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LIQUID OPTICAL ADHESIVE COMPOSITIONS 

Field 

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

5 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 

10 various optical films to a glass lens in, for example, mobile hand held (MH.H) 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 temperature/humidity accelerated aging tests and 

15 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. 

20 

Summary 

The present disclosure includes a curable composition comprising a) a solute 

(meth)acryloyl oligomer having a plurality of pendent, ethylenically unsaturated, free-radically 

polymerizable functional groups and pendent hydroxyl groups, a Mw of 5k to 30k, a Tg < 20°C 

25 (preferably having a Tg < 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 to 30k and a Tg of < 20oC comprising i. greater than 50 parts by 

weight of (meth)acrylate ester monomer units, ii. 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 

30 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. 

The composition, when cured, is non-yellowing, exhibits low shrinkage, low birefringence 

35 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 

5 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 

5 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 

lxlO'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. 

10 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/m2/day. 

15 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 

20 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 

25 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 

30 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 

35 viscosity of between 1,000 and 500,000 mPas at 20oC and a degree of conversion of monomers 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 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 

5 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 

10 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; 

"Alkyl" 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 saturated divalent hydrocarbon having from one to about 

twelve carbon atoms or a branched saturated divalent hydrocarbon radical having from three to 

about twelve carbon atoms, e.g., methylene.,,ethylene, propylene, 2-Ei^ethyipropytersC', penlylene. 

hexyilene, and tlie like. 

'TkteroalkyT' includes both straight-chained, branched, and cyclic alkyJ groups with one 

or more heteroatoms independently selected from S, P, Si, O, a3id N with both unsubstituted and 

substituted alky! groups. Unless otherwise indicated, the heteroalky! groups typically contain 

from I to 20 carbon atoms. "Heteroaikyl" is a subset of "hydrocarbyl containing one or more S. 

K O, P> or Si atoms" described below. Examples of "heteroalkyi" as used herein Indtide, but are 

not limited to, methoxv, ethoxy. propoxy, 3,6-dioxaheptyl, BKtrimethylsilyO-propyl, 4-

dimethylarainobutyl arid the like. Unless otherwise noted, heteroalky! groups may be mono- or 

polyvalent, i.e. monovalent heteroalkyi or polyvalent heteroalky'ene. 

"'A.ryF' is an aromatic group containing 6-18 ring atoms and can contain optional fused 

rings.. which may be saturated, unsaturated, or aromatic. Examples of an aryt groups include-

phenyl, nsphthyf, biphenyl, phenantbryi, and anthracyi. Heteroaryl is an aryj containing 1-3 

.heieroaioms such as nitrogen, oxygen, or sulfur and can contain fused rings. Some examples of 

heteroaryl groups are pyridyl furanyl, pyrrolyl, thienyl, thiazolyi, oxazolyl, smidazoh-1 indolyi 

benzofuranyl and benztkiazoLyl. Unless otherwise noted, aryl and hetero&iy! groups may be 

mono- or polyvalent, le. monovalent aryi or polyvalent aryiene. 

K(Hetero)hydrocarbylM is inclusive of hydrocarbyl alkyi and aryl groups, and 

freterohydrocarby! heteroalkyl and heteroaryl groups, the later comprising one or more catenary 

oxygen h-eferoatorns such as .ether or amino groups, lletero hyd r o e a r by I may optionally contain 

one or more catenary (in-chain) functional groups including ester,, amide, urea, arethane, and 

carbonate functional groups. Unless otherwise indicated, the non-polymeric (hetero)hvdrocarbyl 

groups typically contain from 1 to 60 carbon, atoms. Some examples of such heferohydrocarbyls 

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

(2!-phenoxyeihoxy)ethyi., 356-dioxahep?yl, 3,6-dk}xahexyS-6~phetiyI, in addition to those described 

for "alky!", "'heteroalkyl'', '"aryr, and "heteroasyr supra. 

"'aciyloyr is inclusi ve of both esters and amides. 

"(meth)ficryloyi" includes both acryloyl and methacryloyl groups; i.e. is inclusive of both 

esters and amides. 
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Detailed Desenptiojs 
Oligomer 

As a first component. the adhesive composition has a solute (meik)acryolyl oligomer 
having a Mw of 5 to- 30k, preferably -B to 15k. and a Ts of < 2(fC; preferably < \ Cf'C. more 
preferably < (f'€, a solvent diluents monomer component and a photoinitiator. In some 
embodiments the composition comprises: 

greater than 50 parts by weight, preferably greater than 80 parts and most preferably 
greater than 90 parts of an oligomer having a plurality of pendent free-radically polymeriz&hie 
.functional groups and having a M;v of 5 to 30K and a Tg of < 20°C; 

less than 50 pails by weight. preferably less than 20 parts, am! most preferably less than 
10 parts of a diluent solvent monomer component; 

and 0,001 to 5 parts by weight, preferably 0.001 to 1, most preferably 0,01 to 0.1 parts of 
a photoinitiator. based on ! 00 parts by weight of the oligomer and diluent solvent monomer. 

The oligomer generally comprises poiymen&ed monomer units of; 
a) greater than 50 parts by weight, preferably greater than 75 pasts by weigh?., most 

preferably greater tiban 80 pasts by weight of (meth)scry!ate ester monomer 
5M5&; 

b) 10 to 49 parts by weight, preferably 10 to 35 pasts by weight, most preferably 15 
to 25 parts by weight, of monomer units having a pendent hydroxy functional 
group, 

c) 1 to 10 parts by weight, preferably 1 to 5 parts by weight, most preferably 1 to 3 
parts by weight, of monomer imi.ts having & pendent, free-radically 
polymerizable functional groups, 

d) 0 to 20 pasts by weight of other polar sssonomer iraits.,. wherein the sum of the 
monomer units is !• 00 parts by weight. 

In one aspect the oligomer comprises (meth)acryla.te ester monomer units, (meth)acfyia(e 
ester can include aliphatic, evcloaHphatic, or aromatic alky! groups. Useful alky! aery'lates (i.e., 
aen4ic acid alky! ester monomers) include linear or branched mcmo.funetional acrylates or 
methaeryktes of non-tertiary aikyl alcohols. 

Useful monomers include, for example, 2-ethy!hexyl (meth)acry!ate, ethyl {meth)aerylafe, 
methyl (mei'h)aciylate, si-propyl (metli)aerylate, isopropyl (meth)acrylate, pentyUmefhjacrylate. 
n-octyl (meth)acrylate, isooctyl (meth)aery38te5 isononyi (mcth)acryiate, n-butyl {meth)acrylate, 
isobutyl (m,eth)acrylaie. hexy] {meth)acryiate, n-nonyi {meth^icrylate, isoamyl (meth.)aeryla£e.. n-
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ciecyi (meth)acrylate, isodecy! (meth)acryiate, iauryi(meth)acryl&te, dodecyl (metb}acrylate, 
cyc-Johexy! (meth)aery!ate., phenyl mctk(ae-ryfete}, benzyl me?h(acrylate), fndecyl (metla)acryiates 

2-propyiheptyi (meth)acryraS?e and 2-metbylbutyl (meth)acrylate, a?sd combinations thereof. In 
some embodiments, the average carbon number of the alkano! portion of the (meth)aa-yktes is 10 
to 14. 

The oligomer has a Tgof < 20a€, preferably <10°C, more preferably <CfC, A "useful 
predictor of interpolymer Tg for specific combinations of various monomers can be computed by 
application of Fox Equation : I/T'g ~ ZWi/Tj, In this equation, T, is the glass transition 
temperature of the mixture, Wi is the weight fraction of component i hi the mixture, and Tgi is the 
glass transition, temperature of component i and ai! glass transition temperatures are in Kelvin. 
(K). In order that the oligomer have a Tg < 2G°C, it is expedient to include low T}, monomers. 

As used herein the term "low Tg monomer" refers to a monomer, which when 
homopGiymer^ed, produce a (meth)aeiyioyl copolymer having a T$ of < 20°C, The incorporation 
of the low 1\ monomer to the oligomer is sufficient to reduce the glass transition temperature of 
the resulting copolymer to< 20*C, as calculated using the Fox Equation.. Alternatively, the glass 
transition temperature can be measured in a-variety of known ways, including, e.g., through 
differential scanning calorimetry (DSC). 

Suitable lew Ts monomers have one ethylemcally unsaturated group and a glass transition 
temperature of Jess than 20 c'C5 preferably less than 10 °C, (as estimated by the Fox Equation), 
which are suitable in the present disclosure include, for example, si-butyl acrylate. isoksty! 
aerylate, hexyi aery late, 2-ethyi-bexylacrylate, isooclylacrylate, capro hctoneacry late, 
isodecylacrylgte. tridecylacrylate, laurvimethacryfate, niethoxy-poiyethylenglycol-
mcnomethacrysate, iaurylaerykte, tetrahydrofarfuryi-acrylate, ethoxy-ethoxy ethyI acryiate and 
ethoxylated-nonylacryiate. Especially preferred, are 3-ethyl-hexylacryiate, ethoxy-e.ihoxyethyl 
aervfate, tridecyl&cryiate and ethoxylated nonylacrylats. 

In some embodiments lite (meth)acrylic acid ester monomer component may comprise 
(meth)acryiate esters of 2-aikyI alkanols wherein the mo^ar carbon number average of said 2-alky! 
alkanols is 12 to 32. The Guerbet alkanol-denveri (rneth)acryhe monomers have the ability to 
form (copolymers with unique and improved properties over comparable., commonly used 
adhesive acrylate (copolymers. These properties include a very low Ts. a low solubility 
parameter for acrylic polymers, and a.low storage modulus creating a very conformable elastomer. 
When Guerhet monomers are included, the (meth)aerylate ester component may include up to 100 
parts by weight, preferably up to 50 parts by weight of the {meth)acrylate ester monomer 
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component. Such Guerbet (meth)acryiaie esters are described in Applicant's U.S. S J 37,807 
(Lewandowski etal) and is incorporated herein by reference. 

In some preferred embodiments, the (meth)acrylate ester is derived from alkarsois having: 
an average carbon number of Cs-Cj2, preferably C-o-C^- This average carbon number may be 
calculated based, an the weight percentages of each {me!h)acrylate ester monomer. 

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

The hydroxy! functional monomer has the general formula: 

Rf is a-hyd*ocarbyi group, deluding alfcyiene, arylene and combinations thereof, more preferably 
a C\-C\ aikylsne; 
R4 is -H or Cj-C.-i aikyl; and 
X1 is -NR4- or -Q-. 

Useful monomers of this type include hydroxyeshyl (meth)acryiate, hydroxypropy! 
{met:h)acxyiate) 2-hydroxy-2-piserL0xypr0pyl (meth)aerylate, and hydroxybuty! (meth)acry late. 2-
hydroxyethylacrykmide, arid N-hydroxypropylaeryiamide. 

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

The oligomer optionally further comprises a hydrophilic polar monomer, other than the 
hydroxyl-funetional monomer. The hydrophilic monomer typically has a average molecular 
weight (Mtt) of greater than about 70, or greater than about 500, or even higher. Suitable 
hydrophilic polymeric compounds include polyethylene oxide) segments, hydroxy! functionality, 
or a combination thereof. The combination of polyethylene oxide) and hydroxy! functionality in 
the polymer needs to be high enough to make the resulting polymer hydrophilic. By "hydrophilic" 
it Is meant that the polymeric compound can incorporate at least 25 weight percent of water 
without ph&se separation. 

Typically, suitable hydrophilic polymeric compounds may contain poiy(ethylene oxide) 
segments that include at least 10. at least 20, or even at least 30 ethylene oxide units. 
Alternatively, suitable hydrophilic polymeric compounds include at least 25 weight percent of 
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oxygen in the form of ethylene glycol groups from polyethylene oxide) or hydroxy! functionality 
based upon the hydrocarbon content of the polymer. 

Useful hydrophihc polymer compounds- may he eopolymerizabie or non-copolymerizabte. 
wsth the adhesive composition, as long as they remain mlscibk' with the adhesive and yield an 
optically clear adhesive composition. Copolymerizabte, hydrophilic polymer compounds include, 
for example, CDSS2, available from Sartomer Company, Exton. PA, which is a monofimetional 
methoxylated polyethylene glycol (550) methacrylate, or SR9036. also available from Sartomer. 
that is an ethoxylated bispheno! A dimethaeryiate that lias 30 polymerized ethylene oxide groups 
between the- bisphenol A moiety and each methacrylate group. Other examples include-
phenoxypolyethyfcne glycol aerylste available from Jarchem industries Inc., Newark, New jersey. 

The polar monomer component may also include weakly polar monomers such as acrylic 
monomer containing carboxyHc acid, amide, tirethane. or urea functional groups, hi general, the 
polar monomer content m the adhesive can include less than, about 5 parts by weight, or even less 
than about 3 parts by weight of one or more polar monomers. Useful carboxylic acids include 
acrylic acid and methacrylic acid.. Uselisl amides include N-vvnyl caprol&ctairu N-vinyl 
pyrrolidone. (raeth)acrylamide, N-methyl (methjacsylaraidc, N.N-dimethyl acryiamide, N.N-
dimethyl methCaerylgmkfe), and N--octy! (sneth)acryiandde-

The hydroxy! functional manager and polar monomers are used in amounts such that the 
oligomer is hydrophilic. By "hydrophilic" it is meant that the Oligomeric compound can 
incorporate at least 25 weight percent of water without phase separation. Generally the polar 
monomer are issed in amounts of 0 to 20 parts., based on 100 parts total monomer of the oligomer. 
Generally the polar monomer, when present is used in amounts of 1 to 3 0 parts, preferably 1 to 5 
parts. 

The oligomer optionally contains siiane monomers [Ms,l!wa] including those with the 
tbUawing formula: 
A~RS-SMY)P(R%P 

wherein: 
A is an ethylemcally unsaturated poiyme-Hzahfe group, including vinyl, ally!, vinyloxy, 

allyioxy, and (meth)acryloyl; preferably (roeth)acryfate; 
Rs is a covalent bond or a divalent (hefero).hydrocarbyl group. 

In one embodiment R8 is a divalent hydrocarbon bridging group of about ! to 20 carbon 
atoms, including alkylene and arylene and combinations thereof, optionally including m the 
backbone 1 to 5 moieties selected from the group consisting of -0-? -€(€>)-. -S-, -SO2- and -NR.'-
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groups (and combinations thereof such as ~C(0'M>), wherein R1 is hydrogen, or a CrC; alky] 
group, . In another embodiment, Rs is a polyCalkyiene oxide) moiety of the formula 
-{OCH2CH2-)f(OCH2C!i(R!»g-:. wherein f is at least 5, g may be 0, and preferably at least I, and 

the mole ratio of frg is at least 2:1 {preferably at least 3:1), and. R! is H ora CrGj afkyi. 
Preferably, R8 is a divalent a!kylene;Y is a hvdrolysabie group, mdudrng a'koxy, acyloxy 

arjd halo; R9 is a monovalent slkyi or aryS group, p is l; 2 or 3,. preferably 3, 
Useful silaoe monomers include, for example, 3~(m.ethacfyioy!hxy) 

propyfcrsmethoxysiianc, 3-aeryloxypropyUnmetkoxysilane... 3-acryioyloxypropyltslethoxysik^e, 3-
(meth&cryloyioxy)propy!tnethoxysi!anef 3^methacry1oyioxy}propylmethyldimethoxysilanev 3-
(acryloy]oxypropyi}methyldimethoxysnanej.3-(niet&aeryk>ykx\y)propyldime?hylethoxysilane, 3-
(raethacryicyloxy) propyldiethylethoxysOane, vmvldiroelhyieihoxysilase, 

vmyimethyidiethoxysilane, vmyltriacetoxysilane, vinyllneihoxysiiane, vhiyltrHsopropoxysiiarte., 
vinyhnmethoxysilane, vinyltriphenaxysilane, vmyltrs-t-butoxysilane, vinyltris-isobutoxysilane, 
vinyitriisopropenoxysikiie. viny]lri.s(2-methoxyethoxy)silane. and mixtures thereof. 

The optional silane monomers [MSli] are used m amounts of 0 to 10, preferably l-5> parts 
by weight, relative to 100 pans by weight total monomer. Such, optional silane monomers are 
used as adhesion promoters for improved bonding to metal, to siiaeeous surfaces, to surfaces 
having -OH groups, or as a self-crossiinking group for the curable composition. 

The oligomer further comprises polymerized monomer units having a pendent 
fethylenicaliy unsaturated polymerizable group. The ethylenkaisy unsaturated group is provided to 
the oligomer by an indirect route whereby a portion of the- pendent hydroxy! groups of the 
oligomer are further fu.netiomiiized by reaction with a co-reactive, el.ectropbihe compound having 
an ethyiemc&lly unsaturated group - "co-reactive monomers". 

'The co-reactive funclional group preferably comprises a carboxyl isocyarsato>.epoxy, 
anhydride, or oxazoiiny] group, oxazoli.nyi compounds such as 2~eth.eny 1-13-oxazoi m-5-one and 
2-propenyM,4-dimethyM,3-oxazolm-5-one; carlx>xy~subsfituted compounds such as 
{meth)aeryHc acid asid 4-carboxybenzyl (nieth)acrylate; isoeyanato-substittsted compounds such as 
isocyanatoethyl (meth)acrylate and 4-isocyanatooyelohexyl (meth)aeryiate; epoxy-substiiiited 
compoimds such as glycidyi (meth)acryhue; azindmyi-sisfastitmed compounds such as N-
aciyloyiaziridme and I ^2-propenylVaziridme; and acryloy! halides such as {me?h)acryIoyf 
chloride. 

Preferred co-reactive monomers have the general formula 

CH2-CR2A 
h y> i 
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wherein R5 is hydrogen, a C< to Q alky! group. or a phenyl group, preferably hydrogen or a 
methyl group; R2 is a single bond or a (hetero)hydr ocarby! divalent linking group that joins an 
ethyienicaiiy unsaturated group to co-reactive functional group A arid preferably contains up to 
34, preferably up to IS, more preferably up to 10, carbon and, optionally, oxygen and nitrogen 
atoms and, when R'" is not a single bond, is preferably selected from 

!?' ft 
1^3—T —COR3—>aod —CNHR3 

wherein R3 is an aikylene group having 1 to 6 carbon atoms, a 5- or 6-membered cydoalkylene 
group having 5 to 10 carbon atoms, or an alkylene-oxyalkylene in which each aikylene includes 1 
to 6 carbon atoms or is a divalent aromatic group having 6 to 16 carbon atoms; and A is a co-
reactive functional group capable of reacting with pendent hydroxyl group of the oligomer for the 
incorporation of a free-radically polysnerizable functional group. 

An alternate bat direct method of incorporation of the pendent ethyienicaiiy unsaturated 
group is to include a poiyethylenicaHy unsaturated monomer (such as ethylene glycol diaorylate-, 
propylene glycol dimethacrylate, mmethyiolpropane fcrsacryiate5 or 1,6-
bsxamethyienedioldiaerylate) in the monomer mix. However > it has been determined that the yse 
of such pGiyethyienically 'unsaturated monomers leads to extensive branching and/or erosslmkirsg, 
and is therefore precluded in favor of the indirect method of functionsHzing.a portion of the 
pendent hydroxy! groups. Preferably,, the curable composition contains no po lye thy sen leaf] y 
unsaturated monomer or other crosslinking agents. 

The oligomer Is prepared and then subsequently fnnctionaiized with the pendent, 
ethyienicaiiy unsaturated group. That is, the acrylic.ester monomer, hydroxy! functional monomer 
and optional other polar monomer are combined and polymerized to produce the hydroxyl 
functional oligomer. 

The oligomer may be prepared using radical polymerization techniques by combining an 
initiator 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 molecule that can then start a new-
chain so the degree of polymerization may be controlled. The M,v of the oligomer is 5 to 3OK, 
preferably 8 to 15k. ft: has been found if the degree of polymerization is too high, the composition 
is too high in viscosity, and not easily processibk. Conversely, if the degree of polymerization is 
too low, the modulus, adhesion and other mechanical properties are diminished (at a constant 
degree of fimctionaliza&on). 

Chain transfer agents may be used when polymerizing the monomers described herein to 
control the molecular •weight of the resulting oligomer. Suitable chain transfer agents include 
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halogenated hydrocarbons (e.g., carbon tetrabromide) and sulfur compounds (e.g., laury! 
mercaptars. butyl mercaptars, ethane?hsoi and 2-mercapto$thyl ether, isooctyl thiogiycolate., ?-
dadeeylmercapian, 3-mercapto-1^-propanediol), and ethyleneglycos bisthicglyeosate. The 
amount of chain transfer agent thai is useful depends upon the desired molecular weight of the 
oligomer and the type of chain transfer agent. The chain transfer agent is typically used in 
amounts from about 0,1 parts to about 10 parts: preferably 0.1 to about 8 pans; and more 
preferably irons abo.ut 0,5 parts to about 4 parts based on total weight of the monomers. 

The monamvrs &nd optfon&J chain transfer agsot are combined and ohgomerized m the 
presence of a chain transfer agent. More particularly, the adhesive is prepared by the steps of: 
(i) providing an essentially solvent-free mixture comprising the free radically polymerizabie 
monomers supra and at least one free-radical polymerization Initiator, 
(ii) partially polymerizing said mixture to provide- a partially polymerised mixture exhibiting a 
Brookfleld viscosity of between 1.000 and 1.25,000 mPas at 20°C. and a degree of conversion of 
monomers to polymer of between 85-99 wt %, preferably 90 to 98 wt.% with respect: to the mass 
of the monomers prior to polymerization, 
(in) converting a potion of the hydroxyl functional monomer un its to pendent polymerizable 
(meth)aciyiate groups, 
(iv) adding one or more photoimtialors and solvent diluent monomers to the partially polymerized 
mixture lo provide a radiation-curable precursor, 
(iv) subseq gently applying the radiation-curable precursor to a substrate, and 
(v) further polymerizing the radiation-curable precursor by subjecting It to actinic irradiation to 
provide said adhesive. 

The present disclosure further relates to a radiation-curable precursor obtainable by 
performing, steps (i)-(v) oft he method of the present disclosure. The polymer obtained by 
conversion of the monomers to polymer to a. degree of between 85-99 wt, %• which .is comprised in 
the radiation-curable precursor, preferably has a polydispersity p—M.w/Mn between 1,5 and 4. 

The mixture further comprises an effective amount of one or more free-radical 
polymerization initiators. The free-radical polymerization initiators and their amount and the 
polymerization conditions are selected to effect a. partial polymerisation of the mixture providing 
the required conversion of monomers to polymer to a degree of between 85-99 wt. % with respect 
to the mass of the monomers prior to polymerization, and a viscosity of the partially polymerized 
mixture of between 1,000-500,000 mPas at 20°C. The term "free-radical polymerization 
initiators" as used above and below Includes Initiators which can be thermally activated or 
activated by actinic radiation such as, in particular, UV-radiation.. 
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Since the mixture preferably is partially prepolymerized in step (si) under essentially 
adiabatic polymerization conditions, the mixture preferably comprises one or more thermally 
activa'jabk free-radical polymerization initiators. Suitable thermally activatable free-radical 
polymerization initiators include organic peroxides, organic hydroperoxides, and azo-group 
initiators which produce free-radicals. Useful organic peroxides include but are not limited to 
compounds such as benzoyl peroxide, di-t-arayl peroxide, t-butyi pe.roxy benzoaie, and di-eumyf 
peroxide. Useful organic hydroperoxides include but are not limited to compounds such as t-amyl 
hydroperoxide and t-butyl hydroperoxide. Useful azo-group initiators include but are not limited 
to the V azoTW (compounds manufactured by DisPont, such as Vazo™52 (2,2'-azobis(2,4~ 
dmielhylpemanemtnle)}, Vazo"t! 64 (S^'-aEobisCS-iBethyl-propanenitriie)), Vazo^'6? (2,2f-
azobis(2-meth;ylbutasiemtrlile}). and Vazota88 (2.2'-azobis(cyclohexane-carbomtriie)>. 

The polymerization steps («} and {in} may occur 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 art initial charge of monomers and initiator tiiat is 
partially polymerized, then additional monomer and/or initiator is added, then further 
polymerized. Such multiple polymerizat ion steps I) helps narrow the polydispersitv of the 
reaction, specifically reducing the amount of low molecular weight chains formed and 2) 
minimize the heat of reaction and 3} allows, one 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 e^rgy exchanged to or from, the reaction system m which the 
polymerization of the mixture to a degree of conversion of between 30-60 wt, % to provide the 
partially polymerized mixture, takes place,, will be less than about 1.5% 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 to a degree of conversion of monomers to polymer 
between 85-99 wt.% to provide the partially cured mixture takes place, preferably is a batch 
reactor. By reacting batch-wise is m«ant that: the polymerization reaction of the mixture occurs in 
a vessel where the partially cured mixture- may be drained from the vessel at the end of the 
polymerisation and not continuously during the reaction. 'Hie monomers and initiators and, 
optionally, additives can be charged to the vessel at one time prior to reacting, in steps over time 
while reacting, or continuously over a time period while reacting, and the polymerization reaction 
is allowed to proceed for the necessary amount of time to achieve tbc desired degree of 
conversions of said, one or more monomers to polymer to a degree of between 85-99 wt. %. 
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The degree of conversion can be measured by standard analytical! methods, including IR 
spectroscopy aad gravimetric analysis. Additional details regarding she adiabatic reaction process-
may be found in U.S. 7,691/137 (EUss et. a!,),. incorporated herein by reference. 

The oligomer thus produced has the general formula: 
where 

represents interpolyrnetized (mesh)a cry late ester monomer units; 
-[M0H]- represents mtetpolymenzed {meth}aery!oyl monomer units having a pendent hydroxy 
group, 
[Mr'0:Ar} represent optional polar monomer units, and 
[MSi^} represent optional snane-fvnctkmiil monomer imks. 

Subscripts a, b> c and © represent the parts by weight of each monomer unit li will be 
understood that the oligomerie product of the adiabatic process further comprises imreacted 
monomer due to the partis! conversion. 

As previously described, a portion of the hydroxy! functional monomer units. are 
converted to [MAcry!] {meth}&ciyioyl monomer units having a pendent polymerizable 
(meth)acryfoyl group to. yield an oligomer of the formula: 

[Mslv%-~, where 
[MActV!] represents iMerpolyroerizcd (meth)acryloyl monomer units having a. pendent 
polymerizable Craeth)aory;oy! group., b* represents She parts by weight of the hydroxyl-functional 
monomer remaining alter functsonaiizaiion. to produce [MAcr>i] and d represents the parts by weigh 
of the monomer units having pendent, free radically polymerizabie monomer units- It will be 
.apparent that b* + d win equal the value of fe m the starling oligomer. A percent of the pendent 
hydroxy! groups are futtctionaHzed with (rneth)a.efyteie groups to provide the oligomer with 1 to 
10 wt.% of (meth)acryiate groups for subsequent polymerization, f os£~functkmaliza£?on, it h 
preferred that the oligomer comprises at least 10 wi.%, preferably at least 15 wt.% and most 
preferably ai least 30 wt%, of the hydroxy} functional monomer imsts so as to avoid the chud 
point problems in humid environments. 

The extant oiigomenc mixture described supra is combined with a photoinitiator and 
additional diluent monomer, then further polymerized. The diluents monomers can be used to 
adjust the viscosity of the composition. Up to 50, preferably up to 20, more preferably up to 10, 
parts by weight of diluent monomer may be added. 

The diluent monomers may be the same monomers described supra, hi the amounts 
described. In some embodiments the diluent monomer component comprises: 
SO to 100 parts by weight of {meth)acryJate ester monomers; 
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0 to 20 parts by weight of hydroxy-fimctiorsal monomers; 
0 to 5 parts by weight: of polar monomers:; 
0 to 2 parts by weight of sHvl functional monomers, wherein the sum of the- monomer is 100 parts 
by weight, la some embodiments the hydroxy [-.functional monomer is used m amounts such the 
curable composition (oligomer -f- diluent) has a hydroxy! content greater than 8.3 x) (P mol O.B/g. 

Tbe.cursble composition comprises less than 50 wt.% of the diluent monomers and 
greater than 50 wfc.% of the solute oligomer, and a photoinitiator m concentrations ranging from 
about 0.00 i to about 5.0 phw, preferably from about 0.001 to about 1.0 pbw, and more preferably 
from ghoist 0,01 to about 0.5 phw, per 100 pbw of the monomers. 

In the fourth step (iv), ont or more photoinitiators are added to the partially polymerized 
mixture to provide the radiation-curable precursor. The term ''photoinitiator" as used above and 
below comprises free-radical polymerization initiators which can be activated by some kind of 
actinic radiation such as for'example, light sources* especially UV-light sources, or e-beam 
sources.. Activation by light sources and. especially, UV-Iight sources is preferred. Free-radical 
radiation polymerization initiators which can be activated by light, are often referred to as free-
radical phoioimliators. Radiation-curable precursors which include one or more photoinitiators 
are preferred, Th«; free-radical photoinift&t&rs which are suitable preferably include both type 1 
and type 0 photokmiators. 

Type I photoimtlators are defined to essentially undergo a unimotecular bond cleavage 
reaction upon irradiation thereby yielding free-radicals. Suitable type I photo-initiators are 
selected from a group consisting of benzoin ethers, henzll ketals, .slpha.-dialkoxyaeetephenones, 
.alpha.-hydroxyalkylphenones. and acyiphosphine oxides. Suitable type f photomitiators are 
commercially available, for example, as Esaoure !K'; KIP 100 from LambertI Spa. Gallarate, Italy, 
or as Irgacure65 \ from Ciba-Geigy. tauteria!. Germany. 

Type II pbotoiiiiiiators are defined to essentially undergo a blmolecular reaction where the 
photomitiators interact m m excited state with a second compound acting as co-initiator, to 
generate free-radicals, Suitable type 11 photomitiators are selected from a group comprising 
benzophenones, thioxantiiones and titanoceaes. Suitable co-initiators are preferably selected from 
a-group comprising amine functional monomers, oligomers or polymers whereby amino functional 
monomers and oligomers are preferred. Both primary, secondary and tertian-' amines can he used 
whereby tertiary amines are preferred. Suitable type II photornitsators are commercially available, 
for example, as Eis&cure ™ TZT from Lamberti Spa., GaHarate, Italy, or as 2- or 3-
methylbenzophenone from Aldrich Co,. Milwaukee, Wis. Suitable amine co-initiators are 
commercially available, for example, as GENOM'ERrM 5275 from Rahn AG, Zurich, Switzerland. 
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Photoinitiators .may be used in the liquid compositions when curing with UV-radiation. 
Photomitiators for free radical curing include organic peroxides, azo compounds., quinines. nitro 
compounds.. acyl halid.es, hydra^ones. mercapto compounds. pyryiium compounds, imidazoles, 
chlorotriazines. benzoin, benzoin alkyl ethers, ketones,.phenories, and the like. For example, the 
adhesive compositions may comprise etl5yi-2,4,6-trimethyibenzoy!phe?sylphosphinate available as 
LUCIRIN ™ TPO-L from BASF Corp. or 1 ~liydmxycydoh«xyl phenyl ketone available as 
fRGACIJEE m 184 from Ciha Specialty Chemicals. 

The total amount of photoimtiators and, optionally, of one or more co-initiators typically 
is in the range of about 0,00 ! wt. % to about 5 wt, % and preferably in the ra;ige of about 0.1 wt. 
% to about 3 wt, % with respect to the mass of the curable composition. 

The radiation-curable precursor (oligomer and diluent).has a Brookflcid viscosity' of 
between LQOO to 500,000 mPa.s> preferably of between 2,000 and 125,800 mPas, more preferably 
between 2.000 to 75,000 and especially preferably of between 2,000 and 50,000 mPas at 20cC. If 
the radiation-curable composition is applied to a substrate by printing it preferably has a 
Brookfi.eld viscosity at 20c'C of between 1,000 and 30.000 mPas and more preferably between 
2,000 and 25,000 mPas. 

The curable composition comprising the oligomer, diluents monomer(s) and photoinitiator 
is thoroughly mixed, and subsequently applied to a substrate in the fifth step (V). Because of its 
low viscosity the composition can be applied to a substrate by conventional coating methods such 
as knife-coating, gravure coating, curtain coating, air knife coaling ai>d roll-coating. In some 
embodiments the curable composition is applied by dispensing a fixed amount of adhesive over 
the bonding area. This may be applied by applying dots and/or lines via a needle, needle die or 
slot die. The- entire area may be coated by spray coating, die coating, draw bar'coating or curtain 
coating. A "da.m and ft!!" method may be used precuring a dam of liquid optically clear adhesive 
around the perimeter of the bonding area and then filling the bonding area using any of the 
methods described above. The dam may also be in the form of a tape, or a foam and/or rubber 
gasket. The area may be coated using stencil priming or screen printing without the aid of a dam. 
Additional information regarding these deposition methods may be found in WO 2011/119828, 
WO 2011/84405, U.S. 2010/0265444 and U.S. 2009/0283211 (Busman et at)s mcorporaied herein 
by reference. 

Subsequent to its application to a substrate the precursor is further polymerized in step (v) 
by subjecting it to actinic irradiation and preferably to UV-irmdiation. Actinic radiation from any 
source and of any type can be used for the curing of the composition whereby light sources are 
preferred over e-beam sources. The light can be in the form of parallel rays or divergent beams. 
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Since .many photo initiators generating free-radicals exhibit: their absorption maximum in the 
ultraviolet (UV) range, the light source is preferably selected to emit an effective amount of such 
radiation. Suitable light sources include carbon arc lamps, mercury vapor lamps, fluorescent 
lamps comprising ultraviolet light-emitting phosphors, ultraviolet light-emitting diodes, argon 
glow lamps and photographic flood lamps. Preferred are high-intensity light sources having a 
lamp power density of at least SO rhW'cm2 and more preferably of at teas* 120 mW'/cnv'\ 

When subjecting the curable composition to actinic irradiation and. rn particular, to UV~ 
irradiation, the precursor is cured via a free-radical polymerization mechanism. The composition 
is termed as "fully cured" when the conversion of the oligomer and diluents monomers to polymer 
is at least 90%, more preferably at least 95%, especially preferably at least 97.5% and moat 
preferably at least 99%, 

The energy density applied, preferably is 100-5,(300 irJ/cnr and more preferably 300-31100 
mJ/cm2 for curing a 250 jam thick layer of the radiation-curable composition. 

The- curable composition and the photoinitiator may be irradiated with activating UV 
radiation to polymerize the monomer component^). UV light sources can he of two types: 1} 
relative!}' low light intensity sources such as Blacklights which provide generally 1 0 mW/em2 or 
less (as measured in accordance with procedures approved bythe United States National Institute 
of Standards and "Technology as, for example, with a UY1MAP UM 365 L-S radiometer 
manufactured by Electronic instrumentation & Technology, Inc.. in Sterling, VA) over a 
wavelength range of 280 to 400 nanometers; and 2} relatively high light intensity sources such as 
medium pressure mercury lamps which provide intensities generally greater thai? 10 mWtar, 
preferably IS to 450 mW/em\ 

Further components and additives nmv be included into the curable composition such as, 
for exampk*, heat stabilizers, antioxidants, antistatic agents, thickeners, fillers, pigments, dyes, 
coiior&nts, thixotrcpic agents, processing aides, nan.oparticies, .fibers and any combi.n.ation thereof 
m amounts such that the optical properties of the adhesive are not significantly compromised. 
Such additives are generally in an amount of between 0.01 and 10 wt. % and more preferably m an 
amount of between 0.OS and 5 wt. % with respect to the mass of curable- composition. In some 
embodiment the curable 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 layer or the viscosity of the liquid adhesive. Metal 
oxide particles that are substantially transparent may be used. Metal oxide particles may be used 
m an amount needed to produce the desired effect, for example* in an amount from about 1 to 
about 10 weight percent, from about 3.5 ?o about ? weight percent, from about 10- to about 85 
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weight percent, or from about 40 to about 85 weight percent, based OK the total weighs of the 
curable composition. Metal oxide particles may only be added to the extent that, they do siot add 
undesirable color,, ha?e or transmission characteristics. Generally, the particles can have an 
average particle size of from about 1 am to about 100 ROT. 

The metal oxide particles can be surface treated to improve dispersibUity in the adhesive 
layer and the composition from which the layer is coated* Examples of surface treatment 
chemistries include ssfanes. shoxanes, carboxylic acids, phosplionio acids, xirconatcs, if'tanales, 
and the like, Techn sques for applying such surface treatment chemistries are known, 

In some embodiments, die adhesive layer co-^prises a fumed silka. Suitable fumed silicas 
include, but are not limited to: AHROS1L™ 200; AEROSIL™ R805; and EVONXK™ VP NKC 
130 (both available from Evonifc Industries); CAS-Q-SIL™ TS 610; and CAB-O-SIL™ T 5720 
(both available from Cabot Corp,), asxi 1-IDK™ HlORiT (available from Wacksr Chemie AG). In 
some embodiments, the adhesive layer comprises a fumed aluminum oxide, such as 
ABROX.1.DE™ ALU 130 (available from Svomk, Patsippany, Ni). In some embodiments., the 
adhesive layer comprises clay such as GARAMITE™ 195S (available from Southern Clay 
Products). 

In some embodiments, the liquid optically dear adhesive comprises non-reactive 
eligomeric theology modifiers. While, not wishing to be bound by theory, non-reactive oiigomeric 
rheology modifiers build viscosity at low shear rates through hydrogen bondmg or other self-
associating mechanisms. Examples of suitable non-reactive oiigomeric rheology modifiers 
include, but are not. limited to: polyhydroxyc&rboxylic acid amides (such as BYK 405, available 
from Byfc-Cfeemie GmbH, Wesel, Germany), polyhydroxycarboxyiic acid esters (such ss BYK. R-
606 ^ available from Byk-Ghemie GmbH, Wesel, Germany), modified ureas (such as 
"DISPARLON 6100 DISPARLON 6200 ™ or DISPARLON 6500 ™ from King Industries, 
Norwalk, CT or BYK 410 ™ from Byk-Chmie- GmbH, WeseL Germany), metal sulfonates, (such 
as K--ST.AY m 5.01 from King Industries, Norwalk. CT or IRCOGBL 9Q3T^ from Lisbrizol 
Advanced Materials, Cleveland, OB), acrylated oligoammcs {such as GENOMER 5275 ™ from 
llahrs USA Corp, Aurora, 1L), polyacryUe acids (such as CARBOPOL 1620 rM from. Lubrizo! 
Advanced Materials, Cleveland. OH), modified urethanes (such as K-STAY 740m from King 
Industries, Norwalk, CT). niicronized amide waxes (such as CRAYVALLAC SLT™ from 
Arkeraa), mieronized amide modified castor oil waxes (such as CRAYVALLAC MX {M from 
Arkeraa), nne resized csstor oil derived waxes (such as CRAYVALLAC ANTI5EYFLB CVP™ 
from Arkema), pre-activa.red amide wax dispersed in (meth)acryiate monomers (such as 
CRAYVALLAC E00054) or polyamides. In some embodiments, non-reactive oh'gorneric 
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rheology modifiers are chosen to be rniscihle and compatible with the optically clear adhesive to 
limit phase separation and minimize haze. 

Irs some embodiments, the adhesive layer may be formed from a thixotropic liquid 
optically clear adhesive. As used herein,, a composition Is considered thixotropic if the 
composition sit ear ihins, i.e., viscosity decreases when the composition is subjected to a shearing 
stress over a given period of time with subsequent recovery or partial recovery of viscosity when 
the shearing stress is decreased or removed. Such adhesives exhibit little or no How under zero or 
near-zero stress conditions. The advantage of the thixotropic property is that the adhesive CSFS be 
dispensed easily by such processes as needle dispensing dtse to the rapid decrease in viscosity 
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. 
Adhesive compositions can be made thixotropic by adding particles to the compositions, hi some 
embodiments, tinned silica is added to impart thixotropic properties to a liquid adhesive, in an 
amount of from about 2 to about 10 wt.%. or from about 3,5 to about 7 wt.%, 

In some embodiments, the curable composition optionally comprises a thixotropic agent. 
As used herein, a composition is considered thixotropic: if the composition shear thins, i.e., 
viscosity decreases when the composition is subjected to a shearing stress over a given period of 
time 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 thixotropic property is that the adhesive can be dispensed easily 
by such processes as needle dispensing due to the- rapid decrease in viscosity under bw 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. Adhesive compositions 
cars be made thixotropic- by adding particles to the compositions, in some embodiments, fumed 
silica is added to impart thixotropic properties to a liquid adhesive, in. an amount of from about 2 
to about 10 weight percent, or from about 3.5 to about 7 weight percent. The efficiency of the 
thixotropic agent and the optical properties depend on the composition of the liquid optically clear 
adhesive 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 acid, 
monomers or oligomers may disrupt the thixotropic or optical performance. Consequently, it is 
preferred that she curable composition contain no acid-functional monomers or oligomers. 

m some embodiments, any liquid optically clear adhesive having a viscosity of no more 
than 30 Pa.s, between about 2 and about 30 Pa -s and particularly between about 5 and about 20 
ps-s at a shear rate of I to 10 sec"! can he combined with a thixotropic agent to form a thixotropic 
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liquid optically clear adhesive suitable for -stencil printing or screen printing. The efficiency of the 

thixotropic agent and the optical properties depend on the- composition of the liquid optically clear 

adhesive 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- acid, acid 

or hyxdroxyl containing monomers or oligomers may disrupt the thixotropic or optical 

performance. 

The curable composition optionally comprises a pl&stscixer that increases its softness and 

flexibility to the resultant adhesive. Plastick'.ers are well known and.typically do not participate in 

polymerization of (meth)acryiate groups. The piasticizet may comprise more than one pl&stlcizcr 

material The adhesive may comprise from greater than i to abo&t 20 weight percent, or from 

greater than 3 to about ! 5 weight percent, of the plastici^er. The particular pJaslicizer used, as 

well as the amount used, may depend on s variety of factors. 

The curable composition may comprise a tackitler. Taekifiers are well known and are 

used to increase the tack or other properties of an adhesive. There are many different ty pes of 

taekifiers but nearly any tackitler can be classified as: a rosin resin derived from wood rosin5 gum 

rosin or tall oil rosin; a hydrocarbon resin made from a petroleum-based feedstock; or a terpene 

resin derived from terpen© feedstocks of wood or certain fruits. The adhesive layer may comprise, 

e.g., from 0.01 to about 20 weight percent from 0.0i to about 15 weight percent, or from 0,01 to 

about 10 weight percent of taddfier. The adhesive layer may he tree of tac-kifier. 

The adhesive resulting from photopolymerizatior; of the- curable composition is desirably 

optically clear. As used herein, the term "optically clear" refers to a material that has a luminous 

transmission of greater than about 90 percent, a haze of less than about 2 percent, and opacity of 

less thai) about 1 percent in the 350 to 800 «m wavelength range. Both the luminous transmission 

and the haze can be determined using;, for example, ASTM-D ! 003-95. Typically, the optic-ally 

clear adhesive may he visually free of hubbies. 

The adhesive layer desirably maintains optical clarity, bond strength, and resistance to 

delammatien over the lifetime of the article in which it is used. Whether an adhesive will likely 

have these desirable characteristics can be determined using an. accelerated aging test. The 

adhesive layer can be positioned between two substrates for this test. The resulting laminate is 

then exposed to elevated temperatures, optionally, combined with elevated humidity conditions, 

for a. period of time. For example, the adhesive layer can often retain its optical clarity after aging 

at 85C'C for approximately 500 hours without humidity control (i.e., the relative humidity in the 

oven is usually below -about 10 percent or below about. 20 percent). Alternatively, the adhesive 

cat) often retain its optical clarity after aging at 65°C for approximately 72 hours with a relative 
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humidity of about 90 percent. Most importantly, the cloud point resistant adhesive can often 
retain its optical clarity alter aging at 65"C for approximately 72 hours with a relative humidity of 
about 90 percent and rapid (i.e. within, minutes) cooling to ambient conditions, After aging, the 
average transmission of the adhesive between 350 nanometers (rim) and 800 rmi can be greater 
than about 85 percent and the haze can be less than about 2 percent. 

The adhesive resulting, from photopolyroerization of the curable composition desirably has 
a shear modulus of 5000 to ' ,000.000, preferably 5000 to 100.000, more preferably 5000 to 
50,000 pascals. 

Laminates are provided that include an optical film or optically clear substrate and a 
optically clear adhesive layer adjacent to at least one major surface of the optical film or substrate. 
The articles can further include another substrate (e.g.. permanently or temporarily attached to the 
adhesive layer), another adhesive layer, or a combination thereof. As used herein, the term 
"adjacent" can be used to refer to two layers that, are in direct contact or that are separated by one 
or more thin layers, such as primer or hard coating. Often, adjacent layers are in direct contact, 
Additionally, laminates are provided that include an adhesive layer positioned between two 
substrates, wherein at least one of the substrates is an optical film. Optical films intentionally 
enhance, manipulate, control, maintain, transmit, reflect, refract, absorb, retard, or otherwise alter 
light that impinges upon a surface of the film. Films included in the laminates include classes of 
material that have optical functions, such as polarizers, interference polarizers, reflective 
pctariz&rs, diffusers, colored optica) films, mirrors, iouvered optical flto, light control films, 
transparent sheets, brightness enhancement film, anti-glare^ md ants-reflective films, and the like, 
Films for the provided laminates can a!so include retarder plates such as quarter-wave and half-
wave phase retardation optical elements. Other optically clear films include anti-splinter films 
and electromagnetic interference niters. 

In some embodiments, the resulting laminates can be optical elements or can be used to 
prepare optical elements. As used herein, the term "optical element" refers to an article that has 
an optical effect or optical application. The optical elements can be used, for example, in 
electronic displays, architectural applications, transportation applications, projection applications, 
photonics applications, and graphics applications. Suitable optical elements include, but are not 
limited to, glazing (e.g., windows and windshields), screens or displays, cathode ray tubes, and 
reflectors. 

Exemplar)' optically clear substrates include, but are not limited to a display panel, s^ch 
as liquid crystal display, an OLBD display, a touch panel, efectrowetting display or a cathode ray 



WO 2013/181030 
20 

PCT/US2013/042140 

tube, a window or glazing, an optical component such, as a reflector, polarizer, diffraction grating, 
mirror, or cover tens, another film such as a decorative film or another optical film. 

Representative examples of optically clear substrates include glass and polymeric 
substrates including- those that contain polycarbonates, -polyesters (e.g., polyethylene 
terephthalat.es and polyethylene naphthalaies), polyureihanes, poly(meth)y.erylates (e.g., 
polynietbyl methaerylates), polyvinyl alcohols, polyoiefms such as polyethyienes, poiypropyienes, 
and cellulose triacetaies. Typically, cover lenses can be made of glass, poiymethyl methaciryiates. 
or polycarbonate. 

The laminates have at least one of the following properties: the adhesive layer has optical 
fransm.is.smty over a useful lifetime of the article, the adhesive can maintain a sufficient bond 
strength between layers of the article, the adhesive can resist or avoid dekmitiation, and the 
adhesive can resist bubbling of the adhesive layer over a useful lifetime. The resistance to bubble 
formation and retention of optical traBsraissivity can be evaluated using accelerated aging tests. 

The adhesive compositions ofthe present disclosure may be applied directly to one or 
both sides of an optical element .such as a polarizer. The polarizer may include additional layers 
such as an anti-glare layer, a protective layer,, a reflective layer, a phase retardation layer, -a wide-
angle compensation layer, and a brightness enhancing layer. In. some embodiments, the adhesives 
of the present disclosure, may he applied to one or both, sides of a liquid crystal cell, it may also 
be used to adhere a polarizer to a liquid crystal cell. Yet another exemplary set of optical 
laminates Include the. application of & cover lens to a LCD panel, the application of a touch panel 
to an LCD pane!, the. application of a cover lens to a. touch panel or combinations thereof. 
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Examples 

Materials i 
Abbreviation or Trade- Name ! Description 1 

IOA isooctyi aery late, available under the trade designation 
"SR440'' from Sartomer USA, LLC, Bxton, Pennsylvania. 

2-EHA 2-ethylhexyi aerylate, available from Sigom-Aidrich Co. 
LLC., St. Louis, Missouri 

2-PHA 2-propyS.hepty; asrylate. available under the trade designation 
"2-PHA" from BASF Corporation, Fiodiam Park, New Jersey. 

TDA Tridecyi Aerylate, available under the trade designation 
"S-R4S9D" from Sartomer USA. 

C16 
2-hexyIdecyl aerylate, available under the trade designation 
""HEDA 16" from Toha Chemical Industry Co. Ltd, 
Kana^awa. Japan. 

LA Laiuyl Acjylate, available under the trade designation 
"SR335'* from Sartomer USA. 

IBQA Isobomyl Acrylste, available under the trade designation i 
'•SR596D" from Sartomer USA. 

ODA Ociadecy! aerylate, available, from Sigma-AIdneh Co, LLC., 
St. Lotus, Missouri, 

r | 4-hydroxybutvi acrylate., available under (he trade designation 
j ;i4~HBAs" from San Esters Corporation, New York, New York. ; 

IJBVA ^ 2-bydroxypropy! methaorylate, available from Alfa Aesar, 
1 a ! Hevsham England. 

j Isoeyanatoethyf methaeryhue, available from Shows Detiko, 
i Kanagawa, Japan. 

rI Ethylene glycol bisthioglycolaie, available from Evans 
j: ; Che.mi.tks LP, Teaseek, New Jersey. i 

| Polypropylene.glycol inono&csylace, available under the trade ; 
PPA6 | designation "Bisomer PPA6" from" from Cognis, CmcinaltL | 

j Ohio. : 
^ j 2-ethoxyethoxyethy* aeryhte, available from Poly-sciences, 
" A ; Inc., Warrington, Pennsylvania. 

VAZO 5.2 
; 

2r2'-Azobi3(2,4-disTtet^yipemanerdtrile)5 available under the 
trade designation "VAZO 52" from E, I. du Pont de Nemours 
and Co., Wilmington, Delaware. 

j VAZO SS 
1,1 AAzoblsCcya&ocydotex&Jie), available under the trade 
designation "VAZO 88" from B. L du Pont de Nemours and 
Co. 

! LI 30 
1 

2,5-Dimethyi-2,5-di-(£ert-butylperoxy)h.exyKe-3, available 
under the trade designation "LupeFsoi B0" from Pennwali 
Corporation, Buffalo, New York, 

i 

1 LiOl 
i ; 

2,S-bis(t.e!t-butyiperoxy)'2.5--dimethyihex3.sie available under 
the trade designation "Lupersol 101" from PennwaH. 
Corporation. 

s 

! TPO-L 
? 

.E?hyL2A;6-tnmethylber!ZoyjpheRylphos'phina'x% available 
urkder the trade designation, "Lucirin TPO-L" from BASF 
Corporation. Florham Park, New Jersey. 

h A174 3-mediaeyrioK.yptGpyKrimethoxysiiane. available under the 
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trade designation "SilquesS A-174" from Momemive, 
Columbus,. Ohio. 

2HD 2-hexy3-i-decaBoi, available from Stema-Aidnch Co. .LLC. 
TEA Trieihyiamme, available from Alpha Aesar. 
AC Aeryloyl chloride, available from .Alpha Aesar. 

IRG 1010 
Pemtaerythiitol tetrakis(3-0,S-di-tert-butyl-4-
hydroxypheuyOpropIonate), a phenolic primary antioxidant 
available under the .trade designation 'TRGAHOX. 1010" from 
Ciba Specialty Chemicals. Inc., Basel, Switzerland, 

i"RG 1076 

Octadecyi-3-(3,5-di-tert.buty!-4-hydrox\pheoyl}-propioRate. a 
phenolic primary antioxidant: available under the trade 
designation "IRGANOX 1076" from Ciba Spec;alt)? 
Chemicals,. Inc, 

MBHQ Hydroqumone monomethyl ether, available from Alfa Aesar, 
Beysbarn England. 

VP NKC 130 
A hydrophobicaliy treated fumed silica, surface treatment of 
hexadecylsilase, available under tlie trade designation 
"AEROSJL VP NKC 130" from Evomk Industries, 
Parsippany* New Jersey. 

mm Po!y(ethylene glycol) methyl ether aerykte, available from 
Sigma-Aidrich Co. LLC, 

TEST METHODS 

Viscosity measurements were made by using an AR2000 Rheometer equipped with a 40 
rarc; V 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 wHb a frequency from 
0.00! to 100 see"! with a 28 pm gap between the cone m<l the plats. Viscosity values are reported 
in cesitipoise (cps) at a shear rate of I sec"', 

Molecular WeiaM Detenmsation 
The molecular weight distribution of the compounds was characterized using convemkmai 

gel permeation chromatography (GPC). The GPC Instrumentation, which was obtained from 
Waters Corporation, Milford, MA, included a high pressure liquid chromatography pump (Model 
1515HPLC). an auto-sampler (Model. 717), a UV detector (Model 2487). and a refractive index 
detector (Mode! 2410). The chromatograph was equipped with, two 5 micron FLgel MIXED-D 
columns available from Varum inc. Palo Alto, California. 

Samples of polymeric solutions were prepared by dissolving polymer or dried polymer 
samples in tetrahydrofuran at a concentration of 0.5 percent (weight/volurKe} and filtering through 
a 0.2 micros polytetrafluoroethyferse filter that Is available from VWR International, West 
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Chester. Pennsylvania. The resulting samples were injected into the GPC and eluted a? a rate of 1 
milliliter per minute through the columns maintained at 35°C. Hie system was calibrated with 
polystyrene standards using a linear least squares fit analysis to establish a calibration curve. The 
weight average molecular weight (Mw) and the polydsspersity index (weight average molecular 
weight divided by number average molecular weight) were calculated for each sample against this 
standard calibration curve. 

Flack Adhesion 
Two float glass slides. 2 1/4 inch (5,72 em) x \ 3/16 inch (4.60 cm) x 1/4 inch (0.635 em) 

were cleaned with isopropy! alcohol (1PA). Two layers of SCOTCH Filament Tape 898, available 
from the 3M Company. St. Paul, Minnesota, were attached along the two., 1 3/16 inch (4,60 cm) 
length edges of the first substrate in order to control the thickness of the adhesive composition, 
once k was placed on the slide. The tape created a step height of about 340 microns. The adhesive 
composition was dispensed by a pipette in the center of the slide and the second slide was slowly 
brought into contact with the first slide. The adhesive composition between tile slides was cured 
with the total, energy of 3,000 mJ/cm2 in UV-A or UV-B region under a Fusion UV lamp available 
from Fusion UV Systems Inc.. Ciaithersburg, Maryland, using a quartz UV D-buib (Examples 9 
through 19 and 26 through 3 f). 'The. remaining samples (Examples 1 through 8 and 20 through 
25) were cured under an Omnicide 2000 high pressure Hg spot cure source available from BX.FG 
Photonic Solutions, Inc., Mississsuga. Ontario. Canada, with the total energy of 3,000 ml/cm' in 
UV-A region. Samples then dwelled for one day in a eontroled temperature-humidity (CTH) 
room at a temperature of 74°F (23.3°C) and a relative humidity of 50 % prior to testing. 

A glass slide with cured adhesive was loaded into a sliding pluck fixture on an MTS 
INSIGHT Electromechanical Test System with a 5 IcK load cell available from MTS Systems 
Corporation, Eden Prairie, Minnesota. The samples were pulled apart at 25 mm/mm and tested to 
failure. The first measured peak load was then divided by the measured area of the adhesive 
composition on the pluck sample to determine the pluck adhesion, measured in l\?/em\ At least 
three samples were tested for each adhesive composition, with an average value for pluck 
adhesion reported. 

Percent volume shrinkage was measured using an Accupye II1340 Pycnomeier from 
Mieromeritics Instrument Corporation,. Norcross, Georgia. An u scared adhesive composition 
sample of known mass was placed in the silver vial of the pyenometer. The vial was placed in the 
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pycnometer and the volume of the sample-was measured and the density of the adhesive 
composition was determined based on the volume rnd mass of the sample. The density of a cured 
adhesive composition was measured following the same procedure as that of the tmcured. Cared 
adhesive compositions were prepared by casting a ha^d spre&d coating of the adhesive 
composition between two release liners, using an !! mi! (0.2$ mm) thickness adjuster, and curing 
with the total energy of 4,000 ml/cm2 in UV-A region ursde? a Fusion UV lamp with a quartz UV 
D bulb available from Fusion UV Systems Inc. 
Volume shrinkage was then calculated from the following equation: 
{[{1/ Avg Liquid Density) - (II Avg Cured Density)] / (If Avg Liquid Density)} K 100% 

Optical Measurements 
Optical properties of the adhesive compositions were measured by sandwiching the 

adhesive composition between two 2 inch (5.08 cm) x 3 inch (7.62 cm) & 200 microns LCD glass 
panels, EAGLE 2000 available from Specialty Glass Products, Willow Grove, Pennsylvania. The 
adhesive, composition was cared with, a total, energy of 3,000 ml/cm2 in UV-A region using a. 
Fusion UV lamp with a quartz UV D bulb, available from Fusion UV Systems Inc. The thickness 
of the adhesive composition was controlled by applying two layers, of SCOTCH Filament Tape 
S98, 3M Company. along the two. 2 inch (5.08 cm) edges of one ofthe panels. Haze, 
transmission and color of the cured LOCAs were measured before and after aging under 
environmental testing conditions using a HimterLab UltraScan FRO available from Hunter 
Associates Laboratory, inc. Restoti, Virginia. 

Preparation of Solute (Meth)acryolvi Oligomers fSMAOs> 

PreparaLian.M.SMAQrl 
This example illustrates the process to produce a solute {m.eth)acryoh!l oligomer. Two 

essentially adiabatic reaction cycles are ased with option of a third functionalbation step, alter 
histis} polynia synthesis. To s, 5L stainless steel reaction vessel was added: y£8D g TIM., 500 g 
4- HBA, 40.0 g EG8TG» 2.5 g IRQ 1010, and 20.5 g of 2.44 wt% MBHQ ia IDA. The mixture 
was heated to 60*C and mechanically stirred until all components were dissolved, at which time 
60.1 g of 0.125 wt% solids VAZO 52 in K)A was added to the reactor Once the polymerization 
had begun the temperature control system, was set to cause the temperature of the jacket to track 
1.5°C above the bate!;, temperature to facilitate adiabatic reaction conditions. At 120*C the jacket 
stopped tracking the polymerization temperature, which peaked at 132°C and was allowed to coo! 
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back, to 60°C before being depressunzed. 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 4oz ghssj&r: 1.0 g VAZO' 52, 0.45 g VAZO 

88.0,45 g LiOI, and 48.10gethyl acetate. The solution was shaken m a reciprocating mixer until 

all solids were dissolved, at which point, 25.0 g of the ethyl acetate solution and !3.33gEGBTG 

were added xo the stainless steel reaction vessel and stirred at 60°C. The reaction: peaked at 110°C 

at which time 50 g of IBM was added. Hie reactor was cooled to I00*C and held isothermaily for 

4 hours and then drained, producing 5MAG-1. The SMAO was stored HI 32 oz brows jars. A 

sample was taken of the reaction mixture and the tmreacted monomer was 4 ,38%, based on the 

total weight of the fixture. 

Preparation of SM.AO-2 through SMAO-I.7 

132-5 g of LA, 220 g of 4-HBA, 192.5 gIBOA and 6.6 gofBGBTG were added to a four 

?3eck flask equipped with a reflux condenser, thermocouple, meehamcaJ stirrer, and. a gas inlet that 

allows nitrogen, or air to be bubbled into the solution. The first charge of thermal initiators,. 

VAZO 52 (O.I)24S g), VAZO (0.024S g) sod LI 30 £0.0248 g) were also added to the flask. The 

mixture was stirred and heated to 60°C under nitrogen. The temperature of the reaction mixture 

quickly exothermed and peaked at around 160c C, during the polymerization. After the reaction 

peak, a second charge of VAZOEM 88 (0.0248 g) dissolved in an additional 5 g of LA was added 

to the flask. The reaction vessel was held at 16CfC for 90 mmtites before cooling to 100°C and 

purging with air. 

11 g of JEM was then added to the batch to react with the pendant hydroxy! groups on the 

LA''4-HBA/lBOA/EC3BTG oligomer chains, incorporating methaerylate functional groups to the 

oligomer. The reactor vessel Was held at 1 Q0°C for 4 hours and then cooled and drained, 

producing SMAO-2. A sample was taken, at the end of this reaction period, for oligomer 

molecular weight determination by GPC, Table 2. 

A similar procedure was used to produce SMAO-3 through SMAO-17. The monomers 

and amounts used to prepare these additional oligomers are shown in Tables 1 through 3 below, as 

well as, molecular weight data. Note that VAZO!M SS is added in two steps-, the amount of VAZO 

in each step being half that indicated in Tables 1 through 3. Also, daring the second charge of 

VAZO 88, the VAZO 88 was dissolved in 5 g of acrylat©, the major aerylaie ester component of 

the composition. This S g ofacrysate is included m the values reported m the Tables \ through 3. 



WO 2013/181030 PCT/US2013/042140 
26 

Table !. Formulations of SMAO-2 through SMAO-8. 

Component SMAO-
2 

SMAO-3 SMACM SMAO-5 SMAO-6 SMAO-7 SMAO-8 

IOA ; - i - 211.5 - -

LA 137,5 ' V. 
I - -

TDA j 246 - 211.2 258 241.5 
CIS - 241.5 
4-HBA 220 _ 42 76,5 66.5 _ 66 76.5 
FPA6 - - \ 
2-HPMA - - - 46.8 -

. iBOA 192,5 J -
EGBTG 6.6 4.2 4,29 4.06 5.61 4„62 4.62 
VAZO 52 0,0248 0.0135 0,0264 6.0131 0.0149 0.0149 0.0149 
VAZO 88 0,0496 0.0270 0,052$ 0.0262 0.030 0.030 0.O3O 
U30 0,0248 0,0135 0.0264 0,0131 0.0149 0.0149 0.0149 
JEM 11 6 6.6 5,8 i 6.6 6.6 6.6 
Mw (Da!) 1 25,8lFl 16,700 12,300 11,000 12.400 15,100 j 17.000 

Tabk 2, Formulations of SMAO-9 through SMAO-11. 1 u SMAO-9 SMAO-IO SMAO-i 1 
2-FHA 219 - -
TDA 204 251A 
ODA - 42 ^ 
4-HBA 69 48 . . 72.6 . ; 
PPA6 : 
2-HPMA -
BOA- . 
EOBTG 4.35 4.2 4,62 
VAZO 52 0.0135 0.0135 0,0149 
VAZO SS 0.0270 0.027 0.03 
Li 30 0.0135 0.0135 0.0149 
JEM 6 6 6.6 

v Mw (Dal) 12,500 14,300 17,300 
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Table 3. Forraalatioris of SMAQ--2 through SMAO-17. 
Coniooneiit SMAO-12 SMAO-13 SMACM4 SMAO- 3 5 SMAO-16 SMAO-17 
2-EHA 271.2 - 271.2 - 234 -
TDA 265 .OS - 355.2 - 220.71 
4-HBA 23,1 15,84 23,1 33,1 18.15 
FFA6 - 54 -
MPEG' _ 29.7 38.7 - -

[ 2EEEA 29.7 73.1 * - 85.14 
EGBTG 4.29 5.04 4.29 6.02 """ 4.62 
VAZO 52 i 0.0149 0,0162 0,0149 0.0194 0.0135 0,0149 
VAZO 88 0.030 0,0324 0.030 0,0388 0,0270 0.030 
LI30 0.0149 0,0162 0.0149 0.0194 0.0135 0.0149 
'IEM 6.6 5.04 6,6 8.6 6 5.61 
Mw (Dal) [1,200 14,900 12,300 19,000 9 J00 10,500 ^ 

Preparation of SMAO-18 
To a 5L stainless steel reaction vessel was added 2,779 g TDA, 665 g 4-HBA, 57.8 g 

EGBTG, and 28.7 g of 2,44 wt% MEHQ in TDA. The .mixture, was heated to 6(PC and 
mechanically stirred urnsi all components were dissolved, at which time 2.8.1. g of 0,5 wt% solids 
VAZO 52 in. TDA was added to the reactor. Once the polymerization had began the temperature 
control system was set to cause the temperature of the jacket to track i .5rJC above the batch 
temperature to facilitate adiabatic reaction conditions. At 120°C the jacket stopped tracking the 
polymerization temperature, which peaked at I34°C and was allowed to cool back to 60rjC before 
being depressurized. A sample was taken of the reaction mixture and the unreached monomer was 
43.6'$% based on the total weight of the srdxture. 

The following -components were charged to a 4oz glass jar; 1.0 g VAZO 52. 0,45 g VAZO 
§8,0.45 gLIOI. and 48.1.0 g ethyl acetate. The solution was shaken m a reciprocating mixer until 
ail solids were dissolved, at which. point 35.0 g of the ethyl acetate solution and 19.25 § EGBTG 
were added to the stairless steel reaction vessel and stirred at 60°C. The reaction peaked at 
110CC, The reactor was then cooled io 100°C while it was purged with 90/10 r.itrogen/oxygen 
control gas for 30 mimstes, a.? which time 70.0g of IEM were added to the reactor and held at 
100°C isothermaih-' for 2 hours. After 2 hours ! kg of material was drained from the reaction, 
vessel into brown tinted jars, A sample was taken, of the reaction mixture from this step and the 
unreacted monomer was 5.07% based on the total weight of the mixture. 

Preparation of Adhesive Compositions: Examples 1 through 3- i 
Adhesive compositions- were prepared by charging the component materials, disclosed in 

Tables 4 through 7r into a white mixing container available- from FiackTek Inc., Landrurn, South 
Carolina, and mixed using a Rausckild S.PEEDMIX.ER DAC 150 FVZ available from FiackTek 
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Inc. operating at 3540 rpm for 6 minutes.. The exceptions to this were Examples 26 through 31, 
which were mixed with Hsuschild SPBEDMXXER DAC 600 FV available from FlackTek Inc. 
operating at 2200 rpm for 4 minutes. Material properties; shrinkage, viscosity and pfock adhesion 
and optical properties before and after aging under environmental conditions; are described m 
Tables 8 through 17. 

Table 4. Adhesive Compositions of Examples 1-9 (values are in grams). 

Material Ex. 1 Ex.2 Ex. 3 Ex.. 4 Bx.5 | Ex. 6 Ex.. 7 | Ex. 8 Ex.9 

SMAO-3 5 
| 

SMAO-8 - 20,97 j 
*' I 

! - j 
—— 

SMAO-5 -
\ n nn • \~r OO OO \ \ I : 

J > : : 

5 j 1 " ! " 1 
—— 

SMAO- ! 
M ! \ 

! i--} ii ! : : 
| i ; ! 

SMAQ-$ 

SMAO-4 
— \ 

i 

j j 20,97 j | 
1 " | 5 ; ~ j ~ 

] 1 i ?. ) . 
SMAO-
10 - | - i : | 

i s i 
SMAO-
U - " - 31.4-6 

-FFA6 

TDA 

2.24 - 6,53 - 12,39 - - 3.0 |. 

31.4-6 

-FFA6 

TDA 4.35 - - - - - - j 4.5 

IOA j ~ j ! 0-063 0.063 

: 4-HBA - ! j * 2.223 
— 

1 2-PHA i -; 
; 

- - 4.525 
— 

: CM . 

: TPO-L 0,251 

| - - 4.5 - -: CM . 

: TPO-L 0,251 0.250 0,251 0,25 i 0.251 0.250 0,250 0,270 j 0.375 

0.028 j 0.044 
i 

\ A174 0.028 0.025 j 0.028 0,028 0.028 0.025 0,025 

0,270 j 0.375 

0.028 j 0.044 
i 



WO 2013/181030 
29 

PCT/US2013/042140 

Table 5. Adhesive Compositions' of Examples 10-19 (values are in grams). 

Material Ex. 10 Bx. 
it 

Ex. 
12 Ex. 13 Ex, 

14 
Ex. 
15 Ex. 16 I.Ex. .17 Ex. 

18 
Bx. 
19 

SMAO-
] 20.0 20.0 20.0 20.0 20.0 I - j - ! - 1 -
SMAO-
7 

. - 20.0 20.0 
i 

| 20,0 20.0 -r ! 
» 

\ 6 <
 

2E V> 
cn -• j ~ 

.. . 
- 20.0 

TDA 2.93 3.93 5.0 6A65 7.44 3.56 4.70 | 5.94 7.30 2.4] 

TPO-L 0.233 0.240 0.253 0.264 0.277 0.233 0.249 | 0,262 0.276 0.226 

A174 0.023 0,024 0.02.5 0.026 0,027 0.023 0.024 j 0.026 0.027 0.022 

Table 6. Adhesive Corn positions of Examples 20 to 25 (values are in grams). 

Materia! Ex. 20 Ex. 21 Ex. 22 Ex. 23 Bx, 24 
i 

Ex.25 : 

SMAO-5 22.225 
j 

| 
SMAO-12 j 1 - - -

SMAO-i 3 - - 22.225 | 
IV 

' 
SMAO-1 ? ; 22.22^ j 

SMAOI4 | -
i 3 j-5 

SMAO-15' j - 22.225 

TDA j i.O -

fOA | 0.063 - - - 20 

4-HBA - - - . 

PFA6 7.8 - 10.49 6.3 

2-BHA - - L© 
i I as 

2-EEEA '2.942 - . 
! 

TPO-L 0.250 0..25! 0.234 0.251 0.251 0.250 

A174 0,028 0.02S 0.028 0.028 0.028 
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Table 7. Adhesive Compositions of Examples 26-31 (values are in grams). 

Material Ex. 26 Ex, 11 Ex. 28 Ex. 29 Ex. 30 Ex.31 | 

SMAO-4 59.02 59.02 { - - "5 1 t 

SMAO-S - - 59.02 59.02 - -

SMAQ-2 - - 47.2 32.2 

IBOA - 8.0 
t 

16.0 -
i§ i 

PFA6 -v
j 2.74 2.74 2,74 -

4-BBA - -
; 

; 
15 1 

TDA 6.35 - - 6.35 - 3.5 

KE311 13.62 <2.0 24 - -

-t
ci 

r.:
r;! i 

; OCA 9.08 9. OS 9.08 
" 

5.0 

TPO-L O.S 0.5 

I A174 0.5 0.5 0.5" - 0.4 

| mo io?6 0:9 0,9 0,9 - o.-g 0.5 

A0503 0:9 0.9 | 0.9 | 0,8 
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Preparation of a Thixotropic Adhesive Composition; Example 35 
To the 5 L stainless sled reactor containing SMAO-18 described above (less the I kg 

sample removed for testing):. 275 g TDA monomer, 50 g BBA monomer. 25 g TFO-L 
photolnitiator, 25 g 1RG 1076, and 12.5 g A! 74 were added to the reaction vessel and mixed for 
45 minutes, producing an adhesive composition. 100 g of this adhesive composition was placed in 
a white mixmg container, {a Max 1.00 cup, from FiackTek Inc., tandruro. South Carolina) and 4 g 
of VP NKC 130 were added. The components were mixed using a H&uschild SPEEDMfXER 
DAC 600 FV, from FiaekTek Inc., operating at 2200 rpm for 4 minutes, producing Example 32. 
The viscosity at different shear rates and optical properties are shown in Table \. The viscosity of 
the adhesive composition was 834 cps at a shear rate T sec"', without the addition of a thsxotrope. 

Table 19. Viscosity and Optical Properties of Example 32, 
Parameter j Measured Value 

Viscosity at 0.01 s" 
Viscosity at. 0.1 s" 

101,900 cps 
34,100 cps 

Viscosity at 1 s': 

Viscosity at 10 s*: 

—— 
Viscosity at 100 s"J 

75SOO cps 

TM^ 

L 

1,600 cps 
96^ 
-0.2 

! b* 
j %1-iaxe }«93 

i %Trar.sn>issiori 
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This disclosure provides the following embodiments: 

1. A curable composition comprising: 

a) a solute (roe?h)acryo!yI oligomer having a Mw of 5 to 30k and a Tg of < 
20°C comprising 

L greater than 50 parts by weight of (metb)acryiate ester monomer 
units, 

ii. 10 to 49 parts by weight of hydroxyl-functiona! monomer units. 

iii- 1. to 10 parts by weight of monomer units having pendent aervlate 
groups, 

iv. 0 to 20 parts by weight of polar monomer units, 

v. 0 to 10 parts by weight of siiane-funetional moaomer 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 erosslinking agents. 

2, The adhesive composition of embodiment 1 comprising, less than 50 vvt;% of the 
diluent, monomer component ami greater than 50 wt% of the solmc oligomer. 

3. The adhesive of any of the previous embodiments wherein the monomer units 
having pendent aerylate groups are prepared by reaction of said oligomer having pendent 
hydroxy! functional groups with an aeryioy! compound having co-reactive functions 
groups. 
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4. The adhesive of embodiment 3 wherein, the acryloyi compound having co-reactive 
functional groups is of the formula; 

CH2*CR2A 
R< 

wherein R1 is hydrogen, a Ci to C4 alkyl group, or a. phenyl group,; R2 is a single 
bond or a (hetero)hydrocarby! divalent linking group that joins an ethylenieally 
unsaturated group to co-reactive functional group A, and A is a earboxyl 
isocyanato* epoxy, anhydride, or oxazotmyl group. 

5. The adhesive of any of the previous embodiments, wherein the alkanol of the 
(raeth)acxyiate ester monom er units of the oligomer have an average carbon number of 

C?rCi4. 

6. The adhesive of any of the previous embodiments, wherein the hydroxyi-functional 
monomer has the general formats: 

R4 O 
=J_iL_xi_ R«-OHiWherein 

R' is a hydrocarbyl group; 

R* is -H or C1-C4 -alky!; m& 
X} is -NR4- or'-O-. 

7. The curable composition of any of the previous embodiments wherein the diluent 
monomer component comprises at least one monomer selected from aerylate ester 
monomer units, hydroxyl-fanctional monomer units; monomer units having pendent 
aerylate groups, polar monomer units, and silane-functionas monomer units. 

8. The curable composition of any of the previous embodiments wherein the diluent 
monomer component comprises: 
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80 to 100 parts by weight of (meth)acryiaie ester monomers; 
0 to 20 parts by weight of hydroxy functions! monomers; 
0 to 5 parts by weight of polar monomers; 
0 to 2 parts by weight of sil&ne functional monomers, -wherein the sum of the 

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

9. The adhesive of my of the previous embodiments wherein the (meth)acjyhc acid 
ester monomer component may comprise (roeth)acrvlate esters of 2-alky! atkanoss wherein 
the moia? carbon number average of said 2-aikyl alkanols is 12 to 32. 

10. The adhesive of any of the previous embodiments wherein, the oligomer is of the 
formula: 

Where 

represents ioteipoiymerized (meih)acrylate ester monomer units; 
-[MOH]- represents inierpolymerized (meth)acryloyl monomer units having a pendent 
hydroxy group, 
-[MPotar]- represents mterpolymerized polar monomer units; and 
[MAcryi] represents iateqwJymed&d (meth)acjyioyl monomer units leaving a pendent 
polymerizabk (meth)acry!oy! group; 

represent optional silaae-functional monomer 
subscripts a, b*\ c, d and represent the parts by weight of each monomer mh. 

11. Thfc curable composition of any of the pre vious embodiments further comprising an 
additive selected from heat stabilizers, antioxidants, antistatic agents, thickeners, fillers, 
pigments, dyes, colorants, thixotropic agents, processing aides, nanoparlicles, fibers and 

any combination thereof. 

1.2. The curable composition of embodiment 11 wherein an. additive is in amounts of 
0.01 to 10 wt. % 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. nm to about 100 ran m amounts 
of 1 to 10 wt,%, relative to the total weight of the curable composition. 

14. The curable composition of any of the previous embodiments wherein the 
hydroxyl-fxmciionsi monomer is used in amounts stick that the curable composition 
(oligomer -f diluent) has a hydroxyl content greater than 6.5 xl 0*4 mol QH/g, 

15. The curable composition of any of The previous embodiments wherein, the oligomer 
is prepared by an adiabatic polymerization process. 

16- 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 composition of any of the previous embodiments 1 to 15 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. 

17. An optically clear laminate according to embodiment 16. 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. 

18. An optically clear laminate according to embodiment 17, wherein the cover lens 
comprises at least one of glass, polymethylmethacrylate, or polycarbonate. 

19. An optically clear laminate according to embodiment 17, wherein the display panel 
is selected from a liquid crystal display, a plasma display, an. OLED display, art 
electrowetting. display, and a cathode ray tube display. 
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20. An optically clear laminate according to embodiment! 7, 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 diffuse?, or electromagnetic interference filter. 

21. A laminate according to any of the previous embodiments 16 to 20, wherein the 
curable composition has a thickness of greater than about 100 jim, 

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

23. 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 any of the previous embodiments 1 to 

15 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/m2/day. 

24. A. method of preparing an. adhesive comprising the steps of: 
(i) providing an essentially curable composition of any of the previous 

embodiments 1 to 15, 
(li} partially polymerizing said composition to provide & partially polymerized 

mixture exhibiting a Brookfteld viscosity of between 1,000 arid 500,000 mPas at 20°C and 
a degree of conversion of monomers to polymer of between. 85-99 wf %, with respect to 
the mass of the monomers prior to polymerization, 

(Hi) con verting a portion of the hydroxy! functional monomer units of said 
oligomer to pendent polymerizable (ineth)acrylate groups, 

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

(iv) subsequently coating the r ad i ation ~enrahle composition on a substrate, and 
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(v) further polymerizing the radiation-curable composition by subjecting it to 

actinic irradiation to provide said adhesive. 

25, The method of embodiment 24 wherein the radiation curable composition is coated 
by knife-coating, gravure coating, curtain coating, air knife coating spray coating, die 
coating, draw bar coating or curtain coating or roll-coating. 

"26. The method of embodiment 24 wherein the radiation curable composition is coated 
by applying dots and/or lines via a needle, needle die or slot die to the substrate. 

27, The method of embodiment 24. further comprising a tackifier. 

28. The method of embodiment .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 Mw of 5 to 30k and a Tg of < 20°C 

comprising 

i. greater than 50 parts by weight of (meth)acrylate ester monomer units, 

ii. 10 to 49 parts by weight of hydroxyl-functional monomer units, 

iii. 1 to 10 parts by weight of monomer units having pendent aerylate 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 CJO-CM. 

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

has the general formula: 

R4 O 
=^JLX1-R5-OHjWhcrcm 

R- is a hydrocarbyl group; 

R4 is -H or C1-C4 alkyl; and 

X1 is-NR4- or-O-. 

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: 

-[MEsier]a-[MOH]b-[MPo,3r]c-[Msilyl]e- [MAcryl]d-, where 

_[MEste1]- represents interpolymerized (meth)aerylate ester monomer units; 

-[MOH]- represents interpolymerized (meth)acryloyl monomer units having a pendent hydroxy 

group, 

-[MPoiar]- represents interpolymerized polar monomer units; and 

[MAcryi] represents interpolymerized (meth)acryloyl monomer units having a pendent 

polymerizable (meth)acryloyl group; 

[MSlly]J represent optional silane-functional monomer 

subscripts a, b*, c, 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 xlO 
4mol 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 fim. 

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

or polymethylmethacrylate. 

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/m2/day. 

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

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

(ii) 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, 

(iii) converting a portion of the hydroxyl functional monomer units of said oligomer to 

pendent polymerizable (meth)aerylate 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. 


