CLOUD PO NT- RESI STANT ADHESI VES AND LAM NATES Cross Reference to Rel ated
Applications This application is a continuation-in-part of U S. Application
No. 12/ 248024dM/04b01ked Cct ober 3, 2008, now pendi ng, t heprdirask@wossonf which
is incorporated by reference inits entirety. Field The present disclosure
relates to optically clear adhesives and | am nates that include the

adhesi ves. Background Optically clear pressure sensitive adhesives (OCAs)
are finding wide applications in optical displays. Such applications
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attaching various optical filnms to a glass lens in, for exanple, nobile
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include the adhesives.

15 Background

Optically clear pressure sensitive adhesives (OCAs) are finding wide applications
in optical displays. Such applications include bonding polarizers to modules of a liquid
crystal display (LCD) and attaching various optical films to a glass lens in, for example,
mobile hand held (MHH) devices. During use, the display can be subjected to various

20 environmental conditions, such as high temperature and/or high humidity.

It has been observed that OCAs can exhibit a cloud point, (turn hazy/"white") after
subjecting optical laminates of optical films and OCAs to high temperature/humidity
accelerated aging tests and subsequently cooling the laminates down to ambient
conditions. While still hot, the laminates may be perfectly clear, even when saturated with

25 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.

30 Summary
There is a need for OCAs that remain clear and defect free when incorporated into

optical displays, such as LCDs. There is a need for cloud point-resistant adhesives and
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In one aspect, an optically clear lamnate is provided that includes a
first substrate having at | east one major surface, a second substrate

havi ng atwbeasxo4001¢ naj or surface, and a cl oud poi nt-r ePCIEBAW09/089309 cal | y
cl ear adhesive conposition situated between and in contact with at | east
one major surface of the first substrate and at | east one mgjor surface of
t he second substrate, wherein the adhesive conposition is derived from
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surface of the second substrate, wherein the adhesive composition is derived from
precursors that include from about 60 to about 95 parts by weight of an alkyl acrylate
having 1 to 14 carbon atoms in the alkyl group, from 0 to about 5 parts of a
copolymerizable polar monomer, and from about 5 to about 50 parts of a hydroxyl-
20 containing monomer that has an OH equivalent weight of less than 400.
In yet another aspect, an optically clear adhesive composition is provided that is
derived from precursors that comprise from about 75 to about 95 parts by weight of an
alkyl acrylate having 1 to 14 carbon in the alkyl group, from 0 to about 5 parts of a
copolymerizable polar monomer, and from about 1 to about 25 parts of a hydrophilic
25 polymeric compound based upon 100 parts of the alkyl acrylate and the copolymerizable
polar monomer.
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

30 and in contact with at least one major surface of the first substrate and at least one major



surface, and a cloud point-resistant, optically clear adhesive conposition
situated between and in contact with at | east one major surface of the
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appefr  few hundred nanometers or less) or the water remains fully solubilized in the adhesive
under ambient conditions, the OCA and its bond line with the substrate will stay clear
while it re-equilibrates its moisture content with the environment. To facilitate re-
equilibration of the moisture with its environment, it is also anticipated that the moisture-
vapor transmission rate of the OCA needs to be high enough to transport the water at a
20 sufficiently high rate to prevent localized water accumulation which may lead to light
scattering and haze.
As used herein:
"cloud point" refers to the temperature at which a mixture of adhesive and water
separate into a continuous adhesive phase and a dispersed water phase, where the
25 dispersed phase is larger than the wavelength of light and thus make the adhesive appear
"white" or cloudy;
"(meth)acrylate" or "(meth)acrylic" refers to either the acid or the ester or amide
derivative of acrylic acid or methacrylic acid;
"white" or "cloudy" refers to an adhesive or laminate that is highly translucent so

30 that it is difficult or impossible to visually observe an image though the adhesive or

laminate;



"white" or cloudy; "(neth)acrylate” or "(meth)acrylic" refers to either the
acid or the ester or am de derivative of acrylic acid or nethacrylic acid,
"white" owO20loodord refers to an adhesive or | am nate tirar/ussooiogishy
translucent so that it is difficult or inpossible to visually observe an

i mage though the adhesive or |lamnate;Brief Description of the Draw ngs
Fig. 1 is a cross section of a lamnate of an optical film a substrate and
an enbodi ed adhesive. Detailed Description In the foll ow ng description,
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adhesi ve conposition. By cloud point-resistant it is
Unless otherwise indicated, all numbers expressing feature sizes, amounts, and

physical properties used in the specification and claims are to be understood as being

15 modified in all instances by the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the foregoing specification and attached
claims are approximations that can vary depending upon the desired properties sought to
be obtained by those skilled in the art utilizing the teachings disclosed herein. The use of
numerical ranges by endpoints includes all numbers within that range (e.g. 1 to 5 includes

20 1,1.5,2,2.75, 3, 3.80, 4, and 5) and any range within that range.

An optically clear laminate is provided. The laminate 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. By cloud point-resistant it is
meant that the adhesive composition, which is initially optically clear, remains optically

25 clear after exposure to high temperature and humidity environments and subsequent
cooling to ambient conditions. Optically clear adhesives are commonly used to mount
optical films, such as polarizers or retardation plates, to substrate displays, such as liquid
crystal cells in LCD applications. As such, the OCA is used to laminate the film to the
substrate display to form an optically clear laminate. When used in a laminate, a cloud

30 point-resistant, optically clear adhesive allows the laminate to remain virtually haze free or

clear after exposure to nonambient temperature and humidity conditions.



meant that the adhesive conposition, which is initially optically clear,
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mononers | ke e prgxlllldg(f a&eswe composition precursors also include from about 0 to about 5
parts of a copolymerizable polar monomer such as acrylic monomer containing carboxylic
acid, amide, urethane, or urea functional groups. Weak polar monomers like N-

20 vinyllactams may also be included. A useful N-vinyl lactam is N-vinylcaprolactam. In
general, the polar monomer content in 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. Polar
monomers that are only weakly polar may be incorporated at higher levels, for example 10
parts by weight or less. Useful carboxylic acids include acrylic acid and methacrylic acid.

25 Useful amides include N-vinyl caprolactam, N-vinyl pyrrolidone, (meth)acrylamide, N-
methyl (meth)acrylamide, N,N-dimethyl acrylamide, N,N-dimethyl meth(acrylamide), and
N-octyl (meth)acrylamide.

The provided adhesive compositions also include from about 1 to about 25 parts of
a hydrophilic polymeric compound based upon 100 parts of the alkyl acrylate and the
30 copolymerizable polar monomer. The hydrophilic polymeric compound typically has a

average molecular weight (M,) of greater than about 500, or greater than about 1000, or
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met hoxyl at ed pol yet hyl ene gl ycol (550) et hacryl ate,” or SR9036, al so
available from Sartomer, that is an ethoxylated bisphenol A dimethacrylate that has 30
polymerized ethylene oxide groups between the bisphenol A moiety and each methacrylate
group. Other examples include phenoxypolyethylene glycol acrylate available from
Jarchem Industries Inc., Newark, New Jersey. Other examples of polymeric hydrophilic
20 compounds include poly acrylamide, poly- N, N-dimethylacrylamide, and poly-N-
vinylpyrrolidone.
In another aspect, the provided laminates include adhesive compositions derived
from precursors that include from about 60 parts by weight to about 95 parts by weight of
an alkyl acrylate having 1 to 14 carbons in the alkyl group and from about 0 parts by
25 weight to about 5 parts by weight of a copolymerizable polar monomer. The alkyl acrylate
and the copolymerizable polar monomer are described above. The precursors also include
from about 5 parts by weight to about 50 parts by weight of a hydrophilic, hydroxyl
functional monomeric compound based upon 100 parts of the alkyl acrylate and the
copolymerizable polar monomer or monomers. The hydrophilic, hydroxyl functional
30 monomeric compound typically has a hydroxyl equivalent weight of less than 400. The

hydroxyl equivalent molecular weight is defined as the molecular weight of the
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canjbe adgdggl to the precursor mxture before formation of the pressure
sensitive adhesive.
Other materials can be added for special purposes, including, for example, oils,

plasticizers, antioxidants, UV stabilizers, pigments, curing agents, polymer additives, and
other additives provided that they do not significantly reduce the optical clarity of the
pressure sensitive adhesive.

20 The provided adhesive compositions may have additional components added to the
precursor mixture. For example, the mixture may include a multifunctional crosslinker.
Such crosslinkers include thermal crosslinkers which are activated during the drying step
of preparing solvent coated adhesives and crosslinkers that copolymerize during the
polymerization step. Such thermal crosslinkers may include multifunctional isocyanates,

25 aziridines, multifunctional (meth)acrylates, and epoxy compounds. Exemplary
crosslinkers include difunctional acrylates such as 1,6-hexanediol diacrylate or
multifunctional acrylates such as are known to those of skill in the art. Useful isocyanate
crosslinkers include, for example, an aromatic diisocyanate available as DESMODUR L-
75 from Bayer, Cologne, Germany. Ultraviolet, or "UV", activated crosslinkers can also

30 be used to crosslink the pressure sensitive adhesive. Such UV crosslinkers may include

benzophenones and 4-acryloxybenzophenones.



Useful tackifiers include, for exanple, rosin ester resins, aromatic

hydr ocar bon resins, aliphatic hydrocarbon resins, and terpene resins. In
general , Woghto/aaiier ed tackifiers sel ected from hydr ogeraras200095930€st er s,
terpenes, or aromatic hydrocarbon resins can be used. Oher materials can
be added for special purposes, including, for exanple, oils, plasticizers,
antioxidants, UV stabilizers, pignments, curing agents, polyner additives,
and ot her addilpiagdisioprtbe prgedrseatxtenggior dee providsd gacsive gampysitierited t he

opti cal qharityﬂpf gpe p%% sur.e se sitivejﬂghesﬁve The aégyided adhesi ve
[

conpositiongd%ayeﬁgvéng’ Tona Lcoﬁ%%%%%?s %85%8“?%0?6% Tﬁ%g?;nixture.

For exanuéh ad Beiz6yPpeki@ddmy itstetivaleved ofd ddnitmbofrh ag vosad bnker . Such
crosslinkers include thermal crosslinkers which are activated during the

dryi ng stapilafle pegarli dyPew|dedrmmasnansiCadhdniingien, AN vdrielsis| 2 ieepis{ hat

copol yner | uring the I rization . oouch. t her mal 0SSl | S may

o te. ity PRI PR ABLL BohERe SRSl S R RsF SRBph L L.

(met h) acryhigh Bim@hgl-2ROXALENIBONRAS .  EXEARY AF Yook RIS Dt bAK&Igpdunas de

di functional acrylates such as 1,6-hexanediol diacrylate or nultifunctional
acryl at esivailadtic thet eanebokusedvo ingiathibsemal polykidrization athevide varicigef ul i socyanat e

crosslinkers include, for exanple, an.aromatic di.i.socygnat vai l.abl e as
PESNODUR (Erberalfss e @i SE BBy SRRy prortriiRe Bt gty el e °°
acti vat edngfaRes$tichkS IRGAGURE 891, RQailkHRAfSMA (GHAEREMMAIt NArREKASNVEWRRASI tive
adhesive. Such WV crosslinkers may include benzophenones and

4- atl y| oxyBendioptengieshenplagetaptcnoms. Tyhisalby, dloaueresstinkérxif pressntf radtléreto

provi ded adhesi ve conpositions can.jncl ude her mal ar photai nitiator.
Banpl os B PERERISTE Margpeoimnal (e ardhrtestagonhy s Aoy it  de
and its dgrMehipassi @on%%@ot%v&r&ﬁk'ﬁ't%n@ %ﬁe%%x?ﬁﬁ%@f@imtga‘(&h hﬁﬁ&ﬁceﬂ[ mE. |

du Pont dé Nenours and . m ngton, DE, wh is 2,2 -azobis-(2-
met hyl butaddehiathe bepyrsor mixteed jn the amoatd & frowrl. VakartsSyerdighttty a@ha i cal s,

e, LS B DL e S AR et
thepgral  pRLiYRBLAiIZAH & hedl toFoMh HR MBEJET dorosition as described above and in the
Examples below.

The pressure-sensitive adhesive precursors can be blended to form an optically
clear mixture. The mixture can be polymerized by exposure to heat or actinic radiation (to
decompose initiators in the mixture). This can be done prior to the addition of a cross-

20 linker to form a coatable syrup to which, subsequently, one or more crosslinkers, and
additional initiators can be added, the syrup can be coated on a liner, and cured (i.c., cross-
linked) by an addition exposure to initiating conditions for the added initiators.
Alternatively, the crosslinker and initiators can be added to the monomer mixture and the
monomer mixture can be both polymerized and cured in one step. The desired coating

25 viscosity can determine which procedure used. The disclosed adhesive compositions or
precursors may be coated by any variety of known coating techniques such as roll coating,
spray coating, knife coating, die coating, and the like. Alternatively, the adhesive
precursor composition may also be delivered as a liquid to fill the gap between the two
substrates and subsequently be exposed to heat or UV to polymerize and cure the

30 composition. The thickness of the adhesive layer in the articles of disclosure tends to be at

greater than about 5 micrometers, greater than about 10 micrometers, greater than about 15



tenperatures. The precursor m xtures can include a photoinitiator.
Particularly useful are initiators such as | RGACURE 651, avail able from

C ba Chemwvoabmyo4d@nr yt own, NY, which is 2, 2-di net hoxy- 2Ppharsgécaostsophenone.
Typically, the crosslinker, if present, is added to the precursor m xtures
in an anount of from about 0.05 parts by weight to about 5.00 parts by

wei ght based upon the other constituents in the m xture. The initiators are
typi cal | ynigsgeicns oortdyen greaten thaps pbert0unissomaiersh dha ockamessos often asothes part s
by wei ght_.to ut. 2 (£s. by, wei.gh The precursor,.m xtur, can be

ot yrer 2550 P e e s R SRl bl 2R0 5t " 0 or m ¢ ne

adhesi ve mRrgA&Ek] Stvas |Fetahiabad 135 avieroatteert NFé alp R RIcaBick@ds9van dhe
pressure-sensitive adhesive precursors can be blended to forman optically

cl ear m xtam ebouriyeogbsutuPBO sueropetass Ifomeabone 40 byatexpdeUmécremcigesafrooy
actipnic radi atd on. (t econpose initiators n the nixture). Thisg, can be
dones pr i GPOPEES RRoRlcPTBRAERIG s P dlef iRl b P g At haistl Tyf o o
whi ch,  suhsREUBSHiMkinc QBT tRE adHREiQe BlcafSHeiciRIPdint deNktad dhd AdRale hal hibat or s
can be added, the syrup can be coated on a liner, and cured (i.e.,

crossl i nke@ydayo bawusedidiin p drsplayposlivagiono initiating conditions for the added
initiators. Alternati veI%{.t.t he cr.osFI i nker. and. iHi t]iﬁat%s can be added to
the monomer i WEUVE AT SGHES sy b dlicelReclsat pued Rerry 8 and
cured in (one "SRRy JBg" d8Sish&d ntldtal Rt HaSLR&iANsGARHRLIBH B BRatR R
procedure used. The di scl osed adhesive conpositions or precursors nmay be

coat@®d byabantd0/paréat,\a lefze Rhispthewabout g peachinrgdiesacgy oh leasthanlabowdat i ng,
spray coating,. knife c i ng, di.e cpating n he. li ke. Al.ternatively, the
athesi ve TraatindBy 4 i Bt s s S8R D pofibfe blFinpusSins M Bt i

the gap hgtwesnhd MeerhiSHBH FRleempRIASERASALRALISY Bpi@NPaRedpdlpeat or
W to polymerize and cure the conposition. The thickness of the adhesive

| ayer i n ddwe adhresivelnesy f visliadly fies of bubttderds t o be at greater than about 5

moromtors. Gheater A0 2bout 10, LT RS s AUSSLS TR ARa
of t ey | esgchffNAReUadQQ0 dBlafiRBh e er tht B8k G i 3hitH 1B er S
| ess than about 200 mcroneters, or even |ess than about 175 m croneters.
For exanpWegthttmn adheckawdblikdp hivee these desirable characteristics can be determined
using an accelerated aging test. The pressure sensitive 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
20 time. For example, the cloud point-resistant pressure sensitive adhesive layer can often
retain its optical clarity after aging at 90°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 cloud point resistant pressure sensitive adhesive can
often retain its optical clarity after aging at 70°C for approximately 72 hours with a relative
25 humidity of about 90 percent. Most importantly, the cloud point resistant pressure
sensitive adhesive can often retain its optical clarity after aging at 70°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 450 nanometers (nm) and 650 nm can be greater than about 85 percent and the

30 haze can be less than about 2 percent.



fromabout 5 to about 1000 m croneters, from about 10 to about 500

m croneters, fromabout 25 to about 250 m croneters, or from about 50 to
about 175w@i2erooneilers. The greater the thickness of thePathisgiweseshe nore
cl oud point resistant the adhesive has to be in order to be useful in a

di spl ay application. The pressure sensitive adhesive | ayer nmay be optically
clear. As used herein, the term"optically clear"” refers to a material that
has a | um noud-amingisnirs provmdaskthepringinde an optivabblouer auicaby eleprsubsiraingnd of

ngs t E)h?(nfbc 91(1) é\éz gl:s,' Cﬁtﬂ(;[ptlgglrl] dcleéﬁg)%%sts%{rﬁ E§er|151t?Sesadthng Xe%ua:[d%aceﬁ)te[ % lg:a%tl n the

nou ST’on an he haze

can be dejnemidjtesirfisd Htthe bptica kgl SubsAFEMTRe 1R{%san filiek GRlidé . anbiher
optically clear adhesive may be visually free of bubbles. The pressure

sensiti vesubﬁﬁ’é%(% pealylémendygr teamoyaritsiatiecdica $o tethiresaure @ﬁlasntiwdhb%m

h, d d h |
T v on 1R ehGRuEHARE ke GO DMALHER BFRPC | R eny! R PRIt Geat r abl o

char act erpglat&$" €abchBed ) RETHOEF MEM thaBredf dab&rBhR6t dahatGrd &phratcline
pressure senS|t|ve adhesi ve | ayer can be positioned between two substrates

for this tyese.or Fivee theg LaIy@IiSnsglCh asrpnmceor kard pestingx pYadadjeccat leyers ext in

temmrMU on i.n d W th vat ed dit for a
per | od ofdihentieh, ARkt B FRHBSE: Hharpitoh Fiaty (e flopy nSBlRsSLBR: ¢ i ve
adhesi ve ﬂr@éé@ﬂ’e seAdHiRf écﬁ@s&@Ia%trbdsitﬁ)n@@ﬁét%kn al@Eubkiatad, Wlerd@ghiGasabnd00C for
approxi mat el y 500 hours wi thout humidity control (i.e., the relative

hum @i t y dftha substoatenisiag opgeaifily. Exitioel ﬁalbtsunterl@m}aéy@emncgrrnmlbldweabout 20
ercent). Alternati.vel t he esi st ant Iess S itive

P ehestve conob R ctrdime feefeorelR B b AT brRLGRe S 1RE0k | or

appr oxi MghRliged 3p$l9é1§1§rfa‘6’b bhtR 18, atiinYEnBME Hintiie %ﬁé}@%a%@e PRSESBE- Most

inportantly, the cloud point resistant pressure sensitive adhesive can
of t en r etmitpridltteatdpvé opticakfuarctiong, afches palgiings,antcoGced polakgps, oxflactvel y 72

i nut s UG HONAHROES ESHR EEnStimam, Brves Rgic flnaudy sgator 1"
trapsm ssiin, Qénsba%n@s@@%lb\ffghﬁr%ggf@ﬁanéeﬁﬁnpﬁﬁﬂ%heglére(a{a)anﬁ%ﬂ&%e Migan be

greater than about 85 percent and t
and the like. Films for the provided larmnates can also 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 filters.
In some embodiments, the resulting laminates can be optical elements or can be
20 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
25 or displays, cathode ray tubes, and reflectors.
Exemplary optically clear substrates include, but are not limited to a display panel,
such as liquid crystal display, an OLED display, a touch panel, electrowetting display or a
cathode ray tube, a window or glazing, an optical component such as a reflector, polarizer,
diffraction grating, mirror, or cover lens, another film such as a decorative film or another

30 optical film.
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haze can be | ess than about 2 percent.Lam nates are provided that include
an optical filmor optically clear substrate and a cl oud point resistant
opti cal | ywol2eawo4priessur e sensitive adhesive | ayer adj acent/useoansdseast one
maj or surface of the optical filmor substrate. The articles can further

i ncl ude anot her substrate (e.g., permanently or tenporarily attached to the
pressure sensitive adhesive Iayer) anot her adhesive | ayer, or

combi nation t t'PeQPéQﬁﬁntame ety ) %etfétpﬁcaltywéeatféwbﬁtra@éljl@é@ﬁgla%and b@lym@@u to

refer to t aver are in . direct contact Qr th t ar rated by one
or mor e WA &G lose e ol SRR b ey bR SERME e Thyer

are in dltél%ﬁﬁth@l@f&k and pol&&ﬂykh@ﬂé}ﬂhlthalatés@rpdl‘ﬁir@tﬁaﬁseﬁ)cﬂfr(‘ﬁwlﬁg Iabs@t(e nclude a
cl oud point resistant pressure sensitive adhesive |ayer positioned between

t wo substpoaﬂ@@hyl\m@h@rﬂataﬁ) p@lagmybai@oh@ﬂs,phleIO@ﬁbswcataé@OIygthalﬁngqat| cal film
Cpt|§al fi enhance ulate. . contro

PLnEe | o Pobl Rl At s SRARRRES. TRIBY, Eher RSP ihehe nfRkPr Blh: ¢ na

|np|nges]yp@ﬂdgﬂgﬁ&ﬁﬁﬁﬁagg(ﬁ?gBQm%magllns i ncluded in the | am nates
i ncl ude cl asses of material that have optical functions, such as

pol ari zers, i rin@ﬂfeep@heém}mtsathezsebsérater@mll@@tmhésedmear AZESlsltabéﬁ fefogser s,

col ored tlcal f|| mrrors uver ed ical fil ont rol fllns,
Cr anspar diet Stk belo ErhbRBLS car e REWEC R preaie FipkhPeber Gk Ko

anti - ref |6k vepblyhdEe natailat (e, I%dwoleﬂﬁtsl di®h E%ol&&ﬁyt@ﬁ&&ﬂﬂﬂ%rbﬁl&ﬂ%ﬁt es can
al so include re?arder | at es suc uarter-wave and hal f-wave phase

r et & dat |e(blwl@mwm}dIac@atenmiw.ethaldsepolwﬂmrs sudhyas pblyathyfank tecphtiedlatdeand
anti-spli i nd el ectr netic |nt rferen e filters some
ebod merbs (ko TRsE i rrs TRy T BS codint BaTaiEar s arletiriat B be used
to pr eDarsﬁlcQ)BEJcﬁﬁthlnﬁ{%arﬂﬁt@ﬁﬁ or%db?&@rﬁ?ﬁ[é@n&lmh hatfal | Q&ﬁﬁl%lrel‘%ﬁs‘%mnt "
refers to an article t has an optical effect or optical application. The
optical dlrereintlsdcant e noshnh,ltecﬂm llamarwphmtermmll}ett\eldablo iiocn GPdjplnay s,

archi tect nsport at | roj ection
appl | cat et SA sudeine d Tt an A 5P o G2 AR teE RSHEOSL ¢ abl
optisal eLRIRNSANGH PSSethPbhe fé’fe%hﬂﬁtaté kmyted to, glazing (e.g., w ndows

and wi ndshi el ds), screehs or displays, cathode ray tubes, and reflectors.
Exenpl ary opt i Bl reipae] lewr caulpstemat ed ta adbbredbe ofptutal filme tonatothdr wilbsedtet 0 a

di spl ay p(l €., rernoval of the release liner exposes a surface of an adhesive layer that subsequently
can be bonded to another substrate surface). Often, the adhesive layer is permanently
bonded to this other substrate, although in some cases the adhesion may be limited to

20 allow for reworking of the display.

The laminates have at least one of the following properties: the pressure sensitive
adhesive layer has optical transmissivity over a useful lifetime of the article, the pressure
sensitive adhesive can maintain a sufficient bond strength between layers of the article, the
pressure sensitive adhesive can resist or avoid delamination, and the pressure sensitive

25 adhesive can resist bubbling of the adhesive layer over a useful lifetime. The resistance to
bubble formation and retention of optical transmissivity can be evaluated using accelerated
aging tests. Laminates can often withstand exposure to elevated temperatures (e.g., 60 to
90°C), optionally, under elevated humidity conditions (e.g., 80 to 90 percent relative
humidity), for a period of time (e.g., 1 day to 1 month). In particular the laminates of this

30 disclosure maintain their low haze and high transmission, even after prolonged exposure to

elevated temperatures and elevated humidity (e.g., 60 to 90°C and 80 to 90 percent relative
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such as liquid crystal display, an OLED di splay, a touch panel,

el ectrowetting display or a cathode ray tube, a w ndow or gl azing, an

opti cal cwoporemvoiguch as a reflector, polarizer, diffra&cTiuseoognadsong,
mrror, or cover lens, another filmsuch as a decorative film or another
optical film Representative exanples of optically clear substrates include
gl ass and pol yneric substrates including those that contain polycarbonates,

pol yest erlsmyidity) follpysed/le miapicheool dpwp i trabigneepndHigngeyeaohpp énwom

napht hal af es ol vur et hapes ol y(net h)acryl ates .(e, met.hyl

ot hacry rtaer RS Rea RS e B nE B ey Tl Bt

pol ypr opyl enesfheaidbedied ddmhSRiohE bAGRpRdsest dis¥dduEahmhy be &Rl direatses dman be
made of gl ass, polynethyl nethacrylates, or pol ycarbonate. In other

enmbodi nerrdoth fidesnflgn ophgad cleaenbeuch ap elpekesiact. | Therpolasizgr way tngblde r el ease

i nef can . used. Exemplary release liners include those prepared from
paper (o gatio ey SR in gl GRS r  RE SR AT S MRTEr PERE AT S scn s
pol yet hylgfagiadibn RRLY, @rvﬂaeﬂaﬁg@ coRpOshERElayENNld ABEEIRAGSs eﬁlﬁn)ﬂﬁrngnﬁls ,

pol yesters such as pol yethylene terephthalate, and the like). At |east sone

rel ease |someresnbademasatiaprassute wnsitiyerdhssives ofeheawse demtossigameydy a
Exerp! ar ' pLr Slesu iy RBPS 4 or Rl PG B i Gyt o fhcE 4™
commer Ci gollatiAYR d @@ chs@Med Yt hibildVRk thpii det 65 op(dhl MRS estinGuds dde

id
designation "T-30" and "T-10" that have a silicone rel ease coating on
pol {&t hylapnbcation@phtchedraers thialliaD Phrelrthé eprdisatiomela toach panct wrroMedDt o adher e

the optical filmt not her subst r at i.e., removal of the release |iner
exposes. 48tk s B R oAaka i e g S arel RNy MR be bonded 1o
anot her SUbStﬁﬁgﬁlﬁ%&%&ﬁ%&mﬁﬁ&ﬁﬁﬁmnﬁﬁﬁo@%@@&b&&n&ﬁyé¥%ﬁévﬂﬁﬁ6?@&@%'y bonded
to this other substrate, although in sonme cases the adhesion may be |imted

t o al | ow dar lanewatck iThg lanfiinathd 08 ihgptlayd pdinerdsatrinhadhesivh agmpaditioredt one of

the follow n roperties; the. syre.sensitive. adhesive |ayer. h opti cal
Lt ansn s SRUH PP G.L0 PPidH BT 108 o Reb g T e coppustoh L4
Senpy L VeriadlhGaiNen6ANcTRl i Rhlly AcHhiASLRLRRRGISGRAA N betveen | ayer s

Objects and advantages of this disclosure are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and details, should not be construed to unduly limit this invention.

20 Examples
Materials

EHA - 2-ethylhexyl acrylate

I0A - isooctylacrylate

AA - acrylic acid
25 DMAPMA - N,N-dimethylaminopropylmethacrylamide, available from

Evonik Cyro LLC., Parsippany, NJ

NVC - N-vinyl caprolactam

iBOA - isobornyl acrylate

IRGACURE 651 - 2,2-dimethoxy-2-phenylacetophone, a photoinitiator
30 available from Ciba Specialty Chemicals, Tarrytown, NY.

DESMODUR L-75 a multifunctional isocyanate crosslinker, available from

-12-



pressure sensitive adhesive can resist or avoid delam nation, and the
pressure sensitive adhesive can resist bubbling of the adhesive | ayer over
a useful Wwofetomme14The resistance to bubble formati on ardTriSt@awssn9 of
optical transm ssivity can be eval uated using accel erated agi ng tests.

Lam nates can often wi thstand exposure to el evated tenperatures (e.g., 60
to 900C), optionally, under elevated humdity conditions (e.g., 80 to 90
percent relative humdity), fyftogecpepmpannExemBA(e. g., 1 day to 1 nonth).
I'n particular the |l amnates of this disclosyure maintain their |ow haze and
hi gh transm ssion, even after’pr%?oﬁ QU EXpoSure to el evated t enper at ures
and el evated tumssity (e.g., AéhdfondPioRsl métHo:8Patt®p&ethpleent

relativehum dity) followed by a rapid cool down to anbient condition (e.g.
cooling to room tenperature vilydsl (559 methasryddte. avaidablofomeSariomehe el evat ed

i ol osur o may U ABpl i ed 41 SRTYIg GRECOR ARt LpdBEerge ARuRbRIEM

el enent such as a pol ari zer. SHa@nel ari zer may include additional |ayers

such as an anti-glare layer, a protective |layer, a reflective layer, a

phase ret ardathieh | ayer, a wiZdeydogicthyteerplefssati on | ayer, and a bri ght ness

enhanci ng | aye n sonme enbodj nent he pressure sensitive adhesives of
L E MRS TR

the present di sure maybe 'r both sides of a liquid
crystal cell. pgagray al so be p&ﬁgmwleag@@@acrpgt@abaa_@bletﬁ gsomMe d crystal
cell. Yet another exenplary set” of optical [am nates include the
appl@cation of a cRRX6 |l ens to a LCD panel, the application of a touch
panel to an LCD panel, the application.of a cover lens to a touch panel, or
combi nati ons thereof. Fig. ‘gng%ﬁPﬁsge%%%Wional illustration of an

embodi ment of \aappyi ded opt '29?1aﬂszide%_éth&l%ﬂ%v%ﬁ{tﬁ}eg,Eﬂﬁeﬂn@a’l‘hﬁﬁét@r 100 has

cl oud point-resistant adhesi ve conposition 104 coated onto substrate 102.
Optical film 106 i savarabdont act wit h adhesi ve conposition 104. The |ami nate
provi des an optically clear,é¥azgn¢psistant optical element. Cbjects and
advant ages of this disclosurd™P&U ARt her illustrated by the fol | ow ng
exappl es, but gkhe particul ar 18kHRlks and anounts thereof recited in these
exanples, as well as other conditions and details, should not be construed
to unduly |imMAthis inventi ancthiixarypites

EtOAc cthyl acetate
I0TG isooctyl thioglycolate
SPU Silicone polyurea adhesive
20 MR200 polymethylmethacrylate panel available from Mitsubishi

Rayon, Japan
MRS58 polycarbonate/polymethylmethacrylate composite panel

available from Mitsubishi Gas Chemical, Japan

25
Accelerated Aging Test Method
Laminates were prepared by bonding a 125 um thick polyester film (MELINEX
716, available from DuPont Company, Wilmington, DE) to a float glass plate using the
OCA (175 um thickness). The laminates were placed in an oven set at 70°C/90% relative
30 humidity (RH). After 72 hours, the laminates were taken out of the oven, cooled down to

room temperature, and visually observed. In addition to the visual observation the percent

transmission and % haze measurement can also be made using for example the Byk-
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Materials EHA - 2-ethyl hexyl acrylate 10A - isooctylacrylate AA - acrylic
aci d DMAPMA - N, N-di net hyl am nopr opyl net hacryl am de, avail able from Evoni k
Cyro LLCwBanwv@pany, NJ NVC - N-vinyl caprol actam i BOAPCTIUSewo059809
acrylate 1 RGACURE 65 1 - 2, 2-di met hoxy- 2- phenyl acet ophone, a photoinitiator
avai l able from G ba Specialty Chem cals, Tarrytown, NY. DESMODUR L-75 a

mul tifunctional isocyanate crosslinker, avail able fronSartoner Conpany,

Ext on, AGarmmAF GS %hlﬁ émﬁ@ﬁlmwmaﬁeac}nyhlétt@st @@%@emﬁwldmw@rﬁ@w@ﬂhoxyl ated

pol yet hyI 550 c ate Ll abl e fro SR9036
b oyl 2t 28 o6 Rimmnde TR aRS RiekEieion B B0 LR PER S Rsher . rea
2- hydr ox muﬁyrh@qnwe@bﬁec%mes%@mrtmadmﬁlyé odl§ T Vhed e §IPASS By cMéd%@[rB" ene
glycol) acryl ate, avail able as Bl SOVER PPA6 from Cognis, Germany. VAZO 67

2, 2" - azobyricalnonylesuharotiothers ed praferabdy leas tham Y lze pftenexipbaist & theom

DuPo§1t acceliera edagc%ytesa[tte MA net hyl acrylate

In the haze test, “cloudy” means a haze of 10% or more, “slight haze” means a haze value

below 5%, and “clear” means a haze value below 2%.

Moisture-vapor transmission rate (MTVR)

10 2 mil (50 um) thick samples of the OCA were laminated to a cheesecloth backing
to support the adhesive. This sample, adhesive down, was placed over the top of a glass
jar with 2.54 cm diameter opening containing 50 mL of distilled water. The adhesive was
held in place with an open ring cover, insuring a tight seal between adhesive and glass jar.
This sample was placed in an oven set at 20% relative humidity and a temperature of 40

15 degrees C for about 24 hours with the jar upright (i.e., water does not touch the sample).
By measuring the weight loss of the sample over the test period, the moisture vapor

transmission rate in g/square meter/24 hours was calculated.

Example 1

20 A monomer premix was prepared using IRGACURE 651 (0.1 parts), EHA (55
parts), iBOA (40 parts), and NVC (5 parts). This mixture was partially polymerized under
a nitrogen-rich atmosphere by exposure to ultraviolet radiation to provide a coatable syrup
having a viscosity of about 3000 cps (3 Pa-S). Then HDDA (0.1 part), CD552 (5 parts),
and additional IRGACURE 651 (0.16 parts) were added to the syrup and the syrup was

25 knife-coated between two silicon-treated release lines at a thickness of 175 um. The
resulting coated material was then exposed to low intensity ultraviolet radiation (a total
energy of 1 J/crnz) having a spectral output from 300-400 nm with a maximum at 351 nm.
The resulting OCA was laminated according to the procedure in the Accelerated Aging
Test Method section.

30
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Et OAc ethyl acetate I OTG isooctyl thioglycolate SPU Silicone pol yurea
adhesi ve MR200 pol ynet hyl net hacryl ate panel available from M tsubi shi

Rayon, JaparroMrRE801pol ycar bonat e/ pol ynmet hyl net hacryl at e ecwFaBsI0A5EBaNel

avai l abl e from M tsubi shi Gas Chem cal, Japan Accel erated Agi ng Test Mt hod
Lam nates were prepared by bonding a 125 mmthick polyester film (MELI NEX
716, available from DuPont Conpany, WImngton, DE) to a float glass plate
usi ng t héEX@@RI{A75 mm t hi ckness). The | anminates were placed in an oven set
at 70C 90% r elﬂ{eis\a/lren hlf'(gﬁegi}exxf (s%@%d asAi];ltE%(%m7?e {]()e%res a%thethé: am nat Brocied € t aken
out of the oven . ¢oolPed down" o ot terrpé’ra ’ur%,prtan%lr Vi %P?%po%s%rved. In
addi ti on HODW®. VpEYACDESS Erviilts RAnd BEdiREE EBRGAULERTS 63 B ). Ipaijwkdaze
measur enent can al so be nade using for exanple the BykGardner TCS Pl us
spect rophstémeter. In this test the sane optical |am nate described above
is used. During the test, the background is determ ned using the PET and
glass only. Thus the reported values are for the adhesive only. The

adhesi ve mfanipld $ di scl osure typically show | ess than 5% haze and preferably
| ess than 2% haze after exposure to the accelerated aging test. In the haze

test, "cloudy"Arbdedtlawhachargsd widny 87000103523l B8 A greMAnddA) d1hAze

val ue bel % 'clear” a haze, val ue | QW 2% i St ur e-vapor

{r aneni s<2oey GP3SE ek 10T B PR S P B S iR e TR SRR TR ver o

| am nat edich@aRd GNBESEELAN BULBARK FIT 0trRinG MR RAd tvad then RSNES hivsR°C Thh Svakdnpl e,
adhesi ve down, was pl aced over the top of a glass jar with 2.54 cm di aneter

opehl ng dwtit fir 3t hguisGvith agtatich. sThdnl aslditareEtOAHE 16.ghesd touonaédthglweren pl ace

Wi th an open,ring cover, ipsuri ti.ght seal between adhesive and gl ass
Fart T SR8 A% A SN oehTeR b0 ok f RSP oV PP B TR B EPEY Bnd o
tenper at U509 ffs) and placed on a mechanical roller for 30 minutes. The solution was then

coated on a release liner and dried at 70°C to a final OCA thickness of 25 um. A thick

OCA sample for testing was made by laminating seven 25 um samples together.

15
Example 4
The same procedure was used as in Example 1, except that HDDA (0.1 part),
SR9036 (2 parts), and additional IRGACURE 651 (0.16 parts) were added to the coatable
syrup.
20
Example 5
The same procedure was used as in Example 1, except that HDDA (0.1 part),
SR9036 (5 parts), and additional IRGACURE 651 (0.16 parts) were added to the coatable
syrup.
25
Example 6

The same procedure was used as in Example 1, except that HDDA (0.1 part), HEA
(10 parts), and additional IRGACURE 651 (0.16 parts) were added to the coatable syrup.
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degrees C for about 24 hours with the jar upright (i.e., water does not
touch the sanple). By neasuring the weight | oss of the sanple over the test
peri od, twWemw@bune vapor transm ssion rate in g/ squar @CKEIS200DE93hDUr S wWas
cal cul ated. Exanple 1 A nonomer prem X was prepared using | RGACURE 65 1
(0.1 parts), EHA (55 parts), iBOA (40 parts), and NVC (5 parts). This

m xture was partially polynerized under a nitrogen-rich atnosphere by
exposur e ¥xgmple Yavi ol et radiation to provide a coatable syrup having a

[ [ f 3000 3 Pa:;S).. .Ih A (0..1 ,
par ). And adiitBRATo AR S BRI b PR RO TSRy o

and the yoyhrtyyesdadditRneORIGUCORESRT016Qats) WaoAddddadRdcdabib@asug. | nes at
a thickness of 175 mm The resulting coated material was then exposed to
low intensity ultraviolet radiation (a total energy of 1 J/cm) having a
spec ral]%%%ﬁit from 300-400 nmwith a maxinumat 35 1 nm The resulting
OCA was | ?%d according to the procedure in the Accel erated Agi ng Test

Met hod sect i onrexanRlpRocRduiReySANE & AFdHpR: Wascas atht MDD A (FXpanr)e 1,
except after the syruping process, HDDA (8.1 part), CDb552 (10 parts), and

addi t i onaiHBRGORE).68d additiosal JROANURB0S 1 (6&6 paavapé edd®d Ao thelcopigblel e was
charged with VAZOs7 (0.35 g), BA (58.0 g), MA (40.0 g), HEA (2.0 g), CD552
(20 partsY™PrOTG (0.2 parts) and toluene (280 g). The sol ution was
deaerated with nitrogen bubbling for 10 m nutes and was then heated at 58C
in a water bath for 24 hours with agitation. Then additional EtQAc (210 g)
andlQ ol udirenpd®9g) were added to give a viscous solution at 20% solids. The

| uti d with d - 7 0. 10 t d
Techant cal T ol BT ks dsed i T bt ot R EPEARLae8h 2 el case
[ erandyisA s ] QG lhiond 1RGN 06751010 25000 Akt 0CA

sanple for testing was made am nating seven 25 nmm sanpl es toget her
syrup.

15 Example 10
The same procedure was used as in Example 1, except that HDDA (0.1 part),
BISOMER PPAG6 (50 parts), and additional IRGACURE 651 (0.16 parts) were added to
the coatable syrup.

20 Comparative Example 1
The same procedure was used as in Example 1, except that HDDA (0.1 part) and
additional IRGACURE 651 (0.16 parts) were added to the coatable syrup.
Comparative Example 2
The same procedure was used as in Example 3, except that the monomers charge

25 were BA (58 parts), MA (40 parts), and HEA (2 parts).

Comparative Example 3
The same procedure was used as in Example 1, except that HDDA (0.1 part),
BISOMER PPAG6 (20 parts), and additional IRGACURE 651 (0.16 parts) were added to
30 the coatable syrup.
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Exanpl e 4 The sane procedure was used as in Exanple 1,

(0.1 part), SRO036 (2 parts),

and addi ti onal

except that HDDA
| RGACURE 651 (0.16 parts) were

added to wbheomaab@hbl e syrup. Exanple 5 The sane proceduP€TRS300096B0AS | N

Exanmpl e 1,

except that HDDA (0.1 part),

SR9036 (5

parts), and addition

al

| RGACURE 651 (0.16 parts) were added to the coatable syrup. Exanple 6 The

sane procedure was used as in Exanp

(10 parts), and additional | RGACURE 630

coat abl e

except that

(0.16 pa
was used
addi tion
Exanpl e

(0.1 par
added to
Exanpl e

addi tion
Conpar at

10

Syr

T

l e 11

sane

Iﬁg}&nt

except that HDDA (0.1 part),
¢l0. 16 parts) were added to the

SRR A iR

CE = Comparative Example

The results show that cloudiness (haze) can be reduced by incorporating

hydrophilic moieties in the OCA. This can be achieved through the incorporation of

increasing amounts of polymeric hydrophilic compounds such as those containing

polyethylene oxide (such as, for example, CD552 or SR9036) or by using monomers with

high hydroxyl equivalent content (such as, for example, 4HBA or HEA). The reduction of

cloudiness is enhanced when the adhesive composition from about 60 to about 95 parts by

weight of an alkyl acrylate having 1 to 14 carbon atoms in the alkyl group from about 15 to

about 50 parts of a hydroxyl-containing monomer that has an OH equivalent weight of less

than 400.
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RE 651

rts) V\erﬁaaﬂlded to t1e CO&I(asbdj(ﬁnlﬁ)Mﬁ(up Exanpl e SOH_Shﬁ’aﬁ(ﬁirTE procedure
asS—HH—TXafp e 1 .,Cpl. ‘i’t) AHBA u pat Lo/, and
al IRGACUR}E 651 (0 16 par s’;B (g/esa]a%e tp the 'Slg% i syrup.
The—sane, procedure m‘gﬂﬂ‘hm—HDf)A
1), 4HBA (220 parts), ZEad 5)2/40%% CURE 651 ( 16 parts) |were
the coatapte syrup. txan@A/elA#IEAy@es5§arre rocedurecigs Used asg in
1, except that HDDA (0.1 parigs-BhSOVER PPA6 (50 parts), and
B TRGACURE 65 1 (U. | 16 MaviBoNNAeTRoaGded| T 0 T NE scaatiabl € Syrup.
ve Exanple 1 55/40/5/2
5 EHA/iBOA/NVC/SR9036 Clear
55/40/5/5
6 EHA/IBOA/NVC/HEA Slight Haze
55/40/5/10
7 EHA/iBOA/NVC/HEA Clear
55/40/5/20
8 EHA/iBOA/NVC/4HBA Slight Haze
55/40/5/10
9 EHA/iBOA/NVC/4HBA Clear
55/40/5/20
10 EHA/iBOA/NVC/PPA6 Clear
55/40/5/50
CEl EHA/iBOA/NVC Cloudy
55/40/5
CE2 BA/MA/HEA Cloudy
58/40/2
CE3 EHA/iBOA/NVC/PPA6 Cloudy
55/40/5/20



The sane procedure was used as in Exanple 1, except that HDDA (0.1 part)
and additional | RGACURE 651 (0.16 parts) were added to the coatabl e syrup.
Conpar at iwe 2Ezmapilie 2 The same procedure was used as i nPEXArspéog/0930except
that the nononers charge were BA (58 parts), MA (40 parts), and HEA (2
parts). Conparative Exanple 3 The sane procedure was used as in Exanple 1,
except that HDDA (0.1 part), BI SOMER PPA6 (20 parts), and additi onal

| RGACURE G®npargtgve Bxgnpde #s) were added to the coatabl e syrup. Table 1 Visual

Ohservations of Lam nates .after 72 hours 0 ol CE =
ooy at | e’ A mERHAR b oS broffs g KRR BEL (EREHES. EAATRY ounced
by i ncor g}, iBQANYO HeRd)i ddONTOi (8tphRS). IThid MextedcAvas Paitkll§polyRriaedigled

t hrough the incorporation of increasing amounts of polynmeric hydrophilic
conpounds? Btregenasch dmwephesmbaerrionge po ke injdt erdatinn ta@r@ddehceatabld gyrup

o var et B ey Lacareuloqiee B B aRAEIID S O le BB on o
cl oudi neSRAACERNA3¢ &0 19heMs) e aghash VIR SAIFD Qidhi Wil KnifRBoakabktw@nt 0 about
95 parts by weight of an alkyl acrylate having 1 to 14 carbon atons in the

al kyl gr cwp silicomtesbtsdirelegsetlincapothioBocsyf ©8 not. Bhdugsiling Foateshmaticrinlgas

that h CH. i.val ent. i ght. I th 400. ti
Beanpl e 4050 SRGHEP 19b diirie Yl el dtiol 5™ Resel e 2t B oy b s
EHA (55 pgedtfal oulpBRohB00RMOIS. , TR siNky 0T PdhS §ed td Bfe%aféi X4 sBmPRS

partially polynerized under a nitrogen-rich atnosphere by exposure to
ul t t&wvi olastondmgitathaoprocalupripvhelmomtwoatpd tensmrssion hiztv itesgdescuptagnsi ty of
about 3000 cps (3 PaS). Then HDDA (0.15 part) and additional | RGACURE 651
(0.16 parts) were added to the syrup, which was knife-coated between two
si | i con-trgabeativeat 8@%f: 51 nes at a thickness of 50 mMm The resulting coated
mat eri al was

The same procedure described in Comparative Example 4 was used, except that a

monomer ratio of IOA (84 parts), iBOA (15 parts), and AA (1 part) and 0.1 part of HDDA

15 was used.

Example 11
The same procedure described in Comparative Example 4 was used, except that a

20 monomer ratio of IOA (90 parts) and AA (10 parts) and 0.1 part of HDDA was used.

Example 12
The same procedure described in Comparative Example 4 was used, except that a

monomer ratio of IOA (87.5 parts) and AA (12.5 parts) and 0.065 part of HDDA was used.

25
Example 13
The same procedure described in Comparative Example 4 was used, except that a
monomer ratio of EHA (55 parts), iBOA (15 parts) and HEA (30 part) and 0.05 part of
HDDA was used.
30
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t hen exposed to lowintensity ultraviolet radiation (a total energy of 1
J/cm) having a spectral output from 300-400 nm The resulting OCA was used
t o preparwoaotoaaboiganpl e according to the procedure in Phe/UsRIL0HI369 vapor
transm ssion rate test description. Conparative Exanple 5 The sane
procedure described in Conparative Exanple 4 was used, except that a
nmononmer ratio of 10A (84 parts), iBOA (15 parts), and AA( 1 part) and 0.1
part of HbPBMPKas* used. Exanple 11 The sane procedure described in

Conmpar ati ve EX |l e 4 was. us .except that a nononer. rati f | 90

par Loy and’ Aa £ 0B R Be G Aost iyt et AedamtenBothe same
pr ocedur efdxamplIETof 1. SCPAB@NG. 163 950a Bhé&idhn)\ake &ifRd co&aest whithra
mononer ratio of 1 CA (87.5 parts) and AA (12.5 garts) and 0. 065 part of

HDDA was lngwporaEd deysieby gfareces with the exseplionethetee pinpett of sacdorgpenoacity e

Exanpl e 4 was _used, .except that a nononmer.ratio of. EHA ( ), 1BOA (15
oartD) a0 e P it VB s DY R P aSiof e NYLRBMS Y A
pressur e-ganmk (11960 AHBRS DYR-LCO BB aMiP M WaFcRREPR REindF3af0d/pg to the

met hod of Exarrgl e 2)§7Wlof 85% Pgtmg’nt No. ,5%%, 521 (Sﬁeri dan), the entire

contents of which are incorporated herein by reference, with the exception
that the anmount of each conponent wasy ﬁle;tlaered to achieve a
pressure-sensitive adhesive conpositidR% th MN PDVS di ani ne (/1000)/ nol es

Dytek A polyanine/ % by \N&ightyvdde: (r@Sinlsstén RR%EQf 2dRQived abl e 2
Moi sture-vapor transm ssion rates of adhesives The data above denpnstrate

t hat opti cBkidmgplel|ear &Wiresompssitiirt h noli st Hazr vapor MVARSginsddaon r at es
around 300 a/m®R/ dayssMs/PERWiEhamvigzi nessydsn t he accel egat ed agi ng
CE5 84/15/1 IOA/iBOA/AA Yes 315
11 90/10 IOA/AA No 524
12 87.5/12.5 I0A/AA No 598
13 55/15/30 EHA/iBOA/HEA No 711
14 SPU adhesive No 1534

10

The data above demonstrate that optically clear adhesives with moisture-vapor
transmission rates around 300 g/m*/day or below show haziness in the accelerated aging
test. Likewise, samples with a moisture-vapor transmission rate of around 400 g/m?/day or

15 500 g/m*/day or above show no haze development in the same test.

Example 15
A monomer premix was prepared using IRGACURE 651 (0.04 parts), DMAPMA

(0.5 parts), EHA (65 parts), iBOA (20 parts), and HEA (15 parts). This mixture was

20 partially polymerized under a nitrogen-rich atmosphere by exposure to ultraviolet radiation
to provide a coatable syrup having a viscosity of about 1500 cps (1.5 PaS). Then HDDA
(0.1 part) and additional IRGACURE 651 (0.11 parts) were added to the syrup and the
syrup was knife-coated between two silicon-treated release lines at a thickness of 175 um.
The resulting coated material was then exposed to low intensity ultraviolet radiation (a

25 total energy of 1 J/cm?) having a spectral output from 300-400 nm with a maximum at 351

nm. The resulting OCA was laminated between a 125 micron thick polyester film
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test. Likew se, sanples with a noisture-vapor transm ssion rate of around
400 g/ n2/day or 500 g/ m/day or above show no haze devel opnent in the sane
test. Exawpl2e10lBo0d4nononer prem X was prepared using | REACWURENWBH5BE 0. 04
parts), DVAPMA (0.5 parts), EHA (65 parts), iBOA (20 parts), and HEA (15
parts). This m xture was partially polynerized under a nitrogen-rich

at nosphere b e>§£)osure‘to ultraviolet radiation to provide a coatable syrup
havi ng a (M%%Ib%ﬁ 91 oavagpblgironsDoPes affdia smpytsjck phaséis prmbAclceed figay t ) and

addi tional.,, | E A 1.parts) e added to the syrup and the syrup
has. kni 1 aBRRG gy SR PrlyedePRi el ehRBMRERA 2nb BE Eh RO ki Kness
of 175 nmary dhen dt@binpigire o Bekgi@s €elsils adshd eih1&XPaS efbrlitdrdddt ihgt ensi ty
ultraviolet radiation (a total energy of 1 J/cnR) having a spectral output

f r om 300-deglopmeni afthaze, daleminatoat argishg presencTior buldden. t Thytegiomasnas | ani nat ed
between a,.125 .m ¢raon t hi ck .nol yester .f.il LI NEX.617 .avai,l,able from
Dbty BioRufe PR LeaK ARSI kA 8 R0 o Mvrss

(pol ycarbonate side). The | am nated sanples were exposed to a dry oven at a
tenperature of 85 degrees Cel sius and the sanples were nonitored for the
devel opnditangfic haze, del ami nation, and the presence of bubbles. The test

was di scontinued after 1 ,week. Th(g ob}erve(ij L;ai I urcg m[)%% was noted in table
3 bel ow. Exanp}® SEECH AWV S ey ERRDIG £e §X ST AT B ANAIR IOPBMCE ¢ ot
that the HROIWERRAGBRId t&EHRS & ,ﬂi@'ﬁt 24l nhes ,Edﬂﬁ}ﬁ@ﬁ Papir), 1 BOA (25
parts), afnd HEA (%gﬁgarts). ﬁgx“gﬁpls): 17 hepsar)re proceéur%r\ﬁsb/as used as I n
Exahfpl e 15, except that the main nononer ratios were adjusted to EHA (65

parts), iﬁgp&l parts), and HEA (20 parts). Exanple 18 The sane procedure
was used <M Exanpl e 15, except that the nain nononmer ratios were

adj usted to EHh(@RheRRbdedire wBWRed £0nAainple 1 ARYcdiEMa( #@ A hivhomExanpl e 19
ratios were adjusted to EHA (65 parts), iBOA (15 parts), and HEA (20 parts).

15 Example 18
The same procedure was used as in Example 15, except that the main monomer

ratios were adjusted to EHA (60 parts), iBOA (20 parts), and HEA (20 parts).

Example 19
20 The same procedure was used as in Example 15, except that the main monomer

ratios were adjusted to EHA (55 parts), iBOA (25 parts), and HEA (20 parts).

Example 20
The same procedure was used as in Example 15, except that the main monomer
25 ratios were adjusted to EHA (60 parts), iBOA (10 parts), and HEA (30 parts). The HDDA

content was also slightly lower at 0.05 parts.

Example 21
The same procedure was used as in Example 15, except that the main monomer
30 ratios were adjusted to EHA (55 parts), iIBOA (15 parts), and HEA (30 parts). The HDDA

content was also slightly lower at 0.05 parts.

20-



The sane procedure was used as in Exanple 15, except that the main nononer
rati os were adjusted to EHA (55 parts), 1BOA (25 parts), and HEA (20

parts). Bxearzplo®4@@4The sane procedure was used as i n Exaoplus2@8/058RE ept

that the main nononer ratios were adjusted to EHA (60 parts), iBOA (10
parts), and HEA (30 parts). The HDDA content was also slightly |ower at
0.05 parts. Exanple 2 1 The sane procedure was used as in Exanple 15,

except that the nmain nononer ratios were adjusted to EHA (55 parts), iBOA
(15 parts), and HEA (30 parts). The I:{Dag'%fontent was also slightly |ower at
0.05 parts. Table 3 Qutgassing tol erance on plastic substrates | nm MR00 | mm
MR58 The sanpl es in Tabl eO3tgakany toldindelon platioylsthaeg | atitude increases as
the amount of HEA in the fornulation increases from15 to 20 to 30 parts.
Sanples at |ower levels than 15 partdmst MEENOcoul d not be lrun MR ed
wi t hpBkarsplowi ng il bbpoditiort he t 681C/90MGREl 0f85t(M drys arPE@90%dRIhed &R dry
hazi pess or |del ang3120/1 90 1or om t he substrate. &gkerning to Tablle 3, a "pass
desi gnafs on \"EARS BRHEARDIAP] &qdt BuRat i BRbERY #NYIRURBLRS,| UNden8picaNy

del apmmatiorm,—or é B3V g4y OF WIT € UpOIT EXPOSUTE (o the envi TTOTTHENL Al
condjtions iln i f ted (60C/ 85% RH or 85C dr for lone "\ K a
desc al O@ﬁ%@u E%ﬁ]ﬁfg- ati(13?25§ andlalPEFations ﬁ%s t hi-g Hi%*l Sure

=)

\"2

h

wil || becone appar@rﬂS/gQi(Otlﬁose skilled in the &2 without degarti ng fromthe
scope_ahd spi FHA/GOA/MMEA/HIDIA o uadge bibble hpububtle Ginelégedtubble t hedgettivbble

di sc|] osure i|s not6(/20/20vd0 to be unduly limted by|the illustrative

enbodi megt s |apHASRBOWIHFA/BEIDA Ol t h hedsei N andpishat | suchpagxanplies ajads

enbofi ment's [are psgsengpdoby way of exanpl € only with the scope of this
di sc osw‘)‘e i”fiﬁ@ﬂb&@lﬁ@kﬂﬂﬂt ed OBLIQIS by 1hep?fslsai s s%a§§ orth h_e[p%isp as

fO| | WS, VA\IIAIat LIRS) bé(ﬁidyljbj/olog L. AT optriarty vrcdal | ai’i’i nat© CuUlTprT o1 i1ty.

20 EHA/iBOA/HEA/HDDA pass pass pass pass
55/15/30/0.05

21 EHA/IBOA/HEA/HDDA pass pass pass pass

5 The samples in Table 3 show that the formulation latitude increases as the amount

of HEA in the formulation increases from 15 to 20 to 30 parts. Samples at lower levels
than 15 parts of HEA could not be formulated without showing bubbles in the test. None
of the samples showed any haziness or delamination from the substrate. Referring to
Table 3, a “pass” designation means that the sample did not display any bubbles, undergo

10 any delamination, or turn hazy or white upon exposure to the environmental conditions in
which it was tested (60°C/85% RH or 85°C dry) for one week as described above.

Various modifications and alterations to this disclosure will become apparent to

those skilled in the art without departing from the scope and spirit of this disclosure. It
should be understood that this disclosure is not intended to be unduly limited by the

15 illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of this disclosure

intended to be limited only by the claims set forth herein as follows.

20
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a first substrate having at | east one nmajor surface; a second substrate
havi ng at | east one major surface; and a cloud point-resistant, optically
cl ear adhwei2om/@onposi ti on situated between and i n cont CT/us2a0/054309 east
one major surface of the first substrate and at | east one mgjor surface of
the second substrate, wherein the adhesive conposition is derived from
precursors that conprise: fromabout 60 to about 95 parts by weight of an
al kyl acrylate having 1 to 14 carbon atons in the alkyl group; fromO to
about 5 pWhatss ofimctiopol ymeri zabl e pol ar nonomer; and from about 5 to about

50 parts of a droxyll -fon@lai.ni ng nononer that has an OH equival ent wei ght
of | ess than optiLally GICAlLAPURALE CORPESNE’| ami nate according to claim 1,

wherein the fif$k §peeiE ahdng h1Bas386ORH R UBFILate, or both the first
substrate and the second subStrate are selected froma display panel, a

touch panel, anscoptd stdbtrdte haningatdoase pnd miapyr sarfaosi amdow. 3. An optical ly
clear | am nate Cg(g;c rding to claim2 Wne(iein t he cqver | ens .co risgs at

| east one of ¢l AS¥I PHBIHERAY AU CISH aEhesivecopBpY i Hbiddctween 4R _
opti cal | yin ehftalt | fThiNaLofEHRof iMhck Br lotir RostER] £ ILRPofll pbRy panel s

selected froma liquid Scr ysta (%Il splay, a plasma display, an OCED di spl ay,
an el ect rsavfetd ofithe sicopd suybstraiedwhercatthoaddhesiay compesitors pldayivedfrodn optical ly
clear | am nate a(hcordi ng to claim2, wherein the optical filmis selected
from a r dFPREWLY habCPRTRR] zer, a nirror, an anti-glare or anti-reflective

filp an antispli ”tf?&mfai)éd%g% dbdut 93 Phrts B%ﬁﬁ%f‘aﬁﬁﬁ rlgtcydaﬁ'é LGRS eEENCe

filter. 6. Alamnate according to clfaim ereint esl ve
conposi ti on halst artidn atdnessthoblkgl gatyer t han about 100 mm 7. A | ami nate
according to claim3, that remains glear after it is placed in an

environment of at |TEMRP ek AMITe004 FRNAYNGEZARISRAR OB AN east 72
hours, cool ed down ¢ 9, LeQMs4E qg(%t%b"ﬂ’aﬁs off ﬂy&rB%-c%H'&lﬁ{iﬁgf fhonomer that has

an OH equivalent weight of less than 400.
15
2. An optically clear laminate according to claim 1, 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.

20 3. An optically clear laminate according to claim 2, wherein the cover lens comprises

at least one of glass, polymethylmethacrylate, or polycarbonate.

4. An optically clear laminate according to claim 2, wherein the display panel is
selected from a liquid crystal display, a plasma display, an OLED display, an
25 electrowetting display, and a cathode ray tube display.

5. An optically clear laminate according to claim 2, 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.

30
6. A laminate according to claim 3, wherein the adhesive composition has a thickness

of greater than about 100 pum.
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8. Alamnate according to claim1, conprising fromabout 15 to about 15
parts of hydroxyl -functional nononmer, wherein the |am nate does not display
bubbl e, oebamomb@4or turn hazy after the lam nate i s ePpPASAND59309
environnmental conditions of either 1 week at 600C and 90% relative humdity
or 1 week at 85C in a dry environment. 9. A lam nate according to claim S8,
wherein at | east one of the substrates is polycarbonate or
pol ynmet hyl met hacryl ate. 10. An optically clear adhesive conposition that is
derived fyom pyrecursars that c ri.se;. fromabout.75 to,abheut 95 parts by
wel ght ofan 2 Eor a8 Ssch Bl SRR 8 oM IR AR AR o oup: ana
f r om abouhvikolieR@ut 1cdR 70ET kisd 20% 2clBiy ey IRty EorRe | HBET Houe BBl dowas ed
upon 100 parts of the a&ﬁﬁg acrylate and the copol yneri zabl e pol ar nononer.
S

11. An opPirexn tgmpdratase, i pbscexsdposi ti on according to claim 10,
conptising: fromabout 65 to about 90 parts by weight of an al kyl acrylate
having 1-14 carbons in the alkyl group; and from about 15 to about 30 parts

by wei ghtg of aa nsiherMbcor @Rk ab Bl 1 NRRPRInDRSEAbSRAB td AP0 aBpartbf t he
al kyl acryl ate and the hydroxyl -contai ning nononer. 12. An optically clear

adhesi ve hydrgobfuncoenaowwodieng to claim 11, wherein the alkyl acrylate

conprises 2-ethylhexylacrylate, is tylacryl ate, . isobornylacrylate,. or a
conbi nat rairT e s ot b fielay PR BmiatteSr v Bempttr BRI ReBur gl ng
to cl ai mekgo&@®ehditdhdicntd eOAARRGHAtor2RhECI REQUL (BT Wed I, rBI8HEERMImidity

2-ethyl hexyl acryl ate, isooctylacrylate, or a conbination thereof; from
abol@ 10 ard vatbuat 8% inad dyfitenpieoresnt. | sobor nyl acryl ate; and from about 15 to
about 30 wei ght percent 2-hydroxyethylacryl ate.

9. A laminate according to claim 8, wherein at least one of the substrates is

polycarbonate or poly(methyl)methacrylate.

15 10.  An optically clear adhesive composition that is derived from precursors that
comprise:
from about 75 to about 95 parts by weight of an alkyl acrylate having 1 to
14 carbons in the alkyl group; and
from about 1 to about 25 parts of a hydrophilic polymeric compound based
20 upon 100 parts of the alkyl acrylate and the copolymerizable polar monomer.

11.  An optically clear adhesive composition according to claim 10, comprising:
from about 65 to about 90 parts by weight of an alkyl acrylate having 1-14
carbons in the alkyl group; and
25 from about 15 to about 30 parts by weight of a hydroxyl-containing
monomer based upon 100 parts of the alkyl acrylate and the hydroxyl-containing

monomer.
12.  An optically clear adhesive composition according to claim 11, wherein the alkyl

30 acrylate comprises 2-cthylhexylacrylate, isooctylacrylate, isobornylacrylate, or a

combination thereof.
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14. An optically clear lamnate conprising: a first substrate having at

| east one maj or surface; a second substrate having at | east one major
surface; wodow/@baud poi nt-resistant, optically clear asdhediSe@90s3pDsition
situated between and in contact with at |east one major surface of the
first substrate and at | east one major surface of the second substrate,
wherei n the adhesive has a noi sture-vapor transm ssion rate of at |east 400
g/ m/day. 15. An optically clear |am nate according to claim 14, having

noi sture ~yvapor. transm ssion rate of at |east..500 g/ nR/day. 16. An

opt 1 cal 1yt oaom PERAATERAL Rsl G fertbe Mon RSt Qb Borblies cat 1y ol ear
adhesi ve conpri ses:frdrh @BnABOUS abdut 66 vahditheROnimeth§lihbyylygriight of an al kyl
acrylate having 1-14 carbons in the al kyl group; and from about 15 to about

30 parts by wdbasistylastylatchgior eptyltinatiomithéradfag nonomer based upon 100 parts of
the & lkyl acrylate orhq a%)(pu% 16¥g L3 |23 (%&Qe?éh%lpg%cg ig(%r(])?nnﬁe{drylate; and

from about 15 to about 30 weight percent 2-hydroxyethylacrylate.

14.  An optically clear laminate comprising:
a first substrate having at least one major surface;
10 a second substrate having at least one major surface; and
a cloud point-resistant, optically clear adhesive composition situated
between and in contact with at least one major surface of the first substrate and at least one
major surface of the second substrate, wherein the adhesive has a moisture-vapor
transmission rate of at least 400 g/m*/day.
15
15.  An optically clear laminate according to claim 14, having moisture-vapor

transmission rate of at least 500 g/m?/day.

16.  An optically clear laminate according to claim 14, wherein the optically clear
20 adhesive comprises:
from about 65 to about 90 parts by weight of an alkyl acrylate having 1-14
carbons in the alkyl group; and
from about 15 to about 30 parts by weight of a hydroxyl-containing
monomer based upon 100 parts of the alkyl acrylate and the hydroxyl-containing

25 monometr.
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