide particles that are substantiaily transpares may be used, Metal oxide particles may be ased
in an amount nesded to produce the desired effiect, for sxample, in an amount from sbout 1 to

-

about 10 weight percertt, from aboat 3.5 1o about 7 weight percens, from abeast 1 to about 83
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weight perceat, or from about 40 o about §3 weight percent, based on the total weight of the
curable composition. Metal oxide particles may only be added {0 the extent that they do not add
undesirable color, Biaze or ransmission characterigtics, Genevally, the particles cai have an
average particle size of from about 1 am (o about 188 nm.

The metal oxide pasticles can be surface treated to improve dispersibility in the adhesive
Isyer and the composition from which the layer s coated, Examples of surface treatmont
chenvistrics tnolude sifanes, stfoxanss, carboxylic acids, phosphonic acids, zirconates, titanates,
snd the like. Technigues for apelying such surface weatment chomistries are known,

In some smbogdiments, {he adhesive fayer comprises a fumed sifica. Saitable fumed sificas
fnclude, but are not fimited t0: AERQSIL™ 200; ARROSIL™ RR03; and EVONIK™ VP NKC
136 (both available from Bvonik Industries); CABOWSILT TS 618, and CARGD-SIL T 5720
{both availalde from Cabot Corp.), and HDEY H20RH (available from Wacker Chemie AGY. In
sorhe emvbodiments, the aghssive laver comprises 3 fumed alsrsnem oxide, such as
ABROXIDE™ ALU 1306 (available from Evontk, Parsippany, NI, Insome embodiments, the
adiesive laver comprises clay such as GARAMITE™ 1938 {available from Southern Clay
Producish

In suane crabodiments, the Hauid optically clear adhesive compeises non-reactive
oligoneric sheology modifiers, While not wishing to be bound by theory, non-reactive oligomeric
rhenlogy saodifiers butld viscosity at Jow shear rates through hydrogen bonding or other self-
sssociating mechsnisms. Examples of suitable non-reactive oligomeric rheology modifiers
{sschude, but are not Hmited tor polvhvdroxyearboxylic acid amides {such as BYH 403, available
from Byk-Chemile GmbH, Wesel, Germany], polvhydroxycarboxytic acid esters (such a5 BYK R-
606 ™ available from Byk-Chemie GnbH, Wesel, Cermany), modified ureas (such as
DISPARLON 6100 ™, DISPARLON 6200 ™ or DISPARLON 6500 ™ from King Industries,
WRorwalk, CT or BYK 410 ™ from Byk-Chemis GrabH, Wesel, Germany), mefal seifonstes {(such
as K-STAY ™ 591 from King Industries, Norwalk, CT or IRCOGEL 903 ™ from Lubrizol
Advanced Materlals, Claveland, GH), acrylated oligoamines {such as GENOMER 527 75 ™ from
Rabhn UBA Corp, Aurora, L), polvacoviic acids {such as CARBQOPOL 1620 ™ grom Lubrizol
Advanced Matesials, Clevelind, OH), modifiad urethanes (such as K-STAY 740 ™ from King
Industries, Navwalk, ©T), nicronized amide waxes {such 88 CRAYVALLAC SLT ™ from
Arkema), miicronized amide modified castor oif waxes (such as CRAYVALLAC MT ™ from
Arkera), micronized castor oif derived waxes (such as CRAYVALLAC ANTISETTLE Cvp™
from Arkema), pre-activased amide wax dispersed in {insth)scrylate monomers (such as

CRAYVALLAC E0005475 or polyamides. In some smbadiments, nonwreactive oligomeric
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cheology modiflers are chosen to be miscible and compatible with the optically clear achesive fo
tiviit phase spparation and minimize haee,

In some embodiments, the adhesive layer may be formed from a thixotropie Bgoid
optically clear adhesive, As used hersly, a composition is considered thivotropic if the
commposition shear thins, 1.e,, viscosily decreases when the compesition is subjected (o a shearing
stress pver 4 given perind of time with subsequent recovery oy partial recovery of vissosity when
the shearing stress is decreased or removed. Such adhesives exhibit ittle or no flow under zevo ov
near-meso stress conditfons, The advantage of the thixotropic property is that the adhesive can be
dispensed casily by such processes as nesdle dispensing due o the rapid decrease in viscosity
under low shear rate conditions, The main advantage of thixotropic behavior over shoply hig
viscosity is that high viscosity adhesive is diffieult to dispense sad to flow during application,
Adbesive compositions can be made thixotropio by adding particles to the cympositions. i some
embodiments, fumed silica 13 added to impart thixotropic properties to 8 Hyuld adbesive, s an
smount of from about 2 {0 about 16 wi.%, or from about 3.9 to about 7 witbe.

In sime embodiments, the curable sompaesition optionally comprises & thixetropic agent.
Az used herein, a composition is considered thixatropie if the composition shear thins, e,
viscosity decreases when the composition is subjected to & shearing stress over a given period of
time with subsequent recovery or pavtial recovery of viscosity when the shearing stress is
decrsaxed or removed, Such adhesives exhibit litthe oy ne flow pnder zero or nesv-zero stress
conditions. The advantage of the thixotropic property is that the adhesive can be dispensed easily
by such processes as needle dispensing due (o the rapid decrease n viscosity under fow sheay rate
conditions. The main advantage of thivowopic behavior over simply high viscosity is that high
viscosiny adhesive is difffcalt to dispense and to flow during application. Adbssive compositions
san he made thixotropic by adding pacticles to the a:.mmpositieﬁ& i some smbodiments, fisned
sitica is added to impast thixotropic propertiss to a Hauid adbesive, in an amount of from about 2
o about 10 weight percent, or from about 3.5 to about 7 weight percent. The efficlency of the
thixotropic agent and the optical properties depend on the composition of the liguid optically clesr
adhesive and is interaction with the thixowropic agent. For example, in the case of associative
thixotropes ov hvdrophilie sifica, the presence of highly polar monomers such as acryiic aoid,
monomers or oligomers may distupt the thixotropic or optical perforsance. Consequently, iy
preferred that the curable composition contain no acid-funetional monomers or oligomers.

Fa some embodiments, sy Boudd optieally clear adhesive baving a viscosity of 8o more
than 30 Pas, hetween about 2 and about 3¢ Pa-s and particularly between sbout 5 and about 20

Pa-s at & shear rate of 110 10 sec” can be combived with & thixatropic agent to form a thixotropic
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Higeid optically clesr adhesive suitable for steneil printing or soreen printing. The efficlency of the
thixetropic agent and the optica properties depend on the composition of the Baguid optically slear
adhesive and i3 interaction with the thixotropic agens, For example, in the case of associative
thixotropes or hydrophilic silics, the presence of highly polar monomers such ag acrylie acid, avid
or hyxdroxy! containing monomers or oligomers may disrupt the thixotropic oy pptical
performance,

The curable composition optionaily comprises a plasticizer that increases ita sofiness and
flexibility 1o the resultant adhesive. Plasticlrers are well known and typicaily do not patticipate in
polymerization of {methieeryiady ;—;&'ﬁapsq The plasticizer may conyrise move than one plasticizer
smaterisl. The adhosive may coniprise from greater than | to about 20 weight percent, or fom
greaser than 3 to abowt 15 weight pereent, of the plasticizer. The particular plagticizer vsed, as
well as the amuount used, may depend o & varlety of factors,

The curable composition may comprise & tackifter. Teackiflers are well known and ars
used {o increase the tack of other properties of an adhesive, There are many different types of
tackifiers but ;xem'iy any tackifier can be classified as: a rosis resin devived from wood rosin, gum
rosin or tall oif rosin; & hvdrocarbon resin made from a pegrolaan-bassd fostdstock; or & terpene
restnt derived frome serpene foedstovks of wood ar cerlain fruits, The adbesive layer may comprise,
2.2., from 0,01 to abowrt 20 weight pereent, from §.01 40 about 15 weight percent, or from 6,01 to
about 10 weight percent of taelifier, The adheatve layer may be free of ackifier,

The adhasive resulting ffom photopolymerization of the curable composition is desirably
optically clear. Asused herein, the term "optically clear” refers to n material that has a teminous
sransmitasion of greater than abowt 80 percens, a haze of less than about 2 pereent, and opacity of
fess than about | percent in the 350 o 800 am wavelength range. Both the fuminous transmission
and the haze can be determined using; for sxamply, ASTM.D 180395, Typically, the optically
clear adhesive may be visuslly free of hubbles,

The adhesive layer desirably matitaing optical clarity, bond strength, and resistance (¢

s

delamination over the Hifetime of the seticle in which it is-used, Whether an adhesive will likely

»

s

fave these devirable characteristics can be determined using an aceeleraied aging test. The
adhesive laver can be positioned between two substrates for this est. The resulting lanunate ¢
then sxposed o slevated temperaiures, optionally, combined with clevated widity conditions,
for a.period of Hme. For exanmple, the adbesive layer can often retabn its optical slarvity after aging
at B5°C for approximaiely S0 hours without humidity cowtrel (Le., the relative humidity in the
ovey s ssuully below sboat 10 percent or below about 26 percest). ARternatively, the adbesiy

can ofien retaln ks optical clarity affer aging at 85°C for approximately 72 hours with a relative
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humidity of aboat 80 percent. Most importantly, the cloud point resistant adhesive cap offen
retain its optical clarity after aging &t 65°C for approximatedy 72 howrs with a relative huenidivy of
about 50 percent and rapid (e, within minutes) cooling 1o ambiont conditions. After aging, the
average transmission of the adhesive berarcen 350 nanometers (rm) and 380 wm can be greater
than sbout 85 percent and the haze can be loss than about 2 percent,

The adhesive resulting fons photopolymenzation of the curable composition desirably has
a shear modulus of 3000 to 1,000,808, praferably 5000 to 100,060, maore preforably 3000 o
SO0 pascals.

Laminates are provided that inclade an optical film or opticelly clear substrate and a
optically olear sdhesive layer adjacent to at least one major aurface of the optical film or substrate,
The articles can forther inciude another substrate {e.g., permanently or tempararily aftached to the
pdhesive laver), another adhesive layer, or a combination theveof. 45 used heretn, the wm
“gdiacert™ can be used to refer fo two layvers that are in divect contact or that are separated by one
or more thit lavers, such ax primer or hard costing. Ofien, adiacent layers ave in divect contact,
Additionally, laminates are provided that include an adhesive laver positioried between two
substrates, whersin at loast one of the subsirates i an optival film. Optical Gl intentionally
enhance, menipulate, control, maintais, wansmit, reflect, refracy, sbsord, retard, or otherwise alter
light that impinges upon a surface of the film. Fims included tn the laminates foclude classes of
matesial that have optical functions, such as polarizers, interference polerizers, reflective
polarizers, ditfesers, cojored optical ffims, mivors, louvered optical film, light control fibms;
transparent sheets, brightness enhancement film, anti-glare, and antireflective Hlms, and the like,
Films for the provided laminates can also inclade retarder plates such as guanes-wave and half-
wave phase retardation optical elements, Other optically clear {ihms inclode mnti-splingy flme
angd electromagnetic interference filters,

In some srbodiments, the resulting laminates can be optical eloments or can be used
prepare optical slements. As used hervin, the torm "optical element” refors $o an article that hax
an optical effect or optical application. The optical elements can be ased, for example, In
glectronic displays, architecturs! applications, transportation applications, projection applications,
photonics applications, and graghics applications. Sultable optical efements include, but are not
iinyited to, glawing (e.g., windows and windshields), screens or displays, cathode ray wbes, and
reflectors.

Bxemplary optically clegr substrates frehude, but are not Hmited 1o a displey panel, such

a3 Heaudd erysial display, an OLED display, & touch panel, electrowetting dispiny or & esthode may

P
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nibe, 2 window or glazing, an optical component sech as o reflestor, polarvizer, diffraction grating,
wirvar, or covor lens, another film such as a decorative filim or another optical Slm.

Represemative examples of optically cleay substrates include glass and polymeric
substrates inchuling thase that contain polycarbonates, polyesters {e.g., polyethylene
terephthalates and polyethylene naphihalates), pobyursthanes, polytmethlacryvistes (e.g.,
polysaethyl methaorylates), polyvinyd aleobols, polyolefing such as polyethyienes, polypropylenss,
and celluloss wiasetates, Typically, cover lenses van be made of glass, polymethyl methecrylates,
or pabyewrbonate,

‘The laminates have af least one of the following properties: the adhesive laver has optical
ransmissivity over s useful Hifstime of the article, the adhesive can mabstain g sufficient bond
strength between layers of the article, the adhesive can resist or avoid delamination, and the
adbesive can resist bubbling of the adbestve fayer over 2 useful Gfetiine, The resistance 1o bubble
formation and retention of optical transmissivity can be evalusted using accelerated aging tesis.

The adhesive compositions of the present disclosurs may be appled diretly to one or
both sides of an sptical slement such a8 8 polarizer. The podarizer may lncluds additionsd layers
such as an anti-glare layer, a protective layer, a reflective layer, a phase retardation layer, & wide-
angle compensation layer, and a brightuess enbhancing layer. Tosome esbodiments, the adhesives
of the present disclosure niay be appliod 10 oue or both sides of & liguid crystal cell it may also
be used 1o adhere a polarizer to a Hguid crystal cell. Yet another exemplary set of optical
leminates inchwde the spplication of & cover lens 1o & LCD pasel, the sppdication of & touch panel

3 - >

o an LCD panel, the spplication of s cover lens to & tosch pasel, or combinaiions thereof,
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Materials

Abbraviation or Trade Mame

Description

Esoncty! acryiate, avallahie under the trads designation

oA “SRA4E” from Sartomer USA, LLC, Exton, Pannsylvaniz,
S EHA F-sthylhenyl serviate, available from Sigas-Aldrich Co
LTS LEC., St Louts, Missourt.
2. PHA 2-propylhepty! acrylate, available under the trade d:esigaatiaxx
- TPFHA” from BASE Corporstion, Plorham Park, Kew lersey.
DA Trideoy! Acrylate, available vader the trade designation
“ERABILF fom Sartomer USA.
2-hexyideoyl acrvlate, available under the trade dosignation
Clé SHEDA 16™ from Toho Chomica! Industry Qo L,
Kanapawa, Japan,
LA Lawryl Acrylate, available under the rade designation
“BRIIF from Sartomer LBA,
HOA Ischorny! Acrviaw, available under the trade designation
) “SREGDT from Sartomer USA.
ODA Octadecy! acryiate, avatiable from Sigma-Aldrich ¢, LLC,,
' St Louis, Missouri,
AHBA $-hydroxybutyl acrylate, avaiiable under the trade « Jesagmmon

FAFIRA™ from San Esters Corporstion, New York, New York,

2-HPMA

Z-hydroxypropy} methacrylate, svailable from Alfa Aesar,
Heysham England.

IEM

isocyanatosthyl methacryinte, svailable from Showa Denko,
Kanagawa, Japan.

EGBYG

Eihylens glycol Msthioglyeolate, available from Evans
Chemitics LP, Teaneck, Now Jersoy,

PEAS

Folvpropyiene glyool monoasoryiae, available under the trade
designation “Bisomer PPAS™ Fons” frem Cognis, Clucinatt,
Cido,

SEBEA

Z-sthoxyethiovetie! acrylate, svatlable from Polysciencss,
Yoo, Warringlon, Permevivaniy,

VAZLY 52

2.2-Azobis(Z -dimethyipentanenitrile], available under the

trade designation “VAZD 827 fron B, L du Pont de Kemoars

and Co., Wikmington, Delaware.

1 H-Azohis(oyanecyelohesane), available under the wade
designation “VAZQO 887 from E. L du Pons de MNemours and
Ca,

2. 5-Dimethyl-2 S-di<{ter-butyiperoxyihexyne-3, available
under the trads designation “Lupersol 130" from Pennwalt
Corporation, Bullalo, New York,

Li01

3, 8-4falte 1’$:-butvipcr0xv)~15 dimethyihexsne availabie ander

the trade destgaation “Lupersol 1017 from Pennwalt
Clorporation.

TRO-L

Eihvi-2.4, ﬁ*tr&mef}wibewoys;}s;ery%ﬂwm sinate, avatiable
under the trade designation “Lacivin TPO-L” frore BASE
Corporation, Florham Park, New Jersey.

AlT4

J-methecyrionypropyiirimethonysilane, available uader the
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E trads designation “Silguest A-174” from Momentive,
Colunibus, Ghio,

28D 2-hexyl1-decanod, available from Sigma-Aldrivh Co. LLC,
TEA Triethylamine, avallable from Alpha Acsar.
AL Acrylovi chioride, available frore Alpha Aesar,
Pentaerythritol tetrakis{3-(3,5-di-tert-buty 4
RG 1016 hydroxyphenyhpropionate), & phenolic primary antioxidam

availalde under the trade designation “IRGANQX 10167 frowm
Ciba Speelalty Chemicals, Ine., Based, Switzerlasd,

Ootadecyl-a-(3,5-di-tert butyi-4-hydronyphenyii-propionate, 2
R 1076 g?he}m?ic- primary antioxidant available. iz;tder the trade
designation “IRGANCX 1078” from Ciba Spectaky
Chenicals, Ing,

v Hydraguinone monomethy! othey, available from Ay Aesar,
MEHO o ) ’
Heysham England,

A hydrophobically treated fumed silics, surface treatment of
VP NKC 130 }exadacyisifzm, ava iiah%e_: wnder the i.s:ade desig;fzation

o “ABROSTL VP MNKC 1307 fom BEvonik Industries,
Parsippany, New Jfursey,

MPEG Poly(sthyviens ghyool) methyl ether acrylate, available from
) Sigma-Addrich Co, LLC.

TEST METHOLS

Vissosity Messuroment

Viscosity measurements were made by using an AR2000 Rheometer squipped with a 40
mrn, 1° siainless stgel cone and 2 plate avaitable from TA Instruments, New Cantle, Delaware.
Viscosities were measured a1 25°C using a steady state flow procedure with & frequency from
0001 1o 100 see” with a 28 um gap betwees the cone and the plate. Viscosity vahues are reported

N ~1
B

in centipoise {opx) at o shear rate of | sec

Molecular Weight Dstermination

The molecular weighs disiribation of the compounds was characterized ussing conventional
gel permeation chromatography (GPUY. The GPC instrumentation, whichl was oblained from
Waters Corparation, Milford, M4, included a kigh pressure Houid chromatography pump (Modet
15 1SHPLOY, an aunto-samapler (Model 717), a UV detectoy (Mode! 2487}, and a refractive fndex
detector (Model 2410). The chromatograph was equipped with two § mderon PLgel MIXEDWD
columns available from Varlan Inc, Palo Alte, California.

Samples of polymeric solutions were prepared by dissolving polymer ordried polymer
samipies in tetrabydrofiran st a concentration of 8.3 percent {weight/volume) and filtering through

a 4.2 wicron polytetraftunrosthvience filter that is available froms VWR International, West




WO 2013/181030 PCT/US2013/642140
23

Chaster, Pennsylvania, The resulting samples were iijected Into the GPC and eluted at a rate of'
miliiier perminate throngh e cotumns maintained a1 33°C, The system was calibrated with
pistystyrene standards using 2 Huesr Jeast squares it analysis to estabiish a calibration cuwrve, The
weight avarage molecular weight (Mw) and the polydispersity index {welght average molecular
weight divided by nomber average molecular weight} wore calovlated for each sample against this

standard calibration surve,

Fluck Adhesion
Two float glags slides, 2 174 inck (5,72 em) x 1 3716 ineh (.60 om) x 144 inch (6.635 cm}

wete cleaned with isopropy! alooho! (IPA). Two layers of SCOTCH Filament Tape 898, available
from the 38 Company, St Paul, Minnesota, were attached along the two, 1 3716 inch (.60 o)
ength edges of the {irst sobstrate In order to controf the thickaess of the adhesive composition,
oneé 8 was placed on the alide. The tape crested » step height of shout 340 microns. The adhesive
composition was dispensed by a pipetie in the conter of thy shide and the second shide was stowly
brought imo condact with the (et glide, The adbesive composition betwesn the slides was cured
with the total energy of 3,000 aJfen’ in UV-4 or UV-B region under a Fusion UV lamp available
from Pusion UV Systems Ine., Gaithersharg, Marylend, using a quarts UV Debulb (Examples 9
throngh 19 and 26 through 31}, The remaining samples {Examples 1 through 8§ and 20 throuyh
25y were cured vnider gx Onwdeure 2000 high pressare Ny spot cure source avaiiabie from EXF0O

Photonic Sclutions, nc., Mississauga, Ottario, Canada, with the total energy of 3,000 mifom® in
U¥Y-& region. Sswples then dwelled for one day it a controled tomperatere-humidity (OTH)
room at's temperature-of 74°F (23 .3°C) and a relative humidity-of 30 % prior to testing,

A glass slide with cured adhesive was ioaded into a sliding pluck fixtore on an MTS
INSIGHT Blectromechanical Tost Systemn with a § kN load celf gvailable from MTS Systems
Corporation, Bden Prairie, Minnezota. The samples wers pulled apart ar 25 mm/min ansd fested fo
friture. The first measured peak load was then divided by the measurad ares of the adhesive
composition on the pluck sample to determine the pluck adbesion, measured in Wom®. At lcast
three sampies were tested for each adhesive composition, with an average value for pluek

adhesite reported,

Shrinkage

Percent vohame shrinkage was measured nsing an Accupye 11 1348 Pyonomster from
Y ’ sl 2 s, b
Shicromerttics Instrument Corporation, Noreross, Georgle, An uncored sdhesive composition

smnple of known mass was placed in the silver vial of the pyonom viai was piaced i the
ple of placed in the silver vial of the pyenometer. The vial was placed  the
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pyenameter and the volume of the sample was measwred and the density of the adhesive
compasition was determined based on the velume and mass of the sample. The donsity of a cured
adhesive composition was measured following the same provedures as that of the ancured. Cured

,

adhesive compositions were prepared by casting a hand spread coating of the adhesive
somposition between two releass Jiners, usiing an 11 sit (0.28 mm) thickness adjuster, and curing
with the total energy of 4,600 mifond in UV-A region usder 2 Fusion UV lamp with 2 quartz UV
1 bulk available from Fusion UV Systems ne.

Yolome shrinkage was then calealated from the following equation:

{11/ Avg Liguid Density} — (1/ Avg Cuved Drensity}] / {1/ Avg Liguid Densityd} x 180%

Qutical Measurarments

S A AL A RIS

Optical properties of the adhesive compuositions were measured by sandwiching the
gdhesive compusition between two 2 inch {508 cm} x 3 inch {7.62 cnt) x 200 microns LCD glass
panels, BAGLE 2000 available from Specialty Glass Products, Willow Grove, Pennsylvania. The
achesive somposition was cured with & total cnergy of 3,000 mlfem® in UV-A region using a
Fusion UV lasp with a quartz UV D buth, avatlable from Pusion UV Systems fne. The thickness
of the adhesivr composition was controlied by appiving tew lavers of SCOTOH Filawsent Taps
898, 30 Company, aloug the two, 2 fnch (5.08 om) edges of one of the panels. Haze,
tramsmission and color of the cured LOCAS were measured bafore and after aging under
enwvirotmsntal testing conditions using s Hunterlab UlvaScan PRO availadle from Humer

Associates Laboratory, b, Reswan, Virginia.

Preparation of Selute (Meiacrvolyl Olisomers {SMAGS)

Preparation of SMAD-1
This example HHustrates the proesss 1o produce a solute (methjacryoly! oligomer, Two

essentially ndiabatic reaction cycles are used with option of a third functiofalization stepy, afier
initial polyswes synthesis. To a 51 stainless stee! reaction vessel was added: 1,380 g TDA, 500 3
e HBA, 40.0 g EGBTG, 2.5 g IRG 10140, and 2835 g of 244 wi% MEHQ in I0A. The miviure
was heated 1o 80°C and mechanically stirred until all components were dissniverd, at which dms
50,1 g of 8,125 wids solids VAZO 52 fn YOA was added to the resctor. Once the polymerization
had begny the emperature control systern was set to cause the femperature of the jackst w track
1.5°C gbove the batch temperature to faciiitate adishatic reaction conditions, A 12070 the jacket

stopped tracking the palymerization tomperature, which peaked at 132°C and was sliowed 1o cool
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back to 60°C befove belng depressurized. A sample was taken of the reaction mixture and the
unreacted monomer was 27.73% based on the ol weight of the mixture,

The foliowing components wers charged 1o 2 46z glassJary LU g VAZO 32,045 g VAZO
88, (.45 g L1081, and 48.16g othyi scetate. The solution was shaken in a reciprocaming mixer uniil
& solids were dissplved, at-which paint, 25.0 g of the sthyl acetate sohstion and 13.33g BGBYG
were added 1o the stainiess stest reaction vesse! and stirred at 60°C. The resction pealed wt 114°C
at which thme 30 g of IEM was added. The resctor was cooled to 100°C and held Isothermally for
4 hours and then drained, producing SMAOG-1. The SMAQ was stored i 32 oz brows jars, A
sample was 1aken of the reaction mixture and the unreasted monomer was 4 38%, based on the

total weight of the mixture,

Preparation of BMAGT throueh SMAG-LT

132.5 g of LA, 220 g of -FIBA, 192.5 2 IBOA and 8.6 g of BGBETG were added to & four

neck flask eqlipped with a reflux condanser, thermocouple, mechanical stivrer, and a gas infet that
aifows nitrogen o air 1o be bubbled into the sodetica. The first charge of therral nitiators,
VAZO 52 (040248 &), VAZO 88 {0.0248 ) and L1305 {0.0248 g} were also added to the fask. The

mixtare was stirred and heated to 60°C ynder nitrogsn. The fempersture of the reaction mixere
gm}cki;a myothérmed andipeaked ot around 180° C, during the polyvmerization. After the reaction
peak, a second charge of VAZO™ 88 (0.0248 g) dissolved in an additonal 5 g of LA was added
so the flask, The reaction vessel was held at 180°C for 90 minttes befote cooling to 100°C and
purglag with air.

11 g of IER was then added to the bateh to'react with the pendant hydroxyl gronps on the
LA/G-EBAMBOARORTG oligomer chams, incorporating methacrylate fumctional groups o the
sligomer. The resctor vessel was held at 180°C for 4 hours and then cooled and drained,
producing SMAG-2, A sample was taken, at the end of this reaction period, for oligomear
mofecubar weight determination by GFC, Tabig 2.

A sindlar procedure was used 1 produce SMAG-3 through SMACH17, The monomers
and amounts used 1o prepars these addiional oligomers are shown in Tables 1 through J below, as
well s, molecuiar weight data, Mote thar VAZO™ 88 is added in two sieps, the amount of VAZO
in cach step belng half that indicated in Tabies 1 through 3. Also, during the second charge of
Y AZO 88, the VAZO 88 was dissolved in 5 g of acrylate, the major acrylate ester component of

the composition. This § g of aurviate is included in the valaes reported in the Tables 1 through 3,
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Table 1. Formulations of SMAC-Z through BMAD-8.
Component | SMAQD- | SMAG-Y | SMAC-4 | SMAD-S | SMAO-S | SMAG-7 | SMAD-8
W4 - - 3115 - - -
L& 137.5 - - - - -
DA - 246 - - 271.2 258 2415
£l - 241.5 - -
S-HBA e | 6.3 6.5 - 66 76.5 |
PYAS - ~ - - - -
2-HPMA - - - 46.8 -
JBOA 192.5 - - - . .
EGRTG 6.8 4.2 4,25 4.96 361 £.62 462
YAZQO 52 50,0248 | DDA 864 6.6131 $.0149 0.0149 30148
VAZO BR 0.0466 | §.0270 00528 €.6262 8.038 (.03¢ 8030
1130 80248 | $.0I38 00264 40131 (.0149 0.0149 $5.0149
EM i1 6.8 5.8 &6 £.6 5.8
L Mw (D) 25818 16,700 12,360 11,000 12,408 15,108 17.000

Table 2. Formulations of SMAG-S tirough SMAOWTL

Component | SMAD0 | SMAO-10 | SMAO-11
2 PHA 219 - .
DA . 504 23514
ODa . 42 R
§-HBA £G 48 72.6
PYAR . ; -
CHPMA - ] -
IBOA - -
EGETG 435 43 462
VAZO 52 6.0135 84135 50145
VAZO 88 6.0270 0.027 .03
130 0.0135 0.0135 G.4149
N § % 6.6
Tehw (Dall 12500 {4360 17,300
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Tabls 3. Formulations of SMAGH 12 throvgh SMAO-17,
Componeitt SMAQ-12 | SMAG-13 | SMAQ-14 | SMAO-15 | SMAO-15 | SMAQ-17
2-EHA 2712 . 2712 - 234 -
THA 265.08 - 3552 - 229871
4-HBA 231 18,84 23.1 38.1 18,15
PUAL . - - 4 -
MPE - . 207 38.7 - -
JRERA, 9.7 731 R - . 83,14
| ROBTG 4,29 5.04 429 02 6 £ .82
CVAZO 52 $.5149 00162 90149 00194 #0135 (.0145
FVAZO 88 0038 ©.0324 8.036 00388 0.0270 0.030
Li3g §.6140 0,0162 $.0149 0.0194 06135 0.6149
CiBEM 6.5 $.04 8.6 8.5 8 561
O Mw (Dal 11,266 14 900 12,300 19,000 5106 10,300

Preparation of SMAQG-14

To s 5L stainless steel reaction vesse] was added 2
ECGETG, and 287 g of 2,44 wi%e

mechanically stirred until all components were dissolved, at whick time 28.1 g of 0.3

779 ¢ TDA, 665 g 5-HBA $78 ¢

s MEHQ in TDA. The mixtere svas heated to $0°C and

wid% solids
VAZO 52 in TDA was added to the reactor. Onee the polvmerization had begun the temperaturs

eontrol system was set iy csuse the temperatire of the jacket 1o track 1.5%C above the bateh

emperature to facilitate adiabatic resction conditions. At 120°C the jacket stopped tracking the
polymerization temperatore, whick peaked as 134°C and was allowed o cool back to §0°C before
being depressurized. A sannple wis taken of the reaction mixture and the unreacted monomer was
43.68%% based on the tudal weight of the minture,

The following vomponents were charged 1o a 4oz glass jar; 1.0 g VAZQ 52, 645 g VAZO
88, 5.45 g L101, and 48,10 g ethy! acetate. The solution was shaken in a reclprocating mixer ondil
all soMds were dissolved, at which point 35.0 g of the ethyl acefate sohution and 19,28 g EGHTG
wore added 1o the stainlesssteel reaction vessel and stirred at 80%C. The reaction pedked at
LI09C, The reactor was then eooled to 108°C while it was purged with 90/10 » MrOgOX Y ERR
control gas for 30 minuvtes, at which time 70.0g of IEM wers added %0 the reactor and held at
1O0%C isothermally for 2 bowrs. After 2 hours 1 kg of material was dradned from the reaction
vessel innto brown tinted jark. A& sample was taken of the reaction mixtere from this step and the
srreacied movomer was 5.07% based on the total weighs of the muxtars,

Preparstion of Adhgsive Conmpositions: Exanples | through 3

Adhesive compositions were prepared by charging the component materials, disclosod i
Tables 4 through
Caroling, and mixed using a Hauscloid SPEEDMIXER RDAC 130 FVZ available from FlackTek

7, into @ white mixing container available from FlackTek Inc., Landrum, South



WO 2013/181030 PCT/US2013/042140
28

Ine. operating st 3540 rpeo for 6 minutes, The exceptions to this were Bxamples 38 through 31,
swhich were mized with Hruschild SPEEDMIXER DAC 600 FV available from FlackTek Toe,
operating af 2200 rpm for 4 ndnutes. Material properties; shrinkage, viscosity and pluck adbesion
and optical properties before and after aging under environmental conditions; are described In

Tables 8 through 17,

Tabie 4. Adhesive Compositions of Examples 1-8 (values are in grams).

Material I . . . . .
Nhateria Bro b | Bw2 P Ex.3 0 Ex.4 | Ex.5 ! Bxo6 | Ex.T7 ! BEsn 8 Ex. 8
2277
SMAD-3 N . . . - - - - ~
20,97 ,
smaos - - | L : . N . ]
: 3922 | 238
SMAGS | - . e p . . - N .
SMAG- T ) i ] 22322 . . ]
1 5.
« 2097
SKAD-S . - . - . X . . .
e 2097
SMAG-4 . . . . - - N - -
SMAO- | 22,22

16 ' 5
SMAO- :

) . . . . . . . . 1196
PRAG 2.34 - §.53 . 239 | - . 0 -
TDA . 4.35 . - - - - . 4.5

04 ~ G063 1 0.063 - - - . -

CaEBA - . .l - - . . -
L 2-pHA . - . . . lasas |- - :
16 . : : - - S| 4s - -

TPO-L §,251 1 4250 1 0251 | BaS ] 6251 L 02SD @250 1 0270 | 0¥

PR
A

AYT4 ¢.028 | 0025 1 0.028 | Q028 | G028 | 0023 ) Q025 | 0.028 | o044
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Tabde 5. Adhesive Compositions of Examples 10-19 {values are in grams).
Material | .. | Ex. BX. | g osa | BX 15 VU I URETR I o2 8 Bx
Bl Ty by PERB 0 g [ ERISLERIT L G g
D K e
SMAC- | 205 | 200 | 200 | 200 | 200 | - - . N N
| 5 ARG : - . - 200 | ze0 | 200 | 200 | -
SMAG- | i . I R ) ; ) .1 o200
3
TDA 283 | 393 50 | 6165 744 | 356 0 470 1 584 | 730 | 24
TPOL | 9,233 | 6240 1 0253 1 0264 L 0277 1 0233 | 0.249 1 0262 1 0276 | 0236
AlTa B3 1 0.024 1 D025 D 0026 1 0027 L D023 | G024 1 0026 1 6077 | DG22

Table 6. Adhesive Compnsitions of Examples 28 to 25 (values are in grams).

Material Bx20 | Bx20 | Ex22 | Bx23 | Bx24 | Ex 25
g N
SMAGS | 22205 : . - - .
SMAG-12 i 73 295 ) A _ X
YR Y]
S&I.AQ“ f 3 . R 22 .2 2:.3 - . .
SMAD-17 . . . 22,225 . .
SMAD-14 ) ] ) N "
SMAG-LS ) R . . - 379738
}-D A . . x ‘G - - -
I0A 9.063 - . . - 28
4-08A R . - ) R .
PPAG ; 18 . . 10,49 63
ZRRA } - . 16 . 15
2-EFEA 2 542 . , . ) .
TPO-L 6250 025t | 0234 | 025 0251 0.250
AlT4 o022 | o028 | 038 | 6028 | 0028 | ofds
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Tably 7. Adhesive Compositiong of Exanmples 26-31 {vahsés are in grams),

Y aterigl |

Material Ex.26 | Bx27 | Ex28 | Bx29 | Ex.30 | Ex.31

SMAGH  seez | sem - ~ : ”

X ]
SMAGC-8 - - s9.02 | 592 - -
) -3

SMAG-2 . - - - 47.2 322
19

BOA - 8.0 16.6 . - -

PPAS 2,74 2.74 2.74 2.74 - -

$-HBA - - - - - 15

TDA 6.35 . - 635 . 25

KE3 13.62 12.6 24 . - 7.4
0

DOA 2.08 $.08 Q.08 - - 5.0

TROL ! 1o - 08 8.5

, .

Al174 0.5 0.5 8.5 - 04 3

RG 1076 0.9 0.2 8.9 - 0.8 0.5

AQS03 0.9 09 5.9 - 0.8 %8
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Preparation of & Thixctropic Adhesive Composition: Example 35

T the 5 L stainiess steel reactor containing SMAO-18 described above (less the 1 kg

sanple romovid for festing), 275 g TRA monomer, 56 g HBA monomer, 25 g TPOGL

)

hotolaitiator, 25 g IRG 1076, and 12.5 g A 174 were added to the reastion vessel and mixed for
43 minuwtes, producing as adhesive somposition. 100 g of this adhesive composition was placed in
2 white mixing container, {a Max 100 cup, from FlackTek Ine., Landrum, South Carolinay and 4 g
of VP NKO 130 were added. The components were mixed psing & Hawschild SPEEDMIXER
DAL 600 ¥V, from FlackTek Inc,, aperating at 23200 rpm for 4 mismtes, producing BExample 32.
The viscosity af different shear rates and optical properties are shown in Table 1. The viscosity of

she adhesive composition was 834 cps as a shear rate 1 sec”, without the sddition of a thixotrope.

Tabde 19, Viscosity and Optical Properties of Bxanpie 32,

Parameter Weasurad Valoe
Viscostty at 0.01 &7 101,808 eps
Viseosity at 0.1 ™ 34,100 eps
Viscosity at 1 7 7,508 eps
Viscosity at 1857 2,608 cps
Viscosity at 106 5™ 1,600 ops
i 864

a* ~8.2

ol 1.06
Yotlaze §.93
ST ranemission 9.2
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This disclosure provides the following embadiments:

A cuvable composition comprising:
2} a solute (meth)acryoly! oligomer having a Mo of Sto 3k and a Tgof <
20°C comprising
i greater than 50 parts by welght of {(methjacrylate ester monomer
s,
it 10 to 49 parts by weight of hydroxyl-functional monomer units,
iiL. 1 1o 10 parts by weight of monomer units having pendent acrylate
groups,
iv. 0 to 20 parts by weight of polar monomer units,
Vv, { to 10 parts by weight of silate-functional monomer units,
wherein the sum of the monomer units is 160 parts by weight;
bY a diluent monomer component, and
3 & photoinitator,
wherein the composition compurises no erosslinking agents.
2. The adhesive composivion of embodiment | comprising lees than 50 wt% of the

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

.

3. The adhesive of any of the previous embodiments wherein the monomer units
having pendent acrylate groups are prepared by reaction of said oligomer having pendent
hydroxyl functional groups with an acryioyl compound having co-reactive funciions

groups.
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4. The adhesive of emnbodiment 3 wherein the acryloyl compound having co-reactive
fonctional groups is of the formmila:
CHy mf{fz{?&
E:{[
wherein B! is hydrogen, a Cy to s alkyl group, or a phenyl groupy; B is a single
bond or a fhetero thydrocarbyt divalent linking group that joing an cthylenically
unsatirated group 1o co-reactive functional group &, and A is & carboxyl,

isocyanate, epoxy, anhydride, or oxazoliny! group.

5. The adhesive of any of the previous embediments, wherein the alkanol of the
{methisorylate ester mongmer untts of the oligomer have an aversge carbon number of

CrChs

6. The adhesive of any of the previous auboedinents, wherein the hydroxyl-functional

monomer has the general formaula:

i

I[ . -
.......... [ }(Lﬁm O
1% iz & hydeocarby! group;
1Y s - or C4-Cs alkyl; and

X s NRY- o0,

, wherein

7. The curabie composition of any of the previons embodiments wherein the diluent
monomer component comprises at least one monoter sclected from acrylate ester
monemer units, hydeoxybfunctional monomer wits; monomer units having pendent

B

aervisie groups, polar monomer units, and silane-functionad monomer units.

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

monomer conponent comprises:
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80 to 100 parts by weight of (methjacrylate ester monomers,
{3 to 20 paris by weight of hydvoxy-functional mononters:
0 10 § parws by weight of polar monomers;
(o 2 parts by weight of sllane functional monomers, wherein the sum of the

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

9, The adhesive of any of the previous embodiments whersin the {methaeryhic acid
gster monemer component Tay comprise {methjacrviate esters of 2-allyt atkanols wherein

the molar carbon nmmber average of sald 2-alkyl alkanols s 12 10 33,

10, The adhesive of any of the previous emtbodiments whersin the oligomer is of the
formula
*‘Ez‘fi}mﬁ}a“fwﬁmg}'b*"EtMPﬁm{}e‘ﬁV{simf;w E&E-Amyil&"’ where
-IMPL represents interpolymerized (meth)acrylate sster monomer wnits;

L represents interpolymerized (methacryvioy! monomer units having & pendent
hiydroxy group,

M represents interpolymerized potar monemer units; and

v represents interpolymerized (methyacryloyl monomer units having a pendent
polymerizable (methiseryloyl group;

MY represent optional silane-functional monomer

subscripts &, b, ¢, & and represent the parts by weight of cach monomer unit,

11, The curable composition of any of the previcus embodiments further comprising an
additive selected From heat stabilizers, antiozidants, antistatic agents, thickeners, fillers,
pigments, dyes, colorants, thixotropic agents, provessing aides, nanopariicles, fibers and

any comidnation thereol

12, The curable composition of embodiment 11 wherein an additive i3 in amounts of

0.61 1o 10 wi. % relative to the mass of cursble 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 nm to about 100 nm in amounts

of 110 10 wt.%, refative 1o the total weight of the curable composition.

14 The curable composition of any of the previous embodiments wherein the
hydrowyi-fonctional monomer is used in smounts such that the curable composition

{oligomer + diluent) has 2 hydroxy! content greater than 6.5 x10™ mol Ol/g,

15, The curable composition of any of the previous embodiments wherein the oligomer

is prepared by an adinbatic pelymerization process.

wrds
fa )
b

An optically clear laminate comprising:

& first substrate having &t least one major surface;

a second subsirate having at least one major surface; and

the purable composttion of any of the previous emybodiments 1 1o 15 situgted
betwsaen and in contact with af least one major surfave of the fivst substrate and st least one

major surface of the second substrate.

17, An optically clear luninate according to embodiment 16, wherein the first
substrute, the second substrate, or both the first substrate and the second substrate are

selected from a display panel, a jouch panel, an optical flm, a cover kens, or window.

18, An oplically clear lsminate according to embodiment §7, whereln the cover lens

comprises at least one of glass, polvimethylmcthacrylate, or polycarbonate,

19, Awn optically clear lamipate according to embodiment 17, wherein the display panel
is selected from a liguid crystal display, a plasma display, an QLED display, an

slectrowetting display, and a cathode ray tube display.
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38, Anopically slear laminate according to embodiment 17, wherein the optical film
is selegted from a reflestor, a polarizer, & mirror, an anti-glare or swti-refective film, an
anti-spiinter film, a diffuser, or electromagnetic interference filter,

21, A laminate according to any of the previcus embodimenis 16 to 20, wherein the

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

22, A laminate acoording o embodiment 18, wherein at least one of the subsirates is

obyoarbonate or polvimetinlimethacryiate,
v o v s

[ )

3, Anoptically clear laminate coraprising:

a first substrate having at least one major surface;

a second substrate having at feast one major swrface; asd

an optically clear adhesive composition of any of the previous embodiments 1 w0
£5 situsied betwesn and in contact with at leest one mejor surface of the first substrate and
at lenst one mgjor surfaee of the second substrate, wherein the adhesive has o moisture-

. o . cviet o Frmn s
vapor fransmission rate of at least 400 g/im/day.

74, A method of preparing an adhesive comprising the steps of:

{i} providing dn essentially cureble composition of any of the previous
ernbodiments 1 to 15,

(iiy  pertially polymerizing said composition to provide a partially polymerized
mixsure exhibifing 2 Brookfield viscosity of between 1,000 and 300,000 mPas at 20°C and
a degree of conversion of monomets to polymer of between §5-99 wi. Y%, with respect o
the mass of the monomers prior to polymerization,

{iii}  converiing 3 portion of the hydroxyl functional monomer units of said
piigomer to pendent polymerizable {methjacrylate groups,

{ivy  adiding one or more photoinitiators and solvent difuent monomers o the
partially polymerized mixtare to provide a radiation-curable composition,

{ivy  subseguently coating the radiation-curabde composition on a substrate, and
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(v}  further polymerizing the radiation-curable compesition by subjecting it o

actinie frradiation to provide said adhesive.

-

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

coating, draw bar coating or cunain costing or roli-coating.

26, The method of embodiment 34 wherein the radistion curable composition is coated

by applying dots and/or lines via a needle, needle die or slot die o the substrate.

27, The method of emabadiment 24 Ruther comprising & tackifier.

28 The method of emmbodimens 24 further comprising a plasticizer.
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What is claimed is:

1. A curable adhesive composition comprising:

a) a solute (meth)acryolyl oligomer having a My, of 5 to 30k and a T of < 20°C

comprising
1. greater than 50 parts by weight of (meth)acrylate ester monomer units,
il 10 to 49 parts by weight of hydroxyl-functional monomer units,
fii. 1 to 10 parts by weight of monomer units having pendent acrylate groups,
iv. 0 to 20 parts by weight of polar monomer units,
V. 0 to 10 parts by weight of silane-functional monomer units,

wherein the sum of the monomer units is 100 parts by weight;

b) a diluent monomer component, and

c) a photoinitiator,

wherein the composition comprises no polyethylenically unsaturated monomer or other

crosslinking agents.

2. The curable adhesive composition of claim 1 comprising less than 50 wt.% of the diluent

monomer component and greater than 50 wt.% of the solute oligomer.
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3. The curable adhesive composition of claim 1, wherein the alkanol of the (meth)acrylate

ester monomer units of the oligomer have an average carbon number of C;¢-Cy4.

4. The curable adhesive composition of claim 1, wherein the hydroxyl functional monomer

has the general formula:

il
L xirs-on

R? is a hydrocarbyl group;
R*is -H or Cy-Cy4 alkyl; and
X! is =NR*- or —O-.

, wherein

5. The curable adhesive composition of claim 1 wherein the diluent monomer component
comprises:

80 to 100 parts by weight of (meth)acrylate ester monomers;

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

0 to 5 parts by weight of polar monomers;

0 to 2 parts by weight of silane functional monomers, wherein the sum of the monomer of

the diluent monomer component is 100 parts by weight.
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6. The curable adhesive composition of claim 1 wherein the oligomer is of the formula:
Mo (M e MO M - (M, where
-[MB¥. represents interpolymerized (meth)acrylate ester monomer units;
-[M®"]- represents interpolymerized (meth)acryloyl monomer units having a pendent hydroxy
group,

-[MP¥"]- represents interpolymerized polar monomer units; and

[MA“VI} represents interpolymerized {meth)acryloyl monomer units having a pendent
polymerizable (meth)acryloyl group;

[M31] represent optional silane-functional monomer

subscripts a, b*, ¢, d and e represent the parts by weight of each monomer unit.

7. The curable adhesive composition of claim 1 further comprising metal oxide particles
having an average particle size of 1 nm to about 100 nm in amounts of 1 to 10 wt.%, relative to

the total weight of the curable composition.

8. The curable adhesive composition of claim 1 wherein the hydroxyl-functional monomer
is used in amounts such that the curable composition has a hydroxyl content greater than 6.5 x10°
*mol OH/g.

9. The curable adhesive composition of claim 1 wherein the oligomer is prepared by an

adiabatic polymerization process.

10.  An optically clear laminate comprising:
a first substrate having at least one major surface;
a second substrate having at least one major surface; and
the curable adhesive composition of claim 1 situated between and in contact with at least

one major surface of the first substrate and at least one major surface of the second substrate.
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11.  An optically clear laminate according to claim 10, wherein the first substrate, the second
substrate, or both the first substrate and the second substrate are selected from a display panel, a

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

12. An optically clear laminate according to claim 11, wherein the optical film is selected
from a reflector, a polarizer, a mirror, an anti-glare or anti-reflective film, an anti-splinter film, a

diffuser, or electromagnetic interference filter.

13. A laminate according to claim 10, wherein the curable composition has a thickness of

greater than about 100 pm.

14. A laminate according to claim 10, wherein at least one of the substrates is polycarbonate

or poly{(methyl)methacrylate.

15.  An optically clear laminate comprising:

a first substrate having at least one major surface;

a second substrate having at least one major surface; and

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

substrate, wherein the adhesive has a moisture-vapor transmission rate of at least 400 g/m*/day.

16. A method of preparing an adhesive comprising the steps of:

(i) providing an essentially curable composition of claim 1,

(ity  partially polymerizing said composition to provide a partially polymerized
mixture exhibiting a Brookfield viscosity of between 1,000 and 500,000 mPas at 20°C and a
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degree of conversion of monomers to polymer of between 85-99 wt. %, with respect to the mass
of the monomers prior to polymerization,

(iif)  converting a portion of the hydroxyl functional monomer units of said oligomer to
pendent polymerizable (meth)acrylate groups,

(iv)  adding one or more photoinitiators and solvent diluent monomers to the partially
polymerized mixture to 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.



