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PRESSURE- SENSI TI VE ADHESI VES 5 Field of Invention This invention relates to
pressur ewpansesve adhesives. Mre particularly, this inPEFUYSHR2t-Iates to
pressure-sensitive adhesives having a high refractive index. 10 Background
of the Invention Pressure-sensitive adhesives ("PSAs") are defined herein

as adhesives which exhibit permanent tack at roomtenperature. This
property allows pressure-sensitive adhesives to adhere tenaciously upon
application with only light finger pressure. PSAs have a bal ance of
properties: adhesion, cohesion, stretchiness, and elasticity. Adhesion 15
refers both to i medi ate adhesion to a surface and to the bond strength

- whi ch devel ops anpl satd- mmeel
strengthy. - CobUHOREIEACTRYERBEERESSRE QNS of the

appl ked PSA to failure when subjected to shearing forces. Stretchiness
refers to the ability to el ongate under |ow stresses. Elasticity refers to
a propert Fieidhof biventibe naterial exhibits a retractive force when stretched
and retracts 2Q when the force is re eas.?d. Pressur e: sensi hesi ves
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For certa | GRliesdBRhdsGiatisOmigive ddhksivestahvitlg 4 BighBéfivaendekl ract i ve
i ndex (Rl WS?‘H)‘%% ell%shegi \§e tg thg{ of tﬁe substraltge to which it is applied.

This matching of refractive index enhances the optical properties of the
construction by reduyci ng gl @re and 25 reflectance. G are is defined herein

as tife av OLGHWENYOR 3 range of 450 - 650 nanoneters and

reflectance i s paahiBgehsifVetidhedtest(MBS REQGRSENBE herein &Y altelioes whichhe
radiant flux incident on a surface is returned into the sanme hem sphere
whose basexhibit phemaent tackeat raem GRPerAatuED Nt BF REOPCHY allaws FEassUrezeRatYon (see
Handbook of tics,.2"d ed. GawH.ll. l.nc 9904 t

subst r at e 3lEESyey i WP?‘E"%?%M” onhagaléﬁﬁlo?]evflgja%l%l?’\%lég?ar%‘ée)?é’téép%ret %Aéo range
of 1.48 t Qae SBalak@lof PropRRles: aBi@dsioiRtohdsionpiteretnniash findl ol BAMY. AdhesioRl  of

1.489; polycarbonate has a R of 1.585; and pol yet hyl ene terephthal ate
( PETS has refe®ibog tolimguediate adhesion to a surface and to the bond strength which develops

upon application of pressure (often measured as "peel strength”). Cohesion refers to the
"shear strength” or resistance of the applied PSA to failure when subjected to shearing
forces. Stretchiness refers to the ability to elongate under low stresses. Elasticity refers to
a property wherein the material exhibits a retractive force when stretched and retracts

20 when the force is released.

Pressure-sensitive adhesives have many diverse applications including applicalions
in optical products. For certain optical applications, it is useful to match the refractive
index (RI) of the adhesive to that of the substrate to which it is applied. This matching of
refractive index enhances the optical properties of the construction by reducing glare and

25 reflectance. Glare is defined herein as the average reflectance over a range of 450 - 650
nanometers and reflectance is defined herein as the process where a fraction of the radiant
flux incident on a surface is returned into the same hemisphere whose base is the surface
and which contains the incident radiation (see Handbook of Optics, 2" ed., McGraw-Hill,
Inc., 1995). Often, the substrate is a polymeric material having refractive indexes in the

30 range of 1.48 to 1.65, for example, polymethyl(meth)acrylate (PMMA) has a RI of 1.489;
polycarbonate has a RI of 1.583; and polyethylene terephthalate (PET) has a RI of 1.64.



20 APR 2004 WO 01/30933 PCT/ US00/ 21817 Known PSAs have RI's of about 2.044PRoMpy
| ess. If these PSAs are used in optical applications, glare and

refl ectance may occur. Therefore, the need exists for pressure-sensitive
adhesi WEQ 0BI9%h have high refractive indexes. 5 Summary FSTY2{#}ent i on
The present invention provides pressure-sensitive adhesives which have a
refractive index of at |east 1.48. These pressure-sensitive adhesives are

particularly gsdtld ?gla@ haQf RAPS St 2RO IrGALT FNR MR LD asaiipdptidhie

simlarly has a high refractive index. 10 The pressure-sensitive adhesives
of the mppBemions,plasatandmeatvanteaggousiuy. al | ow for the rmatching of
refractive ingex which reduces glare and reflectance. Th ) ‘
pressur e- sens qrqf@redmye%qeaéys&quwges&wg-ssgmmy% VehwRIsHiere ikt | east one
nononer r?f?&ﬁﬁaie%&lﬁeé substituted or an unsubstituted aromatic noiety. One
aspect of the present invention is a pressure-sensitive adhesive conprising
theS 15 reaction product of: (a) at |east one nononer selected fromthe

group caopsi sting,of la mgnoneric acrylic or nmethacrylic acid ester of a
non-terti@&’-&&&&-ﬂ-"&f@%l kyl group of which conprises fromabout 1 to
about 12 car be, GHEQI invehl2pARides/I:ATL AL f béheaROUL i) g gons: and (b)
at | east one nonomer contalinfng a su Stituted or &n unsubstituted aromatic
noi ety. réfradtinvetihdox efsqpdedst b8t Mhesy Erassute-somgiRive iadhesives areppatsulagy sensi ti ve

adhesi ve conpr.i sin the reaction product of; (b) at | east one nononer

cont ai ni wga@csfwa%émw@ceﬁmf&nwh%é e é’dlmg?rfei’r%ﬁﬁ Péna?ﬁe@iayeweawee’(-c) at
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conpr i simgiching of eefedction ipdeadvitith edducéaglastankdeafdctamee. nononer sel ected from

the group caopsisting of a non rrerisgqfacrylic Qr nethacrylic acid ester of a
non-tertiary SMCRIREIUIE-BERSIIVE AARESINGSRIFNG PrefFfit dpyeabapFoRRLSE #AFAShERut 1 to

about  12m6a8MatontiiRg aRUBHRLRA!CK ah LANIbsBREH arBmbfic Aoy, 8 carbons; (b) at
| east one nononer con%al ning a substituted or unsubstituted aromatic
nmoi ety; and (©Ohe aspetieafthe presepcheentivnrie apresaopotnsneve athbdive vomprising the

15 reaction product of: (a) at least one monomer selected from the group consisting of a
monomeric acrylic or methacrylic acid ester of a non-tertiary alcohol, the alkyl group of
which comprises from about 1 to about 12 carbon atoms, preferably from about 4 to about
8 carbons; and (b) at least one monomer containing a substituted or an unsubstituted
aromatic moiety.

20 Another aspect of the present invention is a pressure-sensitive adhesive comprising
the reaction product of: (b) at least one monomer containing a substituted or an
unsubstituted aromatic moiety; and (¢) at least one polar monomer copolymerizable with
component (b).

Yet, another aspect of the present invention is a pressure-sensitive adhesive

25 comprising the reaction product of: (a) at least one monomer selected from the group
consisting of 2 monomeric acrylic or methacrylic acid ester of a non-tertiary alcohol, the
alky! group of which comprises from about 1 to about 12 carbon atoms, preferably from
about 4 to about 8 carbons; (b) at least one monomer containing a substituted or
unsubstituted aromatic motety; and (c) at least one polar monomer copolymerizable with

30 the monomer(s) of components (a) and (b).

The pressure-sensitive adhesives of the present invention may optionally comprise

other monomers, crosslinkers, and additives.



30 the nmonomer (s) -of conponents (a) and (b). The pressure-sensitive 2 G APR 2004
adhesi ves of the present invention may optionally conprise other nononers,
crossl i nkeng3emnd additives. -2 2 G APR 2004 WO 01/ 30933 PETUS&HHAYH 817
Anot her enbodi ment of the present invention is a substrate coated with the
pressure-sensitive adhesives of the present invention. Detailed Description
of- I'llustrative Enbodi gent s e present invepti I .
pr essur e- sensi ?\F'f?g‘tééawgg?\%@?ﬂg@ﬁ%“&“‘r‘@%’?‘3%‘\% S%ﬁ%@x&gtﬁaé{l lg%.St 1. 48.
Preferabl%wﬁﬁﬁgsaﬁggﬁgﬁme§ag§kqhygﬁggh3§&mﬁamhave a refractiye indgx of at
| east 1.50. e pressure-sensitive adhesives of the present invention have
a high refractive 1index and yet have a good bal ance of the four properties
- rel evant for pressure-sensitive .10.adhesives: adhesion, cohesion,

st r et chi nDetailed Desgription of Ilustrative FMDOUMENI , i < (efined herein as the
absolsut e refraggl }Sﬁesbm%i?crﬁfonq’eﬁ&;s% padssuré-SebitiveadABIRRBAYinghairefadtive
understood to be e ratio of the speed of electromagnetic radiation in
free spacedeg of beleapdets, dfrefenably abie reispmesensitivgtadhesivasibaye a ygfraguynmdex
radi ati on bein? of sodiumyellow |light at a wavel engt h of about 583.9
nanoneter@f@HﬁF.lfWe 15 refractive index can be neasured using known
met hods and '?T%S@?é leYseHBASL AL sHEE BPthe PresbiavdReioh aglOATRIgR refratliee
pressure-sensitive adhesives of the present invention are acryl ate,
adhesi ves indeerpdiysi ayeat gdoddmianon ef the o freperbpoieiay apHPEPressyireasanpidve
substituted or unsubstituted. Thgwg{essure- s[enFitive adhesi ves may further
conph0i se adheses: adbigsionqaAEsRn RSSO G EIRUERY from the group consisting
of a monomeri ¢ RGLWiLEindkx MEddIREA Hkletn &Cthe 2B @E réffacfive Idex b4 inareriyl al cohol
and/ or at | east one po‘l ar nmonomer. The pressure-sensitive adhesives of the
present i ge.gnainsonoomr) ehidhliy uedarpeod to s the ratrefchespeednl eiRcrmAa9EiGdded to

I nprove the properties of the adhesiyves,.. such N ot her
addi ti ves radie#Pnald freeRoRre foelp‘g B rﬂ% ot 5ag'|a§’§? g &é‘sl%itgrﬁ?/ll | chﬁ}g‘%gﬁgggn
being of sodium yellow light at a wavelength of about 583.9 nanometers {nm). The

15 refractive index can be measured using known methods and is generally measured using
an Abbe Refractometer.
The pressure-sensitive adhesives of the present invention are acrylate adhesives
comprising at least one aromatic monomer which is either substituted or unsubstituted.
The pressure-sensitive adhesives may further comprise at least one acrylic monomer
20 selected from the group consisting of a monomeric acrylic or methacrylic acid ester of a
non-tertiary alcohol and/or at least one polar monomer. The pressure-sensitive adhesives
of the present invention optionally comprise other monomers which may be added to
improve the properties of the adhesives, such as crosslinkers, and other additives such as
tackifiers or plasticizers.
25
Acrylic Monomers
The acrylic monomers useful in the pressure-sensitive adhesive of the present
invention are typically present at ranges from about 0 to about 93 parts by weight. Useful
acrylic monomers include at least one monomer selected from the group consisting of a
30 monomeric acrylic or methacrylic acid ester of a non-tertiary alkyl alcohol, the alkyl group
of which comprises from about 1 to about 12 carbon atoms. preferably from about 4 to

about 8 carbon atoms, and mixtures thereof.



The acrylic nononers useful in the pressure-sensitive adhesive of th&0 APR 200
present invention are typically present at ranges from about 0O to about 93
parts by ped H% Useful acrylic nononers include at |east, ﬂh

sel ected on1:%e group consisting of a 30 nononeric acrylic or nethacrylic
acid ester of a non-tertiary al kyl alcohol, the al kyl group of which
conprises fromabout 1 to about 12 carbon atoms, preferably fromabout 4 to
about 8 car bonSaitabiesacr plicimahxhensdsclude bendre noBlimited ARG GledE Fom3 (133

PCT/ USO0/ 21817 Sui tabl e acry I|c mononers include, but are not limted to,

those sel HeBRgoRsiBingtafdhe %ﬁ“ﬁ&ﬁ wEN4G aqd pgmsthagrylic agideayish pen-teetignyviatkydci d or

1 pont ancticotBiy ofiah SR L borinol % Bfandh IRl AR LoRubATe:

net hyl - | - R DleutalmlrElt mf{hyl-{@eﬂtaﬁﬂlolz m&hﬁﬂ-bydtaﬂolp}‘rﬂiea}i}ml—pé}rtmﬁilhxu -1 - pent
anol, 2 5 et fl | -butanol, 2-ethyl- |-hexanol, -tripethyl -1 -hexanol,
3- hept an0¢th3’l2 -butapsle 2-ethyl- ld]éf'd‘aﬁ@b 3 515'66%3%1%1‘3*3&% 3tl}?@‘qﬂpké‘0%£ﬁ’ép mxt ures

t her eof . 0 the art
and are’ cHRRTCTApneeh6l, A5 letheing ARABCISCE, S BhanBhfric BACEP o ot 1
mononer s ﬂlE@la&*yﬁbcﬁtefsrait@khWn intexrtand d @nimeroiaty availgpief erably al | of

whi ch have honopol yner glass transition tenperatures at or below 500 C.
These aromati c nononers, when polynerized alone or in the presence of other

acrylic n in PSAs having RI's higher than are otherw se

avai | abl nR e n&%gllsg the ratio of nononers, it is possible to nmake PSAs
havitog Rl S of he fstRséing arbBnatit IncHoeneny ﬂmigmefrmmmexodcrﬂmnphemeﬁt
invention are represented by the following general Formula (1): (I ) 20

25 wher ei p.mfcrably.aa ok v hishobaeihemgpelymeRglashirans tigndempesatureed asbelamst i t ut ed
W th 2 SUBSLLL HROL. SEhest Aol Lhg BRONBAONTLALLNG Y pBtoncBd o B5).

wherein y T éSEént s e nu ne subs |tuents
acrylic monormers, result in PSAs having Rls higher than are otherwise available. By

adjusting the ratio of monomers, it is possible to make PSAs having Rls of at least 1.48.
15 The aromatic monomers of the present invention are represented by the following

general Formula (I):

Ar—X—(R'-0)- R?

(D)

20 wherein:
Ar is an aromatic group which is unsubstituted or substituted with a substituent
selected from the group consisting of Br, and (R?),
wherein y represents the number of bromine substituents attached to
the aromatic group and is an integer from O to 3;
25 R? is a straight or branched alky! of 2 to 12 carbons; and
z represents the number of R* substituents attached to the aromatic
ring and is an integer from O to 1,
provided that both y and z are not zero;

X is either oxygen or sulfur;



the aromatic group and is an integer fromO to 3; R3 is a straight OQUAPRZG[]!.
branched al kyl of 2 to 12 carbons; and z represents the nunber of R3
substituents attached to the aromatic ring and is an integer fromO to 1,
provided that both y and z are not zero; X is either oxygen or sulfur; -4
20APR2004 n is O to 3,preferably nis 0 or 1; R is an unsubstituted

strai ght or brancheg, jglokyhs, hte‘ﬂé’rhblgrﬂﬁglb@ 10f 2 to 12 car bons, preferably 2

to 8 carbons; and R2 |s eit H or , I'n one enbodi nent of aromatic
monomers, X i s oxygd.is Wmmubstlmt@l seﬂaigh@lpnbuanchedfalkafﬁ binking grawpredi?etosl2 a

group of nononers includes those 05 h M&? wherein Ar is naphthyl:
and R, R2, and n are as C&H}q%eﬂe R SaMERHAAY 1 group is unsubstitut ed

or substituted as 4ESc Libad aPeve. Wthl n the group of naphthyl aromatic
nononers, another group 1s that erein Ar is 1-napthyl or 2-napthyl.
Wthin the enbgdhiEdhbinRhPOBrbMali® RRIABMSSVREE 8xYgdnS WiNBaRs eRibddiAentdr OUp
-of mononers includes those of Fornula (I11) whereih Ar is phenyl: O#-R Rz
and R, Rafaramdtio mameness, daronpedf mboomeers Tidudsisdimsk of Foupulaiﬂhmmm Arut ed

or substltuted s described above. Wthin the substituted group of phenyl
aromatic FOWBAEWS  preferably the phenyl is dibromo substituted. Wthin
the brom ne substituted group, the phenyl nononers may al so be 2-al kyl
substituted or 4-al kyl substituted In n addi tionalgenbodi ment of aromatic

mononmers, X is sulfur. Wthin this I—H‘Bn) ro mati c nononers, a
group of nononers incl udes hos Formula (10 rpen Ar is napht hyl :
-5 2 0 APR 2094

(If)

and R', R%, and n are as defined above. The naphthyl group is unsubstituted or
substituted as described above. Within the group of naphthyl aromatic monomers,
another group is that wherein Ar is 1-napthyl or 2-napthyl.

Within the embodiment of aromatic monomers where X is oxygen, another group

of monomers includes those of Formula (III) wherein Ar is phenyl:

o—{R—o0) _¢°

(11

and R', R%, and n are as defined above. The phenyl group is unsubstituted or substituted
as described above. Within the substituted group of phenyl aromatic monomers,
preferably the phenyl is dibromo substituted. Within the bromine substituted group, the
phenyl monomers may also be 2-alkyl substituted or 4-alkyl substituted.

In an additional embodiment of aromatic monomers, X is sulfur. Within this
embodiment of aromatic monomers, a group of monomers includes those of Formula
(IV) wherein Ar is naphthyl:



Rand R, R2, and n are as defined above. The naphthyl group is 2.0 APR 2004
unsubstituted or substituted as descri bed above. Wthin the group of
napht hyl aromatic nononers, an additional group is that wherein Ar is
1-napthyl or 2-napthyl. Wthin the enbodi nent of aromatic nononers where X
is sulfur, another group of nononers includes those of Formula (V) wherein
Ar is phenyl: (V) and Rl, R2, and n are as defined above. The phenyl group
i's unsubstituted or substituted as degcribed aboveqg Wthin this group of
phenyl aromatic nononers, preferabl 'rzeR} s di bronmo substituted. In
anot her group, the phenyl pg : may be 2-a|kj] atuted or 4-al kyl
substituted. Specific exalr aromati ¢ nononers|isuitable in the present
i nvention include, but ited to, 6-(4,6-dibrono-2-isopropyl
phenoxy) - | - hexyl acryl ate, , di br ono- 2- sec-butyl phenoxy) - 1- hexyl
acryl ate, 2,6-di brorno-4-nonyl phenyl acrylate, 2,6- dibrono-4-dodecyl

phenyl acrylate, 2-(1-naphthyloxy)-1-ethyl acrylate, 2-(2- naphthyl offy)- |
-ethyl acrylate, 6-(1-naphthyloxy)-I-hexyl acrylate, 6-(2-naphthyloxy)-I-
hexyl acryl ate, 8-(1-naphthyloxy)-Il-octyl acrylate,

8- (2-napht hyl oxy) -l -octyl acrylate, 2- phenylthio-Il-ethyl acrylate, and
phenoxy ethyl acrylate. WO 01/30933 2 0 APR 2004 PCTIUSQOQO 21817 Pol ar
Mononers Pol ar nonomers can be used to increase the cohesive strength of

t he pressure-, sgmnsitive adhesi ve, General l ol ar .nonopers are typically
present atmﬁ%ggs and srare Ay fetineg "’PBV%E@ER na&*ﬁi&ﬂ%‘%? “W&I‘f??c%ﬁfef erably
from aboutsuBstitftedds dbscBibBd hbsved WitkinGhE grodlp O Hhphth AréthatiORSHEmers ¢! ude,
but are not limted to, those selected Tromthe group consisting o

et hyl eni caddifionakgroup it that wherbioda is d -rapthys or 24vhapthghi cal | y unsat ur at ed

sul foni c aci ds, d .ethyl eni cal unsat ur at ed osphori ¢. aci ds, and
m xtures ther eoﬁﬂ@mgﬁweﬁﬁtﬁon}%wﬁq Y%E?rﬁ Is Sy{ipr, QPR group yj ¢ ed
to, those ofaldohass fnchibes fos8 bPPEMAMEVSVhé8inOhr isdhEgli ¢ acid, methacrylic

acid, itaconic acid, fumaric acid, crotonic acid, citraconic acid, 10
mal ei ¢ aci d, . B-carboxyethyl acrylate, sulfoethyl nethacrylate, and the

| i ke, and m xtures o
s—ER—o0-),
| )

and R', R?, and n are as defined above. The phenyl group is unsubstituted or substituted

W

as described above. Within this group of phenyl aromatic monomers, preferably the
pheny! is dibromo substituted. In another group, the phenyl monomers may be 2-alkyl
substituted or 4-alkyl substituted. '

Specific examples of aromatic monomers suitable in the present invention include,
but are not limited to, 6-(4,6-dibromo-2-isopropyl phenoxy)-1-hexyl acrylate, 6-(4,6-
dibromo-2-sec-butyl phenoxy)-i-hexyl acrylate, 2,6-dibromo-4-nonylphenyl acrylate, 2,6-
dibromé—4-dodecyl pheny! acrylate, 2-(1-naphthyloxy)-1-ethyl acrylate, 2-(2-
naphthyloxy)-1-ethyl acrylate, 6-(1-naphthyloxy)-1-hexyl acrylate, 6-(2-naphthyioxy)-1-
hexyl acrylate, 8-(1-naphthyloxy)-1-octyl acrylate, 8-(2-naphthyloxy)-1-octyl acrylate, 2-
phenylthio-1-cthyl acrylate, and phenoxy ethyl acrylate.



thereof . O her useful copol ynerizable polar nononers include, but arled ABR 2004

limted {@oyae5y! am des, N, N-dial kyl substituted acryl ammgsusos2usnyl
| actams, and N, N- di al kyl am noal kyl acryl ates, and m xtures thereof.

II'lustrative exanples include, but are 15 not limted to, those selected

fromthe group consisting of N, N-dinethyl acrylam de, N, N dinethyl
met hacryl %ﬁ@&%ﬂﬂﬁji et hyl acrylam de, N, N-diethyl nethacrylamde, N N

di et byl am noetal RERARoth 8 Ssed N EleHRIGY LAIAIARCRBMIor Y gt ot o

N, N- di net hyl am noethyl "acryl ate, am nopr opyl  acr and the

l'i ke, andser¥iteidassite)eGaefally2folky bromed apotypicallppossensatiranges drmabyilti C
acid, nethacrylic acid, itaconic acid acryl am de, nethacrylam d

e
acryl oni t Pitp ebowrdtpans by wisightipreferabhtfraiabghied tq e Sparteby seighik dissful|

order. to increase the shear o [ n P g

cr 0591 1 kPG SR SmtanOReebyChe FBNIRIEE 1 SRR S 8 oMk inn Bonsistig fes
of crossl kfiidigcaf§ dhidrvasd 2ok PRI, ethyRhicallpainbAtifited SARRE ddide, BAd
additive is a thermal crosslinking additive such as a nultifunctional

azi ri di ne ethylamécally angAteraied phosphotig agidpasdynixguses thereof. Examples of such

di car bonyl) - bi s- { 2- hyl aziri.di A - 64- referyr. o]

ner of - a3 coaPoTisaRTR SRR Rt o Biest RetectR Rpmifh Bonel BaSiifE obo

sol vent - baggghc RSASmafhaerylio adid Meicha R tc ) fignatiaadil bdidueid) eRtacdbicidagd, oven
drying of the coated adhesive. -7 20 APR 2004 WO 01/30933 PCT/ US00/ 21817
| n akbt hemaleibadidnBrarboseshylaatylae cxdiopiybmethaprydate ramidythe ilom and eaixiuel cal s
to carry out tIhe crosslinking reaction may be enpl oyed. Reagents such as,
for exarrplﬂée,reo per oxi des serve as a source of free radicals. Wen heated

sufficiently, thRsEisBfufEPobhcrizable JoldGRSHM&s IchRlel BGY £@hst RItE DT i ng
about a crosslinking reaction of the polynmer. A 5 comon free radical

gener at i ngerydagidas. N.Y-dakylopbstpatedargdamides N-vigi talamgfeped MBrs are

ired only .in.smal tities, but vy require hi.
{ermper o uldukypubHRL ad YRS g 3Rt 1 ePEL Rl T e aBERe bt 8% 1 o
the py Samlﬁ?liﬂﬁéﬂ?&tthqszﬁﬂeé%?gﬁl tihés’gﬁn_@fcoﬁﬂﬁ'iﬂg(:@ﬂ N N-0f8dthkRFyiamide, N, N-

phot osensi tive crosslinker . . .
' dimethyl methacrylamide, N,N-diethyl acrylamide, N,N-diethyl methacrylamide, N,N-

dimethylaminoethy! methacrylate, N,N-dimethylaminopropyl methacrylate, N,N-
dimethylaminoethyl acrylate, N,N-dimethylaminopropyl acrylate, and the like, and
mixtures thereof. _

20 Preferred polar monomers include acrylic acid, methacrylic acid, itaconic acid,

acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, and mixtures thereof.

Crosslinkers
In order to increase the shear or cohesive strength of the PSAs, a crosslinking
25 additive may be incorporated into the PSA.
Two main types of crosslinking additives are commonly used. The first
crosslinking additive is a thermal crosslinking additive such as a multifunctional aziridine.
One example is 1,1'-(1,3-phenylene dicarbonyl)-bis-(2-methylaziridine) (CAS No. 7652-
64-4), referred to herein as “Bisamide”. Such chemical crosslinkers can be added into
30 solvent-based PSAs after polymerization and activated by heat during oven drying of the

coated adhesive.



activated by high intensity ultraviolet (UV) light. Two conmon 7 0 APR 2004
phot osensitive 10 crosslinkers used for hot nelt acrylic PSAs are

benzoph %ﬂgﬁd copol yneri zable aronatic ketone nononer $c35;5365fd1hbed in
U. S. Pa?&e}g . 4,737,559. Another photocrosslinker, which can /Ze ‘

post-added to the solution polyner and activated by UV light is a
triazine, for exanple, _ ‘
2, 4- bi s(t ri chllorappthehginpodingent mhehigal cpdselmiers whiohiralyiupen fre€lhradieals to

crosslinkers are acti lia[i&% ?% wv | ixggt ‘ge ercitg%afrom a tiffi ci al @our ces
such as 18T Hin PPEIEGIE TFREFEN )Y AnplPEred DRABRNCT ght!°" BRIy zabl e,
free-radigablidesc@RR RRIJuEaD & R8RalsNKRhén héddcd sulcie PN ARisb yHRuked] | Y

unsat urated nono-, di-, and trial koxy silane conpounds i'ncluding, but not
limted twill genetateciree madyealowphichhirimgtabortyaclosslmkingrzadtainl of the poly@er.est |

I nc. Tul l yto P vi nyl di met hyl et hoxysj | ane, ,

Vi P et HRAIRR Hos kol ePeradn Radtacs BETRSR efPEie, Finedodiet! SRaPmEy & ane,
vinyl tri plgmeed/sily #8malgdadtiRs! blkGendtaBy gt HigRh WmsdrAssk ko kbMpleagent s.
Mul ti-functional acrylates are useful for bulk of enul'sion polynerization.
Exanpl es wbssligkingireaationithinihosd wqairedboryhabsamidegsagennki ng agent s i ncl ude,

but are not I|imted di,acrylates, .triacrylates, .and tetraacryl ates,
such as 1. 6- heRBreares ReRiRirad Edusiie B mifr s frS eorinbParbs af oo,
pol ybut adj@Reredibg®igh Blténsith Ayalisehane) Hiac muAégmoR PotoRineRi¥y | at ed
glycerin triacrylate, and m xtures thereof. Crosslinker is typically

pred8nt ferosnlinkers uagsb{nr hot mgktactrlio RS Ashare baszapherentcod sapolymepgablei ght

adhesi ve sqlids, Crosslinki -al so chi eve j hi gh, ener gy
ol oot r omaEEe ke ahf TR S ERBLER 78, BAGLNE LT A9 UFMGE T DY, 1
case. no pghHddssbisnlesr, mycmnrte?dsf-@@hedzo Che IR0 MEE Oakd3REéded by UV
PCT/ US00/ 21817 Chain Transfer Agent The present invention may optionally

further clighis abiaging S rxepples £t bisgaphloronmsthyhybeld-raethpepigynbhaltizineanst er
T e e e e L
t herlof . fdedimim plessurengrcury lamps or a UV blacklight.

Hydrolyzable, free-radically copolymerizable crosslinkers, such as
monoethylenically unsaturated mono-, di-, and trialkoxy silane compounds including, but
not limited to, methacryloxypropyltrimethoxysilane (available from Gelest, Inc.,

Tullytown, PA), vinyldimethylethoxysilane, vinylmethyldiethoxysilane,
20 vinyltriethoxysilane, vinyltrimethoxysilane, vinyliriphenoxysilane, and the like, are also
useful crosslinking agents.

Multi-functio.nal acrylates are useful for bulk or emulsion polymerization.

Examples of useful multi-functional acrylate crosslinking agents include, but are not
limited to, diacrylates, triacrylates, and tetraacrylates, such as 1,6-hexanediol diacrylate,

25 poly(ethylene glycol) diacrylates, polybutadiene diacrylate, polyurethane diacrylates, and
propoxylated glycerin triacrylate, and mixtures thereof.

Crosslinker is typically present from O to about | part by weight based on 100 parts
by weight adhesive solids.

Crosslinking may also be achieved using high energy electromagnetic radiation

30 such as gamma or e-beam radiation. In this case. no crosslinker may be required.



O her nononers may be added to inprove performnce, reduce cost, et cZ OiAPR 2004

quant i t i\8g g¥¥kdes do not render the pressure-sensitive adhegirxgossttacky.
Exanpl es oto' 10 such ot her nononers include vinyl esters, vinyl acetate,

2- hydr oxyet hyl acrylate, styrene, and the |ike. Additives Follow ng
copol ynmeri zation, other additives may be blended with the resultant 15
acryl at e GhainfithsferyAstne copol ynmer. For exanpl e, conpatible tackifiers

and/or plastigcizers may be added to aid_.in optim.zing the ultinmte tack
and peel propef§ BSSEH R YRRUOPERY Gm@“gllé%f%a‘eég%rﬁprt‘%izczk&f‘?ﬂhﬁr?qstq’?g?@‘ comon

in the ar ' rd | ge flROKutQke REGRAIEEL BB dele¢RgAdhesi ve
Technol'og%’,mrg@?%g% éﬁ&gﬁgﬁgﬂsﬂ@fgg?asm%sz). tE>£(:7am:)tl es of t)useful etacki fiers

- include, huin the grouptconsisiitgdf ¢avborr wEabromids imerdaptansaticoteds, afd mpxtugesser pene
resins, cournarone-indene resins, and the |ike. Plasticizers which my be
added to HEEOokdhesive of the invention may be selected froma w de variety
of comercially available materials. In each case, the added plasticizer
nmust be conpatible wth the PSA. Representative plasticizers include

pol yoxyet (tlee Morinyrs et her, di al kyl  adi pate, 2-ethyl hexyl diphenyl
phosphat e, t-butyl phenyl diphenyl osphate, di(2 25 ethyl hexyl) .adipate,
t ol uenesul f onakithfs MeRARESH Y e a&fl‘%& ImArRRS trmanes, feiy %Eﬁsér?é")' Hl yeol

di benzoat &, arr?lﬂlc%/ %?&1; (gpyétq@l?de@&%el rprﬁis@ﬁ{-sen@ft{%}é%ﬁﬁéﬁﬁeﬂ%%@é YlExfaﬁ{p'Iﬁlof and

di but oxyef*ﬁoxye | pate. tackifiers are préferably added in
an gmount sibtothdranengrad irdhalet vid@A@seas, tvinyib pcarate ghhygrex yet0) apaylats, shyyrensei ght
copol yner, and plasticizer nay be added in an anount up to about 50 parts

by wei ght apbthelds- parts by wei ght 30 copolyner. 2 0 APR 2004 WD 01/ 30933
PCT/ US00/ 21817 Pol ymeri zati on Met hods Adhesives useful in this invention

can be polynerized by conventional free-radical polynerization nethods.
Sui t abl e peidibds of pol ynmerization include solution polynerization,

pol yror | 2at | on Fouaba srRLT B PRARG s iy BRPIRRA R S 5eY B8 coat e
upoy 2 vani&fNe 8f mbttakiyPh€ c8pSlymer. For example, compatible tackifiers and/or
plasticizers may be added to aid in optimizing the ultimate tack and peel properties of the
PSA. The use of such tack-modifiers is common in the art, as is described in the
Handbook of Pressure-Sensitive Adhesive Technology, edited by Donatas Satas (1982).
Examples of useful tackifiers include, but are not limited to, rosin, rosin derivatives,

20 polyterpene resins, coumarone-indene resins, and the like. Plasticizers which may be
added to the adhesive of the invention may be selected from a wide variety of
commercially available materials. In each case, the added plasticizer must be compatible
with the PSA. Representative plasticizers include polyoxyethylene aryl ether, dialkyl
adipate, 2-ethylhexy! diphenyl phosphate, t-butylphenyl diphenyl phosphate. di(2-

25 ethylhexyl) adipate, toluenesulfonamide. dipropylene glycol dibenzoate, polyethylene
glycol dibenzoate, polyoxypropylene aryl ether, dibutoxyethoxyethyl formal, and
dibutoxyethoxyethyl adipate. When used, tackifiers are preferably added in an amount not
to exceed about 150 parts by weight per 100 parts by weight copolymer, and plasticizer
may be added in an amount up to about 50 parts by weight per 100 parts by weight

30 copolymer.



i nflexible backing materials using conventional coating techniques tq g APR 2004
produce PSA-coated 10 sheet materials. Flexible substrates are defined
hereln terial which is conventionally utilized as a acki ng
or %&0@%&4@ other flexible material. Exanples incl ud’éj'm&%@%jfﬁ not

lim ted to, paper, plastic films such as pol ypropyl ene, polyethylene,

pol yvinyl chloride, polyester (polyethylene terephthalate), polycarbonate,
pol ymet hypdlg@ehiaonWiahed PMVA) , cel | ul ose acetate, cellulose triacetate,

and ethyl™ 15 celTulose. Additionally, flexible substrates include, but are
not |imted toAdimsimea usefst inghisfipyentign 6an bhpeladsrioéd bymmmlonzdrfrmnadrc‘al

materials_such.as. cott ass material, or

t hey nmay %033”&8%63\986“?@%‘?5 rcy‘ lﬁ@'ﬁ %%X%cﬁ °flp§|y&"%§°%}“cﬁﬁ|{%l§f’§1“°8r synt heti ¢
fibers orpdlmegsauioh, M@.ﬁé{ﬁnorfﬁ(ﬂ?ﬁleﬁﬁatﬁﬁ érﬂﬁlk:%ﬁ'p%lﬁne’i%ﬁéﬁ ah@%pdipc! ude, but
are not Ilmtedto net al lized polymeric film or ceram c sheet
mat e? i al pUIYmCiPBAODoat ed 20 sheet naterials may take the form of any
article conventionally known to be utilized with PSA conpositions such as

| abel s, tapes, signs, covers, marking indices, and the |ike. Method of

Appl i cat i Qibsthes PSAs of the present invention may be coated using a variety
of conventional 25 coating techniques such as roll coating, knife coating,
or curtain coaThm@SAﬂ'héthBWer@ylve!ai@dnbebmtm;wntarmmtmﬁﬂémbbtdndn by

extrusi on, tru on hot. melt t chn| ues b i.t.abl e
convent i OWQF“ atfa\cﬁldlgd'%‘el&& Usipg Fﬂ‘é‘ﬂ' %@'%‘8‘%‘“‘%@ ¢ ﬁaﬂ%ﬁ? g’ Shotoed way s
necegsar yshedfvae 88! Faxibie 0aiskia@s aEhOdded h&d i isean‘?%it&gal%m@ﬁ @ssl i nking.
However, if enhancement of resistance to solventsS, etc., is desired,

crossli anﬂgeW&B}é u@hi@t%se@apfyba@mmramawofmmhm flositle krssswali n the art,
such as r Lon Lin el egtr. eam or . Vi 0 | i ght chem cal
crossli nk%"{gnfil 155 ](5“: l}g(?gle %Oq\c}ﬁuge%fgo@fﬁ IBE# %@gB %Tgf'? P@%&’ﬁéﬁ’ﬁg ©The
present ipolegthilene, polyvibg chmidbeﬁolﬁﬁmﬁpcgféihyveﬁéltefﬁhﬁfams)e pbRchfRnhe! | ow ng

non-limting exanples and test nethaods arts, percentages, and ratios
are by meP‘ﬂM?‘ethXHF@@a%fﬁ/H& WMM@@@@MQSEGCEWABL@UESG COPEMENRTS cthyl

15 cellulose. Additionally, flexible substrates include, but are not limited to, woven fabric

formed of threads of synthetic or natural materials such as cotton, nylon, rayon, glass, or
ceramic material, or they may be nonwoven fabric such as air-faid webs or natural or
synthetic fibers or blends of these. Examples of inflexible substrates include, but are not
limited to, metal, metallized polymeric film, or ceramic sheet material. The PSA-coated
20 sheet materials may take the form of any article conventionally known to be utilized with

PSA compositions such as labels, tapes, signs, covers, marking indices, and the like.

Method of Application

The PSAs of the present invention may be coated using a variety of conventional
25 coating techmiques such as roll coating, knife coating, or curtain coating. The PSAs may
also be coated without modification by extrusion, coextrusion, or hot melt techniques by
employing suitable conventional coating devices. Primers may be used, but they are not
always necessary. The resultant coatings do not require curing or crosslinking. However,
if enhancement of resistance to solvents, etc., is desired, crosslinking may be effected by
30 standard methods well-known in the art, such as radiation curing (electron beam or

ultraviolet light) or chemical crosslinking.

-10-



Abbr evi at i onNameAvai | abl e From BAn-butyl acryl at eBASF Corporation, 20 APR 200
Par si pp , gf\AacryI i ¢ aci dBASF Corporation, Parsippanypciidispifigfenoxy

et hyl agpélnh% artomer Co.,, West Chester, PA | QAiso-octyl acryl ateCPS
Chemical Co., Od Bridge, NJ | RGACURETM 6512, 2-di et hoxy- 1, 2- Cei ba- Cei gy,
Hawt hor ne, di phenyl et han-1-oneNY TPO (Lucirin TPO) di phenyl

(2, 4, 6-t igxagiphegl benzoyl ) BASF Cor poration, phosphine oxideCharlotte, NC EB

9220h f ti | mati ¢ eth 1eni cal Corp. , . .
O oo apy e R Rscy ) s A RIS
but yl phe%%h.%ﬁmﬂﬁ%&sagm Nyg REP:H‘Etﬂgé’é.dApgﬂn hepchigke £LAY ka Ra%%}é‘&?@@lr?ﬂ?“y
I a m hy Ite ci ate

nc, M lwaukee, dqueous sodiu rosu aqueous sodi um car bo
- sodi um i e@icdeothephisospdtific@nol t-butyl methyl ether HO -11 2 0 APR 2004

5

TABLE OF COMPONENTS
Abbreviation Narne Available From
BA n-butyl acrylate BASF Corporation,
Parsippany, NJ
AA acrylic acid BASF Corporation,
Parsippany, NJ
PEA phenoxy ethyl acrylate Sartomer Co., West
Chester, PA
[0A iso-octyl acrylate CPS Chemical Co., Old
Bridge, NJ
IRGACURE™ 651 2,2-dimethoxy-1,2- Ceiba-Geigy, Hawthorne,
' diphenylethan-1-one NY
TPO (Lucirin TPO) diphenyl (2,4,6-urimethyibenzoyl) | BASF Corporation,
phosphine oxide Charlotte, NC
EB 9220 hexafunctional aromatic urethane | UCB Chemicals Corp.,
acrylate Smyma. GA
2-isopropylphenol and 2-sec- Schenectedy International,
butylphenol Schenectedy, NY
bromine Aldrich Chemical
ethyl acetate Company Inc, Milwaukee,
aqueous sodium hydrosulfite Wi
aqueous sodium carbonale
sodium iodide
6-chlorohexanol
t-butyl methy! ether
HCI

-11-



WO 01/ 30933 PCT/ US00/ 21817 Abbr evi at i onNaneAvai | abl e From 6-i odohexa@diPR 200

Tol uene Hydr oqui none p-toluene sul fonic acid 4-nonyi phenol Phenot hi azi ne

1- napht | ene carbonate Triethylam ne acryl oyl chl og} ol uene

sul f oni “&Bh&% met hoxyphenol or methyl hydoqui none 2-(p EnyF?ﬂ{ g)"tet hanol

NPALt ri s(N-ni troso- N-phenyl hydr oxyl ChenFirst Fine Chem cals, am ne)

al um num.salt Pascagoula, M5 E. 1. Du Pont De Nemours VAZOTM

672, 2' - azobisfbeviatidry | but aneni t ri I e)lﬁmicConpany, Wl m n@tvaﬂabli)Erom
rn Al

N, N - bi s-—12—Xanr—Mpder

nranvl anar canht h alRoacany
|JI OpPy r CHCrSOpH T

Institufe of China, X' 64@11 ne- Poul enc North RHODOCAL DS- 10TMsqdi um
dodecyl I em anpury, (NJ
Hydroquinone

p-toluene sulfonic acid

4-nonylpheno}

Phenothiazine

1-naphthol

ethylene carbonate

Triethylamine

acryloyl chloride

para-toluene sulfonic acid

4-methoxyphenol or methyl

hydoquinone

2-(phenylthio)ethanol

NPAL tris(N-nitroso-N-phenythydroxyl | ChemFirst Fine Chemicals,
amine) aluminum salt Pascagoula, MS
VAZO™ 67 2,2'-azobis(2-methylbutanenitrile) | E. I. Du Pont De Nemours
and Company, Wilmington,
DE
N.N’-bis-1,2- Xian Modecn Chemistry
propyleneisophthalamide Research Institute of China,
Xi'an, China

RHODOCAL DS-10™ | Sodium dodecylbenzene sulfonate | Rhone-Poulenc North
American Chem.,
Cranbury, NJ
K2S20g J.T. Baker Co.,
Phiilipsburg, NJ




K2S208J. T. Baker Co., Phillipsburg, NJ WD 01/30933 2 0 APR 2004 20 APR 2004
PCT/ US0Q/ 21817 Test Methods The test nethods used to eval pagRishérasPoA

coat ed fvf/gggf%qgé sheet materials of the exanples are industry standard
tests. 'The standard tests are described in various 5 publications of the
American Society for Testing and Materials (ASTM, Philadel phia, PA, and
the Pressure Sensitive Tape Council (PSTC). Shear Strength (ASTM D3654-78;
PSTC-7 The shear strength is a neasyre qf the cohesiveness or internal
strength of an 10 adhesive. It is bigﬁaﬁﬂﬁgk t he amount of force required
to pull ‘an adhfq %6 Mkdhbis b evalﬁﬁtémamfcbﬁ&d Ak ibRGRedt Indedl§ 6EHEON
parallel to the surface to which it has been affixed with a definite

- pressur e.exhinpies aneariusteyl sianddre teses. OFhet staredafd estvreudess)bedeguanias to pul | a
standard area, of adhesive co ted t mater fro s [, N s, st eel
test? pane}?“bﬂﬁ%{&mﬁ thesamgrican %%?Htfghfes%‘mfﬁﬂé’?ﬁw%%\@?ﬁ@ %{Q g‘égtﬂ@ wer e
conduct e hetvethpPeoahl (p8Fcho a stainless steel panel
such tha"?R%@QB@ﬂéﬁEur‘é%% §7]l ‘Ffrm p%rtloon (?geach strip was in firmcontact
with the panel with one end portion of the tape being free. The panel with
coated strip attac ed | ;440 q, ack such that the panel forms an
angl e of EAL QRIENE R g : oie ~ee end which is then tensioned by
appl i cation Ofp?e Hyapstra,f c}pﬂeaxhbasew@ffm@emes@éne%oamraﬂals&ang@ opghght from
the free end e coat strip. The 2 l'ess than 180 is used to negate any
.peellof or cathesivéiul i$ hasediupgn tieadmanit pf fdree siqgamed foqudlem adhesivesisprieadl 2i n an

tt t t tely. det l.di f. th .hei
Ceston. THENRIhaaCREeol 4 ircioaamatple By AREs 1 sReUaEp et FEhRRRARE eot
panel is 58&9{1@,2%3%&5 he isSheRAGredtih Bteshbe LN W&lﬂ@édﬂ%@%t@@td‘@ilﬁﬁistaﬁcﬁ&dshear

failures report herein are cohesive failures of the adhesive. 25 Peel
Adhesi on 4ré:samms®ecmea>slmt atexipl fromPe sthindayh siseldest ipanal wadgratess dfaqui r ed

to renmove a coat eddfl | e sheet material from a test panel neasured at a
speci fi c SRS Si¢ f"ESItQ f removal. In the exanples, this force is
15 The tests were conducted on adhesive-coated strips applied to a stainless steel

panel such that a 12.7 mm by 12.7 mm portion of each strip was in firm contact with the
panel with one end portion of the tape being free. The panel with coated strip attached
was held in a rack such that the panel forms an angle of 178° with the extended tape free
end which is then tensioned by application of a force of one kilogram applied as a hanging
20 weight from the free end of the coated strip. The 2° less than 180° is used to negate any
peel forces, thus insuring that only the shear forces are measured, in an attempt to more
accurately determine the holding power of the tape being tested. The time elapsed for
each tape example to separate from the test panel is recorded as the shear strength. Unless
otherwise noted, all shear failures reported herein are cohesive failures of the adhesive.
25
Peel Adhesion (ASTM D3330-78 PSTC-1 (11/75))

Peel adhesion is the force required to remove a coated flexible sheet material from

a test panel measured at a specific angle and rate of removal. In the examples, this torce is
expressed in Newtons per 100 mm (N/100 mm) width of coated sheet. The procedure

30 followed is:

-13-



expressed in Newtons per 100 nm (N 100 mm) width of coated sheet. Thg0 APR 200k
procedure 30 followed is: 2 0 APR 2004 WD 01/30933 PCT/ USQ0/ 21817 1. A 12.7
mm wi dt AV@P1/38933 coat ed sheet is applied to the horizont al PRUPUHEEET o
clean glass test plate with at least 12.7 lineal cmin firmcontact. A 2 kg
hard rubber roller is used to apply the strip. 2. The free end of the
coated strip i;s douybl | ng. .

removal wl |l ble 18 I%ﬁ [R@(r“gledﬂgﬁ{j hI}ng% gﬂcf{%gg #gﬁ‘l{ tgstg%hcg\gzloggal?gﬂ%egical e.
3. The glaateintgtsk tept plaec wizh at Riapeld.7 Yindahemjinfdmaebnact. eNgidgchat@pibbeg machi ne
which is capable of noving the plate away fromthe scale at a constant rate
of 2.3 nﬁ?@fésuﬁéﬁoﬁpﬁﬂtthﬁsﬂp The scale reading in Newtons is recorded as
the tape is peel ed t the
aver age of th?er ang:ﬁjlfehr cg?é n%?bojefggeg%) sezjrsgllleféi ?O%bleg%%f]ggéa?gt? ughﬁ}gg[s[t%cﬁgsr?e?

Ref rsact i \aagle vdeemdvae wilbed80t.vEhé freesndik atthcheftedruResion@btel deal@dhesi ves
and cured filns were 15 neasured u5| ng an Abbe Refractoneter, Made by Erna
Inc., of Tokyd; Japdi§ S leypkts isilarere 9tquJ§Wénofs&qnémtersﬁl@gmm@R/ER

eryl at o T eRte 8By R hq by b B SalR T B BRI b

mechani caer glinufié.er, condenser, nitrogen cap, additi on funnel and
t enper at ure probe, 1400|a]gram; of 2-isopropyl phenol was m xed with 4630
grams of dei orfi-zed Thgtseple reagingrindiev@niussesaried asthoiaps inpepledhlipmclE mi xer

and,fpurg 5y 7

addled(; toegtqﬁws%ﬂg‘(%ure gﬁ([)hplfs\?\%pgggtghré%eg% Qto?g-]gir??%no annher. Jb(%g}&?éj#\é@?ature
was 25 nhd rE@i ned at about 30 C or Iess using an ice.bath. Follow ng
addition of the bromne, the reaction m xture was stirred for | hour at
roomtenperature. Reaction conpletion was determ ned by gas

chr omat ogyiaRYermddY of RBfrh Qv IHdd 1€ di sappearance of the starting material,

2-isopro rom nat ed species. Upon conpletion of the
reaction, 40751‘kgrraﬁ'scto:fe inddxydf the pteaguze sasitbeddbesivEiand cured films were
15 measured using an Abbe Refractometer, Made by Erma Inc., of Tokyo, Japan and

distributed by Fisher Scientific.

MONOMER PREPARATION
1. Svynthesis of 6-(4,6-dibromo-2-isopropyl phenoxy)-1-hexvt acrylate (DBiPPHA}):

20 In a 12 liter round bottom flask equipped with a mechanical stirrer, condenser,
nitrogen cap, addition funnel and temperature probe, 1400 grams of 2-isopropylphenol
was mixed with 4630 grams of deionized water. The mixture was stirred with a
mechanical mixer and purged with nitrogen for about 10 minutes. 3417 grams bromine
was added to the mixture drop-wise through the addition funnel. The temperature was

25 maintained at about 30 °C or less using an ice bath. Following addition of the bromine,
the reaction mixture was stirred for 1 hour at room temperature. Reaction completion was
determined by gas chromatography, by monitoring the disappearance of the starting
material, 2-isopropylphenol, and of monobrominated species.

Upon completion of the reaction, 4075 grams of ethyl acetate was added. The

30 mixture was stirred for 15 minutes. and then allowed to phase split. The bottom (aqueous)

layer was removed and 2765 grams of a 13 wt. % aqueous sodium hydrosulfite solutton

was added. The mixture was stirred well and then allowed to phase split. The bottom

-14-



30 mixture was stirred for 15 minutes and then allowed to phase spli0 AFh&l0}

bott om (aqueous | ayer was renpved and 2765 grans of a 1 0 eous
sodi um h?’gr"égﬂﬂ-"%i te solutiion was added. The mi xture was gfmsg?ﬁ'\i‘gﬂ and

then allowed to phase split. The bottom-14 2 0 APR 2004 WO 01/ 30933
PCT/ US00/ 21817 (aqueous) |ayer was renoved and 2842 grans of a 15 wt. %
aqueous  spghbdisy BiyePwal Rmovel uhd 084 pramadfeds wihe ajuedus sodivas catbonated wel |

and then allowed to phase split. The bottom (aqueous) |ayer %@S frgm)ved
and sol vemlutigswes addsge dhe mERUES ag qué\j@raflﬁls‘hﬁ’galéow%‘toﬁﬁs% Bor&For .

Thi d ' ' ' ~di 0.
! opr byl SR TR Bk WS R sGive sl on e B0 MR Bsipga
up with ardmehaphsialor SThispesceduqrodtatapproinpelp2 SF6egmmsé 46 dibastdo 2i- on

funnel in a cCooling bath. 800 grans of 4,6- dibrono-2-isopropyl phenol
(DBi BP) wisopropiibphane!l (RPP).ask al ong with 4902 granms of deioni zed wat er

and 408 grans qf di | odi.d | |t : of 10
a 50% sodi um h;’;ﬂ}%ﬁfe&g{%&%h %Hm\&/ﬁé&gﬁggﬁi &gﬁ%hﬁ&ilﬁ]@ﬁ ﬁ%hnaél@ﬁg&?%g;er ature
bel ow 25 c6ndehfie, l%?i?gfartlﬁc lpedte andaditien furmebinerkomiidg baw. 86Agramnofd 6t ur e was

heated to refl ux 0 ©O. Using a clean addition funnel, r ans . of
6- chl or ohditupmp-2nisepraaplerhenoltDHIPPhywas addad) toaige Hask; ploag “‘ﬁbe‘%géi%ﬁ% Af was

m xed 2 more houts at whheh poi A B0 TR A AL Byl GEtuRBRI4YS Isfams of

i ndi cat eglaﬁ'.og%cgf"s afe%ean é\,taggt’lra%gsl %Pg%ﬁlrlg?rg?he T eactle{;ii.gu 15" The Ssol uti on
was gpol ed saglsddeirh hliroxtenolitivpevataddel WER maidfaifing theeternipgrature AeB8v gr ans
of ethyl acetate was added to the reaction flask and m xed for I nut es

10
(t-butyl R8¢ By|Thetceelingbath s thes rEmanrdand e et b MpERE Wi hagied Je Lefjux The
I Xt | dt h . it t d
oy acoumt i on 6t b QBT 8565 hishel, T4EeraRk bP IAMERUEAOAVE 2dii3 oVETD Y C0

second ti R, LS{d) RimedsUtinRRetior Wad fiGEPI Mot hohtYat¥dhich PolB@agr ams of
dei oni zed water. The aqueous phase that was renoved had a pH of 1. The

washi ng stcbpmasgmpledi@dnalysisiindicatdB 3fsofihe sguing R Formainedoneescigr.
and The pii hsaehrigbayeaoiss nd erlsogl Rafberdtd G 8 <€ BRAREIR " & 706 (w
aqueous  sol ut i8eYfasOst dRY1GELEEI WA ai8&RodRamiltionTiakagdetiued pitage was
g emn\ii?l?ltcg)(/t-butyl methyl ether or other suitable organic solvent may be used). The mixture
was allowed to phase split. The bottom aqueous layer was removed by vacuum and the
pH was recorded at 11. The washing step was repeated a second time using a solution of
20 27 grams of 37% HCI in 980 grams of deionized water. The aqueous phase that was
removed had a pH of 1. The washing step was repeated a third time using 980 grams of a
3% (wiw) aqueous sodium carbonate solution. Again, the agueous phase was removed
and the pH was recorded at 11. The final washing was done with 2 4.7% (w/w) aqueous
solution of sodium chloride (982 grams). The aqueous phase was again removed by
25 vacuum. The organic phase filtered and concentrated on a rotary evaporator using a water
aspirator. Residual solvent was removed using a vacuum pump while stirring the
concentrate with a magnetic stirrer. 1250 grams of a yellow liquid was obtained. The
yellow liquid was purified by continuous distillation using a rolled film evaporator. First.
6-chlorohexanol and 6-iodohexano! were removed at the following conditions: 130 °C oil
30 bath and 5 - 20 microns Hg vacuum. The residue was then continuously distilled on the

rolled film evaporator using the following conditions: 130 °C oil bath and 1 micron Hg

vacuum. 832 grams of the water white alkylated product {6-(4,6-dibromo-2-isopropyl
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25 vacuum The organic phase filtered and concentrated on a rotary PR 2004
evaporator using a water aspirator. Residual solvent was renoved usz ?16%

vacuum paarptawosd e stirring the concentrate with a magnet ipgetatsosnesiy 1250
grams of a yellow liquid was obtained. The yellow liquid was purified by
continuous distillation using a rolled filmevaporator. First.

6- chl oroh xanol odohexanol . were renoved at the foll ow ng conditions:

130 C oi IP GO’ﬁﬁtlhR%ﬁ?BO Wasz‘ec?ﬁeé%nétwh%f&mrherm@t PRIQnAllY. daepadiialm
conti nuougayorggﬁéh%il)fg% {Q,llé Efhebiisl e@é@p&{o@t or using the follow ng

condi tions m cron um 832 granms of the water

white al kyl at edl Sgier fmtr n{aclﬁrc(mdﬁaotﬁobr flask- @ad ppppedyith d me¥anidl 36288 2 0
APR 2004 PC'I% i00/21817 hen(g?% )-1-hexanaol} was_recovered. It can be noted
here t hatDeaBttantdrapycond c mpEratyig Reoks: Ghheclask ivas chagged wigh 6% of t he

rol I'ed i ke e¥PBes Bldibronfd- ‘é -isdpkéityl pfngg)se AR IsPELAIY e Sifkne; Y380

equi pped ‘chani cal ~ st trap, ©con enser

t enper at upin gachlad meting Hyldagjinmms ael dydeasuwiond; 500 ghanty tdluéte sulfonic acid
6- (4, 6- dlbronn 2-1 sopropyl. . phenoxy) - 1- hexanol ; 2805 grans of toluene; -200

ppm each ¥ l3diEEms Mhotiidndhe @H@“WMW&ﬁeﬁé%@ﬂW@ STERE P AZESIIPPA e
sul foni c tﬂﬁ Wirer 2R et 8 holfs U Ge AEHNS ! 'éq]ﬁl‘f bf‘jgvat-gph%? Elc?ﬁt gﬁxﬁv«%’kﬁncﬁﬁﬁ% £18e

reflux with stirring to azeotrope® our s Fert uxr ng,
30 m of 6tvt@dibiratioiein- prmm\phdn@@d BRex2¥oitadtHeen converted to 6-(4,6-dibromo-2-

6- (4, 6-di brono- 2-i so-propyl phenoxy)-1-hexanol had been converted to

6- (A% di BP-BFRPYLPAIOR Kb 1 BreACTimEREssA on Gheanplysite rifleaptitivasi then apled
anal ysi s. an‘gr}gogjgh (P)E]owgﬁl then cooled and allowed to mi x overnight. 828
grans of a 27% HA  sol utlon was added to the reaction flask and nixed for
5 m nutes. T@S@rmunéaﬁaﬁ?‘aﬂm\sﬂmmﬂ wisagdedS@l the rabdon Naskadidanixedifot 3 om

phase (pH=1l) renoved by vacyum_ The washi ng was repeated by addi ng 903
grams of 'EW“?SV\%E@‘(‘WW%%WE&OSW%? SRIK 2B¢ thsornugpyscatiosnahase (sl haqueous

phase wasyiERRBSE 9{ {sduuRhaBis wadRag ahak atAdgg a8, n\é@‘é@ QPQ{ES 4gj ng 867

grans of a 5.1 % (w w) aqueous sodium chlori ﬁtlo e aqueous phase
was lagai nw/ehayedubsolvaaucfodittne canbgaatec Tk aqmeouwhasﬁslwasebmdvahaﬂer phase

s IR R AR N
a magnet i ¢hioride solution. The aqueous phase was again removed by vacuum. The organic phase
was filtered and concentrated on a rotary evaporator using a water aspirator. Residual
solvent was removed using a vacuum pump while stirring the concentrate with a magnetic
20 stirer. 650 grams of a hazy, light yellow liquid was obtained. The yellow liquid was then
purified by continuous distillation in a rolled film evaporator using the following
conditions: 175 °C oil bath and 1 micron Hg vacuum to give the water white product.
NMR analysis indicated a 98.8% purity prior to distillation and a purity of >99% in the
distilled product, 6-(4,6-dibromo-2-iso-propyl phenoxy)-1-hexy! acrylate (DBiPPHA).

25
2. Synthesis of 6-(4,6-dibromo-2-sec-butyl phenoxy)-1-hexyl acrylate (DBsBPHA):
The analogous monomer 6-(4,6-dibromo-2-sec-butyl phenoxy)-I-hexyl acrylate
(DBsBPHA) was prepared in the same manner starting with a stoichiometric equivalent
amount of 2-sec-butyl phenol rather than the 2-isopropylphenol.
30
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20 stirrer. 650 grams of a hazy, light yellow |liquid was obtai ned. TIieAPR 700t

yel | ow |} qui s then purified by continuous distillati ' Il ed
filmeva*yg%é‘g?? using the following conditions: 175 C oi Wﬁ%ﬂgﬁ@”l

m cron-Hg vacuumto give the water white product. NWR analysis indicated a
98.8% purity prior to distillation and a purity of >99%in the distilled

product, %- (4, Bntibisanf@;Rdibsempdomyylivaplocyylatel(DBpAAA )acr yl at e ( DBi PPHA) .
25 2. Synthesis, of 6é§ 6- di %rormo- 2-sec-butyl phenol y)-]-hexyl acrylate
(DBsBPHA) :  THE HaAmsGgdrolsbhdsay pbepd wasgnised ima treercdkaoynd potorafpsk |

- hexyl a o r | ; rEin ith a
st oi chi orcr&el}tmr ?%@a‘(é% \%ngﬁ%e%%gﬁnﬁ% d gi%gﬂsﬁ%r%?q%ﬁkg%%gé%@%aers E"an'uz‘in he

- 2-1 sopr opghquisanolutiofGva? pargddRvel004th Aokl SNOM:8 (RCK,/663RM2 IBA ¥ mdle)Synt hesi s
of 2,6-di brono-4-nonyl phenyl acrylate (DBpNPA): 44 grans §a0. 2 nol e)

4- nofy| pHuAmIne s addza dropwvise. keeRiBE Hiscleastiiempetatuseraboui 3R °ChiAfer180 gr ams
dei oni zedcovvat5 M tﬁggdmiéﬁ égrwaﬁ :ﬂvi rrgd %& géﬁhmecpani cal sti rrerT The
reacti on SOFUTIEN WaS pur’gk G TRETPT Wid® RUHFS FB gEnMOUF St [4950 Faraperatuigs The o s
(0. 41 nol@)ctionProstefiowdnonitsied usiag VT S Bec kL HefhehMavdLAmi A10R Jredagsat ure
about 30 C. After conpleting the addition, the reaction was stirred for

1/ 2 hour amaddiionrt bhiramstal beomingevasrasded toreaprablfhe sertingsmaterial or ed usi ng

GC. B t henol i xt f . diti 1 f
br ot e vas a9 RS pindEocded Wik dufedbith 30 Fiizbing B milils o) O °
acetiat e VymsagiedThe bbusthi(siducbas)dagkrivid rBinsted. eTieS galit pWRee whd wadikdphase

split. The bottom (aqueous) |ayer was renoved. The _o(r;gani c layer was washed
sequent i aleRyengiptin wathsy prerix off3. B gy il Sydrepyl filedn S lrtms walay agda greans

wat er an r ' - - | I ' .granms_water. For
each wasﬁllnﬁgé,% i %’qg{c%tfggﬁlgn grgrgé?n% ?;vag}ag‘g ‘%ué[g Iﬁl%ﬁét{/]mw%ﬁ"ﬁgheo?cﬁ'ﬁﬂ‘fsc | ayer,
al | oned tgrephasss shtddtwelhdithhbnorganiveger, ahbwved td firsd §pialandv@shirB@ovddie
solvent was stripped on a rotary evaporator to give a yellow 15 oil. The
yel | ow oi Mistdle fnalwashing. the selyeat wizs s1PPed PO A rPALE VAR 2k 69 8ivgiageHawx

col ygn. khe product was distilled at 1.0 nmHg and a head tenperature of
165 - 170 C. The vyield is 66 grans (87% of light yellow liquid. Analysis
by GC and NVR Teryeflogdoit tvas distilled using a distillation head and short vigeraux colurnn.

The product was distilled at 1.0 mm Hg and a head temperature of 165 - 170 °C. The
yield is 66 grams (87%) of light yellow liquid. Analysis by GC and NMR verified the
material to be 2,6-dibromo-4-nonylphenol.

20 30.5 grams (0.08 mole) 2,6-dibromo-4-nonylphenol, 64 grams t-butyl methyl ether,
9.8 grams (0.096 mole) triethyl amine, and 0.005 grams phenothiazine were mixed in a
three neck round bottom flask equipped with a mechanical stirrer, temperature probe, and
addition funnel. 8.4 grams (0.092 mole) acryloyl chloride was added dropwise. An ice
water bath was used to keep the reaction temperature below 20 °C. GC shows complete

25 reaction conversion.

45.6 grams deionized water was added, the mixture stirred and allowed to phase
split. The lower aqueous phase was removed. The organic layer was washed sequentially
with a pre-mix of 0.2 grams concentrated HCI in 8.7 grams deionized water; a pre-mix of
1.7 grams sodium carbonate in 9 grams deionized water; and a pre-mix of 0.8 gram NaCl

30 in 9 grams deionized water. The aqueous pre-mixes were mixed with the organic phase,
allowed to phase split, and then discarded. The organic solution was then dried with

magnesium sulfate, filtered, and the solvent removed using a rotary evaporator. This
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material to be 2, 6-di brono-4-nonyl phenol. 20 30.5 grans (0.08 nole) 720 APR %;ﬁg
2, 6-di br ono- 4- nonyl phenol, 64 granms t-butyl nmethyl ether, 9.8 grans (0.0
mol e) t kRi@hydeatm ne, and 0. 005 grans phenot hi azi ne were pr¥etod/msar three
neck round bottom fl ask equi pped with a nechanical stirrer, tenperature
probe, and addition funnel. 8.4 grans (0.092 nole) acryloyl chloride was
added dropwi se. An ice water bath was used to keep the reaction

t enper at urehedppducey 32 sramsdR%s of 8 ghkyadlowxal whichtwasshagaigeized BANME. 6

grans deia‘ﬂﬁidc?%é’i’gstigr. was added, the mixture stirred and allowed to phase
split. The I'ower aqueous phase was renoved. The organic | ayer was washed
sequentially wth a pre-mx of 0.2 grans concentrated HCl in 8.7 grans
dei oni zed water; a pre-mx of 1.7 grans sodium carbonate in 9 grans

dei oni zed* wat eYynihgsid oA 2grdéibramo-drdagesylphea el eI BPRP P4k ans dei oni zed

wat ey, The aQUAGUS.ALSSTIER MBS SISVt LIRS 0L AR0HE B RATRalenPbt fWd L0

pha plit, en ‘di scar e organicC rired with

nmagnesi Urdoakdyil lichol wid Lisydadsteahef 4 aen@phstent renoved using a rotary
evaporator. This -17 2 0 APR 2004 WO 01/30933 PC /US00/ 21817 net hod

produced 32 granms (92% of a light yellow oil which was characterized by

NVR and anal ysi s. 4. ,Synthesi s, of - di, br o odecyl phenyl acryl ate
(DBpDDPA)S:c‘;CS 'I‘ﬁvé#hreélié’tfléb(r{é%ﬁ%ré’or Aqaest %%{Waﬁee aéfok\"/ﬂ', except a

st oi chi omet ri caeqitery Hre@heddf rodnd Bodeaylphenskq dusgitdla tenspeemdreoprobe,
4-nonyl phenol . S. Synthesis of 2-(1-naphthyloxy)-1-ethyl acrylate (1-NOVA):
A 510 t ermeghapisal siistek. anelaeadenset.ofd £ra8K lnpaphdgliiZeP cmmy ¢thylsne experaie ur e
probe, 10 i i 1 LA - t 69

O e ot e BAbE BledhlibhliEvo R M4CPRIRPRELS hifle BLATE, JARRN Bebuch)

flask. UsivioheHadi (9520 drditie@hn td fie b CO,. TASbieRWAShEIA oDthiCieaipdregan t o
give off CO2. The batch was held at this tenperature for 12 hours, a

sanpl e wafer t akeorspnshmpis ivihy adkeh-andptdithed] 1vaphitiol eandenachited K30GCHdAtdlmg  of
the batch continued at 95 C ynti | there was | ess _than 3% residual |
- napht hol of thisbatgh contipmied 3h9hels unHERerosrelgss Bt dGretdbdrephieland 1470

grapg tert- bUt'ﬂnc regﬁlw&ig&gg o8 16 fodH éﬁﬁ)e}a'i&rgtang h#9 &gm\éﬁ&‘?—bﬂﬂﬂed' 0.15

gr am hydr oqui noné a
methyl ether and 56 grams triethylamine were added. 0.15 gram hydroquinone and 0.15

gram hydroquinone monomethyl ether were added as inhibitors. To the well-stirred
reaction, 289 grams acryloyl chloride was added over a 2 - 4 hour period, keeping the
batch temperature between 25 - 30 °C. The batch was stirred with medium agitation at

20 room temperature for I hour after completing the addition. A sample was taken and GC
run to determine reaction completion (< 1% residual 2-(1-naphthyloxy)-1-ethanol).

The batch was then cooled to room temperature and then washed, first with 400
grams deionized water and 11 grams HCI, then with 250 grams of 15% sodium carbonate
in water solution, and then with 250 grams of 20% sodium chloride solution. Residual

25 solvent was removed using a rotary evaporator. The product was a dark colored, low
viscosity (<80 cps) liquid (570 grams).

The crude monomer was purified using a continuous a high vacuum rotled fitm
evaporator (available from UIC Inc. of Joliet, IL) with the following conditions: 110 °C
jacket temperature, 30 °C condenser temperature, 40 °C feed temperature, 300 rpm rotor

30 speed, and | micron vacuum. The distillation gave an 80 - 85% product split. The

product, 1-NOEA (475 grams), was a light yellow to orange liquid and was characterized

by 13C NMR and confirmed to be >95% pure.
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gram hydr oqui none nonoret hyl ether were added as inhibitors. To the g APR 700
well -stirred reaction, 289 grans acryloyl chloride was added aqver 2 - 4
hour perw0d1/3®8%pi ng the "batch tenperature between 25 - §6T@.50qlﬁlealgatch
was stirred with nmediumagitation at 20 roomtenperature for 1 hour after
conpleting the addition. A sanple was taken and GC run to determ ne
reaction conpletion (< 1 %residual 2-(1-naphthyl oxy)-1-ethanol). The batch
was then cooled to roomtenperature and then washed, first with 400 grans
dei oni zeds wat eSyn@idis bf b-(Qrraaphiiilddxy ) eyl wictyiar2 $0- N f#ags of 15% sodi um
carbonate in water solution, and then with 250 grams of 20% sodi um
chloride sol utAdriteReyreinesk Bokwas faHIPPAR YithafReE@nIGel sigres, tpperajure
evaporat or., The,pr [ AR l'iquid
(570 gr a1 SeBfdHES et nEnio gt o ert e SRS Y BRERE |
vacusim r odrh@gl déiohfred saa0s 2tgims sotdiumabdide,fand 55 Wl gramm sodioh hjdiaxade (30% wi t h
the follow ng conditions: 110 C jacket tenperature, 30 C condegzef
t enper at wolntiondn @aterd dThe misiuer Wieheatrdgo reflix: okpine refxdpgreactiofhd44/ ni cron
vacuum The distil] ati = 0 t [t

1 NGEA, (18 P08 NG BB rop AR RO G 4 difich funelh 8y S

char act er heted. Huatidga ANRxand contiiiededart midiionabbotrpfieecomplelit@l/ 30933 2
0 APR 2004 PCT/US00/21817 6. Synthesis of . 6- ht hyl oxy) - 1- hexyl

) 1-n
acryl at e ditgoHAYE apalysip shewed ghfoggsideal gtafy a[ﬁﬁg]- equi pped with a
mechani cal stitrer, .t %glg.gﬁ he o9 lebiRMivng
reag nts were 'zg dfae&‘::ﬁ‘ﬁgwggr géﬁgéqgonrggﬁpﬁgp, g’i% 59¢g anég‘lggtiygni éeyg evvater, 5.2
grans sodiddet] Qe eeactiam thibtrdlwas stireeds deth poutey dutojel sdpar@®@pbungeol, and on i n
water). The m xture was heated to reflux. To the rﬁﬂ‘luxi n @eact'ign 94.7
grams. 6- cHIcsYs. o PHase:oRD- LS AMFABHPRRSE Y SIHRA GE oSt abaPbRsF tRkel over

a 2- hour Il ' hipaehateR thetwaN €l 1t drapsINdTur
after cong gtéigrzgmpﬁg%%%gﬁaﬁdoﬁeri@ggﬁiﬁggmd <1% residual starting
mat eri al . inl25Tgrems daiohized was. dhe lremtainmgrsobent wapurippedricom Seaprgdugtgisingout v
met hyl ether was added. The reaction m xture was stirred, then poured into
a sdpar at BFYAPRYABPA%Snd  al | owed to phase split. The aqueous phase was

removed and thegug Eaﬂﬁi'ﬁl:tcwg'éﬁﬁllé’@zﬁrl%t temperature of 220 - 260 °C, head temperature of
200 - 230 °C, at 0.1 - 0.2 mm Hg. This procedure yielded 63.5 grams of a light brown,
somewhat viscous liquid. GC showed it was >98% pure 6-(1-naphthyloxy)-1-hexanol.
This material was used in the next step of the synthesis.

20 A 1 liter, three neck flask, equipped with a mechanical stirrer, temperature probe,
and Dean-Stark trap with condenser was charged with the following reagents: 60 grams 6-
(1-naphthyloxy)-1-hexanol, 226 grams toluene, 2.5 grams para-toluene sulfonic acid, 21.2
grams acrylic acid, 0.027 gram hydroquinone, and 0.03 gram 4-methoxyphenol. The
mixture was heated to reflux, collecting the water which evolved in the Dean-Stark trap.

25 After 3 hours, thin layer chromatography showed the reaction is complete (i.e., no starting
material remained).

The reaction was cooled to room temperature and 132 grams of deionized water
were added. The mixture was put into a separatory funnel, shaken and allowed to phase
split. The aqueous layer was removed and the organic phase was washed with 0.3 gram

30 concentrated HCI in 44 grams deionized water, then with 1.3 grams sodium carbonate in
44 grams deionized water, then with 1.4 grams sodium chloride in 44 grams detonized

water. The remaining solvent was stripped using a rotary evaporator. The crude product
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with 6.9 grams concentrated HCl in 125 grams deionized water, then wpfnpR.2d
grans NaC in 125 grans dei oni zed water. The renmaini ng sol vent was
stripped fromthe product using 15 a rotary evaporator. The product was

di still SYO8BPM3Hot tenperature of 220 - 260 C, head terrperpﬁrfﬁsé’“’&fs”mo -
230 C, at 0.1 - 0.2 mmHg. This procedure yielded 63.5 grans of a |ight
brown, sonewhat viscous |iquid. GC showed it was >98% pure

6- ( 1- naphiefiiheowyd Opa!;séaqn@ﬁgh a flabRisRicABEPEM BMNWASS RELI5T LRS! NLtesDi5ep Of
the synthesis. 20 A1 liter, three neck flask, equipped wth a nmechanical
stirrer, heptapes: akherpgogucy bractionsnverbsalieediand thesolwent strippetiesisga ratary char ged

W th the foll ow ts. .60 6- - ht hy| -1-h |, .226
o ams  o10arsas, End FEENSRI T LPORNE b BrrEBRGRHaRES e JRRRR o 1

id, O. ' . l i
nas  heat G181 ERRHR V5 e B O 32 3 A EEAD S RIR rphd Bean. st ar k
traps 2%offifriéd e PRIGUSS tolbRIdDIR YR ¢{T-REFHRABRPNY-heRAWRE 4B ¢1 NBIgAHON | S

conplete (i.e., no starting material remained). The reaction was cooled to
roomtenperature and 132 grans of deionized water were added. The m xture

was put ifhto a.separatery fupnel hak nﬁggchjz |l owed to phase split. The
aqueous Igyera‘vﬁg@f‘éﬁ%ggée@z@'?ﬁéﬂ;@ Fl%’fec é@e was washed with 0.3 gram 30
concentrat ed HOS500m1 thecdicaRBotd ioEe fla¥ied i ppedn@ith Wistifterl vizeBuR IR UM
carbonate in 44 granms deionized water, then with 1.4 grans sodi um chl oride

in 44 gr ang dissillerpn bepd/ragaiear wastrharsedayith Q) seons/ @2 make) of Zilprradlthiving a
< T - 0 . 01/.30933
8 P00 800135 5 e LA BRI lscd TP A7 R B R 0045 o e ng

Wi th 5% eiimINPEERAE 0/01920em Raptdbepherbe THeOGHGIod flARMWRAMNEaB kS 160FEect ed
and the solvent stripped using a rotary evaporator. The |ight greenish oil

product ctoyéstifll ¢ff areazcotropa efmmethgnel @andimeshuigcrnylaiers Agfthe distillattontsubsidsdst al s

with a nmeldin Lnt of 37 - 39 n 3 VR ,anal ysis .5 confirned the
ot oduct ¢ 588 lecrys i sfpsd iR R ety TR AR it e vl 7
Synt hesi syw@fmérept@ry! t hi o et hyl acrylate (PTEA): A 500nil t hree neck round
bottom fl ask equipped with a stirrer, vigeraux columm and distillation

head?r ecei ver heprantga@phictanalysis gf shsreperigpmpgies) shgped <d finenrgacied &)
(phenylthio)ethanol. The reaction mixture was then cooled to 50 °C and the residual
methylacrylate was removed by vacuum distillation. The product, 2-phenylthio ethyl
acrylate (50 grams), was a yellow liquid and was characterized by 13C NMR to be >97%
pure.

20

Preparation of PSAs

The PSAs of the present invention can be made by solution, emuision or bulk
polymerization methods. The procedures for these polymerization methods are described
below as Method A, Method B, and Method C, respectively.

25

Method A — Solution Polymerization

Comparative Example C-1 and Examples 1 - 14 were prepared using a solution
polymerization method. All components were weighed into a glass bottle having a 120
gram capacity. The contents of the bottles were deoxygenated by purging with nitrogen at
30 a flow rate of 1 liter per minute for 35 seconds. The bottles were sealed and placed in a
rotating water bath at 57 °C for 24 hours to effect essentially complete polymerization.

The polymer solutions were coated onto a 37 micrometer (1.5 mil) polyester film to
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10 ethanol, 139.5 grans (1.62 nole) methylacrylate, 0.22 gram di butyl 8iARR 200i
di acetate, 0.015 gram NPAL and 0. 015 gram 4- net hoxyphenol q&pg ‘{@?ﬁt I on
flask was0lie3@98s to 100 C to distill off an azeotrope ofF X and

nmet hyl acrylate. As the distillation subsided, 150 grans of nethylacrylate
was added to the flask. This addition procedure was repeated two nore

times. 15 Gaﬁ.i %Hbﬁ%ﬁgg@gﬂ&s 8 #ﬁdrﬁmgiferst 18 hiPACieQBaR i Washowed <I %

unr eact ed 2 anol . e reaction mxture was then cooled to
50 C and dghgibi@ed shtpinereahedeiad npdetconditony efrmboa? INC watifnreiagyve | | at i on.
The product, 2-phenylthio ethyl acrylate (50 grams), was a |1ow |liquid
and was. dhanidity ot deseribesby e shaR a0 affession 108 MsTlcls. BQuibEad s OB  PoAs
The PSAs of. the present .inventi can be made by sol ution, emulsion or bulk
pol yreri 28126 t?@‘?ﬁgﬁ%fefﬁﬁ[éveplp é(g’ze?dur es for these polynerization methods are
descgi bed below as Method A, Method B, and Method C, respectively. 25

Met hod A - Sol ution Pol ynerization Conparative Exanple C | and Exanples | -
14 were pMepadd)- EsiuigjomPelymerization pol yreri zati on method. All conponents

uer e, el ghed | Bt 0o el 35 HOLLLE AL idh 120n, BN SANALINn plifocont ent o

purgithg w rogen at 30 a flow rate
of I IitefaRbd B NKlIRohPondfs SeEORTBd 1 HS0MAI béser wel mixedaineid thenajupbesced i n
a rotating water bath at 57 C for 24 hours to effect essentjally, conplete

pol ymer i zatd aganic Phasep vleyahamagsnedyso idie EKIIIG Was bgn HAMGEENIZS if %%Jc?ﬁl&ger
(2.5 ml)_polyester filmto -2 -071./.30 A R00421817
prodPde anggng%é?inHau&ﬁg}ocq)(rﬁ%a‘srg e%‘?‘l%@%&g&g Migé%illo '- ?ﬁéﬁﬁlﬁs{l&@he “Coat ed
filmwas ,aedy inidisabedieshavihpaneeftan cipasitpdThncanentooitht bottsoferabout 23 C
and 50%relative humdity as described_by the ear and ad J est

T

met hods. Gepxiykenntes ypyagingsw Werigogen 143 Sy %WZQEF&P%‘ THS eisa\bg‘qﬁ hdex. 5

minutes. The bottles were sealed and placed in a rotating water bath at 60 °C for 24 hours
to effect essentially complete polymerization. After polymerization, the latexes were

15 filtered through cheesecloth to remove coagulum before coating and evaluation. The
polymer latexes were coated onto a 37 micrometer (1.5 mil) polyester film to provide a
dry coating thickness of about 25 micrometers (~1 mil). The coated films were
equilibrated and thereafter tested under conditions of about 23 °C and 50% relative
humidity as described by the shear and adhesion test methods. Equilibrated films were

20 utilized to measure refractive index.

Method C — Bulk Polymerization

Examples 17 - 29 and Comparative Example C-2 were prepared using a bulk
polymerization method (Method C). The monomer components were mixed in 250 mi
25 glass botties to which was added CBry (0.2% of total monomer weight) and
IRGACURE™ 651 (0.1% of total monomer weight). The contents of the bottles were
thoroughly mixed and deoxygenated by purging with nitrogen at a flow rate of 1 liter per
minute for 2 minutes. Using a knife coater, the mixtures were coated to a thickness of
about 50 - 80 micrometers (~2 - 3 mils) between a primed 38 micrometer (1.5 mil)

30 polyester film and a release liner. The resulting coatings were polymerized using

ultraviolet radiation under a fluorescent black light (about 630 millijouleslcmz) for about

10 minutes. The coated film was equilibrated and thereafter tested under conditions of
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Met hod B - Enul sion -Pol yneri zati on Exanpl es 15 and 16 were prepared d< ARR 200t
an _emul si on pol ynerization nethod (Method B). Al conponents were added to
a 500 m__heaker and m xed until the aqueous and organic phases were
homogene¥@ 3 ni xture was then hompgenized in a Waring BOVEMERT 1 or
mnutes to prepare emul sions for polynerization. The enul sions were pl aced
in glass bottles having a 120 gram capacity. The contents of the bottles

wer e de%)éﬂ@’ﬁa‘t@ﬁlncpyo%%ﬁhﬂghWn’iJlt)Péstde@&%bd%y mefsh{awgf. (guéafonjteé iter per

m nute for about '-2 mnutes. The "bottles were se aced in a

rot at i ng metheds. Eguilibrateddilos fvmre zzihtﬁ:ﬂnosm&asu&frb&mmesamasaidzed atowpl et e

pol yneri zation. After polynerization, the |atexes were 15 filtered through
cheesecloth to renmove coagul um before coati ng and eval uation. The pol yner

| at exes veggraadeskaiio 81 pBAMAARPEYes (1.5 m ) polyester filmto
provi de a ry coatlng I ckness of about 25 mcroneters (--1 ml). The

coat®d filns vt gremyibuiymatydae ahds graemsezﬂ:iylm amda,su’leg}ammdatomladd 0i0a6s of
t he shear, and

bout 23 C h bed
oS o Bt VAZET Rbs Yiticalilialet et eiapgdintomnelas beidand b @agz:
refracti vg dentdmxd 1&%&% £ MBubiedrs! | BB M@ﬁg i ?@g&%}ﬁémqﬂx “shesr,

Conparative Exanple G2 were prepare using a meri zation net hod
(Met hod QdhFhen reswitsnaze goempodableslivere mixed in 250 M 25 glass bottles to
whi ch was added CBr4 (0.2% of total nononmer weight) and | RGACURET"t 651
(0.1% of total nononmer weight). The contents of the bottles were

t hoygughl xamﬁgj(BndA%@)wgggaﬁfgﬂwz@,urgr ng with nitrogen at a flowrate
of I liter pe mnute for 2 mnutes. Using a knife coater, the m xtures

were coated t ol3605t grani husd aofylatabbaigrsos | I\KDHm ¢ 36rgetras schhQacndBél?ngﬂam)s

bet ween a . rrrred cro ester filma rel ease
liner. THE ﬁpg%tﬁ"fi%ﬁ)& A n ﬁ%‘*ﬁ&?ﬂ%@?gzg AP MTSE Clﬂﬁ‘%%\?r(bﬁ‘ % adi ati on
under a fdus SRIGRINmMEiZAkas!degdHibeGah MEhE&BA. M1basuidU, 88 Rerel W 9pbout 10
m nut es- The coated filmwas equilibrated and thereafter tested under

condi t i orefepetivoindex shagRandadhegiongesudeasagiPeTirUBude 21817 about 23 C and
50% §el ative humdity as described by the shear and adhesion test nethods.
EquiTibrated filnms were utilized to nmeasure refractive index as noted
above. Example 2 (BA /AA/1-NOHA 52.5/7.5/40)

9.45 grams butyl acrylate, 7.2 grams 1-NOHA, 1.35 grams acrylic acid. 42 grams
acetone, and 0.036 grams VAZO™ 67 free radical initiator were charged into a glass
bottle and polymerized as described according to Method A. Measured % solids was

20 26.4%. Refractive index, shear, and adhesion results are given in Table II.

Example 3 (BA /AA/1-NOEA 72.5/7.5/20)
13.05 grams butyl acrylate, 3.6 grams 1-NOEA, 1.35 grams acrylic acid, 42 grams
acetone, and 0.036 grams VAZO™ 67 free radical initiator were charged into glass bottle
25 and polymerized as described in Method A. Measured % solids were 28.29%. Refractive

index, shear, and adhesion results are given in Table II.

Example 4 (BA /AA/I-NOEA 52.5/7.5/40)
9.45 grams butyl acrylate, 7.2 grams 1-NOEA, 1.35 grams acrylic acid, 42 grams
30 acetone, and 0.036 grams VAZOT™™ 67 free radical initiator were charged into a glass
bottle and polymerized as described in Method A. Measured % solids was 29.8%.

Refractive index, shear, and adhesion results are given in Table IL




Conpar ative Exanple GL (BA/AA 92.5/7.5) 5 16.65 grans butyl acryl ateZUﬁPfB%U[M
granms acrylic acid, 42 grans acetone, and 0.036 granms VAZOIM 67 fr

r adi cal ‘i"éi"i’?%‘%r were charged into a glass bottle and pol §%ﬁ"%’(§l
described in Method A Measured % solids was 28.0% Refractive index,

shear, and adhesion results are given in Table H -10 Exanple |I (BA

[ AA/ 1- NOHA 72.517.5/20) 13.05 grans butyl acrylate, 3.6 granms 1-NOHA 1. 35
grans acrylic acid, 42 grams acetone, and 0.036 granms VAZOIM 67 free

radi cal iHxatd 'mﬁ)fBMAé\/bMEAcBiﬂﬁ’éfb glass bottle and pol ynmeri zed as
described in od A sur % spl ids r 6, 9% Refractiyv ndex,
shear, and admgsal og{a’ir'ééﬁ ﬁ: egﬁ%ﬁ”‘i‘rﬁ’ L\Arﬁa%e‘gﬂ%/&@ F‘P@’i (@5

[ AN 1- '%Iﬁzaéwn 5&&% 096 %gangsr Rt gy fra.c{amcar 3l Rritiafodw@kaihodd Mblh. 1. 35
grans acrylic aC| 2 gra acetone, and O grans VAZOIM 67 free

radi gal ighask battkaramzquolymdsrmeged damrﬂnedugm:x)d hoiM&aeu:add’o palidg veare 2éd%as
descri bed. gccardi ng to Method A . Measured %soll,gfg)6 s 20 26.4% Refractive
i ndex, sHSAFCUYHBIEHFEEOAD %@lﬁ’ﬂ%r 1S gra@nen i 73t Exanpl e 3 (BA
/AA/l-NOEA 72.517.5/20) 13.05 grams butyl acryl ate, 3.6 grams 1- NCEA, 1.35

gr ans acryl ic acid, 42 grans acetone, and 0.036 grans VAZOIM 67 free
radi cal iEM @G(BMRWd:WEacBZﬁﬁd/@)ass bottle 25 and polynerized as

d bed Met hod A. _Meas %solid 2 9% Ref t dex
Shear, and adhEupireRsuptacaiggl S e NEiA” TP EntmruRe Az AR - Noc
o2. §ﬁ7 > la%g%ng Aaéﬁ O R Braly WA ZB Bl Eflte‘é‘a'acﬁcza lﬂ’hﬁfﬁ werd ¥afuedlintd SAATE
acrylic aci grans 30 acetone,

and 036 grams VAZOTM 67 ftee radical
i nitiatorbond mcb[jmy:gedzadmsdcacr@bedss Md:ibtod Ae Meesumpd| % welidsress 2sS®escri bed in
Met hod A._Measur englF% ol i ds 29 8%, Ref, ractl.)&%kﬁ dex, shear, and
adhesi on RelEishvE! e N ACESNASY TS arcgivan i 04 WO 0: 130933

PCT/ US00/ 21817 Exanple 5 (BA | AA/1-NCEA 85.517.517)

Example 7 (BA /AA/I-NOEA 79.5/7.5/13)

15 14.31 grams butyl acrylate, 2.34 grams 1-NOEA, 1.35 grams acrylic acid, 42
grams acetone, and 0.036 grams VAZO™ 67 free radical initiator were charged into a
glass bottle and polymerized as described in Method A. Measured % solids were 27.6%.

Refractive index, shear, and adhesion results are given in Table II.

20 Example 8 (BA /AA/DBpNPA 72.5/7.5/20)
13.05 grams butyl acrylate, 3.6 grams DBpNPA, 1.35 grams acrylic acid. 42 grams
acetone, and 0.036 grams VAZQO™ 67 free radical initiator were charged into a glass
bottle and polymerized as described in Method A. Measured % solids was 29.0%.
Refractive index, shear, and adhesion results are given in Table II.
25
Example 9 (BA /AA/DBpNPA 52.5/7.5/40)
9.45 grams butyl acrylate, 7.2 grams DBpNPA, 1.35 grams acrylic acid. 42 grams
acetone, and 0.036 grams VAZO™ 67 free radical initiator were charged into a glass
bottle and polymerized as described in Method A. Measured % solids was 28.0%.

30 Refractive index, shear, and adhesion resuits are given in Table IL



15.39 grans butyl acrylate, 1.26 granms 1-NOEA, 1.35 grans acrylic aZiEPIAPR%[M
grans acetone, and 0.036 grans VAZOTM 67 free radical initiator wer

char ged wglop3g@3® 9l ass bottle and pol ynerized as descri beg Lgd A
Measured % solids were 27.5% Refractive index, shear, angk@&%sfhgn

results are given in Table I1. Exanple 6 (BA /AA/I-NCEA 82.5/7.5/10) 14.85
grans butyl acrylate, 1.8 grans | -NCEA. 1.35 grans acrylic acid, 42 grans
10 acet onéxangriel 10 {BRKA ATABIPPYRXGEIY/BY free radical initiator were charged
into a gl ass gg/éile and folyrreri zgd as described in Method A Measured %

solids was 27. srRErs Ryl arEy IR e QY esamsPBIRERtA dhtfesrap acedigiaerd, 424 gi ven
i T bl |-- 7 ' < t |
T8 e it 5 LA i 50 Vg

and 0. O36radicalnnitiff@ldyt Glarked into agisabotiliahd polgmeriveéEardeaédRd dcbd@iny 100! ass
bottl e and polynerized as described in Method A Measured % solids were

27. 6%  RYehadiA- @ 1 TR weighh BalN -disn2-Renpyiensisophibalamigde presshinkes wasradted| e
1. 20 : - 7 tyl . aervl at e,
5 5 or amOBBSRRR oroang REBREYefand bl SRy sdi R SRR ifFeYeBhe
grans VAZOTM 67 free radical initiator were charged into a glass bottle
and polynerized as_described in Method A Measured % solids was 29. 0%

Ref r act | vixampietl (BAGAA/DBHPHARBZ/HN results are given in Table 1. 25
SRRRYYETE S il e A T Y

DBpNPA, 1.35 grans acry rans ~aceéetone, AZOTM

67 10ee rgdinsathyl aidiarat MB6EratnsARaTeRd aicohsl, 8ndib.03% gralRtVABOMME 7RIy MEr | Zed
as described in Method A, Measured % solids was 28.0% 30 Refractive i ndex,

shear, an@disaliai|any wers gharged jHo gislash bpigle 1agh pelymerized @ deprritzd@scomding 1030933

acryl at e, " 104 G GTE BBt 0 A TR A Goota st ;i i,
acet ate, 1.jd3prigr eneatingpRefryttival indhgkheanndd AdRRongeans A AGCEMBTable ¢

radical initiator were charged into a glass bottle and pol ynerized as
descri bed according to -

15 Example 12 (IOA/AA/PTEA 68/2/30)

16.32 grams iso-octyl acrylate, 7.2 grams PTEA, 0.48 grams acrylic acid, 36 grams
ethyl acetate, and 0.048 grams VAZO™ 67 free radical initiator were charged into a glass
boitle and polymerized as described according to Method A. Refractive index, shear, and
adhesion results are given in Table II.

20
Example 13 (IOA/AA/PTEA 58/2/40)

13.92 grams iso-octyl acrylate, 9.6 grams PTEA, 0.48 grams acrylic acid, 36 grams
ethyl acetate. and 0.048 grams VAZO™ 67 free radical initiator were charged into a glass
bottle and polymerized as described according to Method A. Refractive index, shear, and

25 adhesion results are given in Table II.

Example 14 (IOA/AA/PTEA 48/2/50)
11.52 grams iso-octyl acrylate, 12 grams PTEA, .48 grams acrylic acid. 36 grams
ethyl acetate, and 0.048 grams VAZO™ 67 free radical initiator were charged into a glass
30 bottle and polymerized as described according to Method A. Refractive index, shear, and

adhesion results are given in Table II.

24



5 Method A 0.1% by weight N, N -bis-1, 2-propyl enei sopht haI ani de cr os&liARR &M
was adde jUst prior to coating. Refractive index, esi on
results g?’%%ﬁ?‘i?gi in Table Il. Exanple 11 (BA/ AA/ DBi PPHA %Wgwugﬁh
grans butyl acrylate, 10.08 granms DBi PPHA, 0.34 grans acrylic acid, 42.3
10 granms ethyl acetate, 0.864 grans isopropyl alcohol, and 0.025 grans
VAZOTM 67 dyagfle (908 £ A/IONDER P3/sie5 e charged into a glass bottle and

d as d

poI ynerize escri bed according to Method A 0.1% by wei ght
N, N -bis-1, 2- pripypramsidsinmiredayaier, 840@ras RHOROC MaBSalitd18.75 grams byl or

et "Bk S L R S B R 100 aﬂ?z%éﬁs%eve”fmd

and 0045 & aﬁﬁ?@@b@%ﬂ?ﬁdﬁ% PRI Mot o!*cfmg*gcqﬂ&rxga%gfﬂ 8 2 gl ase

bottl# anchdagglymgmz@geg&eﬂeﬁcmblbqﬂ according to Method A. Refractive
i ndex, shear, and adhesion results are given in Table 11. 20 Exanple 13

(IONAA/PTEA 58/ 2/ 40) 13.92 grans iso-octyl acrylate, 9.6 grams PTEA, O0.48

grans acrylic e cetate. and 0.048 grans VAZOIM 67 free
radi cal M@ﬁ&e‘%@%ar ggdAﬁBmg 332 glass bottle and polynerized as
descri bed accor3i Ngrahd dvidnied v@atcﬁefmég@irh\l’&l(DDd@AL BRe™, ends g2nmasitgsi on
results are ql ven In Table I1. anple 14 (1 QAN AA/ PTEA 48/2/50) 11.52 grans
i so-octyl agEYlgEal.é grams MAPTr@ ram@cgsrlzfn%:ldaemq/opé geaimn 25368 gresergiixed. hy |
acetate, and 0.048 cgrams VAZOTM 67 .free radic initiator were charged into

a gl ls’ Fmoified andipRlypsryeAas dacrived 1dLRe dRéf,‘é‘Eﬂ"&Hh%e"t SNECHEY A
Refracti v%hggﬁébeg@@e%éﬂ@gqnggﬁqﬁl on results are given in Table I1. 2 0

APR 2004 US00/ 21817 Exanple 15 (BA/ AA/ 1 -NCEA 75!5/20)

37.4 grans deioni zed wat er 0. 40 gram RHODOCAL DS-10TM 18. 75 grans butyl
acrylate, 5. , 1. Xl ic acid, and 0.05 gram K2S208
were m xed s2described in Method B.

Refractive i ndeefomﬁilﬁ@&e Eﬁﬂgplg’ caﬁi Hﬁé EQﬂnfil@§ ity L 59 Yefe SHYAR hitold@Rb o 11-

15 Method C using the monomer components noted in Table I below. A premix syrup of 90

parts IOA and 10 parts AA was prepared for these examples. All values in Table I are
parts by weight based on a total of 100 parts monomer. Refractive index, shear, and

adhesion results are given in Table 1L

20 Tabie [
Example | IOA/AA
Syrup | DBiPPHA | DBsBPHA | PEA
(90/10)
c-2 100

17 80 20

18 60 40

19 40 60

20 20 80

21 100

22 80 20

23 60 40




Exanpl e 16 (BA/ AA/ 1--NCEA 61/6/33) 37.4 grans deionized water, 0.40 of @&PR 2004
RHODOCAL DS- 10TH, 13.75 grams butyl acrylate, 7.5 gralms ]iL N(?EA 1.25 grans
acrylic ' d 0.05 gram K2S208 were m xed, 10 enulsified and

pol yner i gfddﬂggezgescri bed in Method B. Refractive index, shEaPUSHigs?
adhesion results are given in Table Il. 2 Exanples 17 - 29 and Conparative
Exanpl e C Conparative Exanple C 2 and Exanples 17 - 29 were prepared

according to 15 Me{IiEByaniplt'y! ROAFAR onomer cgmponents poted in Table |
bel ow. A prem x syfup of 90 parts | OA and 1Q parts AA|was priepared for
these exanples. Al val ues |i rSyraipl e, DBiPEHA4rDBsBPHAe| gREADased on a total
of 100 parts nononer. Refract b(\(@j ndex, shear|, and adhesion results are
given in Table 11.|20 Tabl g ( AA Exanpl eSyrup DBI DPHéDBSBPHAPEA
(90/10) C 2100 178p20 486040 19g060; 202080 2ITU0 g2802P~236040 -25 2 0 APR
?004 WO 01130933 PCT/ USQ0/ 1817 | OA/ AA

25 20 80

26 100

27 80 20

28 60 40

29 40 60

Example 30 (DBsBPHA/EB-9220 99/1)

A PSA adhesive composition was prepared by mixing 99 parts DBsBPHA, 1 part
EB-9220, 2 hexa-functional aromatic urethane acrylate, and 1.5 parts of TPO
5 photoinitiator (1.5% of total monomer weight) in an appropriately sized container. The
mixture was warmed to 65 °C for 15 minutes and then mixed again. The mixture was
coated on a polyester film using a knife coater to a thickness of approximately 25 microns.
The coated film construction was passed under a 300 watt/cm UV lamp at a speed of 20
ft/min (6.1 m/min) and then heated in a 100 °C oven for | minute. Refractive index, shear

T

10 and adhesion results are given in Table II.

Example 31 (DBiPPHA/EB-9220 99/T)

A PSA adhesive composition was prepared as described in Example 30 with the

exception that DBIPPHA was used instead of DBsBPHA. Refractive index, shear, and

15 adhesion results are given in Table II.
Table II
Example PSA Refractive Adhesion
Formula Type Index Shear (min) N/100mm
Comparative Example C-1
BA/AA (92.5/1.5) Solution 1.4684 4.75 71




Exanpl eSyrup DBi PPHADBsBPHAPEA ( 90/ 10) 244060 2520SO 26100 278020 28@@4&PR 1004
- 294060 E&, /]3 550( DBsBPHA/ EB- 9220 99/1) A PSA adhesi ve comgdogmﬁfas
pr epar ed By mX| ng 99 parts DBsBPHA, | part EB-9220, a hexa-functional
aromatic urethane acrylate, and 1.5 parts of TPO 5 photoinitiator (1.5% of

total nononmer weight) in an appropriately sized container. The m xture was
war med ti&Es@mglefor 15 ninutes apd P8An riRefitaatid . The ni xt uf e Adimsiomoaf ed
i crons.| The. clhfbg‘:a‘d?e{ " Gonst | uckioh vies 1pdeted! Lo @ishol vl i0ERmY|
:‘g?platn nu’@%ap %eﬂ acti vIatf nmdgx( O.s;ezTr " )10a2gd[ gggegfg;e?elszl aslggebgioxgq
- in Tabl g BA/AAZxaNQHA (B2 508/ ERHA ERIO@ER0 |99/1149A3 PSA adHegOve conposH2i on has

prepar edmwwmmmm
used !nst@@(m[dezDBsBPHA Refractive mdﬁ)x, shear, | and 15 adhpsion resul{s
ore 9N HA s PSR} L RGP TSRS A | verdngp on |
(92. 5/ 7. xaphpie BON1. 46844 7571 P 0 APR 2004 WD 01f 30933 PCT/ UsOQ 21817

BA /AA/1-NOEA (72.5/7.5/20) | Solution 1.4978 57.80 74

Example 4

BA /AA/1-NOEA(52.5/7.5/40) | Solution 1.5236 749 15

Example 5

BA /AA/1-NOEA (85.5/7.5/7) Solution 1.4795 38 67

Example 6

BA /AA/I-NOEA (82.5/7.5/10) | Solution 1.4848 39 70

Example 7

BA /AA /1-NOEA (79.5/7.5/13) | Solution 1.4902 36 77

Example 8

BA /AA/DBpNPA (72.5/7.5/20} | Solution 1.4900 125 17

Example 9

BA /AA/DBpNPA (52.5/7.5/40) | Solution 1.5137 3842 2

Example 10

BA/AA/DBIPPHA (68/2/30) Solution 1.4886 9.0 S5

Example 11

BA/AA/DBIPPHA (38/2/60) Solution 1.5148 5 81

Example 12

IOA/AA/PTEA (68/2/30} Solution 1.5007 5.35 67

Example 13

IOA/AA/PTEA (58/2/40) Solution 1.5112 6.90 68

Example 14

I0A/AA/PTEA (48/2/50) Solution 1.5256 6.80 64




Exanpl ePSARef r act i veAdhesi on For mul aTypel ndexShear (i n) N | 0Orm ExandlleAPR 2004
BA/ AA/ 1- NOHA( 72. 5/ 7. 5/ 20) Sol uti onl. 491310. 8059 Exanple 2

BA/ AN/ 1-WaHAGH335/ 7. 5/ 40) Sol uti onl. 514132, 8069 Exanpl e 3 BhcffddormboEA
(72.517.5/20) Sol utionl. 497857. 8074 Exanple 4 BA

[ AA/ 1- NOEA(52. 517. 5/ 40) Sol utionl. 523674915 Exanple 5 BA / AA/ 1- NCEA
(85.517. 5170 Sol utionl 47953867 Exanple 6 BA [ AA/ 1- NKFA

(82.5/7. SE{@)"BB’-! uti onl 48483970 Exm Exfraciae/|1 Adhesion
(72. 517, B120) ol uFad!400012517 YRS e B@»ém%}mtmm N/100mm
(52. 5/ 7. BE44hbH 18 | on1l. 513738422 Exanpl e[ 10 BA7 AAT|DBI PPHA
(68/2/30) Sol uti onl.48869. 055 Ex | e 11 BAI AA/ DBi RPHA
(38/ 2/ GO)M@NbNQEsﬂm‘yQ/EOExa | EmubsioroN ANAFOEEA 70 52
(68/ 2/ 30y | ot 5600753567 Exjarpte—13H-OA-AA-PREA
(5812/ 40 rvﬁi 51126. 9068 Exjanpl e 14| O AA/ PTEA
(48/2/50 §MAMQB©1§£5@Q&&@§4 - A’Emulsion | 1.5176 230 47
Comparative Example C-2
IOA/AA (90/10) Bulk 1.4704 105 69
Example 17
IOA/AA/DBIPPHA (72/8/20) Bulk 1.4841 40 75
Example 18
IOA/AA/DBIPPHA (54/6/40) Bulk 1.4965 4,000 82
Example 19
IOA/AA/DBIPPHA (36/4/60) Bulk 1.5134 7,600 90
Example 20
I0A/AA/DBIPPHA (18/2/80) Bulk 1.5309 2,500 91
Example 21
DBiPPHA (100) Bulk [.5568 3,200 63
Example 22
IOA/AA/DBsSBPHA (72/8/20) Bulk 1.4834 10,000+ 62
Example 23
I0OA/AA/DBsBPHA (54/6/40) Bulk 1.4976 10,000+ 57
Example 24
IOA/AA/DBSBPHA (36/4/60) Bulk 1.5132 10,000+ 60
Example 25
IOA/AA/DBsBPHA (18/2/80) Bulk 1.5283 7,600 48
Example 26
DBsBPHA (100) Bulk 1.5532 10,000+ 40
Example 27
IOA/AA/PEA (72/8/20) Bulk 1.4856 10,000+ 46

-28-



2 0 APR 2004 WD 01/30933 PCT/ US00/ 21817 Exanpl ePSARef racti veAdhesi onl 0 APR 200k

Shear (m n) N 100nm Exanpl e 15 BA/ AA/ 1- NOEA S00/21817
F@%nl. 49637052 Exanple 16 BA/ AA/ | - NOEA cm

(7515 20}l

(61/6/33) Emul si onl. 517623047 Conparative Exanple C 2 | QA AA
(90/10) Bul k1. 470410569 Exanple 17 | QA/ AA/ DBi PPHA (72/8/20) Bul k1. 48414075

Exanpl e {Exhi@diecAA DBI PPHA (54/ 6/ 40)p3A k1] #260¢ti00(082 Exanpl e 19 Adhesion
| O/ AA/ DBi PPHA (36/ 4/ 60) Bul k1. 511347, 6009p Exanpl e|20 | OA/ AA/ DBi PPHA
(18/ 2/ 80) Bul k1. 53Beama091 Exanp| e TxpeDs] PRnslex10() Sheari(minggs Nd@émm
Exanpl e HAAFBBHBPHA—(72/84120) Butk i1 483410, 090+62—Exanpt¢—23
| O AA/ DB BWR%% 6/ 40) Bul k1. 497610, 000157 Exanplie 24 | OA/ AA| DBsBPHA
- (136/ 4/ 60) By £3R4/§00)-60 ExanplpulRS | O 4956DBil BPHA,000+ 48
(18/2/80)Bul k1.52837, 60048 Fxanple 26 DRSRPHA (100) Bul k1 553210 _000+40
Example 29
IOA/AA/PEA (36/4/60) Bulk 1.5154 10,000+ 51
Example 30
DBsBPHA/EB-9220 (99/1) Bulk 1.5544 914 37
Example 31
DBiPPHA/EB-9220 (99/1) Bulk 1.5580 1079 30
Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
5 illustrative embodiments and examples set forth herein and that such examples and

embodiments are presented by way of example only with the scope of the invention

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




Exanpl e 27 | OAl AA/ PEA (72/8/20)Bul k1. 485610, 000+46 -28 WO 01/ 30933 Zggfﬁﬁzmm
2004 PCTfUS00/ 21817 Exanpl ePSARefracti veAdhesi on For nmul aTypel ndexSh

(m n) N 100mm Exanpl e 28 | OA/ AA/ PEA (54/ 6/ 40)Bul k1. 497610, 000+48 Exanpl e 29
| OA/ AA/ PEA (36/4/60)Bul k1.515410, 000+51 Exanpl e 30 DBsBPHA/ EB- 9220
(9911) Bul k1. 554491437 Exanpl e 31 DBi PPHA/ EB- 9220 (99/ 1) Bul k1. 5580107930
Vari ous M¥Bataselamedis: and alterations to this invention will become
apparent to those skilled in the art w thout departing fromthe scope and
spirit of this invention. It should be understood that this invention is
not intended tppchepesidsi Yavingia tefithctive index 5f itll¢ass1 A8 wheeeie sdiddbnposisomnd
exanpl es set forth herein and that such exanples and enbodi nents are

pr esent eds bpreggnye-senstiveadhesivhl y with the scope of the invention intended
to be limted only by the clains as set forth herein as follows. 2 0 APR
2004 What is clainmed is: 1. A conposition having a refractive index of at

| east 1. 48 whemRidgnipdkitios abRR&inkit®blairh 3, *h@eRSBe pRsasestisithe @libdse ve. 2.
The conposition according to claim1, wherein the pressure-sensitive

adhesi ve coopripes a deastend maramerthatponmsmeaecrglanfuacwanalibet h) acrylic
functionality. 3. The conposition according to claim1, wherein the
pressure-sensitive adhesive conprises at |east one aronatic nononer of the

fol I owi ng f or Mtfeaonfposition according to claim 1, wherein the pressure-sensitive adhesive
comprises at least one aromatic monomer of the following formula:
O
Ar—X—(R'—0)- R

wherein:

Ar is an aromatic group which is unsubstituted or substituted with a

substituent selected from the group consisting of Br, and (RY),
wherein y represents the number of bromine substituents attached
to the aromatic group and is an integer from 0 to 3;
Risa straight or branched alkyl of 2 to 12 carbons; and
z represents the number of R* substituents attached to the aromatic
ring and is an integer from O to 1,

provided that both y and z are not zero;

X is either oxygen or sulfur;

nis 0 to 3;

R' is an unsubstituted straight or branched alkyl linking group of 2 to 12
carbons; and

R? is either H or CH3_
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Air-X (R-On R2 wherein: Ar is an aromatic group which is unsubstitug @agR 2004
or substituted with a substituent selected fromthe group consisting of
Bry and (R3) wherein y represents the nunber of brom ne substituents
attached to the aromatic group and is an integer fromO to 3; R3is a
straight ,or branched al kyl of, 2.to 12 carbons; atnd Z represents ttlefnunber
of R3 substit (NS ET1EISHYE 2R VRSO RIS 40 ArPIAUC MOGOTET M an JpaWm oty oo
to 1, per"lh%@@Oﬁ:Qﬁ& pQOLgD PArd ¢ (dtalBhndtidr, B afmatié héndthéMeivinbahgen or
sulfur; ni1s 0 to 3] R is an unsubstituted straight or branched al kyl
| i nki ng follwpngforthdo 12 carbons; and R2 is either Hor CH3. -30 2 0 APR
2004 4. A pressure-sensitive adhesive conprising an aromati c nononmer in an
anount of at |east 20 parts per 100 parts ofytotal nononer, the aromatic
nmonomer having the follow ng fgr _a(RlArO pherein:  Ar is i)
substituted or unsubstituted naphthyl'or 11 a romatic group which is
substituted with a substituent selected fromt group consisting of Bry
and (R)Z wherein y represents the nunber of brom ne substituents attached
to the aromatic group and is an integer fromO to 3; R3 is a straight or
branched al kyWhgfell® to 12 carbons; and z represents the number of R3
substituents attac i - | S i mO to 1,
orovi ded that bot b i oGy @H B Bhasifidhafitlyl & Bl SbALRE gidid

which is substituted with a substituent selected from the group consisting

of Bry and (R%),

wherein y represents the number of bromine substituents attached

to the aromatic group and is an integer from 0 to 3;
R? is a straight or branched alkyl of 2 to 12 carbons; and
z represents the number of R? substituents attached to the aromatic
ring and 1s an integer from 0 to 1,
provided that both y and z are not zero,
X is either oxygen or sulfur;
nis0to 3;
R! is an unsubstituted straight or branched alkyl linking group of 2 to 12
carbons; and
R? is either H or CH3,

o . . . . - 3.
5. The pressure-sensitive adhesive according to claim 4, whereinz is 1 and R™1s a

straight or branched alky! of 2 to 8 carbons.

6. The pressure-sensitive adhesive according to claim 4, wherein Ar is a naphthyl
group.
7. The pressure-sensitive adhesive according to claim 4, whereinnis O or 1.
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X is either oxygen or sulfur; nis O0to 3; R is an unsubstituted str%p&WRZWL
or branched al kyl linking group of 2 to 12 <carbons; and R2 is either H or
CH3. 5. The pressure-sensitive adhesive according to claim4, wherein z is

1 and R3 is a straight or branched alkyl of 2 to 8 carbons. 6. The
pressure-sensifive adhesi v erE| i S. a.napht hyl
roup. | 75 The TheeCwarE-aNGyE IR Yanter ot S e Bty heamRa rsrarv RS n

is 0 or 1garidkt 249 APR 2004 8. The pressure-sensitive adhesive according to
claim4, wherein the refractive index is at least 1.48. 9 The
pressure-sensitive adhesive according to claim4, further conprising: at

| east on acryllﬁlgc nononer .selected from.the g];aoug ?@si sting.of nononeric
acrylic PISFIE-SBHH Ve aheF VE ACCPI PR 19 i rﬁ" PKSATMRIFL®hol of about
1to abOUt 12 at fRSARScryHR- mJﬁH?nd?fs@l%&H& ?roﬁleﬂﬂé' d Sonsiogd Hﬂnﬁﬁ&ﬁéﬁé ng to
claim4, further conprising at |east one pol noner copol yneri zabl e
wi t h t he aarybinet nethmondreec{dgsterbf a nﬁheemagsaslhyleﬂ@énbmﬁaboet atthasiwwé2accor di ng
to claim4, further conprising: at |east one acrylic nononer selected from
t he grouﬁa@@H§|st|ng of nononmeric acrylic or methacrylic acid ester of a
non-tertiary al kyl alcohol of about | to about 12 carbons, and at | east
one pol ar nononer copol ynerizable with the aromatic nononer(s) and acrylic
nmononer (g0, 17X he‘ﬁnessp:reews:ssitiee sdhesive iaverdidp és clam dciother cognprosing ati lsasd,
wherein the [ ed fromthe groyp consisting of
mononer i CHSEPH MongehERHAERgT T e B RO Sl . 1. pent anol
2-pentanol, 3-pentanol, 2-nethyl-I-butanol, 1-nethyl-1- butanol,
1- net hyl - | - pent anol , 2. met hyl -1 - pentanol , 3-nethyl -1 -pentanol, 2-ethyl-I-
but anol , 13- et hitle-fredsorsaseositive adhesive atensding to tlalne gafuother Srhpptingiol |
2- oct anol , ?fanol . L )
af [east orle acrylic monomer selected from the group consisting of monomeric

acrylic or methacrylic acid ester of a non-tertiary alkyl alcohol of about 1 to about 12
carbons, and

at least one polar monomer copolymerizable with the aromatic monomer(s) and

acrylic monomer(s).

12. The pressure-sensitive adhesive according to claim 9, wherein the acrylic
monomer is selected from the group consisting of monomeric acrylic or methacrylic acid
ester of 1-butanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1-methyl-1-
butanol, 1-methyl-1-pentanol, 2-methyl-1-pentanol, 3-methyl-1-pentanol, 2-ethyl-1-
butanol, 2-ethyl-1-hexanol, 3,5,5-trimethyl-1-hexanol, 3-heptanol, 2-octanol, 1-decanol,

1-dodecanol, and mixtures thereof.

13.  The pressure-sensitive adhesive according to claim 10, wherein the polar
monomer(s) are selected from the group consisting of ethylenically unsaturated
carboxylic acids, ethylenically unsaturated sulfonic acids, ethylenically unsaturated
phosphoric acids, acrylamides, N,N-dialkyl substituted acrylamides, N-viny! lactams, and

N,N-dialkylaminoalky] acrylates, ethylenically unsaturated nitriles, and mixtures thereof.
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1- dodecanol, and m xtures thereof. 13. The pressure-sensitive adhesiv@(] APR 00}
according to claim 10, wherein the polar nononer(s) are selected fromthe
group consisting of ethylenically unsaturated carboxylic acids,

ethyl enical ly unsaturated sulfonic acids, ethylenically unsaturated

phosphorig aci St i d ac I a des, N-vinyl
| act ans, 1g‘nd @P@lg&%hfli%ﬁ%%?}gg%weddé:g&rlja?/nﬁtélsép llt'? ﬁf J:ré saturat ed
nitriles mamdnms}tawse&ctdaetmﬁfthe gr%ﬁp Z%M@Madﬁhcma ﬂ@ﬁﬁ&tﬂlea&a%l tive
adhesi ve according to claim 13, wherein the polar rmnorrer( ) are sel ected

from t he iEcowp agignagrylantide. anethaorylamedes agrylonitrten methachdonitrilel, andimiatues ¢

aci d, acr %ég@de nmet hacryl am de, acrylonitrile, nmethacrylonitrile, and

m xt ur es efeof. 15. The pressure-sensitive adhesive according to claim
4, wherein the aromatic nononer(s) are selected fromthe group consisting
of 6- (4, 6-di brono-2-i sopropyl phenoxy)-1- hexyl acrylate,

6- (4, 6- di br onolhz-psessurassepsitiyp adassive-according] to glanm| 4a bieredn the aromatic

o SRR SRR ah s Gols S TR RSP S yBSY) o1 te
6-(1-nap Mdn@}-)‘l) 'héxylrh@i(ﬂ#tea@(éy bk ombd- 2( ec toheh)) Ry ¥y 1a8E 2Y-at e,
8- (1- napht hy Im%% -octyl acrylate, 8-(2-naphthyl oxy) -1-octyl acryl ate,

and phenddiyro POIa}dPWDé‘ll acrylage, 21@1@1bm%§tﬂ0éﬁ‘§é mélﬂmrf\aer}éﬂhe?s( lve accordi ng

to claim Th re re-sensitive
adhesi ve n;a hth&%&%? eﬂ%ﬁ I"ai rlﬁﬁ ﬁ?g(%?l pt%%hg’%xé?mpr I %I ar?éy lgtﬁeg"éﬂnaﬁﬁ%l @'lg'rrer S
sel ect ed Hdk?lﬁctj‘l@tegﬁ-f@m-lﬂaplﬂﬁﬂoﬁw DheRf! aviyte, mﬁtﬁé;ﬁnhmﬂgll &ﬁfel & flate2-

hydr oxyet h acrylate, styrene, and m xtures thereof

pressur e- %én%@ﬁhmyéo”éaﬂe%‘?tvlea%é@r #dppepexy:ethyperdlatet ur t her corrprl sing a
tackifier. 19. The pressure-sensitive adhesive according to claim11,
further conprising a plasticizer. 20. The pressure-sensitive adhesive

accor di ngla 0 cTiaipreshureadeasitive atisivaraoemting to AR firthe? cqhigigihg Bi o- | - et hyl
acrylate. 21. A substrate coated with the pressure-sensitive adhesive of
any one drogslinksts 4- 20

17.  The pressure-sensitive adhesive according to claim 11, further comprising one or
more monomers selected from the group consisting of vinyl esters, vinyl acetate, 2-

hydroxyethyl acrylate, styrene, and mixtures thereof.

18.  The pressure-sensitive adhesive according to claim 11, further comprising a

tackifier.

19.  The pressure-sensitive adhesive according to claim 11, further comprising a

plasticizer.

20.  The pressure-sensitive adhesive according to claim 4, wherein the aromatic

monomer is 2-phenylthio-1-ethyl acrylate.

21. A substrate coated with the pressure-sensitive adhesive of any one of claims 4-20

or the composition of any one of claims 1-3.
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. or the conposition of any one of clains 1-3. -33 2 0 APR 2004 22. TheZUAPRZM&
substrate according to claim 21, wherein said substrate material is

selected fromthe group consisting of paper, polypropyl ene, polyethylene,

pol yvi nyl chloride, polyester, cellulose acetate, ethyl cellul ose,

cellulose triacetate, woven fabric, air-laid webs, netal, netallized

pol yrer i 22 i | rihegHbstease agpording teelavm brwhgrein 3gd sybdrate materigh s sglgeléddi ng to

claim21,. wherein said.coated substrate . s selected fromt £ oup
constst i Pt e pluf 8t isERE o BaR R b B, BEIEI e AR St
polyester, cellulose acetate, ethyl cellulose, cellulose triacetate, woven fabric, air-laid

webs, metal, metallized polymeric film, and ceramic sheet material.

23.  The substrate according to claim 21, wherein said coated substrate is selected

from the group consisting of labels, tapes, signs, covers, and marking indices.
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