WO 2011/032074PCT/US2010/048598 DUAL CROSSLINKED TACKIFIED PRESSURE SENSITIVE
ADHESIVE CipssoRateience to Related Application (00011The presentapRlisafiangglaims the benefit
of U.S. Provisional Patent Application No. 61/241,553 filed September 11, 2009, which is incorporated
herein by reference in its entirety. Field of the Invention [0002]This invention relates to
pressure-sensitive adhesives and more particularly to takified acrylic based pressure sensitive
adhesives which are in-line mixed with aziridne crosslinker after the tackification and which are dual
cured. Background of the Invention [0003]The automotive, consumer appliance, consumer electronics,
and other industries require adhesives that have a combination of properties such as long durability,
resistance to continuous exposure to high temperatures, and good peel adhesion to a wide range of
substrates such as metals, plastics, paints and the like. While rubber/resin based adhesives show
excellent peel adhasion. iorRO8SYISHESIrale sy PEFQEDHIIOON G Al vated: tpmperatures. Acrylic
based adhesives, in contrast, either have outstanding peel adhesion and poor elevated temperature
performance or low peel adhesion and outstanding elevated temperature performance. What is
desired is a durable adhesive with good peel adhesion to low surface energy (LSE) substrates, high
shear adhesion failure temperature, good stress relieving properties, and excellent converting
propertiescridG 203402 ARCRPIR26L0/048598 [0004]1t is known that peel adhesion to various
substrates is generally Improved if acrylic pressure-sensitive adhesives are compounded with low
molecular weigH#48Bkifyingyesies Foiceiarrplos Bapardsel Paidht8568180:(assijrmidtdiditto) teaches

the use of e henolic res tackifier in photocurable pressure-sensitive adhesives. The use
S 0 ot TR i epih 6 Tota Serchakr (Vo

of other types ot resins, mcluding’' fosin
23, p. 489-504, 1984). The use of cyelohexene resin is descried in DE 323122 (1983).

Field of the Invention
[0002] This invention relates to pressure-sensitive adhesives and more particularly fo
takified acrylic based pressure sensitive adhesives which are in-line mixed with aziridne crosslinker after

the tackification and which are dual cured.

Background of the Invention

{6003} The automotive, consumer appliance, consumer electronics, and other industries
require adhesives that have a combination of properties such as long durability, resistance to continnous
exposure to high temperatures, and good peel adhesion to a wide range of substrates such as metals,
plastics, paints and the fike. While rubber/resin based adhesives show excellent peel adhesion to I_.nany
substrates, they perform poorly at elevated temperatures. Acrylic based adhesives, in contrast, either have
outstanding peel achesion and poor elevated temperature performance or low peel adhesion and
outstanding slevated temperature performance. What is desired is a durable adhesive with good peel
adhesion to Jow surface energy (LSE) substrates, high shear adhesion failure temperature, good stress

relieving properties, and excellent converting properties.



[0005]U.S. Pat No. 4,418, 120 to Kealy et al., discloses a cross-linked tackified polymer based on

isooctylacrylatg@ad ;3377 by weight acrylic acid. The polymer is stateg) 10 have an. inherent viscosity
of 0.75 to 1.5 dl/g prior to cure. The cured product was stated to have shear value at 70C, of at least

5,000 minutes. Incorporating low molecular weight resins into the adhesive formulation typically results
in adhesives which have poor high temperature shear adhesion. [0006]The durability, adhesiveness,

and other propertigaiof pressuse:sansiive ashesivesAraseaiiecied byt he £hqice;of monomers
which comprise the copolymer, and the type of curing employed. Japanese patent No. 84-18774

discloses B ¥&Ratafita rbte srasstrersarsitivehdompoisitibn wositakviifyisgtesipenBephenolic resin and
glycidyl methacrylate er. tue cure is throygh carbon-carbon double bonds and is activated by
radiation. %%Wfﬂ? ?ngga%bﬁlgef é?é%“}‘%gZ ]tt(t){)gK'.e ﬁ“gf’atrﬁgél ° ¥ AP ARRISLUL BEARSASEERIGA containing
a bisamidgnerassiinkingagertsichipoddehighstesppaatureresistance.andadhgsion, hut these
types of PSAs do not adhere well to low surface energy substrates such as polypropylene substrates.

Similarly, &Sitpdin No/@ase amao Kivkekudidttb Sésrafivtitel Pabrylic: asthesivdobontaining tackifiers
having goo%ﬁpeel a ian rmanent tack, but low shear adhesion. [0008]U.S. Pat, No.
4,726,98215t0' ﬁ%"ﬁﬁrg?g? %’31 ,%é%%i‘es a tacicified acrylic based pressure sensitive composition

containing N-vingbspyrralidons, vad desanbeskasipeing, usefulin adheringt0.highsspligs.automotive
paints. [0009]US Pat. No, 7,109,266 to Isiguro et al., discloses acrylic pressure sensitive adhesive

compositiéH<dontinerigaanae smc o Rimerverthtacabkifiod. cBiaindthbyisatigdnoificatinheaha tackifier
WO 2011/&5%239740$OC7§/U§§%0/0.48t598 resin inherently free of an acid companent which makes PSA
composition Raving high initiar ddResivestrehGi 18510 TS Batdnt s e 8t ris Plamitsttam et al.,

teaches tagkifiadpresasue sensiiNeAPhesEs AN RS EOMPHYNGA SORMNTELPRSEG PN an acrylic

backbone, with a glyeidyl monomer, unsaturated carboxylic acid monomer and preferably a vinyl
lactam matislnaradhaevastelekifien:said heghesivesibeigrddadscurable and exhibiting outstanding peel

adhesion and higﬁogﬁemp ture E}ilteair&er,formance. However, molecular weight was not sufficiently
high to pass the extremely Righ TemparaturEShdal PEGTLFERTEIiLf pressure sensifive adhesives are

also affected by both the choice of monomers which comprise the copolymer, and the type of curing
employed. Japanese patent No. 84-18774 discloses a radiation curable pressure-sensitive composition
contaming a terpene-phenolic resin and glycidyl methacrylate monomer. The cure is through carbon-
carbon double bonds and is activated by radiation.

[0607] US. Pat. Ne. 6893718B2 to K. Melancon et al, discloses PSA composition
comtaining a bisamide crosslinking agent which provide high temperatare resistance and adhesion, but
these types of PSAs do not adhere well to low surface energy subsirates such as polypropylene substrates.
Similarly, U.S. Pat. No. 4,456,741 to Ames discloses a hot melt acrylic adhesive containing tackifiers
having good peel adhesion and permanent tack, but low shear adhesion,

[0008] U.S. Pat, No. 4,726,982 to Traynor et al., discloses a tackified acryhic based pressure
sensitive composition containing N-vinyl-2-pyrrolidone, and described as being useful in adhering to high
solids automotive paints.

{0009] US Pat. No, 7,109,266 to Isiguro et al,, discloses acrvlic pressure sensitive adhestve

composition containing an acrylic polymer and a tackifier obtained by acid modification of a tackifier



[0011]WO 2008/116033 teaches pressure sensitive adhesive formed from a blend comprising: a) an
acrylate polyn\%g \{i/ﬁ%(ﬂ Tg less than 20C and a molecular weight greater than 20,000, b) an
oligomer having at least oﬁe crosslinkable functional group, wherein the%l?é%sr%}eeﬂr”% ?a%id at room
temperature, and c) at least one crosslinking agent, wherein at least one of a) and b) is crosslinked in
the presence of the other. 100121US patent 2005/0061435 Al to Everaerts et al., discloses latent
over-tacldfigd %Q@%ﬁ%ﬁ:@%ﬁ’Q@@ck@cm@%ﬂ}ﬁ%}&@!&@ﬂﬂdﬁg&(Ting\mérfl fo.form.aRressure

sensitive adhesive. This formulation utilizes aziridine crosslinker but does not enhance the high
temperatuseesgiear during the product use. [0013]US patent 5,874,143 to Peloquin et al., discloses

incorporation of ag}lasticizer material into a tackified acrylic PSA. The resulting PSA is shown to

provide improved B8hdind 8 & haPkirY fiithS AREIEHRIS 8 otirelie rgsF s deas susimi&high density
polyethylene aiasticy wp-lQ0AlReshisalhihe.aliempts. & RSA having sombinationof. high peel
adhesion to low surface energy substrates, high temperature shear, excellent stress relieving
propertiesyandraxteténtidio et tingqropeities:isahot availabiex=horsmany, iatlstrhatifpehonding
applications with new materials, the PSA are still required to have a combination of properties such as

high cohe&V& ¥ RYtRsIRHALESH 3% 16X Elrm cundngy rsthadhation, A drigh deanemEvirg Broperties.
Summary idhg e iy B0Ldal .ane ARPea! (als.5,Pioulded alagkifigd pressuig sensitive
adhesive composition comprising a dual cured acrylic based ‘copolymer comprising aziridine
crosslinkermytreteirsitve ragrpicch@sed copolymer is comprised of copolymerizing a mixture of
monomers comprising at least one monomer selected from the group consisting of alkyl acrylate

esters and mixtuUf&&HhereBf a YRR drshie resetr wBiNs tRE e enrSiSmy b AmA glycidyl
ethers, aivelhacnylate astate, glvidybimalnaqyiale gatorecand mlies Mieteel,and gpunsaturated
carboxylic acid. [0015] Disclosed herein is a high molecular Welg%t acrylic a\s‘%cflt pressure
sensitive adlesivexinclideiolr pendaniepoxy duntitnainancpendariearhaxdicasidifunetionality are
incorporated into an acrylic based copolymer which, when combined with a tackifier along with in-line
mixed aziftHEITESHHIE: P\ HES LR P e Eng ARBS VAT G HIGRE COREER/D trengirsdgood
adhesion {9 Jow, surface.energy substrates, and good stress relieving properties.  [0016] The acrylic
copolymer is based on a backbone of polymerized alkyl acrylate ester and/or alkyl methacrylate ester
monomers, and fuirttier carfpsises palynierized:glysidylmenomers whichcenaintha.dasiked epoxy
functionalities, and a positive amount of an unsaturated carboxylic acid. The copolymer is combined
with a tackRiTEF I GRYSRT MtTABIktPs iR ercrokamikér T renrargsartirashssitackiied pressure
sensitive aglheive, WiRD e adnesivgis inllial (f REMAIH. GHIEd. DY SXDOSHIE 9 heal, the result is
an adhesive exhibiting excellent tack and peel and good balance of high temperature shear. When the
adhesive is@ulzseguently exposed to elevated temperatures under use conditions (a secondary cure),

an intrinsic interaction occurs between adjacent copolymer chains. Without being bound by any
particular theory®HdlepoXi? misties 6f tre Iy ElaFienemarsiashdxrreiriet £t withséarboxylic acid
moieties, hprehyeiiecluaina.aninkiasieecandaniaure. gt uther crossolinks the copplymer.
[0016al In another aspect, there is provided a tackified pressure sensitiv adhesive %omposmon
comprisingakdrg§slinkedaadrylitobasedveofalynen eomprisingy aivasepehimearized basis, 90-50% of
BA, 5-40% of 2-EHA, from 0.01 to 0.1% of a glycidyl methacrylate ester, a positive amount up to about
10% of an unsafifidled cRAsEyHE @Eiﬁf‘?ﬁ)@ﬁoﬁ%‘f‘f@%%@%bﬁ?ﬁoﬁa%ﬁ(%,?%é‘@?%q@ﬂ% of azmdine

CrOSS“nke{urface energy substrates, high temperature shear, excellent stress relieving properties, and excellent
converting properties is not available. For many industrial tape bonding applications with new materials,
the PSA are stili required to have a combination of properties such as high cohesive strengths, adhesion to

low surface energy substrates, and stress rehieving properties.



[0016Db] In yet another aspect, there is provided a method of making a dual curable pressure sensitive
adhesive, said method comprising: a) copolymerizing a mixture of monomers comprising at least one
monomer selected from the group consisting of alkyl acrylate esters and mixtures thereof; a glycidyl

monom&g@q}pﬁlérmm&group consisting of allyl glycidyl ethers, glycidyl acrylate esters, glycidyl
methacrylate esters, and mixtures thereof, and an unsaturated carboxylic acid to form a copolymer; b)

adding a tackeenipimake aspackifiegeaghesinesaadekaddinganrazitidineCcrasslinkeoimpthrisackified
adhesive to yield a dual curable pressure sensitive adhesive. 10016e1 In yet another aspect, there
is proviggnisingaddedivered atevliprioded ttoprhprisingnthespre sgurd reensitizekad esivanabedafipiéd above.
[0017] The adhesives of the present disclosure may further comprise other conventional adjuvants
such assfiflererplyifents compsigd, einaoMeyIeEiZInge2p FEISBIE iRl cRBRINSIS - pRBVItIas forlgase Bfthe
adhesives of the invention in, for example, transfﬁé@ﬁes and single or double-coated tapes comprised

of corBFIE &t FEREIENEBKiR AP F IR SR EITEY OF TR STHHE iRV ISR Pt SiHe &iveS 4 tapes

of the present invention show good adherence.tq,& variety,of substrates, and can be used for
i s R A e R AN O I i —
of the Jpueptiond 004 8] Bressvrasensitive.adhesigs.afdhe.AreseRtLIRyention are prepared by comb
certain high molecular weight acrylic based copolymers ("the copolymer") with a tackifier along with in

line mixed aziidmnpiancksditiallyrauring tha camiinatiordiaexpesigie todsak Thisdéad kngesuherein as
primary (or initial) cure. [0019]The copolymer is prepared by copolymerizing a mixture of monomers
compeigirig at ddbsiene moabperdselepted fiowiitheligroug ponbistingtokalicykad ilatecestiérswand
mixtures thereof glycidyl monomer selected from the group consisting of ally] glycidyl ethers, glycidyl

acylat@“@é@éf%ﬁeﬁl%?d?} ﬁ?@fﬁ%@?ﬁ*ﬁ@e"@%‘i’%%ﬂﬁi?ﬁiﬁﬁ%ﬂ@?’é‘é@, Wi Ak dhdsEtaleed Ehﬁﬁdmic acid.
[0020]If. limited.to an amount that. does not result in a copqlymer with a glass transition t erature
ower A ABBHTS PR ATEGh AR o Rt R R o cC SR L ATBO Ao in
the alﬁyﬁ&;%?%{]g@ﬁggyi%%pa%@g%i tgdtg}%%olgf?@mg%n[)ggl%%On a copolymerized basis, the

SO ca r

copolymer e present invention typically comprise from about 55 to about 85% by weight of an

alkyl acrylatggyi glkyhgthacrateigatercaniainipg 4 taabert 12 sarkeniatemsn ihealkylgroup; from
0 to about 35% by weight of an alkyl ac-rylate or alkyl methacrylate ester containing 1 to about 4
carboanatemiin ikehatkylbgreug, frarmsahouhd Oitia abopti 2%opblyveaight ofaidlyeichdimrenemer; and a
positive amount up to about 15%, preferably from about 5% to about 13% by weight of an unsaturated
carbosghieiadie. jezd] imondaribodimentthe rasit of thieurioriomersigisedd sletiony ihvesid- galymer

whose
copolymer is combined with a tackifier along with in-line mixed aziridine crosslinker io yield a "dual

curable” tackified pressure sensitive adhesive. When the adhesive is mitially (or primarily) cured by
exposure to heat, the result is an adhesive exhibiting excellent tack and peel and good balance of high
temperature shear. When the adhesive is subsequently exposed to elevated temperatures under use
conditions (a secondary cure), an intrinsic interaction occurs between adjacent copolymer chains, Without
being bound by any particular theory, the epoxy moieties of the glycidyl monomers appear to interact
with carboxylic acid moieties, thereby effectuating an intrinsic secondary cure that further cross-links the
copolymer.

[0016a] In another aspect, there is provided a tackified pressure sensitive adhesive composition
comprising a crosslinked acrylic based copolymer comprising, on a copelymerized basis, 90-50% of BA,

5-40% of 2-EHA, from 0.01 to 0.1% of a glycidyl methacrylate ester, a positive amount up to about 10%



glass transition temperature is less than about -15C. The uncured copolymers of the present invention
have a weight average molecular weight of at least about 200,000, preferably from about 200,000 to
about 1,000,000, as determined by size exclusion chromatography calibrated using polystyrene,
[0023] Examples.af-alkihastilates OLmeacTylpieseoniainind.fiHR.a0a e carben glams ndhe alicyl
group include without limitation 2-ethyl hcxyl acrylatc, isooctyl acrylatc, butyl acrylatc, sec-butyl
acrylatessamethyl butyl acrylate, 4-methyl-2-pentyl acrylate, isodecyl methacrylate, methyl acrylate, ethyl
acrylate, inethylmethacrylate and the like, and mixtures thereof. WO

2011/032074PO s 5201 GiB598H{a0 24 Examplesdod unsaturdtel] roairbgxylitdcids:bihiglhsare: useful in
the present invention include without limitation acrylic, methacrylic, fumaric acid, and the like along
with nisttifes ieesor. said opPnT AQrgusiibed BEIBWREHEIES BolyHBICNRAYIAISEIEBNSPRSEFINY!0 to
about 30% by weight, preferab ﬁ\r/ from about 0.01 to about 1% by weight, of an activator moiety

ly,
mononial WS TESe ALECIFE IO RIPD IHHE TR el BiRp aratits SHhiak (e btredtetintiergoes

an intrinsic, elevated te rature secondary cure typically under use conditions. [0026]The copolymers
ey b O e R SRR o one
embodimeni ohthedprention.the.conaiymersaiearepared insalHien Usingamistueolsalvents.
Solution polymerization involves the use of blends of ethyl acetate and acetone. The ratio of solvents
is adjustedytaeproyidaiag efluwkiemperaiie afdiom aln@Sentocphauh 8K . Halisls 6BIBALEWINg
polymerization may typically range from about 40% to about 60% in order to achieve the desired
weighthaversdiedmdietutdr weid hiahduyati aoleve wssosiisththiatare manageable in the reactor.
Reaction occurs in the presence of free-radical initiators, preferably of the azo type, for example,
2,2-azo-bis-idWH 6 rEhitflernpthenerae. rdstos Mgy iBelinactibesivs e isiratreh pigertitnehthsads to
- polymers having molecular weights which are typically above 500,000. Tackifiers [002710nce the
copolyi&rha e%été‘f? 6%%%‘@85, %{eé?g\%gﬁ%‘?sensitive adhesive is formulated by combining the
copolymer wj ifier ide vagiety of tacldfiers can be used to enhance the tack and peel of the
cheae. S e B S A B o
materigis that eeaunNatiraly.indhe alreresimafRingirees. peuetasdsrivativas heresf including
rosin esters, modified rosins such as fractionated, hydrogenated, dehydrogenated, and polymerized
rosinsghnaitifiees esimeisieisianthie ikenfR0R2StAwige rage gt sucbuaekifiars arrcampeaeaally
available including, but not limited to, Foral(r) 85 (glycerol ester of a highly stabilized rosin), Foral(r)
105 (pErtaerphpitbiesistes giialhyaeigbnadbebinesing (IS tabiiteiester b0 ThnddReited pndriapts miahefactured

and sold by Hercules, Inc., PE _
present invention show good adherence to a variety of substrates, and can be used for structural bonding

and other applications.

4a



WO 2011/032074PCT/US2010/048598 Esterg,urn and the like, manufactured by Arizona Chemical
Co., and Sylvaiarei)4kaisSylvatac(r) RX, Sylvatac(r) 95 and the like, mapyfachiied s Sylvachem
Corporation. 100291 There may also be employed as tackifiers terpene resins which are hydrocarbons
of the formula C10H16, occurring in most essential oils and oleoresins of plants, and phenol modified
terpene resins like alpha pinene, beta pinene, dipentene, limonone, myrecene, bomylene, camphene,
and the like::Mriousapiphaiielayavagarbon resins like Escorezm 1304, manufactured by Exxon
Chemical Co., and aromatic hydrocarbon resins based on C9's, Cs's, dicyclopentadiene, coumarone,
indene, styrene, 8¢i8btitutBEsSiremes wntlstjrene! dbtivemivs sadithedlikeraarsdlso doahisied .

[0030]Hydrogenated and, partially hydrogenated resing such as Regalrezm 1018, Regalrezm 1033,
S e SR el e i R R T
produced iy Herauias &arRaration;cankeaiiseansiaskifiersinthe present inventionas well. Various
terpene phenolic resins of the type SP 560, manufactured and sold by Schenectady Chemical Inc.,
Nirez 1100 @nufattistedand sold by Reichold Chemical Inc., and Piccolyte(r) 5-100, manufactured
and sold by Her(ﬁé{i]ﬁﬁ Cor%%r%ti%p %{%p?ﬁr%é‘d%”%ous ful tac(i!cifier§ for {)he resent invention. Further,
various mixed aliphatic and ArGHTALG Felre such &S HaTdates AD 1 80 MSHTr-LERENAAY sold by
Hercules Gasipgrationncar-alsa bexsedastackifiers. [P0@hlWNile thetasinsdescrihedahove are
quite useful for tackifying the copolymers of the instant invention, the particular tacldfying resin and/or
amount séigedl rorargiveecfshiemtisreivimycaspir oipbr theitpetiotaclytidpetyrier deing tackified.
Some resi@r?s iggfc@tﬁls Flcz)ﬁralgg 85, are tk%lr;oatgla/ cipmgatible with acrylic compositions. Others, like
Regalrelnt 6108, Tackily alimiad Humbar ol eSS f?%@xglf“ig%’l?ifying resin along with the
amount employeghis|to bersuhsiantiallycampatibiewith-theasrylic,pohnesaAs dsed Agrein, the term
"substantially compatible™ means that when the tackifier and copolymer are combined, the resulting
combinatisiPpsratsdeaatidiy dran spafe picascopoyateiveidudssidn roisrkihyisioalfameabsins which are
Imown in j[dfgoe mgriol{1 arﬁ(a}s beirl% %JPse.ful for ta%'%%i{fg acrylic based pressure sensitive adhesives can be

effectively Usad in the prachce of the prasent inventdh - Alffiough the scope of the invention is not

limited to only syshesine:Resis gesssiaeshin, Satas IR 00 IA32024R GTAKS 201 (/048598
Handbook of Pressure Sensitive Adhesive Technology, Von Nostrand Reinhold Company, ch. 20,
pages 5270381 989)adinuorp tr ateti by tefearemdehh ef ein iU ke betu sediResinsdeiseribed in U.S. Pat.
Nos. 4,41§A11t%g.apgtg,ZbZGJS??B (incorporated by reference herein) and EP 0,303,430 (incorporated by
reference hieréinjare particularly usetut. [0 EATHE R SUATSE tadkifer HEE AT AtAR Dresent
invention igdependent HprR-ine. e ehearaimeiand aekifielusednl ¥Rigaly, Prassuws.sensitive

adhesive compositions prepared in accordance with the present invention will comprise front about 5%
to about 60% bykweighttoreligt ohe dycidredeekifien, :Oroistinkerst up to about 15%, prefarably

from about 5% to about 13% by weight of an unsaturated carboxylic acid.

16422} In one embodiment, the ratio of the monomers is selected to give a polymer whose
glass transition temperature is less then about -15°C. The uncured copolymers of the present invention
have a weight average molecular weight of at least about 200,000, preferably from about 200,000 to about
1,000,000, as determined by size exclusion chromatography calibrated using polystyrene,

60231 Examples of alkyl acrylates or methacrylates containing 4 to about 12 carbon atoms
in the alkyl group include without Iimitation 2-cthyl hexyl acrylate, isoocty! acrylate, butyl acrylate, sec-
butyl acrylate, methyl butyl acrylate, 4-methyi-2-pentyl acrylate, isodecyl methacrylate, methyl acrylate,

ethyl acrylate, methyimethacrylate and the tike, and mixtures thereof.



[0033]The tackified adhesive can be crosslinked using an aziridine crosslinker. Conventional aziridine
crosslinkers caip B 14s86h:In one embodiment, the aziridine crosslinker ig-&isdQ0dr DSM
NeoResins. The aziridine crosslinker CX-100 is a 100% active polyfunctional aziridine liquid
crosslinker. The crosslinker can be added using an in-line mixer process just before coating the
mixture onto the web. The range of crosslinker level is from about 0.05 to about 1% by weight based
on the weight of{éheidry smhegiveoQihetaddiiies;iRO4]d haiadhesivas oktherpesentdavention may
further comprise one or more conventional adjuvants such as pigments, fillers, plasticizer, diluents,
and the likEMSTgRTBNE, 1%@8@§W?§=ﬁ8@?6%8°ir%“§ﬁ‘5%&ﬁ%@ﬁ?@%ﬁﬁ’é Trifpare e dessied color to the
adhesive. Exa of pi tS,| » Wit td)mitation solid inorganic fillers such as carbon black,
titanium dioxidgﬂabr?glthe I%g&agﬁ%%%%%%c %gggfl 6]§e§]f?ﬂe§ff}e€i?naqmegn%%n§écﬁ gshéoﬁggt%}zyers may be
added in thesplageretigypadiontofithe tackifier mv.osderigalterdhe-propedies ahtackinesssand cohesive
strength. WO 2011/032074PCT/US2010/048598 [0036]The pressure sensitive adhesives of the
instant inETERSA ArERRIAIIG cured by expodtiertorhiehthe rdsticaredosetinking ety srtinic
radiation, oL, ljegleag}rrgsrgcgg(%@ J&g@ﬁ@ﬁy Eh&;&gu!}t i{gn%écellent tack and peel and a good balance of high
temperature shear. The incorporation of glycufy?acryfate and/or glycidyl methacrylate in the
copolymerizatiop@gpearste aiginike pragustionahihe-desired highdmoleswan weightpalymers.
[0037]In one embodiment of the invention, the adhesives are primarily cured by exposure to heat
under dryR§BsiaiiBrshPgucthacatiigsivesaretediaeratidisvatedieeiissranliraassutfiurseredo evaporate
solvent(s).from.the compasition. Such temperatures typically range from.about 70C to about 120C.
o031 4 T S e S Bl R AP oo
elevated temnperatines hpidalydndesgseconsitnns Mihilemetheing Round by dhegnnikis believed
that an intrinsic interaction predominantly occurs between pendant epoxy functionalities of the
polymeriz&d gIfeidy resmtaingPriorriars axcpentanneaiioxe 467d fumetcniitiesdef the
polymerized.unsaturated carboxylic acid monomers. It should be understood that "secondary cure”
Can alo0 S e S R Rt e Soctumtea
by exposing theadresivestocheain Thussemednieeaction hetween epaxyasdizashoxylicacid
functionalities can occur during primary cure. This results in enhanced high temperature performance.
100391 AryEREmcat spatied e had iibretie ceastonaritgisecd ctillationirtern et afech f

leads to polymers having molecular weights which are typically above 300,000.

Tackifiers

[06027] Once the copolymer has been prepared, a pressure-sensitive adhesive is formulated
by combining the copolymer with a tackifier. A wide variety of tackifiers can be used to enhance the tack
and peel of the adhesive. Such tackifiers tnclude, but are not limited to, rosins and rosin derivatives
inchading rosinous materials that occur natwrally in the oleoresin of pine trees, as well as derivatives
thereof including rosin esters, modified rosins such as fractionated, hydrogenated, dehydrogenated, and
polymerized rosins, modified rosin esters and the like.

[0628) A wide range of such tackifiers are commercially available including, but not limited
to, Foral® &5 (glycerol ester of a highly stabilized rosin), Foral® 105 (pentaerythritol ester of a

hydrogenated rosin), Stabilite ester 10, and Pentalyn® H, manufactured and sold by Hercules, Inc., PE



the secondary cure and which is compatible with the tackified acrylic based adhesives of the present
invention mayyhag asesk2dupically, the activation temperature is no greatgf-han,ahouks20C. By
adjusting the amount and type of activator moiety used, it is possible to "dial in" the temperature of
secondary cure. [0040] In addition to the adhesive compositions described above, the present
invention further provides both a transfer tape and tapes of layered construction, the latter consisting
of a core eeaigthondONE GkHeHmsEIRSWIN arskin layencantprised ofiadackifed aomlissbased
copolymer of the instant invention. 100411Transfer tapes prepared in accordance with the present
invention BYHAsS andele EsppardaumabotireseurEossmsitve adhesive as described above, and at
least one reIeaS@d@er Thus, the M\égbZOl]7/03(12074PC%T/U5201O/0405 hpre yre- sen5|t|ve

. 61’6 m&é’ S EIMPIOVE T CNE TeSInsS Wi 10 IDCE.I’ ons df
adhesives may be coated on a rélease liner suc as a silicone release coate paper and stored as a

roll. [0042}Eheadhesnesanciapenaf menamemlmeam exhikit excellent Reghadhgsion to a
variety of substrates such as metals, plastics, and paints. [0043]The following tests were used to
determiné‘\?@ﬁ&&%@#‘?éﬁ’@é&%?@’ﬁé’?ﬁ%@ éﬁjmeliﬁré%ﬁﬁh\ieﬁﬂ%ﬁ& [B@@dﬂ%qaeehmenﬁ@aéﬁred in a =inlet

similar to that desc Test Methods for Press ens A he ves, 8th ed TC #1, with
the adhesgl?/e being El%t%%. ted onto a ﬁ% far [Olcl)lfgis ee%mp%ret%%o e':%\nr}1 w§as measured

ina manmeasxﬁmallapctﬂ)&k}a&deee{ébeﬁem &B%M@md&éﬁ&ﬁéﬁ%&{@ Sansitive %ﬂa@e?l\é%@eé,th edition,
PSTC #7 with a dwell time of 24 hours.
substinuted styrenes and styrene derivatives and the like can also be usad.

[00386] Hydrogenated and partially hydrogenated resins such as Regalrez™ 1018,
Regalrez™ 1033, Regalrez™ 1078, Regalrez™ 1094, Regalrez™ 1126, Regalrez™ 3102, Regalrez™
6108, etc., produced by Hercules Corporation, can be used as tackifiers in the present mvention as well.
Various terpene phenolic resing of the type SP 560, manufactured and sold by Schenectady Chemical Inc.,
Nirez 1100, manufactured and sold by Reichold Chemical Inc., and Piccolyte® $-100, manufactured and
sold by Hercules Corporation, are particularly useful tackifiers for the present invention. Further, various
mixed aliphatic and aromatic resing, such as Hercotex AD 1100, manufactured and sold by Hercules
Corporation, can also be used as tackifiers.

{0031} While the resins described above are quite useful for tackifying the copolymers of the
instant invention, the particular tackifying resin and/or amount selected for a given formulation may
depend upon the type of acrylic polymer being tackified. Some resins, such as Foral® 85, are broadly
compatible with acrylic compositions. Others, like Regalrez™ 6108, tackify & limited number of
compositions. The type of tackifying resin along with the amount employed is to be substantially
compatibic with the acrylic polymer. As used herein, the term "substantially compatible” means that when
the tackifier and copolymer are combined, the resulting combination is substantially transparent, as
opposed to cioudy, to normal vision. Many resins which are known in the prior art as being useful for
tackifying acrylic based pressure sensitive adhesives can be effectively used in the practice of the present

invention, although the scope of the invention is not limited to only such resins. Resins described in Satas,



[0046] Electronic Shear test was conducted as following: an L-shaped stainless steel panel was
bonded with a,sgcpnH siainless steel panel with a hole at one end using%gﬁ)i&gﬁgensitive
adhesive being studied. A 200g load was hung to the rd panel through hole. The L-shaped panel is
secured to a substrate so that the laminated part of the TWO panels are horizontally placed and the
weight is vertically placed. The time it took the second panel to fall off the L-shaped panel at 60C was
measuredisgharasterzedirbeidingrpewerafthepdhasie-RO4IReMme Jant Lt testwas measured
by placing 1" x 1" tape with 2 mil thick aluminum backing over a 13 mm diameter hole with 11 mm
rivets in tHeholé.(THiréineerSdivlds pdrpletddrvia) teitibte domdtent shajed Inkg Svéightwas placed in
the middle4 Q]tg“}‘f hoclieds,/,’ilgggghe adhesiv% Iiftfarounld the base of the hole was measured.
[0048]Dynamit Shaar properties IRGHISS S IShTETHR) AWEFS trdaditdacammger A rdtehtfents ARES
with 8mmipasiallet plateg.Himestemperature superposition was conducted with 25C as the reference
temperature. [0049]While not limiting, the following illustrate the invention. WO
2011/032074PCif96r5201 64648893 EXANPcE AcHTA iF IIC (0850 Avmamomepmixturpavais made up by
mixing ZOZ o} but%/ll acryladt%, ? 2 gﬁ%f % ethyl hexyl acrylate, 23.1 g of acrylic acid, and 0.1 g of
glycidyl methacryiate 68 5 G 61 this ixtir8 e MirsHt cEa tec L PB it rrroGen Birged foactor
equipped withanpitehechiyrbing aaitatan. ipxcandenserand aesmision Alsq.pddegd were 29.7 g
of ethyl acetate and 18 g of acetone. The contents of the reactor were heated to reflux and 0.05 g of
Vazo(r) 641(Rep-agatbis-isobutyronitrile), manufactured and sold by Dupont in 4.5 g of ethyl acetate
was added. Vigorous reflux started in a short time and the contents of the reactor were held for 15
minutes. At this time, the remaining monomers were mixed with 195 g of ethyl acetate, 40 g of acetone
and 0.24 g-Rk¥azqs 64 and added as a single feed mixture over 3 Ms. All through the feed,
temperature was maintained to keep reactor contents under reflux. One hour after end of feed, 0.12 g
of Vazo(r) 64 wd&tadided i gdtfethydcetateand« goflatedonspand heldidor asradditional hour.
This step was re_pefi\ted, wice more. At the end of the final addition, 1 additional hour was held, and

then 178 GOF tBITBHE LTS 7 OF IFETRTS Wk Syesd™primsardbnizgdnsr<ontdedhteft % the end

was 36% apd fue viseRsib: was B0 PA.SaIng-#4 sPindiedl 12/ amaiBieekfisld visgpmeter. The
resulting polymer consisted of 71% by weight butyl acelate, 21% by weight 2-ethyl hexyl acrylate,

8.0% acryliessluikkr afite0ro8hskbycendig hddglyeidy lamesthiacniiaterdhe jpolyther wasformated with 20
weight % Dert‘?ph‘eLne;l' tackifier (a terpine phenolic) made by DRT, France. The tackified adhesive
was then FRIXEd incfing Wit 8519 CRUH0, T SRR LS eEPdih Nebreds hscnatheriand. A
special metgringraRdniRg.system, LADO-M1X V-SB, made by DOPAG, Switzerland was used to
accurately meter and homogeneously mix the tackified adhesive with the aziridine crosslinker just
before coating onto the web yielding Example 1, identified as EPA HC. [0051]The composition was
coated on a release film to give a coating thickness of about 60 gsm and the film was dried at 70C for
15 minute 2 fBOEHESFcomparative purposes, current product FT 2022 was evaluated as shown in

Table [0053]Tahigsk;Highrfemperaty r%gp%@‘%}@é@ﬁ@ igsting, may further comprise one or more
conventional adjuvants such as pigments, fillers, plasticizer, diluents, and the like. Pigment, if desired, is
provided in an amount sufficient to impart the desired color to the adhesive. Examples of pigments
melude, without limitation, solid inorganic fillers such as carbon black, titanium dioxide and the like, and
organic dyes.

[0835] If desired, diluents such as plasticizers may be added in the place of a porfion of the

tackifier in order to alter the properties of tackiness and cohesive strength.



WO 2011/032074PCT/US2010/048598 EPA HC as current invention FT 2022 as control 90C Peel 15

min, PP at ampignt.temperature (Min) 15.3 8.0 slip-stick 90C Peel 15 ml;&%%z%io%rpslggnt temperature

(N/in) 19.3 19.5 High Temp (80C) peel, SS (N/in) 10.2

[0038] The pressure sensitive adhesives of the instant invention are primarily cured by
exposure to heat, chemical cross-linking agent, actinic radiation, or electron beam radiation. The result is
excellent tack and peel and a good balance of high temperature shear. The incorporation of glycidyl
acrylate and/or glycidyl methacrylate in the copolymerization appears to aid in the production of the
destred high molecular weight polymers.

10637) In one embodiment of the invention, the adhesives are primarily cured by exposure to
heat under drying conditions; i.¢., the adhesives are cured at elevated temperatures sufficient to evaporate
solvent(s} from the composition. Such temperatures typically range from about 70°C 1o about 120°C,

[06038] A "secondary cure” of the adhesives occurs when the adhesive is subsequently
exposed 1o elevated temperatures, typically under use conditions. While not being bound by theory, it is
believed that an intrinsic interaction predominantly occurs between pendant epoxy functionalities of the
polymerized glycidyl-containing monomers and pendant carboxylic acid functionalities of the
polymerized unsaturated carboxylic acid monomers, It should be understood that "secondary cure” can
also occur, at least in part, under the conditions of the primary cure, when the latter is offectuated by
exposing ihe adhesive to heat. Thus some interaction between epoxy and carboxylic acid functionalities
can oceur during primary cure. This results in enhanced high temperature performance.

[0639] Any chemical species which has the effect of lowering the activation temperature of
the secondary cure and which is compatible with the tackified acrylic based adhesives of the present
invention may be used, Typically, the activation temperature is no greater than about 120°C, By adjusting
the amount and type of activator moiety used, it is possible to "dial in" the temperature of secondary cure.

[6640] In addition to the adhesive compositions described above, the present invention
further provides both a transfer tape and tapes of Jayered construction, the latter consisting of a core
coated on one or both sides with a skin layer comprised of a tackified acrylic based copolymer of the
instant invention.

[0041] Transfer tapes prepared in accordance with the present invention comprise a self-

supporting film of pressure-sensitive adhesive as described above, and at Jeast one release liner, Thus, the



7.0 232C, 400 g Shear 10,000 nun 5mmn Dome Tent Lift test (increase in diameter) 1 0 mm 3.0 min

1 [0054]Tablg,e The Flestronics Shear testing results Description PCT/US2010/048598

pressure-sensitive adhesives may be coated on a release liner, such as a silicone release coated paper, and
stored as a roll.
[0042) The adhesives and tapes of the present invention exhibit excellent peel adhesion to a

variety of substrates such as metals, plastics, and paints,

[0643] The following tests were used to determine various physical properties of the present
invention:
[0644] 90° peel was measured in 2 mamner similar to that described in Test Mcthods for

Pregsure Sensitive Adhesives, 8th edition, PSTC #1, with the adhesive being laminated onto 2 2 mil
Mylar film.

[6045) High Temperature Shear (232°C) was measured in a manner similar 10 that described
n Test Methods for Pressure Sengitive Adhesives, 8th edition, PSTC #7 with a dwell time of 24 hours.

[09046] Electronic Shear test was conducted as following: an L-shaped stainiess steel panel
was bonded with a second stainless stee! panel with a hele at one end using the pressure sensitive
adhesive being stadied. A 200g icad was hung 1o the 2™ panel through hole. The L-shaped panel is
secured 10 a subsirate so that the laminated part of the two panels are horizontally placed and the weight is
vertically placed. The time it took the second pancl io fall off the L-shaped panel at 60°C was measared
to characterize the holding power of the adhesive,

HH047] Dome Tent Lift test was measured by placing 17" x 17 tape with 2 mil thick aluminum
backing over a 13 mm diameter hole with 11 mm rivets in the hole. There are 3 holes per plate in a
triangle dome tent sina,_pe. 1 kg weight was placed in the middle of the holes and the adhesive lift around
the base of the hole was measured.

[0048] Dynamic shear properties (modules and tandelta) werc measured using TA
Instruments ARES with 8mm parallel plates. Time-temperature superposition was conducted with 25°C
as the reference temperature.,

[0049] While not limiting, the following illustrate the invention.
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Time for failure at 60C 200g load 3M 300MP 40 min HPA FTC as current invention 95 min 5624 2 min

) . e q
g%:jga@?li E%%%%éwfchamcal properties Sample ID Description Fgl%(%lfjuesré%/%&asggss) tan d (max)

EXAMPLE 1-HPA HC

[0050] A monomer mixture was made up by mixing 207 g of butyl acrylate, 61.2 g of 2-
ethyl hexyl acrylate, 23.1 g of acrylic acid, and 0.1 g of glycidyl methacrylate. 68.5 g of this mixture was
introduced to a 1.5 liter nitrogen purged reactor equipped with a pitched turbine agitator, a reflux
condenser and a thermistor. Also added were 29.7 g of ethyl acetate and 18 g of acctone. The contents of
the reactor were heated to reflux and (.05 g of Vazo® 64 (2-2'-azo-bis-isobutyronitrile), manufactured and
sold by Dupont, in 4.5 g of ethyl acetate was added. Vigorous reflux started in a shor! time and the
contents of the reactor were held for 15 minutes. At this time, the remaining monomers were mixed with
195 g of ethyl acetate, 40 g of acetone and 0.24 g of Vazo® 64 and added as a single feed mixture over 3
hrs. All through the feed, temperature was maintained to keep reactor contents under reflux, One hour
after end of feed, 0.12 g of Vazo® 64 was added in 9 g of ethy] acetate and 4 g of acetone, and held for an
additional hour. This step was repeated twice more. At the end of the final addition, 1 additional hour
was held, and then 178 g of toluene and 27 g of heptane was added. The percentage of solids content at
the end was 36% and the viscosity was 8000 Pa.s using #4 spindie at 12 tpm on a Brookfield viscometer.,
The resuliing poiymer consisted of 71% by weight butyl acclate, 21% by weight Z-cthyl hexyl acrylate,
8.0% acrylic acid, and 0.03% by weight glycidyl methacrylate. The polymer was formulated with 20
weight % Dertophene T tackifier (a terpine phenolic} made by DRT, France. The tackified adhesive was
then mixed in-tine with 0.1% CX-100, the aziridine crosslinker from NeoResins, Netherfand. A special
metering and mixing system, LADO-MIX V-SB, made by DOPAG, Switzerland was used to accurately
meter and homogeneously mix the tackified adhesive with the aziridine crosslinker just before coating
onto the web vieiding Example 1, identified as HPA HC,

0051} The composition was coated on a release film to give a coating thickness of about 60
gsm and the film wag dried at 70°C for 15 mimutes.

[0652] For comparafive purposes, current product FT 2022 was evaluated as shown in Table

{0G53] Table 1 High Temperature performance testing
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Predictive adhesive convertibility rank (diecut) (rad's) (dyn/cm2) 300 LSE 3M 300 LSE 4514 1.86

1.24E+08  wo 201132074 PCT/US2010/048598
HPA HC as current invention FT 2022 as control

90°C Peel 15 min, PP at ambient .
temperature (N/in) 153 8.0 slip-stick

90°C Peel 15 min, SS at ambient
temperature (N/in) 193 19.5

High Temp (80°C) peel, 88 (N/in) 10.2 7.0
232°C, 400 g Shear 10,000 min 5 min

Dome Tent I.,1ft test (increase in 1.0 mm 3.0 mm
diameter)

[0054] Tabic 2 The Electronics Shear testing results

Descrintion Time for failure at 60°C
serp 200g Joad
IM 300MP 40 min
HPA HC as current invention 95 min
5624 2 min
[G055] Table 3 Dynamic mechanical properties
Prediclive acdhesive
Sample D Description | Frequency (rad/s)| tand (max} (G tan d@ 1E+05 rad/s| convertibility rank
{diecut}
{rad/s) {dynfcm2)
300 LSE 3M 300 LSE 4514 1.86 1.24E408 5
HPA HC Example 1 3178 1.76 2.75E+08 &
[CO56] Freguency means the frequency for tan d maximom.
[6057] As indicated in Table 1, the tape formulated in accordance with the present invention

exhibited 1) Higher 90°C peel adhesion on plastics, 2) Higher 80°C (high temp) peel adhesion, 3) at

232°C under 400g load, much higher shear value, and 4) smaller dome tent lifting, indicating better stress

relieving properties.
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HPA HC Example 1 3178 1.76 2.75E+08 6 [0056]Frequency means the fiequency for tan d maximum.

[0057]As indigg¢eg ingiable 1, the tape formulated in accordance with the.presentinvention exhibited
1) Higher 90C peel adhesion on plastics, 2) Higher 80C (high temp) peel adhesion, 3) at 232C under
4009 load, much higher shear value, and 4) smaller dome tent lifting, indicating better stress relieving
properties. WO 2011/032074PCT/US2010/048598 [0058]As indicated in Table 2, the tape formulated

in accordance witisthe preseaiinventionexhibited thadenaesidinede fahcampagd:tadhg other two
comparative samples at 60C under 2009 load. [0059]As indicated in Table 3, the tape formulated in

accordaneehibitts the lpressetrgdpiiopmpared to the other two comparative samples at 60°C under 200g
load.

[0059] As indicated in Table 3, the tape formulated in accordance with the present invention

exhibited a muuch higher G'/tan d value at the 100,000rad/s frequency than the 3M300 LSE, a commercial

counterpart. This ratio has been used to predict adhesive die-cuttability wherein the higher the ratio, the

better the die-cuttability of the adhesive,
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exhibited a much higher C'/tan d value at the 100,000radis frequency than the 3M300 LSE, a
commercial counterpart. This ratio has been used to predict adhesive die-cuttability wherein the higher
the ratio, the better the die-cuttability of the adhesive. Claims What is claimed is: 1. A tackified
pressure sensitive adhesive composition compgsiigsa dual cured acrylic based copolymer comprising
aziridine crosslinker, wherein the acrylic based copolymer is comprised of copolymerizing a mixture of
monomers comprising at least one monomer selected from the group consisting of alkyl acrylate
esters and mixtures thereof; a glycidyl monomer selected from the group consisting of allyl glycidyl
ethersWawicitifrBadidte esters, glycidyl methacrylate esters, and mixtures thereof, and an unsaturated
carboxylic acid. 2. The composition of claim 1 further comprising one or more adjuvants selected
from fillers, pigments, diluents, plasticizers and the like. 3. A tackified pressure sensitive adhesive
composition comprigi .crosslinked acrylic based copolymey.comprising, on a copolymerized basis,
005096 of BA, 5-40% &1 3 ELR. TFom .01 18 0.L565F & G Aeh meULE e Sl A KOS amount
up to ghaut-1056.9tan Hpsetrateduearboxylinacidimenomer. 1949409 gf & fagkifier, and.Q.Gb to 1%
of aziridine crosslinker. 4. A method of making a dual curable pressure Sensitive adhesive, said
methoghsOpRHSIAgG a mix@reé QFONYFREREH GanptiXil 0 lenQNam ers taBPEgingatdeastione-mpnomer
selected from the group consisting of alkyl acrylate esters and mixtures thereof; a glycidyl monomer
selectehfiginethé kvl pecdamsistiteg chdllyhglycidiibetifers ghlyididyinasratedsters fglycibylgmethacrylate
esters, and mixtures thereof, and an unsaturated carboxylic acid to form a copolymer; b) adding a

tackifiePsHigke altxbriiedddiasiyeypdy] acn)aelgisanagididimebrssdinkestes thect asicified

adhesive to yield a dual curable pressure sensitive adhesive.
thereof, and an unsaturated carboxylic acid.

2. The composition of claim | further comprising one or more adjuvants selected from

filiers, pigments, diluents, plasticizers and the like.

3, A tackified pressure sensitive adhesive composition comprising a crosslinked acrylic
based copolymer comprising, on a copolymerized basis, 90-50% of BA, 5-40% of 2-EHA, from (.01 to
0.1% of a glycidyl methacrylate ester, a positive amount up to about 10% of an unsaturated carboxylic

acid monomer, 10 to 40% of a tackifier, and .05 to 1% of aziridine crosshinker.

4. A method of making a dual curable pressure sensitive adhesive, said method comprising:

a) copolymerizing a mixture of monomers comprising at least one monomer selected from the
group consisting of alky! acrylate esters and mixtures thereof; a glycidyl monomer selected from the
group consisting of allyl glycidyl ethers, glycidyl acrylate esters, glycidyl methacrylate esters, and

mixtures thereof, and an unsaturated carboxylic acid to form a copolymer;
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5. The method of claim 4 further comprising addition of one or more adjuvants selected from fillers,
pigments, diluents, plasticizers and the like, to the dual curable pressure sensitive adhesive. 6.
The method of claim 4 further comprising d) coating the adhesive formulation onto a substrate and e)

drying the adhegive, formHaton make 4-ARAdNGEIVE c0atgd product comprising the pressure sensitive
adhesive of claim 1 8. The product of claim 2 wherein the product is a tape.

¢) adding an azindine crossiinker to the tackified adhesive to vield a duai curable pressure

sensitive adhesive.

5. The method of claim 4 further comprising addition of one or more adjuvants selected

from fillers, pigments, diluents, plasticizers and the like, to the dual curable pressure sensitive adhesive.
6. The method of claim 4 further comprising
d) coating the adhesive formulation onto a substrate; and
) drving the adhesive formulation

7. An adhesive coated product comprising the pressure sensitive adhesive of claim 1.

8. The product of claim 2 wherein the product is a tape.
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